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Abstract 

After the mid-1900s, in response to technological revolution, changes in customer 
needs and growing awareness of sustainability, business models have been 
continuously innovated. Along with traditional business models such as “selling 
product” or “offering service”, new business models emerged. Commonly, these 
new business models were characterised by integration of product and service into 
one single offer/product. By 2018 there were dozens of such business models, e.g., 
System selling, Bundling, Product-Service Systems, Servicising, Extended product, 
Functional Product, etc.  

The research presented in this doctoral thesis is focused on the Functional Product 
(FP) business model. The FP emerged as an interdisciplinary research field where 
knowledge and methods from different applied disciplines, like business 
management, engineering, design and information technology were integrated to 
conceptualise new knowledge and tools for sustainable FP development, both 
business-wise and technology-wise. 

Yet, there is a lack of a full understanding as to what FP is and how it works, which 
in this thesis is referred to as an FP theory. The research presented in this thesis 
employed the established theory-building methodology and requirements to 
compile the results presented in the appended publications. The study was of an 
exploratory nature. The initial phase of the theory-building methodology, which 
was “conceptual development”, has been thoroughly investigated.  

As a result, significant aspects for the conceptual development of an FP theory have 
been derived. The factors defining the FP have been identified and justified, the 
potential relationships between these factors have been highlighted. A new FP 
definition has been proposed based on the defining factors. Lastly, the domain 
outlining the possible FP theory application has been suggested. 
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1. Introduction 

This chapter presents the premises for this thesis work including background, problem 
statement and research questions, purpose, objective and scope.  

1.1. Background 

The beginning of the evolutionary change in managerial thinking could be traced 
back to the mid-1900s. Rothwell (1994) referred to five generations of innovations 
that triggered industries to start rethinking their business models. These five 
generations were as follows: 

1. 1950-1960- “technology push”- when new industries emerged due to 
technological opportunities;   

2. 1960-1970 - “market pull”- when the importance of marketplace/needs was a 
key factor;  

3. 1970-1980 - “coupling of R&D and marketing”- when close interaction between 
technological capabilities and market need, since “technology push” and “market 
pull” were very extreme; 

4. 1980-1990 - “integrated business process”- when integration and parallel 
development were emphasised; 

5. 1990 – onwards “system integration and networking”- when faster development 
(time) and higher efficiency (cost) became key aspects. 

Certain research has shown that some industries have struggled to boost turnover 
and generate profits due to a failure of management to define the specificity of their 
business (Keith, 1960; Levitt, 1960; Levitt, 1980). Levitt (1960) posed the thought-
provoking question for corporations “what business are you really in?” and 
suggested that corporations would achieve better success by assessing customer 
needs.  

Some research has shown, that from the late 1980s onwards, in response to growing 
awareness concerning the importance of environmental issues some companies 
began to shift toward performance-based business models and circular economy, 
which generate less pollution and waste and make more efficient use of resources 
(Stahel, 1997; Roy, 2000).    

Thus, from the 1950s onwards, due to various reasons and demands, industries 
started shifting their business focuses to alternative innovative businesses models 
(Levitt, 1980; Rothwell, 1994; Stahel, 1997; Roy, 2000). By 2018 the scholarly 
literature concerning various business models enabled through integration of 
product and service, as well as “anything-as-a-service” like performance-based 
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business models, expanded tremendously. The existing research referred to dozens 
closely related business models (Park, et al., 2012; Boehm and Thomas, 2013; 
Annarellie et al., 2016; Kowalkowski et al., 2017). Some examples of such business 
models are System Selling, Bundling, Servitisation, Product-Service Systems (PSS), 
Industrial Product-Service Systems (IPS2), Servicising, Extended Product, 
Functional Product, etc.  

1.1.1. Functional Product 

Functional Product (FP), which is the focus of this doctoral thesis, as a term has 
appeared in the scientific publications at the beginning of the 2000s. Since then, 
extensive research concerning the FP has been conducted, spanning over diverse 
research areas which were, development and design e.g., Brännström et al. (2001), 
Alonso-Rasgado et al., (2004), optimization of performance e.g., Sandberg et al. 
(2005), Löfstrand et al. (2012), Kyösti and Reed (2015), constituents, e.g., 
Lindström et al. (2012a), knowledge and information sharing e.g., Lindström et al. 
(2012b), business development e.g. Parida et al. (2013), Reim et al. (2014), 
Lindström et al. (2016), and challenges when introducing FP in production systems 
e.g., Lindström (2016). 

Initially, the FP has been defined in various ways, examples of which are as follows: 

“A product, not necessarily a physical artefact, consisting of any combination of hardware, software 
and services, being sold for the purpose of supplying a function. Thereby meeting all agreed-upon 
needs of the partner whose primary role is that of a customer.” (Löfstrand et al., 2005, p. 3) 

“Functional P= product, also known as ‘total care products’, is an innovative way to offer a product 
within the market in response to high global competition and the increasing difficulty of product 
differentiation due to the perfection of hardware technology. Total Care Products are integrated 
systems comprising hardware and service support systems. The support systems often referred to as 
'services', are the set of functions or activities that enable the hardware to be integrated into a total 
functional provision.” (Alonso-Rasgado et al., 2004, p.515; Alonso-Rasgado and 
Thompson, 2006, p. 509) 

Also, Alonso-Rasgado and Thompson (2006) have characterised FP according to 
three main beneficiaries (whether business-to-business (B2B) or business-to-
customer (B2C) situations): 

1) For the customer, the FP provides continuously competitive and working 
hardware (technology) and service support updates. The FP includes predictable 
periodic costs and is deemed to minimise risks (by receiving guaranteed function) 
while providing an attractive return-on-investment.   
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2) For the provider, due to the fact that ownership of the FP remains with the 
provider, it gives the opportunity to develop additional intellectual property, 
advance the level of knowledge and technology, generate and promote stable 
relationships with the customer and provision of a good feedback to facilitate 
hardware and service improvement as well as generate a steady cash flow into the 
company. 

3) For the environment, the FP contributes to end-of-life use of hardware, by 
providing possibilities to remanufacture, re-use or re-engineer, etc. and return it 
to working order “as new”, or to better performance level, or to be used in a 
different application depending on the guaranteed level of availability. 

FP development requires close collaboration between the customer and the 
provider. Also, the FP may require close collaboration between departments within 
a single company (despite whether it is a customer or provider company, or both). 
Involved departments (within a single company) may or may not have a product-
development focus, e.g., R&D or human resources and after-market. Thus, 
everyone in a company as well as in the whole consortium becomes a part of an 
FP development effort. Managing all these part-time developers certainly requires 
a well-structured development effort (Brännström et al., 2001; Lindström et al., 
2012).  

Referring to Lindström et al., (2012a) four constituents, hardware (HW), software 
(SW), Service Support System (SSS) and Management of Operation (MO), have 
to be taken into account when developing and operating FP. The HW and SW 
are self-explanatory. The SSS includes maintenance of the product, decision-
making, operations planning, remanufacturing and education (Alonso-Rasgado et 
al., 2004). The MO includes matters of responsibility, risk management, transfer 
of intellectual property, building up trust and relations, availability management, 
cost drivers, revenue, etc. (Lindström et al., 2012a). The FP development is 
necessary to coordinate, monitor, control, and carefully share information and 
knowledge to optimise the outcome of the whole FP development process 
(Lindström et al., 2012b).  

1.1.2. Theory building 

Ancient and modern, accepted and discredited, 5,000 theories from the science, 
linguistics, psychology, sociology, economics, history, art, etc. which have 
relevance in today's world, have been compiled in "Dictionary of theories"- a 
reference book presented by Bothamley (1993). The need for theories lies in the 
human behaviour of wanting to impose order on unordered experiences (Dubin, 
1978). For example, if someone observes an event/s from practice in a real-world 
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situation, practise tends to be chaotic and complex. Therefore, the main task of the 
one who observed the event would be to try to create order out of chaos by 
breaking down everything that has been seen into smaller things (Whetten, 1989).  

Why are theories needed? What is a theory? And how can one build a theory? 

There are certain advantages of theory building, as Smeltzer and Suchan (1991) 
suggested. First, it guides research. Without understanding each other’s theoretical 
predispositions, one collects data that cannot be integrated into more disciplines. 
Secondly, theory helps new professionals to systematically develop their scholarly 
insights. Last but not least, theory building provides an identifiable knowledge that 
can be associated with a specific field of study. This identity enables scholars from 
other areas to assess the quality of research. Wacker (1998) suggested that “theory-
building provides a framework for analysis, facilitates the efficient development of 
the field, and is needed for the applicability to real world problems”.  

There are many different definitions of theory. Swanson and Chermack (2013) 
defined a theory as something that “describes a specific realm of knowledge and explains 
how it works” (p.14). Also, a theory is a well-substantiated explanation of some aspect 
of the natural world, based on facts and hypotheses that have been repeatedly 
confirmed through observation and experiment (National Academy of Sciences, 
1999).  

It is of importance to note that “facts”, “hypothesis”, “law” and “theory” are not 
synonyms, though very often used as such. Referring to National Academy of 
Sciences (1999, p. 2): 

• Fact: In science, an observation that has been repeatedly confirmed and for all practical 
purposes is accepted as "true." Truth in science, however, is never final, and what is accepted 
as a fact today may be modified or even discarded tomorrow. 

• Hypothesis: A tentative statement about the natural world leading to deductions that can 
be tested. If the deductions are verified, it becomes more probable that the hypothesis is correct. 
If the deductions are incorrect, the original hypothesis can be abandoned or modified. 
Hypotheses can be used to build more complex inferences and explanations. 

• Law: A descriptive generalisation about how some aspect of the natural world behaves under 
stated circumstances. 

• Theory: In science, a well-substantiated explanation of some aspect of the natural world 
that can incorporate facts, laws, inferences, and tested hypotheses. 

Swanson and Chermack (2013) posited that many authors and researchers discuss 
theory as only a hypothesis or something limited to conceptualising. The full 
process of theory building goes beyond conceptualising; meaning that many 
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researcher-theorists usually develop and stay in the knowledge realm, and do not 
explain how it works. 

To build a theory, various approaches exist; however, according to Swanson and 
Chermack (2013), “if you examine the existing approaches to theory building, you will 
easily conclude that they are incomplete, inappropriate, or overwhelming. This is because they 
are based on methodological biases, are couched within specific applied disciplines, or present 
a level of detail that can only be described as tedious—thus making their utility 
difficult.”(p47.)  

Therefore, in line with Lynahm (2002), Swanson and Chermack (2013) proposed 
and presented in detail a coherent methodology for theory building in applied 
disciplines – including five main phases (conceptualize, operationalize, confirm, apply 
and refine), where within each phase specific steps, tools and techniques for 
realisation have been aggregated (Lynham, 2002; Swanson and Chermack, 2013).  

1.2. Problem statement and research question 

The FP emerged as an interdisciplinary research field, where knowledge and 
methods from different applied disciplines, like business management, engineering, 
design and information technology were integrated to conceptualise new 
knowledge and tools for business-wise and technology-wise FP development. 

There exists no coherent FP theory, established and written for academia and 
industry in a common language, to understand what an FP is and how it works. 
Based on Swanson and Chermack (2013), the current existing FP research presents 
a good starting point for theory building. 

To approach an FP theory, the research presented in this thesis was designed to 
project the existing research on the FP, particularly results of the appended 
publications, in light of established theory-building methodology and 
requirements. Swanson’s and Chermack’s (2013), Whetten’s (1989) and Wacker’s 
(2008) guidelines and notions have been employed to compile insights towards 
developing an FP theory.  

To guide this study, the following research question was derived: 

RQ 1: What is the theoretical basis underlying Functional Product? 
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1.3. Purpose, objective and scope  

The purpose of the research presented in this doctoral thesis is to promote 
transitions from traditional business models towards FP business models, thus 
enabling sustainable lifecycle win-win business relationships in value chains. 

The objective of the thesis is to derive a foundation of the FP theory. 

The scope of the thesis is limited to the research results presented in the appended 
articles, which concern research areas including the FP business model elements 
and constituents, FP solutions, FP sustainability impact and FP definition. Theory-
building literature has been employed to frame the author’s way of thinking and 
compile the results presented in the appended articles.  

Since the research presented in the thesis is exploratory, only the initial phase of 
the theory building, which is “conceptual development”, has been thoroughly 
investigated.  

The data collection was limited to the Swedish manufacturing/process industry in 
mainly business-to-business (B2B) situations. Sampling was done via respondents 
who were manufacturing-industry professionals from diverse departments, such as 
sales, management, design, product innovation and strategies, from global 
manufacturing corporations located in Sweden. In one article, business case 
scenarios were developed based on two corporations from the manufacturing 
industry as a provider and the process industry as a customer, with the provider’s 
service support sites located in the northern part of Sweden.   
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2. Related literature 

A range of areas in the existing literature has been investigated, from which the research 
presented in this thesis has drawn inspiration. 

2.1. Sustainability development 

Since the mid-1990s, it has been possible to see the Earth from space in all its 
beauty of patterns of clouds, oceans, greenery and soils. Unfortunately, humanity’s 
intrusion into those patterns triggered changes in planetary boundaries, 
fundamentally, and in many cases life-threatening (Watson et al., 1998)  

Thousands of people all over the world have contributed to the work of the World 
Commission on Environment and Development (WCED) that prompted "a global 
agenda for change" and introduced the sustainable development concept, 
documented in the Brundtland report from 1987. Referring to the report, 
“sustainable development is a process of change in which the exploitation of resources, the 
direction of investments, the orientation of technological development; and institutional change 
are all in harmony and enhance both current and future potential to meet human needs and 
aspirations” (WCED, 1987). Sustainability refers to dimensions such as social and 
economic development and environmental protection. 

Referring to the World Business Council for Sustainable Development (WBCSD, 
2010) world population will grow to over 9 billion by 2050. Having 30% more 
people on the planet, on the one hand, increases the number of potential 
consumers who would be beneficial for business. On the other hand, the challenge 
is that depletion of resources and potentially changing climates will limit the ability 
of the whole population to maintain the consumptive lifestyle that could be 
commensurate with wealth in today’s prosperous markets (WBCSD, 2010).  

Thus, in the WBCSD’s Vision 2050 project, 29 global companies representing 14 
industries tackled this dilemma. A vision has been developed, based on dialogues 
in 20 countries with several hundred companies and experts, of a world on-track 
toward sustainability by 2050, as shown in Figure 1 below.  

 



8 

 

VISION 
2050

9 billion people 
live well, and 

within the limits 
of the planet

People
Most people can meet 

their basic needs, 
including the need 
for dignified lives 
and meaningful 

roles in their 
community...

Governance
Governance systems 

skilfully practice 
subsidiarity through 
pooling sovereignty, 

cooperating effectively 
to manage global 

systems and issues... Ecosystems
Economic growth has 
been decoupled from 
ecosystem destruction 

and material 
consumption...

Energy & 
resources

Energy & resources 
use have been 

transformed to  meet 
the requirements of 

planetary 
replenishment...

Economy
People, companies and 

governments are 
understanding that 
security is archived 
though changes in a 
fast changing world..

 

Figure 1 Vision 2050 based on WBCSD (2010) 

In 2015 the European Commission (EC) adopted an ambitious circular economy 
package, which includes various revised legislative proposals, among which was a 
proposal to stimulate industrial cooperation to produce greener products and 
initiate recycling practices (High Level Group, 2016).  

In 2018 the laureates who won the Nobel Prize in economics had designed 
methods for addressing how to create long-term sustainable economic growth 
(The Royal Swedish Academy of Sciences, 2018).  

The above-mentioned examples indicate that since the middle of the 1990s, 
recognition of the importance of sustainability in business, academia and civil 
society has spread exponentially.   

Also, it has been recognised by academia, civil society and business that industry is 
one key stakeholder affecting the sustainability development (WBCSD, 2010; 
Lindahl et al., 2014; Morlet et al., 2016). The manufacturing industry of advanced 
and expensive equipment has been especially emphasised, since the manufacturing 
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industry provides the most significant potential for economic and environmental 
impact of any industrial sector. 

It has been shown that the manufacturing companies that adopted performance-
based business models have managed to save material, in the EU alone, amounting 
to USD 630 billion ( Morlet et al., 2016). Measures of sustainability help decision-
makers to evaluate a company’s sustainability performance as well as to plan future 
actions (Joung et al., 2013). The evaluation of sustainability can be done through 
indexes or sets of indicators compiled in sustainability measurement initiatives. 
Combining indicators from environmental, economic and social dimensions and 
evaluating those indicators together is a means of measuring sustainability on a 
much larger scale than individual indicators (Joung et al., 2013). For example, 
Joung et al., (2013) highlighted eleven sustainability measurement initiatives that 
are publicly available. Those initiatives include many indicators that can be used to 
measure sustainability in manufacturing processes.  Also, Arena et al. (2009), Delai 
and Takahashi (2011) presented a critical analysis of some well-known 
sustainability measurement initiatives, showing their strengths and limitations.  

2.2. Towards innovative business models  

Osterwalder et al. (2005) defined a “business model” as a “conceptual tool that contains 
a set of elements and their relationships and allows expressing the business logic of a specific 
firm. It is a description of the value a company offers to one or several segments of customers 
and of the architecture of the firm and its network of partners for creating, marketing, and 
delivering this value and relationship capital, to generate profitable and sustainable revenue 
streams”. Also, Casadesus-Masanell and Ricart (2010) highlighted that there is a 
need to understand how to innovate business models to improve the ability to 
create and capture value.  

From the mid-1900s onwards, regardless of industry and business situations (e.g., 
B2B or B2C), corporations have started exploring new market opportunities to 
prosper and maintain competitiveness as well as sustainability focus. This has 
resulted in a shift from traditional product and service selling towards alternative 
business concepts where products and services were integrated sustainably and 
innovatively (Stahel, 1997; Sakao et al., 2009, Morlet et al., 2016).  

One of the notable pioneers in the alternative business shift towards integrated 
product service (IPS) business or performance-based business models was Rolls-
Royce, who introduced the "power-by-the-hour" model in 1962. Other 
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corporations followed them; for example, Cisco, IBM, Philips, and Electrolux, the 
latter of which introduced the concept of "pay per wash" (Morlet et al., 2016).  

By 2018 various terms of closely related business models/concepts emerged: 

1. System selling (Mattsson, 1973) 
2. Servitisation (Vandermerwe and Rada, 1988) 
3. Bundling (Eppen et al., 1991) 
4. Product service (Samli et al., 1992) 
5. Service package  (Kellogg and Nie, 1995) 
6. Product-Service Systems (PSS) (Goedkoop et al., 1999) 
7. Servicising (White et al., 1999) 
8. Solution (Shepherd and Ahmed, 2000) 
9. Extended product  (Thoben et al., 2001) 
10. Service engineering (Tomiyama, 2001) 
11. Full service (Stremersch et al., 2001) 
12. Functional Product (Brännström et al., 2001) 
13. Integrated solution (Davies, 2004) 
14. Installed base service (Oliva & Kallenberg, 2003)  
15. Total care product (Alonso-Rasgado et al., 2004)  
16.  Functional Sales (FS) (Sundin and Bras, 2005) 
17. Integrated product and service engineering/offerings (IPSE/O)  

(Lindahl e t al., 2006) 
18. Industrial Product-Service Systems (IPS2) (Meier et al., 2010) 
19. Servification (Lodefalk, 2013) 
20. Through-life engineering services (Roy et al., 2013) 

Many of the business models mentioned above have certain similarities. Park et al. 
(2012) suggested that such business models were developed to better fulfil 
customer's expectations and requirements by delivering an added value to 
customers through integrating products (e.g., hardware, physical artefacts) and 
services into a single offer. Products and services should in this context be designed 
to be combined, and not just packaged or loosely bundled together. 

In line with Boehm and Thomas (2013) first, a variety of business models emerged 
due to intensive and dynamic multi-disciplinary research activities involving 
business and academic stakeholders with various focuses and backgrounds. 
Secondly, diverse research communities used different approaches in promoting 
their ideas, thus making it harder to rely on each other's contributions.  

Moreover, the existing research suggested that all proposed terms in principle 
describe the same phenomena. Nevertheless, it has been recommended to either 
put them under one umbrella term or separate them (Boehm and Thomas, 2013).  
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For example, Park and Lee (2009) attempted to coin “Integrated Product Service” 
(IPS) as an umbrella term for any concept "into which products and services are 
integrated, regardless of type, purpose, and features” (p.1).  

In 2009 and later in 2012, thirteen various concepts were grouped into marketing-
oriented and engineering-oriented IPS terms (Park and Lee, 2009; Park et al., 
2012) as summarised in Table 1. 

Table 1 IPS concept characterisation based on Park and Lee (2009) and Park et al. (2012)  

Property Marketing-oriented  Engineering-oriented 
Concepts Bundling, Systems 

Selling, Full Service, 
Service Package, 
Product Service, 
Installed Base Service 

Solution, Integrates Solution, Eco-
Efficient Producer Service, Product –
Service System, Functional Sales, 
Functional Product, Integrated Product 
Service Offerings 

Underlying 
assumption 

Product/service duality Product/ service unity 

Features 
Primary purpose Sales promotion 

through differentiation 
Providing a function for problem-
solving 

Point of integration Downstream of value 
chain (sales, customer 
service) 

Upstream of value chain ( R&D, design)  

Degree of 
customisation 

Low High 

Ownership Customer Provider or (customer) 
Background 
Region United States Europe, Japan 
Discipline Marketing Engineering 

The IPS taxonomy and typology have not been accepted broadly in either the 
research or the business communities. It seems that the research aims at separating 
the business models rather than placing them under one term. 

2.3. Theory-building methodology 

As stated in the Introduction, in the theory-building methodology proposed by 
Swanson and Chermack (2013) there were five main phases: 1) conceptualise; 2) 
operationalise; 3) confirm; 4) apply, and 5) refine.  

The “Conceptualise Phase” is a common starting point for the theory building. 
This phase requires that a theorist formulates initial ideas in a way that represents 
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current, best, most informed understanding and explanation of the phenomenon, 
issue or problem in the relevant world context.  

The “Operationalise Phase” demands that the theorist identifies measurement 
criteria for a possible theory and describes how the accuracy and adequacy of the 
theory will be judged.  

The “Confirm Phase” deals with investigating theories through research. This 
phase involves the planning, design, implementation and evaluation of an 
appropriate research agenda and studies to purposefully inform and intentionally 
confirm or disconfirm the theoretical framework central to the theory.   

The “Apply Phase” ensures the connection of theory to practice. Theories must 
lead to changes and developments in practice, so that it is more effective or 
efficient. This critical activity in the Apply phase is a crucial point for advancing 
applied disciplines.  

The “Refine Phase” discusses the complex and ongoing nature of theory building. 
Applied discipline theories were never really totally complete. Theories must 
continuously be assessed as circumstances change. Also, developments may require 
the theorist to consider new concepts, alternative ways of operationalising a theory, 
other research paradigms, and a novel practice. At its essence, the Refine phase 
may mandate revisiting one or all of the phases of theory building. Figure 2 outlines 
the main phases of theory building and two ways of reasoning, such as deductive 
and inductive, while developing a theory. 

Conceptualize Operationalize

Confirm

Refine

Apply

Inductive
Deductive

Inductive Deductive

Theory to practice

Practice to thoery

The observed and exprecienced world

 

Figure 2 Phases of theory-building methodology from Swanson and Chermack (2013) 
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Deductive reasoning is a "top-down logic" and inductive reasoning is a "bottom-
up logic". In deductive reasoning a conclusion is reached by the process of 
reasoning from one or more general statements and narrowing the range until only 
the conclusion(s) is left. In inductive reasoning the conclusion is reached by 
generalising or extrapolating from specific cases to general rules, i.e., there is 
epistemic uncertainty (Chalmers, 2013). 

2.3.1. Framework for conceptual development 

According to Swanson and Chermack (2013), one of the accessible, process-driven 
and simplest processes for conceptual development is a "What? How? Why? 
When?  Where? Who?" framework proposed by Whetten (1989). The framework 
has been further refined by Wacker (2008), who suggested that a theory must 
include four main elements: definitions, relationships, domain, predictions, 
and provide answers to the questions of who, what (definition), how, why 
(relationship), when, where (domain), should, could and would (prediction) 
(Wacker, 2008). In other words, theories aim at outlining the precise definitions 
in a specific domain to explain why and how the relationship could be logically 
tied, so the theory gives specific predictions (Wacker, 1998). 

The “definition” property corresponds to the questions of “who and what?” 
and refers to which factors should logically be a part of the explanation of the 
phenomenon of interest. All factors should be formally, clearly and concisely 
defined and justified to be able to differentiate various concepts within the theory 
(Wacker, 2008).  

The second element is “relationships”, which correspond to the questions “how 
and why?”  Having identified a set of factors, one should explain how and why 
these relationships exist. This definition is about graphical representation, such as 
“arrows to connect boxes”, delineating patterns (Whetten, 1989). These 
relationships should be able to explain the connections within the current theory, 
as well as perhaps suggesting new areas to research. Also, the relationships should 
be tested using specific statistical/mathematical techniques from extant business 
specific literature. The "relationship" property together with the "definition" 
property form the domain or subject of the theory (Wacker, 2008).  

The third element is “domain”, which corresponds to the questions “when and 
where?" which lead to the application of the theory. Application of the theory 
enables understanding of the theory in action as well as setting the boundaries of 
generalizability, thus constituting the range of the theory. To specify the domain 
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the following criteria could be considered, such as 1) country, 2) industry, 3) 
respondent’s position, and 4) relevant respondent’s demographics (Lynham, 2002; 
Wacker, 2008).  

Finally, yet importantly, the fourth element is “predictions”, which corresponds 
to the questions “could and would?” and responses for what should, 
could/would be predicted by the theory. In other words, the theory should be 
falsifiable. This property implies that the more unlikely a prediction is, the better 
the theory is, according to Wacker (2008).  
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3. Research methodology 

This chapter describes the overall research process, aggregated notions of utilised data collection 
and data analysis methods in the appended publications as well as a theory-building process 
used to aggregate the results from the appended publications (research positioning).  

3.1. Overall research process 

Research is a systematic process of collecting, analysing and interpreting 
information to increase understanding about a phenomenon of interest or concern. 
Research requires specific procedures or techniques for identifying research 
goal/aim/objective (s), research problem (s) and question(s), data collection 
methods and analysis to resolve the problem initiating the research. A number of 
research methodologies exist in the literature e.g., design research methodology, 
design qualitative research (Blessing and Chakrabarti, 2009; Flick, 2008; Hubka 
and Eder, 2012). Commonly, research methodologies are flexible and do not 
explicitly define the research process step by step; instead, they support and guide 
a researcher to increase the chances of obtaining valid and useful results (Blessing 
and Chakrabarti, 2009). 

The research presented in this thesis is both qualitative (Articles A-D and Article 
F) and quantitative (Article E) and has been performed within the VINNOVA 
Excellence Centre Faste Laboratory for Functional Product Innovation. The 
research activities within the Faste Laboratory span diverse research areas such as 
gender and diversity development, knowledge and information sharing, 
simulation-driven design (SDD), distributed collaborative engineering (DCE), 
functional product business development (FPBD) and functional product 
development process (FPDP). 

The author’s research activities were initiated within the Functional Product 
Business Development (FPBD) and the Functional Product Development Process 
(FPDP) research areas with a focus on how to create and capture customer values 
when offering FP business model (FPBM) and what should be developed in terms 
of FP constituents. The research gaps found within each of the research areas were 
addressed in two appended publications, Articles A&D.  Both studies were 



16 

 

exploratory and, therefore, the literature reviews and interviews were selected as 
the primary data collection methods (see sections 3.2.1 and 3.2.2).  

In Article A the FP business model elements were identified and defined. Article 
D presents and justifies all FP constituents including sub-constituents. Figure 3 
below shows an overview of the research process from start to finish.  

B

C

Existing FP 
solutions 

DA

FPBM & FPDP: 
how to sell & what to develop?

FPBM 
elements

Verification of 
an FP solution

FP 
Constituents

Concise and 
unique FP 
definition

Improvement of 
an FP solution

Sustainability: 
what impact does 

an FP have?

Definition: 
What is an FP?

F
E

 

Figure 3 The research process 

Further analysis of the results presented in Articles A&D has indicated that the FP 
development, both technology-wise and business-wise, was sustainability-driven, 
which triggered a slight shift in the research activities towards exploring evidence 
that the FP business model is sustainable.  

Thus, the results of Article B aggregated the existing FP solutions which were 
methods and tools used for FP sustainable development and operation during its 
lifecycle. One of the aggregated solutions (from Article B) has then been further 
analysed and developed into an improved strategy for configuring the FP system 
in a more sustainable set-up, which resulted in contributions presented in Article 
C. Later, that strategy has been verified by implementing simulations, and the 
results were shown in Article E.  

The research presented in Articles A-E indicated that there is a lack of a good, 
fundamental formulation of a unique and concise FP definition. Thus, the formal 
conceptual FP definition was formulated and validated in Article F.  

Further, all results presented in the appended publications have been compiled 
following the theory-building methodology (see section 3.5). 
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3.2. Data collection methods 

3.2.1. The literature review   

All articles considered for the research presented in appended publications have 
been indexed in databases such as Google Scholar, Web of Science and Scopus. To 
search for relevant publications and narrow down the search a Boolean logic 
“AND” with specific keywords related to a particular research problem 
investigated in the publications was used. In most cases, a search in Google Scholar 
resulted in a rather high number of hits compared to Web of Science and Scopus, 
where the search resulted in a more concise list of publications. To ensure that 
most of the relevant publications were considered, forward and backward cross-
reference snowballing has been used. According to Wohlin (2014), forward 
snowballing is an identification of new articles based on those publications citing 
the article being examined, whereas backward cross-reference snowballing refers 
to analysing a bibliography of the article being considered. Full length, peer-
reviewed publications were considered for further analysis; for example, extended 
abstract or review articles were not included. 

3.2.2. Interviews 

For some studies data was collected through interviews, since it was considered to 
provide high-quality data with fewer interviewed parties involved (Kvale and 
Brinkmann, 2009) in comparison with surveys or questionnaires, where a higher 
number of responders could be achieved, although quality would be lower.   

There were two sets of interviews performed. One set of interviews concerned the 
FP business model elements (Article A) and another interview set regarded the 
FP constituents (Article D). Here, semi-structured interviews were used, with 
open questions allowing the respondents to give detailed answers and add extra 
information if necessary. The questions were formulated based on identified gaps 
from the literature reviews. The set of questions has been reviewed by the authors 
of the particular publication several times before setting up the interviews. The 
sampling of the industrial representatives was based on the network established 
within the Faste Laboratory. During interviews, the data was collected by using a 
Microsoft Word document, displayed by a projector, allowing the respondents to 
read and accept the received data immediately. Thus, the interviews were 
transcribed at the time of the interview per se. The overview of both sets of 
interviews is presented in Table 2. 
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Table 2 Summary of interview sets 

Criteria Set of interviews  (Article A) Set of interviews  (Article D) 
Topic FP business model elements  FP definition through its 

constituents  
Respondent 
responsibilities 

marketing specialist, services 
specialist, responsible portal 
development, project leader research, 
research coordinator, director 
services, manager, design R&D 
motors, and manager development 
control systems, R&D chief project 
manager, service marketing manager, 
advanced engineering engineer, 
founder, Director Engineering, and 
CEO 

research and developments 
managers, service and marketing 
specialists, engineers, 
sales/marketing/business 
development, product strategy 
and innovation specialists 

Industry Manufacturing 
Corporations International manufacturing 

corporation ( preferred to stay 
anonymous), Bosch Rexroth 
Mellansel AB, Volvo Construction 
Equipment, Infrafone AB 

International manufacturing 
corporation ( preferred to remain 
anonymous), Bosch Rexroth 
Mellansel AB, Volvo 
Construction Equipment, 
Infrafone AB, Volvo Car 

Business focus manufacturing tools and solutions, 
hydraulic motors and pumps, 
construction equipment, soot 
cleaning technology and solutions 

manufacturing tools and 
solutions, hydraulic motors and 
pumps, construction equipment, 
soot cleaning technology and 
solutions, cars 

Total number 
of interviews 

4 5 

Total number 
of respondents 

14 10 

The interviews were conducted with corporations within the manufacturing 
industry with different business focuses to check the consistency of findings from 
the literature.  The findings resulted in both confirmation of the notions developed 
from the literature review as well as exploration of new insights.  

3.2.3. Focus groups   

Focus group discussion provides a platform for creative thinking and possibilities 
to communicate in a dynamic environment (Flick, 2008).  In Article F the two 
focus groups were involved in getting feedback on the proposed formal conceptual 
definition of FP. The first group consisted of academic representatives for the 
verification process, and internal input and the other group consisted of industry 
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representatives for the verification process and external feedback. The academic 
focus group involved researchers from various disciplines such as mechanical 
engineering, IT, innovation and entrepreneurship. Also, the participants were 
authors of scientific publications on FP definition, FP development and operation, 
FP innovation, simulations and optimisation, etc. The academic focus group 
discussions were in the form of face-to-face meetings and open discussions. 

Industry representatives comprised the other focus group. The industrial focus 
group included representatives of corporations within the manufacturing and 
process industry. A sampling of the industrial focus group was based on the 
network established within the Faste Laboratory. Due to the limited opportunity 
to gather all industry representatives and to perform face-to-face meetings, the 
verification process was managed via email conversations.  

3.3. Data analysis methods  

The following methods were used to visualise and analyse the data in the appended 
articles: 

• Matrix is essentially the “crossing” of two lists, set up as rows and columns (Miles 
and Huberman, 1994);  

• Networks are a series of "nodes” with links between them (Miles and Huberman, 
1994); 

• Open coding is a labelling through analysing data, texts, statements (Flick, 2008; 
Miles and Huberman, 1994); 

• Discrete event simulation (DES) modelling is a method of predicting the 
performance of a probabilistic event-based model of a system through creating and 
analysing a model as a discrete sequence of events in time (Banks, 1998); 

• Multi-objective optimisation is a multiple-criteria decision-making task aiming at 
finding Pareto-optimal solutions and choosing the most preferred solutions (Deb 
and Saxena, 2005). 

In Article A "matrices" were used to summarise the findings of the literature 
review on various business model elements as well as to define FP business model 
elements. In Article B "matrix" and "open coding" were used to summarise the 
findings of the literature review and to categorise the relevant publications into FP 
solution groups.  In Article C “networks” were used to illustrate the strategic 
process for sustainable FP configuration. In Article D "matrix" was used to analyse 
the findings of the literature review on existing defined constituents of FP as well 
as related business concepts. Further “networks” with a series of “nodes” were used 
to illustrate additional FP sub-constituents and their connections. In Article E 
development of a DES model and implementation of the optimisation were 
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performed for quantitative comparison of Pareto-optimal solutions between the 
four business cases (three traditional cases and one FP case) in terms of economic 
and environmental sustainability.  In Article F “matrix” and “open coding” 
techniques were used to aggregate and analyse the finding of the literature review 
regarding existing FP definitions and further identify and define the factors. 

3.4. Research quality assessment 

Marshall and Rossman (2014) suggested that credibility, transferability, 
dependability and confirmability which correspond to internal validity, external 
validity, reliability and objectivity are essential canons for analysis of research 
quality.  

• The goal with credibility or internal validity is to ensure that the subject was 
accurately identified and described, e.g., in-depth description of a problem or 
setting, a process, a social group, and boundaries around the study.   

• Transferability refers to generalizability or external validity which is the extent 
that findings in one situation will be useful to others in similar cases with similar 
research questions.  

• Dependability or reliability is the consistency and trustworthiness of research, 
and whether using the same methods (e.g., data collection and data analysis) would 
reproduce consistent findings if they were replicated by other researchers on 
another occasion.  

• The final construct is confirmability or objectivity; the ability to consider or 
represent facts and information without being biased or whether the findings could 
be confirmed by others.  

To ensure the credibility of the presented research, the systematic literature 
reviews have been performed to accumulate census of relevant literature in all 
appended publications. The literature review helped to provide an adequate 
overview of the problem, derive research questions, hypotheses, set research goals 
and outline the boundaries of the study.  To do this, established and well-known 
databases such as Google Scholar, Web of Science and Scopus were used to search 
for publications, with backward and forward cross-referencing of relevant 
publications. The MS Excel was used for keeping track of the publications, as well 
as for performing open coding (Webster and Watson, 2002; Wohlin, 2014). 
However, due to the dynamic nature of the scientific archive, it could be assumed 
that certain relevant publications were accidentally omitted, which might affect the 
quality of the search and analysis, and thus the results presented.  

Generally speaking, the application of the results presented in this thesis was 
considered in the manufacturing industry and B2B settings, for example, based on 
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the interview responses, which led to results shown in Articles A & D as well as 
built business case scenarios between two manufacturing corporations presented in 
Article E. Regarding the transferability of the results, it is indeed possible that 
various industries and different settings like B2C could be considered. For example, 
there is already research presenting notions on implementing FP business models 
in agriculture (forestry) (Lideskog et al., 2012). Also, hypothetically, the results 
could be applied, for example, in the energy industry, where the energy provider 
could offer a heating per kWh to householders as an FP business model. 

Ensuring the dependability of the research is rather challenging. However, 
keeping detailed records of any in-field analysis, decision-making processes and 
brainstorming might help to preserve data and make it available for reanalysis 
(Marshall and Rossman, 2014). During the process of producing the research 
presented in this thesis, detailed notes/transcripts have been taken during the data 
collection procedures, as well as during brainstorming meetings among the authors. 

In Articles A & D the interviews have been used as an additional data collection 
method. Enhancing confirmability was performed through minimising 
participants’ and researcher’s bias by scheduling the interview in advance, sending 
the questions ahead, conducting one interview per day, producing transcripts while 
interviewing, letting the interviewees participate in reviewing transcripts in terms 
of consistency and accuracy while displaying the responses using a projector. Also, 
the final version of the manuscript has been sent to the respondents for 
confirmation before submission.  

A similar approach to enhance confirmability was used in Article F. The 
background information concerning the subject of research, which was the FP 
formal conceptual definition, has been sent to the academic focus group prior the 
face-to-face meeting, the notes were taken during the meeting and the participants 
agreed upon the FP definition formulation as a final point of the meeting. Further, 
additional meetings among the authors were arranged, which led to the 
improvement of the FP definition. Moreover, additional external feedback from 
the industry representatives has been received; this concerned analysis of content 
and the soundness of the definition. 

3.5. Research positioning  

In line with Lynahm (2002), Swanson and Chermack (2013) developed a 
comprehensive and detailed methodology on how to build a theory. The 
methodology has five main phases: 1) conceptualize; 2) operationalize; 3) confirm; 
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4) apply; and 5) refine (see section 2.3). Each of the phases includes certain steps, 
tools and techniques for realisation.  

Conceptual development is a common starting point. For this phase Swanson and 
Chermack, (2013) aggregated the four most common processes, where the most 
accessible, process-driven and most straightforward process for conceptual 
development is a "What? How? Why? When?  Where? Who?" framework 
proposed by Whetten (1989) that has been further refined by Wacker (2008), 
which resulted in four main elements: definition, relationship, domain and 
prediction.  

The research presented in this doctoral thesis was conducted based on aggregation 
of the results of the appended publications by employing the guidelines on theory 
conceptualisation proposed by Wacker (2008).  

Figure 4 shows the positioning of the research presented in this thesis within the 
theory-building methodology. 

Conceptualize Operationalize

Confirm

Refine

Apply

Inductive
Deductive

Inductive Deductive

Theory to practice

Practice to thoery

The observed and exprecienced world

 

Figure 4 Positioning work within the theory-building methodology 

Figure 5 below illustrates four main elements of the theory which are Definition, 
Relationship, Domain and Prediction. Results from appended publications 
establish contribution to each of theory elements: 

• Article A: “Functional Products: Business Model Elements”.  
• Article B: “Aggregation of Solutions for Functional Product Life Cycle: Review of 

Results from the Faste Laboratory” 
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• Article C: “Toward an improved strategy for Functional Product development by 
predicting environmental and economic sustainability." 

• Article D: “Defining 'Functional Products' through their constituents." 
• Article E: “Quantified economic and environmental values through Functional 

Productization - A simulation approach."   

• Article F: “Formal conceptual definition of "Functional Product."  

FDBCE

Predictions: 
could & would?

Definition: 
who & what?

 Domain: 
when & where?

Relationships: 
how&why?

E AD

A

FD

 

Figure 5 Contributions of the appended publications to FP conceptual development 

By following fundamentals on how to develop a formal conceptual definition, 
Article F has contributed to the Definition element.  Also, Articles A & D 
contributed to the definition of the FP through the definition of its constituents 
and business model elements. Articles B, C & E contributed to the Prediction 
element through their focus on building and verifying a model for predicting FP 
sustainability.  

Some results presented in Articles D and F, in particular, the FP Triangle and 
the FP conditional statement indicating the relationships between the FP defining 
factors, and so contribute to the Relationships element. Also some results in 
Articles A, D & E contributed to the Domain element. The results from Articles 
A & D were based on the interviews with representatives from the manufacturing 
industry, and the result of Article E is based on a comparison of a manufacturing 
B2B scenario consisting of four industrial business cases.   

Referring to the theory-building literature, establishing a theory considering each 
phase is a process that should be continuously further refined and developed 
(Lynham, 2002); therefore, Figure 5 is circular.  
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4. Results: towards an FP theory  

This chapter presents the premises for the development of the theory of Functional Product. 

4.1. Definition: who and what?  

A “definition” is about the most relevant ideas, attributes, or factors/aspects, which 
logically should be a part of the understanding and explanation of the observed 
phenomenon of interest (Hempel, 1952; Whetten, 1989). The term “factors” has 
been further used in the thesis as well as in Article F. According to Whetten (1989) 
and Wacker (2008), all factors should be clearly defined and justified to be able to 
differentiate various concepts within the theory. 

As a result of research presented in the appended Article F, five factors were 
identified and justified as follows: FP sustainability symbiosis (FPSS), FP business 
model (FPBM), FP performance focus (FPPF), FP constituents (FPC) and FP 
lifecycle (FPLC). More detailed description of each factor is further provided in 
sections 4.1.1-4.1.5 below as well as in Article F.  

Thus, based on these factors, the FP formal conceptual definition has been 
formulated in Article F as follows: 

“Functional Product” is a sustainable business model with a focus on throughout 
lifecycle function provision at a specified performance being enabled by integrated 
hardware, software, service support system and management of operation.  

4.1.1. FP sustainability symbiosis (FPSS)  

The FP sustainability symbiosis (FPSS) factor corresponds to the question: “Why 
FP businesses?” The results presented in Article E provide evidence that the FP 
business model has a positive impact simultaneously on environmental and 
economic dimensions of sustainability. More details are presented in section 4.4.  

4.1.2. FP business model (FPBM) 

The FP business model (FPBM) factor corresponds to the question: "How can an 
FP provider deliver, capture and sustain FP customer values while achieving a win-
win situation in the value chains?”  
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In the appended Article A a set of the nine FP business model elements was 
proposed, see Table 3. 

Table 3 FP business model elements (Article A) 

# FP Business Model Elements Value type # of 
corporations 
listing the 
elements 

1. Quality of external relations Creative/capturing  3 
2. Brand and value chain position Creative/capturing 3 
3.*  In- house organisation  Creative/capturing 2 
4.*  Risk level and availability Creative/capturing 2 
5.* Customer involvement and 

commitment 
Supportive 2 

6. Customer value and value carrier Creative/capturing 2 
7.* Competencies/knowhow and 

relevant information for decision 
making 

Creative/capturing 2 

8. Contract Supportive 2 
9. Recipe for profitability and 

financial sustainability 
Supportive 1 

Five elements out of nine were described as general elements, meaning that these 
elements were similar to elements from conventional/generic business models. 

The other four elements, defined as FP-specific elements (marked with * in 
Table 3), are #3 (an in-house organisation), #4 (risk level and availability), #5 
(customer involvement and commitment) and #7 (competence/know-how and 
relevant information for decision–making).  

In addition, it has been found that the management of the risk level can be seen as 
an integrator for the FP business model, which spans the elements which are 
external relations (#1) (i.e., building and maintaining trust), risk level and 
availability (#4) (i.e., risks related to cost versus availability ratio) and recipe for 
profitability and financial sustainability (#9) (i.e., profitability and sustainability 
over time). Moreover, management of the risk level could pertain to FP business 
models of all corporations interviewed, since an FP is provided with an agreed-
upon level of availability, often in combination with long-term contracts and 
expected long lifecycles. A further description of each of the FP business model 
elements can be found in Article A. 
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4.1.3. FP performance focus (FPPF)  

The FP performance focus (FPPF) corresponds to the question: "What is an FP 
performance indicator?" Depending on the delivered function, e.g., thrust-on-
wing, mobility or torque per hour/rotations, there are various performance 
indicators. Thus, availability and costs are considered to be key performance 
indicators of FP (Alzghoul and Löfstrand, 2011; Kyösti and Reed, 2015; Löfstrand 
et al., 2012). The FP system delivers a guaranteed function to a specified level of 
performance stated in the FP contract/agreement. In line with (Andrews and Moss, 
2002), an FP availability refers to the fraction of total time that an FP system can 
perform its required function. In other words, availability is the percentage of 
uptime that the function of the hardware is available for utilisation during the 
contracted period. 

4.1.4. FP constituents (FPC)  

The FP constituents (FPC) correspond to the question: “What are manifesting and 
enabling elements of the FP system?” The existing research has suggested the four 
main constituents: hardware (HW), software (SW), service support systems (SSS) 
and management of operation (MO), together enabling a function which is 
delivered at, e.g., a specified level of availability stated in the FP 
contract/agreement (Lindström et al., 2012). The aggregation of all FP constituents 
is illustrated below in Figure 6, which is a result presented in Article D. 

Referring to Alonso-Rasgado et al. (2004) and Lindström et al. (2012), the HW is 
a physical artefact (object, product, equipment), which commonly is integrated 
with SW. The SW includes, e.g., networks and infrastructure, communication and 
SW tools. The SSS comprises activities which enable the FP performance, e.g., 
maintenance, education and training, monitoring and re-manufacturing. The MO 
is about operation management and decision-making and includes, e.g., risk 
management and trust building. 

Further, the research presented in Article D has identified and defined additional 
sub-constituents of the main FP constituents. 
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Figure 6 Compilation of FP constituents (Article D) 
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Following Figure 6 , the FP has four main constituents HW, SW, SSS and 
MO (in black ovals). Through the literature review, additional sub-
constituents (in black) have been identified. The notions were borrowed from 
the following concepts: Functional Sales (FS), servitization, servicizing, service 
engineering, full service, system selling, integrated solutions or solutions, Integrated 
Product and Service Offerings (IPSO), installed base service, extended products, 
Product Service Systems (PSS) and Industrial Product Service Systems (IPS2). To 
identify additional FP sub-constituents a number of interviews were conducted to 
corroborate the findings from the literature review, resulting in a number of 
additional sub-constituents (in orange) 

Thus, each of the main four FP constituents includes one or more sub-constituents. 
It has been found that a sub-constituent, (Global) ICT Infrastructure, is an 
integrator between the hardware (HW), software (SW) and service support system 
(SSS). Also, it has been suggested that the management of operation (MO) was 
foreseen as a holistic constituent that keeps the HW, SW and SSS integrated and 
operational, as shown in Figure 7.  

Global ICT
infrastructure

HW

SSSSW
MO

 

Figure 7 Integrator of FP main constituents (Article D) 

It is important to note that all four constituents should be developed in a 
coordinated and dedicated manner for a specific FP case to order to maintain a 
sustainable business model. This has been suggested by the results presented in 
Article E. The studies strongly indicated that the existing products and services 
available on the market could not just be simply combined and offered under the 
FP contract/agreement (see section 4.4).   

4.1.5. FP lifecycle (FPLC)  

The FP lifecycle (FPLC) corresponds to the question: “What is an FP lifecycle?” 
It has been proposed that the FPLC is a synergy of the technical and the economic 
lifecycles. The FP technical lifecycle can be divided into HW-, SW-, SSS- and 
MO sub-lifecycles regarding the development and operation phases, while the 
economic lifecycle is governed by a sustainable win-win situation between FP 
provider and customer (Lindström et al., 2014) 
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The technical lifecycle is illustrated in Figure 8 below. It is of importance to 
observe that the technical FP lifecycle has been presented in a different perspective 
compared to a traditional view of a lifecycle. In this particular case, the technical 
FP lifecycle includes the initial development (green phase) of the main constituents 
and their respective sub-constituents and once the FP is operational (blue phase), 
then continuous development and operation (red phase) of each constituent 
proceeds, and there are no "come back” activities to initial or previous stages.  
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Figure 8 FP technical lifecycle (Article B) 

If one of the FP constituent malfunctions (i.e., fails, requires maintenance, further 
development) during the operation phase, it does not mean that the whole FP has 
met the end of its technical or economic lifecycle. The malfunctioning constituent 
changes the status from operation to development or stopped (only in case of HW), 
while other constituents could run properly. 

However, the economic lifecycle may stop the overall lifecycle if it is not 
adequately sustained. The FP economic lifecycle has an acceptable win level and 
an unacceptable lose level – seen from the perceived provider and customer points 
of view. It is important to stay balanced within the Win-Win span for both 
provider and customer. Otherwise, the lifecycle is severely affected, and the worst-
case scenario is that the FP contract/agreement is terminated (Lindström et al., 
2014).  

Ownership and responsibility of enabling constituents remain with the FP provider 
throughout the lifecycle. Hence, the provider is in full control over actions related 
to the constituents, e.g., development, operation, recycling, downcycling, etc. 
Such dedication to develop and operate FP systems requires long-term business 
relationships and sustainable win-win situations, which leads to business stability 
within the FP value-chain (Alonso-Rasgado et al., 2004; Parida et al., 2013). 
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4.2. Relationship: how and why? 

After a set of factors is identified their relationships should be explained in terms of 
how and why. According to Whetten (1989), the relationships could be explained 
graphically and/or mathematically.  

Initially, Article D has presented the “FP Triangle” illustrating the existence of 
relationships between the FP definition, FP business model and FP development. 

Further, in Article F, FP defining factors were identified as follows: FP 
sustainability symbiosis, FP business model, FP performance focus, FP constituents, 
and FP lifecycle and were used to formulate the FP formal conceptual definition, 
which was expressed as the following conditional statement:  

FP= f (FPSS, FPBM, FPPF, FPC, FPLC) 

Thus, FP is a function of all defining factors. A business model could be considered 
an FP business model if and only if it simultaneously implies sustainable symbiosis, 
includes FP business model elements and constituents, focuses on FP performance 
indicators and has an FP lifecycle perspective.  

The relationships among identified factors could be described as complex, dynamic 
and stochastic, since the FP definition involves many variables. Some insights into 
relationships defining FP have been identified in the appended publications and 
can be summarised as: 

• FPSS, FPBM, FPC & FPLC- to develop a sustainable business model, there 
is a need to know what constitutes and enables the FP by considering various 
FP lifecycles; 

• FPBM & FPC-  to know how and what to sell, a guaranteed level of the FP 
performance indicators should be agreed upon and stated in a contract; 

• FPLC & FPC-  to optimise and improve the lifecycle, there is a need to 
know what and when to optimise; 

• FPLC, FPC & FPSS-different technical life spans of constituents affect the 
sustainability (both economic and environmental sustainability).  

4.3. Domain: when and where? 

The "relationship" property and the "definition" elements together form the 
domain or subject of the theory (Wacker, 2008). To specify the domain, the 
following criteria were considered: 1) country, 2) industry, and 3) respondent’s 
position, as suggested by Wacker (2008).  
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In Articles A & D interviews were conducted at established manufacturing 
corporations with various core business focuses:  

− manufacture of tools and solutions (preferred to remain anonymous),  
− car manufacturer,  
− heavy construction equipment manufacturer,  
− hydraulic motor and pump manufacturer,  
− manufacturer of eco-friendly soot cleaning technology.  

Four of the interviewed corporations were international, and one was a Swedish- 
based corporation. Overall, the geographical location of the respondents was 
Sweden. The respondents were professionals representing and responsible for 
research and development, product strategies and innovation, 
sales/marketing/business development, for example, R&D chief projects, service 
marketing managers, director engineers, and CEO.  

In Article E, the B2B scenario has been built on a manufacturing provider of 
hydraulic drive systems and set of process industry customers based in a region of 
Sweden with industrial applications that require the provision of rotational power 
within a limited speed and torque range. 

Throughout the research presented in Articles A, D& E it could be suggested 
that the FP theory notions could be applicable in Swedish established 
manufacturing industry in the B2B industrial situation. Also, it could be assumed 
that top management (e.g., CEO, decision-makers, sales and heads of divisions) of 
the corporations would be able to benefit from the FP theory in developing and 
maintaining sustainable FP business models in a coordinated and dedicated manner. 

4.4. Prediction: could, would and should? 

Referring to Wacker (2008), as part of the prediction element of the theory 
building, there should be logical explanations of unlikely results, which offer new 
insights for the theory.  

Articles B, C & E contributed to the Prediction element through their focus on 
building and verifying a model for predicting FP sustainability. 

The aggregated results from Article B have indicated that the simulation-driven 
models have previously been developed for predicting FP availability and costs, for 
example Löfstrand et al. (2014). Commonality between availability and cost model 
and sustainability indicators led to the supposition that the extension of the existing 
model would be more useful and efficient than developing separate models that 
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focus solely on sustainability measurement. The research presented in Article C 
has shown on a conceptual level a strategy to predict the sustainability impact of 
an FP in terms of environmental and economic sustainability. The hypothesised 
advantages from the extension of the availability and cost model to sustainability 
measurement include: 

• Reduced work to create, maintain and update the models. There is a 
substantial crossover between the elements required for a model to quantify 
availability and costs with those required for a model to quantify sustainability. Thus, 
an extension of the existing models reduces duplicated work. For example, a model 
of travel for maintenance technicians between support sites and the customer sites is 
required to quantify availability (e.g., delay in initiating corrective maintenance) and 
costs (e.g., vehicle and fuel costs) but is also necessary to quantify sustainability impact 
(e.g., vehicle emissions). 

• Requiring fewer simulation runs to be performed. With a unified model, data 
on the performance of the FP configuration in terms of availability, costs and 
sustainability can be obtained from each simulation. 

• Rationalisation of input data. Much of the input data required for a cost and 
availability model is the same as needed for a sustainability model. By using a unified 
model, only one set of input data is needed, which avoids duplicated effort and ensures 
that predicted values obtained for both sets of performance measure are related to the 
same FP configuration. For example, the need for data on the operational behaviour 
of each hardware specification under the different functional demands of customer 
applications is required to quantify availability (e.g., to determine failure rates which 
depend on operating stress) and costs (e.g., to assess energy consumption costs which 
depend on operating efficiency) but also for sustainability (e.g., to determine material 
usage from spare parts and energy consumption).  

• Simpler holistic optimisation. A unified model streamlines the optimisation 
process for finding the best FP configuration, since trade-offs between availability, 
cost and sustainability can be considered in the objective function. 

Figure 9 below illustrates a 6-step strategy that could be used when considering 
the transition from traditional hardware selling to sustainable, functional product 
provision.  

In the initial state “Start” the manufacturing company is interested in exploring 
possibilities for FP business and has concerns on how sustainable it will be. It is 
assumed that company policies and high-level strategies exist regarding 
management, and competence profile requirements, e.g., experts in DES, 
hardware reliability, maintenance, sustainability policy, optimisation, etc. 
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Figure 9 Strategic process for sustainable FP configuration (Article C) 

To improve the efficiency of the prediction process, activities (A1-A4) can be 
conducted in parallel. To implement the proposed strategy/process would require 
a cross-functional team including, for example, design engineers, sustainability 
experts and policymakers. While A1 and A2 could be done independently and in 
parallel, activities A3 and A4 might require knowledge input from different teams. 
Activities A5 and A6 will mainly be carried out by the design engineers. Once the 
optimisation results are known in terms of sustainability indicators and their values, 
the sustainability experts and policymakers will need to perform further analyses 
and implement any changes required in organisational or technical aspects to 
develop a sustainable FP business situation. 

Later, the notions presented in Article C have been further developed and 
verified.  Results shown in Article E strongly indicated that the FP simultaneously 
has a positive effect on economic and environmental sustainability compared to 
traditional business models.   

The results in Article E are based on the analysis of environmental and economic 
impact through a comparison of four cases in the same business-to-business (B2B) 
scenario. The B2B scenario consisted of a provider of hydraulic drive systems and 
set of process industry customers based in a region of Sweden with industrial 
applications that require the provision of rotational power, within a limited speed 
and torque range.  
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The sustainability impact analysis was based on consideration of specific 
consumption of external resources within the B2B scenario and certain process 
core product under four different cases. Therefore, the internal negotiations, i.e., 
payments and penalty fees, provision of hardware, service, etc. between the 
provider and customers are not of interest for this study. Thus, by altering 
constraints (e.g., available choices for locations of spare parts, locations of service 
support site and hardware system specifications) and knowledge available for use 
during optimization (e.g., reliability performance of particular hardware systems 
under the demands of specific functional applications), the following four cases 
were generated: Traditional cases 1, 2, 3 and Functional product, as shown in 
Figure 10.  
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Figure 10 Business cases (Article E) 

The sustainability impact analysis included all the technical lifecycle events from 
manufacture to disposal (but excluded earlier events such as development and 
manufacturing setup) and all the provision events except support site setup and 
closure. The four cases represent the transition from traditional product-oriented 
business to FP and the positioning of each in terms of ownership and knowledge 
of the solution. Through simulations a Pareto optimal front of each case was 
generated for further analysis of the areas from which economic and environmental 
impact was incurred, as shown in Figure 11 below.  
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Figure 11 Plots of the economic and environmental impacts (Article E) 

A result, presented in Article E, has shown that transformation from traditional 
product-oriented business into FP businesses has the potential to simultaneously 
improve economic sustainability by 5-10% and environmental sustainability by 4-
14%. These improvements are due to the responsibilities on the part of the FP 
provider (such as retained ownership), who can then further utilise knowledge of 
the hardware systems and share service support resources across various FP 
customers.  

In addition, a single solution from the Pareto optimal front of each case was 
selected, as shown in Figure 11, for further analysis of the areas from which 
economic (energy, downtime, travel, spare inventory, hardware remanufacturing, 
hardware manufacturing, component replacement) and environmental (energy, 
travel, hardware remanufacturing, hardware manufacturing) impact was incurred. 

The following conclusions were drawn: 

• Energy and downtime are the highest contributors to economic impact, 
while energy and hardware manufacturers are the major contributors to 
environmental impact.   

• Manufacture also contributes significantly to both economic and 
environmental dimensions.  
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• Hardware remanufacture and storage of spares in inventory each give a small 
contribution to economic impact, while travel and component replacement 
have a negligible effect on both dimensions. 

Energy has a considerable impact on sustainability in the example scenario because, 
although the impact per kilowatt hour consumed is very low and drive systems are 
efficient, the functional applications in the example scenario require sustained high 
power outputs. Downtime is also a significant contributor to economic impact in 
the scenario, despite the high reliability of the drive systems, since the functional 
applications are critical to the operation of the customers' businesses. The 
contributions to sustainability from component replacement, remanufacture, travel 
and inventory storage are small primarily due to the fact that hydraulic drive 
systems have high reliability, meaning that service support involving component 
replacement and re-manufacture occur only infrequently and small component 
inventories at each support site were sufficient for maintaining high availability. 

Further, the results indicated that the existing products and services available on 
the market could not just be simply combined and offered under the FP 
contract/agreement. This conclusions were drawn based on the simulation results 
that have shown that different constituents were selected by the optimisation 
algorithm from traditional business cases in comparison with the FP.  
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5. Discussion  

The results presented in the thesis have been discussed in terms of theoretical contribution and 
practical/managerial implications. Also theory-building elements, which are definition, 
relationship, domain and prediction, have been further analysed. 

Theoretical contributions:  

 The results aggregated comprehensive knowledge about the FP and contributed to 
the FP theory building;  

 The results made a significant, value-added contribution to current thinking on 
various business modelling and offer new insights and evidence for sustainable 
development;  

 The results highlighted the importance of understanding possibilities on how to 
innovate business model towards more sustainable business by: 

− implying different way of thinking;  
− designing, developing and integrating product/s and service/s in a more 

dedicated manner;  
− possible organisational structure changes;  
− creating and capturing values in the whole value chain; 
− establishing and maintaining win-win business relationships; 

  The results expanded current knowledge on the application of a 
simulation/optimisation-driven approach to sustainability assessment. 

Practical and managerial implications:  

 The results delivered a more explicit definition of an FP when considering FP as an 
alternative business model; 

 The results proposed various views on FP business from the provider’s and customer’s 
perspectives; 

 The results aggregated different FP solutions that indicate where in the FP lifecycle 
those solutions could be used;  

 The results offered possibilities for better decision-making, through assessing risks and 
uncertainties in terms of an impact on environmental and economic aspects; 

 The results have shown that FP business application has the potential to 
simultaneously improve economic sustainability by 5-10% and environmental 
sustainability by 4-14%; 

 The simulation model assessing the economic and environmental impacts 
simultaneously has been developed to avoid time-consuming and costly "trial and 
error" methods performed in the real world and to enable the development of more 
sustainable business offers. 
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Further, to what extend the research presented in the appended articles provided 
insights into each of the theory-building elements, has been discussed.  

The “Definition” element is very well “fulfilled” by the results presented in 
Article A, D & F. Results from Articles A & D have contributed by clarifying 
in more details the FP through its business model elements and constituents. In 
Article F, FP defining factors were identified and justified, and based on them, a 
good (concise and unique) formal conceptual FP definition has been proposed and 
verified. To highlight the uniqueness of FP, the comparison with a good PSS 
definition, has been performed. Nevertheless, the literature review in Article F 
indicated that the existing research, lacks definitions of business models that have 
been developed based on fundamentals of the theory building, where the 
development of a definition is an essential aspect.  

Regarding the “Relationships” element, the results presented in all articles 
implicitly indicate certain relationships between FP defining factors, however, 
more of explicit indications could be found in Articles D & F. These relationships 
have been also summarised in this thesis.  

Regarding the “Domain” element, the research presented in Articles A, D & 
E has explicitly indicated the possible application of the FP theory notions, which 
is in B2B settings in the Swedish manufacturing industry. However, use of the 
results would not be limited to this domain. It is foreseen that the presented results 
provide well-grounded insights for other types of industries, various sizes of 
companies and different geographical locations to develop and be successful in FP 
business applications over long-term contracts/agreement. 

Articles B, C & E contributed to the “Prediction” element through their focus 
on building and verifying a model for predicting FP sustainability. The result of 
the research presented in Article E has shown that FP is more sustainable than 
traditional product trade. However, the study was limited to a manufacturing and 
process-industrial situation and excluded the social sustainability dimension. So, as 
a part of the falsification of this hypothesis, new insights could suggest consideration 
of the following: other types of industries; different sizes of companies like SMEs; 
business-to-customer situations, and social sustainability dimension/indicators.  

To summarise, it would be fair to state that the research presented in the appended 
publications has contributed to all four elements of the conceptual development 
phase in a theory-building methodology, and has probably provided a sufficient 
base to move to the next phases.   
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6. Conclusions and future research 

Comprehensive knowledge concerning the Functional Product, as an alternative 
business model to employ for developing and maintaining sustainable lifecycle win-
win business relationships in value chains, has been compiled.  

Initial notions regarding developing a theory of FP were presented by indicating 
to what extent the research presented in the appended articles could provide 
insights into each of the theory-building elements, which are definition, 
relationship, domain and predictions. Valuable parts for further FP theory building 
have been derived.  

The research question “What is the theoretical basis underlying Functional 
Product?” could be answered by stating the following results: 

 A good FP formal conceptual definition has been proposed. 
 The FP defining factors, which are FP sustainability symbiosis, FP business 

model, FP performance indicators, FP constituents, and FP lifecycle perspective 
has been justified.  

  A complex and stochastic relationships between the FP defining factors were 
highlighted. 

 The potential application of the FP theory notions is in B2B situations in the 
Swedish manufacturing industry, and these notions provide useful guidelines 
for top and middle management. 

The result presented in this thesis indicated that there are certain areas which need 
more research: 

− It is of importance to remember that the theory, including any phase of the 
theory building, should be further developed and refined; thus, the notions 
presented in thesis should also be improved and refined, according to the 
theory-building methodology, requirements and principles; 

− To explore possibilities of moving to other phases such as 
“operationalization”, “confirm”, “apply”; 

− There is an interest in further investigating application of FP theory in 
different industries, or other business situations; 

− More research is required to identify and define the relationships between the 
FP defining factors graphically and mathematically, for example, by 
conducting statistical analysis. 
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Abstract. The paper explores business model elements that are vital when of-
fering customers Functional Products. Based on in-depth empirical studies at 
four manufacturing corporations, a number of Functional Product business 
model elements are identified and discussed. The identified business model 
elements for Functional Products are found to have special requirements as 
compared to well-established generic business models. The results, including 
both academic and industrial contributions, can be used by corporations as input 
when modeling Functional Product business models on their own or together 
with customers, business partners or suppliers. Finally, factors and challenges 
that need to be addressed when modelling Functional Product business in cor-
porations are further discussed. 

Keywords: business model, business model elements, Functional Products 
(FP), Product-Service System (PSS). 

1 Introduction 

This explorative paper concerns elements that constitute a Functional Product (FP) 
business model. To facilitate successful development, marketing, sales and operation 
of FPs, manufacturing corporations need to revise their business model(s). Most busi-
ness models aim to create value and sustainable competitive advantage in a defined 
market, and Chesbrough [1] posits that the choice of business model is crucial as “a 
mediocre technology pursued within a great business model may be more valuable 
that a great technology exploited via a mediocre business model” (p355). Thus, barri-
ers to business model innovation, such as conflicts with existing assets and business 
models, understanding of these barriers, process of experimentation and effectuation, 
successful leadership of organizational change, etc., must be brought up and dealt 
with if they are to be overcome [1]. Casadesus-Masanell and Ricart [2] stress the need 
to understand how to innovate business models to improve the ability to create and 
capture value. Understanding the creation and capturing of value, i.e. how different 
inter-connected business model elements form the business logic or architecture re-
quired to do this, probably aids understanding of what is otherwise needed for a  
successful business model.  
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Based on empirical data from four manufacturing corporations involved in FP in-
novation and research, our initial findings pertaining to FP business model elements 
are presented. The proposed set of business model elements can be used by corpora-
tions as input while modeling their own FP business models and customer offerings. 
An FP1 comprises integrated developed hardware, software, a service support system 
and management of operation [10]. The software component grows as the require-
ments for monitoring, remote management and maintenance, as well as software up-
gradability become further sophisticated [11, 12]. The software is often integrated 
with the hardware and service support system and, depending on type of FP, can also 
be seen as a stand-alone entity providing its own value to the delivery of the function. 
The service support system is needed to keep the hardware and software operable, and 
the triad is combined to provide a complete function to customers [5, 13]. Alonso-
Rasgado et al. [5] add that the service support system is much more than maintenance, 
often including decision-making, operations planning, remanufacture and education. 
Throughout the FP lifecycle, operation of the FP must be managed and  
developed [10]. 

Among many corporations, there is an increased interest in using the FP business 
model for transforming and selling products, services or combinations of products and 
services as FPs or parts of FPs. Moving into FP provision with a specified availability 
level requires identification of a future win-win situation with the customer, since the 
ownership of the FP is foreseen to remain with the provider/consortium providing the 
function. In line with Löfstrand et al. [14], Tan and McAloone [15] suggest that two 
lifecycle systems, i.e. the physical artefact and the activities in the relation in between 
the provider and customer, need to be considered. This challenge affects the FP  
business model, the planning of the FP lifecycle and its development, since the devel-
opment is more complex than developing a product with services. Therefore, corpora-
tions need to further advance their understanding of FP business model elements and 
development to be able to critically craft such business models. 

Prior research in the strategic management and management information systems 
domains, e.g. [16, 17, 18, 19], has highlighted generic business model elements. 
However, currently there is a lack of tangible research on the FP or closely related 
business models’ elements (besides [20, 21, 22]). Focusing on business model ele-
ments in the context of FP, business development is important because the path 
through which corporations create value can differ significantly from prior knowledge 
gained from generic business modeling. Therefore, in this paper we aim to identify 
and propose a set of critical business model elements based on analysis of FP business 
model development in four corporations. 

                                                           
1  The concept of FP has similarities with, for instance, Functional Sales [3], Extended Products 

[4], Total Care Product [5], Product-Service System (PSS) and Industrial Product-Service 
Systems (IPS2) [6], Servitization [7], or Service Engineering [8] in the sense of increasing the 
focus on soft parts such as services, knowledge and know-how etc., additionally offered. 
Tukker and Tischner [9] have identified three main PSS categories: product-oriented, use-
oriented and result-oriented. The FP, originating from hardware aspects, has most commonal-
ities with PSS/IPS2, Total Care Products and Functional Sales, however adding additional 
complexity development-wise. 
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2 Research Approach 

The research approach employed in this study has been based on in-depth empirical 
studies at four manufacturing corporations. The empirical studies were conducted 
using semi-structured open-ended interviews [23, 24] with fourteen respondents 
working for corporations active in the Faste Laboratory at Luleå University of Tech-
nology, Sweden, which is a VINNOVA2 Excellence Centre concerned with FP Inno-
vation. Thus, the respondents were well aware of and knowledgeable regarding FPs. 
The respondents were professionals responsible for marketing, services, research 
coordination, development and sales, at three global international corporations and 
one small Swedish-based corporation:  

1. International manufacturing corporation (five respondents – marketing specialist, 
services specialist, responsible portal development, project leader research, 
research coordinator) 

2. Hägglunds Drives Bosch Rexroth (three respondents – director services, manager 
design R&D motors, and manager development control systems) 

3. Volvo CE (three respondents – R&D chief project manager, service marketing 
manager, advanced engineering engineer) 

4. Infrafone AB (three respondents – founder, Director Engineering, and CEO) 

The purpose of having multiple corporations with diverse focus was to ensure an ad-
vance in the understanding of how the FP business model and its elements can be 
embodied at a mainly strategic business unit level, considering the similarities and 
differences between the corporations [cf. 25]. Although the corporations have differ-
ent offerings, they all face the common challenge of how to best develop, market, sell 
and operate FPs and/or similar concepts such as PSS/IPS2, either as a provider in a 
partner consortium or as part of their own offerings. The corporations are all manu-
facturing corporations with roots in hardware development. However, additional 
components have been added to their customer offerings. What the additional compo-
nents comprise and their weight or importance differs depending on industry and 
customer segments served. Some of the corporations aim to increase their revenue 
from soft parts, e.g. services, knowledge or know-how, as well as functions sold glob-
ally. The FPs planned or currently offered by the corporations differ and have differ-
ing emphasis on the composition of hardware, software, service support system and 
management of operation. 

Initially, semi-structured interviews were used, with open questions [23, 24] allow-
ing the respondents to give detailed answers and add extra information where deemed 
necessary [26]. The data collected were displayed using a projector during the inter-
views, allowing the respondents to immediately read and accept the collected data. 
The collected data were displayed and analysed using a matrix [27]. The analysed 
data were used to compile a table comprising elements that may be included in the FP 
business model and the number of corporations considering each element as part of 
their view of the FP business model (see Table 2 in section 4). For reasons of  

                                                           
2  VINNOVA – The Swedish Governmental Agency for Innovation Systems. 
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confidentiality, only an aggregated view of the analysis is presented (and thus the 
individual corporations’ FP business model elements are not presented). 

3 Towards Functional Product Business Model Elements 

Teece [18] asserts that the essence of a business model is how an enterprise delivers 
value to customers, what makes the customers pay for value, and how profit is made. 
Further, Teece [18] adds that when an enterprise is incepted, it implicitly or explicitly 
uses a business model describing the architecture for value creation, delivery and 
capture mechanisms used. A question raised by Teece [18] is how to build a sustain-
able competitive advantage with profit or super profit. The answer, according to 
Teece [18], is to not only excel at product innovation, but also at business model in-
novation, and understanding of customers and business design options. Thus, for an 
enterprise with a product development focus, business modeling and understanding of 
business models are necessary together with tight interaction with customers. 

Business modeling is gaining more and more interest both in industry as well in 
academy, and business modeling concerning products, services and products com-
bined with services have been well discussed by researchers, e.g. [28, 29]. However, 
for business models comprising additional complexity, such as: PSS, IPS2, Functional 
sales or FP, there is still a lack of basic as well as specific research. To shed additional 
light on business models, the following sub-section highlights established/recent re-
search on generic business models, and another sub-section concerns state-of-art in 
FP and closely related business models. Table 1 comprises a condensation of the 
business model elements found. 

3.1 Generic Business Models 

Recent research [17, 18, 19] indicates an interest in generic business models and what 
elements the generic business models comprise. Below, one established and three 
recently developed generic business models are defined by their elements (see further 
Table 1): 

• Johansson et al. [16]: 1) Customer value proposition, 2) Profit formula (revenue 
model, cost structure, margin model resources velocity), 3) Key processes 
(processes, rules & metrics, norms) and, 4) Key resources (people, technology & 
products, equipment, information, channels, partnerships & alliances, brand). 

• Osterwalder and Pigneur [17]: 1) Customer segments, 2) Value proposition, 3) 
Channels, 4) Customer relationship, 5) Revenue streams, 6) Key resources, 7) 
Key activities, 8) Key partnerships and, 9) Cost structure. 

• Teece [18]: 1) Target segment, 2) Customer value, 3) Revenue stream, 4) Capture 
value and, 5) Technology selection. 

• Lindgren et al. [19]: 1) Value proposition, 2) Target customers, 3) Value chain, 
4) Competences, 5) Network partners, 6) Relations and, 7) Profit formula. 
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Table 1. Business model elements found in literature 

 

3.2 Functional Products and Closely Related Business Models 

There is a lack of tangible research published on the FP and closely related business 
models and their respective elements. Schuh et al. [20], Meier et al. [21] and Kind-
ström [22] provide through their proposed elements some further guidance (see Table 
1). However, further empirical research is deemed necessary to specify the business 
models and their elements with an additional level of detail.    

• Schuh et al. [20]: 1) Value proposition, 2) Marketing, 3) Profit mechanism, and 
4) Development/production process 

• Meier et al. [21]: 1) Customer value, 2) Architecture of value creation, 3) 
Product Models (processes, recourses, partners) and, 4) Turnover model 

• Kindström [22]: 1) Value proposition, Revenue mechanism, 3) Value chain, 4) 
Value network, 5) Competitive strategy and, 6) Target market 

Table 1 provides a structure (which will partly be used in Table 2) and can give ideas 
to discussions pertaining to existing or new business related to FPs as well as similar 
business models. 

4 New Emerging Business Model Elements  
in Functional Products 

The empirical findings regarding what elements the studied corporations perceive as 
vital when developing FP offerings are summarized in Table 2. Table 2 shows a set of 

Business Model
type

Business Model
Elements

Generic Generic Generic Generic PSS IPS2 Servitization

Johansson 
et al. [16]

Osterwalder
and Pigneur
[17]

Teece [18] Lindgren 
et al. [19]

Schuh et al. 
[20]

Meier et al. 
[21]

Kindström
[22]

Customer Customer 
segments

Target 
segment 

Target 
customers

Marketing Target market

Customer value Value 
proposition

Value 
proposition

Customer 
value 

Value 
proposition

Value
proposition

Customer 
value

Value
proposition

Profit Profit 
formulae

Revenue 
streams, cost 
structure

Revenue 
stream 

Profit 
formulae

Profit 
mechanism

Turn over 
model

Revenue 
mechanism

Value chain,
processes, 
activities

Key 
processes

Key activities Capture 
value 

Value 
chain

Development/
production
process

Architecture 
of value 
creation

Value chain

Resources Key 
resources

Key resources Product 
model

Relationships Key 
resources

Channels, cust-
omer relation-
ship, key 
partnerships

Network 
partners, 
relations

Focus on 
network 
partners 

Value
network

Skills/ 
competence

Key 
resources

Competen-
ces

Technology Key 
resources

Technology 
selection 

Strategy Competitive
strategy
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FP business model elements and, for each element, how many corporations (out of 4) 
favor these. The elements are further described below based on the data collected. 
Further, an analysis of why the composition of elements looks like it does follows at 
the end of this section. 

4.1 Descriptions of the Elements 

Below are descriptions for each of the elements found in Table 2. The descriptions are 
based on the empirical data collected and analyzed. 

 
# 1. Quality of external relations – in the distribution channel between the FP pro-

vider, suppliers, partners, distributors, and end-customers. Properties seen as im-
portant for the relation are: 
 

o Relation distributor/dealer to end-customer should be needs-oriented fo-
cusing to learn and analyze the customer’s process/needs.  

o Having a global presence is important to attract some customers. Impor-
tant as well for partners/customers requiring closeness to expertise. 

o Identification of present and future win-win situation in between provid-
er, partners and customer is essential for establishing trustful long-term 
relationships. 

o The customer needs to be able to trust the provider of an FP, and the 
provider must also be able to trust the customer in terms of acting res-
ponsibly (in line with the operational parameters stated in the contract). 

o An ability to reference existing customers is a further indication of a 
strong relation. 

o Partners are important to provide, e.g. onsite support and installations, as 
well as act together with the provider in the distribution channel to build 
a complete FP offer. Examples of additional services provided by spe-
cialists are financial services and specialized consulting/advisory  
services.  

# 2. Brand and value chain position 
o Brand is important or vital. The brand is particularly important if the 

provider does not have close or any end-customer interactions. 
o Being positioned as a market leader enables increased sales. 
o An FP provider needs to be situated as high (upstream) as possible in the 

value chain, as being situated low makes it hard to develop FP business. 
# 3. In-house organization 

o Change management and business training are required inside of provid-
er organizations to change organizations accustomed to selling products, 
services, etc. into offering FP, e.g. referring to: top level management 
mindset and courage relating to FP, more complex business models, or-
ganizational readiness for FP and related development processes, deci-
sion impacts from FP business, need for patience and long-term think-
ing, and need for internal communication between adequate decision  
levels to create unity. 
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Table 2. FP Business Model Elements 

 
 

o Sales strategy and modeling – additional business models with higher 
complexity requires careful modeling and strategic thinking. New cus-
tomer segmentation models may be required, as well as improved under-
standing of customer processes. Need to consider how to organize for 
selling a mix of products, services and solutions/total offers/FPs, etc. – 
as new business models in addition can introduce or cause changes in 
the power balance among the parties involved. 

o FP sales require upstream and downstream thinking in the value chains. 
# 4. Risk level and availability 

o Availability – need to adapt towards selling an FP with a specified/ 
agreed upon availability level. Of great importance for the customer. 

o Risk management – need to balance availability versus cost, where pro-
viders need to take a greater long-term responsibility built on trustful re-
lations. Risk modeling, risk mitigation strategies (such as insurance 
modeling), revenue modeling on long-term basis, and cost/revenue shar-
ing models need to be developed. 

# 5. Customer involvement and commitment 
o FP requires more from customers, e.g. increased maturity, ability to spe-

cify needs/wants as functions rather than as technical specifications. 
o Customer behavior – the customers need to apply changes needed ac-

cording to business model requirements - such as customer buying be-
havior and operational behavior (i.e. to ensure operation within specified 
parameters). 

# 6. Customer value and value carrier  
o Customer value - what is considered as value by the customers? What 

generates the customer value? Is the value perceived differently by dif-
ferent customer segments? Need to segment the customers according to 
value perceived.  

Reference # FP Business Model Elements # of corporations
listing the element

# 1 Quality of external relations 3

# 2 Brand and value chain position 3

# 3 In-house organization 2

# 4 Risk level and availability 2

# 5 Customer involvement and commitment 2

# 6 Customer value and value carrier 2

# 7 Competence/knowhow and relevant information for 
decision-making

2

# 8 Contract 2

# 9 Recipe for profitability and financial sustainability 1
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o Value carriers need to be clear to set prices and profitability targets. 
o Customer value record – what have the customers achieved over time? 
o Measurement of customer value using KPIs such as: achieved productiv-

ity/total cost, productivity increase, savings, and customer satisfaction.  
# 7. Competence/know-how and relevant information for decision-making 

o Soft items: problems/solutions, training, development of standards, 
knowledge/know-how, etc. must be available where/when needed to be 
given and retrieved back from customers/partners. 

o Providers need to increase knowledge on product/services/FP properties 
and how these are used in customer processes, i.e. need to learn more on 
targeted customer processes to understand open opportunities. 

o Distributors and dealers need to increase knowledge on soft items and 
improve service capability. 

o Information transparency/adequacy - adequate information for decision-
making at different levels of control is needed. 

o Business management needs to increase focus on competence/knowhow 
and information adequacy. KPIs should be implemented for follow-up 
on business management level. 

o Requirement for project-oriented sales.  
# 8. Contract – what has been agreed upon between the main provider towards part-

ners/distributors/suppliers/customers, etc. within the value chain? 
o What is promised and agreed upon from both ends – what is paid for? 
o Different types of contracts are required towards customers, partners, 

suppliers, financial partners, etc. 
# 9. Recipe for profitability and financial sustainability – sound financial calcula-

tions (if possible, together with the value chain) are needed to create a stable and 
sustainable situation for the provider, customer and the rest of the value chain 
over time. Important aspects, but profitability, capital and operational expendi-
tures are also required for the parties involved. Transparency among those in-
volved allows for strong long-term relations, as all or most are kept content. 

In Table 2 the elements of a business model for FPs are highlighted and summarized. 
When comparing the proposed elements in Table 2 with the elements of conventional 
business models (see Table 1) it becomes obvious that FP development requires high-
ly developed relations with customers and partners, and that a thorough strategy for 
risk management is needed. The management of the risk level can be seen as an 
integrator for the FP business model, and spans the closely related elements #1 (i.e. 
building and maintaining trust), #4 (i.e. risks related to cost versus availability ratio) 
and #9 (i.e. profitability and sustainability over time). Further, management of the risk 
level pertains to all corporations interviewed, albeit by somewhat different but closely 
related means, which is logical, since an FP is provided with an agreed upon level of 
availability, often in combination with long-term contracts and expected long life-
cycles. While customer interaction has always been regarded as a success criterion, 
the development, marketing, sales and operation of FP offerings require an even bet-
ter understanding of customer needs and wants and of the processes creating value in 
the customers’ value chains. Consequently, this implies a need for new mindsets in 
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managing the corporation on different levels3, development of competence and know-
how, and a decision-making system that recognizes the partly new parameters and 
factors involved in FP business development. 

There are FP business model elements that are similar to the ones listed in Table 1, 
and it would be remarkable if all elements were different. However, the results con-
tain elements with content that is specific to FP contexts, such as elements #3, 4, 5 
and 7. Among other things, #7 provides information for decision-making to the other 
elements where such is required (see, e.g. [10, 11, 12, 14]). In all business models 
there are elements that assist in the creation and capturing of value. However, there 
are also elements that support one or more of the other elements in the crea-
tion/capturing of value. In the proposed set of FP business elements, elements #1, 2, 
3, 4, 6 and 7 are considered as creative or capturing, while elements #5, 8 and 9 in an 
FP context can be considered as more supportive rather than creative or capturing.  

As all corporations in the study target different industries and applications of FPs, 
it becomes clear that, for instance, corporate history/age/organization/size as well as 
target markets, geographical coverage, customer types and types of customer offer-
ings affect what business model elements are needed to sustain the business logic 
required to create/capture and deliver value to the customers and remain competitive. 

5 Discussion and Conclusions 

The business model elements listed in Table 2 are described, adding specificity for the 
FP business model context as seen by four corporations. It is evident that FP business 
model elements which are not related to hardware and/or services grow in importance. 
This will be a challenge for corporations who have until now been focusing on busi-
ness models mainly involving hardware and/or services. Further, Table 2 provides a 
comprehensive set of nine FP business model elements to consider and select from, as 
it is not likely that all nine elements are required for all FP contexts. The set of ele-
ments constitutes a mix of creative or capturing as well as supportive elements, whe-
reof most affecting organizations are of a holistic character. Further, management of 
risk level is seen as the essential integrator for the FP business model - spanning at 
least three of the proposed elements. 

We see a number of business model challenges in line with Chesbrough [1], and a 
need for change and innovation [2] for corporations providing FPs - adding further 
complexity. Many of these challenges and changes pertain to: organizational age, 
history, habits, size and agility, existing customer offers, customer agility and re-
quirements for new development, customer base homogeneity/heterogeneity. The 
same goes for the business partners, distributors and suppliers that will be involved on 
the provider side. As pointed out in some of the business model elements in Table 2, 
the customers also need to adapt and consequently change their business to be able to 
get the full value and potential out of an FP. Otherwise, a win-win situation leading to 
sustainable competitive advantage and (super) profit [18] for all involved will not be 
achieved. Consequently, future research should explore the role and importance of FP 
business model elements.  
                                                           
3  While developing FP business models, decisions may involve both top management at corpo-

rate and strategic business unit levels. 
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In addition, Chesbrough [1] posits that many corporations have more processes and 
a stronger sense of how to innovate technology than they do for business models and, 
further, that the choice of business model and overcoming related barriers are crucial. 
Thus, important too is the (top management) interest and ability to add new business 
models to an organization, which today performs well and sees no immediate need to 
change its business. A change to add one or more business models with additional 
complexity can be challenging, risky, daring and require new ways of thinking 
(among providers and customers) as well as organizational change and addition of 
competences and skills. However, as a provider should provide the customers with 
what they need – we foresee that most providers will continue to offer their existing 
business models and add new ones where suitable. Thus, a provider may not solely 
offer an FP to a customer, and the FP can be part of a large offer where products, 
services, hybrids of products and services, and FPs, are part of the whole solution. FP 
business can involve whole corporations or parts of them. Certainly, it is possible for 
a provider to use different FP business models. Further, Karlsson et al. [30] point out 
that being able to offer an FP can make the difference in closing a deal, and separate 
market leaders from followers. Therefore, development of FP business model(s) is 
essential for future success. 
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Abstract 

Functional Product (FP) can be viewed as a business concept which is aimed at offering a function or performance to customer on an agreed upon 
level of availability and cost as well as at providing incitements towards a sustainable growth. The development and operation of FP is a 
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solutions is discussed from the FP life cycle perspective. 
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1. Introduction 

Functional Product (FP) can be viewed as a business concept 
which is aimed at offering a function or performance to 
customer on an agreed upon level of availability and cost as 
well as at providing incitements towards a sustainable growth. 
Among many global corporations there is an increased interest 
in using the FP business model for transition from selling 
product and service or a combination of products and service 
towards sustainable function/performance-based offerings [1]. 

In the existing literature there are various related to FP 
business concepts, e.g., servitization [2], Product-Service 
Systems (PSS) [3], Industrial Product-Service Systems (IPS2) 
[4] and Functional Sales (FS) [5]. Many of these concepts are 
developed in order to better fulfil customer’s expectations and 
requirements by delivering an added value to customers 
through integrating products (e.g., hardware, physical artefacts) 
and services into a single offer. Products and services should in 
this context be designed to be integrated, and not just packaged 
or loosely bundled together [6]. Consequently, a design space 
of such business concepts will be enhanced and advanced.   

In line with Alonso-Rasdago et al. [7], Lindström et al. [8] 
conclude that the FP development and operation is a 
multidisciplinary and complex process. This, since in order to 
have the necessary skills, competencies and capabilities to 
develop and operate advanced offers such as FP there is often a 
need to build regional or global FP consortiums. Lindström et 
al. [1] states that “the surrounding environment can be multi-
facetted and interorganisational with many partners, sub-
contractors, suppliers and customers” (p.288). Besides the fact 
that the FP provider consortiums are formed to link 
competences and capabilities, risks and revenue are also shared 
among the consortium partners [1].  

The enabling main FP constituents are hardware (HW), 
software (SW), service support system (SSS) and management 
of operation (MO) [1]. All four main constituents shall be 
developed coupled and in parallel (concurrently) as well as 
operated in a coordinated way by the FP consortium during the 
entire FP life cycle. Since, the ownership of the FP 
(constituents) is foreseen to remain at the FP provider [1].  

Last but not least, the FP life cycle consists of economic and 
technical life cycles. The FP technical life cycle is sub divided 

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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into HW, SW, SSS and MO sub life cycles in development and 
operation phases, while the economic life cycle is governed by 
a sustainable win-win situation between the FP provider and the 
customer [9].  

Thus, to support the FP development and operation which 
include, for example, a proper coordination between four 
coupled and parallel development processes of HW, SW, SSS 
and MO as well as maintaining a suitable cooperation between 
multiple partners, one or more design methods are required [8], 
creative design is essential as well as creative thinking. 

This paper concerns research work conducted in the Faste 
Laboratory, which is a VINNOVA Excellence Center for 
innovation in the area of FP. The following research questions 
were posed in order to guide the research:  

 What FP solutions have been developed in the Faste 
Laboratory? 

 In which phase of the FP lice cycle can the identified FP 
solutions be used? 

The paper aims at aggregating solutions which are 
developed in the Faste Laboratory to be utilised in the FP life 
cycle. The term “solution” is used as an umbrella for existing 
design methods, tools, and models developed in an FP context. 

2. Methodology 

To achieve the desired aim and answer the research 
questions posed, a literature review analysis was chosen as a 
research method. The scope of the literature review was limited 
to the research work conducted in the Faste Laboratory. 

The Faste Laboratory was founded in 2007 with 10 years 
primary operation time with a total budget of approximately 
25M euro. Currently, around 30 researchers are employed 
within 5 various research subjects at Luleå University of 
Technology. The research activities within the Faste 
Laboratory span through diverse research areas such as gender 
and diversity development, knowledge sharing, simulation-
driven design (SDD), distributed collaborative engineering 
(DCE), functional product development process (FPDP), and 
functional product business development (FPBD). 

The Faste Laboratory currently collaborates with 6 
industrial partners which are global manufacturing 
corporations in Sweden, involving around 50 industrial 
representatives. 

The research results presented in this paper is a mixture of 
qualitative and quantitative nature. For the initial literature 
review a list of 281 Faste Laboratory publications was 
compiled. This list consists of theses, conference and journal 
articles as well as various other publications like books 
chapters and technical reports, written both in Swedish and 
English from 2007 to mid-2014. 

The data collection process was based on the assessment of 
the Faste Laboratory internal reports, where various 
publications have been tracked. It is of importance to note that 
the reports are not available for public outside of the Fast 
Laboratory due to confidentiality issues. However, the authors 

of this paper are actively involved in the Center, therefore had 
full access to the reports. The list of 281 publications used for 
the initial review can be obtained through the authors upon 
request. 

During the follow up review, certain criteria for publication 
selection were used: (i) only full journal or conference articles, 
(ii) entirely funded through the Faste Laboratory. As a results, 
118 publications were chosen for further analysis. This means 
that theses, other publications and publications which have 
been just partly funded through the Faste Laboratory were 
excluded. 

For data display and further data analysis, a matrix [10] and 
open coding technique were used [11]. The matrix includes the 
list of 118 references which have been divided into journal and 
conference publications and a short description of main results 
from each references. 

As a part of open coding data analysis, all 118 references 
have been analysed and categorized into 7 groups. In overall, 
the process of categorization has been mainly based on the 
competence areas of the Faste Laboratory. 

Accordingly, these 7 groups consists of 5 groups (including 
66 references) with prescriptive FP solutions (i.e. simulation 
and simulation-driven design methods/tools, availability 
models) which are intended to be utilised in the FP life cycle 
and 2 groups (including 52 references) which are mainly 
descriptive and focused on building up FP theory (i.e. business 
and development process related theoretical frameworks and 
guidelines) and exploring gender equality and diversity issues 
in the FP context. 

3. Results 

3.1. Developed ideas for Functional Product lifecycle 
definition 

The initial lifecycle model for FP was proposed by 
Brännstrom et al. [12]. The model involves three parallel and 
coupled development processes of the following constituents: 
hardware (HW), software (SW) and services. Each of the 
development processes, includes close interaction between 
each member of the development team or consortium, which in 
synergy is aimed at providing the customer with the desired 
function. 

Later, Lindström et al. [1] suggested that the FP 
development process can be seen as parallel and coupled 
development of four main constituents which are HW, SW, 
service support system (SSS) and management of operation 
(MO). The SSS includes maintenance of hardware, decision-
making, operations planning, remanufacturing, and education 
[7]. The MO includes matters of responsibility, risk 
management, transfer of intellectual property, building up trust 
and relations, availability management, cost drivers, revenue, 
etc. [1]. Also, the MO is viewed as a holistic constituent which 
ensures that HW, SW and SSS and their sub constituents are 
operational in a long term perspective [13]. 

Furthermore, it has been suggested that the FP life cycle 
includes technical and economic life cycles [9]. The FP 
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technical life cycle is sub divided into HW, SW, SSS and MO 
sub life cycles in development and operation phases, while the 
economic life cycle is governed by a sustainable win-win 
situation between the FP provider or FP provider consortium 
and the customer enabling addition of value to all partners 
involved [9]. 

In case one of the constituents malfunctions (i.e. fails, 
requires maintenance, further development) during the 
operation phase, it does not mean that the whole FP has met the 
end of its technical or economic lifecycle. Both lifecycle 
support each other, however, the economic may stop the overall 
lifecycle in case it is not properly sustained [9]. This, since, the 
most important benefits of the FP offer are the win-win 
situation between the FP provider and the customer, also within 
diverse global value-chain organisations [14], and a long-term 
business stability [7].  

It is of importance to observe that the technical FP life cycle 
has been presented in a different perspective compared to a 
traditional view of a life cycle. In this particular case, the 
technical FP life cycle includes the initial development of the 
main constituents and their respective sub constituents [13] and 
once the FP is operational, then continuous development and 
operation of each constituents goes on and there are no “come 
back” activities to initial or previous stages. This process is 
shown in Fig. 1 

 

Fig. 1. FP life cycle based on Lindström et al. [4] 
 

In addition, no well defined separation of various phases of 
the technical FP life cycle can be shown, e.g., the initial 
development phase from the operation phase, and the operation 
phase from development/operation phase. Therefore, in Fig. 1 
the phases are illustrated with dashed borders.  

It can be assumed that in some FP scenarios, a company 
starts with some kind of operational phase directly, and 
excludes the initial development. This can, for example, be 
when a company has already been developing some hardware 
and offering certain services to maintain the hardware. The 
initial FP development phase is therefore not necessary. But if, 
a company starts up its business from zero, then perhaps the 
initial development would be required and be more obvious. 

It has further been observed that there is no clear 
development phase illustrated in Fig. 1. The development is 
combined with operation. This is mainly assumed because 
often in case of “one component” failure, the FP life cycle does 
not come to the end [9]. The failed constituents will be under 
development when the rest of the constituents are under 
operation. Moreover, the function can still be delivered on 

agreed upon level of availability and cost, unless it is stated 
otherwise in an agreement. 

3.2. Aggregation of FP solutions 

Based on the literature review of 281 Faste Laboratory 
publications, and further analysis of 118 publications, 5 main 
groups of prescriptive FP solutions, consisting in total of 66 
publications between 2007 and 2014, have emerged.  

Fig. 2 shows distribution of identified FP solution groups in 
relation to a number of Faste Laboratory publications and year 
of publication. The following solution groups were identified:  

 Business model related FP solutions (violet, 4 
publications) – this group includes mainly research that 
focus on FP business model and value based models when 
considering provision of FP. For example, research that 
concerns a tested and verified model for value-based selling. 
This model enables corporations to transit from products 
and services towards further complex business models like 
FP business model [15]. Also, for example, research that 
proposes a method for a value co creation between FP 
provider and customer [16]. The method is based on a 
customer perspective on when they are willing to “open-up” 
their internal process for value co-creation with providers. 

 Innovation & development process related FP solutions 
(orange, 7 publications) - this group includes research 
concerning open innovation and fundamentals of FP 
development. For example, research on implementation of 
open innovation practices in Swedish manufacturing 
industry [17]. Some research that concern FP development 
in general [8, 18, 19] , FP development process as such, as 
well as FP constituents and their sub constitutes [1, 13].  

 Availability & reliability prediction related FP solutions 
(grey, 16 publications) - this group includes research that 
resulted in development of actual simulation tools to be used 
in the FP life cycle. For example, a decision support tool for 
optimizing support site configuration of functional products 
[20, 21], a simulation- driven design (SDD) model for 
available prediction [22], and a model for system reliability 
estimation [23]. 

 Knowledge, information sharing & data mining related 
FP solutions (yellow, 16 publications) - this groups 
includes research that concern how to manage knowledge 
and information sharing as well as usage of data mining 
within the FP development and operation in a proper and 
coordinated manner. A number of approaches and models 
were developed, for example, an approach concerning how 
data stream mining may be applied to monitor hardware 
being part of FP [24, 25], an approach to visually capture the 
knowledge sharing capabilities [26], and an information 
sharing framework for FP development [27].  
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Fig. 2. Distribution of publications within the identified FP solution groups (see online version for colours) 

 
 Function performance assessment related FP solutions 

(blue, 23 publications) - this group includes research that 
focus on assessment of various function performance when 
developing FP in a manufacturing/process industry. Several 
approaches and models have been proposed, for example, a 
modeling and simulation approach for simulation- driven 
design to support function development [28], a model to 
investigate the aerodynamics of a rotary kiln [29], and a 
process modelling and simulation approach for business 
decision support in pre-conceptual product design [30].  

FP solutions mentioned above are just some examples of the 
whole pool of solutions developed in the Faste Laboratory. 

Based on Fig. 2 in overall the Faste Laboratory research 
span even broader areas including the establishment of a 
theoretical foundation of FP (highlighted in green) and gender 
equality and diversity development (highlighted in red). These 
two groups were excluded from the list of FP solution groups 
since they are both more of descriptive nature rather than 
prescriptive. 

Between 2007 and 2014 there were 45 publications 
identified concerning establishing theoretical foundation of FP. 
These publications are essential for strengthening the FP theory 
base in general as well as the most of identified prescriptive FP 
solutions.  

The Faste Laboratory research activities also touch upon the 
area of gender equality and diversity development. There are 7 
publications within this group which aimed at promoting 
gender equality and awareness within the FP consortium and 
all partners involved in the FP development and operation. 
Referring to Fig. 2 one of the first notions concerning the 
gender and diversity development have emerged in 2007 and 
its highest publication frequency was reached in 2012. The area 
of gender and diversity development is a very active research 
field and have been gaining increased interest from both 

industry and academia during the evolvement of the Faste 
Laboratory.  

3.3. FP solutions in FP life cycle perspective 

The FP solutions were further analysed in a FP life cycle 
perspective. Referring to Lindström et al [4], the FP life cycle 
includes economic and technical life cycles. Accordingly, FP 
solutions were categorised into economic (for the economic life 
cycle) and technical (development, operation and 
development/operation phases) life cycle perspectives  

Fig. 3 presents the distribution of different FP solutions in 
connection to the phase of the FP life cycle, where certain 
solutions can be utilised, and year of publication of the Faste 
Laboratory references concerning various solutions.  

Based on Fig. 3, there are 51 solutions identified 
(highlighted in grey) which are intended to be utilised for FP 
development. These are solutions that mainly focus on function 
performance assessment, development process, knowledge and 
information sharing as well as simulation tools. 

There are 12 solutions (highlighted in orange) that can be 
utilised for FP development/operation phase. These are 
solutions that mainly concern SDD tools. In most cases 
simulation tools are intended to be utilised for the FP 
development, however, SDD approaches are applicable also for 
the operational phase. In addition, simulation-driven design 
leads to significant time reduction, costs savings, quality 
improvement and product design innovation [26]. 

Thus, there are 63 solutions which are intended to be utilised 
in the development and development/operation phases, 
however, there were no FP solutions identified that could be 
used only in the operation phase. Lindström et al. [8] suggested 
that MO as one of the FP constituents can be viewed as a 
holistic constituent that ensures a long term FP operational 
time. Yet, there is a need for FP solutions that will support the 
MO in addressing this issue. 
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Fig.3. Distribution of FP solutions within phases of the FP life cycle (see online version for colours) 

 
Last but not least, there are 3 FP solutions (highlighted in 

violet) identified to be utilised in the economic life cycle. 
Referring to Fig 3, these solutions were developed sometime in 
2013, from the time when the awareness of FP business 
development increased and it became one of the fields that 
gained high interest from both academia and industry. Since 
when developing a FP business model there are several issues 
like the levels of risks and uncertainties that are of importance 
and have to be taken into account in order to facilitate the long 
term win-win situation between multiple partners. 

4. Discussion and conclusions 

Thus, to be able to support multidisciplinary and complex 
process such as FP development and operation, various FP 
solutions have been identified, analysed and aggregated. The 
solutions include existing design methods, tools, models 
developed in an FP context. The results are based on review 
and analysis of research conducted in the Faste Laboratory.  

Though the results presented in this paper, it has been found 
that FP solutions span diverse research areas, from the research 
concerning FP business modelling to engineering aspects of the 
FP design, as well as gender and diversity in the FP context. 
All these areas seem to hold fundamental notions to the whole 
FP area.  

The highest number of contributions are focused on FP 
solutions that can be used for a function performance 
assessment. In synergy with simulation/SDD tools such 
solutions could possibly enable economic and environmental 
sustainability. Moreover, it is plausible that the business model 
related FP solutions could also facilitate economic 
sustainability. 

The development of FP theory and gender and diversity 
issues in the FP context seem to also have a high impact on the 
FP area. Establishing a theoretical foundation is essential for 
the further development of FP solutions. Promoting gender 
equality and awareness within the FP consortium and all 
partners involved in the FP development and operation 
leverages innovative organisational process and social 
sustainability. 

 In overall, the research presented in this paper contributes 
to theory by summarizing results of 118 publications within the 
field of FP. The aggregation of results can be useful for other 

FP related business concepts within integrated product-service 
research area. Solutions developed for win-win collaboration 
[14], increased servitisizing efficiency [20] and mobility 
function [31] are examples of FP impactful results. The 
practical implications of the results are the ideas concerning 
where in the FP life cycle various FP solutions should be used. 
Also, the results provide ideas of managerial significance. For 
example, aggregation of FP solutions that can be used in the 
economic FP life cycle to enable a long term win-win situation. 

Future research will involve implication of the FP solutions 
from a sustainability perspective. The road map for this 
research includes identification of suitable sustainability 
indicators, “AS-IS” situation description, a FP “TO-BE” 
scenario development (hypothesis) and analysis of 
sustainability effects going from “AS-IS” to “TO-BE” (i.e. test 
of hypothesis).  
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Abstract

Functional Product (FP) has emerged as a business concept aimed at offering a function or performance, mainly in business-to- business 
applications, on an agreed upon level of availability and cost as well as at providing incitements towards a sustainable growth. Today the 
literature expanded into various specific approaches and IT solutions measuring sustainability. However, the literature lacks such approaches 
within the FP context. This explorative paper proposes on a conceptual level a strategy to predict a sustainability impact of an FP in terms of 
environmental and economic sustainability and optimize the FP configuration. This strategy is based on scenario modelling and simulation -
driven approach. The practical significance of the proposed strategy lies in its implication to avoid costly “trial and error” method performed in 
the real world and to enable the development of more sustainable products. Through the proposed strategy, it is foreseen that sustainability
impact can be quantified and minimised during the FP system development.
© 2016 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Programme Committee of the 5th International Conference on Through-life Engineering Services
(TESConf 2016).

Keywords: Functional Product, sustainability , assessment process, simualtions, optimzation

1. Introduction

The modern concept of sustainability was introduced 
globally by the Brundtland Commission in 1987. Since then, 
research into sustainable development and sustainability 
assessment has grown exponentially, e.g. Arena et al. [1] and 
Delai and Takahashi [2]. It has further been shown that 
sustainability aspects are important in both business-to-
business (B2B) and business-to-consumer (B2C) setups [3, 4]. 
Hence, many manufacturing companies have started to promote 
manufacturing processes and manufacturing products that 
minimizes environmental impact whilst maintaining social and 
economic benefits [5]. 

According to Lindström et al. [6] there is an increased 
interest among many global manufacturing companies to transit 
from traditional business concepts, centered on the sale of 
products (e.g. hardware, physical artifacts) with additional 
service, towards sustainable Functional Product (FP) 

businesses. The FP business concept involves the offering of 
functionality to a customer under a contract that specifies 
guaranteed levels of availability and a fixed pricing structure, 
mainly in B2B setups [7, 8]. Lindström et al. [6] stated that FP 
consists of hardware, software, service support systems, and 
management of operation. These constituents shall be 
concurrently developed and operated in a coordinated way by 
an FP provider during the entire FP lifecycle [9]. In this paper, 
the term “FP configuration” is used to describe the design of the 
complete system (encompassing everything from the design of 
the hardware products to the choice of service support 
locations) used by a provider to deliver functionality to its 
customers under the FP contract.

In addition, the ownership of all four constituents remains at 
the FP provider [6]. Thus, in contrast to traditional business 
concepts, the FP therefore transfers responsibilities and risk 
from the customer to the provider. This includes responsibilities 
for how the required functionality is realised as well as risks 

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientifi c committee of the The 5th International Conference on Through-life Engineering Services (TESConf 2016)
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due to uncertainties in availability, performance and functional 
provision costs. Therefore, simulation-driven approaches 
(frameworks, models, tools) have been developed to support the 
FP provider to manage responsibilities and mitigate risks [10-
13].

Current research on sustainability within the FP context is 
rather limited. It has been suggested that through total-care 
commitment an FP provides incitements towards a sustainable 
business alternative [14, 15]. Sandberg et al., [10] proposed an 
FP life cycle simulation model for cost estimations. Later, the 
economic sustainability aspects have been further addressed by 
developing and implementing a model for predicting and 
optimizing FP cost and availability during the entire FP life 
cycle [11-13]. Recently, Lindström et al., [16] outlined how
sustainability-oriented values related to management of 
operation of FP. In addition, sustainability-oriented customer 
values, e.g., fleet management, advanced service support 
system and focus on users, that should be communicated to 
customers when offering or planning the FP business have 
further been suggested [17].

However, since FP offer does not decrease sustainability 
impact per se, the FP configuration should be systematically 
evaluated for specific an FP application. The objective for this 
paper is to derive a strategy to predict economic and 
environmental sustainability impact during FP development. 
By utilization of this strategy it is expected that manufacturing 
companies can assess uncertainties and risk in terms of 
sustainability when considering FP as a business alternative.

2. Related research

In the current literature, there exist more than dozen various 
terms that describe business concepts integrating products and 
services into a single offer to meet better customer needs [18, 
19]. Functional Product (FP) [20], Extended Products [21], 
Through-life Engineering Services (TES) [22] and Product-
Service System/ Industrial Product-Service Systems 
(PSS/IPS2) [23, 24] are examples of such business concepts. 

According to Tukker [25] there are three main categories of 
PSS, i.e., product-oriented, use-oriented and result-oriented 
services, which are also, could be applicable for all related 
business concepts mentioned above.

At first glance, an FP has most commonalities with result-
oriented PSS since an FP offers a function. However, an FP has 
no aim at converting a hardware- based offer into services. The 
underlying ideas with an FP is to have suitable composition of
all four constituents, which should be developed concurrently, 
and in coordinated way. The FP also involves freedom for the 
provider to determine the constituents used to deliver the 
functional performance. 

In addition, the FP is similar to use-oriented PSS. In contrast 
to such type of PSS, the FP business concept can be viewed as
a performance-based solution since the FP provider takes full 
responsibilities to provide function to an agreed upon level of 
availability and costs. Hence, FP creates incentives for resource 
efficiency in the value chain during the life cycle. Moreover, 
an FP business alternative is applicable for the B2B setups and 
long-term business relationships due to an increased 

development and operational effort (e.g. sustainable win-win 
situation, managing risks, and uncertainties) required.

Furthermore, Boehm and Thomas [19] concluded that there 
is a need for further clarification of terminology, in the field of 
integrated product service concepts, which should be either
clearly distinguished or combined. 

Currently, there exists wide range of frameworks and 
guidelines to evaluate sustainability. However, the literature 
expanded into various specific approaches and IT solutions 
measuring sustainability, for example, of PSS business 
concept. Chen at al. [26] presented state-of-the-art of PSS 
sustainability assessment approaches including other related 
works, concluding that still “existing PSS evaluation 
researches failed to guarantee the completeness of PSS 
evaluation.”(p. 5823) Therefore, the use of information axiom 
to evaluate PSS sustainability, considering all three pillars, has 
been proposed [26].

In contrast, to the strategy proposed in this paper, the
existing PSS sustainability assessment approaches do not 
explicitly take functional performance in terms of availability 
into account. Availability refers to the fraction of total time that 
an FP system is able to perform its required function [27].

3. Research methodology

The simulation-driven strategy presented in this paper was 
derived through a systematic analysis of existing research from 
previous research projects carried out within VINNOVA 
Excellence centre the Faste Laboratory for innovation in the 
area of FP dating back to 2007. Thus, an extensive literature
review was conducted to extract relevant information about 
simulations of performance-based solutions (e.g. FP, TES, and 
PSS) and established sustainability indicators including 
methods for how to derive those. Then, information from the 
previous research projects regarding models and tools for 
prediction of FP availability and cost was selected and 
analysed. These models and tools have been verified and 
validated by industry partner companies of the Faste 
Laboratory. These companies operate in manufacturing 
industries or process industries and are plausible utilisation 
organisations for the strategy developed in this work. The 
information flows of the FP availability prediction process was 
then compared to the information flows when deriving several 
of the sustainability indicators to identify similarities and 
possible connection. Finally, based on the findings from the 
analyses, a simulation-driven strategy was derived through 
iterations where suggested sequences of activities and resulting 
states were verified by use of existing methods (for predictions 
of FP-availability and cost as well as sustainability indicators) 
and then refined until achieved consistency.

The initial ideas for FP simulation-driven approach have 
been developed by Löfstrand et al. [11] who proposed a 
framework for optimisation of FP cost and availability through 
coupled (hardware and service support system) multi-objective 
optimisation. Further, Löfstrand et al. [12] described a model
based on the discrete event simulation (DES) approach for 
predicting the availability and service support costs for a single 
FP contract based on the coupled design of the hardware and 
service support systems used for the functional provision. 
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Later, Kyösti and Reed [13] presented a DES model for 
obtaining availability and cost predictions through FP contracts 
from a provider to a set of customers, derived from a high-level 
description of the functional provision, in terms of hardware 
and service support system design. This model produced 
detailed output data such as probability distributions for 
expected costs and breakdowns of the expected costs for each 
FP contract [13].

Many of the existing DES model [13] parameters that 
influence FP costs and availability, such as choice of hardware 
design and the locations of sites at which technicians providing 
support services are based, have an impact on the sustainability 
aspects of the functional provision. The parameters an FP
provider can optimise will depend on the stage of development. 
For example, during the hardware development process the 
provider is able to make choices that influence the material 
used in production of each hardware system whereas at the 
implementation stage the provider is able to choose which 
hardware system specification to install for each customer 
application.

An FP simulation model is required to predict the values of 
sustainability indicators in the FP scenario to be analysed. 
Analytical models may be appropriate if sufficient simplifying 
assumptions can be made, transient analysis is not required and 
only high level output statistics such as mean values are 
required. However, simulation models are likely to be required 
to model the complex integrated processes involved in FP 
provision so that accurate and detailed output statistics can be 
obtained. 

Referring to Banks [28] simulation models can be broadly 
divided into two types: continuous and discrete event. 
Continuous simulation involves a dynamic model of a system 
where the state of the system is updated at small, usually fixed, 
time intervals. In contrast, discrete event simulations (DES) 
involve a probabilistic event-based model of a system where 
time jumps forward in discrete steps to the time of occurrence 
of events that result in a transition of the system state. Each 
simulation trial generates information on the behaviour of the 
modelled system in terms of its state transitions over a period 
of simulated time. Due to the stochastic nature of the models, 
it is necessary to perform many simulation trials in order to 
determine the statistical behaviour of the modelled system. 
DES is a natural paradigm for modelling many types of system 
and typically run much faster than continuous simulations due 
to the feature of jumping over time periods where no system 
state transitions occur [28]. 

Some of the biggest challenges in the development of a FP 
simulation model are to determine the appropriate assumptions, 
level of detail and scope for the model so that the required 
statistics can be obtained to a sufficient level of accuracy whilst 
keeping model complexity, implementation time and 
simulation trial run times reasonable.

4. An improved strategy for predicting environmental and 
economic sustainability in Functional Products business 
situation

Common indicators in environmental sustainability 
dimension are, for example, consumption of materials and 
energy, pollution in terms of emissions and waste [1, 29]. 

Common economic indicators further include all costs 
associated with manufacturing, electricity, equipment, fuel, 
revenue etc. Once sustainability indicators are defined they 
have to be measured [30]. In line with Moldan et al [30], if there 
is a system in operation it is often possible to assess its 
sustainability indicators. However, if there is no operational 
system, simulations could be utilized to obtain quantitative 
predictions for sustainability indicators and help find an 
optimal system design.

As discussed in the research methodology section, 
simulation-driven models have previously been developed for 
predicting FP availability and costs. An analysis of the model 
elements required to quantify sustainability indicators found a 
high proportion of commonality with the elements in these 
existing models leading to the supposition that extension of the 
existing models would be more useful and efficient than 
developing separate models that focus solely on sustainability 
measurement. The hypothesized advantages from extension of 
the availability and cost models to sustainability measurement 
include:

Reduced work to create, maintain and update the 
models. There is substantial crossover between the elements 
required for a model to quantify availability and costs with 
those required for a model to quantify sustainability. Thus, 
extension of the existing models reduces duplicated work. 
For example, a model of travel for maintenance technician 
between support sites and the customer sites is required to 
quantify availability (e.g. delay in initiating corrective 
maintenance) and costs (e.g. vehicle and fuel costs) but is 
also required to quantify sustainability impact (e.g. vehicle 
emissions).
Requiring fewer simulation runs to be performed. With 
a unified model, data on the performance of the FP 
configuration in terms of availability, costs and 
sustainability can be obtained from each simulation.
Rationalisation of input data. Much of the input data 
required for a cost and availability model is the same as 
needed for a sustainability model. By using a unified model, 
only one set of input data is needed which avoids duplicated 
effort and ensures that predicted values obtained for both 
sets of performance measure relate to the same FP 
configuration. For example, the need for data on the 
operational behaviour of each hardware specification under 
the different functional demands of customer applications is 
required to quantify availability (e.g. to determine failure 
rates which depend on operating stress) and costs (e.g. to
determine energy consumption costs which on operating 
efficiency) but also for sustainability (e.g. to determine 
material usage from spare parts and energy consumption).
Simpler holistic optimization. A unified model streamlines 
the optimisation process for finding the best FP 
configuration since tradeoffs between availability, cost and 
sustainability can be considered in the objective function.

To predict environmental and economic sustainability when 
considering transition from traditional hardware selling to 
sustainable functional product provision, a proposed strategy 
with all process steps including activities (e.g. A1 and A2) and 



211 Daria Sas et al.  /  Procedia CIRP   59  ( 2017 )  208 – 213 

results (e.g. R1 and R2) are shown in Figure 1. Each result (R1-
R5) are outputs of activities and are used as inputs for 
subsequent activities. A description of each activity from 
Figure 1 is presented below:

Start
In the initial state, the manufacturing company is interested 

in exploring possibilities by FP business and has concerns on 
how sustainable it will be. It is assumed that company policies 
and high-level strategies exist regarding management, and 
competence profile requirement e.g. experts in DES, hardware 
reliability, maintenance, sustainability policy, optimisation etc.

A1: to build FP scenario (s) 
In the first activity, one or several FP scenarios are 

developed typically involving a portfolio of FP contracts that 
the provider must fulfil, each specifying the customer, 
functional requirements, durations etc. The scenario 
description needs to also include a description of all relevant 
value-chain stakeholders and the capabilities of each. The 
resource logistics within the FP value-chain further need to be 
described (i.e. how different resources are allocated, 
transformed and moved between value-chain stakeholders). In 
addition, the cost and revenue flow between all value chain 
stakeholders need to be described.

A2: to select sustainability indicators
The sustainability evaluation usually begins with defining 

the sustainability problem and challenges that need to be 
addressed by a company, extended enterprise, society etc 
depending on the scenario boundaries. 

Based on this, applicable sustainability indicators 
addressing impacts on the environment and economic 
dimension should be selected to meet the problem [5]. The 
literature additionally shows that selecting the right indicators 
should be done properly as they depend on many factors, for 
example, type of a product, market, availability demands etc. 

The selection of sustainability indicators can be made in 
parallel to development to the FP scenarios.

A3: to design FP simulation model to observe 
sustainability indicators

All value chain stakeholders for all contracts described in 
the scenarios need to be included in the FP scenario simulation 
model. The hardware, the service support system, software 
(e.g. control system) and management of operation constituents 
all need to be included. Relationships within and between these 
four constituents further need to be included in the model. 
Various input data will be required to setup the model to 
analyse a particular FP scenario such as the hardware reliability 
structure, failure rates, service support system sites, number of 
technicians, costs for different activities, maintenance 
strategies etc.

Typically, sustainability indicators are not the explicit 
output from the simulations but rather functions of other output 
variables. For example, hardware failures are related to the 
sustainability indicator such as material consumption and in the 
same way, the sustainability indicator CO2 emissions can be 
related to the maintenance activities such as travel time 
between maintenance center and customer.

Since simulation allows the performance in terms of 
economic and environmental sustainability of a FP 
configuration to be evaluated quickly, many configurations can 
be tested to find the configuration with optimum performance.

A4: to design objective function(s)
To perform an optimisation, it is necessary to define one or 

more objective functions [31] that give an overall evaluation of 
the performance of an FP configuration summarized as a single 
number. If more than one objective function is defined, then the 
aim is to find the set of designs on the Pareto frontier, i.e. the 
designs that are not outperformed in all objective functions by 
any design alternative. 

R2:
indicators

A3: to design FP 
simulation model 

to observe 
sustainability

indicators

R1:
scenarios

R3:
sustainability
observation
simulation

model
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R5:
optimisation

model

A6: to run 
optimisation

ResultActivity

A1: to build FP 
scenario(s)
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Figure 1 Strategic process for sustainable FP configuration
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The use of multiple objective functions is useful when it is 
not possible or desired to summarise performance as a single 
number (for example, when retaining separate objective 
functions for availability, cost and sustainability performance). 
The Pareto frontier can then be used at a later stage (i.e. after 
A6) to analyse the available optimal trade-off choices and 
determine the optimal solution.

A critical challenge is therefore how to integrate the 
indicators of sustainability into the objective function or 
functions. In particular, a difficult problem is how determine 
the relative weightings that should be given to the different 
indicators of sustainability and also the relative weighting 
given to sustainability as a whole relative to other performance 
measures such as FP availability and cost. Deciding the relative 
weightings to give to each sustainability indicator is often not 
obvious, for example, how should CO2 emissions be valued 
compared to the amount of materials used? In certain cases, 
there may be industry standards, regulations or other guidance 
that can be used to help determine appropriate weightings.

In terms of how to incorporate sustainability indicators into 
the optimisation process alongside other performance 
measures, a critical choice is whether to define a separate 
sustainability objective function or to integrate it into a 
combined objective function. By defining a separate 
sustainability function, the user will be able to choose designs 
from the Pareto frontier and therefore decide on the weighting 
to give to sustainability in choosing the desired design after the 
optimisation process has been performed. The disadvantages, 
however, include an increase in the complexity of the 
optimisation process and the additional burden of having to 
choose amongst the designs in the Pareto set.

A5: to design optimization model
Parameters from the model of the functional provision 

solution that will be optimised need to be chosen, an 
optimisation algorithm needs to be chosen and the solution 
parameters need to be encoded in a form suitable for the chosen 
optimisation algorithm. Usually a high number of parameters 
will be involved in the description of a functional provision 
solution in the model and therefore a small subset of these will 
need to be chosen for optimisation to avoid a solution space 
that is too large to search.

For example, the optimisation parameters might be limited 
to the choice of hardware system specification and the location 
of support sites where technicians are based. Even with a small 
number of parameters, the size of the solution space may still 
be huge and make exhaustive evaluation of all possible 
solutions infeasible. In certain cases, it may be possible to 
develop a small set of candidate solutions that can be evaluated. 
However, due to the size of the solution definitions and 
complexity of the relation between solution parameters and 
solution performance, it is plausible that developing good 
candidate solutions manually is infeasible. Therefore, heuristic 
search methods, such as genetic algorithms [31], are 
recommended to have a high probability of finding solutions 
that are optimal, or close to optimal, with respect to the 
objective functions. It may be possible to use an existing 
optimisation library; otherwise, a custom optimisation code 
must be developed. A key task in the process of integrating the 

simulation model with the optimisation code is transforming 
the FP configuration descriptions as used by the simulation 
model into a format that can be utilised and manipulated by the 
optimisation code. For example, when genetic algorithms are 
used, transformation to and from a genetic representation 
consisting of a sequence of chromosome values is required.

A6: to run optimisation
Based on the FP scenario simulation model and the objective 

function incorporating sustainability measures, the 
optimisation model will generate new FP configuration(s) to 
evaluate and try to find the best performing configurations. 
Hence, one or several FP configurations that result in high 
sustainability (by means of chosen indicators) can be derived.

The output from the optimisation provides useful 
information on the sustainability that can be achieved for the 
(possibly non-existent) FP scenario and how it can be achieved, 
enabling the provider to make informed decisions. The 
predicted sustainability values for a certain FP scenario can 
also be used to predict the effect differences in FP configuration 
have on sustainability.

As illustrated in the Figure 1, to increase the prediction 
process efficiency, activities (A1- A4) can be conducted in 
parallel. To implement the proposed strategy/process would 
require a cross-functional team including, for example, design 
engineers, sustainability experts and policy makers. While A1, 
A2 could be done independent and in parallel, activities A3 and 
A4 might require knowledge input from different teams. 
Activities A5 and A6 will mainly carried out by the design 
engineers. Once the optimization results are known in terms of 
sustainability indicators and their values, the sustainability 
expert together with policy makers will need to perform further 
analyses and implement any changes required in organizational 
or technical aspects to develop a sustainable FP business 
situation.

5. Discussion and Conclusion

In this paper a strategy to predict FP sustainability effects in 
terms of economic and environmental aspects have been 
proposed. To utilise this strategy a lot of input data and 
understanding are required regarding for example the customer 
applications and provider functional provision capabilities. As 
an FP provider, in order to utilise the proposed strategy, it is 
necessary to know the customer values and requirements as 
well as how the FP operate, degrade, fail, and are  maintained 
in an appropriate and coordinated way.

From the theoretical perspective the research presented in 
this paper contributes to the FP theory building by expanding 
current knowledge on application of  simulation/optimization 
driven approach for FP environmental and economic 
sustainability assessment, as well as possibly for overall 
sustainability considering all three dimensions. Without 
changing preconditions, the proposed strategy could also be 
potentially used to evaluate some aspects of social benefits. For 
example, through simulating and optimizing hardware failure 
rates one could assess how it could affect health and safety. 
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The managerial significance includes a possibility for better 
decision making, which in case of FP represent the 
management of operation, through assessing risks and 
uncertainties in terms of an impact on an environmental and 
economic aspects when considering FP as a business 
alternative. 

The practical significance of the proposed strategy lies in its 
implication to avoid time consuming and costly “trial and 
error” method performed in the real world and to enable the 
development of more sustainable products. 

Future research will focus on validation of the proposed 
strategy by comparing sustainability impact between various 
business concepts/alternatives. The proposed strategy could be 
applicable to related sustainable concept such as PSS as well as 
a traditional hardware selling business concept. 

To conclude, the proposed strategy is essential for FP 
development since it is the first attempt to quantify FP 
sustainability in terms of environmental and economic aspect.
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1 Introduction 

This paper concerns the constituents of Functional Products (FP) and, based on a 
literature review combined with an empirical study, aims to propose a comprehensive 
framework defining FP through their constituents. The existing FP definitions are rather 
general and lack specificity in details. The main objective for FP is to provide an agreed-
upon function to a customer with a specified level of availability. Initially, Brännström  
et al. (2001) define an FP, or Total Care Product (TCP), as a combination of three 
constituents which are developed in parallel: Hardware (HW), Software (SW) and 
Services. Further, FP have been considered as products comprising HW and Service 
Support System (SSS) with integrated SW (Alonso-Rasgado et al., 2004; Alonso-
Rasgado and Thompson, 2006). The SSS includes maintenance of the product, decision-
making, operations planning, remanufacturing and education. Lindström et al. (2012a) 
extend the FP definition by also adding Management of Operation (MO) as a new 
constituent of FP to be developed. The MO is found to be crucial to create and maintain a 
win-win situation between the provider and the customer. FP allow customers to buy 
productivity combined with performance, and thus the overall focus for FP is on delivery 
of productivity, rather than on physical products or supportive services. 
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Customers are interested in buying FP in order to create value and sustainable 
competitive advantage, often in long-term business-to-business relationships (Alonso-
Rasgado et al., 2004). Therefore, it is of great importance for both the provider and the 
customer (as well as the whole value chain involved) to define the constituents of an FP, 
enabling a provider to design the FP to encompass customers’ needs. Even though 
researchers (Brännström et al., 2001; Alonso-Rasgado et al., 2004; Lindström et al., 
2012a) have suggested definitions of FP and their constituents in a number of ways, there 
exists no detailed and unified specification of which constituents define an FP. 
Nevertheless, concepts1 related to FP appear in the literature and indicate additional 
constituents supporting a better understanding of the FP constituents. Park et al. (2012) 
and Vasantha et al. (2012) have reviewed a number of concepts pertaining to the 
integration of products and services, and found that many of them are similar and 
sometimes hard to tell apart. However, they provide further guidance on the various 
concepts’ properties through a proposed taxonomy/typology and an in-depth analysis of 
design methodologies for PSS. 

This paper adds additional specificity to the literature by identifying and discussing 
existing and emerging constituents of FP in a proposed framework defining FP. The 
purpose of the proposed framework is to provide ideas and guidance to corporations, 
interested in FP development and offerings, on what constituents FP may comprise. 
Thus, the research question addressed is formulated as follows: what constituents do FP 
comprise and how are the constituents related to each other? It is expected that this 
definition of FP will shed further light on what is needed to create a long and trustful 
win-win situation between providers and customers in an FP context. 

2 Research approach 

In order to address the research question posed, the research approach employed in this 
study has been based on a literature review followed by in-depth empirical studies at five 
manufacturing corporations. The result of the literature review was used to frame the 
empirical studies. The literature review has targeted publications where FP and a number 
of related concepts have been defined and their constituents described, and not 
publications addressing limited parts or specifics of the various concepts. The empirical 
studies were conducted using semi-structured open-ended interviews (Patton, 1990; 
Kvale and Brinkmann, 2008) with ten respondents working for corporations active in the 
Faste Laboratory at Luleå University of Technology, Sweden, which is a VINNOVA2 
Excellence Centre concerned with FP innovation. Thus, the respondents were well aware 
of and knowledgeable regarding FP. The respondents were professionals responsible for 
marketing, services, research coordination, development, product strategy, as well as 
sales, at four international corporations and one Swedish-based corporation: 

1 Volvo Construction Equipment 

 Global manufacturer and provider of construction equipment and related offers; 
part of the Volvo Group which has more than 115,000 employees serving 190 
markets. 

 Three respondents, representing research project management, service marketing 
and advanced engineering. 



   

 

   

   
 

   

   

 

   

    Defining ‘Functional Products’ through their constituents 217    
 

    
 
 

   

   
 

   

   

 

   

       
 

 Additional information regarding the corporation and its offerings can be found 
at http://www.volvogroup.com/group/global/en-gb/productsandservices/ 
constructionequipment/Pages/construction_equipment.aspx. 

2 International manufacturing corporation 

 Global manufacturer and provider of manufacturing solutions, tools and related 
offers. 

 One respondent, representing research and development. 

3 Volvo Car Corporation 

 Global manufacturer and provider of cars and related offers to private and 
corporate customers in about 100 countries; part of the Geely Holdings. 

 Two respondents, representing product strategy and innovation. 

 More information on the corporation and its offerings can be found at http:// 
www.volvocars.com/intl/Pages/default.aspx. 

4 Bosch Rexroth Mellansel AB 

 Manufacturer and global provider of hydraulic motors and pumps as well  
as related offers; part of the Bosch Rexroth Group with more than  
38,000 employees worldwide serving customers in approximately 100 countries. 

 Two respondents, representing research and development. 

 Further information about the corporation and its offerings can be found at 
http://www.boschrexroth.com/en/xc/company/about_bosch_rexroth/index. 

5 Infrafone AB 

 Swedish manufacturer of eco-friendly soot cleaning technology and solutions as 
well as related offers, SME serving mainly the energy, process, manufacturing 
and marine industries worldwide. 

 Two respondents, representing sales/marketing/business development, and 
research and development. 

 Additional information regarding the corporation and its offerings can be found 
at http://www.infrafone.se/?lang=en. 

Each of the interviews lasted from two to four hours. The interview context was first 
established, and then the interviewees responded to six questions. The first questions 
focused on finding/exploring which FP constituents were considered as necessary, 
followed by a question regarding the relation between the main constituents and the 
development process. Subsequently, questions regarding the results of the literature 
review were posed in order to verify it as well as find out if there was anything that 
should be changed or removed. Finally, an open question was posed to add anything that 
had not already been covered or missed during the interview. The interviews provided 
high-quality data and interviewing additional corporations would, according to the 
saturation level noticed, likely have added little or no additional input other than to 
corroborate the input of the five corporations interviewed. Thus, it was deemed as 
adequate to interview these five corporations at this stage. 
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The purpose of having multiple corporations with diverse focus was to ensure an 
advance in the understanding of how FP can be construed via its constituents, 
considering the similarities and differences between the corporations (cf. Yin, 2009). 
Although the corporations have different offerings, they all face the common challenge 
of how to best develop, market and sell FP and/or similar concepts such as PSS/IPS2, 
either as a provider in a partner consortium or as part of their own offerings. The 
corporations are all manufacturing corporations with roots in hardware development. 
However, additional components have been added to their customer offerings. What the 
additional components comprise and their weight or importance differ depending on 
industry and customer segments served. Some of the corporations aim to increase their 
revenue from soft parts, i.e. services, knowledge or know-how, as well as from functions 
sold globally. The FP planned or currently offered by the corporations are different and 
have different emphasis on the composition of HW, SW, SSS and MO. 

An alternative to interviews as a means of data collection could have been a survey 
targeting a large number of manufacturing corporations. However, it was deemed 
necessary to ask corporations with knowledge about FP to get quality answers in order to 
propose an initial framework defining FP through their constituents. Thus, interviews 
were selected in favour of a survey. 

Initially, semi-structured interviews were used, with open questions (Patton, 1990; 
Kvale and Brinkmann, 2008) allowing the respondents to give detailed answers and add 
extra information where deemed necessary (Fontana and Frey, 1994). The data collected 
were (except for one respondent interviewed via telephone) displayed using a projector 
during the interviews, allowing the respondents to immediately read and accept the 
collected data. All collected data (i.e. from literature review and interviews) were 
displayed and analysed using matrices and causal networks (Miles and Huberman, 1994). 
The analysed data were used to compile graphs comprising constituents of the FP 
definition (see Figures 2–6). For reasons of confidentiality, only an aggregated view of 
the analysis is presented in Section 5. 

3 Literature review: constituents from existing definitions of  
Functional Products and related concepts 

In order to propose a framework outlining the constituents of FP, a literature review has 
been conducted prior to the empirical studies. The purpose of the literature review is to 
list all relevant and existing constituents of FP and related concepts, and to use  
the relevant constituents found as a foundation for the proposed framework. Concepts 
related to FP without explicitly defined or described constituents are not considered. 
Furthermore, the focus of the literature review is on concepts that relate to the 
manufacturing industry. The literature review covers related concepts such as TCP, 
Functional Sales (FS), servitisation, servicising, service engineering, full service, system 
selling, integrated solutions or solutions, Integrated Product and Service Offerings 
(IPSO), installed base service, extended products, PSS and IPS2. 

3.1 Functional Products, Total Care Products and Functional Sales 

Park et al. (2012) bundle FP, TCP and FS as three very closely related concepts, which 
can be hard to tell apart. When introducing the FP concept, it was used interchangeably 
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or in parallel with the TCP concept (Brännström et al., 2001; Alonso-Rasgado et al., 
2004). Since then, within the current context there seems to have been no further 
development of the TCP concept in terms of extending or developing its definition or 
constituents except for the work by Alonso-Rasgado and Thompson (2006). Thus, FP 
and TCP were treated as similar concepts during the early 2000s. However, the definition 
of FP has gradually been extended since Brännström et al. (2001) introduced FP as 
comprising three constituents developed in parallel: HW, SW and services. Alonso-
Rasgado et al. (2004) defined the constituents of FP as comprising HW and a SSS, where 
SW can be integrated with HW and the SSS when appropriate. The SSS here includes 
maintenance of the product, decision-making, operations planning, remanufacturing and 
education. Lindström et al. (2012a) extend the FP definition when outlining a new FP 
development process comprising development of HW, SW, SSS and MO as 
distinguishable main constituents. The MO comprises risk management, transfer of 
intellectual property, building up trust and relations, availability, cost and revenue, etc., 
that are needed to create and maintain a win-win situation between the provider and the 
customer. In addition, FS is a concept encompassing combinations of systems, objects 
and services including result services, utilisation services, product-life extension and 
demand-side management. The function offered in an FS should have a life cycle 
perspective, and the provider needs to maintain the objects required in the function, as 
the ownership is retained by the provider (Lindahl and Ölundh, 2001). Since the FS 
concept was coined in 2001, there seems to have been no further significant development 
of the FS definition. 

There exists no explicit definition of SW mentioned within the FP, TCP or FS 
contexts. In the field of software engineering, Pressman (2010, p.4) formulates the term 
software as “instructions that, when executed, provide desired function and performance. 
It is also data structures that enable the program to adequately manipulate information 
and documents (physical or virtual) that describe the operation and use of the 
programs”. This definition will be used further on in this paper and will be extended with 
additional details in Section 4. 

3.2 Related concepts 

Various concepts related to FP exist in the literature. Originating in the USA in the late 
1980s, servitisation is defined by Vandermerwe and Rada (1988, p.316) as “fuller market 
packages or ‘bundles’ of customer-focused combinations of goods, services, support, 
self-service, and knowledge”. Knowledge is considered by Vandemerwe and Rada (1988) 
as more than just data and information, as it is an accumulation of what is known by the 
individuals within the company. In an FP context, the knowledge can comprise what is 
required/needed to develop and operate an FP continuously during the life cycle. 
Furthermore, self-service gives the customer needed knowledge and technology to be 
able to do his own self-service on the provided service, for instance to offset some of the 
costs to the customer (Vandermerwe and Rada, 1988). In addition, Vandermerwe and 
Rada (1988) outline support as ranging from training to remote maintenance, and further 
add that many industrial service systems concern anything necessary to keep customers 
operating effectively. According to White et al. (1999), the similar concept of servicising 
is the emergence of product-based services, blurring the distinction between 
manufacturing and traditional service-sector activities by extending the product 
responsibility by, for instance, having all actors along the product chain share 
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responsibility through the product’s life cycle in terms of, e.g., environmental impact. 
Within servicising, some activities can be driven by the value of the end-of-life product, 
which may contain recyclable valuable materials or components, rendering energy, 
labour or capital when, e.g., selling the material (White et al., 1999). In such cases, the 
servicising activity may be motivated by the opportunity to recover this value by 
reclamation activities involving recycling, remanufacturing and reuse (White et al., 
1999). In an FP context, reclamation activities may refer to recovery/recycling of metals, 
plastics, fluids, gases, etc., which might otherwise generate environmental impacts. 

Other concepts related to FP and similar to each other are full service, system selling, 
integrated solutions and solutions. Stremersch et al. (2001, p.2) define full service or full-
service contracting as “a comprehensive bundle of products and/or services, that fully 
satisfies the needs and wants of a customer related to a specific event or problem”. The 
concept of systems selling can be considered as a form of bundling and a forerunner of 
full-service strategy. In systems selling, as opposed to selling only products, the selling 
party fulfils, through a combination of products and services, a further extended customer 
need (Mattsson, 1973). Similar to previous definitions, Wise and Baumgartner (1999) 
state that an integrated solution can be an effective business model where products and 
services are combined to a seamless offering that addresses a customer need. Further, 
Shepherd and Ahmed (2000) outline a solution comprising products (HW and SW) and 
services which, when integrated, would resolve a customer’s problem. Vandermerwe and 
Rada (1988) and Galbraith (2002) define a solution as a bundle of products with added 
software and services. The integration is supposed to add more value than buying the 
stand-alone products only. This view is also shared by Miller et al. (2002), who define 
products and services as the constituents of an integrated solution. Similarly, other FP-
related concepts bundle a product and service into a single product package to fulfil more 
extended customer needs rather than selling a traditional product. The concept of IPSO 
[spun out of Integrated Product and Service Engineering (IPSE); Lindahl et al. (2006)] 
originates from the ideas of service engineering (Tomiyama, 2001), where minimisation 
of production and consumption is addressed through dematerialisation (i.e. reduction of 
material flows). Together with IPSO, the concepts of installed base service (Oliva and 
Kallenberg, 2003) and extended products (Thoben et al., 2001) have similar main 
constituents, i.e. products and services. 

In the late 1990s, economic growth enabled producers to make investments in cleaner 
products and technologies. Focus shifted from consumption towards a search for 
sustainable solutions. As a response, Goedkoop et al. (1999, p.18) introduced PSS as “a 
marketable set of products and services capable of jointly fulfilling a user’s need”. 
Services are directed not only to people but also towards HW. Furthermore, a system is 
regarded by Goedkoop et al. (1999) as a collection of elements and their relations, i.e. 
how the PSS constituents are related to each other. In addition, Mont (2002, p.4) denotes 
PSS as a “system of products, services, supporting networks and infrastructure that is 
designed to be competitive, satisfy customer needs and have a lower environmental 
impact than traditional business models” through dematerialisation, reduction of material 
flows in product manufacturing and use. According to Mont (2002), network and 
infrastructure are needed as inter-organisational changes, such as closer interaction with 
other actors in the product-service chain, and outsourcing creates the demand for 
intermediates, i.e. managing actor relations. Further, Baines et al. (2007, p.1543) add  
that the PSS customer “pays for using an asset, rather than its purchase, and so benefits 
from a restructuring of the risks, responsibilities, and costs traditionally associated  
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with ownership”. They further assert that by retaining asset ownership it is possible to 
enhance utilisation, reliability, design, protection and potentially also environmental 
sustainability, compared to product-based offerings. IPS2 is a sub-system of PSS and is 
strictly a business-to-business application (Meier et al., 2010). 

3.3 Structural analysis 

To further emphasise that many of the concepts referred to in Section 3 are similar or 
have parts in common, further visualisation is presented in Table 1. Table 1 visualises, in 
a condensed manner, the level of definition and description of the concepts’ main 
constituents (relevant for this paper), which are limited here to HW, SW, services, SSS 
and MO. In addition, many of the concepts are defined on a rather high and general level, 
with few specifics. The clarity of the definitions is rated as follows: black cells denote 
that the definition is clearly understandable and grey indicates that there is no exact 
definition or that the definition is ambiguous. Nevertheless, grey cells are explicitly 
named and their meaning can be traced through other publications. Further, a white cell 
indicates that there is no explicit definition found. 

Table 1 Review of definitions for main constituents 

Main constituents 
Concept Reference 

HW SW Services SSS MO 

TCP/FP Brännström et al. (2001)      

FP Alonso-Rasgado et al. (2004)      

TCP Alonso-Rasgado and 
Thompson (2006)      

FP Lindström et al. (2012a)      

FS Lindahl and Ölundh (2001)      

Servitisation Vandermerwe and Rada (1988)      

Servicising White et al. (1999)      

Service engineering Tomiyama (2001)      

Full service Stremersch et al. (2001)      

System selling Mattsson (1973)      

Integrated solution Wise and Baumgartner (1999)      

Integrated solution Miller et al. (2002)      

Solution Galbraith (2002)      

Solution Shepherd and Ahmed (2000)      

Integrated product and 
service engineering/ 
offerings (IPSE/O) 

Lindahl et al. (2006) and 
Lindahl et al. (2007) 

     

Installed base service  Oliva and Kallenberg (2003)      
Extended product Thoben et al. (2001)      
PSS Goedkoop et al. (1999)      
PSS Mont (2002)      
IPS2 Meier et al. (2010)      

Notes: Black: clearly defined and understandable. 

  Grey: no clear definition, but can be traced through other publications. 

  White: definition not specified. 
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Table 1 visualises the concept definitions on a structural level. Details and specifics on 
constituents from the definitions above as well as other publications covered during the 
literature review, considered as relevant for the foundation of the proposed framework, 
are brought up and put into an FP context in Section 4. 

Maintaining and caring for the whole concept over time, which sometimes can be 
many years when such a concept has been deployed and put in operation at customers, 
are approached in different ways according to the concepts listed in Table 1. For some of 
the concepts, it is implicit or made explicit via the terms ‘solution’ or ‘system’, which 
can also be found in the concepts’ names; for instance, Goedkoop et al. (1999) explicitly 
describe the ‘system’ in their definition. However, if the consideration of the wholeness 
over time fits best in the services or the SSS constituent is better than having those 
considerations in a separate constituent, then it warrants a discussion. On the one hand, 
having fewer constituents decreases the complexity during design/development and 
operation. However, on the other hand, putting all or most of the considerations of the 
wholeness into services or SSS, unless those considerations are part of the 
design/development and operational planning from the start, probably decreases the focus 
of the wholeness in favour of the main expectation from that area, i.e. the services or the 
SSS. To keep the focus on the wholeness from the start, FP have the MO constituent 
whose main purpose is to take a holistic life cycle perspective of the whole concept. The 
MO constituent should, according to Lindström et al. (2012a), be started ahead of the 
other three main constituents, HW, SW and SSS, in order to be able to, as early as 
possible, find, analyse and prepare necessary aspects for consideration during the 
design/development of the FP. To start considering the long-term aspects at a late stage 
during the development, or when in operation at customers, will likely limit the 
possibilities for a smooth integration of the necessary aspects and will cost a lot more 
than if considered and focused on at an early stage. For concepts with short life cycles, 
the necessity to consider the wholeness over time is minor or even unnecessary compared 
to those with long ones, where a majority of the cost pertains to operational cost and the 
procurement cost is small in relation to the whole life cycle cost. Finally, if there are no 
customer requirements regarding maintenance and care over time, or there is no provider 
benefit in it, long-term considerations will likely not be made at all. 

This section has reviewed existing definitions of FP and related concepts, and 
additional relevant constituents have been identified. The FP concept has undergone 
continuous development and refinement over the years since it was established in the 
early 2000s. Recent elucidation of an FP development process and business model has 
been presented by Lindström et al. (2012a), Lindström et al. (2012b) and Lindström et al. 
(2013). Further additions to the FP definition have been made by Löfstrand et al. (2012b) 
and Alzghoul et al. (2011), who extend the definition in terms of the necessity to monitor 
and predict the availability of an FP in industrial settings, addressing reliability and 
maintainability. Such progress, definition-wise, has not been found coupled to the TCP or 
FS concepts. 

4 Conceptualisation of Functional Products through constituents  
from literature 

According to Brännström et al. (2001), FP consist of HW, SW and services, and Alonso-
Rasgado et al. (2004) and Alonso-Rasgado and Thompson (2006) add that the 
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constituents of FP are HW and a support system, which may be integrated with SW 
where appropriate. Lindström et al. (2012a) outline the constituents of FP as HW, SW, 
SSS and MO. FP frameworks presented by Lindström et al. (2012a) and Alonso-Rasgado 
et al. (2004) can be considered as complex, but purposeful. Further, Brännström et al. 
(2001), Lindström et al. (2012a) and Lindström et al. (2012b) call for a high degree of 
integration between the constituents developed. 

Based on the literature review, the authors’ initial conceptual view of the main FP 
constituents and the relations among them are shown in Figure 1. 

Figure 1 Functional Products: the main constituents and their interrelations 

 

In Figure 1, the main constituents of FP are seen as HW, SW, SSS and MO. All of these 
can in turn have one or more additional sub-constituents (see Figure 2). The relation 
between the main constituents in Figure 1 is that the SW can be seen as a stand-alone 
constituent or as integrated in either or both the HW and the SSS constituents. The SSS is 
needed to keep the HW and SW running over time. Further, the MO takes a holistic life 
cycle perspective (i.e. considers all of the HW, SW and SSS as a whole) to keep the 
integrated HW, SW and SSS triad operational with continuous improvements according 
to the availability level(s) agreed upon with the customer(s). 

Figure 2 Conceptualisation of the Functional Products constituents (based on the literature 
review) 

 

In Figure 2, HW is embodied as products, industrial products, equipment, tangible assets 
and physical artefacts (Goedkoop et al., 1999; Brännström et al., 2001; Alonso-Rasgado 
et al., 2004; Baines et al., 2007; Alzghoul and Löfstrand, 2011). 
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According to Pressman (2010), software acts as the basis for the control of the 
computer (operating system), the communication of information (communications) and 
the creation and control of the programs (software tools and environments). Network and 
infrastructure are proposed by Mont (2002) and concern all of HW, SW and SSS. Of 
particular interest for FP is a combination of networks and software tools, which entails, 
e.g., data stream mining and management (Fogelman-Soulié, 2008; Löfstrand et al., 
2012b), while data stream management, in particular for online and offline monitoring in 
the SSS, concerns building up aggregated historical data from input data streams and 
alarming if some conditions are met. Further, the data stream mining concerns 
application of data mining algorithms on the whole or parts of data streams (Fogelman-
Soulié, 2008). Alzghoul and Löfstrand (2011) and Löfstrand et al. (2012a) posit that 
intelligent use of data streams in monitoring can help increase the availability of 
industrial systems such as FP. 

Concerning SSS, additional sub-constituents of SSS may include support, self-
service, knowledge and training (Vandermerwe and Rada, 1988). Alonso-Rasgado et al. 
(2004) further propose the following SSS sub-constituents: education, maintenance and 
remanufacturing.  

Regarding MO, a life cycle perspective is proposed by Lindahl and Ölundh (2001) 
and Lindström et al. (2012a). Due to the potentially long lifespan or life cycle of FP 
foreseen in, for instance, the manufacturing industry, a life cycle management 
perspective needs to be applied from the very start to the end. As it is generally easier to 
impact the FP constituents at an early stage (i.e. during the design and development), 
neglecting this can later result in large problems and costs if issues related to life cycle 
management must be resolved. However, legal and regulatory questions can develop and 
change during the FP life cycle; thus, there needs to be a readiness to act upon such 
developments. Reclamation activities suggested by White et al. (1999) are seen as part of 
the MO, extending the life cycle perspective. Further, additional sub-constituents of MO 
are clearly outlined by Lindström et al. (2012a), who list the following sub-constituents: 
win-win situation, decision-making, financial issues, transfer of intellectual property, risk 
management, building up trust and relations. During long-term business relations 
between the provider and the customer, the key to relying not only on formal agreements 
is building up trust and relations and creating a win-win situation. The pre-study 
conducted together with the customer is an important part of building up trust and 
relations. As time passes, the win-win situation needs to be maintained and measures 
taken to improve it for the parties involved. For a provider consortium, this applies 
internally within the consortium as well. 

5 Defining Functional Products through emerging constituents:  
based on empirical data 

Combining Figure 2 with the empirical data collected and analysed gives a further 
detailed view of the emerging constituents of FP. This detailed view, i.e. the proposed 
framework, is embodied in Figures 3–6. Part of the integration in between the HW, SW 
and SSS is embodied in the sub-constituent network and infrastructure, (Global) 
Information and Communications Technology (ICT) infrastructure. 
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Regarding the main constituents, only the emerging sub-constituents found (red-
coloured in italics, see Figures 3–6) are listed, described and presented below, as the 
existing ones have been described and referred to earlier. Some of the sub-constituents 
found during the literature review have been modified based on the findings from the 
analysis of collected empirical data. These modified sub-constituents are indicated by the 
italic font in Figures 3–6, and any additions to them are described there as well. Many of 
the sub-constituents listed during the literature review were also listed by the interviewed 
corporations during the interviews. This verifies the findings of the literature review to a 
certain extent. Further, almost all of the emerging constituents were listed by at least two 
of the interviewed corporations, and some of them are listed by all five corporations. The 
sub-constituents of HW, SW and SSS had the largest overlap and the MO a somewhat 
smaller overlap. The smaller overlap regarding the MO sub-constituents is likely due to 
the fact that MO is the main constituent which has had the most recent development and 
innovation. In addition, the actual or potential offerings of the interviewed corporations 
differ, and this was reflected, in the collected data, by the constituents that were listed. 

5.1 Hardware (HW) 

For HW, only one new addition has been found, which may be explained by the fact that 
the corporations’ business has been based on HW from the start. 

Figure 3 Emerging Functional Product hardware constituents (based on empirical data)  
(see online version for colours) 

 

 Tangible asset/physical artefact/product/equipment: see literature review, Section 4. 

 Network and infrastructure, (Global) ICT infrastructure: network and infrastructure 
are extended with an ICT infrastructure that is required to manage and monitor FP or 
fleets of FP. In some cases, only a local ICT infrastructure is required, whereas for 
global corporations with customers worldwide a global ICT infrastructure is needed 
to be able to monitor FP. An ICT infrastructure entails, for instance, various types of 
networks, computers and other equipment combined with software enabling a robust 
and secure communication of data and information, etc. Lelah and Brissaud (2012) 
have in a conceptual manner proposed how ICT and networks can contribute to 
systems in different configurations, in order to get real-time (or close to real-time) 
information and monitoring capabilities. 
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5.2 Software (SW) 

Pressman’s (2010) definition of SW does not include physical parts of the ICT 
infrastructure, comprising, for instance, computers, equipment and local and global 
networks used for communication purposes to keep the FP operational, as these  
physical parts are de facto not SW. As those physical parts are integrated with the 
communications, we add the network and infrastructure, (Global) ICT infrastructure here 
in the SW as well as in the following SSS constituent. 

Figure 4 Emerging Functional Product software constituents (based on empirical data)  
(see online version for colours) 

 

 Operating system: see literature review, section 4. 

 Communications: see literature review, Section 4. 

o Network and infrastructure, (Global) ICT infrastructure: already described in HW. 

 Software tools, portals and environments: the addition of portals entails the use of 
mostly web-based portals that both the provider (consortium) and customers can use 
to find and share information or questions; interaction during development or 
operational phases; find code for or use tools for modelling, simulations or 
calculations; management of updates and patch management, etc. A further use of 
software tools is to adapt (or personalise) certain functionality of the FP to the 
context and user/operator. For this purpose, a mix of local-, server- and cloud-based 
software tools is foreseen. 

o Simulations, modelling and calculations: FP have in many cases long life 
cycles, during which the FP are to deliver a function with a specified level of 
availability (Löfstrand et al., 2012a; Löfstrand et al., 2012b). Thus, availability 
vs. cost issues need to be investigated and sorted out, preferably as early as 
possible during design/development. A number of other modelling activities, 
simulations and calculations are potentially also required, and the scope depends 
on the FP’s size, complexity and criticality as well as the contract clauses 
between the provider and the customer. 
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 Test needs: simulations and modelling should help find areas and parts 
where extra testing is required and, if possible, also generate test cases for 
those tests. 

 Theory development: where existing theory is missing or inadequate, new 
theory or development of existing theory is required to model, simulate or 
calculate (e.g. return-on-investment or financial projections) parts of or the 
whole FP. 

o Updates and patch management: software can be updated or patched either 
locally on-site or from one or more central points. Use of central points allows 
for economies of scale, unless specific adaptations/tests are required for each FP 
on site or if this is not allowed for reasons of information security. An update 
can be seen as changing or adding functionality, whereas a patch is mainly 
intended to fix problems. 

It can be argued whether modelling, simulations and calculations (and sub-parts) should 
be part of the SW or rather belong to the FP development process and its tools. However, 
due to the importance of modelling, simulations and calculations, they are here 
considered as integrated parts of the SW from the very start of the FP development until 
the very end of the FP life cycle. 

5.3 Service Support System (SSS) 

The SSS, which is crucial for keeping the FP’s HW and SW operational, comprises a 
number of challenging sub-constituents, which potentially require large investments such 
as a network and infrastructure regarding ICT, a monitoring system, development of service 
procedures and a service organisation, and information and knowledge management. 
Figure 5 shows the extent of the SSS, indicating that a substantial investment in resources 
and time may be required for its development and subsequent operation. 

Figure 5 Emerging Functional Products service support system constituents (based on empirical 
data) (see online version for colours) 
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 Network and infrastructure, (Global) ICT infrastructure: already described in HW. 

 Online and offline monitoring: see literature review, Section 4. 

o Real-time analysis of information and data streams combined with historical 
data: to enable proactive maintenance where maintenance is carried out on an 
as-needed basis, and further improve planning of scheduled maintenance as well 
(if required or wanted), real-time analysis of information and data gathered from 
different parts of an FP is necessary. The information can comprise meta-data 
found in, e.g., data streams, databases or websites or other forms of information 
pertaining to the FP. To be expected is that a lot of data will be in the form of 
data streams (Alzghoul et al., 2011; Alzghoul and Löfstrand, 2011) from 
sensors, actuators or other forms of status extracted from controllers via buses 
(like the CAN-BUS in vehicles), which in small contexts can be stored and 
analysed. However, if the context is global and there are thousands of FP in 
operation, to not lose the ability to act proactively, a very fast, efficient and 
intelligent analysis in real time is preferred (Karlsson et al., 2012). 

 Notifications/warnings and indications: if the analysis finds indications of 
abnormal operator or equipment behaviour (or other anomalies), a 
notification or warning can be sent out to the operator or monitoring staff. If 
there is an indication of immediate failure or breakdown, an automatic safe 
shutdown can be initiated for the part affected or, if required, the whole FP. 

 Stored data for historical analysis: often, a glimpse of historical data and 
anomalies is helpful for comparison if new anomalies or problems occur. 
New combinations of different stored data used in complex simulations can 
reveal patterns or slow deterioration of parts in an FP. 

 Validation of function: if an FP is used for critical applications or situations 
requiring high precision, etc., a validation of the function prior to use can be 
crucial (as well as after maintenance or other stops or events). 

o Reactive and proactive maintenance: reactive maintenance is performed when 
an error occurs, whereas proactive maintenance is intended to prevent such an 
error by analysing monitoring data to find indications of what is about to 
happen. Further, proactive maintenance approaches, based on monitoring data, 
allow for needs-based maintenance. On the other hand, scheduled maintenance 
usually uses either time intervals or amount of use to decide when to do 
maintenance; automobiles, for example, should be serviced either every year or 
after every 3000 km. An example of needs-based maintenance is when a modern 
car, depending on wear and tear, indicates, via an on-board monitoring system, 
that there is a need for service. 

 Self-service: see literature review, section 4. 

 Maintenance: see literature review, Section 4. 

o Reactive and proactive maintenance: already described above. 

 Support: see literature review, Section 4. 
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 Information and knowledge management: information and knowledge must be 
managed in a structured and even more formal way as their range, extent and 
complexity grow. As a corporation grows large and geographically dispersed, means 
to collect, analyse, aggregate, distribute and make information/knowledge searchable 
will become business-critical. Information systems, knowledge and know-how 
sharing, education and training, and secure knowledge management systems are all 
placed under this sub-constituent. 

o Information systems: information systems are used to store, share, analyse and 
manage information both on a short- and long-term basis (as the FP life cycles 
can be very long). If there are large quantities of information, it is important to 
be able to efficiently manage, search and share the information. Access to the 
information systems needs to be made secure and availability to information 
ensured when needed. Further requirements are placed on information security 
due to the increasing mobility of employees, working in consortiums and with 
business partners. 

 Logs: maintenance, service and configuration management: to improve the 
maintenance and service, logs of what has been completed are necessary, 
for instance regarding enhancing/improving modelling and simulation of 
the SSS as a whole or parts of it. Proper logging of replaced parts, using a 
configuration management system, can render valuable information that can 
be used in the subsequent search for weak parts or components in an FP, 
thereby enabling improvements by remanufacturing or redesign. 

o Knowledge and know-how sharing: (explicit) knowledge is easier to document 
and share compared to know-how (tacit knowledge), which often is required to 
be transferred from person to person. However, know-how is often very 
important for conducting service procedures and planning of service efficiently 
and adequately (Reed et al., 2012). Thus, the sharing and transfer of know-how 
need to be considered, particularly if there is a high rate of employee turnover. 

 Secure knowledge management system: as knowledge often comprises 
business-critical information, it must be made available and accessible in a 
secure manner. This knowledge can be critical in the sense that it must be 
available as well as confidential, i.e. kept secret from competitors or 
potential competitors. 

 Service procedures: service procedures should be documented and, if 
possible, also estimated regarding time, costs, spare parts, etc. If 
service and parts replacement, etc., are logged, it is possible to model 
and simulate the essential parts of the SSS and compare the results with 
the actual outcomes, making it possible to improve the SSS as well as 
the models and simulations for the future. As the SSS is key to the 
availability agreed upon, it is important to be able to estimate/optimise 
the SSS’s part of the costs at an early stage in order to achieve a certain 
level of availability as well as to estimate, at a later stage, the impact of 
any changes to the FP in terms of the SSS (Löfstrand et al., 2012b; 
Reed et al., 2012). As the service procedures can be costly to develop 
and provide a competitive advantage, they should be updated on an 
ongoing basis and securely kept, stored and shared. 
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o Education and training: see literature review, Section 4. 

 Set-up of service support organisation: the set-up of the service support organisation 
is crucial to be able to keep an attractive ratio between the agreed-upon level of 
availability for the FP and the cost of achieving that level of availability. The service 
support organisation should be modelled and simulated at different service levels 
potentially offered. 

o Level(s) of service: the level(s) of service is/are directly related to the 
availability level(s) agreed upon with the customers, and to avoid excessive 
customisation and unnecessary costs related to that, an appropriate number of 
levels of service can be modelled/simulated prior to being implemented. 

 Remanufacturing: see literature review, Section 4. 

5.4 Management of Operation (MO) 

The MO ranges over a wide spectrum of sub-constituents required from early design/ 
development until the end of the FP life cycle. If not considered properly from early 
design/development, issues such as life cycle management, availability management, 
financial and contractual issues, risk management and sharing, and intellectual property 
can become unnecessarily complex and expensive to solve at a later stage. Figure 6 gives 
an overview of a number of MO sub-constituents that should be considered, as the 
operational part of the FP life cycle can be very long, i.e. up to 30 years or more; thus, 
mistakes made early on or issues not considered at all can otherwise render large costs or 
effects over the long term. 

Figure 6 Emerging Functional Product management of operation constituents (based on 
empirical data) (see online version for colours) 

 

 Life cycle management: see literature review, Section 4. 

o Reclamation activities: see literature review, Section 4. 

 Decision-making: see literature review, Section 4. 
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 Financial issues and processes: the long life cycles expected make financial 
planning difficult, as there needs to be a win-win situation to uphold a long business 
relation. To be able to solve the financial issues during the whole life cycle of an FP, 
particularly early on, financial processes need to be developed or adapted to support 
the FP and its long-term management of operation. 

o Ownership issues: commonly, the ownership of the FP is foreseen to remain 
with the provider. However, financial corporations can get involved in various 
ownership arrangements together with the provider; for instance, the provider 
could lease certain parts of the FP. Further, all software and information systems 
must not necessarily be the property of the provider, who could licence software 
or use cloud services. If a global ICT infrastructure is required, it is likely that 
all is not owned by the provider but procured as communications services. Use 
of parts of the customers’ networks and infrastructures may also be necessary in 
order to monitor FP at customers’ sites. 

 Contract and contract management: the contract which embodies the agreement 
between the provider and the customer is an important instrument for regulating the 
business relationship over time. Thus, contract management becomes important, as 
the surrounding business environment will likely change as time passes; to keep the 
FP business in a win-win situation, the business relationship and contract terms may 
require additions/changes/updates. 

o Ownership issues: already described above.  

o Management of brand, status and image: if a consortium provides an FP, it is 
necessary to decide upon how the brand or brands involved should be managed 
and by whom. Further, the potential status and image related to the use or 
operation of an FP need careful planning and reinforcement activities to stay 
intact (or possibly improve over time). These management activities are indeed 
easier to deal with if provided by a sole entity/corporation. 

o Consortium and partner contracts: to be able to successfully design/develop and 
operate FP over a long time, it is necessary to stipulate the terms within a 
potential provider consortium as well as with external partners (i.e. not part of 
the consortium) having impact on the FP’s operation. Contracts are needed  
to formalise the terms, obligations, liabilities/penalties, how to add or end  
a business relation without affecting the operation of the FP, how to share 
revenue and costs (i.e. profit or loss), how to manage and share risks, how to 
manage intellectual property within the provider consortium and together with 
customers, as well as how to renegotiate the contract when deemed necessary. 

 Risk management and sharing: risks need to be managed throughout the life cycle of 
the FP. However, if the FP is provided by a consortium, the risks will be managed 
and shared by the whole consortium. In addition, depending on the commercial 
conditions in the contract, the customer may assume responsibility for risk 
management as well as share risks or parts thereof. 

o Consortium and partner contracts: already described above. 

 Management and transfer of intellectual property: during a long life cycle, FP will 
likely be further developed and new intellectual property produced. The latter will  
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need to be managed and may sometimes need to be transferred to partners within the 
provider consortium as well as to the customers. Potentially, intellectual property 
may also be transferred from the customer side to improve the FP. The management 
of intellectual property is necessary to protect the trust among the parties involved, 
competitiveness on the market and future revenue. 

o Consortium and partner contracts: already described above. 

 Availability management: for FP, the availability needs to be constantly managed 
and kept above the agreed-upon threshold. As a number of actions or measures taken 
can affect the level of availability during the life cycle of the FP, the availability 
needs to be managed both proactively and reactively. This, like life cycle management, 
is one of the obvious integration points towards the other three main constituents. 

o Measurement: the level of availability can be measured in different ways, and 
the use of different means of measurement can further improve the modelling 
and simulation of the FP’s overall availability (Löfstrand et al., 2012a). In 
addition, measurements provide facts that may be useful in technical, business 
and contract interactions between the provider and the customer. 

 Building up trust and relations: win-win – see literature review, Section 4. 

The above description of the four main constituents of FP (including their sub-
constituents) provides an additional specificity, compared to existing literature, to the FP 
definition. The integration in between the main constituents, outlined in Figure 1, is  
also highlighted by the network and infrastructure, (Global) ICT infrastructure for the 
HW, SW and SSS constituents. The MO’s integration towards the other three main 
constituents can be seen in holistic sub-constituents such as life cycle management, 
management of intellectual property, availability management, risk management and 
sharing, all of which affect most or many of the respective sub-constituents. Thus, it 
would be complicated to make explicit links to map out the integration of the MO to the 
HW, SW and SSS on a sub-constituent level. 

The purpose of the proposed framework is to provide ideas and guidance to 
corporations interested in developing and offering FP on what constituents FP may 
comprise. Comparing Figure 2 with Figures 3–6, it is obvious that corporations need to 
analyse what their potential or actual FP offerings should comprise. An FP-status 
advancement from, for instance, the level in Figure 2 to the level in Figures 3–6 needs to 
fit a corporation’s situation and expected corporate business development over time. 
Depending on the corporations’ context, business and customer needs, different 
constituents can have varying importance or weight. In addition, some constituents may, 
of course, be omitted as well as new ones added when appropriate. Which constituents 
and sub-constituents are of importance should be mapped out (preferably jointly by the 
provider and the customer) and made clear to all involved to avoid costly development 
and sales efforts resulting in little or no additional value. Due to often long  life cycles, 
interaction and feedback between the provider and the customer are required on a regular 
basis from as early as possible until the end of the FP life cycle (Lindström et al., 2012b). 
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6 Discussion, conclusions and future work 

The research question ‘What constituents do FP comprise and how are the constituents 
related to each other?’ has been addressed by means of a literature review combined with 
subsequent empirical studies. In-depth interviews with five corporations knowledgeable 
on FP were conducted to investigate emerging constituents of FP, in order to define FP 
using high-quality data. The paper adds additional specificity to the definition of the FP 
concept by proposing a framework which outlines how the four main FP constituents are 
integrated, lists the sub-constituents of the main ones and outlines how these constituents 
and sub-constituents are related to each other. Prior definitions of FP have been on a 
rather high and general level, which is similar to the level of the other concepts’ 
definitions found during the literature review (see Table 1). The proposed framework is 
planned to be further improved, verified and validated in future research, involving a 
larger number of corporations and spanning, e.g. surveys combined with interviews and 
industrial case studies. The purpose of the current framework is to provide ideas and 
guidance to corporations interested in developing and offering FP. The constituents 
found in the literature (see Figure 2) conceptualise basic FP on a rather high level. 
However, basic FP can be a first objective to reach for corporations in transition from 
products and services towards FP or function-oriented sales. The emerging constituents 
identified when analysing the collected data (see Figures 3–6) define a further advanced 
FP with additional specificity and levels of granularity. Using the advanced FP as a target 
from the start is much more ambitious than using the basic FP, and can be too large a step 
if it is the primary objective. Hence, to lower the risk of failure during an implementation 
of FP development and sales, a step-wise implementation strategy is advisable. 

Concerning generalisability, primarily the findings regarding the SSS and MO can be 
of interest for other concepts related to FP in order to enhance the services part and how 
the integration between the constituents can be embodied. Secondly, the SW sub-
constituents can be used to facilitate planning of, for instance, communications, tools and 
portals, as well as what and how to simulate. On a high level, it is possible to transfer 
ideas and parts of the proposed framework to other industries (the manufacturing 
industry is mainly targeted here) also striving towards offering functions, or similar 
offers, based on their existing or to-be-developed hardware, software and services. 

The integration in between the main constituents (see Figure 1) is further described in 
Figures 3–6, where the network and infrastructure, (Global) ICT infrastructure acts as an 
integrator in between the HW, SW and SSS. The MO in turn comprises several holistic 
sub-constituents interacting with sub-constituents in the HW, SW and SSS, thus 
integrating the whole to a coherent entity. 

Above, or on top of, the definition and integration of the main constituents of FP, the 
authors consider there is an additional level of integration to keep in mind. To be 
successful in FP business, there is a necessity for integration between the FP definition, 
FP business model and FP development. The definition of FP is directly related to the FP 
business model (Lindström et al., 2013) as well as to how FP is developed (Lindström  
et al., 2012a; Lindström et al., 2012b). In addition, the FP business model is directly 
related how FP is developed. These relations are visualised in Figure 7, ‘The Functional 
Products Triangle’, using an FP provider’s perspective. 
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Figure 7 ‘The Functional Products Triangle’. Relations in between the definition, business 
model and development seen from an FP provider’s perspective 

 

Functional Products definition –
what to develop and sell?

Functional Products business 
model – what and how to sell and 

the business logic required?

Functional Products development –
how to develop?

The Functional Products 
Triangle

 

If, instead, Figure 7 adopted an FP customer’s perspective, it would be oriented towards, 
e.g., finding possible FP improvements, developing enabling business logic, increasing 
sales and optimisation of the usage and application of the FP to create value and 
sustainable competitive advantage(s). Thus, the triangle could comprise the following 
three cornerstones: ‘FP business logic – how to enable creation of value and sustainable 
competitive advantage(s)?’; ‘FP configuration – what set-up to use in order to meet the 
external/internal requirements?’; and ‘FP operational excellence – what, how and when 
to optimise and improve?’. The triangle may look somewhat different if the FP customer 
uses the FP internally or at its customers. 

A first question to consider with respect to Figure 7 is how the existing and emerging 
FP constituents impact on the FP development. This question needs to be analysed to 
learn if there is a need for a new development process or only minor changes to the 
currently used development process(es) are required. Further, additional competences 
and skills may be required as well. In case of high complexity, it may be necessary to 
build a provider consortium in order to have access to a variety of needed competences 
and skills over time. Non-critical and generally accessible competences and skills can, of 
course, be outsourced. 

A second question to reflect upon with respect to Figure 7 is how the existing and 
emerging FP constituents affect the FP business model. Consideration should reveal if 
there is a need for new ideas or small or radical changes. Consequently, if there are any 
changes to any of the parts of the FP triangle, the other parts can or will be affected. In 
order to avoid unnecessary issues and costs, these potential changes need to be analysed 
prior to being implemented. 

Finally, as most business models (including the FP business model) aim to create 
value and sustainable competitive advantage in a defined market, Chesbrough (2010, 
p.355) posits that the choice of business model is crucial as “a mediocre technology 
pursued within a great business model may be more valuable that a great technology 
exploited via a mediocre business model”. Chesbrough’s statement underlines the inter-
connectedness visualised in the FP triangle in Figure 7 and that having a clear and 
concise FP definition will most likely make it easier for corporations to reach top value 
creation and profitability. 
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Notes 

1 The concept of FP has similarities with, for instance, Functional Sales (FS; Stahel, 1997), 
extended products (Thoben et al., 2001), Total Care Products (TCP; Alonso-Rasgado et al., 
2004), Product-Service Systems (PSS), Industrial Product-Service Systems (IPS2; Meier et al., 
2010), servitisation (Vandermerwe and Rada, 1988) in the sense of increasing the focus on 
soft parts such as services, knowledge and know-how, additionally offered. Out of these, 
Tukker and Tischner (2005) have identified three main categories: product-oriented, use-
oriented, and result-oriented. The FP, originating from hardware aspects, has the most 
commonalities with PSS/IPS2, TCPs and FS, adding, however, additional complexity 
development-wise. 

2 VINNOVA – The Swedish Governmental Agency for Innovation Systems. 
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A B S T R A C T

Industrial companies rely on hardware and services from external providers to deliver functions that are critical
to their operations, increasingly demanding solutions that not only meet technical and availability requirements
but are sustainable too. Traditionally, industrial companies choose and purchase hardware and maintenance
support to fulfil their functional requirements. An alternative arrangement, known as Functional Product (FP),
involves external providers supplying customers with the functionality they require through contracts that
specify guaranteed functional availability whilst giving providers freedom to choose and retain ownership of the
supplied hardware and services. This paper describes an innovative simulation modelling and optimization
approach to quantitatively compare economic and environmental values resulting from transition from tradi-
tional to FP arrangements. The approach is demonstrated through the analysis of a scenario involving a hy-
draulic drive system provider and set of customers in Sweden, with the results exhibiting simultaneous im-
provement in economic and environmental values at each stage of the transition.

1. Introduction

The earth is facing an increasing population (United Nations, 2013)
who, by following the same consumption pattern as historically, will
require increased resource extraction (Wiedmann et al., 2015). In ad-
dition, it is expected that growth will be sustainable such that the global
mean welfare will continue to increase and that the global environment
will not be deteriorated to a hazardous level. Since natural resources
are limited, these conditions cannot be simultaneously fulfilled
meaning that actions need to be taken to change the resource extraction
and the environmental impact. A substantial amount of research has
been conducted to address sustainability challenges from different
perspectives (Arena et al., 2009; Delai and Takahashi, 2011; Morlet
et al., 2016; Bratt et al., 2011). In particular Bond et al. (2012) con-
ducted a state-of-art analysis regarding sustainability assessment. They
found that since the early 1990s the amount of research has increased
rapidly and claim that sustainability assessment is one of the most
important factors to actually increase sustainability.

Many of the current mega trends of globalization, informatization,
move toward a network economy, lean and “just in time” production,
concentration of core business, shift to two income families, more
single-person households, more time pressure on citizens and

individualization inherently lead to a greater demand on product-ser-
vice solutions rather than products. A customer often does not have the
time, knowledge or resources necessary to evaluate all available solu-
tions from all vendors. Therefore if the customer chooses the product
constituents to purchase (as a solution to their functional requirements)
the risk is high that the sustainability of the solution will be suboptimal
(Tukker and Tischner, 2006).

Research has further indicated that transformations into
Performance Based Contracts (from resource based contracts) has the
potential to improve sustainability through increased resource effi-
ciency (Bakshi et al., 2015) and lead to improved hardware availability
(Guajardo et al., 2012; Kim et al., 2017). On the other hand, by com-
paring leasing and servicizing contracts with pure sales, research has
shown that environmental impact depends on different assumptions
and context and can even be an environmentally inferior alternative
(Agrawal et al., 2012; Agrawal and Bellos, 2017).

It has been shown that industry is one important stakeholder af-
fecting the sustainability development (Lindahl et al., 2014). Therefore,
different aspects of how industries can contribute to sustainability have
been studied (Joung et al., 2012; Lindahl et al., 2014). One such aspect
regards transformation from traditional product provision to perfor-
mance based innovations such as Product Service Systems (PSS) (Mont,
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2002), Through-life Engineering Services (TES) (Roy et al., 2013) and
Functional Products (FP) (Alonso-Rasgado et al., 2004) – the latter of
which is targeted in the research presented in this paper. Amongst these
business concepts, a defining feature of FP is its total care guarantee,
incentivizing and empowering the provider to consider the whole
value-chain in a life cycle perspective when developing solutions.
Within the area of life cycle simulation, there exist some pioneering
work regarding evaluation of environmental and economic impact e.g.
Johansen et al. (1997) and Umeda et al. (2000). However, in these
examples the flexibility and level of detail of the support system is
limited. In addition, Fujimoto et al. (2003) illustrated, through simu-
lations, the potential of service oriented products in terms of both en-
vironmental load and business opportunities. Simulation has been
widely used to model the environmental performance of product life-
cycles, for example in cement manufacturing (Gäbel et al., 2004), due
to its flexibility and ability to perform detailed analysis. Garetti et al.
(2012) proposed a reference architecture for life cycle simulation for
PSS which included both a product model and a service model instance.
They concluded “the use of simulation for the virtual emulation of a
service network could offer strong support to engineers to develop a
comprehensive PSS.” Tukker (2004) performed a qualitative evaluation
of the economic and environmental sustainability characteristics of
eight types of PSS. The conclusion was that most PSS types will likely
result in marginal environmental improvements at best and that the
idea that PSS development will automatically result in an environ-
mental-economic win-win situation seems to be a myth. The exception
was the PSS type known as functional results, where the result rather
than product is sold by the provider, which Tukker deemed most pro-
mising in environmental terms primarily due to the greater freedom for
the provider to design a low-impact system. FP is most closely related to
functional results PSS (also known as result-oriented PSS), however FP
is constituted by a specifically developed integration of hardware,
software, service support system and management of operation
(Lindström et al., 2012) and places greater focus on the delivered
function rather than enabling constituents (Lindström et al., 2014).
Under FP, customers enter a contract that gives the provider freedom to
choose the appropriate solution to achieve the agreed upon function-
ality for the customer industrial applications. The provider retains
ownership of all constituents and the contracts stipulate performance-
based guarantees (e.g. functional availability) to incentivize the pro-
vider to meet the functional performance levels required by the cus-
tomer. On the other hand, under traditional product provision, custo-
mers themselves choose and take ownership of the product
constituents, by purchasing them from the third-party providers, to
provide the required functionality for their industrial applications.

Retention of ownership of all product constituents by the provider
under FP, and hence the responsibility for them throughout the product
lifecycle, also generates new incentives and possibilities, which has also
been shown in servicizing contracts (Reiskin et al., 1999). In contrast to
traditional business models, income in FP businesses is generated only
through the provision of functionality leading to incentives for the
provider to be as resource efficient as possible (Alonso-Rasgado et al.,
2004), for example by sharing resources across multiple customers.
Further, by retaining ownership the provider has the possibility to
upgrade, reuse, remanufacture, down cycle and recycle the constituents
to remain resource efficient over the life cycle (Mont, 2001). These
efficiency improvements can then be shared within the FP value chain.
In addition, other tangible and in-tangible values are typically gener-
ated through FP innovations (risk sharing, partnerships, even cash flows
etc.) which hence promotes sustainable value chain win-win over the
life cycle (Lindström et al., 2014).

Although qualitative research exists indicating sustainability ad-
vantages by transformations into FP businesses (Functional
Productization) there is still a lack of quantified results (Markeset and
Kumar, 2005; Brännström et al., 2001). One reason for this is that very
few FP businesses exist (i.e. where the constituents have been

specifically developed for FP provision) that could generate real data as
evidence. In addition, many contributions utilize quite general sus-
tainability impact assumptions (e.g. assumed differences in durability
between products when leased or sold (Agrawal et al., 2012)), hence
the relationships to the physical events vanish, resulting in limited
validity. However, a possible strategy to quantify sustainability gains is
to explicitly model the functional provision events that occur when FP
and alternatives are implemented and then measure the resultant dif-
ferences in economic and environmental impact. To make a fair com-
parison, the different scenarios should all be optimized and evaluated at
the same level of production and with equal boundary conditions. Such
a fair comparison is lacking in existing literature. Research has pre-
viously been published on modelling and simulation FP constituents to
predict measures other than sustainability e.g. hardware availability
(Löfstrand et al., 2014) and service support system costs (Kyösti and
Reed, 2015), and also on how to integrate constituents in simulation
models to assess and optimize these metrics (Löfstrand et al., 2011).
However, despite the existence of these prediction strategies, there still
exist no results quantifying the sustainability improvements, if any, that
result from Functional Productization. Therefore, the hypothesis for this
research is that:

Transformation from traditional product trade to FP can simultaneously
improve economic and environmental sustainability.

Thus, the objective for this paper is to provide evidence to justify
this hypothesis. The study is limited to one scenario based on a real
industrial situation and excludes the social sustainability dimension.

2. Research approach

To provide quantitative evidence of sustainability improvement
through Functional Productization a hypothesis testing approach was
applied (Spector, 1981). To test the hypothesis, the characteristics of
business cases representing the transition from traditional to FP must be
identified and indicators of economic and environmental sustainability
performance must be measured for each. These measures can then be
compared between the cases to detect whether Functional Productiza-
tion leads to economic and environmental sustainability improvements.
Industrial situations that would enable direct and fair comparison be-
tween functional provision and traditional product trade do not cur-
rently exist. This could possibly be solved by developing FP at some
existing industry, which could then be studied when provided to cus-
tomers to obtain empirical evidence. This strategy was considered as
infeasible due to time limitations, complexity of establishing compar-
able situations and lack of possibilities to control the study. Therefore, a
model approach based on an existing industry situation was selected for
the research presented in this paper.

Aligned with previous research presented (Kyösti and Reed, 2015),
a hydraulic drive business-to-business (B2B) value chain including a
fleet of process industry customers and applications were selected for
the common scenario. The data needed to set up the scenario was
collected by a systematic analysis of existing information regarding
value chains in manufacturing and process industry from previous re-
search projects carried out within VINNOVA Excellence Centre the
Faste Laboratory since 2007. In particular, material from interviews
and workshops with personnel at a hydraulic drive manufacturer in
Sweden as well as with personnel at some of their customers was
considered. To further ensure scenario relevance, the current hydraulic
value chain was thoroughly analyzed. For confidentiality reasons, a
tentative value chain was developed based on current hydraulic drive
value chains.

Several intermediate business models exist between the extreme
traditional and FP cases outlined in the introduction, representing the
transition in responsibility, choice and ownership of the functional
provision constituents from the customer to the provider. It was decided
that four cases representing different progression steps toward provi-
sion of FP should be modelled. Three existing business cases, which will
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be referred to as the traditional cases, that represent the transition to-
ward FP were found when analyzing the existing value chain. Since
implementation for the FP case does not currently exist, a fourth case
was developed to represent this based on existing knowledge on FP
(Lindström et al., 2015). The characteristics of these four cases were
identified and are discussed in Section 3.

The hypothesis testing requires simultaneous evaluation of eco-
nomic and environmental sustainability. For a fair comparison, it is
necessary to compare optimal outcomes between the four cases. Due to
the large solution space and dual dimensions of economic and en-
vironmental sustainability performance, the use of a multi-objective
heuristic search technique was deemed necessary to find high quality
solutions in reasonable time frames. With multi-objective optimization,
the aim was to find Pareto optimal solutions, thus giving an output
representing solutions with the best available trade-offs between eco-
nomic and sustainability performance. Various optimization meth-
odologies and implementations were considered and tested, including a
simulated annealing heuristic algorithm (Kirkpatrick et al., 1983) and
the multi-objective genetic algorithm from the Global Optimization
Toolbox within the MATLAB software (MathWorks, 2017). The NSGA-II
genetic algorithm (Deb et al., 2002) was eventually chosen as it per-
formed best in terms of the fitness and spread across the Pareto front of
the solutions found. It is important to note that the method does not
guarantee that the absolute optimal solutions will be found, however
the NSGA-II algorithm has been shown to consistently find solutions
that are close to the true Pareto curve in numerous benchmark test
problems (Deb et al., 2002).

A literature review was conducted to support the choice of eco-
nomic and environmental sustainability performance indicators. It
found that common environmental sustainability indicators were: ma-
terials, energy, water, emissions, waste, and biodiversity while common
economic sustainability indicators included economic performance,
investors, profit and value (Arena et al., 2009; Delai and Takahashi,
2011). However, to facilitate clear comparison between the cases,
single indicators for each of environmental and economic sustainability
must be chosen. For quantitative measurement of the indicators in each
case, the events that contribute toward them in the scenario over the
life cycle of functional provision such as vehicle travel, component
manufacture, spares inventory storage, equipment energy consumption
must be modelled.

The development of a discrete event simulation model (Leemis and
Park, 2005) was chosen for this purpose since it ideally suited to
modelling complex value chains involving random processes where
changes in state occur at discrete points in time (e.g. component failure,
arrival of a spare part and repair completion). The choice of economic
and environmental sustainability indicators, development of the dis-
crete event simulation model and implementation of the optimization
heuristic for quantitative comparison of Pareto optimal solutions be-
tween the four cases is described in Section 4.

3. Scenario and cases

As shown in Fig. 1, the analysis of environmental and economic
impact was conducted through a comparison between four cases in the
same business-to-business (B2B) scenario. The B2B scenario consisted
of a provider of hydraulic drive systems and set of process industry
customers based in a region of Sweden with industrial applications that
require the provision of rotational power, within a limited speed and
torque range. The B2B scenario was constrained to a single provider
since, in general, the functional provision from different providers are
isolated and therefore can be considered separately without altering
sustainability impact. In contrast, the scenario set up was extended to
cover multiple customers since it was considered important to capture
the influence on sustainability impact from the interactions due to the
sharing of resources between customers.

The sustainability impact analysis was based on considering certain

consumption of external resources within the B2B Scenario and certain
process core product under four different cases. Therefore, the internal
negotiations, i.e. payments and penalties fee, provision of hardware,
service etc. between the provider and customers are not of interest for
this study. Thus, by altering constraints (e.g. available choices for lo-
cations of spare parts, locations of service support site and hardware
system specifications) and knowledge available for use during optimi-
zation (e.g. reliability performance of particular hardware systems
under the demands of particular functional applications), the following
four cases were generated: Traditional case 1, 2, 3 and Functional
product.

The sustainability impact analysis included all the hardware events
from manufacture to disposal (but excluded earlier events such as de-
velopment and manufacturing setup) and all the provision events ex-
cept support site setup and closure. The four cases represent the tran-
sition from traditional to FP and the positioning of each in terms of
ownership and knowledge of the solution is illustrated in Fig. 2.

In traditional case 1, it was assumed the customers have only lim-
ited knowledge of the performance in their applications of the available
solutions and thus made their decisions based on lowest purchase cost.
Whilst customers will often understand their industrial applications
very well, due to it being a fundamental part of their business, their
knowledge of the available solution constituents is often outside the
core competencies of their business and, additionally, certain knowl-
edge may be proprietary or kept secret by the provider for commercial
reasons. For example, providers may present customers with general
information on product reliability such as mean time to failure (MTTF)
under a standardized usage demand but would not usually give detailed
information that enables a customer to determine failure rates under
the stresses of operational profiles belonging to specific applications.
Since in traditional case 1 the customer owns the hardware and support
services they purchase, it was also assumed they were unable to take
advantage of any optimizations that might be gained from coordinated
choices across different industrial applications and customers. For the
same reasons, it was also assumed each customer kept spares locally for
their own exclusive use. Traditional case 1 is representative of a very
common procurement arrangement within industry at the present time.

Traditional case 2 is the same as traditional case 1 except that the
provider retains ownership of the solutions purchased by the customers
thus allowing the provider to share spares across customers. This is
therefore similar to a leasing arrangement, where customers choose the
solution specification they desire but never own them.

Traditional case 3 was the same as traditional case 1 with the dif-
ference that customers are assumed to have full knowledge of the
performance of the available solutions in their applications. This is
therefore a best-case scenario for customers procuring functionality
through purchase and ownership, representative of cases where the
available solution technologies are well-known (i.e. not innovative or
state-of-the-art) to the customer and customers have comprehensive
knowledge and experience in operating them within their applications.

Finally, the functional product case represented the FP arrangement
where the provider is assumed to have freedom to choose the solution
constituents for each customer and retain ownership of the solutions.
These freedoms allow a provider to utilize their comprehensive and
intimate knowledge of the solution, together with information on the
functional applications that are shared by the customers, to deliver
highly optimized solution constituents for the functional provision. For
the functional product case it is also assumed that retention of owner-
ship of the solution allows the provider to rationalize, pool and share
the solution constituents, such as spares, across the customer base.

4. Calculation

To quantify sustainability differences between the four cases, a
model for quantifying the predicted sustainability of solutions in an
example scenario was constructed and is described in this section.
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4.1. Scenario conceptual model development

A scenario was developed consisting of a set of customers from the
process industry, located across the north of Sweden, with industrial
applications that require rotational power (comprising torque and
speed) and a provider of hydraulic drive systems. For the example
scenario, 20 customer functional applications requiring rotational
power at distinct locations distributed across the north of Sweden were
defined. For each customer, unique functional requirements in terms of
rotational torque, speed and operating durations were defined. The
types of industrial applications represented by these requirements in-
clude conveyors, crushers, mills and rotary kilns. Data on the customer
locations (and driving times and distances between them) and the
functional requirements of the industrial applications can be found in
A.1 and Table B.1 of the supporting information. A conceptual model of
the provider product elements (comprising hardware, software, services
and management of operation) used to provision functionality to the
customer applications was also constructed. For the example scenario,
the provider delivers solutions for rotational power by provisioning
hydraulic drive systems, comprising hardware and software, and

support services.
Hydraulic drive systems are suited to provide rotational power to

industrial applications that require high torque and low speed with
several advantages over the main alternative, electric motors coupled
with a gearbox, including: near constant torque throughout speed
range, low inertia and ability to cope with shock loads as well as fre-
quent stops and starts. The three major component types in the con-
sidered hydraulic drive systems are electric motors, hydraulic pumps
and hydraulic motors. Real world hydraulic drive systems include
several other auxiliary components, however to simplify the analysis in
the modelled scenario, the reliability, efficiency and sustainability im-
pact from all other components and software were not considered. This
include those components within the power supply, control, piping,
filtration, cooling, charge pump and condition monitoring systems.

Three specifications of electric motors of differing maximum power
output were defined as being offered by the provider (data on these
specifications is provided in Table B.2 of the supporting information).
The efficiency (i.e. ratio of the mechanical power at the driveshaft to
the input electrical power) and failure rate of these motors varies ac-
cording to the power output operating point (these variations are de-
scribed by plot in Fig. B.1 of the supporting information). For the hy-
draulic pumps, five different specifications were defined as being
offered by the provider with differing maximum output flow rates (data
on these specifications is given in Table B.3 of the supporting in-
formation). The efficiency of these pumps (i.e. ratio of the output fluid
power to the input mechanical rotational power from the electric
motor) and failure rate varies according to the output flow rate and
pressure at which they operate (these variations are described by the
plots in Figs. B.2 and B.3 of the supporting information). Eight different
hydraulic motor specifications with differing displacements, maximum
speeds and maximum pressures were defined as being offered by the
provider (data on these specifications is given in Table B.4 of the sup-
porting information). The efficiency of a hydraulic motor is comprised
from the volumetric loss, pressure loss and mechanical efficiency. These
efficiencies, as well as the failure rate vary according to the operating
point in terms of flow rate and pressure (these variations are described
by the plots in Figs. B.4 and B.5 of the supporting information). From
these component specifications, eight different hydraulic drive system
configurations were defined (data on these specifications is provided in
Table B.5 of the supporting information). Furthermore, the modelling
assumption was made that the drive system includes a condition
monitoring system, comprising of sensors and data stream analysis
software amongst other components, that detects when any of the
major components has failed and responds by shutting the system down
and notifying the maintenance service provider. The number of these
drive system specifications that can provide a given speed and torque
output from the hydraulic motor are shown in Fig. 3.

A mathematical model of the operation of a drive system was

Fig. 1. – Scenario and cases.

Fig. 2. – Positioning of the four cases in terms of knowledge and ownership of
the chosen functional provision solutions for customer applications.

S. Reed et al. Environmental Impact Assessment Review 70 (2018) 71–80

74



developed from fundamental hydraulic relations (see e.g. Yeaple
(1995)) to calculate the operating point of each component in a system
(and hence determine the corresponding efficiencies and failure rates)
based on a specified speed and torque output along with the system
configuration and the data defining the specifications of the constituent
components. This shows that there are multiple choices of system
specification that can perform in certain speed and torque operating
regions, with the number of choices increasing as the required torque
and speed decreases as would be expected.

Since components within the installed systems can fail during op-
eration, maintenance service support is necessary to ensure long-term
functional availability over the 10-year period studied in the example
scenario. In the example scenario, the customer or provider operate
support sites where spare components for replacing those that fail are
held in inventory. These support sites are located adjacent to customer
sites and may supply spares to one or more customer applications, with
each customer application obtaining spares exclusively from a single
site. The provider manufactures all components for the installed sys-
tems and spares inventory, then delivers the systems and spares to the
customer and support sites at the start of the operational period. Upon
receipt of notification of a component failure from the condition
monitoring system of an installed system, the earliest available com-
ponent of matching specification is removed from the assigned spares
inventory once available in inventory and delivered by motor vehicle to
the site at which the failed component is installed.

The customer technicians then replace the failed component with
the spare, restoring functionality to the hydraulic drive system. The
provider then delivers the failed component back to the support site by
motor vehicle, from where it is returned to the provider for

remanufacture. Once remanufactured, the provider is delivered back to
the customer and added to the available spares inventory. Fig. 4 shows
the timeline of events involved in the replacement and remanufacture
of a failed component from the point of failure. The mean times for
replacement of a failed component with a working spare for the dif-
ferent component types are given in Table B.6 of the supporting in-
formation.

The mean waiting time for a spare to be available in inventory when
a demand occurs was calculated using the Erlang C queueing model
(Gautam, 2012) as a function of the mean demand rate, the mean time
for replacement of a spare in inventory and the number of spares. Ten
different service levels were defined as available from the provider for
the operation of each support site, where each level specifies the
maximum allowable mean waiting time for spares ranging, from 10
available options ranging from 3min to 5 h mean waiting time (see the
plot given in Fig. B.6 of the supporting information).

The key events involved in the functional provision that may have a
sustainability impact were identified as follows:

• Manufacture of electric motor, hydraulic pump or hydraulic motor
components for an installed system or spare.

• Operation of an installed system to provide functionality for a cus-
tomer functional application.

• Storage of a component in spare inventory at a support site.

• Delivery by motor vehicle of a component (either spare or failed)
between a support site and a system installation site.

• Failure of a component during operation of an installed system.

• Replacement of failed component with a spare of the same specifi-
cation.

• Remanufacture of a component.

4.2. Sustainability Impact Measurement

In line with Abramovici et al. (2014) the single indicator “CO2

emissions” was chosen to quantify the environmental sustainability
impact. CO2 emissions can be related to many other sustainability in-
dicators (CO2 equivalents), making this a fair choice. To quantify the
CO2 equivalent, numerous and disparate sources must be combined. In
this model, the sources related to CO2 emissions are: travelled distance,
production-related energy consumption, hardware manufacturing and
hardware remanufacturing. Hence,

= + + +CO CO CO CO CO2 2 2 2 2total energy travel manufacture remanufacture

Economic sustainability impact was assessed by the expected value
for the overall financial cost of the combined solution across all cus-
tomer applications. The impact equivalent 1000 Swedish Krona was
used as single indicator influenced by costs related to energy, down-
time, travel, spares inventory, component replacement, hardware
manufacturing and hardware remanufacturing. Hence,

Costtotal= Costenergy+ Costdowntime+ Costtravel+ Costspares-
inventory+Costcomponent-replacement+ Costmanufacture+ Costremanufacture.

To derive quantitative sustainability impact predictions from the
model, input data for the sustainability impact of individual events

Fig. 3. Hydraulic drive system selection diagram showing the number of system
specifications that can operate at different speed and torque outputs.

Fig. 4. Timeline for maintenance service provision after component failure.
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involved in the functional provision had to be derived. Whilst the exact
sustainability impact of events was not critical provided that identical
data was used for all compared cases, relevant data sourced from the
public domain was used to increase realism. Data on the derived sus-
tainability impact values are given in the supporting information, see
Table B.7 for those corresponding to the event of system downtime and
Table B.8 for those corresponding to the events of component manu-
facture, remanufacture, annual storage in spares inventory and re-
placement with a spare after failure.

4.3. Model implementation

In this section the implementation of the model and optimization
strategy as a software code are briefly described.

4.3.1. Implementation of the functional provision model
A discrete event simulation (Leemis and Park, 2005) implementa-

tion of the conceptual model was developed in the C# programming
language (Hejlsberg et al., 2010).

The simulation model consists of integrated models for hydraulic
drive operation and service support provision. The simulation model for
hydraulic drive system operation is based on the model from Reed and
Löfstrand (2015). This model, used to determine failure rates and en-
ergy consumption for a given combination of specification for the in-
stalled drive system and demand profile for torque and speed from the
functional application, simulates the integrated operation of compo-
nents according to governing hydraulic equations and component size
and efficiency specifications (Hillbom, 1997). The service support
provision model simulates the sequence of events shown in Fig. 4 that
occur within the support network after a simulated failure of a com-
ponent in an installed drive system to recover system availability. The
events for the manufacture and installation at customer sites of the
drive systems at the start of the simulation period and the spares in-
ventory logistics, to determine spares availability and delays, are also
modelled within the service support element of the simulation model.
Each simulation trial simulates a possible outcome, in terms of the
events that occur, for the functional provision over a 10-year period.
During each trial, the sustainability impact in the economic and en-
vironmental dimensions from those events is recorded and total values
for the 10-year period are then calculated. Expected values for the
economic and environmental sustainability impact are then estimated
as the average impact over repeated simulation trials. An overview of
the discrete event simulation process is shown in Fig. 5.

A difference from existing lifecycle simulation models, such as those
from Fujimoto et al. (Fujimoto et al., 2003) and Gäbel et al. (Gäbel
et al., 2004), lies in the explicit modelling of the distributed support
network (as suggested by Garetti et al. (2012)) and of the interaction
between each customer's unique functional requirement and the per-
formance of the installed hardware system. This facilitates analysis of
the impact on sustainability from differences in the extent of rationa-
lisation of chosen hardware and support sites that occur in the transi-
tion from traditional to FP arrangements.

4.3.2. Implementation of the optimization model
To conduct a fair comparison between the cases, the Pareto optimal

solutions in terms of economic and environmental sustainability impact
must be found. An implementation of the NSGA-II (Deb et al., 2002)
multi-objective genetic algorithm was used for this purpose.

Solutions were encoded as genomes (see Fig. 6) comprising of a
sequence of integers representing the choices of hardware system,
support site and minimum service level for each customer functional
application (with actual service level at each support site then defined
as the maximum service level across all functional applications sup-
ported by that site).

The variables that were set as free for optimization and those that
were fixed were set differently for each case so that the resultant

optimal solutions corresponded to those that would occur with the
constraints of that B2B scenario (see Section 3). In traditional cases 1
and 2, the hardware system with the lowest manufacturing cost from
the feasible set for each application was set as a fixed choice. In con-
trast, for traditional case 3 and the FP case, the choice within the fea-
sible set was set as a free variable for optimization. For traditional cases
1 and 3, the local support site was set as a fixed choice for each cus-
tomer functional application. In traditional case 2 and the FP case
however, the choice of support site for each customer functional ap-
plication was set as a free variable for optimization. The minimum
service level for each support site was set as a free variable for all of the
cases.

To begin the optimisation process for a case, an initial population of
random solutions is generated. The economic and environmental sus-
tainability impact are then evaluated for each solution using the si-
mulation model. Following the NGSA-II protocol, the solutions are then
sorted into domination fronts, where the first front consists of com-
pletely non-dominated solutions (i.e. they are Pareto optimal such that
no solution is better in terms of all performance objectives), the solu-
tions in the second front are dominated only by those in the first front
and so on for subsequent fronts. A crowding distance score is also
calculated for each solution based on its proximity to neighbouring
solutions in the same front in terms of objective function values. Parent
solutions are chosen using Binary tournament selection (Miller and
Goldberg, 1995), where pairs of solutions from the current population
are selected at random and the solution from the lower domination
front chosen as the parent solution or, if the compared solutions both
from the same front, then the solution that had the largest crowding
distance. The crowding distance metric therefore helped to ensure a
wider spread of solutions across the Pareto front. Single-point crossover
and random bit flip mutation were then used to generate offspring so-
lutions from the selected parent solutions, following the standard ge-
netic algorithm process (Srinivas and Patnaik, 1994). Solutions from
the current generation and offspring were then combined and the next
generation is formed by filling each domination front until the popu-
lation size reaches the desired size. This process is then repeated for the
desired number of generations at which point the Pareto optimal so-
lutions are output as the result of the automated design synthesis pro-
cess.

The settings for the NSGA-II algorithm were chosen as follows based
on recommended settings for genetic algorithms (De Jong and Spears,
1991) and trial and error: population size of 120, cross-over probability
of 0.6, mutation probability 0.02 and number of generations of
100,000.

4.4. Solution generation

For each case, generating the Pareto optimal solutions took ap-
proximately 5min using a standard desktop computer. The economic
and environmental sustainability impact for the Pareto optimal solu-
tions were plotted for each of the four cases. A representative solution
was also chosen for each case to enable comparison of the contributors
to sustainability impact and identification of any differences in the
solution properties.

5. Results

The predicted economic and environmental sustainability impacts
for the Pareto optimal solutions corresponding to the four cases are
plotted in Fig. 7. It shows that there is a clear hierarchy between the
cases in terms of sustainability impact: traditional case 1 is the least
sustainable, traditional case 2 is more sustainable particularly in the
environmental dimension, whilst traditional case 3 is the most sus-
tainable amongst the traditional cases. However, the FP case shows the
best results in terms of sustainability, featuring solutions within its
Pareto set that have significantly lower environmental and economic
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impact than any of those from the traditional cases. Comparing the best
solutions of all cases for the two sustainability dimensions individually
the FP case shows between 5 and 10% better economic sustainability
and between 4 and 14% better environmental sustainability than the
traditional cases. This is to be expected, due to the greater freedom for
optimization under FP from the transfer of responsibilities to the

provider who can utilize intimate knowledge of the hardware systems
and share service support resources across customers to achieve better
performance across the set of functional applications. However, whilst
the advantages of these freedoms have been anticipated in the litera-
ture, this is the first quantitative demonstration.

A single solution from the Pareto set of each case was selected, as
shown in Fig. 7, for further analysis of the areas from which economic
and environmental impact was incurred. Fig. 8 and Fig. 9 show the
contributors to economic and environmental impact respectively for the
selected solutions from each of the cases. They show that for all cases in
the example scenario, energy and downtime are the highest con-
tributors to economic impact, whilst energy and hardware manufacture
are the highest contributors to environmental impact. Manufacture also
contributes significantly to both economic and environmental

Fig. 5. Overview of the discrete event simulation process.

H1 … H20 C1 … C20 S1 … S20

Fig. 6. Genome representing a solution to the customer functional require-
ments, where Hn is an integer representing the choice from the feasible set of
hardware for functional application n, Cn is an integer representing the choice
of customer support site for functional application n and Sn is the minimum
service level for support of functional application n.
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sustainability due to the high cost and amount of materials and pro-
cessing involved in the production of the drive systems.

Hardware remanufacture and storage of spares in inventory each
give a small contribution to economic impact, whilst travel and com-
ponent replacement have negligible impact for sustainability in the
example scenario. Energy has a considerable impact on sustainability in
the example scenario, since although the impact per kilowatt hour
consumed is very low and drive systems are efficient, the functional
applications in the example scenario require sustained high power
outputs. Downtime is also a major contributor to economic impact in
the scenario, despite the high reliability of the drive systems, since the
functional applications are critical to the operation of the customers'

businesses. The contributions to sustainability from component re-
placement, remanufacture, travel and inventory storage are small pri-
marily due to the hydraulic drive systems having high reliability thus
meaning that service support involving component replacement and
remanufacture occur only infrequently and small component in-
ventories at each support site are sufficient for maintaining high
availability.

Comparing the selected solutions from the four cases, traditional
cases 1 and 2 have higher economic and environmental sustainability
impact from energy consumption than the other cases due to the use of
the hardware systems with the lowest manufacture cost amongst the
feasible set which may not be the most energy efficient in the

Fig. 7. Plots of the economic and environmental impact for the solutions from the Pareto optimal set for each case.

Fig. 8. Plot of economic impact from selected solutions for each case.

Fig. 9. Plot of environmental impact from selected solutions for each case.
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applications. In terms of the economic impact from downtime, tradi-
tional case 2 is the worst and significantly higher than traditional case 1
which in turn is higher than in traditional case 3. The higher economic
impact from downtime in traditional case 2 can therefore be attributed
to the combination of (1) hardware systems that are lowest cost rather
than optimized for reliability and (2) extended restoration times when
failure occurs due to the use of non-local shared support sites causing
delays obtaining spares and longer spare inventory replacement times.

Whilst the FP case also uses non-local shared support sites, the
economic impact from downtime is only slightly worse than in tradi-
tional case 3 with local spares. This is due to the ability of the provider
in the FP case to optimize hardware system choice for reliability and
rationalize the choices across customer functional applications such
that they share common specification spares, thus offsetting the impact
from increased downtime caused by waiting for spares in inventory. For
hardware manufacture, traditional cases 1 and 3 have notably higher
economic and environmental sustainability impact than the other cases.
Fig. 9 compares the total number of hardware components manu-
factured for spares inventory across all support sites for the selected
solutions from each of the cases. It shows that traditional cases 1 and 3
results in a larger number of spare parts due to the use of local support
sites with isolated spares inventories, explaining the higher sustain-
ability impact from hardware manufacture in these cases. Another
finding was that the hardware system specification for every customer
application varied between the selected Pareto optimal solutions in
each case, for example the chosen hardware was different for 65% of
the customer applications when comparing the selected solutions in
traditional case 1 and the FP case Fig. 10.

6. Conclusions

Based on existing research, the hypothesis that Functional
Productization could simultaneously improve economic and environ-
mental sustainability was formulated, in part due to the freedom of
choice for the provider and retained ownership of solutions. To fairly
test this, a simulation modelling approach was developed to compare
Pareto optimal solutions at different stages of the transition to
Functional Products. This was applied to analyze four different cases in
one example scenario (i.e. same for all cases) within northern Sweden
involving a hydraulic drive provider and set of customers with rota-
tional power applications. The four cases represented the transition
from traditional products to FP, with the results showing a substantial
advantage in both economic and environmental sustainability for the
FP case in the scenario.

These results provide quantified evidence that when a provider is
given the freedom to choose the product constituents and will be re-
sponsible for the costs of functional provision through an FP arrange-
ment, sustainability benefits can be obtained compared to the

traditional arrangement – thus indicating that the hypothesis is justi-
fied. In scenarios where the same dual advantages exist of increased
scope for optimization through use of the provider's superior knowledge
of solution performance and freedom of the provider to rationalize the
service support system across customers, it is expected this result will
also hold. The variation in hardware system from the Pareto optimal
solutions between traditional and FP cases found in the example sce-
nario indicates that FP businesses might also benefit from developing
specific hardware, an interesting area for future research.
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Formal conceptual definition of “Functional 
Product” 

 
 
Abstract: 
 
“What business are you really in?” This is a thought-provoking question that research has posed to 
businesses that struggle to sustain pressure under tough market competition. The answers to this 
question have triggered some industries to rethink their business models and strategies. Since the 
mid-1900s, regardless of the nature of the industry or industrial set-up, the focus of businesses started 
to shift towards more innovative and sustainable business concepts, which nowadays are called, e.g., 
servitization, Product-Service Systems, Functional Products and availability- or performance-based 
business models. In the existing research various closely related business concepts emerged, resulting 
in a “jungle of terms”. This paper proposes a unique formal conceptual definition of Functional 
Products. In relation to theoretical relevance, the paper provides implications for a Functional 
Products theory building. In terms of the managerial relevance, the result of the paper delivers a 
clearer picture of what a Functional Product is when considering various business alternatives. 
 
Keywords: Functional Product, business concept, formal conceptual definition, differentiation 

1. Introduction 
The beginning of evolutionary change in managerial thinking can be traced back to the mid-1900s. 
Research has shown that some industries have struggled to boost turnover and generate profits due 
to a failure of management to define the specificity of their business (Keith, 1960; Levitt, 1960; 
Levitt, 1980). Levitt (1960) posed the thought-provoking question for corporations “what business 
are you really in?” and suggested that corporations would achieve better success by gauging 
customer needs.  From the mid-1900s onwards, regardless of industry or industrial set up (e.g., B2B 
or B2C), corporations have started exploring new market opportunities to prosper and maintain 
competitiveness. This has resulted in a shift from traditional product and service selling towards 
business concepts where products and services are integrated in a sustainable and innovative way 
(Lindahl et al., 2014; MacArthur and Waughray, 2015; Reed et al., 2018; Vandermerwe and Rada, 
1988).  One of the notable pioneers in the business shift towards performance-based business models 
was Rolls-Royce, who introduced the “power-by-the-hour” model in 1962. They were followed 
by other corporations, for example, Cisco, IBM, Philips, and Electrolux, who introduced the 
concept of “pay per wash” (MacArthur and Waughray, 2015). 
 
By 2018 the body of the literature concerning the business concepts in which products are 
integrated with services and further advanced business concepts like availability- or performance-
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based ones, expanded tremendously. This has given rise to some confusion in managerial circles as 
well as within the academic establishment.  Park and Lee (2009) highlighted the fact that a variety 
of business concepts resulted in a “jungle of terms”.  For example, Annarelli et al. (2016), Boehm 
and Thomas (2013),  Kowalkowski et al. (2017),  Lindström et al. (2015) and  Park and Lee (2012) 
referred to a few dozen closely related terms of business concepts such as System selling, Bundling, 
Product-Service Systems (PSS), Servicising, Extended product, Service Package, Extended product, 
Integrated Solutions and Functional Product/Total Care product, etc. Further, Boehm and Thomas 
(2013) concluded that there is a need for further clarification of terminology, in such way that 
business concepts should be either integrated under one umbrella term or clearly separated.  
 
In order to do this, Park and Lee (2009) attempted to coin “Integrated Product Service” (IPS) as 
an umbrella term for any concept “into which products and services are integrated, regardless of 
type, purpose, and features” (p.1). By 2009 and later in 2012, thirteen various concepts were 
grouped into marketing-oriented and engineering-oriented IPS terms (Park et al., 2012; Park and 
Lee, 2009). Yet, the IPS taxonomy and typology has not been accepted broadly in either the 
research or the business communities. This may indicate that research intends to differentiate 
business concepts rather than put them under an umbrella term. 
 
There exists extensive research which strives to clarify terminology of existing business concepts. 
Recently, Annarelli et al. (2016) suggested a “complete” definition of Product Service Systems 
(PSS) based on a systematic literature review of more than 200 articles concerning PSS. Following 
a similar approach, Kowalkowski et al. (2017) clarified the term of servitization. Boehm and Thomas 
(2013) have proposed a unified PSS definition by using “definition graphs”. The proposed PSS 
definition was foreseen to be utilized by cross-disciplinary researchers from Information Systems, 
Business Management and Engineering & Design research areas. Functional Products (FP), which 
is in focus in this paper, has previously been defined through its constituents (Alonso-Rasgado et 
al., 2004; Brännström and Thompson, 2001; Lindström et al., 2015), business models (Lindström 
et al., 2013; Reim et al., 2014) and lifecycle aspects (Lindström et al., 2014; Lindström, 2016). Yet, 
a unified and unique FP definition has not been suggested. 
 
Referring to philosophers of science in business and theory-builders, e.g., Dubin (1978), Hempel 
(1952) and Wacker (2004), there is a need for “good” formal conceptual definitions and not just any 
definitions. “Good” conceptual definitions are concisely and uniquely defined concepts that can pass 
test of “good” theory-building, and thus lead to a long-lasting effect in the academic field; “any” 
definition does not. There are also “non-formal” conceptual definitions which are usually called, 
e.g., characteristics, practices and programs and are used for theory testing rather than theory 
building. Referring to Wacker (2004) the formal conceptual definition should be developed first, 
as it limits what an acceptable non-formal definition is. Therefore, literature concerning “good” 
theory building is essential for this study.  
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Within the theory-building literature, strategies have been proposed on how to develop definitions. 
According to Hempel (1952) and Whetten (1989), a “definition” is about most relevant ideas, 
attributes, or factors/aspects, that logically should be a part of the understanding and explanation of 
phenomenon of the interest.  Hempel (1952) further suggested how to formulate the statement of 
a definition with use of these attributes. Podsakoff et al. (2016) introduced a methodology on how 
to develop conceptual definitions. In addition, Wacker (2004) proposed eight rules for a “good” 
formal conceptual definition (see section 5 for more about these). However, the research that 
attempts to clarify the business concept terminology in relation to these fundamentals of the 
definition formulation is very limited. For example, Van Ostaeyen (2014) used these eight rules to 
redefine the PSS and proposed a “good” PSS conceptual definition.  
 
In contrast to approaches used in the existing FP publications, the research presented in this paper 
followed the theory-building literature notions as a framework with the aim to formulate a “good” 
FP formal conceptual definition  
 
The drivers for the work are the following two research questions: 

1. What relevant factors should be considered when defining FP? 
2. What is a “good” FP formal conceptual definition?  

 
The purpose of the research presented in this paper is to enhance the understanding about the FP 
and provide a lasting effect on the research area of availability- and performance-based concepts.  

2. Methodology 
The methodology implemented in this paper was based on Podsakoff et al. (2016), who outlined a 
unique four- stage methodology on how to develop good conceptual definitions. For clarity, the 
step-by-step approach is illustrated in Figure 1. 
 
Stage 1 Identify potential attributes by collecting a representative set of definitions:  
Databases such as Google Scholar, Scopus and Web of Science (Clarivate) were used to search for 
relevant publications concerning FP. To narrow down the search scope, Boolean logic, combining 
the keywords “Functional Product” AND “definition”, was used. The keywords were used for 
searching among paper titles, abstracts and within the paper keywords field. The search in Google 
Scholar resulted in more than ten thousand hits, whilst the search in Scopus resulted in 26 
publications and Web of Science resulted in 45 publications. Further, referring to Wohlin (2014), 
forward and backward cross-reference snowballing of found publications was performed. The search 
process resulted in a list of a total of 150 peer-reviewed conference and journal publications. These 
publications were further scanned for FP definition statements.  The authors considered statements 
that started with, for example,  “FP/s is/are…”, “FP can be seen/viewed as…”, “FP is/can be 
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defined as…”, “FP can be characterized as…”, “FP aims at…”, “The goal with FP is to…” as well 
as abbreviations of FP and its full terms i.e., Functional product/s.  
 

 
 
Figure 1 Stages used for developing a FP formal conceptual definition based on (Podsakoff et al., 2016) 

To ensure that most of the relevant publications were considered and most of the statements 
describing FP were identified, a number of meetings with senior researchers who are authors of a 
number of FP publications have been performed.  
 
Stage 2 Organize the potential attributes by theme and identify any necessary or shared 
ones: 
To display and summarize the list of FP statements a matrix was further used, according to Miles & 
Huberman (1994). Based on Flick (2008), a data analysis technique called “open-coding” was 
implemented to identify and analyse relevant factors to be considered for an FP definition. To do 
this, based on the main idea/message of a particular statement, it has been given a “code”; in other 
words, a “label” (see Appendix A). Further, it has been noticed that some statements have 
highlighted similar attributes. In line with Hempel (1952) and Whetten (1989), who suggested that 
relevant factors that bring sufficient value to the understanding of the phenomenon should be 
included, all identified attributes were grouped into five holistic factors (see section 3).  
 
Stage 3 Develop a preliminary definition of the concept: 
The preliminary FP formal conceptual definition was based on the notions from Hempel (1952) 
and Wacker (2004). Hempel (1952) proposed principles for how to formulate a statement of the 
“essential attributes” and Wacker (2004) suggested eight rules for a good formal conceptual 
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definition. At this stage it was more a matter of syntax development, in order to make FP uniquely 
and concisely defined including all relevant and well-justified factors/attributes (see Appendix B).  
 
Stage 4 Refine the conceptual definition: 
Two focus groups were involved for internal validations and external validation of the proposed FP 
definition. In accordance with Flick (2008) and Ørngreen & Levinsen (2017), the focus groups 
stimulated dynamic discussion as the central source of knowledge and feedback on the subject of 
concern. To verify the proposed FP formal conceptual definition, the empirical study was carried 
out through a discussion with an academic focus group. The focus group consisted of six researchers 
from various disciplines such as mechanical engineering, IT, innovation and entrepreneurship. 
These participants have been involved in several existing publications on FP definition, FP 
development and operation, FP innovation, simulations and optimizations, etc.  The discussion 
group was framed as a face-to-face workshop with possibility for creative and open discussions.  
Guided by ideas from the literature review, the discussion was focused on obtaining verification of 
the identified factors and on further improving the proposed FP formal conceptual definition if 
necessary. As a result, a number of factors were redefined and an FP formal conceptual definition 
was improved.  
  
Further, a focus group with industrial representatives has been involved to validate the FP definition. 
A survey has been circulated to the nine representatives of manufacturing/process companies to get 
external feedback on the proposed FP definition in terms of its formulation and content. Sampling 
of the industrial representatives was based on the network established from one project that focused 
on FP innovation spanning over certain research areas such as knowledge sharing, simulation-driven 
design, distributed collaborative engineering, functional product development process and 
functional product business development.   The project spanned 10 years and involved close 
collaboration between academics and the manufacturing/process industry.  Once all feedback was 
obtained and analysed, the final versions of the FP formal conceptual definition were outlined. 
 
Along the development process of the definition there were two main iterations (see Appendix B). 
The first iteration involved identifying and justifying factors describing the FP. In addition, the 
second iteration involved consideration of the eight rules of a formal conceptual definition and 
feedback was obtained from two focus groups.   

3. Factors of Functional Product definition  
A thorough analysis of literature resulted in five main factors which were used as a base for an FP 
definition, i.e.: sustainability symbiosis (why), business model (how), performance focus (what), 
constituents (what) and lifecycle (what). Each of these factors is described below.  
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3.1. Sustainability symbiosis (FPSS) 

FP sustainability symbiosis (FPSS) corresponds to the question: “Why FP businesses?” The existing 
research has proven empirically that the FP simultaneously has a positive effect on economic and 
environmental sustainability. Reed et al. (2018) showed that transformation from traditional 
product-oriented business into FP businesses has the potential to simultaneously improve the 
economic sustainability by 5-10% and the environmental sustainability by 4-14%. These 
improvements are due to the responsibilities on the part of the FP provider, such as retained 
ownership, who can then further utilize knowledge of the hardware systems and share service 
support resources across various FP customers.  

3.2. Business model (FPBM) 

The FP business model (FPBM) corresponds to the question: “How can an FP provider deliver, 
capture and sustain FP customer values whilst achieving a win-win situation in the value chains?”. 
The FP business model includes five general elements and four specific FP elements, as proposed 
by Lindström et al. (2013). The FP-specific elements are: in-house organization, risk level and 
availability, customer involvement and commitment, and competence/knowhow and relevant 
information for decision -making. Further, it has been found that the management of the risk level is 
an integrator for the FP provider to develop reliable relations with FP stakeholders, which spans 
elements such as external relations (i.e., building and maintaining trust), risk level and availability 
(i.e., risks related to cost versus availability ratio) and recipe for profitability and financial 
sustainability (i.e., profitability and sustainability over time).  
  
Additional research has shown that the most critical business tactics for FP applications are contracts, 
marketing, network, product design and sustainability (Reim et al., 2014). To maximize the 
captured value of the FP offer it is essential to align the business model to contract-related aspects, 
such as responsibility and terms of agreement, formalization and complexity, as well as incentives 
and risk level. The FP marketing strategy is mainly focused on a proper customer value 
communication. This means that the customer focuses on its own core business, since the means of 
providing that business is taken care of by the FP provider (Reim et al., 2014).  

3.3. Performance focus (FPPC) 

FP performance focus (PFPC) corresponds to the question: “What is an FP performance indicator?” 
Depending on delivered function, e.g., thrust-on-wing, mobility or torque per hour/rotations, 
there are various performance indicators. Thus, availability and costs are considered to be key 
performance indicators of FP (Alzghoul et al., 2011; Kyösti and Reed, 2015; Löfstrand et al., 2014). 
The FP system delivers a guaranteed function to a specified level of performance stated in the FP 
contract/agreement. Availability refers to the fraction of total time that an FP system can perform 
its required function (Andrews and Moss, 2002). In other words, availability is the percentage of 
uptime that the function of the hardware is available for utilization during the contracted period. 



 

7 
 

3.4. Constituents (FPC)  

FP constituents (FPC) correspond to the question: “What are manifesting and enabling elements of 
the FP system?” The existing research has suggested the four main constituents: hardware (HW), 
software (SW), service support systems (SSS) and management of operation (MO), together 
enabling a function which is delivered at, e.g., a specified level of availability stated in the FP 
contract/agreement (Lindström et al., 2015). Referring to Alonso-Rasgado et al. (2004) and 
Lindström et al. (2015), the HW is a physical artefact (object, product, equipment), which 
commonly is integrated with SW. The SW includes, e.g., networks and infrastructure, 
communication and SW tools. The SSS comprises activities which enable the FP performance, e.g., 
maintenance, education and training, monitoring and re-manufacturing. The MO is about top 
management and decision-making and includes, e.g., risk management and trust building. The MO 
is a holistic constituent that keeps the HW, SW and SSS integrated and operational (Lindström et 
al., 2015), as shown in Figure 2 below. 
 

Global ICT
infrastructure

HW

SSSSW

MO

 
Figure 2 FP main constituents based on (Lindström, et al., 2015) 

Each of the main FP constituents includes one or more sub-constituents. It has been found that a 
sub-constituent, Network, Infrastructure and (Global) ICT Infrastructure, is an integrator between 
the HW, SW and SSS (Lindström, et al., 2015). It is important to note that all four constituents 
should be developed in a coordinated and dedicated manner. Recent quantitative studies indicate 
that the existing products and services available on the market cannot just be simply combined and 
offered under the FP contract/agreement, following conclusions drawn by Reed et al. (2018). 

3.5. Lifecycle (FPLC) 

Functional Product lifecycle (FPLC) corresponds to the question: “What is an FP lifecycle?” It has 
been proposed that FPLC is a synergy of the technical and the economic lifecycles.  The FP 
technical lifecycle can be divided into HW-, SW-, SSS- and MO sub-lifecycles regarding the 
development and operation phases, while the economic lifecycle is governed by a sustainable win-
win situation between FP provider and customer (Lindström et al., 2014).  
 
In the event that one of the FP constituent malfunctions (i.e., fails, requires maintenance, further 
development) during the operation phase, it does not mean that the whole FP has met the end of 
its technical or economic lifecycle. The malfunctioning constituent changes the status from 
operation to development or stopped (only in case of HW), while other constituents could run 
properly. However, the economic lifecycle may stop the overall lifecycle if it is not properly 
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sustained. The FP economic lifecycle has an acceptable win level (W-level) and an unacceptable 
lose level (L-level) – seen from the perceived provider and customer points of view.  It is important 
to stay balanced within the Win-Win span for both provider and customer. Otherwise, the lifecycle 
is seriously affected and the worst-case scenario is that the FP contract/agreement is terminated 
(Lindström et al., 2014).  
 
Ownership and responsibility of enabling constituents remain with the FP provider throughout the 
lifecycle. Hence, the provider is in full control over actions related to the constituents, e.g., 
development, operation, recycling, downcycling, etc. Such dedication to develop and operate FP 
systems requires long-term business relationships and sustainable win-win situations, which leads to 
business stability within the FP value-chain (Alonso-Rasgado et al., 2004; Parida et al., 2013).  

4. Functional Product definition  
Hempel (1952) suggested that a definition is a statement of the “essential nature” of a subject of 
concern/phenomenon/entity and should meet all its “essential attributes/conditions”. One way to 
formulate such a definition is as follows: 
 

x is an entity if and only if x satisfies all necessary conditions 
 
Thus, in line with Hempel (1952), the authors of this paper have previously identified factors which 
were interpreted as conditions that any business concept has to meet in order to be defined as an 
FP.  Thus, an entity x is an FP if and only if x implies sustainable symbiosis, includes FP constituents, 
follows an FP business model, satisfies FP performance indicators and has an FP lifecycle perspective. 
This can be also expressed in the following form:  
 

FP= f (FPSS, FPBM, FPPF, FPC, FPLC) 
 
If an entity or a business concept does not meet the following factors simultaneously, it cannot be 
defined as an FP. Further, based Hempel (1952), Wacker (2004) and Whetten (1989) and 
considering feedback from research scholars and industrial representatives, a “good” FP formal 
conceptual definition was formulated as follows: 
 

Functional Product is a sustainable business model with focus on throughout-lifecycle function 
provision at a specified performance being enabled by integrated hardware, software, service support system and 

management of operation. 
 
The summary of the FP definition development can be found in Appendix B. Overall, based on 
the feedback from the industrial focus group, the proposed FP formal conceptual definition captures 
the main essence of the concept. However, a number of interesting and relevant discussion points 
have been raised. For example, it was pointed out that there are various interpretations of the term 
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“sustainable” in cross-disciplinary research. We used “sustainable” in terms of economic, 
environmental and social dimensions.  As demonstrated by Reed et al. (2018), FP has the potential 
to affect both economic (cost) and environmental (resource efficiency) sustainability in a positive 
way; this implies that FP may also influence social sustainability in a good way.  Thus, the well-
being of the current and future population is commensurate with wealth in today’s prosperous 
markets. 
 
Another comment raised in the industrial feedback was the usage of “business logic” instead of 
“business model”. From the authors’ point of view, “business logic” seems to have more of a holistic 
meaning (cf. Osterwalder et al., 2005). However, the existing literature suggests that the business 
logic is a part of the business model. Osterwalder at el., (2005, p.5) defined a business model as “a 
conceptual tool that contains a set of elements and their relationships and allows expressing the business logic of 
a specific firm. It is a description of the value a company offers to one or several segments of customers and of the 
architecture of the firm and its network of partners for creating, marketing, and delivering this value and 
relationship capital, to generate profitable and sustainable revenue streams”. Thus, it has been agreed that 
the FP would be defined as a sustainable business model.  

5. Functional Product definition in light of eight rules for 
“good” formal conceptual definition 

The proposed FP conceptual definition in section 4 includes all relevant factors which could be 
justified through the existing literature.  A description of each rule proposed by Wacker (2004) and 
how the proposed definition has been fulfilled is presented below in Table 1.  
 
Table 1  Assessment of FP definition 

Rules How particular rule has been fulfilled 
Rule 1 (Replaceability) primitive 
and derived terms should be used in 
definition as well as definition should 
follow “the rule of replacement”. 
This means, that the definiens (terms 
used to define a concept, which does 
the defining) of concept can be 
substituted in any sentence for the 
definiendum (the term being 
defined) without changing the 
sentence’s meaning.  

− As much as possible of primitive and derived terms are 
used. To fulfil the “rule of replacement” a context 
sentence is required, for example: “Functional Product 
receives increasing interest in manufacturing industry”. 

− In the proposed FP definition: 
• Definiendum is “Functional Product” 
• Definite is  “ a sustainable business 

logic…management of operation” 
− Thus, inserting “a sustainable business 

model…management of operation” instead of 
“Functional Product” in the example sentence does 
not change the meaning of the sentence.  
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Rule 2 (Uniqueness) Definitions 
should be unique. It should exclude 
(as many as possible) shared terms 
with other definitions to reduce 
confusion with related concepts.  
 

− Van Ostaeyen (2014) proposed the following a good 
PSS formal conceptual definition: “a Product-Service 
System is an integrated offering of products and services with 
a revenue mechanism that is based on selling availability, 
usage or performance.” 

− There are certainly some shared terms; however, the 
proposed FP definition stands out as a unique one by 
having more specific focus and considering a whole 
lifecycle perspective, as well as uniquely defined 
constituents.  

Rule 3 (Clarity) Definitions should 
include only unambiguous and clear 
terms. 

− The proposed definition formulation includes as much 
as possible clear terms in order to reduce ambiguity of 
the FP definition.  

Rule 4 (Parsinomy) Definitions 
should have as few as possible terms, 
thus avoiding adding phrases and 
sentences. 

− The proposed FP definition formulation has been 
reformulated several times to minimize the number of 
terms yet keeping the level of clarity high.   

Rule 5 (Consistency) Definitions 
should be consistent within the 
academic field. Ideally, the 
definiendum (term being defined) 
would completely indicate what the 
defined term is. 

− The proposed definition formulation is consistent 
within the academic field (same terms as previously 
published have been used), which in its nature multi-
disciplinary. It spans over academic fields such as 
business and innovations, system engineering and 
operation management, functional and circular 
economy. 

Rule 6 (Precision) Definitions 
should not make a term broader and 
less exclusive. 

− The proposed definition includes only well-justified 
factors, thus avoiding any non-value adding factors.   

Rule 7 (Unbiasedness) Definitions 
should not introduce or include new 
hypotheses 

− No new hypotheses are included or introduced, since 
the definition is based on the existing, in some cases 
even tested/proven, notions. 

 
Rule 8 (Content validity) stands out from other rules, since it can be fulfilled once the definition 
passes the first seven rules. Rule 8 requires that empirical tests are compared to conceptual 
understanding.  FP has been defined previously and empirically tested, e.g., Reed et al. (2018), who 
highlighted a defining feature of FP as a total care guarantee, which is in line with the Alonso-
Rasgado et al. (2004) definition of FP (see Appendix A definition # 3). The proposed definition 
includes notions of the exiting definitions; however, it is formulated in a more concise and less 
ambiguous way. Thus, this implies that the FP conceptual definition could be considered for the 
empirical studies conducted by Reed et al. (2018) with no changes in the final results and 
conclusions.  
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6. Discussion 
With the FP formal conceptual definition, the question: “how does the FP conceptual definition 
differ from other existing FP definitions?” raises. The proposed conceptual definition could be 
considered as a good and complete conceptual definition (including all relevant factors) with a strong 
base. So far, the existing definitions have shed light on certain aspects of the FP, e.g., its constituents 
(Alonso-Rasgado et al., 2004; Brännström et al., 2001; Lindström et al., 2015), business model 
(Lindström et al., 2013; Reim et al., 2014) and lifecycle aspects (Lindström et al., 2014; Lindström, 
2016). Also, some of the existing definitions were too long or too short. Thus, having existing FP 
definition statements is not enough, as it has been noticed that some relevant defining factors were 
omitted, which would lead to limited understanding concerning the FP business concept. Yet, it is 
also important to note that the theory-building is a process that should be  further refined and 
developed, according to Lynham (2002), implying that there should be a possibility to improve the 
FP conceptual definition in the future as well (especially if new factors/attributes are established).  
 
Other rather challenging questions are: “Can one FP based on the proposed formal conceptual 
definition differ from other related business concepts?” and “How?”. In the existing literature one 
can find about twenty-four terms of related business concepts with at least one if not more 
definitions. In line with Boehm & Thomas (2013), firstly, a variety of concepts emerged due to 
intensive and dynamic multi-disciplinary research activities involving business and academic 
stakeholders with various focuses and backgrounds. Secondly, various research communities used 
different approaches in prompting their ideas, thus making it difficult to rely on each other’s 
contributions. Moreover, the existing research suggests that all proposed terms in principle describe 
identical phenomena. Nevertheless, it has been suggested to either put them under one umbrella 
term or clearly separate them (Boehm & Thomas, 2013). There are different types of definitions, as 
stated previously. The existing research defining business concepts has failed to clearly name a 
definition type. Thus, the proposed FP formal conceptual definition would be considered as a 
unique definition and cannot yet be compared with other related business concept definitions. 

7. Conclusion 
Through an iterative research approach, combining literature review and focus groups, the unique 
formal conceptual FP definition has been developed, verified and validated. The theory-building 
fundamentals were projected in this process, thus resulting in five identified and well-justified factors 
as a base for the FP formal conceptual definition as well as implementing specific principles to 
formulate the definition per se.  
 
Through a more precise definition of the FP business concept, academia together with business will 
be better able to gain a deeper and richer knowledge of this phenomenon. In addition, this would 
give leverage for industry to consider the FP as an alternative business direction as well as allowing 
more scholars to make the existing knowledge more specific and explore future agendas. 
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Appendix A: findings of the literature review 
Table 2 Statements defining FP 

 Statements Reference Code 

1.  … a model that combines the lifecycle processes of hardware, software and 
services…, which build up the functional product. 

Brännström 
et al. 
(2001), p. 
310 

Lifecycle, 
constituents 

2.  Functional product…In such a service level agreement, a strategic relationship 
is developed between service provider and customer that is characterized by 
the purchase of a functional product. In case of a functional product, the user 
buys the function, not the product (as opposed to conventional product 
purchase where the customer buys the product and uses it). 

Kumar & 
Kumar 
(2004) 
p.314 

Contract, 
function, 
ownership 

3.  Functional P = products, also known as ‘total care products’, are products that 
comprise combinations of ‘hard’ and ‘soft’ elements. Typically, they are 
described as comprising hardware combined with a service support system… 
Functional products are the substance of long-term business-to-business 
relationships. They are not bought and sold in the short term. In order to 
create an economically efficient functional product, the provider needs to be 
involved in an intimate business relationship with the customer. The provider 
will share the business risk There are certain key advantages to functional 
products. For the customer, they provide continuously competitive products 
at the forefront of technology, they require minimal capital expenditure and 
they offer guaranteed availability. For the supplier, they provide the 
opportunity to develop increased intellectual knowledge, generate a 
‘smoothed’ cash flow into the company and provide long-term business 
stability. For the environment, functional products can contribute to 
sustainable design through remanufactured hardware.  

Alonso-
Rasgado et 
al. (2004), 
p. 515-516 

Total offer, 
constituents, 
system, 
industrial set 
up, contract, 
business to 
business, 
value chain, 
ownership, 
sustainability 

4.  functional product…As an alternative to selling and supporting a conventional 
product, the manufacturer can deliver the product performance…In other 
words, the customers do not buy the industrial products/systems/machine, 
but instead buy performance such as drilled meter per shift, volume per hour, 
etc. The manufacturer is responsible for the product performance based either 
on a pre-designed existing product or on a new product. The focus thus is on 
the delivery of performance, rather than on the physical product and support 
services 

Markeset & 
Kumar 
(2005), p. 
54 

Performance, 
business 
model, 
ownership, 
systems 
engineering, 
constituents 

5.  … to define Functional Products as: A product, not necessarily a physical 
artefact, consisting of any combination of hardware, software and services, 
being sold for the purpose of supplying a function. Thereby meeting all 
agreed-upon needs of the partner whose primary role is that of a customer. 

Löfstrand et 
al. (2005), 
p. 3 

Constituents, 
function, 
performance 
indicators 

6.  A FP is a total care product, where the company offers the functionality of the 
product, compromising hardware and support services, e.g., maintenance, 
logistics, financing, and training over the life-time of the offer. 

Sandberg, 
et al., 
(2005), p. 
331 

Lifecycle, 
constituents, 
total offer 

7.  A Total Care Product is an innovative way to offer a product within the 
market in response to high global competition and the increasing difficulty of 
product differentiation due to the perfection of hardware technology. Total 
Care Products are integrated systems comprising hardware and service support 
systems 

Alonso-
Rasgado & 
Thompson, 
(2006), p. 
509 

Business 
model, 
hardware 
perfection, 
constituents 
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8.  A Functional Product is an integrated system consisting of hardware and 
support systems. The customer of a Functional Product purchases the function 
that the product  supplies,  whilst  the  supplier  retains  ownership  of  the  
product  and guarantees   a   certain   level   of   availability.  The   supplier 
provides a service support system that consists of the services that ensure the 
guaranteed level of availability is achieved  

Reed et al. 
( 2010) p. 
56 

Constituents, 
function, 
value chain, 
performance, 
ownership 

9.  A Functional Product is an integrated offering consisting of hardware and 
support services.  The supplier, who retains ownership of the hardware, sells 
the function of the product and guarantees a specified availability.  This   
reduces risk for the customer, encourages close cooperation between the two 
parties and avoids an unevenly balanced cost cycle. 

Kyösti et al. 
(2011) p. 
275 

Constituents, 
performance 
indicators, 
business 
model, value 
chain 

10.  A functional product is a system consisting of hardware which, together with 
a support system, delivers the agreed-upon function. 

Alzghoul et 
al. (2011) p. 
237 

System 
engineering, 
performance 

11.  Functional products definition: the development of integration between 
hardware, software and service 

Karlsson et 
al. (2012) 
p.22 

Constituents 

12.  Functional product… the overall development management process starts 
ahead of the sub development processes for hardware (HW), software (SW), 
service support system (SSS), and management of operation for the FP (MO). 

Lindström 
et al. (2012) 
p. 292 

Constituents 

13.  … The proposed set of business model elements can be used by corporations 
as input while modelling their own FP business models and customer 
offerings…The management of the risk level can be seen as an integrator for 
the FP business model. 

Lindström 
et al. (2013) 
p 252, p. 
258 

Business 
logic, value 
chain 

14.  …. Functional products (FPs) comprises of integrated hardware, software, and 
a service support system components that are bundled together to offer higher 
customer value and possibility to generate revenue.  Offering FPs requires 
forming and managing win-win collaboration with diverse global value-chain 
organizations.   

Parida et al. 
(2013) p.86 

Constituents, 
customer 
value chain, 
business 
model, win-
win 

15.  …the concept of FP is investigated where a function is provided to a customer 
for an agreed-upon price over a specified period with     contractually     
guaranteed     functional     availability.      

Kyösti et 
al., (2014) 
p. 175 

Contract, 
performance 
indicators 

16.  …. to define a lifecycle for Functional Products (FP) viewed from economic, 
ecologic and societal perspectives. 

Lindström 
et al. (2014) 
p. 163 

Lifecycle, 
sustainability 

17.  The most critical tactics for FP application that have been identified in the 
literature review are contracts, marketing, network, product design and 
sustainability… 

Reim et al. 
(2014) 

Business 
model and 
tactics 

18.  Functional Product (FP) can be viewed as a business concept which is aimed 
at offering a function or performance to customer on an agreed-upon level of 
availability and cost as well as at providing incitements towards a sustainable 
growth. 

Sas et al. 
(2015) p. 
216 

Business 
concepts, 
performance 
indicators, 
sustainability 

19.  …to reveal relevant through-lifecycle aspects of FP and also extend the current 
definition of FP… 

Lindström 
(2016) p. 
289 

Lifecycle 
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Appendix B: summary of FP definition syntax development 
1. Preliminary FP definitions after the literature review and before verification and validation: 

 
“Functional Product is a system consisting of HW, SW, SSS and MO with different technical 

lifecycles dedicatedly developed to enable function at an agreed-upon level of performance with the aim 
of achieving sustainable business win-win situation through perceived provider and customer values” 

 
“Functional Product is a system consisting of HW, SW, SSS and MO which in synergy with the 
economic lifecycle governed by the sustainable win-win situation offers the system perfection under the 

FP contract” 
 
 
2. FP definition after verification by the academic focus group: 
 

“Functional Product is an integration of HW, SW, SSS and MO with a win-win business 
model logic that is based on simultaneous offering of sustainable economic, environmental and social 

benefits over the lifecycle” 
 
3. FP definition after further discussion among the authors and before validation by the industrial 

focus group: 
 

“Functional Product is a sustainable business logic with focus on lifecycle function performance being 
enabled through integrated hardware, software, service support system and management of operation” 

 
 
4. Final version of FP definition:  
 

“Functional Product is a sustainable business model with focus on throughout lifecycle function 
provision at a specified performance being enabled by integrated hardware, software, service support system and 

management of operation” 
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