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nor for much longer, unless we see it as a whole spaceship,  

and our fate as common. 
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Abstract 

The world manufacturing companies operate in is changing. In the past, these 
companies relied on the design and sale of products. Today, this linear model of 
business is becoming increasingly insu=cient. As customers are more and more 
focused on their core business, buying and operating machinery and other goods 
becomes unattractive to them. In response to this, manufacturing companies are 
expanding their value capture into additional stages of the product lifecycle by 
providing integrated o<erings of products and services — Product-Service Sys-
tems (PSSs).  

Designing and providing PSSs is fundamentally di<erent from traditional prod-
uct sales. Expanding to become a PSS provider is, therefore, challenging for com-
panies with a history of designing and selling products. Departing from this, it is 
the aim of this thesis to support manufacturing companies in their expansion to 
e<ective and e=cient design and provision of PSSs. The research reported has 
both descriptive and prescriptive properties, reflecting the goals of understand-
ing the status quo in manufacturing companies’ practice and providing support 
based on this. 

To establish a point of departure, the current design and provision of two manu-
facturing companies expanding their business towards PSSs was investigated. 
From this, an in-depth understanding of the status quo and a number of chal-
lenges emerged.  

Based on this, the research had the goal to contribute to identifying and develop-
ing solutions to these challenges, with an initial focus on methods supporting PSS 
design and provision. However, although methods fitting to the challenges iden-
tified exist, they appear to receive limited uptake in manufacturing companies’ 
practice. In order to improve their practical utility, a structured method is pro-
posed to assist users in both academia and practice in developing methods in a 
requirements-oriented fashion. The utility of methods in improving the e=-
ciency and e<ectiveness of PSS design and provision is thereby to be enhanced. 

A particular challenge for manufacturing companies expanding to become PSS 
providers is the change in how value is captured: Resulting from the extensive 
involvement throughout the lifecycle, a need for a broader, multidimensional un-
derstanding of value capture was identified. However, the manufacturing compa-
nies investigated have been found to experience challenges in grasping this 
change, with a focus on a product sales-centric understanding of value capture 
remaining prevalent. To support companies towards reaping the benefits of the 
expansion to PSS design and provision, methods to explore how value is currently 
created and captured in the use phase and how to enhance the future value cap-
ture based on that information in the design phase have been developed and ap-
plied. As a result, broadly relevant value dimensions were attained, aiming to 
facilitate a lifecycle-focused, e<ective, and e=cient design and provision of PSSs. 
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Eventually, to broaden the understanding of e<ective and e=cient design and 
provision of PSSs in practice today, the potential contributions of real-world PSSs 
to a circular economy were investigated based on an existing framework. The re-
sult was ambiguous, indicating both advancements compared to traditional sales 
and substantial room for improvement, particularly with a focus on the absolute 
decoupling of economic activity and resource use. 

Based on the synthesis of the research results, manufacturing companies are 
supported in their expansion to e<ective and e=cient design and provision of 
PSSs — and towards a promising future. 
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Populärvetenskaplig sammanfattning 

Hur privatpersoner konsumerar håller på att förändras. Ett exempel på detta är 
att hyra istället för att äga, något som kan vara bättre både för miljön och för plån-
boken. Trots fördelarna är dock många konsumenter motvilliga till att förändra 
sin konsumtion. Detta då själva ägandet av mo(bilen) ses som allt för viktigt i sig 
och innebär såväl status som självförverkligande.  

Även handeln mellan företag genomgår en liknande förändring då fler och fler 
företag köper eller säljer en funktion (så som belysning) istället för en produkt 
(t.ex. lampor). Denna så kallade funktionsförsäljning utgörs o,ast av en kombi-
nation av såväl produkter och tjänster och benämns som PSS (Product-Service 
System). I näringslivet är motståndet till förändring svagare, vilket kan förklaras 
med att företag inte baserar sin konsumtion lika mycket på känslor och status. 
PSS blir därför allt vanligare då fler och fler ser fördelarna med att köpa funktion 
istället för produkt. 

Funktionsförsäljning innebär att PSS-leverantören (den som säljer funktionen) 
behåller kontrollen över ingående produkter och tjänster och när kunden inte be-
höver funktionen längre kan leverantören ta tillbaka och använda produkterna 
till andra kunder. Detta ger PSS-leverantörer möjligheter att t ex utifrån ett livscy-
kelperspektiv skapa kundvärden och minska sina kostnader samtidigt som de kan 
reducera sin resursförbrukning. Ekonomiska drivkra,er skapas inom företagen 
för att sänka resursförbrukningen, öka resurse<ektiviteten och att förlänga pro-
dukternas livstid, genom t.ex. återtillverkning. 

Övergången till PSS förändrar nästan allt i hur ett företag går tillväga för att de-
signa, konstruera, sälja, erbjuda, återanvända och återtillverka. I denna avhand-
ling studerades förändringsprocesserna inom två stora tillverkande företag i 
Sverige, som har utvecklats från att sälja produkter till att erbjuda PSS, och ett 
antal utmaningar kopplade till design- och användningsfasen identifierades. 

En framgångsfaktor visade sig vara hur leverantörerna uppfattar att deras PSS 
skapar värde och för vem. Värde skapas för PSS-leverantören över hela livscykeln 
och utgörs o,a av andra former än direkt monetärt värde, t.ex. information. För 
företag som övergår till PSS är det svårt att fullt förstå konsekvenser av det för-
ändrade arbetssättet, och därav anpassas inte de ingående processerna till de för-
ändrade förhållandena. Vilket i sin tur leder till att ine<ektiva, 
produktfokuserade processer kvarstår. Forskningen i den här avhandlingen har 
således resulterat i två metoder: Den ena stödjer PSS-leverantörers förmåga att 
undersöka sitt aktuella värdeskapande. Den andra stödjer dem i hur de kan utöka 
värdeskapandet genom att göra förändringar i sin design och leverans av PSS.   

Det räcker dock inte med att enbart förstå det förändrade värdet för att e<ektivt 
möjliggöra en övergång från att producera och sälja produkter till att erbjuda PSS. 
Det utvecklas och publiceras därför allt fler metoder, främst inom akademin, vars 
sy,e är att stödja utveckling och försäljning av PSS. Det är dock få av dem som 
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används av industrin. I sy,e att understödja utvecklandet av e<ektivare och mer 
använda PSS-metoder, föreslås därför i denna avhandling ett nytt strukturerat ar-
betssätt som hjälper användare i båda akademin och industrin att ta fram meto-
der med fokus på deras slutliga användare. På så sätt förbättras nyttan som 
metoder kan ge för att utöka e<ekten och e<ektiviteten på PSS-design och -leve-
rans. 

Slutligen, för att bidra till en bredare förståelse kring den praktiska betydelsen av 
PSS i industrin undersöktes det potentiella bidraget av PSS till en cirkulär eko-
nomi. Resultatet blev tvetydigt och indikerade både förbättringar jämfört med 
klassisk försäljning men också stora utvecklingsmöjligheter, särskilt när det gäller 
att frikoppla resursförbrukning och ekonomisk tillväxt. 

 



IX 

Acknowledgments 

Unbelievable as it is — five years are over. In the beginning, everyone tells you 
that this is a marathon — which is definitely true! Inevitably, though, it appears 
to turn into a sprint at the end, regardless of how much of the road already lies 
behind you. The finish line is near, and now more than ever, it is clear that I would 
have never gotten here alone.  

First of all, I want to thank my main supervisor Mattias Lindahl and my secondary 
supervisor Tomohiko Sakao. Mattias, without you answering my random email 
some seven-and-a-half years ago, my life would have taken a completely di<erent 
path. Talk about a butterfly e<ect! As I look back on this time, I am grateful for 
your guidance and motivation, and especially for your positive look on all the 
minor or major challenges that I encountered throughout this process. When I 
felt like the mountain before me was just too steep to climb, and that I had no clue 
about mountaineering, you told me that mountain is just a big pile of dirt and 
that, if all else fails, we would just get a bulldozer and plow right through it. I am 
certain you will continue to inspire and motivate future (Ph.D.) students to turn 
challenges into opportunities. Tom, thank you for your dedication and support 
for me and my work. I have profited tremendously from your knowledge and 
leadership throughout writing and research projects — as I have from your clear-
headed, result-focused take on even (in my mind) the most di=cult issues. There 
is no challenge big enough that you could not propose a coherent solution to it. I 
am deeply grateful for having had both of you as my supervisors, and although I 
am supposed to be independent now, I do look forward to continuing to work 
with you. 

I want to thank the case companies Levor and Navitas for their support through-
out the years, in terms of funding, but even more so, through the tremendous 
insight the practitioners at these companies shared, forming the basis of this 
work. I am further grateful to Mistra REES, funded by Mistra (The Swedish Foun-
dation for Strategic Environmental Research) for supporting my research. 

I want to express my sincere gratitude to Daniela Pigosso (DTU) for giving me very 
detailed and supportive feedback on an earlier thesis dra, during my 3*S semi-
nar. I also want to thank Mica Comstock for his diligent checking of all my strange 
German capitalization habits and my excessive use of compound-nouns.  

A big thank you to everyone at the division — for everything! Having been in the 
writing bubble for the past months, and mostly working at home, has made me 
miss the great and unique workplace we have. I look forward to contributing to 
making it even better! I am particularly grateful to Jonas Ammenberg, Stefan An-
derberg, Roozbeh Feiz, and Wisdom Kanda for commenting in detail on an earlier 
thesis dra,, and to Don Huisingh for a helpful discussion in the pre-writing 
phase. I thank Olof Hjelm for his support in writing the Swedish popular science 
abstract for this thesis, and Sara Gustafsson for her very helpful, in-depth pre-



X 

submission review of one of the appended papers. I am grateful to the Ph.D. 
Group for the support and discussions throughout the years and to Maria Eriks-
son for being able to answer every imaginable question. Thanks to the Friday 
Burgers group for fun breaks and great talks!  

I want to thank my friend Wisdom for the insightful, interesting and fun discus-
sions throughout these years, and for all the help you have provided me along this 
process. I don’t think you ever answered “I don’t know” to any of my questions 
throughout these years. When I le, the division a,er my diploma in )*(), you 
were one of the people I was most looking forward to seeing again, and I am glad 
and honored to now work alongside someone as driven, humble and kind as you 
are. Roozbeh, I look forward to more great and deep discussions — I have so much 
to learn from you (did you see that was an em dash?). Sergio, we really have to step 
it up with the cappuching! I look forward to continuing working with you, but 
most of all, I look forward to you continuing to be my friend. Marianna, thank 
you for being a great o=cemate and thank you so much for being a wonderful 
friend. Work would just not be the same without you. I am so grateful for your 
hard work in our common research project that, for a substantial part, you made 
a success.  

I also want to thank my dear family back in Germany. Danke für Alles! Thank you 
for your support through all these years and for trusting that everything would 
be fine through my slightly erratic first years as a university student. Although I 
ended up farther from home than you would like, I am so grateful that we can see 
each other o,en and then, it does not feel like we are so far apart at all. 

Brini, mein Traum, what can I even say? Five years ago, when I moved to Sweden, 
we had no idea where this road would take us. In the licentiate thesis, I wrote that 
“you have taken this new life that only one year ago, was just mine, and you have made 

it ours.” Now again, over two years have passed. We are now a family of three, and 
as if being the most wonderful partner anyone could imagine, being my best 
friend and a terrific doctor was not enough, it turns out, that you even are the 
most wonderful mom our little Theodor could ever wish for. And yet again, with 
every passing day, you amaze me with your kindness, your energy and determi-
nation, and with your laughter — which now is one of my two favorite sounds in 
the world. Not only would this book be empty if it was not for you, even if it was 
full of the most intelligent words ever put onto paper, without you, it would mean 
nothing. 

Teddy, if you can read this, then congratulations on learning to read, and addi-
tionally, on learning English. Wow, three languages! At the time of writing, your 
Mama and I are amazed that you are rolling yourself from your back to your belly, 
so you really have come a long way. Now, put this book away, because it is proba-
bly outdated, and honestly, it is not that entertaining to read. If you want, come 
to me, I can recommend a lot of books that I think you will enjoy much more.  



XI 

Who is this Book for? 

Until the day of the defense, this work is a doctoral thesis, written to gain a degree. 
A,er that day, what remains is a book — but who is that book for?  

The e<ort to write a thesis like the one in your hands, even if it is a compilation 
thesis, is substantial. However, particularly in the nature of a compilation thesis 
lies a challenge: From experience, it appears that these theses are seldom read, 
and rarely cited. Of course, a researcher will always cite a peer-reviewed article in 
a journal rather than a thesis. So, is the entire e<ort concentrated on the day of 
the defense and are colleagues, supervisors, examiners, and the opponent the 
only ones who will ever take a closer look? 

A circumstance I feel particularly lucky about is that through this journey, I was 
not only given the chance to become a researcher; I could also become a teacher. 
I am responsible for the master-level course Integrated Product-Service Engineer-
ing at Linköping University and have led and administrated this course for two 
years. Parts of the research background of my licentiate thesis have been assigned 
reading in the past, and the feedback with respect to ease of understanding com-
pared to other assigned reading in the form of journal papers was positive. 

As a result, this focus became a strong motivation for me in the writing process. 
Even if the academic world may not take notice of this book in any significant 
way, some D* future product-service engineers every year will have no choice but 
to. It is with them in mind that this book is written.  

For that reason, I have tried to keep the language approachable; to, when in doubt, 
overexplain when it comes to content and flow; to allow for some reflexiveness in 
the background-chapter; and to keep the use of acronyms and jargon to the nec-
essary minimum. I hope that this e<ort will extend both the shelf-life and the 
impact of this work. 

If you are a (future) student of the course reading this now, you know that I 
heartily welcome your feedback. Nothing is set in stone, and the information in 
this book will need to be revised sooner rather than later — so please share your 
reflections, they are much appreciated. As in every session, I will leave you with 
some words of R. Buckminster Fuller: “Every time you make a new experiment, you 

learn more. You cannot learn less.” 

 





XIII 

List of Appended Publications 

Publication � 
Matschewsky, J., )*(7. PSS without PSS Design — Possible Causes, E<ects and So-
lutions, in: Sustainability through Innovation in Product Life Cycle Design. Springer 
Japan, )44–)E5. 

Publication � 
Matschewsky, J., Kambanou, M.L., Sakao, T., )*(5. Designing and providing inte-
grated product-service systems — challenges, opportunities and solutions result-
ing from prescriptive approaches in two industrial companies. International 

Journal of Production Research /0, )(D*–)(65. 

Publication   
Matschewsky, J., Brambila-Macias, S.A., Neramballi, A., Sakao, T. A method for the 
development and selection of design methods — Investigating the design of 
resource-e=cient o<erings. Research in Engineering Design, Under Review. 

Publication ! 
Matschewsky, J., Lindahl, M., Sakao, T., ()*(5). Capturing and enhancing provider 
value in product-service systems throughout the lifecycle: A systematic approach. 
CIRP Journal of Manufacturing Science and Technology.  

Publication " 
Matschewsky, J., Inadvertent Circularity? — Assessing a Product-Service System 
for its Potential Contribution to a Circular Economy. Sustainability, Submitted. 





XV 

Related Publications 

Kanda, W., Matschewsky, J., )*(5. An exploratory expansion of the concept of 
product-service systems beyond products and services. Procedia CIRP 12, (5D–(3*.  

Rondini, A., Matschewsky, J., Pezzotta, G., Bertoni, M., )*(5. A simplified approach 
towards customer and provider value in PSS for small and medium-sized enter-
prises. Procedia CIRP 12, 6(–66.  

Matschewsky, J., )*(5. Värdet i att samtidigt utveckla produkter och tjänster. 
Handbook. Production)*4*.  

Sakao, T., Song, W., Matschewsky, J., )*(7. Creating service modules for 
customising product/service systems by extending DSM. CIRP Annals – 

Manufacturing Technology 00, )(-)E. 

Matschewsky, J., )*(6. What’s in it for the Provider? A Lifecycle-Focused Approach 
towards Designing for Value in Product-Service Systems. Licentiate Thesis. Lin-
köping University.  

Matschewsky, J., Sakao, T., Khanagha, S., Elfving, S.W., )*(6. What’s in it for the 
Provider? The Case of a Telecom Vendor’s Value Capturing from the Transition to 
Product-Service Systems. Procedia CIRP 41, 6–((.  

Matschewsky, J., Lindahl, M., Sakao, T., )*(D. Facilitating Industrial Adoption of 
Design Methods for Product-Service Systems, in: ICED(D: )*th International Con-
ference on Engineering Design. Milan, pp. 4*(–4(*. 

Matschewsky, J., Sakao, T., Lindahl, M., )*(D. ProVa — Provider Value Evaluation 
for Integrated Product Service O<erings. Procedia CIRP 25, 4*D–4(*.  

 





XVII 

Glossary 

 

Business model — The “design or architecture of the →value creation, delivery and 
capture mechanisms” of a business (Reim et al., )*(D). ((4) 

Business models, product-service systems — The reliance of →customer value crea-
tion on product- or service components and the level of integration between 
them. ((4<.)  

Circular economy, CE — An “economy that is restorative and regenerative by design 
and aims to keep products, components, and materials at their highest util-
ity and →value at all times” (EMF, )*(Da, pg. D). (4, (6f.) 

Customer — A business procuring →product-service systems.  

Customer value — A customer’s assessment of the utility of a product-service sys-
tem based on the perception of what is received for what is given (adjusted 
from Zeithaml, (355). Extensive elaborations are found in Woodru< ((337). 
())<.) 

E8ectiveness — The degree to which a product-service system fulfills a →cus-
tomer’s expectations and creates →customer value.  

E8ectiveness, resource — The degree to which resources retain their →value over 
time, as facilitated by intentional →design focusing on all activities 
throughout the →lifecycle of a →product-service system. ((6) 

E9ciency — The amount of resources required throughout the →lifecycle to create 
a given →customer value. This can be, e.g., time, monetary, human or mate-
rial resources. ((6f.) 

Lifecycle, product-service systems — The stages of →design, production, deploy-
ment, use (→provision), and end of life (reuse, remanufacturing) of a →prod-
uct-service system including loops and iterations. 

Manufacturing company — A company with a background in designing and selling 
products. All case companies described are manufacturing companies ex-
panding to also become →providers of →product-service systems. Only if a 
company should cease selling products, it stops being a manufacturing 
company and is exclusively a →product-service system provider. 

Method — A predefined and systematic description which facilitates the user’s 
work towards the desired outcome (based on Lindahl, )**D). ((5<.) 

This glossary provides an overview of central concepts and terms as they 

should be understood in the context of this thesis. Page numbers are given 

where more exhaustive descriptions can be found in the main text. 
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Product-service systems, PSSs — An integrated o<ering of products and services, 
→designed jointly with a →lifecycle focus to create →customer value. ((4<.) 

Product-service systems, design of — The integrated design of product and service 
components with a lifecycle focus based on, e.g., mechanical engineering, 
so,ware engineering, and service engineering. ((5<.) 

Product-service systems, highly integrated — A →product-service system in which 
the →provider remains in ownership and control of the physical compo-
nents throughout the entire →lifecycle, encompassing use- and result-ori-
ented product-service system →business models. ()-4, (*, (4) 

Product-service systems, provision of — Commences with the deployment of physi-
cal components at the start of the use phase on site for the →customer to 
use or for the →provider to operate; ends when the physical components 
return to the →provider permanently. Through the lifecycle of →highly in-
tegrated product-service systems, several loops of use phase and end of life 
e<orts (reuse, remanufacturing) occur in succession. 

Provider, product-service systems provider — A →manufacturing company that is 
→designing or →providing →product-service systems. ((4f.) 

Provider value — The accumulative intangible and tangible →value captured by a 
→product-service systems →provider throughout the →lifecycle. ()(<., 5)<.) 

Servitization — Process a →manufacturing company undergoes as it expands from 
designing and selling products to becoming a product-service system →pro-
vider. ((4f.) 

Value — The worth of a →product-service system as a relation between what is 
received (e.g., need fulfillment, quality, satisfaction, utility) and what is 
given (e.g., price, sacrifices) (see Woodru<, (337). ()(<.) 
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Chapter 	 

Introduction 

 

*.* Background — A Critical Shi. 

The world manufacturing companies operate in is changing at a rapid pace. In the 
past, the overall mode of business of such companies can be described along the 
following lines: Products are designed, manufactured and lastly sold to custom-
ers, at which point income is generated, and the manufacturing company cap-
tures value in exchange (Grönroos and Voima, )*(4). Typically, their involvement 
used to end there, although providing services is an important source of revenue 
for many manufacturing companies. 

This linear mode of business is becoming insu=cient for many manufacturing 
companies. Their customers1 are increasingly focused on their own core business 
and therefore less interested in buying products and performing tasks that are not 
central to this (Vandermerwe and Rada, (355; Goedkoop et al., (333; Brambila-
Macias et al., )*(5). In addition, the manufacturing companies themselves are 
seeking to go beyond producing and selling physical goods. Instead, they are ex-
panding their value capture to additional stages of the lifecycle. This means that 
instead of selling the physical goods produced, they remain in the ownership and 
control of the manufacturing company (Lindahl and Ölundh, )**(). These can 
then provide the availability of these goods for customers to use; or, companies 
may operate an o<ering entirely, and based on that, sell the result of its use 
(Tukker, )**E; Meier et al., )*(*). Resulting from this, the main focus for manu-
facturing companies shi,s from producing and selling artifacts as the primary 
way of creating and capturing value to providing services relying on these arti-
facts (Vargo and Lusch, )**E; Grönroos, )**5). In turn, the customers’ focus on 

                                                                    

1 The research in this thesis focuses on business-to-business (B�B) relationships. In the con-

text of the research presented, substantial di�erences emerge when business-to-consumer 

(B�C) or B�B markets are considered. As summarized by Tukker (�'	(), these can stem from 

end consumers’ focus on ownership and control of products (Halme et al., �''+), possessing 

new or fashionable products (Intlekofer et al., �'	') and ease and immediacy of access 

(Williams, �''-).  

 

This chapter introduces the key issues at the center of the research con-

ducted, its aim and the research questions operationalizing and structuring 

the presentation of the results.  



2 

the physical goods progressively fades away, and they will start to perceive the 
o<ering as a service.  

The process manufacturing companies undergo when expanding2 from an exclu-
sive focus on producing and selling goods to providing services based on these 
goods has been termed servitization (Vandermerwe and Rada, (355; Baines et al., 
)**3a; Martinez et al., )*(*)3.  

A central concept describing the integration of products and services throughout 
the lifecycle is called the Product-Service System (PSS)4, which is defined as “a mar-

ketable set of products and services capable of jointly fulfilling a user’s needs” 
(Goedkoop et al., (333, pg. 4). PSSs, however, go far beyond a mere bundling of 
products and services. Instead, the two are combined into a mutually dependent 
whole with a lifecycle perspective and a focus on providing function, service, and 
performance (Lindahl et al., )**6). The degree of mutual dependency between 
products and services can di<er, and with it, the degree of the involvement of the 
company providing the PSS throughout the lifecycle. This is illustrated by 
business model archetypes discussed in PSSs research, ranging from product-ori-
ented, through use- or availability-oriented, all the way to result-oriented o<er-
ings (Tukker, )**E; Meier et al., )*(*). PSSs in which the provider remains in 
ownership throughout the lifecycle and has extensive control over the o<ering 
are a central focus of the research reported here. With such high levels of product-
service integration, these o<erings are called highly integrated PSSs5 (Miller and 
Mattes, )*(E). The companies designing and providing PSSs are PSS providers.  

                                                                    

2 The term transition or service transition is o/en used when explaining this process, also by 

the author in previous publications. This terminology has been criticized, as many of the 

companies undergoing the servitization process also remain producers and sellers of phys-

ical products (Kowalkowski et al., �'	(). Recently, this situation has been described as organ-

izational ambivalence during servitization (Lenka et al., �'	4a). Therefore, the research 

presented uses the term expansion, which is more in tune with the reality in manufacturing 

industry practice. 
3 In this context, it must be made clear that servitization is not necessarily a one-way street. 

Companies can “overextend” their business focus and move away from providing certain 

services (back) towards a narrower scope of value capture in a process called deservitization 

(Kowalkowski et al., �'	-; Valtakoski, �'	-). 
4 A spelling variant using a slash instead of a hyphen exists: Product/Service System. Con-

sidering the function of the slash, however, this indicates the possibility to select between 

two options and even omit one. The hyphen, however, signals connectedness and mutual 

dependency. For that reason, this spelling variant is used here.  

A broad set of terminology is used to describe combined o�erings of products and services, 

e.g. Integrated Product Service O�erings (IPSO, Lindahl et al., �''+) and Functional Sales 

(Sundin and Bras, �''(). 
5 In order to maintain readability, the term highly integrated PSSs is only used where abso-

lutely necessary to avoid any ambiguity of the arguments made. 
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Ever since the term was coined in the late (33*s, PSSs have been discussed in 
relation to improved environmental performance based on increased resource ef-
ficiency and e<ectiveness throughout the lifecycle (Goedkoop et al., (333; Mont, 
)**)). The core of this argument lies in the shi, of the ownership and control of 
the physical components of an o<ering from the customer to the provider in the 
use and end of life phases of the lifecycle (Lindahl and Ölundh, )**(), which oc-
curs in the case of highly integrated PSSs. As manufacturing companies expand 
their role from designing and selling to providing availability, maintaining, 
supporting and ultimately, reusing and remanufacturing, the critical shi, at the 
basis of the expected improvements in resource e=ciency and e<ectiveness 
becomes manifest (Bocken et al., )*(E; Yang and Evans, )*(3): Previously, a maker 
and seller of products was incentivized to produce a growing number of physical 
artifacts and thus, to consume an ever-increasing amount of resources. Highly in-
tegrated PSSs, with providers remaining in ownership and control of the physical 
components of the o<ering throughout the lifecycle, can shi, that focus to cap-
turing and creating the highest possible value based on the most e=cient use of 
resources. This, in turn, is caused by the customer’s payment being independent 
of the actual e<ort the provider must invest, making lifecycle-focused e=ciency 
the logical business paradigm. This understanding of a critical shi, in incentive 
structure lies at the basis of the expected environmental benefits of PSSs (Mont, 
)**); Ceschin, )*(4; Tukker, )*(D).  

The envisaged benefits in the e<ectiveness and e=ciency of PSSs have recently 
been discussed in the scope of a more encompassing e<ort to establish an alter-
native concept for economic activity: a circular economy (CE). The term, found in 
use as early as (3)5 (Witjes and Lozano, )*(6), has been popularized and brought 
into focus of policymakers, academia and business by the Ellen MacArthur Foun-

dation (EMF). While a concise and agreed-upon definition is still missing 
(Kirchherr et al., )*(7), the EMF describes a CE as “an economy that is restorative 

and regenerative by design and aims to keep products, components, and materials at 

their highest utility and value at all times” (EMF, )*(Da, pg. D). 

In the broader research on a CE, PSSs are predominantly discussed in the scope 
of sustainable business models (Boons et al., )*(4; Bocken et al., )*(E) or circular 

business models (Geissdoerfer et al., )*(7; Nußholz, )*(7). There, the focus is to es-
tablish modes of successfully conducting business in a way that matches the over-
all goals of a CE. With a particular focus on PSSs, the discussion quickly centers 
in on the potential resource e=ciency-improvement through highly integrated 
PSSs (see Yang and Evans, )*(3). To achieve this, all phases of the lifecycle are vital. 
Increased resource e=ciency can be realized in many di<erent ways. This can 
happen, e.g., through using fewer resources in production; through more e=cient 
operation and high utilization of the product components required to create 
value; and especially through closing loops at the end of the PSS lifecycle, where 
the product components of a PSS return to the provider to be, ideally, reused or 
remanufactured (see, e.g., Bocken et al., )*(E; Michelini et al., )*(7; Kjaer et al., 
)*(3).  
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*./ Problematization of the Research 

At this point, all seems great: Instead of the linear process of designing, producing 
and selling more and more objects that eventually end up in recycling or a land-
fill, manufacturing companies can become providers of PSSs and sell value to cus-
tomers. This way, their business becomes highly e=cient, and the resources that 
are still needed are circled through reuse and remanufacturing, contributing to a 
future CE.  

Unfortunately, much more is needed for PSSs to actually provide the opportunity 
to meet the promises related to resource e=ciency and broader environmental 
benefits envisioned decades ago (Goedkoop et al., (333; Mont, )**); Tukker, )**E) 
and to avoid the challenges posed by rebound e<ects (Binswanger, )**(; Ceschin 
and Gaziulusoy, )*(6) towards resource e<ectiveness and an absolute decoupling 
of economic activity and resource use (see, e.g., Kjaer et al., )*(3).  

For PSSs to be e=cient and e<ective and to constitute an advantage over a 
product sold to create similar customer value, a number of conditions must be 
fulfilled — one of them is the ownership and control remaining with the provider. 
However, many additional challenges and di=culties have emerged in prior re-
search when it comes to becoming a PSS provider and ensuring that the o<erings 
provided are highly e=cient throughout the entire lifecycle.  

An overarching challenge is the comprehensive shi, required for manufacturing 
companies to successfully expand to become an e<ective and e=cient PSS 
provider. Moving from a focus on producing and selling with an emphasis on 
quantity (and quality) towards a whole-lifecycle focus, expanding the scope to the 
use phase and end of life, is a process that companies o,en struggle with (Isaksson 
et al., )**3; Martinez et al., )*(*; Zhang and Banerji, )*(7). In order to be able to 
turn this adaptation-challenge into an opportunity, it must first be understood in 
detail (Martinez et al., )*(7). 

The area of design is highly impactful to the question of being an e<ective and 
e=cient PSS provider. Prior research makes it clear that for PSSs to be e<ective 
and e=cient, they must be designed with a focus on the entire PSS lifecycle and 
in a profoundly di<erent way than products that are meant to be sold (Morelli, 
)**6; Sakao, )*((). This means that not only should the PSS as the design object 
be e<ective and e=cient, but also that e<ective design is critical (see Abukhader, 
)**5). Thus, purpose-driven and intentional design centered on the whole PSS 
lifecycle is needed, utilizing resources e=ciently, extending component life, and 
retaining and re-circling resources at the end of the first life of the physical com-
ponents, e.g., through remanufacturing or reuse. Although there is a substantial 
body of research prescribing how PSS design should be carried out (see, e.g., 
Vasantha et al., )*(); Brambila-Macias et al., )*(5), there is little understanding of 
how manufacturing companies actually go about designing PSS in everyday prac-
tice (see Tan et al., )*(*).  
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An additional challenge for manufacturing companies connected to the expan-
sion to PSSs and adjustment of business models is focused on how value is 
captured. Whereas in the past, manufacturing companies mainly concentrated 
on generating income through the sale of products, in PSSs, value capture be-
comes more complex, as it stretches throughout and beyond the use phase of the 
o<ering (see Grönroos and Voima, )*(4). However, as in traditional product sales, 
the opportunities for value capture are predetermined mainly at the design stage 
of the PSS. In order to be able to do this e=ciently and e<ectively, a manufactur-
ing company expanding towards PSSs must be aware of the need to adapt its un-
derstanding of how value is captured and to ensure the implementation of that 
understanding in its processes focused on the entire PSS lifecycle. Very likely, this 
is challenging for manufacturing companies (Yang et al., )*(6), indicating that as-
sisting them in understanding and enhancing their value capture, e.g., through a 
support method, may serve the goal of more e<ective and e=cient PSS design and 
provision. 

The challenges of expanding from being a manufacturing company to becoming 
a PSS provider are manifold, and the solutions proposed by academic research 
are similar: Gain an understanding of the status quo and develop a support 
method that manufacturing companies can apply, reaping the benefits of the ac-
crued knowledge instilled into the method6. However, beyond individual case 
studies when a new method for PSS design and provision is presented, the actual 
use of such methods in industrial practice is subject to discussion (Vezzoli et al., 
)*(E, )*(D). This situation begs the question of how well the methods provided 
are meeting the requirements of manufacturing companies and PSS providers, 
and what could be done to improve their usefulness in practice.  

Yet, even if the expansion of manufacturing companies to becoming PSS provid-
ers is well-understood, and departing from that understanding, both their design 
and value capture are supported by e<ective, e=cient and easy-to-implement 
and -use methods, then this will still benefit only those companies in awareness 
of their existence and with the interest and resources to use them. The same is 
true of all frameworks and methodologies proposed to support companies in im-
plementing circular business models such as PSSs (e.g., Lieder and Rashid, )*(6; 
Heyes et al., )*(5; Manninen et al., )*(5). However, what about manufacturing 
companies that are moving to PSSs without the support of methods or frame-
works? Insight into the extent to which such an expansion to PSSs corresponds to 
the current understanding of how PSSs can contribute to a CE is absent in current 
research concerning both concepts. Further, as sustainability related to a CE and 
servitization is increasingly seen as a crucial success-factor for companies (Parida 
and Wincent, )*(3), a deeper understanding of the CE contribution through an 
expansion to PSSs carried out based on a largely economic motivation is timely. 

                                                                    

6 With respect to engineering design, this approach is captured well by the Design Research 

Methodology (Blessing and Chakrabarti, �''E).  
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By and large, challenges in the expansion to becoming a provider of PSSs abound. 
Luckily, so do opportunities that reside in a better understanding of this process 
and methods supporting the design and provision of e<ective and e=cient PSSs 
towards solving the challenges identified. Understanding that support methods 
will only reach some companies, investigating the potential extent of a CE-
contribution by PSSs that are designed and provided without the backing of a CE-
centric framework or methodology serves as a countercheck to this rather pre-
scriptive overall approach. 

*.1 Aim and Research Questions 

Therefore, the overarching aim of this thesis is to support manufacturing companies 

in the expansion to e8ective and e9cient design and provision of product-service sys-

tems. 

Through a combination of exploratory and prescriptive research, this thesis fo-
cuses on investigating and supporting the e<ective and e=cient design, provision 
and value capture of manufacturing companies expanding towards PSSs. Further, 
the research aims to shed light on the potential CE-contributions by PSSs that are 
designed and provided without the support of CE-focused prescriptive methods 
and frameworks. The aim is operationalized by four research questions (RQs).  

 

Manufacturing companies are increasingly expanding their activities towards be-
coming providers of PSSs. In answering RQ(, the goal is to expand the understand-
ing of how this process occurs in practice. The objective is, therefore, to investigate 
the challenges these companies are facing during and as a result of the expansion 
to PSSs. Based on this, the impact of these challenges regarding the e<ectiveness 
and e=ciency of both the expansion towards PSSs and the resulting PSS design 
and provision throughout the lifecycle are investigated.  

 

In answering RQ), the research departs from the needs of manufacturing compa-
nies expanding their scope of business to PSSs. With these needs in focus, the 
research presented seeks to identify pathways towards facilitating the develop-
ment and selection of methods for the design and provision of PSSs that are both 

Research Question B 

How have manufacturing companies adjusted 

their design and provision to product-service 

systems? 

Research Question E 

How can methods facilitating the e8ective and 

e9cient design and provision of product- 

service systems be developed and applied? 
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e<ective and e=cient in use and in the result they deliver. The impact of such 
methods towards alleviating challenges in PSS design and provision throughout 
the lifecycle is examined. 

 

Prior research has indicated that an exclusive focus on value capture in terms of 
monetary value, as in product sales, may be insu=cient when providing PSSs. 
Towards answering RQ4, the research presented endeavors to achieve an in-depth 
understanding of the value capture of PSS providers in contrast to product sellers. 
A method and an approach to be applied in the use and design phase of PSSs are 
intended to support manufacturing companies in analyzing and enhancing their 
value-capture with a lifecycle focus as they expand their business to PSSs.  

 

A growing number of frameworks and methods for the operationalization of the 
goals and principles of resource e=ciency and e<ectiveness through PSSs in the 
scope of a CE are presented in the literature. It is likely that many manufacturing 
companies carry out the expansion to PSSs unaware of and without the support 
of such frameworks, methods, and other aids. Departing from this, the research 
responding to RQE aims to provide a better understanding of such unsupported 
expansions and the potential contributions of the resulting PSSs to resource e=-
ciency and e<ectiveness in the scope of a CE. 

*.3 Interrelations Between the Research Questions 

RQ( intends to establish the basis for the subsequent questions by compiling the 
exploratory research carried out with manufacturing companies in the expansion 
towards PSSs. Based on answering that question, gaps and challenges experi-
enced by these companies are identified. 

As methods are a common approach for academia to solve such challenges, these 
were taken into closer consideration for RQ). On the one hand, this concerns the 
possible impact of existing prescriptive methods to facilitate e<ective and e=-
cient design and provision of PSSs throughout the lifecycle. On the other hand, 
the research to answer RQ) considers how such methods are conceived. Based on 
a prescriptive method, the development and selection of design methods for PSSs 

Research Question 2 

How can the value capture through product-

service systems be supported throughout the 

lifecycle? 

Research Question 4 

In what ways can economically-driven,  

unsupported expansions to product-service 

systems contribute to a circular economy? 
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ought to become more e<ective, e=cient and driven by the requirements of 
method users in manufacturing companies.  

Drawing further on the exploratory RQ(, value is considered a crucial concept for 
a manufacturing company to embrace in order to become an e<ective and e=-
cient PSS provider. As customer value is extensively researched in the field of 
PSSs, the response to RQ4 focuses on understanding the complexity of the pro-
vider’s value capture when o<ering PSSs instead of selling products. A method 
and an approach developed to support PSS providers in analyzing their current 
value capture in the use phase, and applying lessons learned from this to a future 
o<ering in the design phase, are presented. Drawing on lessons learned answering 
RQ), improvement e<orts were made to enhance the utility of particularly the 
design-centric method towards more e<ective and e=cient PSS design.  

RQE draws again on the exploratory research presented in RQ(, approaching it 
from a di<erent angle: Based on the in-depth understanding attained at a case 
company, a countercheck to the prescriptive results reported answering RQs ) and 
4, particularly with regards to resource e=ciency and e<ectiveness, is performed. 
This is achieved by analyzing the potential contribution to resource decoupling 
towards a CE by a manufacturing company expanding to PSSs without the sup-
port of prescriptive, CE-centric methods and frameworks.  

*.4 Thesis Scope 

This subchapter details the central foci of the thesis and lays out the motivation 
to investigate these aspects in the given context. 

*.4.* Two Manufacturing Companies Expanding Towards PSSs 

The empirical research conducted is focused on manufacturing companies. This 
term refers to companies with a background in the design and sale of physical 
goods that have the opportunity to take control of a larger range of the lifecycle. 
It is these companies that are o,en in focus in PSS research (see, e.g., Adrodegari 
et al., )*(7; Tan et al., )*(*). A further motivation for focusing on manufacturing 
companies is that they are highly relevant to the local and Swedish context and 
therefore, attaining a deeper understanding of the expansion of such companies 
towards design and provision of PSSs is of great interest.  

There are two manufacturing companies at the core of the research conducted: 
Navitas and Levor7. Supplemental insight was gained from Ericsson based on the 
work of master’s students. Navitas and Levor were partners in multi-year collab-
orations. In order to gain full access to internal documents and for respondents 
to be able to speak openly during empirical data gathering, confidentiality 

                                                                    

7 The same naming scheme has been used in the licentiate thesis (Matschewsky, �'	+). 
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agreements were signed in both cases. Thus, data revealed publicly, e.g., in aca-
demic publications, had to be redacted to ensure the anonymity of the compa-
nies, including their names.  

Further, pseudonyms used in the appended publications could not be re-used ex-
tensively in order to avoid a comprehensive representation of internal processes 
and challenges experienced, should a company be identified. This results in a 
number of pseudonyms being used throughout the appended publications, while 
some of them refer to the same company. The additional pseudonyms used, Ar-
antius (Publication E) and Kamiono (Publication D), describe Navitas and/or Le-
vor as well. To honor the companies’ request for anonymity and the great insight 
they shared, the direct relation between these pseudonyms cannot be disclosed. 
The additional pseudonyms Arantius and Kamiono are only used when discuss-
ing the appended publications E and D, respectively.8 Where the case companies 
are discussed without reference to a specific publication, e.g., in the research jour-
ney in Chapter 4.(, only the pseudonyms Navitas and Levor are used.  

*.4./ Methods to Support the Design and Provision of PSSs 

Methods are a crucial focus of design research (Reich, )*(*) and receive substan-
tial attention in research on PSSs (Sundin et al., )**3; Vasantha et al., )*(D; 
Vezzoli et al., )*(D). A considerable number of methods is published with the goal 
of supporting PSS design and provision — however, as in engineering design, the 
impact of these methods on practice is unclear (Tomiyama et al., )**3; Vezzoli et 
al., )*(D). As a result, PSS design methods and the enhancement of their practical 
relevance and usability became one of the foci in the scope of the research. This 
also served to enhance the reflexiveness of the research (see Reich, )*(7) by way 
of the direct application of lessons learned to an own preexisting method. 

*.4.1 Value as a Concept in PSS Design and Provision 

The concept of value is frequently used in research on PSSs and specifically on 
PSS design (see, e.g., A. Bertoni et al., )*(6; Kuijken et al., )*(7; Sakao and 
Shimomura, )**7). Focusing on this concept to attain and communicate a 
broader understanding of how extensive the changes for manufacturing compa-
nies in expanding towards PSS design and provision actually are with respect to 
how “income” is generated was an important point of departure of the research 
conducted and is central to this thesis. As customer value is a term used and un-
derstood by practitioners in manufacturing companies (Kimita et al., )**3a; 
Sakao and Lindahl, )*()), the provider value concept can tie into this pre-existing 
knowledge to facilitate data gathering and conceptualization and has been 
adopted as a term in the field of PSS research (Bertoni et al., )*(7). 

                                                                    

8 Where these pseudonyms are used in a chapter for the first time, a footnote is given to 

ensure the reason for their use is clear. 
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*.4.3 E:ective and E;cient PSSs Towards a Circular Economy 

Prior research makes clear that only certain PSS business model archetypes entail 
the opportunity of increased resource e=ciency (Tukker, )*(D; Yang and Evans, 
)*(3). For that reason, the research presented here concentrates on highly inte-
grated PSSs (see Miller and Mattes, )*(E), which focus only on o<erings in which 
the provider retains ownership and control of the physical components and takes 
back and reuses or remanufactures these components at the end of the lifecycle. 
With respect to e<ectiveness, the research presented considers the successful pro-
vision of PSSs at large. In view of this, both successful value creation and value 
capture are considered as a basis for e<ective PSS provision to avoid failure and 
deservitization (Kowalkowski et al., )*(7). Considering e<ectiveness towards im-
proved environmental performance, this is focused on in terms of intentional de-
sign and provision of PSSs throughout the lifecycle. 

PSSs are currently much discussed in the broader context of a CE (Michelini et al., 
)*(7; Chen, )*(5). Of course, this work only covers a small portion of the CE con-
cept. However, the preconditions of the contribution of PSSs to a CE discussed in 
the literature (Manninen et al., )*(5; Kjaer et al., )*(3) indicate that reflecting on 
this in the context of this research is meaningful and may advance the state of the 
art. Further, by extending the scope of the thesis to a reflection on CE contribu-
tions, the possibility is gained to participate in one of the central discussions in 
academia, politics, and society and to achieve a broader overall research impact. 

*.< Thesis Outline 

This Ph.D. thesis consists of a cover essay and five appended publications. Here, 
a brief overview of Chapters )–7 of the cover essay is given. 

In Chapter E, the research background, central concepts, and theory at the basis of 
the thesis are laid out. This is based on the respective backgrounds of the ap-
pended publications and aims to present a comprehensive overview and synthe-
sis. 

In Chapter 2, the research method towards the thesis is laid out. Here, the research 
journey towards the Ph.D. is elaborated upon. The research approach and me-
thodical interconnectedness of the research questions are illustrated, and the re-
search methods employed are presented. The particular methodologies towards 
answering each research question are shown in detail. In addition, the research 
quality is discussed in depth, and the impact of the research design and choice of 
methods are reflected upon. 

In Chapter 4, the appended publications are presented. Particular focus rests on 
the author’s contributions and the results critical to the discussion in the scope 
of this thesis. 
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In Chapter /, the results presented are discussed with a focus on the research ques-
tions. In discussing, reference is made to prior research and cross-references are 
given where the appended publications influenced one-another. 

In Chapter 0, a synthesis of the research results for a central audience of this book 
is presented: For practitioners in manufacturing companies seeking to expand to-
wards e<ective and e=cient design and provision of PSSs, a simplified graphical 
overview of the central outcomes of the work is shown, together with a table of 
possible courses of action during the expansion.  

In Chapter 1, concise answers to the research questions are o<ered, and trajecto-
ries of future research are deliberated. 
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Chapter � 

Research Background 

 

/.* Product-Service Systems 

/.*.* The Facets of Product-Service Systems 

In an early definition, PSSs are described as o<erings consisting of products (tan-
gible) and services (intangible), which are jointly developed and provided with a 
focus on creating customer value (see Goedkoop et al., (333). Besides being con-
sidered a type of o<ering to be brought to market, PSSs are increasingly discussed 
as an accumulative term for business models9 integrating products and services 
with a lifecycle perspective (see Reim et al., )*(D). The business model concept is, 
in this context, seen as an important facilitator of a successful implementation of 
PSSs in practice (Barquet et al., )*(4; Adrodegari et al., )*(7). Since the coining of 
the term in the late (33*s, PSSs have been researched with a focus on or departing 
from the expectation of reduced environmental impact when compared to tradi-
tional product sales (Ceschin, )*(4; Bocken et al., )*(E; Tukker, )*(D). However, 
doubts were raised and discussed frequently regarding the extent of these aspired 
advantages realized in manufacturing industry practice (Vezzoli et al., )*(); 
Manninen et al., )*(5; Kjaer et al., )*(3).  

The academic research on o<erings consisting of products and services spans 
from fields focusing on business through marketing, organizational change, op-
erations management, and design, all the way to an exclusive focus on environ-
mental performance. Due to that broadness, a large number of terms are in use to 
describe these o<erings, with all of these having di<erent connotations and foci 
related to the respective fields. The term servitization, describing the process a 
company undergoes when becoming a PSS provider, originates in the areas of 
marketing and operations management (Baines et al., )**3a, )*(7; Zhang and 
Banerji, )*(7), where it emerged as early as (355 (Vandermerwe and Rada, (355) 

                                                                    

9 In this, the working definition proposed by Reim et al. (�'	(, pg. +() is adopted, describing 

business models in the PSS context as “the design or architecture of the value creation, de-

livery and capture mechanisms”. 

In order to provide a background to the research conducted, this chapter 

introduces the current state of the research, theory and concepts at the basis 

of the work. This chapter also clarifies crucial assumptions and delimita-

tions guiding the thesis based on prior research. Further, it provides a syn-

thesis of the background towards a frame of reference. 
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and regained traction in connection to the work on service-dominant logic (Vargo 
and Lusch, )**E). The term has made its way into the field of PSSs (Reim et al., 
)*(D; A. Bertoni et al., )*(6) and is frequently used to illustrate the process of be-
coming a PSS provider (Martinez et al., )*(*, )*(7). A servitized manufacturing 
company designing and providing PSSs is, at that time, considered a PSSs pro-
vider (based on Lim et al., )*()). However, these companies o,en also remain 
product sellers, leading to organizational ambivalence in servitization (Lenka et 
al., )*(5a). Highlighting the focus on environmental aspects, terms such as sus-
tainable PSSs (S.PSSs) have emerged (Vezzoli et al., )*(D) and the research field 
has been extended to include “sustainability-oriented service innovation” (Calabrese 
et al., )*(5). In the face of this abundance of foci, researchers have made e<orts to 
consolidate the fields in order to achieve a higher level of understanding, whether 
in regard to PSSs at large (Annarelli et al., )*(6) or, e.g., in concentrating on joint 
lessons learned from PSS research focusing on engineering design and marketing 
(Brambila-Macias et al., )*(5).  

/.*./ PSS Business Models in Focus 

PSSs are not only investigated through a broad set of analytical lenses, but they 
can also take a variety of forms of implementation and execution in manufactur-
ing industry practice. In order to provide the classification and relatability 
needed for an academic discussion, prior research has identified di<erent ways 
of categorizing PSS o<erings (see, e.g., Adrodegari et al., )*(7; Beuren et al., )*(7). 
However, one characterization system has largely prevailed (Reim et al., )*(D) and 
may currently be considered common knowledge in the field: It is based on the 
degree to which the customer value creation through a PSS relies on its product 
or service components as introduced by Tukker ()**E) and Meier et al. ()*(*) and 
shown in Figure (.  

 
Figure B: PSSs business models (based on Tukker, E554; Meier et al., E5B5) 

Along with the shi, in the origin of value generation, critical changes occur with 
respect to how business is conducted and in turn, how manufacturing companies 
are incentivized to act when expanding to provide PSSs with a lifecycle focus: 

Customer Value
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Function- or product-oriented PSSs leave the majority of the responsibility with 
the customer, and consequently, providers act very similar to how they would act 
in a pure product sales scenario (Tukker, )*(D). In the case of use-oriented PSSs, 
the provider ensures that the o<ering is available for use by the customer as agreed 
upon, while providers of result-oriented PSSs10 retain both ownership of the of-
fering and operate it throughout the use phase of the lifecycle. It is when becom-
ing a provider of use- and result-oriented PSS o<erings that companies can 
undergo a broad set of changes: The organizational structure requires adjustment 
(Windahl and Lakemond, )**6; Maussang et al., )**3; Cavalieri and Pezzotta, 
)*()), the internal incentive structure of the business is in need of adaptation 
(Gebauer et al., )**6; OECD, )*(D) and the existing corporate environment must 
be changed to reflect the new focus of the business (Ceschin, )*(4; Tukker, )*(D). 
Adapted from the licentiate thesis (Matschewsky, )*(6), the example below is in-
tended to illustrate key aspects of highly integrated PSSs (see Figure (, 
summarizing use- and result-oriented PSSs; see also Miller and Mattes, )*(E). 

 

                                                                    

10 The existence of such o�erings in practice is not undisputed. In a recent publication, for 

which the author was one of the reviewers, it is argued that result-oriented PSS cannot be 

achieved based on current remote maintenance technology (Grubic and Jennions, �'	4). 

Example of Highly Integrated Product–Service Systems 

Assume that, in a product sales scenario, a company was previously the seller 
of road-cleaning machines, which were sold to municipalities. This company 
may have gained some revenue by o<ering services for these machines, but 
the main source of income would have been the actual sales. Should this com-
pany decide to become a provider of highly integrated PSSs, the o<ering 
would change substantially: Instead of selling machines, the company now 
provides clean surfaces. It takes care that the machines are in working order 
at all times and even supplies the operators for the machines. This means that 
the municipalities get billed based on the area they would like to have 
cleaned, and on the cleaning intervals. Both sides can profit from this, e.g. in 
the form of planning security (long-running contracts). For the provider, there 
is now a major change in incentive structure: Where previously there was 
money to be earned in replacing parts, e.g., the sweeping brushes of the ma-
chines, now these replacements become costs. There is now an incentive to 
make parts last longer, if the lifecycle cost of these parts is then lower. That 
means, e.g., that changed brush design, which costs 4*S more but extends the 
lifetime by 6*S, is economically viable. In addition, as less material is used 
throughout the lifecycle, environmental benefits are incurred. Further bene-
fits may be improved operational e=ciency, since the provider has the best 
knowledge on how to operate the machine. However, in order to be able to 
gain these benefits, highly integrated PSSs must be designed from the ground 
up with a lifecycle focus and through integrating products and services. 
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It is these highly integrated PSS, in which providers remain in the ownership and 
control of the physical components of the o<ering throughout the lifecycle that 
are in focus in this thesis and particularly when discussing the state of the art on 
e<ective and e=cient PSSs towards a CE below. 

/.*.1 E:ective and E;cient PSSs Towards a Circular Economy 

In research on PSSs, a focus on the goal of improved environmental performance 
has been present from the very beginning (Goedkoop et al., (333; Mont, )**)) and 
researchers have continued to stress this aspect (Vezzoli et al., )*(), )*(D). The 
main reason PSSs are discussed in connection to environmental benefits in com-
parison with the traditional sale of products is the possibility of improved re-
source e=ciency (see, e.g., Nußholz, )*(7; Yang and Evans, )*(3). Already simple 
add-on maintenance may constitute a step forward from a product-centric point 
of departure. However, the possibility of improved resource e=ciency is limited 
mainly to highly integrated PSSs and stems from the expanding role of the man-
ufacturing company when becoming a PSS provider (Tukker, )**E, pg. )E7). 
Based on this, as illustrated through the example in the box above, the incentives 
for manufacturing companies becoming PSS providers change fundamentally 
(ibid.). E=ciency in the use phase moves from being an advantage for the cus-
tomer to benefitting the provider (see, e.g., Meier et al., )*(*; Tan, )*(*; Miller and 
Mattes, )*(E). Beyond this, the opportunities to reuse and remanufacture promise 
substantial resource e=ciency improvements, if they are seized. 

In recent years, the field of PSS research has matured from theoretical discussions 
on envisioning environmental benefits towards quantitative accounts, although 
these are still rare. Lelah et al. ()*(() were able to show reductions in indicators 
such as energy depletion and global warming potential throughout the lifecycle 
of a result-oriented PSS. Further, Lindahl et al. ()*(E) reported the environmental 
and economic benefits of highly integrated PSSs when comparing cases with 
competing product sales o<erings. 

However, to move towards and beyond achieving substantial e=ciency 
improvements, a focus on e<ectiveness is needed (Kjaer et al., )*(3). In the con-
text of the manufacturing company becoming a PSS provider, this means an in-
tentional shi, towards not just sub-optimization and iterative improvement. 
Instead, it indicates an improvement by intention and purpose, focusing on all 
activities throughout the lifecycle towards retaining the value of resources and 
minimizing waste (Abukhader, )**5; EMF, )*(Da). PSS design as introduced in the 
next subchapter is critical to this. Further, e<ectiveness in design and provision 
is closely connected to the CE concept, to which the environmentally-focused re-
search on PSSs has gravitated in recent years. 

The term circular economy has gained traction in both the public discourse and in 
the academic realm. Due to the fast-paced development and broadness of the 
field, at this point, no commonly agreed definition of a CE is available: In analyz-
ing ((E definitions, Kirchherr et al. ()*(7) lay out the broadness of the concept and 
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point out the di<erent, and partly even lacking, foci. The same analysis finds the 
ERs of reduction, reuse, recycling and recovery at the center of most definitions 
(ibid.). The overall goal central to the research presented here is to maintain the 
value of resources, materials, and products to the highest possible degree and to 
minimize waste (EMF, )*(Db; Kjaer et al., )*(3).  

PSSs are seen as an important facilitator of maintaining the value of resources in 
a CE, e.g., through increased e=ciency in the use phase, by way of product sharing 
and the extension of the product lifetime (Tukker, )*(D; Bocken et al., )*(7; Kjaer 
et al., )*(3). In this context, particularly the image of waste=food as put forth by 
McDonough and Braungart ()**)) in Cradle to Cradle appears highly relevant 
where technological nutrients are concerned. In traditional product sales, a phys-
ical good may be discarded at the end of its first life. However, in the case of highly 
integrated PSSs, the opportunity to remanufacture or even reuse presents itself, 
feeding into (an) additional lifecycle/s and maintaining resource value. Of course, 
again, this requires e<ectiveness by way of intentional design (Prendeville and 
Bocken, )*(6).  

While achieving a CE is a task requiring changes across all levels of society far 
beyond production and consumption (see EMF, )*(Db), PSSs are seen as critical 
for the implementation of CE strategies on a company level (Witjes and Lozano, 
)*(6; Murray et al., )*(7). In this context, researchers have further pointed out, 
that no single company can complete the transition to a CE by itself, as entire in-
dustrial ecosystems are in need of adaptation (Parida et al., )*(3).  

Beyond PSSs, di<erent business models relevant to a CE are discussed as sustain-

able business models (Bocken et al., )*(E) and circular business models (Nußholz, 
)*(7; Lahti et al., )*(5). An overview of the commonalities and di<erences be-
tween the two concepts is provided by Pieroni et al. ()*(3). In this context, Bocken 
et al. ()*(E, pg. D*) identify “deliver functionality, rather than ownership” as a critical 
sustainable business model archetype based on the PSSs and servitization litera-
ture, by, e.g., pointing out the capability of PSSs to break the link between produc-
tion volume and profit.  

Michelini et al. ()*(7) point out PSSs as a vital facilitator of the transition from a 
linear to a circular economy. The authors, however, urge caution with respect to 
the implementation of the o<erings in practice, pointing out the need for highly 
integrated PSSs to achieve the desired benefits (ibid.). Ritzén and Sandström 
()*(7) point out, that for PSS to contribute to the CE, integration is not only 
needed between products and services but also within the organization towards 
a higher level of collaboration. 

This need for a high level of integration between products and services for an 
o<ering to provide the opportunity for environmental benefits throughout the 
lifecycle has been pointed out in PSS-centric research predating the popularity of 
the CE term: In defining the PSS business models introduced above, Tukker 



18 

()**E) points out this need for integration, as do many other researchers in the 
field (Mont, )**); Baines et al., )**7; Meier et al., )*(*).  

/.*.3 Challenges for E:ective and E;cient PSSs 

Even with the focus narrowed to highly integrated PSSs, e=ciency and e<ective-
ness throughout the lifecycle are by no means automatic. Particularly as resource 
e=ciency remains in focus for many PSS providers due to its immediate promise 
of economic advantage, rebound e<ects loom (Font Vivanco et al., )*(D). In PSSs, 
this is focused on the harmful impact financial resources freed up through in-
creased e=ciency may have wherever else they are invested (Binswanger, )**(; 
Ceschin and Gaziulusoy, )*(6). Further, in the case of use-oriented PSSs, negligent 
customer behavior poses a danger of physical components’ premature degrada-
tion (Chen, )*(5), although approaches to mitigating this challenge are emerging 
(Reim et al., )*(5). Additionally, the common focus on global warming potential 
may cloud judgments, even when the environmental performance is in direct fo-
cus: In a life cycle assessment of PSSs for cleaning ship hulls, an improvement in 
global warming potential was accompanied by substantially increased eco-tox-
icity (Kjaer et al., )*(5).  

Beyond e=ciency-related issues, of course, the challenge of e<ectiveness in PSS 
design and provision constitutes a high barrier (see Kjaer et al., )*(3). A purpose-
driven expansion to PSSs, and subsequently, design with a focus on closed and 
expanded loops of resources in a company’s PSS provision, is a substantial chal-
lenge for a company with a background in the manufacture and sale of goods 
(Martinez et al., )*(*; Bocken et al., )*(6). PSS design is vital to meeting this chal-
lenge (Vezzoli et al., )*(D), and the following subchapter provides detail on this 
subject and the role of methods supporting it. 

/./ Designing Product-Service Systems and the Role of Methods 

/./.* Particularities of PSSs and the Need for a Distinct Approach 

PSSs di<er so profoundly from traditional product sales o<erings and other ob-
jects of engineering design that tailor-made methods and tools are needed for 
their design (Morelli, )**6; Sakao, )*((). A number of researchers have pointed 
out the need for dedicated methods and approaches based on a variety of reasons: 
Where Akasaka et al. ()*()) point out the broad range of knowledge required to 
design PSSs successfully as a reason for dedicated design approaches, Vezzoli et 
al. ()*(D) mention the need for specific design, development, and delivery of PSSs 
if high resource e=ciency is to be achieved.  

Dedicated PSS design is even more vital in order to achieve resource e<ectiveness 
in the design and provision of PSSs throughout the lifecycle. To move beyond re-
ducing relative resource use towards ensuring a decoupling of increased cus-
tomer value creation and resources used, an intentional and purpose-driven 
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design that aims to retain the value of resources is crucial (EMF, )*(Da; Heyes et 
al., )*(5). 

In summarizing a number of critical aspects, Wolfenstetter et al. ()*(D, pg. () point 
out: “Developing a PSS incorporates the integration of components from multiple engi-

neering disciplines such as mechanical engineering, soJware engineering, and service 

engineering. In this regard, it does not make sense to separate the development into do-

main-specific processes.” Thus, PSS design must provide integrative capabilities to 
companies moving towards integrated o<erings of products and services. 

Although particular in many ways, PSS design has emerged from product-ori-
ented engineering design. Blessing and Chakrabarti ()**3, pg. () define engineer-
ing design as “activities that actually generate and develop a product from a need, 

product idea or technology to the full documentation needed to realize the product and 

to fulfill the perceived needs of the user and other stakeholders.” In PSS design, the 
scope of these activities is further extended to the joint design of products and 
services while focusing on the entire lifecycle of the o<ering from production, 
through the use phase all the way to the end of the first life, ideally executed as 
reuse and remanufacturing (Sakao and Mizuyama, )*(E). 

/././ PSS Design, the Value of Methods and Challenges in Practice 

When designing and providing PSSs, a focus on the entire lifecycle is critical to be 
able to design e<ectively and e=ciently and to capture and create value in a sus-
tainable fashion. Where engineering design is focused on achieving an 
operational technical solution to be sold (see Ullman, )**)), the design of PSSs 
must focus on the entire lifecycle and is applied under even greater uncertainty 
(Erkoyuncu et al., )*((; Herzog et al., )*(E), e.g., concerning customer needs. The 
design object is extended beyond physical components to services (Morelli, )**); 
Alonso-Rasgado et al., )**E), and design e<orts can even expand to business 
models or parts thereof (Song et al., )*(E; Ceschin and Gaziulusoy, )*(6).  

A substantial number of overarching (e.g. Sakao et al., )**3; van Halen et al., )**D; 
Vezzoli et al., )*(E) and focused (e.g. Bertoni et al., )*(4; Lim et al., )*(); Müller et 
al., )**3) methods and tools have been presented to support PSS design and pro-
vision. However, the degree of practical use of such methods is the subject of con-
tinued academic discussion (Tomiyama et al., )**3; Vezzoli et al., )*(E, )*(D), and 
some researchers have called for an increased focus on existing design methods 
instead of the development of new approaches (Stark et al., )*(7).  

Methods can play an essential role, in particular for companies carrying out the 
transition to PSSs. They are seen as an important support for companies in their 
e<orts to cope with the ever-accelerating need to adapt to changes (Lindahl, )**D) 
and provide assistance in reducing errors, shortening lead times and improving 
the quality of the design outcome (Geis et al., )**5; Geis and Birkhofer, )**3; 
Eckert, )*(4). Further, methods are viewed as an essential instrument to reduce 
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complexity and uncertainty in the design process (Montagna, )*((; Fernandes et 
al., )*(E). 

Researchers focusing on PSSs in particular and on engineering design in general 
have identified a number of reasons for the apparent lack of traction academically 
conceived methods gain outside of direct collaborations between actors in the 
manufacturing industry and academia (see Araujo et al., (336; Geis et al., )**5; 
Jänsch and Birkhofer, )**7). Concentrating on the companies intending to apply 
such methods, the most obvious reason for this may be a general unawareness of 
the attainable benefits of using design methods (Araujo et al., (336) and earlier, 
unsatisfactory method trials (Geis and Birkhofer, )**3). In focusing on ecodesign, 
Lindahl ()**D) has identified a lack of time, high purchase costs, and the cost of 
education and knowledge, among others, as key reasons for low levels of design 
method utilization. Lacking management support for successful method adop-
tion and use is a further reason identified (Lindahl, )**D; Wolf, )*((); as is the 
deficient availability of the information practitioners need to make informed de-
cisions with respect to methods relevant to the challenges experienced by them 
(Tromp and Hekkert, )*(6). Overly ambitious method implementation e<orts 
have also been found to challenge the absorptive capacity of companies 
(Birkhofer et al., )**); Wallace, )*(().  

Focusing on the methods as such, Lo,house ()**6) points out the dissatisfaction 
of many practitioners with workshop-style approaches ill-fit to the users’ day-to-
day tasks. The time-consuming nature of many methods and lacking awareness 
of the possible flexibility in a method’s use are a further challenge (Lindahl, )**D; 
López-Mesa, )**6). It has also been found that fitting methods can be challenging 
to identify and include in the existing design process (Buchert et al., )*(7). Addi-
tionally, researchers describe the format many methods are presented in as ill-fit 
to use in industry practice, as they can be abstract and overly scientific (Jänsch 
and Birkhofer, )**7; Geis et al., )**5; O’Hare, )*(*). Vasantha et al. ()*()) point 
out a need for methods solving individual, delineated tasks in the PSS design pro-
cess, whereas Tukker ()*(D) argues against such an approach for fear of overly 
specific methods only applicable in certain cases. In addition, and particularly 
relevant in the case of PSS design, methods o,en lack the ability to handle low-
quality and inconsistent data (Lo,house, )**6), which is typical when a new 
business model is being implemented, and an initial PSS design process is carried 
out. 

In summary, while PSS design is needed in order to support companies in devel-
oping and providing innovative product-service o<erings in a fashion that allows 
value capture and creation and ensures an improved environmental perfor-
mance, a number of challenges exist (Vezzoli et al., )*(E, )*(D). Methods intended 
to support design and provision are made available at a high pace, but evidence 
of their broad acceptance in practice, as in engineering design in general, is lack-
ing (Jänsch and Birkhofer, )**7; Geis et al., )**5). 
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/.1 Value as a Concept in the Context of Product-Service Systems 

/.1.* Value in Other Fields Relevant to PSS Design and Provision 

The concept of value in the context of engineering design has been introduced by 
Miles ((37(). There, value is discussed as a relation of function (or performance) 
over cost. Today, value is one of the key concepts used in research on PSSs and 
PSS design (Mont, )**); Meier et al., )*(*), departing from its origins in the fields 
of marketing and relationship management (Zeithaml, (355; Ulaga and Chacour, 
)**(). 

In relation to PSS design and provision, research on the service-dominant logic 
(Vargo and Lusch, )**E) bears particular relevance: Where previously, value was 
understood as contained in physical artifacts (goods-dominant) a new logic is 
proposed, focused on the performance of services where value is co-created with 
the customer. Value creation under this premise has been researched in-depth in 
the marketing domain (Payne et al., )**7; Grönroos, )**5; Grönroos and Ravald, 
)*(() while emphasizing the creation of customer value. More recently, Grönroos 
and Voima ()*(4) have discussed the concept of value while focusing on both cus-
tomer and provider: Where previously, value for the provider was generated as 
value-in-exchange at the point of sale, under a service-dominant logic, value cre-
ation encompasses all activities of the customer and provider. The authors fur-
ther stress the subjectivity of value and its relatedness to customer perception 
(ibid.). Panarotto ()*(D) points out that, among some researchers, the concept of 
value goes beyond monetary value alone (Steiner and Harmon, )**3; Grönroos 
and Voima, )*(4) to encompass, e.g., intangible value such as knowledge, experi-
ence, and emotion.  

Researchers in the field of PSSs have aimed to assemble and operationalize the 
knowledge generated on the value concept in various areas (e.g., marketing, 
operations management, and business) in recent years — in an e<ort to facilitate 
its use in manufacturing industry practice towards the e<ective and e=cient 
design and provision of PSSs (see, e.g., Bertoni et al., )*((; A. Bertoni et al., )*(6; 
Yang et al., )*(6). It has been pointed out that understanding value creation and 
capture throughout the lifecycle is an important prerequisite to designing and 
providing PSSs with a focus on improved environmental performance (Bertoni et 
al., )*(4). Value-centric research in the field of PSSs will, therefore, be discussed 
in greater detail in the next subchapter. 

/.1./ Value-Centric Research in PSSs 

From the outset, PSS research has exhibited a strong focus on the creation of cus-
tomer value (see Goedkoop et al., (333; Mont, )**)b). Value co-creation has sig-
nificant implications on how both customers and providers of service-based 
o<erings interact and perceive their roles (Vargo et al., )**5), which in turn has 
an impact on how these o<erings should be designed. The complexity of the value 
concept has also been highlighted in the servitization context (Urmetzer et al., 
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)*(5). Until recently, research in the field of PSSs has mainly highlighted the (co)-
creation of customer value (Kimita et al., )**3a, )**3b). In their work on service 
engineering, Sakao and Shimomura ()**7) define value as a change in the “state” 
of the receiver of the service from an existing state to a new one which the receiver 
sees as preferable. This is in line with service-dominant logic as introduced above.  

The work on value-driven design by Collopy and Hollingsworth ()*()) is highly 
relevant for research on PSS design research focused on value, as also remarked 
by Bertoni ()*(4) and Bertoni et al. ()*(4). Value-driven design emphasizes sys-
tem-level optimization in the early stages, making it relevant for research on the 
design of PSSs with a focus on improved environmental performance (Isaksson 
et al., )*(D) and PSSs’ potential contribution to a CE. Again, Bocken et al.'s ()*(E, 
p D*) work on sustainable business model archetypes must be remarked as rele-
vant: The PSS-centric archetype “deliver functionality, rather than ownership” lays 
out both the value and expected environmental benefits of a business model con-
cept. 

/.1.1 Value Assessments for PSSs 

Substantial prior research has been dedicated to value assessment for PSSs in the 
design stage of the lifecycle. In this context, particularly the publications of M. 
and A. Bertoni and colleagues have been impactful (see, among others, Bertoni et 
al., )*(7, )*(6, )*(D). Thus, the work presented here is based partly on the com-
prehensive account of value assessment metrics for PSSs presented in Bertoni et 
al. ()*(7). The examples of value assessment approaches for PSSs presented below 
are selected for relevance to the central research topics at hand. 

As mentioned above, Sakao and Shimomura ()**7) focus on customer value cre-
ation through service provision. In their design method and so,ware-based sup-
port tool, the value as created for a prospective customer is modeled in great 
detail, allowing for fine-tuning of the design under consideration of a large num-
ber of parameters for the state of the customer resulting from interaction with the 
service. In departing from value analysis (Miles, (37(), Alix et al. ()**3) investigate 
value for PSSs, providing deep insight into value as a function/cost relation from 
the viewpoints of both customers and the PSS provider. Kimita et al. ()**3a) en-
deavor to establish a relationship between a service o<ering’s quality and the cus-
tomer value created. This way, an optimal level of quality is to be attained based 
both on pre-existing requirements and needs arising a,er the performance of a 
service. Connected to this, Kimita et al. ()**3b) examine the influence of using a 
PSS on customer satisfaction in an e<ort to support designers in the conceptual 
design stage and to evaluate the actual impact of certain features on the state of 
the customer. Bertoni et al. ()*(() reported a method to investigate the value of 
radical PSS design alternatives early on in the design process. Sakao and Lindahl 
()*()) provided a step-wise method to assess the expected customer value of dif-
ferent PSS design alternatives through an evaluation against PSS characteristics. 
Bertoni et al. ()*(4) provide a tool visualizing customer value in an existing 



23 

computer-aided design environment, thus providing a value indication in the 
accustomed work setting of design engineers. Kim et al. ()*(6) approach value as-
sessments for PSSs in a holistic fashion: Key value criteria identified are evaluated 
from the perspective of sustainability (in this case representing the provider’s 
view) and customer value, supported by an extensive list of categories. A,er rig-
orous application of the method, the user achieves a comprehensive overview of 
the prospective value generation of the o<ering under development. Rondini et 
al. ()*(7) utilize importance-performance analysis to enable PSS designers to as-
sess concepts for the value-added they provide, considering both the customer 
and provider side. High value-adding concepts are identified, further enhanced 
and again assessed to ensure a comprehensive understanding of the designer re-
garding the attainable value. 

This only represents a portion of the methods, tools, and approaches available to 
assess and enhance value creation during the PSS design process. Only recently, 
researchers have begun to put increasing focus on the complexity of PSS provid-
ers’ value capture. The following subchapter provides some additional insight 
into this. 

/.1.3 Insight into Particularities of Provider Value for PSSs 

The multidimensional benefits providers of PSSs can attain are much less re-
searched than their customer-centric counterpart at this point. Some researchers, 
however, have made an e<ort to investigate the complexity of the value capture 
of PSS providers. Yoon et al. ()*()) introduced a PSS evaluation approach, taking 
into account both the customer and the provider side and their interaction. 
Pezzotta et al. ()*(E) investigated the benefits for customers and providers during 
the use phase, focusing on balancing the e=ciency of services delivered by the 
provider and the value experienced by the customer. Yang ()**3) introduced per-
formance measurements for PSSs from di<erent points of view, some of which 
are useful to assess the value capture of PSS providers. Although the focus re-
mains on product-oriented PSSs, Xing et al. ()*(4) discuss a value model consid-
ering both a customer and a supplier perspective. Although Rondini et al. ()*(6) 
present a heuristic process focusing on company value as a critical aspect of deci-
sion-making at the design stage, the considerations are still mainly driven from a 
customer perspective. Recently, the term provider value has been adopted by au-
thors to describe the complexity of lifecycle-oriented value capture of PSS provid-
ers (Bertoni et al., )*(7; Rondini et al., )*(7). 

/.3 Challenges for Companies in a Changing World 

The transition of manufacturing companies from solely being makers and sellers 
of products to becoming providers of integrated o<erings of products and ser-
vices with a lifecycle perspective has been investigated extensively. Departing 
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from this, a number of researchers have examined emerging cases of companies 
struggling with that expansion in prior research. 

Martinez et al. ()*(*) provide an in-depth view into servitization challenges in 
investigating a UK manufacturing company becoming a PSS provider, and iden-
tify several approaches to meet these challenges. Vasantha et al. ()*(E) also inves-
tigated a servitization case in the UK, identifying challenges and opportunities. 
Isaksson et al. ()**3) report generic challenges and opportunities identified in a 
literature study as well as case studies. Kurak et al. ()*(4) classify challenges iden-
tified in relation to business models. Baines et al. ()**3) identified a number of 
categories of servitization challenges. In presenting a thorough case study, Brax 
()**D) identified challenges experienced by a particular case of servitization 
which focused on a service add-on strategy. To provide a condensed overview, Ta-
ble ( summarizes challenges of servitization identified in prior research. 

Table B: Challenges for companies in servitization (abridged from Matschewsky et al., E5BKa) 

Reference Challenges Identified 

Brax (�EE") • Communication (processes to obtain and utilize feedback) 
• Delivery (change in company culture, bad timing) 
• Marketing (changes in how case company marketed o<ering) 
• Product-Design (focus on lifecycle vs. short-term uptime and cost) 
• Production (acquiring necessary level of knowledge) 
• Relationship (perception of sta<, opportunism by provider, privacy) 

Baines et al. (�EEG) • Communicating and demonstrating value through services 
• Language used with service focus 
• PSS delivery, sharing resources & knowledge amid supply chain & OEM 
• PSS design and having a focus on through-life performance 

Isaksson et al. 

(�EEG) 

• Addressing customer needs 
• High uncertainty through extensive contract length 
• Modelling and simulation 
• New competence requirements for PSS design 
• True collaboration between service developers and product developers 

Martinez et al. 

(�E�E) 

• Delivery of integrated o<erings 
• Embedded product-service culture 
• Internal processes and capabilities 
• Strategic alignment 
• Supplier relationships 

Ulaga and Reinartz 

(�E��) 

• Deployment 
• Design-to-service  
• Execution risk assessment and mitigation  
• Sales  
• Service-related data processing and interpretation  

Durugbo (�E� ) • Complexity 
• Ensuring customer trust 
• Sustainability 
• Timeliness and service-tie-ins 

Kurak et al. (�E� ) • Human resources  
• Market segment and value proposition 
• PSS knowledge and ease of use 

Vasantha et al. 

(�E�!) 

• Critical factors in moving to higher servitization levels 
• Industry-specific challenges to achieve higher levels of servitization 
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/.4 Reflecting upon the Research Background  

/.4.* The Focus of this Research with Respect to PSSs and a CE  

The broadness of the CE concept and the ongoing academic discussion on the 
contribution and role of PSSs in its context requires some reflection. In order to 
be explicit in outlining the role and contribution of the research presented in this 
thesis with respect to a CE, this is deliberated herea,er. 

Based on the research background, the following central insights were gained:  

(B) Achieving increased resource e=ciency throughout the lifecycle has 
been a cornerstone of PSSs research (see, e.g., Manzini and Vezzoli, )**); 
Ceschin, )*(4; Tukker, )*(D). 

(E) Resource e=ciency, or the narrowing of resource flows, has been dis-
cussed as a core trait of circular and sustainable business models, in the 
scope of which PSSs are frequently discussed (Bocken et al., )*(E, )*(6; 
Nußholz, )*(7). 

(2) Resource e<ectiveness, and thus resource longevity and slowing the de-
terioration of resource value, is a critical aspect discussed with respect to 
PSSs (Kjaer et al., )*(3; Pieroni et al., )*(3). This concerns closing loops 
and extending the flow of resources (Bocken et al., )*(6), e.g., through re-
use, remanufacturing, and PSS sharing (Kjaer et al., )*(3). In contrast to 
this terminology, some authors also refer to closing and slowing resource 
loops in terms of resource e=ciency (Haupt et al., )*(7; Linder and 
Williander, )*(7; Mendoza et al., )*(7). 

(4) With regard to achieving both resource e=ciency and e<ectiveness to-
wards a CE, provider control, ownership of the physical components 
(Pieroni et al., )*(3) and, very importantly, intentional design and a 
lifecycle focus (Tukker, )*(D; Vezzoli et al., )*(D) are critical. 

Based on this state of the art, when discussing environmental aspects of PSSs in 
the scope of this thesis, the following aspects are considered: Foremost, there is 
an exclusive focus on highly integrated PSSs (red and yellow areas of Figure )). 
Further, critical points of reflection are the resource e=ciency and e<ectiveness 
of such highly integrated PSSs throughout the lifecycle. Lastly, it is clear that only 
a portion of the highly integrated PSSs provided in practice entail resource e=-
ciency and e<ectiveness towards a potential contribution to a CE (yellow area in 
Figure )). Identifying this area and supporting companies in locating their busi-
ness within this space is a central goal of the research presented. As economic 
growth is a further value driver identified for such circular business, this indicates 
a hard-to-achieve sweet-spot for PSS provision (Pieroni et al., )*(3). 

As Figure ) further indicates, additional issues are not in the focus of the work 
presented: Beyond PSSs that are not highly integrated, the largest part of what is 
considered a CE is not explored here. This concerns aspects of policy (EMF, )*(Da), 
applicable business models other than PSSs (Bocken et al., )*(6; Nußholz, )*(7) 
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and biological cycles within a CE (Bocken et al., )*(6; Moreno et al., )*(6). Further, 
the broader field of sustainability and thereby, questions of, e.g., societal well-be-
ing and work enrichment (Pieroni et al., )*(3) are not researched. In addition, al-
ternative approaches to achieving sustainability, e.g., based on traditional linear 
business approaches, are not a focus of this work. 

 
Figure E: Focus of this research with respect to a CE and PSSs 

/.4./ Synthesis of the Research Background 

The aim of this thesis is to support manufacturing companies in the expansion to ef-

fective and e9cient design and provision of product-service systems. As this is unfea-
sible to do in its entirety, a set of foci must be selected in order to provide 
meaningful support to companies expanding their business towards PSSs. To 
avoid repetition, please refer to the subchapters above for references. 

The research conducted had its point of departure in the field of PSS design with 
an explicit focus on design methods originating in the field of engineering design. 
This background is crucial throughout the research in order to investigate the 
manufacturing industry practice of designing and providing PSSs. Further, it 
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informs the prescriptive portions of the research regarding the development, se-
lection, implementation and use of design methods and methods supporting the 
expansion of manufacturing companies towards PSSs and PSS provision.  

PSS design and methods supporting it, however, are insu=cient to fully under-
stand the expansion of manufacturing companies towards becoming PSS provid-
ers. This is particularly true as PSS design is a mostly prescriptive concept that 
endeavors to shape manufacturing industry practice. Theory broadly referred to 
as servitization literature was used to complement this prescriptive focus with an 
exploratory approach to gain a deeper understanding of PSSs in manufacturing 
companies. This allows for an investigation of real-world expansions to PSSs and 
their impact on the organization and activities of manufacturing companies from 
a less prescriptive point of view. To have this understanding is critical to the aim 
of supporting the e<ective and e=cient design and provision of PSSs with a focus 
on the actual challenges occurring in practice. Together with PSS design and de-
sign methods, servitization constitutes the backbone of the research conducted. 
The other two main research fields are primarily derivatives of either PSS design, 
servitization, or both.  

Although both the PSS design literature and prior research on servitization dis-
cuss value with varying foci, the particular importance of understanding and en-
hancing the value capture of PSS providers required a more in-depth focus on 
this. Therefore, value and value capture through PSSs are considered as a branch 
of research in their own right. To a small degree, the value concept supports the 
understanding of how PSSs are designed and provided in practice in a descriptive 
sense. However, to a substantial degree, value and particularly the value capture 
of PSS providers is critical to illustrate the benefits of a lifecycle focus for manu-
facturing companies becoming PSS providers. Therefore, value capture is highly 
relevant and highly interconnected with the previously mentioned fields of re-
search. Supporting companies in understanding and enhancing their modes of 
value capture may be crucial to achieving e<ective and e=cient PSSs in practice. 

Lastly, resource e9ciency and e8ectiveness are closely related and much discussed 
in research on PSSs, PSS design and partly, in servitization. The relation of this to 
a CE is also present and growing in the PSS design literature. Nevertheless, the 
motivation for the research and the focus of the fourth research question necessi-
tates a more explicit focus on these issues. Particularly, the expansion of the un-
derstanding of how PSSs in practice can contribute to a CE, in accordance with 
the current understanding of this contribution in the state of the art, clarifies this 
need. Further, the extensive theoretical understanding of the preconditions for 
achieving resource e=cient and e<ective PSSs was critical to limiting the focus of 
the research to highly integrated PSSs.  

In summary, the research background based on servitization, design, provision, 
value (capture) and a focus on resource e=ciency and e<ectiveness throughout 
the lifecycle is needed to inform the research conducted and to allow for reflec-
tion.  
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Figure 4 provides an overview of the most relevant areas of research, giving insight 
or points of reflection towards the respective research question. The progression 
display of a manufacturing company’s expansion towards the provision of highly 
integrated PSSs11 indicates the relevance of the foci of the research in accordance 
with the progress made by the company. 

 
Figure 2: Theory introduced and its relevance for RQs and goals of the research* 

For the exploratory research carried out to answer RQ(, mainly extant literature 
on PSS design and servitization proved to be important. Although generally rele-
vant, the research background on value and resource e=ciency and e<ectiveness 
was in lesser focus based on the status quo of PSS design and provision in manu-
facturing industry practice. 

For the largely prescriptive research towards RQ), particularly prior research on 
PSS design and design methods was an important backdrop. All other fields in 
the theoretical background are of lesser relevance, while they are still needed to 
discuss the impact of improved PSS design and design methods on the respective 
field. 

                                                                    

11 Shown in the form of a hermeneutical spiral (inspired by Paterson and Higgs, �''(). 
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Regarding RQ4, value is of central importance as a background towards under-
standing changes in value capture when moving from product sales to PSSs from 
a theoretical point of view. However, the remaining fields are of relevance to dis-
cuss the expected impact of a more comprehensive value capture through PSS 
provision. 

RQE relies mainly on the state of the art in research on PSSs and their possible 
contribution to a CE through resource e=ciency and e<ectiveness. However, the 
PSS design and servitization literature provides a much-needed backdrop for the 
research and is especially important with a focus on identifying ways forward to-
wards increased e=ciency and e<ectiveness of PSS design and provision.  
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Chapter M 

Research Method 

 

1.* Challenges, Opportunities, and Solutions — A Research Journey 

Pursuing a doctoral degree in the topic of environmental management and envi-
ronmental engineering in Sweden was beyond imagination when I began my uni-
versity studies in )**6. A,er exploring international management and political 
science, I decided to go for the safe route and to study mechanical engineering 
design at the University of Applied Sciences for Technology and Economics 
(HTW) in Dresden, Germany. I knew that, for lack of an in-depth understanding 
of all things mechanical, it was unlikely that I would amount to an excellent engi-
neering designer. Thus, from the first semester, I started looking for my niche. 
Research was an appealing field, so I spent my years as a student working in dif-
ferent research institutes in the fields of non-destructive testing, and later, system 
packaging. This was interesting and educational, but not a career path I wanted 
to take. A fascination with flight and, despite all its shortcomings, its power to 
bring people together, led me to spend my mandatory six-month internship at 
Airbus in Hamburg, focusing on the evaluation of alternative material combina-
tions for oxygen lines in the A45* aircra,, among other tasks. The narrowness of 
the engineering tasks and a growing awareness of environmental issues, however, 
eliminated this option for work in the future. When it came to writing my di-
ploma thesis, therefore, I was looking for a topic at the crossroads of engineering 
and environmental issues in the broadest sense — in a research environment. It 
was during this time, in late )*((, that I contacted Mattias Lindahl and Tomohiko 
Sakao at Linköping University (LiU). They first became the supervisors of my di-
ploma thesis, for which I spent seven months researching at LiU in )*(), and sub-
sequently, the supervisors of my doctoral research. In my diploma thesis, I 
focused on the complexity of the value capture of PSS providers and developed a 
method to evaluate the potential of di<erent product and service components re-
garding this (see Matschewsky, )*()).  

This chapter has a dual focus. On the one hand, it aims to provide the 

reader with a background and comprehensive understanding of the re-

search journey of over five years of work towards this thesis, clarifying the 

di8erent research projects and the varying foci throughout the process. To 

make this accessible and easy to read, Chapter 2.B is written in the first 

person. On the other hand, the methods used to collect and analyze data 

are briefly laid out, and the quality of the research conducted is scruti-

nized. As there was some overlap in the methods used, this chapter contains 

text adopted from the licentiate thesis (Matschewsky, E5B0). 
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I was able to return to Linköping and commenced my Ph.D. studies in February 
of )*(E. As most Ph.D. candidates at Linköping are externally financed, this was 
also the case for me. For )DS of my time, I was financed by the research school of 
the Department of Management and Engineering at LiU, while the remainder was 
split over a number of projects. This circumstance meant that finding a consistent 
focus for the research to be conducted was challenging at the start. I came in at 
the beginning of the last year of a three-year collaboration with Navitas. This col-
laboration was focused on evaluating the implementation of a PSS design method 
into the company’s existing processes. Within this project, I very soon became the 
principal researcher, spending time at the case company on an almost weekly ba-
sis, conducting interviews and workshops. I was further a member of the 
VINNOVA-financed research projects KEAP and ÅterProdukt from the start of the 
research journey. Both projects were focused on remanufacturing and the use of 
product lifecycle data. In the scope of this, I investigated the status quo of the de-
sign processes for both product sales and PSS o<erings in di<erent companies. A 
particular focus lay on information exchange between practitioners in the design 
stage and in remanufacturing. The work with Navitas was presented in a confi-
dential report. Further, the data gathered at Navitas was published in conference 
publications and a journal article12. Data gathered in KEAP and ÅterProdukt was 
used in a conference publication and a journal article.  

As the end of the collaboration with Navitas was drawing near, a new direct col-
laboration with Levor was established. Here, my foci were customer and provider 
value in o<ering PSSs as compared to traditional product sales o<erings. My in-
volvement in the collaboration commenced with a series of interviews in late fall 
of )*(E. The work also involved a study focused on lifecycle costing carried out 
by other researchers. As this pre-study was considered successful, a more exten-
sive collaboration was agreed upon in )*(D, and Levor would remain the primary 
source of financing for my research as well as my primary study object for the 
remainder of my Ph.D. journey. In this, my focus remained on customer and pro-
vider value. However, based on the extensive collaboration and close connection 
to a large number of engineers and managers, the expansion of Levor towards 
PSSs became a central research focus. Several project reports were produced as 
the project progressed, all of which fell under confidentiality agreements. The 
data gathered in the course of both project parts was used in conference and jour-
nal publications. 

Towards the end of the Ph.D. journey, as the collaboration with Levor ended in 
)*(5, I became a=liated with the Mistra REES project. Although I did not partici-
pate in data-gathering e<orts in this project except on a few occasions, I did 
coordinate a central publication e<ort within the project, which resulted in a jour-
nal manuscript currently under review.  

                                                                    

12 All references in this subchapter regarding Navitas and Levor are redacted to ensure their 

anonymity. For details, please see Chapter 	.(.	. 
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My Ph.D. education, however, goes beyond the e<orts within the main research 
projects I worked in. As a result of a master’s thesis I supervised, data was gathered 
and a third case company, Ericsson, came into the picture. Results from these 
works were utilized in a conference (Matschewsky et al., )*(6) and a journal pub-
lication (Matschewsky et al., )*(5b). I was further able to secure funding to de-
velop a handbook directed towards Swedish businesses detailing the use of the 
provider value evaluation method developed (Matschewsky et al., )*(Db, )*(5b; 
Matschewsky, )*(5) — an important step to increase the spread of new knowledge 
to those actually able to put it to use. I have also endeavored to broaden my re-
search focus and the base of co-authors I work with. This resulted in a journal 
publication in collaboration with a peer from Beihang University (Sakao et al., 
)*(7), a value-centric conference publication with peers from Bergamo (Rondini 
et al., )*(5) and a conceptual and exploratory publication expanding the PSSs 
concept beyond products and services developed with a dear colleague (Kanda 
and Matschewsky, )*(5). Lastly, the opportunity to contribute to the discussion 
on the potential contribution of PSSs as a circular business model within a CE 
arose. This was based on the extensive understanding gained of the status quo of 
PSS design and provision at Levor. Comparing these processes with a framework 
detailing enablers of resource reduction, and ultimately, discussing the prospect 
of PSSs potentially contributing to absolute decoupling between economic 
growth and resource consumption, was the goal. 

Overall, it is the sum of these experiences that make a Ph.D. journey what it is — 
a winding path with seemingly dead ends, surprising turns, and unexpected road-
blocks. Regardless, the goal of a thesis is to present a coherent overview. For that 
reason, substantial parts of the research journey cannot be represented and re-
flected upon in this book. Instead, the target was to present a focused account of 
scientific value and relevance for fellow researchers in the field. The approach and 
methodology towards this are presented in the following subchapter. 

1./ Research Approach 

The results discussed within this thesis were attained primarily based on the in-
terplay of an exploratory and a prescriptive research approach. The research ap-
proach and connections between the di<erent foci are shown in Figure E.  

The research presented has a prescriptive aim, as it intends to support manufac-
turing companies in the expansion to the design and provision of PSSs. However, 
fulfilling this prescriptive aim necessitates prior exploration. In order to mean-
ingfully recommend courses of action to overcome challenges and to make use of 
extant opportunities, first, these challenges must be known and understood. 
Therefore, before prescription comes exploration in order to ensure that the solu-
tions provided match the challenges occurring. 
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Figure 4: Research approach and connection between research foci 

Patton ()**), pg. (34) describes exploratory research as relevant to “[…] new fields 

of study where little work has been done, few definitive hypotheses exist, and little is 

known about the nature of the phenomenon […]”. Although PSSs are becoming a ma-
ture field of study based on over two decades of research, much still lies in the 
dark. Exploratory work was particularly needed in order to understand the status 
quo of how PSSs are designed and provided in manufacturing industry practice 
towards Publications ( and ) in response to RQ(. Further, understanding the ne-
cessity and possible impact of the changes in value capture when considering 
PSSs instead of product sales required empirical exploration of that topic. How-
ever, in the prescriptive research towards Publication 4 in response to RQ) also 
lies some exploration with respect to requirements of method users collected em-
pirically and the method characteristics.  

The prescriptive aspects of the research are connected to methods intended to 
provide solutions to the empirically identified challenges. In the research carried 
out, this includes the identification and recommendation of existing methods, 
prescriptive guidance on how design methods should be developed, and the de-
velopment of methods to support the design and provision of PSSs with respect 
to a specific challenge.  

A third aspect of the research approach adopted is the descriptive work carried 
out towards answering RQE through Publication D. This research is di<erentiated 
from the remaining work, as it is focused on a single topic and evaluates empirical 
data narrowly based on a preexisting framework. 

The exploratory results in Publications ( and ) provide insight towards answering 
RQ(. Herein, Publication ( reports early findings and observations at the case 
companies Navitas and Levor. This publication was motivated by results attained 
early in the research journey: The research on provider value in PSS towards the 
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diploma thesis was conducted as desktop research. There was a considerable sur-
prise when commencing empirical research and understanding that neither of 
the studied companies actually carried out what a researcher would describe as 
PSS design with a lifecycle perspective. This fueled the more detailed study into 
both case companies reported in Publication ). Together, the two studies provide 
comprehensive insight into the PSS design and provision of the case companies 
and constitute the exploratory status quo in response to RQ(. In view of this, RQ( 
also serves as the point of departure towards fulfilling the aim of the research in 
supporting the e<ective and e=cient design and provision of PSSs. 

The prescriptive results of Publications (, ) and 4 serve to answer RQ). This re-
search question is directly fueled by the challenges and gaps reported as an out-
come of RQ(. Directly responding to the challenges found in the manufacturing 
industry, existing methods and general approaches towards meeting them are 
pointed out in Publications ( and ). However, an overall weakness of these meth-
ods emerged: Although many were available, they appeared to be infrequently 
used in practice. Thus, Publication 4 provides a prescriptive outcome for answer-
ing RQ) through a structured method for the user requirements-oriented devel-
opment of such methods. Therefore, the gaps and challenges found as a result of 
RQ( are filled not only directly, as that may restrict the applicability of the result 
to the case companies involved. Instead, the overall method proposed allows tack-
ling the challenges of PSS design and provision across the board, with the oppor-
tunity to provide solutions to challenges outside the results of RQ(. Thus, a 
contribution is made to supporting the design and provision of PSSs at large, both 
by pointing out methods to solve challenges and by endeavoring to improve the 
development and selection of such methods in a general sense. 

The results attained through Publication E serve to answer RQ4. These results 
have both exploratory and prescriptive characteristics. In the exploratory portion, 
di<erences between the value capture through product sales and PSSs are 
elaborated on based on the theoretical background in the field. This again estab-
lishes a point of departure for prescriptive support. The understanding of the case 
companies’ value capture considerations in the design and provision of PSSs, re-
sulting from RQ(, indicated a need for support throughout the lifecycle. Thus, two 
prescriptive methods are proposed to analyze the current PSS-based value cap-
ture in the use phase and to act upon lessons learned in the design phase. Towards 
the overall research aim, both the understanding of provider value and the facili-
tation of its use in practice serve to support the e<ective and e=cient design and 
provision of PSSs.  

The results of Publication D provide a response to RQE. Driven by the status quo 
as laid out based on RQ(, this research carried out a countercheck against the re-
sults of RQs ) and 4 by asking: What if frameworks and methods are not used? 
This question is answered using a descriptive approach by reflecting on the les-
sons learned based on RQ( with respect to an existing framework to assess ways 
PSSs can contribute to a CE. This provides important insight for academics and 
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practitioners concerning both the possible impact of PSSs within a CE and the 
role methods play in this context. Again, progressing to a prescriptive focus, im-
provement possibilities are pointed out. These are relevant to the case at hand 
but may serve to support other manufacturing companies as they strive to ex-
pand to design and provide PSSs e<ectively and e=ciently. 

1.1 Overview of the Research Methods Employed 

In gathering data, qualitative methods were used almost exclusively. This was due 
to the extensive amount of interaction with practitioners in di<erent companies, 
which primarily occurred in the form of interviews and focus group workshops. 
However, the data gathering was informed by literature reviews of varying extent, 
and semi-quantitative questionnaires and a survey added depth to the infor-
mation collected. The account below is restricted to methods central to the results 
reported and discussed in the following sections. For a detailed account, the 
reader is referred directly to the appended publications. To provide an overview, 
Table ) lays out the research questions, the publications contributing to answer-
ing them, and the research methods used to that end. 

Table E: Research questions, related publications, and methods used 

Research Question Main Appended Publication(s) Methods Used  

( – How have manufactur-
ing companies adjusted 
their design and provision 
to product-service systems? 

Publication ( (PSS without PSS 
Design) 
Publication ) (Designing and 
Providing PSS) 

• Literature review 
• Interviews (Partly sup-

ported by Actor Maps) 
• Focus groups 

) – How can methods facili-
tating the e<ective and e=-
cient design and provision 
of product-service systems 
be developed and applied? 

Publication ( (PSS without PSS 
Design) 
Publication ) (Designing and 
Providing PSS) 
Publication 4 (Development and 
Selection of Design Methods) 

• Literature review 
• Interviews 
• Survey 
• Focus groups 

4 – How can the value cap-
ture through product-ser-
vice systems be supported 
throughout the lifecycle? 

Publication E (Capturing and En-
hancing Provider Value in PSSs) 

• Literature review 
• Interviews (partly sup-

ported by provider value 
analysis) 

E – In what ways can eco-
nomically-driven, unsup-
ported expansions to 
product-service systems 
contribute to a circular 
economy? 

Publication D (Inadvertent Circu-
larity? PSSs Towards a Circular 
Economy) 

• Literature review 
• Interviews (partly sup-

ported by Actor Maps) 
• Focus groups 

1.1.* Literature Reviews 

Literature reviews were conducted continuously throughout the research jour-
ney, serving as a point of departure for a writing e<ort, and later, as a point of 
reflection when discussing the results, their novelty and possible impact. In all 
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publications and towards answering all research questions, literature reviews 
were highly relevant.  

Initial review 

An initial review was conducted to arrive at a broad overview of the field of PSSs 
and other relevant areas (integrated product-service o<erings, functional sales, 
servitization, etc.), engineering design, and engineering design methodology. The 
review was extended continuously throughout the research process and in 
accordance with the changing requirements as the work progressed. With respect 
to Patton's ()**)) di<erentiation, this initial review is considered to be broad. Due 
to the extensive time frame of this search, a large amount of literature was 
scanned, diving deeper in case relevant information was discerned (see Yin, )*(4). 
Using categorization options, scientific work deemed interesting was cataloged 
using the Mendeley reference management so,ware. As the Mendeley so,ware 
allowed searches directly in the full-text PDFs and based on the set categorization, 
this approach provided an e=cient basis for future searches during the paper-
writing process. This is because it rendered repeated extensive searches in web-
based engines, including skimming a mass of irrelevant information, almost un-
necessary. A disadvantage of this can be that new knowledge can be overlooked 
by relying on a local database. This challenge was resolved by the in-depth re-
views described below. The initial review was mainly used for Publication ( and 
provided the basis for the background provided therein. 

In-depth reviews 

For each of the appended publications, an in-depth review was conducted. These 
were narrative reviews (Onwuegbuzie and Frels, )*(6) departing from keyword-
searches on the relevant topics in the Scopus database as well as, due to its com-
prehensiveness, Google Scholar. The identified publications were then checked 
based on their titles and abstracts and, if deemed relevant, added to a designated 
folder in the author’s Mendeley database. Based on the extensive database cre-
ated by this approach, each publication was reviewed in-depth and critical infor-
mation added into a table in a separate document. This table was then used as 
the basis for writing background sections for the respective publications and, as 
done in Publication ), partly used to provide a condensed overview of the state of 
the art of the topic at hand. In the case of Publication 4, parts of the background 
focused on method characteristics were identified in the initial review and up-
dated accordingly in the writing process, while the background on method user 
requirements stemmed mainly from a systematic review carried out by the sec-
ond author of the publication, which was further updated and extended by a nar-
rative review. 

In the case of Publication E, the search focused on the value topic, both immedi-
ately tied to PSSs, and on a broader scale. The need for a broadening beyond PSSs 
alone became apparent a,er a first, narrow search yielded few results at the be-
ginning of the research journey, a further indication of the novelty of the field and 
therefore, a basis for the empirical approach taken (Yin, )*(4). Thus, as laid out 
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above, the scope was broadened to include the business-centric servitization lit-
erature, operations management, and literature typically located in the field of 
marketing. Due to the broadness of the value topic, a keyword-based search was 
challenging in this regard. As a result, the review departed from seminal papers 
such as Vargo and Lusch ()**E), checking citing articles and snowballing out from 
there. This approach yielded a wide account of relevant literature. In recent years, 
the focus on value amongst researchers directly a=liated with the field of PSSs 
has grown, and in the course of writing the conference papers leading to Publica-
tion E, the theoretical basis was further expanded in this direction. 

1.1./ Interviews and Focus Groups  

Semi-Structured Interviews 

Semi-structured interviews (Flick, )**3; Miles et al., )*(4) were one of the main 
data-gathering approaches throughout the course of the research. Interview 
guides of varying rigidity were used, while at times, sidetracks far outside the in-
tended scope yielded highly interesting results (Flick, )**3, pg. (D6). All inter-
views were digitally recorded. 

Focus Groups 

Nearly all focus group sessions carried out in the course of the research journey 
consisted of 6-(* participants (Patton, )**), pg. 45D). Especially with a focus on 
cost- and time-e<ectiveness (Krueger and Casey, )*(E, pg. D), focus groups were a 
format appreciated by practitioners at the case companies. All focus group ses-
sions commenced with a presentation of the discussion topic by a researcher. A 
key advantage of focus groups was the presence of a number of participants with 
di<erent functions and backgrounds in a room to discuss a topic from di<erent 
points of view (Patton, )**), pg. 45D<.). This enabled data gathering based on the 
participants’ interaction with one another instead of an exclusive focus on the 
interaction between respondent and researcher (see Ritchie and Lewis, )**4, pg. 
(7(). 

Analysis of Interview and Focus Group Data 

The interviews and focus group sessions of relevance to the results presented in 
this thesis were carried out with the case companies Navitas and Levor. As the 
data collected was spread to di<erent publications, there is substantial overlap in 
the analysis, and largely identical approaches were applied. 

The recordings were transcribed either fully or selectively (Flick, )**3, pg. 4**), 
depending on the broadness of the session in focus. Where insight from both case 
companies was compared, pattern matching with prior knowledge and cross-case 
synthesis were applied (Miles et al., )*(4, pg. )D*f.), leading to the emergence of 
patterns. Where a single case was analyzed, patterns were sought in the compari-
son of data gathered from di<erent individuals, as done when conducting the-
matic analysis (Bryman, )*(), pg. D75). The statements relevant to the identified 
patterns were collected and codes assigned in an e<ort to establish a 
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categorization (Bryman, )*(), pg. D7D<.). This resulted in a table of transcribed 
and coded quotes. In the case of Publication ), these were reviewed by the first 
and second author and clustered further (Miles et al., )*(4), providing the basis of 
the challenges, opportunities, and solutions reported.  

1.1.1 Approaches Supporting Interviews 

Interviews carried out were at times supported and structured through additional 
approaches, partly explicitly developed for that purpose. In order to facilitate the 
description of the data gathering and data evaluation, the methods interview and 
focus group are combined in this subsection, due to their thematic closeness. In 
the following sections, the supporting approaches used to gather data e=ciently 
and precisely will be introduced.  

Actor Maps 

To understand the challenges of becoming a PSS provider and carrying out PSS 
design, it is vital to gain insight regarding the relationships between di<erent ac-
tors (whether individuals, groups or organizations). Getting this understanding 
directly from practitioners is vital, as the actual processes and connections o,en 
deviate substantially from the picture organizational charts aim to convey. There-
fore, the approach first introduced in Lindahl et al. ()*(Ea) and further extended 
and refined in Desai et al. ()*(7) was applied in some data gathering e<orts. Based 
on their individual work situations, participants were asked to elaborate upon the 
way they work with integrated o<erings, how information is exchanged and 
shared and how the entire process is organized. Actors and the information ex-
changed by them was drawn on a whiteboard using di<erent colors, with the 
emerging map being extended and adjusted throughout the length of the work-
shop. The results were then digitalized using Microso,’s Visio so,ware. The actor 
maps generated served to clarify the explanations of the respondents mainly with 
respect to PSS design.  

Provider Value Analysis 

Provider value analysis is a support approach developed to facilitate data gather-
ing on this hard-to-grasp topic and to reduce the inherent challenges of gathering 
qualitative data through the interview method. To facilitate respondents’ 
understanding, the method takes its departure in customer value, as practitioners 
are o,en familiar with the concept (Sakao and Shimomura, )**7), which means 
that comparative insight on customer value in addition to provider value can also 
be gathered using this approach.  

Through the structured approach, value dimensions for both customer and pro-
vider value are identified for later use as evaluation characteristics in the design 
stage with a focus on designing for value. Figure D shows the data-gathering doc-
ument for provider value analysis. Note that this is a concise description; please 
see Publication E for a more detailed account of the approach’s process 
(Matschewsky et al., )*(5b, pg. D). 



40 

 
Figure /: Data-gathering document for provider value analysis (Matschewsky et al., E5BKb) 

As a result of applying provider value analysis, the following data was collected 
from all respondents: value dimensions for a provider’s value capture for PSS and 
traditional product sales, the importance of the identified dimensions and the 
relation between components, services/activities, and the identified dimensions. 

As a result of the interviews conducted, provider value analysis yielded a large 
number of value dimensions. In the empirical work carried out, the value dimen-
sions were clustered through pattern matching (Miles et al., )*(4, pg. )D*) and the-
matic analysis (Bryman, )*(), pg. D75). Further, as provider value analysis was 
used to support semi-structured interviews, the overall data analysis approach 
used there applies. 

1.1.3 Questionnaire and Survey 

Questionnaire 

A questionnaire was used to gather data in a concise fashion without a<ecting the 
actual interview process. As Flick ()**3, pg. (6E) points out, “[a] questionnaire will 

allow you to collect data […], which [is] less relevant than the topics of the interview 

itself before the actual interview”.  

Towards Publication E, a questionnaire was used to take account of the respond-
ents’ understanding of value prior to an interview. Here, this approach was taken 
to adjust the focus of the actual interview according to the prior knowledge of the 
respondents, and therefore to ensure an e=cient interview process. The question-
naire was sent to each participant three days in advance of the interview and con-
sisted of open-ended questions as well as questions using a five-point Likert scale.  

A further paper-based assessment was used during the interview for respondents 
to rate the relevance of the identified provider value dimensions to the design of 
PSS on a five-point Likert scale, as reported in Publication E. 
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Analysis of Questionnaire Data 

The data gathered through the paper-based assessment was recorded in a spread-
sheet. An average was calculated with respect to each evaluation category to pro-
vide an at-a-glance overview to the reader.  

Survey 

In the context of qualitative research, surveys are o,en used to structure data 
(Given, )**5, pg. 5E6). Within Publication 4, a web-based survey was used to col-
lect information on the importance of user requirements on design methods. A 
Likert scale from * to D was applied in this case, with an additional option of “I do 
not know”, and the practitioners evaluated the requirements, which were identi-
fied based on from a literature review and subsequent interviews, on that scale. 

Analysis of Survey Data 

All survey data was collected in a spreadsheet. Based on the raw data, average val-
ues and standard deviations were calculated for each user requirement. Based on 
the averages and standard deviations, the most relevant user requirements on PSS 
design methods were isolated. 

1.3 Methodologies to Answer Research Questions 

RQ� — Exploring PSS Design and Provision in Manufacturing Companies 

Figure 6 provides an overview of the methodology for answering RQ(.  

 
Figure 0: Methodology towards answering RQB 

RQ( is focused on investigating the expansion of manufacturing companies to-
wards becoming providers of PSSs and the challenges these companies experi-
ence during the expansion and through PSS design and provision. The response 
to this research question is informed by both the initial literature review carried 
out and focused reviews for Publications ( and ). Extensive empirical research 
was conducted to gain a comprehensive overview of PSS design and provision in 
practice and challenges therein. This was also presented in Publications ( and ). 
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Actor maps workshops were carried out with five design-focused participants at 
case company Levor, delivering insight into the actual processes of design and 
provision of PSSs. This data-gathering e<ort also led to an understanding of the 
interaction of designers with actors throughout the lifecycle. Twenty-two semi-
structured interviews with sta< from design, sales, management, service, etc. pro-
vided in-depth insight regarding the design and provision throughout the entire 
lifecycle of PSSs at the company.  

Two semi-structured interviews carried out with case company Navitas provided 
insight with respect to design processes currently in use. Four focus group ses-
sions at Navitas — only intended to disseminate project results involving practi-
tioners in product design, service design, and management — provided a large 
amount of data with regards to challenges in Navitas’s expansion towards PSSs. 

The empirical research conducted was consolidated to provide a comprehensive 
overview of the challenges of PSS design and provision of the case companies. 

The primary analytical frames for the research towards RQ( are PSSs, PSS Design, 
and Servitization-literature. 

RQ� — Developing and Applying Methods Supporting the Design and 

Provision of PSSs 

Figure 7 indicates the methodology applied to answer RQ). 

 
Figure 1: Methodology towards answering RQE 

As the results of answering RQ( fed into the research towards this RQ, the respec-
tive methods applied therein are not reiterated here.  

Solutions to the challenges identified towards RQ( in the form of existing pre-
scriptive methods suggested in Publications ( and ) were isolated based on a prior 
literature review and as a result of the extensive empirical work with the compa-
nies Levor and Navitas.  

Subsequently, an e<ort was made to propose a prescriptive method to support the 
development of methods aiding the design of PSSs as reported in Publication 4. 
Lessons learned based on the development of own prescriptive methods moti-
vated and fed into this process. To ensure that the method to be developed would 
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meet the needs of practitioners (users) and method developers alike, extensive 
empirical research was undertaken. 

Practitioner requirements on design methods were initially identified through an 
extensive interview study. Based on a literature review, interview questions were 
formulated focused on requirements for design methods supporting PSS design. 
Interviewees were selected based on their experience in product or service design. 
The )E respondents had various backgrounds and worked in companies ranging 
from small and medium-sized enterprises all the way to international corpora-
tions. An overview of the respondents can be found in Publication 4, Table ( (pg. 
3). Follow-up meetings were then held with representatives from all eight compa-
nies to further extend and solidify the requirements. 

Two focus group workshops were used to evaluate and expand the method char-
acteristics identified and to attempt establishing correlations between design 
method characteristics and practitioners’ requirements by way of an approach 
based on quality function deployment (QFD, see Akao, )**E). An overview of the 
participants can be found in Tables ) and 4 in Publication 4 (pg. (*–((). The classic 
focus group format was applied, while the quorum of at least six participants 
could not be reached in this case. The format was further adjusted from a reliance 
on an interview guide and a strong moderator role to a nearly entirely discussion-
based format centered around the QFD-style document provided to all partici-
pants. This structure, however, made way to a broader, more active discussion 
among the participants of both workshops, albeit with di<erent foci. The interac-
tion shi,ed towards reasoning and discussion between the participants, particu-
larly regarding the method characteristics. 

The primary analytical frame for RQ) is literature on PSS design, while ecodesign 
and overall engineering design also play a role. Research focusing on resource ef-
ficiency and e<ectiveness of PSSs is further of relevance. 

RQ  — Conceptualizing and Supporting Provider Value in PSS Design and 

Provision 

Figure 5 indicates the methodology applied to answer RQ4. 

 
Figure K: Methodology towards answering RQ2 
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A literature review focused on value in the field of PSSs, but also operations man-
agement, marketing, and other business-centric fields, informed the research. 
Further, the understanding attained based on the outcomes of the work in RQs ( 
and ) provided the background and motivation for this research.  

The exploratory research towards gaining an understanding of the value capture 
through PSSs in practice and the prescriptive goal of providing methods to ana-
lyze and enhance this method as reported in Publication E were closely con-
nected. Provider value analysis, one of the central approaches to gather data, was 
developed in the course of the descriptive research and improved throughout.  

Provider value analysis was applied to support the interviews in an e<ort to ex-
plore the current value capture of case company Arantius13 under the involve-
ment of seven practitioners in sales and service. All sessions were held by the 
author and one of the co-authors of Publication E. At Ericsson, this data gathering 
with ten practitioners in service, sales, and research was carried out by master’s 
thesis students. However, the author instructed the students in the use of the ap-
proach and supported in reflecting upon the data attained before moving on to 
additional data gathering sessions. 

Subsequently, twelve semi-structured interviews focusing on provider and cus-
tomer value were held at Arantius. These fed mostly into the conceptualization 
of PV and its empirical background as indicated in Publication E. For some of 
these sessions, the author was the sole researcher present. All interviews were 
based on an interview guide, which was tested with a peer and discussed with a 
principal representative from the case company prior to the commencement of 
the interview study. All of these interviews were preceded by a web-based 
questionnaire. 

Further, an assessment of the relevance of value dimensions identified earlier 
through provider value analysis was carried out by the respondents, and the ap-
plicability of the provider value evaluation method in the scope of PSS design was 
discussed. All interviews were digitally recorded. The manuscript of Publication 
E was reviewed by a company representative prior to submission. 

xe primary analytical frames for the results reported towards RQ4 are value-cen-
tric literature from the fields of PSSs, servitization, marketing, and operations 
management.  

                                                                    

13 Pseudonym used exclusively in Publication O, refers to the same case company as Navitas 

or Levor, while the exact relation cannot be disclosed. For details, please see Chapter 	.(.	.  



45 

RQ! — Potential CE-Contribution by PSSs Without Methods or Frameworks 

Figure 3 indicates the methodology applied to answer RQE. 

 
Figure R: Methodology towards answering RQ4 

Publication D, on which the answer to RQE is based, utilized and partly revisits 
data gathered at case company Kamiono14 over the span of over four years. 

First, an extensive literature review focusing on the relevance of PSSs as a circular 
business model was performed in order to achieve an understanding of the theo-
retical background where the intersection of both fields is concerned. 

The comprehensive picture of Kamiono’s expansion to the design and provision 
of PSSs is partly based on empirical data informing RQ(, which was expanded 
with further data gathered through semi-structured interviews and focus group 
meetings. However, in order to maintain the anonymity of the case company, 
please refer to Publication D to attain a full understanding of the sources of data 
and analysis thereof. 

The comprehensive understanding of Kamiono’s PSS design and provision is an-
alyzed through the structure provided by Kjaer et al.'s ()*(3) framework to exam-
ine the potential contribution of a PSS towards a CE. This is done separately with 
respect to the relative resource decoupling expected based on PSS strategies to-
wards a CE and the prospect of a contribution to an absolute decoupling of eco-
nomic growth and resource use. 

1.4 Quality of the Research 

Assessing the quality of qualitative research is challenging and the subject of ex-
tensive investigations (see Denzin, )*(); Glaser and Strauss, (367; Patton, )**)). 
In this subchapter, therefore, the research process, method application, and re-
sults reported will be examined. This is done to provide insight into how an e<ort 

                                                                    

14 Pseudonym used exclusively in Publication (, refers to the same case company as Navitas 

or Levor, while the exact relation cannot be disclosed. For details, please see Chapter 	.(.	. 
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was made to ensure and develop the research quality through the research jour-
ney and to make clear the shortcomings of the work presented. 

As Bryman ()*(), pg. 453<.) lays out, some researchers have argued for criteria 
such as validity and reliability to be adopted from quantitative research for appli-
cation in the area of qualitative research without much adjustment at all (Mason, 
)**)). In contrast to this, other scholars have argued for a very di<erent treatment 
of qualitative studies due to their substantially di<erent nature compared to 
quantitative research. Examples of this are the criteria of trustworthiness and au-

thenticity as proposed by Lincoln and Guba ((35D). A further summary of criteria 
to assess quality and credibility of qualitative research are the triangulation-ap-
proaches to validity and reliability laid out by Patton ()**), pg. DDD<.).  

Herea,er, those two concepts are combined to elucidate the e<orts taken to en-
sure the quality of the research. Thus, the trustworthiness-criteria credibility, 
transferability, dependability, and confirmability introduced by Lincoln and 
Guba ((35D) as represented by Bryman ()*(), pg. 43*<.) are used as the overall 
structure. Triangulation, as described by Patton ()**), pg. DD6<.), is used to en-
hance the assessment of credibility in particular. Here, method, sources, analyst, 
and theory triangulation are considered. A similar approach has been used in 
Kanda ()*(7) to discuss research quality. 

1.4.* Credibility 

Credibility, which Bryman ()*(), pg. 43*) links to internal validity — referring to 
the link between the data gathered and the concepts and theories developed 
based on these — outlines the feasibility and credibility of the account of reality 
presented by the researcher. Further, credibility is determined by (() whether the 
research was carried out according to the standards of the field, ()) adequately 
scrutinized according to the existing norms, and (4) whether the subjects of the 
study agree with the findings and conclusions drawn based on these. It is, there-
fore, meaningful to apply the aspects of method triangulation, sources triangula-
tion, and analyst triangulation (Patton, )**), pg. DD6<.) to the research when 
investigating the credibility of the research results. 

The results reported in the appended publications are to a substantial degree 
based on data gathered through interviews and focus group workshops. In order 
to ensure appropriate respondent validation (Bryman, )*(), pg. 43*), all of the pub-
lication manuscripts were provided to participants of these data gathering e<orts 
prior to submission to check the accuracy of the representation of the results and 
to ensure the case companies’ confidentiality. Further, in the direct collaborations 
with the two companies Navitas and Levor, of which data is used in all appended 
publications except Publication 4, continuous confidential reports were provided 
to company representatives and leadership, giving them the opportunity to re-
flect upon and correct their contents.  
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As these confidential reports constituted part of the basis from which Publica-
tions ), E and D were later developed, this step may enhance the credibility of the 
results. In addition, many of the focus group workshops and some of the inter-
views were directly followed up by meeting minutes provided to company repre-
sentatives, giving the opportunity for corrections. Additionally, direct quotes 
constitute a substantial part of the results reported in Publications ) and 4 and a 
minor one in Publication E. This openness allows the respondents involved in the 
data gathering to check whether they have been misrepresented easily. Further, 
direct quotes support the reader of the publications in passing an informed judg-
ment regarding the relevance of the reported data to their own situation and, even 
more so, whether the claims made based on the data are credible. 

Method triangulation was applied to di<erent degrees in all publication e<orts to 
increase credibility. Although mixed methods in the sense of combining qualita-
tive and quantitative approaches were rarely used, in any case, di<erent qualita-
tive methods were applied in all instances. Every writing e<ort was preceded by 
a literature study to ensure an in-depth understanding of the state of the art. Dif-
ferent methods of data gathering were then employed in all cases, with the sup-
port methods facilitating data gathering in interviews and focus group sessions 
further enhancing the quality of the data collected. Semi-quantitative approaches 
have been applied in the form of questionnaires and a survey, providing addi-
tional depth to the qualitative results attained and making these more tangible. 
This constitutes a mixed-methods approach (Given, )**5, pg. D)6) particularly in 
Publication 4.  

Sources triangulation was a vital aspect of the research conducted and central to all 
appended publications. Within the case companies, respondents with a broad set 
of backgrounds (engineering, project management, business development, ser-
vice and maintenance, sales, etc.) participated in the data-gathering e<orts. The 
roles of all respondents are presented in detail15 in Publications )-D in order to 
ensure transparency. This allows for an evaluation of whether the empirical basis 
is su=ciently broad to justify the conclusions drawn based on it. Further, publi-
cations (–E use data gathered with at least two case companies each, leading to 
multifaceted results foregoing unrealistic coherence in the outcomes reported.  

Analyst triangulation was a key focus during the research process, and in this re-
spect, the work presented has shortcomings. While for all focus groups, two re-
searchers were present, a number of interviews reported in Publications ), E, and 
D were conducted by the author alone, due to a lack of sta<. In the case of Publi-
cation ), this could be o<set by additional interviews conducted by the second 
author being used, joint assessment of all data gathered by the first and second 
author, and close coordination with a key practitioner from one of the case com-
panies. Additionally, the backgrounds of the first and second author of Publica-
tion ) di<er, one focused on engineering and the other centered on management, 

                                                                    

15 As far as the confidentiality agreements with the case companies allow, that is. 
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leading to broader perspectives. With Publication 4, the focus group sessions were 
held with all four authors present, while only the first author analyzed and tran-
scribed the recordings. 

Theory triangulation is a typical characteristic of practice-oriented research on 
PSSs. One might interpret the broadness of theories and concepts being applied 
in this concept as lacking focus, but the author sees this as a sign of comprehen-
siveness and awareness of the complexity of the real-world provision of product-
service o<erings with a lifecycle perspective. This is needed in transdisciplinary 
research (Sakao and Brambila-Macias, )*(5). In the appended publications, theo-
retical backgrounds from engineering design, marketing, PSSs, PSS design and 
literature on a CE, among others, are used to establish a frame of reference and to 
understand and investigate the servitization of manufacturing companies as well 
as the associated phenomena described. 

1.4./ Transferability 

Bryman ()*(), pg. 43)), quoting Lincoln and Guba ((35D, pg. 4(6), describes the 
dilemma of transferability in qualitative research as follows: “Whether findings 

‘hold in some other context, or even in the same context at some other time, is an empir-

ical issue’.” Adjusted to the topic at hand, one could replace the word context in this 
quote with the word company to immediately be presented with an accurate de-
scription of the challenges of case-oriented research. Thus, where Bryman ()*(), 
pg. 43)) requires “rich accounts of a culture,” here, these are rich accounts of a man-
ufacturing company. Therefore, transferability of the results reported in the ap-
pended publications was ensured in that way: Publications ), E and D contain 
detailed descriptions16 of the case companies, and their fields of business, with 
Publication ) even presenting a detailed comparison of the two companies, their 
individual situations, and servitization progress.  

The intention is to allow readers to make judgments regarding the applicability 
of the results presented to their individual situations. Further, the detailed report-
ing of the individuals involved in the data gathering allows readers to evaluate 
the relevance of the circumstances reported, e.g., in the form of direct quotes, to 
the circumstances at their own companies or the relevance to their topic of study. 
Publication ( falls short in this respect, as it lacks the detail needed to conclusively 
judge the transferability of the results, a deficiency intended to be remedied by 
the level of detail sought in the follow-up Publication ). Publication 4, aiming for 
broad relevance from the outset, draws its transferability from the extensive work 
providing the basis of the research, including literature studies in various fields, 
interviews, a survey and focus group sessions. This allows academic readers to 
judge the relevance of the proposed method to their own situations and for 

                                                                    

16 As far as permitted by the confidentiality agreements with the case companies. 
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practitioners, the broadness of individuals involved in the empirical data gather-
ing may indicate the relevance of the outcome to their respective work environ-
ments. 

1.4.1 Dependability 

Bryman ()*(), pg. 43)), drawing on Lincoln and Guba ((35D), illustrates how the 
dependability of qualitative research could be solidified using an auditing ap-
proach. This would mean that all data acquired is submitted to peers for external 
review and scrutiny, a procedure for which there is hardly any evidence in prac-
tice due to its time-consuming nature (ibid.). While all data gathered has been 
retained, such an all-encompassing external evaluation of the research work has 
not been performed and would have been impossible due to the requirements of 
confidentiality in the collaborations with manufacturing companies.  

However, a number of measures were taken to enhance the dependability and 
openness to scrutiny of the research reported. This was done primarily to follow 
the triangulation approaches described above. Further, research results were pre-
sented at international scientific conferences to receive feedback on the studies. 
Lastly, all publications including the empirical data reported, a detailed descrip-
tion of the methods applied, and the conclusions drawn have undergone peer re-
view by at least two reviewers and have been revised at least twice on that basis. 
Publications ) and E have undergone peer review in esteemed scientific journals 
by three reviewers each before being accepted for publication, while Publications 
4 and D are under review or submitted, respectively. 

1.4.3 Confirmability 

According to Bryman ()*(), pg. 434), a focus on confirmability aims to ensure that 
a researcher has acted in good faith and was not unduly influenced by personal 
values and individual preferences concerning theory. In the case of this research, 
this constitutes a challenge for various reasons.  

Firstly, the research was, for the most part, directly financed by the case compa-
nies that were the objects of the empirical work and, exacerbating this fact, confi-
dentiality agreements had to be signed, and all publications were to be confirmed 
by the project members. A sincere e<ort was made by the author to overcome this 
challenge: Although some level of commitment to the case companies is inevita-
ble based on the extensiveness of the collaboration, a professional distance and 
reflexivity was the aim at all times.  

Secondly, the company representatives checking the manuscripts to be submitted 
for publication laid their focus on ensuring the anonymity of the case companies, 
and it can be said with confidence that no information the case companies may 
consider to be unflattering was suppressed in any way.  
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Thirdly, the funding received from the case companies was acknowledged in each 
of the publications where this applies, ensuring full transparency for the reader. 

Overall, although challenging circumstances apply in this case, extensive good-
faith e<orts were taken to ensure the confirmability of the research. 

1.< Reflexivity and Problematization 

According to Reich ()*(7), reflexivity concerns conducting design research in 
much the same way as design itself is supposed to be conducted: Using the design 
principles, methods, and knowledge that are made available and fit the task at 
hand, leading to both improved research results and, ideally, an improvement of 
its basis. Thus, this subchapter discusses the underlying assumptions and deci-
sions at the basis of the research conducted, their impact on its outcome, and, in 
hindsight, room for improvement. 

1.<.* The Impact of Research Design and Methods 

The choice of method must have an impact on the data gathered and therefore, 
the depiction of reality provided by a work of qualitative research. As much as a 
traditional photo camera records neither sound nor movement, the methods of 
data gathering employed in the scope of this research work have limitations and 
an impact on the results presented.  

An initial challenge, as laid out at the beginning of this chapter, was the lack of a 
clear focus and direction for the research. Departing from provider value and its 
impact on PSS design, the broader focus on the servitization of manufacturing 
companies emerged organically and over an extended period of time. This meant 
that the data gathering early-on in the research process lacked depth in that direc-
tion, and as research projects were finalized, there was no opportunity to return 
to the practitioners encountered at the time to acquire additional information.  

With a focus on interviews and focus group sessions, a number of challenges de-
manding reflection present themselves: The interviews held at the case compa-
nies can be considered expert interviews as described by Flick ()**3, pg. (6D). A 
major challenge in this instance is finding the “right” expert to interview (Flick, 
)**3, pg. (65) or include in a focus group workshop, a question particularly criti-
cal as these experts are o,en regarded as representatives of other practitioners 
with similar focus when reporting the research results. This was a substantial 
challenge particularly with case company Levor, where initially a top manage-
ment representative was tasked with identifying relevant respondents.  

A,er several months, the task was relocated to an engineering practitioner, and 
an extensive meeting involving two researchers and the individual was held de-
tailing and sharpening the data-gathering requirements. Based on this, highly en-
gaged and relevant individuals could be identified. Again, this poses a further 
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challenge, as these individuals may not be entirely representative of other practi-
tioners with similar roles within the case company.  

Time restrictions, as remarked by Flick ()**3, pg. (6D), posed a further problem. 
Some highly relevant respondents declined repeated meeting invitations; some 
interviews had to be cut short, and follow-up meetings could only be held in very 
few cases. Flick ()**3, pg. (6D) further mentions the problem of confidential is-
sues being raised: Due to non-disclosure agreements being signed, this did not 
present any notable challenges in the case of this research, and it can confidently 
be said that the respondents shared in-depth knowledge and provided great de-
tail regarding possible day-to-day challenges experienced. This was clearly driven 
by the motivation of the practitioners to promote change and adjustments of the 
processes of design and provision of PSS o<erings, as they were made aware of 
the management’s commitment to the research project.  

Overall, as focus group workshops were repeatedly held discussing the acquired 
results, and since the research outcomes were regularly presented to and dis-
cussed with top management, the accuracy and comprehensiveness of the gath-
ered data could be warranted. 

1.<./ Reflecting on Underlying Assumptions and Concepts 

The key assumption of the research presented is clearly this: When products and 
services are combined with a lifecycle perspective, the overall environmental im-
pact generated is lower than if a product is merely sold. Hopefully, however, this 
thesis is making clear that both the assumption is much more complicated than 
this, and that achieving it in practice is a challenging endeavor. PSSs and their 
environmental benefits have always been the topic of intense discussion in the 
field (see, e.g., Corvellec and Stål, )*(7; Lindahl et al., )*(Eb; Mont, )**)b), and 
the work presented here has attempted to point out some additional critical chal-
lenges for PSSs to actually contribute to a CE.  

These directly lead to the next underlying assumption: The right design of PSSs is 
the key to their lifecycle e=ciency and e<ectiveness. This can be interpreted as a 
classic chicken-or-egg problem: Is the author convinced of this because it is sci-
entifically proven fact evidenced in manufacturing industry practice, or because 
he has a background in engineering design and therefore is incapable of under-
standing or even identifying the actual reason? An indication that PSS design 
actually is the right place to look can be seen in the fact that many other 
researchers have focused on this topic as well when trying to identify ways of 
ensuring improved environmental performance throughout the lifecycle of PSS 
o<erings (see, among many others, Manzini and Vezzoli, )**4; Tukker, )*(D; 
Vezzoli et al., )*()). Additionally, the fact that the design largely determines the 
performance of an o<ering throughout the entire lifecycle, and all following 
lifecycles, cannot be called into question. Further, in this thesis, PSS design is sup-
plemented and supported by a number of other concepts, among them servitiza-
tion and value.  
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Lastly, particularly when focusing on the Case Company Levor, a dual focus ide-
ally reducing the inherent personal and historical bias has emerged. There are two 
researchers mainly investigating Levor: As detailed when describing the research 
journey, a second focus lies on lifecycle costing and associated topics and is 
motivated by a management background rather than an engineering one. There-
fore, the thesis of Marianna Lena Kambanou will contribute much additional in-
sight to the rather engineering-centric deliberations presented here, and one may 
hope that both theses together will deliver a balanced account of how manufac-
turing companies become providers of PSSs, and how such companies can be 
supported to do so e<ectively and e=ciently.  

1.<.1 Is This Action Research? 

It depends. Because of the close collaboration with manufacturing companies 
throughout the research journey, the examiner of the licentiate thesis preceding 
this dissertation (Matschewsky, )*(6) suggested that the research presented can 
be seen as action research during the defense.  

According to the definition given in The SAGE Encyclopedia of Qualitative Research 

Methods (Given, )**5, pg. E), which characterizes Action Research as overlapping 
cycles of investigation, implementation and, result monitoring and impact anal-
ysis, the answer is “no” in case of Navitas and “not yet” in the case of Levor. At 
Navitas, design processes were analyzed, and ways forward towards improving 
PSS-centric design processes were pointed out. The company actually made 
changes to its processes, and a new integrative position connecting product and 
service design was created. However, this occurred at the very end of the project, 
and for the researchers in the project, there is no way of knowing what the result 
was and if the changes made led to success.  

At Levor, the work was much more in-depth and extensive, but at this point in 
time, the results are largely the same: A substantial number of detailed sugges-
tions were made to adapt the processes of designing and providing PSSs. How-
ever, changes are being made only now and initially, it appeared that due to the 
project ending, the researchers would not be able to learn the actual impact of 
their work. Luckily, some very engaged engineers became so interested in imple-
menting the suggestions given that a new research project commenced with a fo-
cus on investigating and enhancing the compliance of currently ongoing design 
projects with the recommendations based on the prior project. This can be con-
sidered implementation and result monitoring as indicated by Somekh ()**6, pg. 
6<.), meaning that the research presented in this thesis is on the verge of becom-
ing action research just now. 

However, taking a broader description such as the one given by Bryman ()*(), pg. 
437), the work can already be considered action research, as it resulted in the “de-
velopment of a solution based on [a] diagnosis” both in the work with Navitas and 
Levor. Also, the author would agree that he “became a part of the field of study” 
(ibid.). In this context, this also means that some of the problems that can emerge 
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with action research apply to the work presented here: As Bryman (ibid.) remarks, 
“[Action research] is sometimes dismissed by academics for lacking rigor and being too 

partisan in approach.”  

A response to the challenge of lacking rigor has been given throughout this chap-
ter, leaving the question of partisanship: The author acknowledges, that due to 
the extensive collaboration particularly with Levor, resulting in close relations to 
some practitioners, the question of partisanship cannot be dismissed out of hand. 
It was, of course, the goal of the project to produce knowledge of value for the case 
company, with the target of enhancing its performance as an actor in the market.  

However, this has been continuously done by being critical, by investigating in-
depth and by openly communicating shortcomings and challenges where they 
were identified. This is true for both the confidential reports and internal infor-
mation passed on during the projects and for the results reported in the appended 
and other publications. As it o,en is the challenges that are novel and interesting, 
leaving these out of the picture would have led to much less-valuable publica-
tions. 
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Chapter O 

The Appended Publications 

 

3.* Publication * — PSSs Without PSS Design 

Author’s Contribution 

I developed the concept for the publication based on data gathered in the early 
phase of the Ph.D. research on the PSS design processes of two case companies. 
The publication was reviewed and comments given prior to submission by the 
co-supervisor of my thesis. A,er two rounds of peer review, the publication was 
selected to be included in the book Sustainability Through Innovation in Product 

Life Cycle Design (Matschewsky, )*(7) and presented at the 3th International Sym-
posium on Ecodesign in December )*(D.  

Background of the Publication 

Prior research has pointed out the importance of the implementation of PSS de-
sign to ensure e<ective and e=cient design of PSSs, and in particular with respect 
to achieving increased e=ciency and e<ectiveness throughout the lifecycle 
(Akasaka et al., )*(); Vezzoli et al., )*(D). Although a large number of methods to 
support PSS design were available (Vasantha et al., )*()), the way PSSs are 
designed in practice and how this corresponds to prior research on PSS design 
had not been investigated. This publication aimed to fill this gap based on the 
understanding of the design processes attained in the two case companies Navi-
tas and Levor. The results call into question the extent to which design processes 
in manufacturing companies are adjusted to meet the needs of designing PSSs 
and discusses the possible impacts of this situation. Based on the two case com-
panies studied, causes and e<ects of lacking design process adaptation are 
reported, and prescriptive ways forward are indicated.  

In this chapter, key results from the appended scientific publications are 

presented. The research methods and theoretical backgrounds used are re-

flected in the respective chapters of this thesis. To structure the presentation 

and to avoid repetition, each subchapter is divided as follows: (B) The au-

thor’s contribution to the publication, (E) the background of the publica-

tion, and (2) key insight relevant to answering the research question(s). To 

ensure readability, this chapter uses the first person in explaining the con-

tribution to the publications. 
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Key Insight — Why PSS Design is not Practiced in Manufacturing 

Companies and Paths Forward 

Publication ( is focused on examining the design processes and procedures of two 
large manufacturing companies, Navitas and Levor, located in Sweden, that o<er 
both traditional product sales and PSSs. As such, the publication serves as the 
first step towards answering RQ( as it raises many of the issues more deeply in-
vestigated in Publication ).  

Identified Causes for Companies not to Carry out PSS Design 

A key reason for the lacking adjustment of design processes towards PSSs is 
identified in the changing incentives associated with moving towards this type of 
integrated o<ering, and how this changes what customers focus on before and 
during the design process. Particularly in cases of availability- and even more so 
with result-oriented PSSs, the customers’ focus on operational e=ciency is ex-
pected to be reduced, as this now mainly impacts the provider. It was identified 
that the case companies Navitas and Levor are partly failing to internalize the ef-
ficiency-requirements previously set by the customer in case of product sales. 
Therefore, both a reduction of external customer pressure and failure to balance 
this with increased internal requirements led to a reduced need to adapt existing 
design processes and implement PSS design methods. This is particularly impact-
ful, as it also means that substantial value-capturing opportunities, related to op-
erational e=ciency, remain unexploited by PSS providers. 

A second cause for the lacking adaptation of design processes to the opportunities 
provided by PSSs is a missing focus on the internal stakeholders standing to ben-
efit the most from these adjustments. A,er drawing on the success of lean in 
bringing production into the design process, the publication discusses evidence 
that information from both remanufacturing and service is insu=ciently consid-
ered at the design stage, although it is seen as highly impactful in the context of 
PSS design. As information concerning improvement opportunities (e.g., han-
dling of errors occurring in the use phase) will likely not reach the right forum, 
the incentives for adjusting the design to the needs of internal stakeholders active 
in the use phase and at the end of first life of a PSS remain insu=cient. Again, as 
described above, this means a failure to adjust from external (customer) require-
ments in the case of product sales to internal requirements when o<ering PSSs. 

Thirdly, a reason for insu=cient adjustment of design processes towards PSSs is 
seen in a missing managerial focus and the generally deficient integration of 
products and services throughout the lifecycle at the manufacturing company 
Navitas. The causes for this are seen in the persistence of a strong focus on the 
production and sale of products and a significant imbalance in terms of financial 
and organizational power between product- and service-focused divisions. As the 
underlying research investigated the viability of the implementation of a PSS de-
sign process, these challenges became apparent. Also, managerial support was not 
strong enough, partly due to over-confidence in the current processes as well as 
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an incomplete understanding of the attainable benefits and the additional value 
to be captured by carrying out design with a focus on PSSs.  

E:ects of not Adjusting Design Processes and Paths Forward 

The impact of a lacking design process adjustment and how it can be reconciled 
were explored. First, missed opportunities for value capture are discussed. In the 
case of PSSs, depending on the level of integration, customers increasingly focus 
their requirements for providers on e<ectiveness. Not internalizing the e=-
ciency-focus vacated by customers in the switch from product sales to PSSs can 
lead to these opportunities being missed. A way forward is seen in an increased 
focus on provider value, carrying out provider-centric QFD (in contrast to a prod-
uct-centric focus) and lifecycle costing in an e<ort to make the missed value cap-
ture opportunities more tangible.  

Notable opportunities to design and provide more e<ective and e=cient PSSs are 
also discussed to reside in the closer integration of important use- and end of first 
life-phase stakeholders within the PSS provider into the design process. For this, 
direct delegates from the respective internal departments are suggested, and a 
deeper understanding of the design process as such and the particularities of de-
signing for PSSs should be created. Further, a focus on lifecycle thinking through-
out the organization is discussed as a critical prerequisite to adjusting design 
towards more e<ective and e=cient PSS provision. 

Lastly, the importance of adjusting design processes to the needs of PSSs is 
underscored in relation to the goal of achieving improved environmental perfor-
mance when becoming a PSS provider. Taking increased prices of resources as a 
backdrop, the need for higher operational e=ciency is highlighted in reference to 
the capability of a company to successfully provide value to its customers and to 
capture value throughout the lifecycle. 

3./ Publication / — Designing and Providing PSSs — Challenges, 

Opportunities, and Solutions 

Author’s Contribution 

The concept for the publication was initially developed by me, resulting in the 
dra,ing of an extended abstract. This abstract underwent several iterations, with 
additional content and insight added mainly with respect to the results by the 
second author, Marianna Lena Kambanou, and feedback with regards to the re-
search design and structure provided by the third author, Tomohiko Sakao. The 
manuscript was written by me. The second author contributed part of the data 
reported, particularly with a focus on incentives, costing and data handling and 
subsequent opportunities and solutions; carried out writing in the results sec-
tion; and worked to enhance the overall language, coherence, conciseness, and 
clarity of the manuscript and abstract. Overall comments with regard to structure, 
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presentation, framing, and content were provided by the third author. I carried 
out the revisions of the manuscript, receiving comments from both co-authors. 

Background of the Publication 

A research gap was identified with respect to current accounts of real-world chal-
lenges of servitization, design, and provision of PSSs, as impactful publications 
in that area had been published some years prior (Martinez et al., )*(*; Durugbo, 
)*(4). This gap could be approached based on an extensive amount of data col-
lected concerning the processes of two case companies by the first and second 
author of the publication. As a result, a set of challenges the case companies ex-
perience in their expansion to PSS design and provision was reported and sup-
ported with an extensive collection of direct quotes. Going beyond this, based on 
the work conducted in research projects with companies Navitas and Levor, an 
empirical basis was established to identify opportunities and suggest solutions to 
these challenges based on prescriptive methods and approaches (such as Sakao et 
al., )**3; Sakao and Lindahl, )*(D; Desai et al., )*(7). To provide actionable 
outcomes for practitioners, clear managerial implications are reported. 

Key Insight — Challenges of Designing and Providing PSSs and Ways 

Forward 

The central aim of Publication ) was to identify the actual problems encountered 
by two manufacturing companies, Navitas and Levor, with roots in product de-
sign and product sales, in becoming providers of PSSs. In order to clarify the con-
text of the data gathering and to facilitate the implementation of the solution 
opportunities identified in the manufacturing industry practice, the prescriptive 
methods used in the scope of the two research projects were used as the point of 
departure for the presentation of the results.  

By applying this approach, four areas of challenges were found, and six opportu-
nities were identified to support manufacturing companies in driving forward 
their servitization e<ectively and e=ciently. These findings were further con-
densed to provide a comprehensive overview and practical implications for read-
ers in manufacturing industry practice. 

Challenges for Manufacturing Companies in Servitization 

A persisting product-centered mindset has been found to be a key issue in both case 
companies and their respective management. This situation was largely based in 
the decades-long history of the companies in designing and selling highly ad-
vanced technological products.  

A further critical challenge to e<ectively and e=ciently designing and providing 
PSSs was the separation of product and service design. Based on the data gathered, a 
temporal, organizational and structural separation between the product- and ser-
vice design processes were identified.  
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Unwanted lock-in e<ects were found to be present as a result of the identified 
product-first strategy, leading to sub-optimization throughout the lifecycle of the 
o<ering. Also, a highly impactful challenge isolated was the lacking alignment with 

changing incentive structures. Although the transition to highly integrated PSSs 
ought to lead to changes in a company’s incentive structures, the data collected 
has shown that an adjustment to these changes is largely absent in the cases in-
vestigated. This is particularly critical as the transition of service and spare part 
provision from being revenue sources in the case of product sales to becoming 
costs in the case of PSSs can easily be missed in complex organizations, as exem-
plified by the quotes presented in Section E.(.4 in Publication ).  

Lastly, the observed prevalence of product-focused information and costing structures 
was identified as a key challenge to successfully and e=ciently providing PSSs. 
Closely connected to the topic of changing incentives, measuring these changes 
appears di=cult, as the structures present still adhere to traditional paradigms. 
Understanding costing in a PSS environment may be a critical precondition to 
motivate the transition to a servitized environment internally.  

Opportunities and Solutions to the Challenges of Servitization 

PSS design methods are seen as a possible guiding light to integrate the design of 
products and services successfully. At one of the case companies, a PSS design 
method was used as a benchmark to understand and investigate the current de-
sign processes and to identify areas and processes in need of adjustment. A fur-
ther path forward to creating a comprehensive understanding of how a company 
is a<ected by servitization was found to be lifecycle costing and its application 
through a prescriptive method. This has proven helpful with one of the case com-
panies, laying bare insu=cient handling of data and costing approaches not fully 
matched to PSSs.  

In addition, approaching PSS design and provision from a value perspective has 
been perceived as beneficial to the case companies, as it was considered 
important to ensure a focus on e=ciency throughout all stages of the lifecycle. 
Further, the position of a PSS facilitator was introduced in one of the case compa-
nies, with the aim of achieving a higher level of integration between product and 
service design throughout the design process. Lastly, both a detailed assessment of 

the status quo, e.g., by carrying out actor mapping, and generally, arriving at a cus-

tomer-centric, business-driven PSS design and provision, were deemed to be e<ective 
overall approaches to support overcoming servitization challenges in manufac-
turing industry practice.  
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3.1 Publication 1 — Development and Selection of Design Methods  

Author’s Contribution 

The initial concept for this publication was developed by the fourth author, 
Tomohiko Sakao. Based on my earlier work on the industrial adoption of PSS de-
sign methods (Matschewsky et al., )*(Da), I became the first author and com-
menced the writing in February )*(5. The majority of the manuscript was written 
by me in the development process of the publication throughout the year )*(5, 
and I led and organized the process throughout. The second author, Sergio A. 
Brambila-Macias, contributed with his extensive empirical work on user require-
ments on design methods for resource-e=cient o<erings and in writing the re-
spective parts of the background, method, and results. He further arranged the 
focus group workshops with academic method developers and manufacturing in-
dustry practitioners. The third author, Abhijna Neramballi, contributed in the in-
itial writing of method selection case. All co-authors provided feedback and 
comments throughout the writing process, with the fourth author particularly fo-
cusing on the aim, overall clarity and stringency of the resulting manuscript.  

Background of the Publication 

Design methods are recognized to be helpful in manufacturing industry practice 
(Reich, )*(*; Montagna, )*((; Eifler and Howard, )*(5) and are seen as particu-
larly needed in cases of high uncertainty in the design process (Gidel et al., )**D). 
This is especially relevant when companies transition to becoming providers of 
integrated o<erings of products and services (Dachs et al., )*(E; Matschewsky et 
al., )*(5a). Still, it appears that of the methods developed and published as a re-
sult of academic research, only very few enjoy broader use in the manufacturing 
industry (see, e.g., Araujo et al., (336; Tomiyama et al., )**3; Vezzoli et al., )*(D). 
The premise of this publication departs from this contradiction and tries to tackle 
the method side of the problem by essentially asking this question: How can 
methods be developed in a more stringent, clear and user-centric way so that they 
are more likely to be used in practice?  

The research departed from an earlier conference publication (Matschewsky et al., 
)*(Da), which was focused on isolating characteristics for PSS design methods to 
facilitate their adoption and use in the manufacturing industry. In Publication 4, 
a structured method is provided, which guides both the development of a method 
by academics or practitioners and the selection of design methods by practition-
ers in search of support for a particular challenge. The proposed method was 
applied in the area of resource-e=cient o<erings, which include highly integrated 
PSSs, with manufacturing industry practitioners and a panel of academic experts. 
This resulted in the identification of method user requirements and key method 
characteristics aimed to support method developers in the creation or selection 
of methods that fulfill their identified requirements.  
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Key Insight — Towards Better Design Methods for Manufacturing Industry 

Practice 

Publication 4 covers several bases: It provides a structured method to develop or 
select appropriate design methods depending on the individual challenges at 
hand. This is illustrated separately in case the development occurs in an indus-
trial or an academic environment. The identification of the requirements of the 
(prospective) users and the characteristics of the method to be designed or se-
lected are identified in a structured fashion, and the method proposed allows for 
an assessment of their correlation to enable prioritization of the most important 
characteristics. This method was applied with practitioners and an academic 
panel in the area of resource-e=cient o<erings (comprising the various foci of the 
respondents on ecodesign, lifecycle assessment, PSS design and provision, etc.). 

A Method for the Development and Selection of Design Methods 

A method, comprised of five steps, departing from the state of the art as well as 
the experience of the authors in various design-centric research projects, is pro-
posed for the development and selection of design methods. The full procedure 
is shown in Figure (*.  

Steps ( and ) focus on identifying method user requirements and method 
characteristics, respectively. Whether the method is applied in an academic or in-
dustrial context, a status quo must be established, and the most relevant require-
ments and characteristics must be identified. Steps 4 to D are then identical, 
regardless of the method’s application in an academic or manufacturing industry 
environment. Step 4 allows for the assessment of correlations between method 
user requirements and characteristics by applying QFD. This enables 
prioritization of certain characteristics with respect to highly weighed require-
ments. Steps E and D lay out an iterative process of method development or selec-
tion, and an assessment of compliance with the key factors identified earlier. The 
overall method aims to erect a stringent structure for the development and selec-
tion of design methods, while it also strives to shed light onto the process of how 
academically conceived design methods are developed, and thus, intends to 
facilitate continuous development and improvement of such methods.  
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Figure B5: Method for the development of design methods (Publication 2) 
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Transferable Method User Requirements and Characteristics for Resource-E;-

cient O:erings 

The method developed was applied in the area of resource-e=cient o<erings to 
identify method user requirements and characteristics of broad relevance in the 
fields. Key method user requirements were identified (Step () based on a multi-
step process using literature, interviews and a web-based survey. Table 4 shows 
an overview of the most relevant requirements collected from a total of )E practi-
tioners in the field with their evaluations on a (-D Likert scale (larger = more 
important).  

Table 2: User requirements on methods and average rating (Brambila-Macias et al., E5B1) 

Category Requirements Average 

Outcome Useful in early design phase 4.5* 
Provide quantified results 4.(D 

Process Support prioritization of improvement areas in design 4.6D 
Support communication across relevant actors 4.5D 
Support collaboration across relevant actors 4.DD 

Content Support lifecycle thinking E.*D 
Time and cost Low cost of usage 4.7D 
Users Easy to use E.E* 

Easy to learn E.(D 
Support designers’ creativity E.)* 
Provide learning opportunity 4.)* 
Support management of multiple projects 4.E* 

 
The method characteristics and qualifiers providing additional detail to these 
were isolated and refined based on a literature review, a questionnaire and a focus 
group discussion in a panel of academic method developers and manufacturing 
industry practitioners, respectively. An abridged overview of these broadly rele-
vant characteristics is shown in Table E.  

In a focus group session with three esteemed academic method developers in the 
area of resource-e=cient o<erings, the e<ort was undertaken to identify correla-
tions between the user requirements and method characteristics to arrive at a 
broadly applicable set of weighted characteristics to facilitate design method de-
velopment. It became apparent, however, that without a clear design task or goal 
as it exists in a manufacturing industry environment, arriving at a consensus 
with regard to these correlations is a challenge given the various backgrounds of 
the participants. As a result, the correlations assigned by two of the participants 
individually were used moving forward with the trial of Steps E and D. 
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Table 4: Design method characteristics and qualifiers (Publication 2) 

Characteristic Description Qualifiers 

Customizability – 
Understanding in-
terfacing and modu-
larity 

• Concerned with adaptability of methods to 
circumstances in manufacturing industry 
practice 

• Can be key where extensive methodologies 
are considered impractical or where process 
integrity is key 

Modularization 

Adjustability to exist-

ing process 

Simplicity –  
Understanding in-
put and process 

• Main concern lies in the extensiveness of the 
method process and the data required for its 
execution.  

Simplicity of data ad-

dressed 

Simplicity of entailed 

process 

Flexibility –  
Understanding data, 
knowledge and us-
age modes 

• Focused both on the conditions the method 
is applied in and the in- and outputs of the 
method. 

Input flexibility 

User flexibility 

Scalability –  
Understanding 
scope and lifecycle 

• Refers to the area in focus of the design 
support’s assessment.  

• Particularly critical in the design of highly 
integrated solutions based on complex sys-
tems of product and services with high pro-
vider responsibility throughout the lifecycle. 

System scale 

Time scale 

Clarity –  
Understanding 
communication and 
use 

• Concentrates on the way a design support is 
communicated to its prospective users as 
well as its ease of use and systems in place to 
aid its implementation and application in an 
industrial environment. 

Form of implementa-

tion 

Communication 

Utility –  
Understanding out-
come recipient and 
process responsibil-
ity 

• Focused on how the method caters to the 
needs of the recipient of the outcome of the 
design method use.  

• Also concentrates on the ability of interested 
parties to follow up on decisions made dur-
ing method use and to attain an understand-
ing of such processes. 

Recipient 

Traceability and ac-

countability 

Cases Showing the Usefulness of the Method and the Identified Requirements 

and Characteristics 

In completing the remaining steps of the method proposed, the following ap-
proach was taken: The correlations assigned by two academic focus group partic-
ipants were used to evaluate three methods frequently applied in the design of 
resource-e=cient o<erings against the identified characteristics. This showcased 
a mode of using these weighted characteristics for the selection of a fitting 
method for a given industry challenge. Additionally, departing from the correla-
tions assigned by a second participant, guidelines for the development of design 
methods were derived based on the individual viewpoints of the academic expert 
made clear by the QFD assessment of characteristics and requirements. Despite 
the ambiguity inherent to QFD assessments, the guidelines derived provide 
broadly relevant insight, particularly for academic developers of design methods 
for resource-e=cient o<erings.  
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3.3 Publication 3 — Capturing and Enhancing Provider Value in PSSs 

Author’s Contribution 

This publication was written by me and is partially based on an earlier dra, first 
submitted in the autumn of )*(D with contributions by both co-authors, Mattias 
Lindahl, and Tomohiko Sakao. Throughout the many iterations of the manu-
script, both co-authors provided feedback and comments. I carried out the revi-
sions during the review phase of the manuscript and received advice from both 
co-authors during this process. The concept of provider value for PSSs was 
initially conceived by the co-authors and first developed in Matschewsky ()*()). 

Background of the Publication 

The research gap motivating this publication was identified in the lack of focus of 
prior research onto the changes in value capture for manufacturing companies 
expanding towards PSSs design and provision. Whereas customer value was the 
focus of extensive research with respect to PSSs (see Kimita et al., )**3a; Lee et al., 
)*(D), the complexity of capturing value throughout the lifecycle in PSSs in con-
trast to product sales had not been investigated in-depth (cf. Pezzotta et al., )*(E). 
Publication E aimed to fill that gap by proposing provider value for PSSs as a con-
cept based on empirical exploration and providing prescriptive method support 
for companies eager to investigate and enhance their value capture throughout 
the lifecycle.  

The research conducted towards filling this gap commenced in )*() when work-
ing towards the diploma thesis. Publication E further encompasses two prior con-
ference publications (Matschewsky et al., )*(Db, )*(6) and was appended to the 
licentiate thesis at an earlier dra, stage (Matschewsky, )*(6). Both towards the 
conceptualization of provider value and the testing of the proposed methods, 
data collected in collaboration with Case Company Arantius17 is used, supple-
mented by data two master’s thesis students gathered at Ericsson.  

Key Insight — Understanding and Enhancing Provider Value in PSSs 

Publication E is the outcome of nearly four years of research and therefore en-
deavors to cover the topic of value capture of PSS providers comprehensively. To 
this end, the concept of provider value is introduced, methods to identify and en-
hance provider value in PSS are presented, and these methods are applied and 
discussed with manufacturing industry practitioners. Further, broadly applicable 
value dimensions for use as indicators in design and provision of PSSs are derived 
from the method application.  

                                                                    

17 Pseudonym used exclusively in Publication O, refers to the same case company as Navitas 

or Levor, while the exact relation cannot be disclosed. For details, please see Chapter 	.(.	. 
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Multidimensional Value Available to PSS Providers 

The article departs from the state of the art in the area of PSSs concerning value 
and value assessment in a design context. Based on this, the concept of provider 
value in PSSs is established for the first time in a journal article. The concept was 
first introduced in Matschewsky et al. ()*(Db) and later adopted, e.g., by Bertoni 
et al. ()*(7). It is based on a departure from a focus on value in exchange at the 
time of the sale in product sales to a multidimensional value capture throughout 
the lifecycle(s) of the o<ering.  

Structured Methods to Identify and Enhance Provider Value Throughout a PSS’ 

Lifecycle  

Based on the understanding established, Publication E aims to provide support 
for industrial practitioners to accomplish two goals: First, the current value cap-
ture in the use phase of PSS o<erings should be analyzed. This is to ensure a com-
prehensive understanding of the status quo to direct improvement e<orts in a 
focused fashion. In a second step, the value capture should be enhanced by taking 
the necessary action in the design stage and improving the o<ering with the goal 
of capturing higher value in the use phase of the subsequent iteration. These tasks 
are fulfilled by (B) provider value analysis and (E) provider value evaluation, respec-
tively.  

Provider value analysis enables the collection of provider-centric value dimen-
sions in relation to physical components of the PSS and the activities of the pro-
vider during the use phase. As a point of departure, data concerning customer 
value can also be collected, as practitioners tend to be more familiar with the con-
cept. Further, provider value analysis allows for companies in servitization to 
compare their traditional sales o<erings with PSSs to acquire a deeper under-
standing of the di<erences in value capture between the two business models. As 
it was initially developed to structure the data gathering within a research project, 
this approach is briefly described in Chapter 4.4.4 as one of the approaches sup-
porting the interviews carried out. 

The value dimensions identified can then be used to prioritize development dur-
ing the design phase to e=ciently design towards increased value capture using 
the provider value evaluation method. Here, the prospective value contribution 
of product and service components is to be assessed with regard to the value di-
mensions identified from the use phase assessment. Depending on how the focus 
is set, the provider value evaluation method allows for a weighing of the value 
dimensions and provides the opportunity to highlight the uncertainty of semi-
quantitative assessments made early in the design process. In comparison to an 
earlier publication of the provider value evaluation method in Matschewsky et al. 
()*(Db), the method in general and its individual steps were simplified in order 
to facilitate its implementation and use in practice. Figure (( shows the provider 
value evaluation method as it was reported in the scope of Publication E. 
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Figure BB: Process of the provider value evaluation method (Matschewsky et al., E5BKb) 

Value Dimensions of Broad Relevance 

Based on extensive empirical work with the two case companies Arantius and Er-
icsson, eight clustered value dimensions of high relevance for the respective man-
ufacturing companies were identified. They are summative descriptions of the 
possible sources of value described by practitioners, intended to provide an over-
view and to allow for the use of provider value evaluation without first perform-
ing a use phase-oriented provider value analysis. Long-term thinking refers to 
value-capturing opportunities regarding environmental aspects, customer trust, 
and continuity. Customer relations and service excellence focuses on the expected 
value capture from customer satisfaction based on a PSS’s performance, leading 
to longer and more extensive connections to customers and providing the basis 
for further value capture. Knowledge and information refers to the expected value 
created by data and insight gathered digitally or by direct interaction with 
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customers. Quality is seen as a cornerstone of the value proposition and the basis 
of a provider’s value capture also when o<ering PSSs, where aspects such as lon-
gevity receive even greater attention. The clustered value dimension brand and 

size is focused on being able to satisfy customer requirements as a basis for cap-
turing value and can be particularly crucial to take account of in smaller compa-
nies aiming to o<er use- or result-oriented PSSs. Capturing monetary value is the 
basis for all economic activity and was, therefore, an o,en-mentioned and critical 
aspect of PSS provision. Ownership and control is further seen as an enabler of 
value capture throughout the use phase of an availability- or result-oriented of-
fering. Lastly, market opportunities are to be considered in relation to the design of 
product and service components to ensure provider value can be captured e<ec-
tively, particularly when moving to new markets. Table D summarizes the synthe-
sized information.  

Table /: Clustered value dimensions identified (Matschewsky et al., E5BKb) 

Clustered  

Dimension Description Supporting references 

Long-Term 

Thinking 

• Focus on customer trust, confidence and ex-
ternal stakeholders 

(Goedkoop et al., (333; Mont, 
)**); Tukker, )**E, )*(D; 
Baines et al., )**7; Sundin et 
al., )**3; Lindahl et al., )*(Eb) 

Customer 

Relations 

and Service  

Excellence 

• Strengthened ties to customers and improv-
ing perceived customer value 

(Sakao et al., )**5; Meier et 
al., )*(*) 

Knowledge 

and  

Information 

• Knowledge attained can be key input for de-
sign processes 

• Restricting access to knowledge can improve 
market position 

(Baines et al., )**7; Meier et 
al., )*(*; Sakao et al., )*(4; 
Opresnik and Taisch, )*(D) 

Quality • May be even more relevant than with sales 
because of extended responsibility 

(Aurich et al., )**6; Morelli, 
)**6; Kimita et al., )**3b) 

Brand and 

Size 

• Capability of fulfilling customer require-
ments at any time throughout the contract 

• Vital for main case company as market is 
dominated by few, large players  maintain-
ing capacity to meet customer needs is key  

• For small companies: Building capacity and 
understanding requirements of PSS 

(Neely, )**3) 

Monetary 

Value 

• Over the long term, all other dimensions 
must lead to monetary value 

• Win-win-win situations between customer, 
provider and outside stakeholders are the 
goal  

(Maussang et al., )**3) 

 

The Relevance of the Value Dimensions for PSS design 

The value dimensions collected with practitioners in the use phase by applying 
provider value analysis at Arantius were then evaluated by design phase practi-
tioners for their relevance for future design tasks, depending on the business 
model used to bring the o<ering to market. The result of this assessment is shown 
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in Table 6. This makes clear, that although most value dimensions found are seen 
as important in product sales scenarios, their relevance increases with a growing 
product-service integration and a maturing lifecycle focus of the provider.  

Table 0: Evaluation of value dimensions by practitioners (Matschewsky et al., E5BKb) 

Clustered  

Dimension Business Model Evaluation Average 
  

Not relevant                      Highly relevant 
 

  

( ) 4 E D 
 

Long-Term 

Thinking 

Product sales  ) D ( ( 2.B 

Use-oriented PSSs   ( D 4 4.E 

Result-oriented PSSs    ( 5 4.R 

Customer Rela-

tions and Ser-

vice Excellence 

Product sales ( ) E 4  E.0 

Use-oriented PSSs    E 6 4.0 

Result-oriented PSSs   (  3 4.K 

Knowledge and 

Information 
Product sales  ( E 4 ) 2.0 

Use-oriented PSSs   ) 4 D 4.2 

Result-oriented PSSs   (  3 4.K 

Quality Product sales  ( 4 ( D 4.5 

Use-oriented PSSs   ( ) 7 4.0 

Result-oriented PSSs   ( ) 7 4.0 

Brand and Size Product sales (  6 ) ( 2.E 

Use-oriented PSSs   ( 6 E 4.2 

Result-oriented PSSs     (* /.5 

Monetary 

Value 
Product sales  ( ) ) E 4.5 

Use-oriented PSSs   ( ) 6 4.0 

Result-oriented PSSs    ) 7 4.K 

As the identified value dimensions were based on data gathered exclusively from 
use phase practitioners, the respondents active in the design of PSSs remarked on 
some additional dimensions and topics they saw as important for the value cap-
ture of their employer. This includes productivity and flexibility with a lifecycle 
perspective, which was mentioned by a project manager. The issue of reliability 
was brought up by a service business developer, with particular relevance for the 
company’s availability-oriented o<erings and the importance of reliability for 
both value capture and environmental performance. 

Adjusting the PSS Design Process Towards Lifecycle-Focused Value Capture 

Three scenarios were discussed by practitioners to adjust the existing design pro-
cess in order to capture more value throughout the lifecycle and thereby become 
a more e=cient PSS provider. Using the provider value evaluation method to as-
sess product and service components in the design process was seen as a viable 
track. Further, the provider value-focused approach presented was perceived to 
be helpful to assess new projects and development from a more PSS-centric point 
of view. A key benefit of the provider value concept and the method and approach 
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proposed was seen in their communicative nature: In this context, provider value 
was seen as a viable means to illustrate the impact of providing PSSs instead of 
selling products on the design and provision processes of the company. In the 
words of one respondent: “That is a huge chance to educate people. Because you can 

explain which values are important.” 

3.4 Publication 4 — Inadvertent Circularity? PSSs Towards a CE 

Author’s Contribution 

The concept for the publication was developed by me, and I carried out all of the 
writing and associated tasks. It must be remarked, however, that some of the over-
all insight regarding the studied company and its PSS o<erings is the result of the 
many discussions with Marianna Lena Kambanou. The dra, was reviewed prior 
to submission by an associate professor in the Division of Environmental Tech-
nology and Management at LiU. The publication was developed and written in 
response to a call for a special issue in the final phase of the research journey. 

Background of the Publication 

An increasing number of frameworks and methods for the implementation of 
PSSs and other circular business models has been reported in recent years (Lieder 
and Rashid, )*(6; Manninen et al., )*(5). However, a research gap was identified 
in a lacking investigation of economically-driven expansions to PSSs carried out 
without such support and the contributions to a CE such expansions can poten-
tially provide irrespective of their focus. Although based on a single company, the 
publication hypothesizes that many manufacturing companies expand towards 
PSSs in such an unsupported fashion. To move towards filling this gap, this pub-
lication investigates the PSS design and provision at Kamiono18 in light of a 
framework supporting the assessment of PSS towards relative and absolute re-
source decoupling in the scope of a CE (Kjaer et al., )*(3). The goal of this publi-
cation within the overall scope of the research was therefore to contribute to 
advancing the state of the art in PSSs towards a CE and to provide a countercheck 
to portions of the research work in this thesis heavily focusing on prescriptive 
methods.  

Key Insight — PSSs Transition Without Method Support: Inadvertently 

Circular? 

Publication D aims to provide focused insight regarding unsupported, economi-
cally-driven transitions to PSSs and their potential contribution to the CE. To that 

                                                                    

18 Pseudonym used exclusively in Publication (, refers to the same case company as Navitas 

or Levor, while the exact relation cannot be disclosed. For details, please see Chapter 	.(.	. 
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end, a brief background on the topic of PSSs and the CE is provided. Further, the 
assessment framework adopted from Kjaer et al. ()*(3), expanded with criteria 
for PSSs’ potential CE contributions, is laid out in detail. The results of the assess-
ment of the case company Kamiono’s PSS for its possible contribution to relative 
resource decoupling in the scope of a CE concerning the criteria reported are 
presented. Further, a potential contribution of the PSS to absolute resource de-
coupling based on requirements reported by Kjaer et al. ()*(3) is discussed. 

Framework and Criteria to Assess the CE-Contribution of PSS 

Initially, an assessment-structure for the CE-contribution of PSS was established. 
Departing from Kjaer et al.’s ()*(3) framework, the five PSS strategies reported 
therein are laid out based on the theoretical background given in the original pub-
lication. These strategies are operational support, product maintenance, product 
sharing, take-back/end of life (EoL) management, and optimized result, and serve 
as a point of departure for the analysis of a PSS o<ering. In relation to these strat-
egies, the authors (ibid.) identify four enablers of resource reduction through 
PSSs. Reflecting on these enablers, the criteria proposed for the assessment of the 
potential contribution of PSS to a relative resource reduction towards a CE were 
identified. In this instance, specific focus lay on the relevance of the criteria to 
use-oriented PSSs, as those are provided by Kamiono. The criteria proposed were 
identified under reflection of the state of the art on PSSs and a CE and are detailed 
in Table 7.  

Assessing the Case Company’s PSS for its Contribution to a CE 

The results of the assessment of the company’s use-oriented PSS are presented in 
detail in Publication D, initially focusing on the relative resource reduction based 
on the established assessment criteria. In order to provide a comprehensive over-
view and to ensure the brevity of this chapter, the criteria, the theory at their basis 
and the results of investigating case company Kamiono’s PSS provision are re-
ported in Table 7. This table further includes an indication of the improvement-
potential of the PSS o<ering in comparison to the case company’s own product 
sales o<erings, which utilize the same (physical) product components. 
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Subsequently, Publication D reports on the assessment of Case Company Kami-
ono’s PSS provision with a focus on achieving absolute resource decoupling. To 
this end, requirements for absolute resource decoupling reported by Kjaer et al. 
()*(3) are related to the PSS o<erings of the case company. Concerning the re-
quirement ensure net resource reduction, all enablers of resource reduction are 
taken into subsequent focus. In focusing on operational e9ciency, the likely re-
source reductions achieved regarding the criterion supports e9ciency of customer’s 

use are weighed against the ine=ciency of scheduled maintenance and lacking 
incentive structure adjustment at the case company.  

In focusing on product component longevity, it is reported that Kamiono’s end of 
life e<orts increase the likelihood of reducing resource use, while gaps in design 
process adjustment are considered detrimental to that goal. Lastly, focusing on 
intensified product component usage, the case company currently does not conduct 
e<orts except o<ering short-term PSSs to accommodate usage peaks of its cus-
tomers, which are fit to enhance product component usage towards a net resource 
reduction. Moving the focus to the requirement of avoiding burden shiJing between 

lifecycle phases in aiming for absolute decoupling, some approaches supporting 
this are identified at the case company.  

As e<orts aiming for increased product component longevity would shi, a re-
source burden from the use- to the production phase of the lifecycle, the need for 
a robust calculation model is identified as a prerequisite. Further, Kamiono works 
towards upgrading its product components to ensure low energy use. As new 
product components are o,en more energy e=cient, detrimental e<ects of ex-
tending product lifetimes through remanufacturing have been reported 
(Gutowski et al., )*((). The company’s upgrading e<orts may serve to mitigate this 
problem.  

Lastly, the Case Company Kamiono’s PSS o<ering is assessed in relation to the 
need to mitigate rebound e8ects. As Kamiono provides its PSS with a focus on the 
benefit of risk-sharing, reduced bound capital and ease-of-use, capital freed up 
with customers is a minor concern. However, as Kamiono benefits economically 
from providing PSSs, this is likely to lead to rebound e<ects based on increased 
lifecycle e=ciency through providing PSSs and thus, may be detrimental to the 
target of absolute resource decoupling. 

 



75 

Chapter ( 

Discussion — Supporting Design and Provision 

of PSSs 

 

4.* PSS Design and Provision — Challenges, E:ects, Intended 

Solutions 

Change is never easy. Implementing a new way of conducting business by way of 
“open heart surgery,” i.e., while operating on the living corporate body and con-
tinuing business as usual at the same time, must lead to challenges. This sub-
chapter will discuss the challenges manufacturing companies have been found to 
experience in adjusting their design and provision to PSSs, and the possible im-
pact of methods to alleviate those. 

Based on in-depth research into the design and provision of the two manufactur-
ing companies Navitas and Levor reported in Publications ( and ), it became clear 
that neither case company had adjusted its processes substantially to the changes 
occurring as a result of their expansion towards PSSs (see e.g. Akasaka et al., )*(); 
Sundin et al., )**3; Wolfenstetter et al., )*(D).  

Resulting from an early study presented in Publication (, initial causes for the 
lacking adaptation of the design processes, in particular, were identified. These 
largely serve to reinforce and expand the understanding existing in prior re-
search.  

When expanding to highly integrated PSSs, the use phase processes previously 
handled by customers in the case of product sales are now controlled by the pro-
vider. However, in the empirical work conducted for Publication (, it became clear 
that this aspect had not been taken into focus by the case companies during the 
design phase of the o<ering. A central cause for the companies lacking the ex-
pected adaptation of the design and provision of PSSs has been found to reside 
with the insu=cient internalization of customer requirements (Publication ().  

In this chapter, the results presented in the appended publications are an-

alyzed and discussed in the context of prior research and of one another 

towards providing broader and deeper insight. Although the subchapters 

focus on the respective four research questions, an e8ort is made to clarify 

their interrelations and mutual impacts. In all cases, the overall aim to sup-

port manufacturing companies towards e8ective and e9cient PSS design 

and provision is in focus. 
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Lindahl et al. ()*(Ea) report on the internalization of processes previously carried 
out by customers through the provider as a result of their expanding role in the 
use phase of the o<ering. It was seen, though, that the internal divisions of PSS 
providers struggle to exert the same pressure (e.g., for lowered cost or increased 
resource e=ciency in the use phase) that the external customer previously ap-
plied. Further, although remanufacturing is seen as central both when discussing 
PSSs as such (Sakao and Mizuyama, )*(E) and particularly with respect to e=-
ciency (Sundin and Bras, )**D) and e<ectiveness towards a CE (Lieder and 
Rashid, )*(6), the influence of this key lifecycle stage on the design of the o<ering 
was found to be small (Publication (). 

Departing from these initial causes, an in-depth study explored and identified 
several deeply rooted challenges for manufacturing companies in their expansion 
to the design and provision of PSSs (Publication )). It was found that these chal-
lenges emerge both based on the causes of lacking adaptation identified and 
based on results of that situation. Figure () provides an initial overview of the 
central challenges identified with the case companies Levor and Navitas. 

 
Figure BE: Challenges in servitization identified with case companies Navitas and Levor* 

4.*.* Persisting Product-Centered Mindset 

Challenge  

A key issue was identified to be the persisting product centered mindset amongst 
practitioners in PSS design and provision. The topic of mindset is mentioned fre-
quently in research on servitization (Smith et al., )*(E), design (Daalhuizen et al., 
)*(E) and PSSs (Tan, )*(*; Wang et al., )*((; Wolfenstetter et al., )*(D), while the 
results presented in Publication ) provide tangible evidence for the impact of 
path dependency in design on the servitization of manufacturing companies.  

Impact on E:ectiveness and E;ciency 

This mindset challenge has an impact on both the e<ectiveness and e=ciency of 
PSS design and provision and the resource e=ciency and e<ectiveness of the 
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o<ering as a whole, as it is connected to the entirety of the lifecycle involving com-
pany sta<. Gebauer et al. ()**6) see a lifecycle and PSS-centric mindset as partic-
ularly critical with sales and service sta<, to the presence of which Publication ) 
has raised doubts concerning Case Company Levor. Martinez et al. ()*(*) discuss 
the challenge of mindset adaptation in connection to the changed decision-mak-
ing speed when moving to PSSs, which in turn may be impactful regarding e<ec-
tive and e=cient design and provision. Focusing on e=ciency and e<ectiveness 
in a CE context, the question of a changing mindset is considered critical in order 
to facilitate the transition to a circular business model (Rizos et al., )*(6).  

Intended Solution  

No single method can be pointed out to alleviate the challenges of adapting a 
product-centered mindset towards a PSS focus, as methods themselves require a 
fitting mindset to be implemented and used successfully (Gericke et al., )*(6). 
However, PSS design methods such as those discussed in Publication ) (e.g., 
Sakao et al., )**3) can provide an overall backdrop to a comprehensive adapta-
tion of a manufacturing company’s expansion towards the design and provision 
of PSSs, in the wake of which the employees' mindset would be likely to shi, grad-
ually as well.  

Recently, the tactics of employees in advancing servitization within manufactur-
ing companies have been investigated, showcasing the possible impact of indi-
vidual action on the organization as a whole (Lenka et al., )*(5b). With respect to 
the challenge of a product-centric mindset in the manufacturing companies in-
vestigated, particularly the “evangelizing tactic” (ibid., pg. E) bears relevance and 
excellently matches the approach to advancing servitization employed by two en-
gineers, central project members and data gathering respondents at Levor. In the 
long run, such individual action may contribute to alleviating this challenge. 

4.*./ Separation of Product and Service Design 

Challenge 

The mindset-challenge is closely connected to the issue of separation of product 
and service design. This challenge of separate product and service-centric activi-
ties in the industry is remarked in extant literature, e.g., by Tan et al. ()*(*), Sakao 
and Shimomura ()**7) and Spring and Araujo ()*(7). In the cases explored, this 
separation challenge is of a temporal, organizational and structural nature. 

Impact on E:ectiveness and E;ciency 

The temporal separation of product and service design may have a substantial im-
pact on the e=ciency of maintenance and servicing in the use phase of the PSS. 
Where service is considered at a late stage of the design process, as in the case of 
Navitas, lacking use phase e=ciency is likely (Datta and Roy, )*(*). This e<ect 
only grows when considering resource e<ectiveness and closing and slowing 
loops (Bocken et al., )*(6; Fargnoli et al., )*(5). Where provider activities during 
the use phase are of low priority at the design stage, a detrimental impact on 
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resource value retention and the utilization of additional or extended lifecycles 
must be supposed.  

Considering the organizational separation of product and service design, ine=-
ciency at the design stage is the likely result. Multifunctional design teams are 
considered crucial to successful PSS design (Isaksson et al., )**3; Rossi et al., 
)*(6), and the possibility of direct interaction between designers with di<erent 
foci (e.g., products and services) may lead to superior results.  

This, in turn, may be hampered by the structural separation of product and service 
design discovered. Given the history of manufacturing companies, the product 
design department is vastly larger than service design. This situation maintains 
the narrowness of focus on design and production and is likely to solidify the 
negative e<ects on the e<ectiveness and e=ciency of PSS design and provision 
throughout the lifecycle. 

Intended Solution  

Getting a full understanding of the status quo of how design is currently carried 
out is considered a meaningful starting point. Actor mapping provides the oppor-
tunity to attain an in-depth view of the actors and the interaction among them, 
providing a reality check to organizational charts (Lindahl et al., )*(Ea). Again, a 
comprehensive PSS design method may provide the backdrop for a growing un-
derstanding of a need for adjustment.  

4.*.1 Alignment with Changing Incentive Structures 

Challenge 

Lacking alignment with changing incentive structures is a further central issue 
reported. This concerns, in particular, the shi, away from a value capture at the 
time of the sale towards continuous value capture throughout the use phase(s) of 
the PSS lifecycle. The importance of changing incentives and adapting to them 
when moving from being a maker and seller of products to becoming a provider 
of PSSs is discussed in prior research (Sundin and Bras, )**D; Windahl and 
Lakemond, )**6; Laperche and Picard, )*(4).  

Impact on E:ectiveness and E;ciency 

The main impact in terms of changing incentives when moving towards PSSs 
identified with both case companies Navitas and Levor is the shi, of service and 
maintenance from being a source of revenue to becoming a cost. When this is not 
fully understood, ine=cient PSS provision is a likely result. When it comes to ef-
fectiveness and closing, and slowing loops, a lacking understanding of the impact 
of additional or longer lifecycles will decrease the gains possible. 

Intended Solution 

A key way forward to enhance the alignment of manufacturing companies to the 
incentives of providing highly e<ective and e=cient PSSs was found in attaining 
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a comprehensive understanding of value capture, e.g., as described in Publication 
E through provider value analysis and provider value evaluation. Through a com-
plete overview of the lifecycle(s) of an o<ering and the way a PSS provider cap-
tures value throughout it, sources of ine=ciency can be identified.  

Further, focusing on resource e<ectiveness towards a CE becomes viable if the 
value of prolonged or additional lifecycles is understood, as indicated by the 
quote of a business solutions manager in Publication ) (pg. )(6)): “My perspective 

is that first life is interesting, but really it’s the second life where we can make money.” 
If such a sentiment can become a foundation of business decisions based on fact, 
substantial e<ectiveness improvements become viable (Publication )). 

4.*.3 Product-Focused Information and Costing Structures 

Challenge  

This challenge further exacerbates the lacking alignment to changing incentive 
structures. Even if that was rectified, it was found that the case companies would 
have di=culty to measure and act upon the adjusted incentives, as both infor-
mation handling and costing remains product-centric. While, e.g., the topic of “in-
formation silos” is discussed in the servitization context (see Opresnik and 
Taisch, )*(D), Publication ) points out related issues based on key data not being 
collected, lacking data analytics and continued product-focused data gathering. 

Impact on E:ectiveness and E;ciency 

Gathering, understanding and applying data has been marked an important suc-
cess factor for PSSs, particularly where e<ectiveness, e=ciency, and a CE contri-
bution are considered (Jabbour et al., )*(7; Pagoropoulos et al., )*(7; Bressanelli 
et al., )*(5). However, faced with a prevalent product focus, an absence of under-
standing of the PSS lifecycle(s) and lacking incentives adjustment make 
meaningful data collection exceedingly di=cult.  

This is likely to be detrimental to use phase e=ciency, as crucial e=ciency drivers 
such as condition-based monitoring and predictive maintenance (Martinez et al., 
)*(7; Kane et al., )*(5) cannot be fully exploited. Considering resource e<ective-
ness and closing and slowing loops, the inability to apply data-driven lessons 
learned in the design phase can have a particularly negative impact (Yang et al., 
)**3; Song and Sakao, )*(7). 

Intended Solution  

PSS-centric lifecycle costing is discussed as a central remedy for this challenge 
(Sakao and Lindahl, )*(D; Kambanou and Lindahl, )*(6). The possible impact of 
such an extensive e<ort is shown by a quote from an R&D Advisor reported in 
Publication ) (pg. )(D3): “We don’t have a very good model for saying: Perhaps it is 

worth making a part a little bit more robust and a more expensive design because from 

a lifecycle cost it will be more beneficial. [...] For product cost we have a very clear model 

and it is very easy to make a decision from that […]. You need to show the money to 
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make the change, you can’t say it feels like it is better to do it this way.” Thus, a lifecycle 
cost-centric approach may be impactful with a focus on e=ciency, but even con-
sidering e<ectiveness when taking into account subsequent lifecycles may bene-
fit from this. 

4.*.4 Summary 

When discussing the challenges identified at case companies Navitas and Levor 
in light of prior research, considerable repercussions concerning the e<ectiveness 
and e=ciency of the design and provision of PSSs from a business perspective 
and with regard to resource e=ciency and e<ectiveness towards a CE emerge. As 
discussed and partly implemented with the case companies Navitas and Levor, 
prescriptive methods are pointed out as ways forward. Departing from this, the 
following subchapter discusses the current impact of such prescriptive ap-
proaches at large and aims to provide assistance to ensure methods become better 
suited to support e<ective and e=cient PSS design and provision. 

4./ Methods — Solution or Challenge? 

Methods are presented as a means to solve both the challenges of expanding to-
wards PSS design and provision and the associated processes of change both in 
prior research (Aurich et al., )*(*; Vasantha et al., )*(); Vezzoli et al., )*(D) and in 
all appended publications, as they can reduce uncertainty (Gidel et al., )**D; 
Erkoyuncu et al., )*((), formalize decision-making (Luo and Wood, )*(7) and pro-
vide learning opportunities (Lindahl, )**D). However, it is the methods them-
selves that are also seen as severely challenged (Publication 4).  

Researchers point out that few of the methods produced in academia are used 
outside of direct collaborations with industry practitioners (Araujo et al., (336; 
Geis et al., )**5) and that they are either too focused (Tukker, )*(D) or too broad 
(Vasantha et al., )*()) to be practical to use.  

A fundamental bias of the research conducted was on the applicability and rele-
vance of methods, particularly for the design and provision of PSSs. However, the 
challenges identified for methods in PSSs and engineering design were reflected 
upon when evaluating and discussing methods in the course of the research jour-
ney. This also applies to the intended solutions discussed in relation to the 
challenges of expanding towards the design and provision of PSSs in Chapter D.(.  

The methods discussed as intended solutions in connection to the challenges iso-
lated are fit to provide support to the manufacturing companies investigated in 
Publication ). However, there is a critical caveat: These methods draw their ap-
plicability and impact within the case company from being applied with the sup-
port of researchers in a collaboration, or with consultants. This alleviates some of 
the current shortfalls of methods, e.g., with regard to potential users lacking 
awareness of their benefits (Araujo et al., (336), their suboptimal presentation 
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(Tromp and Hekkert, )*(6) and their structural rigidity (López-Mesa and 
Thompson, )**6). However, improving the utility of methods in practice to sup-
port solving the challenges of PSS design and provision is a crucial aspect of en-
hancing e=ciency and e<ectiveness. 

Based on this motivation, an in-depth investigation into the causes of lacking 
method adoption and use was conducted, leading to the conception of a struc-
tured method of broad scope for the development of design methods, departing 
from, e.g., Lindahl ()**D). This method was reported in Publication 4. This circu-
lar argument, a method to develop and select methods, might be puzzling, but this 
approach corresponds directly to a clearly voiced need in the field of engineering 
design research: Reich ()*(7) calls for an increase in reflexiveness. In that sense, 
design research should be conducted much in the same sense as design is — or 
should be — carried out. The development of a method to design and select de-
sign methods is, therefore, a direct response to the apparent deficiency in this 
area.  

The method proposed was applied in the course of the research to identify both 
requirements of practitioners on design methods for PSSs, and to isolate essential 
characteristics of such methods as guiding lights for the development of methods 
with the prospect of enjoying high impact in practice (Publication 4). Beyond the 
results of this e<ort reported directly regarding Publication 4, particularly one of 
the cases reported therein is worthwhile to discuss. Here, an academic expert19 
applied Step 4 of the method to conduct a QFD-style evaluation of the correlations 
of requirements of design method users in practice (in turn weighed by )D prac-
titioners through a survey) with design method characteristics.  

The result of this is shown in Table 5 of Publication 4. A reflexive discussion of 
this case is particularly relevant with regard to the lessons learned based on it, 
which are dependent on the context of the individual carrying out the 
assessment: When analyzing the results of the case, the background of the expert 
in the development and deployment of design methods with an academic 
background in manufacturing industry environments becomes clear. This is ex-
emplified by the most highly ranked method characteristics being focused on ad-
justability and modularity of a method to be designed or selected — an expectable 
tendency considering the broad set of circumstances academically conceived 
methods should function in. Based on the brief discussion of the case, some les-
sons learned have been derived for academic developers of design methods with 
a similar background as the expert — something which also applies to the author 
of this thesis.  

Overall, the method-centric lessons learned as well as the proposed approach and 
the outcome of its application (Publication 4) were seen as a step forward towards 

                                                                    

19 The expert has extensive experience in ecodesign and PSS design research and practice, 

and is a founding partner of an ecodesign consultancy with globally active clients. 
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informed, goal-oriented method selection and development, particularly consid-
ering the absorptive capacity of a company (see Tromp and Hekkert, )*(6; 
Wallace, )*((). The proposed approach also points out ways to overcome chal-
lenges of how academically conceived design methods are structured, communi-
cated and used (Lindahl, )**D; López-Mesa, )**6). Allowing the user to identify 
requirements and to convert these into method characteristics enables more goal-
oriented method development. Although more time is spent in understanding 
the nature of the problem to be solved by way of a method, by avoiding iterations, 
overall time will likely be saved by reducing trial and error (see Lindahl, )**D). 

However, one might be critical of the ambiguous nature of the process supported 
by the method through the inclusion of the QFD approach — a reason for some 
researchers to question the merit of such methods at large (Hazelrigg, )**4, )*(*). 
However, as indicated by the success of QFD in practice, it is not optimal results 
that are required in situations where methods are needed. Instead, the best of the 

available alternatives is sought, this being true also when investigating key charac-
teristics to fulfill practitioners’ requirements on design methods. 

Given this, it must be discussed how the presented results correspond to the aca-
demic discussion on academically conceived design methods and their impact in 
practice. The method developed and tested with practitioners and experts allows 
for needed reflexivity in the field (see Reich, )*(7), primarily by removing the 
black box surrounding the process in which academic design methods are 
currently conceived. This facilitates continuous improvement of design methods 
by all members of the research community. The transitional nature of design 
methods also extends, of course, to the method presented to develop and select 
design methods itself. It does not claim to be flawless. Rather, all members of the 
research community are invited to make improvements and adjustments, while 
they must be equally well-documented, clear and open for scrutiny. 

4.1 Provider Value in PSSs — Turning Challenges into Opportunities 

This subchapter discusses the conceptualization of provider value to support the 
understanding of the available benefits of becoming a highly e=cient PSS pro-
vider with a lifecycle perspective. Further, it considers the operationalization of 
this concept by way of method support to be utilized in the design and use phases 
of a PSS. Lastly, the influence of the lessons learned based on the discussion of 
RQ) in Chapter D.) on the provider value evaluation method is discussed. 

The discussion presented in this subchapter further builds, in part, on the out-
comes of the elaborations towards RQ( in Chapter D.(. With regard to challenges 
of manufacturing companies’ expansion towards PSS design and provision, 
mainly the challenge of a lacking alignment with changing incentives structures is 
taken into focus, while the challenge of product-focused information and costing 

structures also bears relevance. The concept of multidimensional value capture for 
providers of PSSs is seen as an important stepping stone towards supporting 
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manufacturing companies in becoming e<ective and e=cient providers of PSS. It 
departs from their existing understanding of value and expands and highlights 
its role particularly in this new, lifecycle-centric context.  

4.1.* The Provider Value Concept 

When shi,ing from a focus on product sales to PSSs with high levels of integra-
tion, the value capture changes from capturing monetary value in exchange at the 
time of the sale (Grönroos and Voima, )*(4) to a continuous capture of multidi-
mensional value throughout. Figure (4 summarizes the change in value capture 
when moving from product sales to PSSs provision.  

 
Figure B2: Value capture in product sales and PSSs (Matschewsky et al., E5BKb). 

In the case of product sales, the value capture in a singular moment in time war-
rants a focus on maximizing just this, e.g., by focusing on increasing profits by 
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decreasing the costs of manufacturing. For PSS providers, however, the oppor-
tunity to capture multidimensional value throughout the lifecycle arises, espe-
cially in cases of highly integrated PSSs where the provider remains in the 
ownership and control of the o<ering (Publication E).  

From the provider's view, this can still be considered value in exchange, while the 
points of exchange have become many and are dispersed throughout the lifecycle. 
Further contrasting product sales, the value captured through providing PSSs 
spans beyond immediate monetary aspects. This topic is discussed in the 
literature as intangible value (Steiner and Harmon, )**3; A. Bertoni et al., )*(D) 
where, e.g., knowledge is seen as a key value dimension in the context of PSSs.  

However, this conceptualization was not well-exploited in the day-to-day practice 
of the Case Companies Arantius20 and Ericsson when investigating their PSS de-
sign and provision. Instead, a focus on out-of-gate cost, conflicting cost targets for 
the design and use phases and therefore an overall concentration on value in ex-
change in the sense of product sales remained with these PSS providers (see Pub-
lication ) and Chapter D.)). A central cause for this may be the duality of product- 
and PSS-centric business models, which is o,en found in practice (see 
Kowalkowski et al., )*(D; Lenka et al., )*(5a). 

As a result, PSS providers are likely to miss several of the opportunities for value 
capture attainable through a more long-term, lifecycle(s)-oriented understanding 
of value (Publication E). This, in turn, would make e=cient PSS provision much 
more di=cult, as a PSS provider would continue to optimize for a product sales-
centric value capture, which manifests itself, e.g., in sales-centric costing ap-
proaches (see Settanni et al., )*(D). With regard to e<ectiveness (in the sense of 
closing and slowing loops) missing incentives and missing understanding of the 
full value capturing opportunities may have a similarly adverse e<ect. 

By providing a comprehensive understanding of the value capture based on 
highly integrated PSSs, a first step could be taken towards mitigating this chal-
lenge. However, merely laying out for a PSS provider that it is faced with a 
complex value capture that does not fit its current modes of assessment and op-
eration is unlikely to lead to adjusted processes of design and provision, and 
thereby enhanced e<ectiveness and e=ciency throughout the lifecycle. Thus, to 
operationalize the concept of provider value, to make it graspable and facilitate 
its integration into day-to-day business, a method and an approach were devel-
oped based on the needs in manufacturing industry practice.  

4.1./ Supporting Analysis and Enhancement of Provider Value  

With the aim of providing structured support to enhancing the lifecycle-focused 
value capture of PSS providers, a dual approach emerged in working with Case 
                                                                    

20 Pseudonym used exclusively in Publication O, refers to the same case company as Navitas 

or Levor, while the exact relation cannot be disclosed. For details, please see Chapter 	.(.	. 
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Company Arantius (see Publication E): A comprehensive understanding of the 
current value capture could only be attained in the use phase; therefore, the cur-
rent PSS o<ering must be investigated first. This is supported by the provider 
value analysis approach (see Chapters 4.4.4, E.E and Publication E). Then, the in-
formation gathered can be transferred and applied in the design phase towards a 
subsequent iteration based on provider value evaluation (see Chapter E.E and 
Publication E).  

Figure (E provides an overview of the connection of analysis and enhancement of 
provider value throughout the PSS lifecycle.  

 
Figure B4: Analyzing and enhancing the capture of provider value (Matschewsky et al., E5BKb) 

4.1.1 The Impact of Provider Value in a Manufacturing Industry Context 

The application of the provider value analysis approach with practitioners active 
in the use phase of Case Company Arantius’ PSS provision yielded a set of pro-
vider value dimensions. These value dimensions were clustered to facilitate their 
application and to increase their relevance beyond the case company (see Table 
D, Chapter E.E). 
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The clustered value dimensions were assessed by design stage practitioners for 
their relevance as indicators to be used in the design process. The results, reported 
in Table 6 (Chapter E.E), underlined the relevance of the identified value dimen-
sions to enhance the PSS provider’s value capture. Further, a proportional in-
crease of the value dimensions’ relevance with the increase of product-service 
integration points to a particular relevance of the provider value concept for 
highly integrated PSSs.  

The clustered value dimensions, corresponding to a number of the provider value 
metrics reported by Bertoni et al. ()*(7), constitute a step towards the identifica-
tion of broadly applicable indicators. These, in turn, may allow for a provider 
value-focused design, provision and management of PSSs based on existing com-
pany processes and without the need to apply additional method support. Alt-
hough the value dimensions identified may not be comprehensive and applicable 
in all cases, they provide a point of departure for companies without the resources 
or focus to carry out their own analysis. 

The concept of provider value, as well as the presented method and approach, are 
considered to be helpful to more e=ciently and e<ectively design and provide 
PSS o<erings (Publication E). In this, provider value may be one stepping stone to 
overcoming challenges of manufacturing companies’ expansion to PSS design 
and provision remarked in Publication ) and, e.g., in Martinez et al. ()*(*) and 
Zhang and Banerji ()*(7). With respect to the challenge of lacking alignment with 

changing incentive structures, the provider value concept in general and the 
provider value evaluation method, in particular, were seen as valuable by 
practitioners at Case Company Arantius to achieve a comprehensive 
understanding of the changes occurring when moving towards PSSs.  

By providing indicators in the form of provider value dimensions, a transition 
away from a product sales-oriented understanding of cost, resolving a further chal-
lenge discussed in Chapter D.), is facilitated. If implemented, a consideration of 
both customer and provider value with a perspective on the lifecycle(s) can be a 
meaningful driver for comprehensively increased e<ectiveness and e=ciency. 

The results reported in Publication E show that the multidimensional and lifecy-
cle-centric concept of value capture through PSSs is a viable approach to com-
municate and realize the advantages of making profound adjustments to 
existing, product-focused design and provision processes pointed out, e.g., in 
Bertoni et al. ()*(7) and Mourtzis et al. ()*(6).  

Concerning the status quo on value assessment in prior research, the proposed 
approach may enhance existing methods that have a conceptual focus (Alix et al., 
)**3; Kimita et al., )**3b; Bertoni et al., )*((; Rondini et al., )*(7). The proposed 
provider value analysis approach and provider value evaluation method can be 
seen as complementary to conceptual approaches, as they exhibit a stronger focus 
on detailed design evident in the component-centric nature of the design-ori-
ented assessment.  
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Through the joint presentation of the use phase and design phase-centric meth-
ods, a structured approach for improvements through subsequent iterations of 
design and provision is proposed. In its application within a direct academia-in-
dustry collaboration, the provider value concept has served to facilitate commu-
nication with top management, which is a critical factor in the expansion towards 
PSS design and provision (Windahl, )**7). This aspect was particularly crucial as 
many practitioners were aware of the changes in value capture when becoming a 
PSS provider but lacked a common way of communicating in this regard (Publi-
cation E). 

Therefore, in expanding the state of the art on the multidimensional value to be 
captured by PSS providers, a step is taken towards reaping the expected benefits 
of this type of high-e=ciency, high-value o<erings in manufacturing industry 
practice indicated in earlier literature (Meier et al., )*(*; Tukker, )*(D). 

4.1.3 Improvement of the Provider Value Evaluation Method 

The provider value evaluation method serves as a showcase for the possible im-
pact of the structured approach to the development of design methods for PSSs 
proposed in Publication 4 and Chapter E.4. As a result of the application of this 
proposed method, guidelines for method development were identified (see col-
umn ( of Table 5 below).  

Closely related to these guidelines and based on the needs of industry users, the 
method underwent the changes shown in Table 5.  

Departing from the initial conception in Matschewsky ()*()) and through its it-
erations shown in Matschewsky et al. ()*(Db) and Matschewsky et al. ()*(5b), the 
method shown in Matschewsky ()*(5) represents the current and most industry-
oriented version of the method (see Figure (D). While these iterations precede the 
assessment of the expert represented in Publication 4, they reinforce the relevance 
of the PSS design method characteristics discussed in Matschewsky et al. ()*(Da) 
and Matschewsky ()*(6). 
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Table K: Adjustments of the provider value evaluation (ProVa) method 

Guideline Initial Version Adjusted Version 

To ensure a method supports a 

standardized design process and 
can therefore be integrated 
with the existing design pro-
cesses, focus on developing 

modular and adjustable meth-

ods. 

The ProVa method was ini-
tially a structured, seven-step 
method with a number of 
mandatory feedback loops 
and no flexibility but a re-
quirement of stepwise com-
pletion. 

The ProVa Core has only three 
basic mandatory steps; the re-
mainder is provided as op-
tional modules in ProVa Plus 
to provide additional depth 
and insight. 

Ensuring the design method 
developed is useful early in the 

design process, allows the 
method to accept little and 

rough data and still provide a 
meaningful result. 

The ProVa method initially 
required substantial data with 
high granularity to be gath-
ered, both regarding value 
and the uncertainty assess-
ment. 

The uncertainty assessment 
was simplified substantially 
and made optional, and the 
value assessment now has a 
stronger focus on sensitivity. 

To make sure a method 
supports communication across 

relevant actors, it can be help-
ful to ensure it is adjustable to 

existing processes and can be 

used by a broad set of practi-

tioners with various back-

grounds. 

Substantial knowledge 
required by a single 
individual regarding 
engineering, value and the 
economic assessment. 

Modularity and interfaces al-
low for several individuals to 
complete the assessment in-
dependently of one-another. 

If an important requirement 
on a design method is easy to 

use, the adjustability to existing 

processes and the simplicity of 

the methods process should be 
considered. 

ProVa had a structured flow 
without the ability for adjust-
ment, no interfacing and no 
flexibility in the order of 
tasks. 

At its most basic, the method 
has just three steps. Due to its 
modularity, it supports inte-
gration into existing pro-
cesses and does disrupt daily 
business through workshop 
sessions. 

When easy to learn is a critical 
requirement, it appears that 
how the method is 

communicated is more im-

portant than the content of the 

method as such. Providing a 
handbook or video instruc-
tion can be helpful. 

ProVa was initially only de-
scribed in a thesis and scien-
tific publications. No further 
support for its execution was 
available. 

A handbook edited by prac-
tice-oriented consultants was 
produced, and along with it, a 
document to carry out the 
method and an automated 
spreadsheet were developed. 
The spreadsheet is in fre-
quent use by students in the 
author’s course “Integrated 
Product-Service Engineering” 
at LiU. 
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4.3 E;cient and E:ective PSSs Towards a Circular Economy 

For more than two decades now, the contribution of PSSs to a resource reduction 
throughout the lifecycle has been a key aspect in the focus of ongoing research 
(Goedkoop et al., (333; Mont, )**); Tukker, )**E). Despite this, investigating the 
actual contribution of PSSs to improved environmental performance remains 
challenging (Kjaer et al., )*(5). With the emergence of the CE concept, an increas-
ing emphasis is on investigating and supporting the development and implemen-
tation of PSSs with this focus (Spring and Araujo, )*(7; McAloone and Pigosso, 
)*(5; Kjaer et al., )*(3). Examples reporting on the environmental performance of 
PSSs can be found in prior research (Lelah et al., )*((; Lindahl et al., )*(Eb; Kjaer 
et al., )*(5). However, these largely treat the design and provision of the PSS as a 
black box, failing to provide detail about the processes determining the resource 
e=ciency and e<ectiveness throughout the lifecycle.  

4.3.* PSSs Towards a CE Without the Help of Methods 

A number of frameworks, strategies, and aids supporting the implementation of 
circular business models such as PSSs have been made available (EMF, )*(Db; 
Lieder and Rashid, )*(6; Heyes et al., )*(5; Kalmykova et al., )*(5; Manninen et 
al., )*(5). Based on the criticism towards such academically conceived support 
discussed towards RQ) in Chapter D.), it must be assumed that many companies 
expand to PSSs as a circular business model without and unaware of the existence 
of such support. Therefore, advancing the state of the art regarding the contribu-
tions of PSSs to a CE based on an unsupported, economically-motivated expan-
sion may be interesting and relevant to the overall understanding regarding the 
real-world impact of both concepts. The company investigated in Publication D, 
Kamiono21, has a background in producing and selling physical goods and has 
become a PSS provider largely as a result of economic motivation. 

While this discussion relies on Publication D, the lessons learned are informed by 
the experiences and understanding attained with manufacturing companies 
through five years of practice-driven research. 

4.3./ PSSs Towards Per-Unit E;ciency and E:ectiveness  

Information technology and the use of data captured through it have been re-
ported as key facilitators of a CE in practice (Spring and Araujo, )*(7; Bressanelli 
et al., )*(5; Heyes et al., )*(5). However, actual examples of its application towards 
improved performance regarding a CE are still scarce (Pagoropoulos et al., )*(7).  

The results reported point to some key aspects of the Case Company Kamiono’s 
current application of data-driven technology, e.g. with a focus on performance 

                                                                    

21 Pseudonym used exclusively in Publication (, refers to the same case company as Navitas 

or Levor, while the exact relation cannot be disclosed. For details, please see Chapter 	.(.	. 



91 

monitoring and ensuring e=cient customer use, both with a positive impact on 
operational e=ciency, and the potential to increase its impact moving forward, 
e.g., through the application of data in the design process. A lacking adjustment 
of internal incentives, as reported responding to RQ( in Chapter D.(, is an aspect 
detrimental to the CE contributions of a PSS o<ering (see Lindahl, )*(5). This can 
pose a particular challenge for companies such as Kamiono, which remains a 
product seller while also o<ering use-oriented PSSs, an issue common to many 
PSS providers (Kowalkowski et al., )*(D; Lenka et al., )*(5a).  

This organizational ambivalence (Lenka et al., )*(5a) can lead to a number of 
results, potentially a<ecting all aspects relevant to a CE contribution: A lacking 
adaptation of design processes to enhance operational e=ciency and product 
component longevity; sales sta< focusing on selling higher volume instead of the 
creation of more customer value, which is detrimental to operational e=ciency 
and to reducing the need for product components; and a lacking connection and 
information exchange between practitioners in the di<erent lifecycle phases 
(Lindahl et al., )*(Eb; Sundin, )*(5). Since the incentive shi, occurring as a result 
of an expanded responsibility of PSS providers for the o<erings throughout the 
lifecycle has long been described as one of the key drivers of PSSs’ potential envi-
ronmental contributions (Tukker, )**E; Davies et al., )**6), the persisting room 
for improvement makes this aspect particularly urgent (see Chapter D.().  

Regarding other issues in focus in the assessment reported in Publication D, the 
case company has managed to capitalize on the potential of PSSs and thus, en-
hancing its potential contribution to relative decoupling in the scope of a CE. One 
such example is the matter of supporting the customer’s use and thus, enhancing 
operational e=ciency. The Case Company Kamiono has understood the potential 
impact of customers on its provision e=ciency in the scope of the use-oriented 
PSS. Thus, the company o<ers extensive training and consulting to customers 
and even makes use of its performance maintenance technology to, e.g., restrict 
use by untrained sta<, further serving to enhance operational e=ciency. 

4.3.1 Enhancing PSSs’ Prospects of Contributing to Absolute Decoupling 

The potential of economically-motivated expansions to PSSs to contribute to the 
goals of absolute resource decoupling in the scope of a CE is of paramount interest 
concerning the discussion going beyond the case company and with a focus on 
the increasingly pressing issues faced by societies. As stated in Publication D: 
“There are no easy answers.” This becomes particularly apparent in the emergence 
of conflicts between the goals of utmost e=ciency with respect to a CE and the 
supposed need for ine=ciency in practice, e.g., in order to enhance customer re-
lations as described in Publication D. Further, it is the comprehensiveness and 
complexity of the requirements to achieve absolute decoupling that makes their 
achievement in the scope of profit-centric activities under current economic par-
adigms so di=cult.  
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A particular challenge in this context is the continuing pursuit of larger market 
share and market expansion by the Case Company Kamiono. Resulting from the 
use-oriented PSS currently provided, this expansion goes along with the contin-
uous deployment of more physical components in the market, even if fewer com-
ponents would be su=cient to provide the accumulated customer value required. 
The company does pursue e=ciency improvements, while a shi, towards making 
circularity a central goal would require an even more profound change in how 
business is conducted than the current expansion from product sales to PSSs. 
What this may mean is reflected upon in the following paragraph. 

Focusing on absolute decoupling, the assessment conducted in Publication D 
showed that likely only result-oriented o<erings, enabling value creation system 

substitution and thus ensuring full flexibility in how a provider strives to create 
customer value, can achieve this target. Any industrial company undergoing ser-
vitization will likely depart from its history and prior knowledge. Thus, to move 
closer towards a CE, the initial question of any design process must be the 
fulfillment of customer value and how this can be achieved most e=ciently.  

A blank canvas would be needed as a point of departure, a feat likely nearly 
unachievable for an established company faced with path-dependency and iner-
tia.22 This path dependency has e<ects that may even be considered desirable, 
depending on the point of view chosen: The continuing focus of the case com-
pany on expansion and this leading to continued and expanding production of 
physical components is the basis of much of the company’s workforce. Although 
desirable at scale and in light of the challenges faced by the global community, 
the impact of a rapid and comprehensive change to how the case company creates 
customer value without su=cient provisions regarding education and continued 
employment could be devastating to the individual. 

In light of this, circumstances outside of the reach of any individual case company 
must change to facilitate a comprehensive advancement towards a CE. Policy ad-
justments are required (van Buren et al., )*(6; de Jesus and Mendonça, )*(5; Reike 
et al., )*(5), and the public incentives in place must adapt to the new trajectory 
(Urbinati et al., )*(7; Zink and Geyer, )*(7), highlighting the benefits of e=ciency 
not only on a per-unit basis (see, e.g., European Council and European Parliament, 
)**3) but also encompassing all economic activity towards resource reductions 

                                                                    

22 In this context, some examples may support the argument made: The innovation drivers 

in the automotive sector today are technology companies, not the established automakers. 

How we consume media at home was revolutionized not by TV companies, but by a com-

pany founded only �	 years ago to rent DVDs via mail. The smartphone was made indis-

pensable not by Nokia, the world market leader at the time, but by a computer company 

that was nearly bankrupt just ten years prior. Thus, it appears that in order to find com-

pletely new, highly eQcient and revolutionary answers to the ever-same questions (“How 

can I get from A to B?”, “How can I have shelter that is warm, dry and comfortable?”, “How 

can I nurture my mind through acquiring knowledge and entertainment” etc.), incumbent 

companies are facing substantial challenges (cf. Borghei, �'	4). 
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at scale. Lastly, as indicated by Kanda and Matschewsky ()*(5) applying the PSS 
concept to large technical systems and even on a societal level may be needed to 
move towards absolute decoupling. 
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Chapter + 

Supporting the Expansion to E:ective and 

E;cient PSS Design and Provision 

 

The aim of this thesis is to support manufacturing companies in the expansion to ef-

fective and e9cient design and provision of product-service systems. Both in detailing 
the research method in Chapter 4 and in discussing the research results reported 
in Chapter D, an e<ort was made to clarify the interconnections between the dif-
ferent research foci as operationalized through the research questions. In this 
subchapter, a condensed and simplified synthesis of the results is presented, in-
tended as a starting point for readers in manufacturing companies.  

This goal is approached by way of the graphic shown in Figure (6 synthesizing the 
results discussed in Chapter D. For practitioners or others interested to learn 
more, chapter numbers and related appended publications are referenced. The 
graphic is intended to be read in the order of the subchapters shown, while it is 
possible to read it top to bottom or to concentrate on one of the four focus points 
as well. 

Expanding from producing and selling products to becoming a provider of e<ec-
tive and e=cient PSSs is a challenging task. The focus lies on alleviating chal-
lenges that may be experienced by companies during their expansion to PSSs 
through design methods and other structured approaches. For cases where exist-
ing methods do not provide a su=cient solution, or where one fitting approach 
simply does not exist, ways forward to develop or identify methods in a struc-
tured way are shown. An additional particular focus is on the changes in value 
capture when becoming a PSS provider, for which support is o<ered for both anal-
ysis of the status quo and future enhancements through design. Lastly, some is-
sues to focus on to design and provide e<ective and e=cient PSSs are laid out, 
aiming to enhance the capability of a manufacturing company expanding to-
wards becoming a provider of resource-e=cient and e<ective PSSs. 

Additionally, Table 3 (pg. 35) provides direct courses of action for manufacturing 
companies expanding towards the design and provision of PSSs, departing from 
the challenges identified. 

In this chapter, the research presented is synthesized and summarized to 

provide support to manufacturing companies expanding towards the pro-

vision of PSSs. Further, direct managerial implications are given. 
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Table R: Abridged version of practical implications (Matschewsky et al., E5BKa) 

What?  

(Course of  

action) 

When?  

(What level of 

PSS maturity) How? (Approach, supporting tools) Aspired outcome 

Systematically 
take account 
of the organi-
zational status 
quo to make 
informed and 
goal-oriented 
decisions as to 
what changes 
are appropri-
ate 

Ideally when 
planning to ini-
tially o<er PSSs, 
but at any later 
point when in-
tent on chang-
ing approaches, 
structures or 
methods to be-
come better at 
providing PSSs 

• Depending on company size and 
complexity 

• Discussions to achieve a deeper 
understanding of actual existing 
collaboration and lacking infor-
mation flows, e.g., led by PSS Fa-
cilitator (see below) 

• Can be supported by a systematic 
approach such as actor mapping 
(see Durugbo, Tiwari, and Alcock 
)*(4) 

• Structured overview 
of information 
flows and processes 
in design and provi-
sion of PSS as a 
starting point for 
adaptations 

Designate a 
PSS Facilitator 
to coordinate 
integration-
activities 
within the 
company 

Early on in prod-
uct–service inte-
gration or when 
a lacking inte-
grational collab-
oration through 
the lifecycle is 
identified 

•  Regular meetings including the 
relevant departments (e.g., prod-
uct and service design, sales and 
marketing, remanufacturing) 

• Coordination of design e<orts, 
particularly in a temporal sense: 
Focus on synchronous product-
service design 

• Better communica-
tion and under-
standing among 
previously separate 
company parts 

• Increased e=ciency 
in design and provi-
sion 

Evaluate a PSS 
design 
method, possi-
bly partial im-
plementation 
or process ad-
aptation 

At any time 
when a lacking 
communica-
tion/ under-
standing is 
identified, par-
ticularly be-
tween product 
and service de-
sign depart-
ments 

• External support (consulting, re-
searchers) or internal PSS facilita-
tor coordinates e<orts 

• Assessment of current procedures 
is key to understand needed 
changes and to adapt an existing 
method or to derive a new one 

• Integrative workshops with repre-
sentatives from all concerned de-
partments 

• Adjustments to pro-
cedures and ap-
proaches towards 
more e<ective and 
e=cient PSS design 

• Implementation of 
method modules or 
parts that fit the 
current approach 

• NOT a PSS design 
method imple-
mented as is (low 
compliance) 

Develop a sys-
tematic un-
derstanding of 
lifecycle cost 
and value gen-
eration of PSS 
o<erings 

At a point in 
time when such 
an overview and 
understanding 
is lacking 

• Lifecycle costing of an existing of-
fering to have a base-line under-
standing from a provider 
perspective (e.g., supported by a 
systematic method: Sakao and 
Lindahl, )*(D) 

• A total cost of ownership (TCO) 
approach can be considered if a 
stronger focus on customer cost is 
desired (Bonetti et al., )*(6) 

• Understand key value for 
customer as well as for own com-
pany with a lifecycle focus 

• Assess and enhance value captur-
ing and creation in future o<er-
ings (e.g., supported by an 
evaluation approach: 
Matschewsky et al., )*(5) 

• Better understand-
ing of the actual 
cost of activities and 
components 
throughout the life 
of a PSS and the 
value created or 
captured 

• An established 
baseline for future 
adjustments and 
founded and quan-
tifiable arguments 
for change 
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Chapter - 

Conclusions and Outlook 

 

P.* Challenges in Adjusting to the Design and Provision of PSSs 

Research Question ( reads “How have manufacturing companies adjusted their design 

and provision to product-service systems?” 

Judging from the viewpoint of the customers, the studied companies have be-
come competent providers of PSSs with high levels of product–service integration 
throughout the lifecycle. Thus, an e<ective PSS provision and customer value cre-
ation can be assumed. A number of challenges, however, have been identified in 
terms of e<ectiveness and e=ciency of the design and provision when investigat-
ing internal processes in manufacturing companies Navitas and Levor expanding 
towards PSSs. The design processes used, the mindset, the cost estimation tech-
niques, the data handling, the incentive structures and the value perspectives pre-
sent have not been substantially adjusted when departing from an exclusive 
product sales focus. As PSS providers take over most responsibility for the o<er-
ing during the use phase, this leads to shortcomings concerning the e<ectiveness 
and e=ciency of PSS design and provision throughout the lifecycle(s). Ways for-
ward from this in the form of methods and approaches have been reported and 
discussed and are partly the subject of the following research questions. 

P./ Developing and Applying Methods for PSS Design and Provision 

Research Question ) reads “How can methods facilitating the e8ective and e9cient 

design and provision of product-service systems be developed and applied?” 

A number of methods and approaches are pointed out as solutions to be applied 
to the challenges of PSS design and provision identified in answering RQ(. How-
ever, academically conceived methods themselves have been found to su<er from 
shortcomings, complicating their e<ective use in manufacturing companies. The 
practical utility of these methods may be improved based on the structured 
method proposed, which relies on a clear process rather than keeping method de-
velopment in a black box. This allows for continuous improvement of such meth-
ods by peers and facilitates their adaptation to the individual circumstances in 
manufacturing industry practice. In order to enhance the applicability and use of 

This chapter answers the research questions guiding the thesis work based 

on the results attained and discussed. Further, an outlook is given towards 

definite and prospective future research e8orts. 
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methods supporting PSS design and provision, method user requirements and 
method characteristics are reported, which were identified using the process pro-
posed. By facilitating requirements-centric development and selection of meth-
ods, these are more likely to fulfill their task of supporting e<ective and e=cient 
design and provision of PSSs rather than, at times, being an end in themselves 
and predominantly focused on academic publishing. 

P.1 Supporting Value Capture Throughout the Lifecycle 

Research Question 4 reads “How can the value capture through product-service sys-

tems be supported throughout the lifecycle?” 

The value capture of PSS providers di<ers notably from that of companies exclu-
sively engaged in the production and sale of products: The value captured 
through PSS provision is dispersed throughout the lifecycle(s), and o,en, value is 
captured in forms other than immediate monetary value, such as information or 
customer relations. Achieving a full understanding of this value capture is con-
sidered a useful stepping stone towards becoming a provider of highly e<ective 
and e=cient PSSs. Manufacturing companies undergoing the expansion to PSS 
design and provision have been found to experience challenges in grasping this 
profound change in how value can be captured. As a result, neither their processes 
nor organizations are considerably adjusted. To support companies towards this, 
methods to explore how value is currently created and captured in the use phase 
and how to enhance future value capture based on that information in the design 
phase have been developed and applied in the case companies Arantius]_ and Er-
icsson. From this, value dimensions intended to be broadly applicable have been 
identified, with the aim of facilitating the e<ective and e=cient design and pro-
vision of PSSs with a lifecycle focus. 

P.3 PSSs Towards a CE Without Methods — Contributions and 

Shortcomings 

Research Question E reads “In what ways can economically-driven, unsupported ex-

pansions to product-service systems contribute to a circular economy?” 

Based on an in-depth study of the manufacturing company Kamiono’s23 expan-
sion towards the design and provision of PSSs without the support of prescriptive, 
CE-centric methods, the contribution towards a CE based on resource e=ciency 
and e<ectiveness throughout the lifecycle(s) was investigated. The investigation 
utilized an existing framework for the assessment of PSSs for their potential con-
tribution towards resource decoupling in the scope of a CE. This framework was 

                                                                    

23 Pseudonym used exclusively in Publication (, refers to the same case company as Navitas 

or Levor, while the exact relation cannot be disclosed. For details, please see Chapter 	.(.	. 
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further operationalized through newly-identified assessment criteria. When con-
sidering relative resource reduction in the scope of a CE, the study indicates that 
the case company’s use-oriented PSS entails the potential of an improvement 
over a product sold to create the same customer value. However, a number of en-
hancement opportunities have been identified to expand the CE contribution 
throughout the lifecycle. With respect to an absolute decoupling of economic 
growth and resource consumption, it was found that use-oriented PSSs will likely 
be insu=cient. A move towards providing result-oriented o<erings with 
alternative, highly e<ective and e=cient modes of customer value creation, is 
therefore considered vital to substantially enhance the capacity of PSSs to con-
tribute to a CE. 

P.4 Future Research and Outlook 

Departing from the conclusions drawn on the research questions, a number of 
research trajectories and opportunities to expand the basis of the work emerge. 

One opportunity for future research concerns broadening the understanding of 
manufacturing companies’ expansion to designing and providing PSSs and the 
challenges they encounter. The results presented rely on insight gained from in-
depth studies of two companies, providing ample opportunity to expand the in-
vestigation. Based on this, the challenges found may be sharpened and further 
developed, leading to higher precision in proposing methods and approaches to 
move towards solving these challenges. 

Connected to this, the proposed method for the structured, requirements-driven 
development of methods allows for extensive further research. Applying the 
method in manufacturing companies of di<erent nature may point to opportuni-
ties for improvement and verify the proposed approach. A handbook will be 
developed, as was done in the case of the provider value evaluation method, to 
enable manufacturing industry practitioners to use this method without 
academic support. 

Continuing along this prescriptive track, research in improving the e<ectiveness 
and e=ciency of PSS design and provision is already under way at Levor. A,er 
four years of investigation and predominantly descriptive work, suggestions 
made regarding the application of methods in design, data gathering, data han-
dling, and lifecycle focus are being used to benchmark an ongoing development 
project. This is likely to lead to meaningful insight and further refinement and 
expansion of the support available for companies seeking to expand to e<ective 
and e=cient PSS design and provision. 

The concept of provider value and the methods presented to operationalize it 
provide further opportunity for continued investigation. Based on the reflection 
of respondents, this shall mostly focus on method usage for learning and to pro-
vide practitioners with a comprehensive but tangible understanding of what a 
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manufacturing company stands to gain from becoming a PSS provider, and de-
signing and providing PSSs with a comprehensive lifecycle focus. 

Lastly, much remains to be done with respect to understanding and supporting 
e<ective and e=cient PSSs towards a CE. The proposed criteria and underlying 
framework should be applied to more cases of use- and result-oriented PSSs in 
order to investigate their comprehensiveness and robustness. Further, returning 
to a prescriptive lens, the lessons learned feed into the work with Levor and, likely, 
other future projects, broadening their impact.  

The challenge of fulfilling the promises of PSSs for improved environmental per-
formance made two decades ago still remains to be solved. This especially con-
cerns the aspired contribution to an absolute decoupling of economic growth and 
resource use. By now, time is of the essence. “We are called to be the architects of the 

future, not its victims.” — R. Buckminster Fuller.  
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