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Abstract. Rapid technological changes within a highly competitive global mar-

ket have induced a transformation in the manufacturing industry. A wide range 

of services is added to the physical product in order to deliver new customized 

functions and other benefits in the form of Product-Service Systems (PSS). These 

developments induce a change from quasi-stable and simple socio-technical sys-

tems to a more complex and instable dynamic configuration. Various environ-

mental factors also influence the requirements towards the PSS in all life cycle 

phases. However, such factors have yet to be systematically identified and cate-

gorised. Thus, this paper presents the results of a structured literature review on 

factors influencing the system requirements along the PSS life cycle. The review 

has classified such factors in three life cycle phases and four categories. Gaps in 

research have been identified for factors during operation and end of life, espe-

cially beyond functional requirements. Thus, future research opportunities have 

been derived. 

Keywords: Product-Service System, Life Cycle, Requirements Engineering, 

Dynamic System Environment 

1 Introduction 

Rapid technological changes within a highly competitive global market have induced a 

transformation in the manufacturing industry. Digitalization increases the connectivity 

between production facilities, products and the customer, while extending their func-

tionality along the whole life cycle [1]. In addition, reduced product cycles demand for 

reconfigurable manufacturing systems [2]. Following these trends, companies need to 

consider economic, ecological and functional requirements, in order to make a more 

sustainable value proposition, to be more efficient and effective on the market, and to 

satisfy the user needs [3]. As customers increasingly demand support for all phases of 

the product life cycle, from development over assembly and distribution to operation, 

a wide range of services is added to the physical product in order to deliver new cus-

tomized functions and other benefits.  
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This trend has led to the introduction of Product-Service Systems (PSS) as a prom-

ising framework describing the integrated development, realization and offering of spe-

cific product-service bundles as a solution for the customer [4]. The growing complex-

ity of these systems, combined with a dynamic environment, creates new challenges 

for the design process [5]. 

The system development process needs to handle competing stakeholder demands 

and dynamically respond to continually changing requirements coming from the envi-

ronment [6]. In order to secure a comprehensive fulfilment of requirements in such an 

environment, it needs to be conducted across domains, throughout the whole value net-

work and beyond the development phase. Only by considering such dimensions, it can 

be ensured that all requirements towards a solution are captured, taken into account 

when developing system components and that the solution is adaptable to changing 

requirements in later life cycle phases. 

2 Methodology 

A descriptive literature review was conducted for identifying factors influencing the 

PSS requirements along the system life cycle. To systematically screen all relevant lit-

erature, the review methodology was oriented on PRISMA, as one of the most widely 

used frameworks [7]. Due to the limitations of a conference paper, it is intended to 

describe the methodology and results in an upcoming journal paper in more detail. In 

summary, the following criteria were applied for the literature review: 

 Search terms: TITLE-ABS-KEY ("*PSS" OR "product-service system*" OR "func-

tional product*" OR  "extended product*") AND (“life cycle” OR lifecycle) AND 

requirements) 

 Database: SCOPUS, limited to journal articles, books and reviews in English or Ger-

man, in subject areas related to PSS 

The objective is to determine the current state of research on factors influencing PSS 

requirements along the life cycle. Specifically, two questions are addressed: 1) Which 

life cycle phase do the articles focus on (from begin to end of life, or across the life 

cycle)? 2) Which types of influencing factors do the articles consider (PSS functional 

requirements, or coming from different perspectives of the system environment)?  

In order to cluster the papers according to the PSS life cycle stages, we had to define  

a common framework for categorization. While for PSS the product and service life 

cycles do often not coincide with each other, or are not linear [8], at high level it can be 

concluded that PSS have a begin-of-life phase, in which initial requirements are deter-

mined and the solution is designed, a middle-of-life phase, in which value is being cre-

ated for the customer, and an end-of-life phase, in which the PSS is reconfigured or 

decommissioned. Thus, the papers are classified according to the criteria that they focus 

on methods, tools or applications for a single, multiple or all of these phases. 

Regarding the influencing factors, the clusters were compiled descriptively with cri-

teria derived from the analysed literature. The majority of the papers deals with func-

tional requirements for PSS coming from the customer or user. However, sustainability 
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or decrease of resource consumption has been a core topic of PSS research for a long 

time. Papers addressing such issues are categorized with an ecological focus. Papers 

focusing on factors such as servitized business models are clustered with an economic 

focus. Finally, collaboration of different actors with complementary competences is an 

important enabler of PSS solutions. Papers dealing with influencing factors from the 

value network are classified with a network focus. 

The life cycle phase and type of influencing factors are especially relevant due to the 

dynamic nature of PSS. While the functions of traditional products are designed during 

begin-of-life for the rest of the life cycle, the adaptability of PSS demands for the anal-

ysis of influences affecting its requirements during middle- or end-of life as well. Fur-

thermore, due to the variety of stakeholders and the extended value network for PSS, it 

is necessary to go beyond the functional perspective for the solution. Because PSS also 

affect business processes and models, as well as answer to societal demands, such as 

sustainability, these perspectives should be included as well. 

3 Literature Review Results 

Following the methodology described above, 65 unique records were identified through 

the database search. After screening the titles, abstracts and keywords, 36 records were 

excluded due to weak relevance. These papers are apparently not addressing the influ-

encing factors on PSS requirements and could thus not be assigned to any of the men-

tioned clusters and were not analysed in detail. For seven records, only title, abstract 

and keywords are open accessible through Scopus, while the full text requires addi-

tional subscriptions, which were not available. For the remaining 22 articles, the full 

text was analysed and included in the qualitative synthesis. The results were structured 

along the two main issues addressed by the review, PSS life cycle phases and categories 

of influencing factors on requirements. Percentages add up to a value greater than 

100%, as some of the papers are related to more than one category. 

Which life cycle phases do the articles focus on? 

Out of the 22 papers, 17 papers have a focus related to the design phase of PSS. This 

was expected, as an emphasis is put on requirements engineering during this phase. 

However, it seems to confirm “traditional” engineering approaches for PSS, where re-

quirements are more or less static and “fixed” after the design phase [9]. While inter-

disciplinarity between the product, service and software domain is commonly ad-

dressed, the view across a dynamic life cycle is missing. 

Four papers have a focus on the operational phase of PSS, but mostly in relation to 

the design phase, in the sense to either anticipate possible maintenance scenarios during 

development, or derive information from the operational phase for the design of next 

generation PSS [10]. 

Two papers focus on the end of life phase of PSS. The low number of papers in this 

category seems surprising, considering the growing discussions on reuse and sustaina-

bility of products. Both papers analysed address the need to identify components and 

gather information on their condition from a more technical point of view [11, 12]. 
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Seven papers take a cross life cycle phase perspective. The focal points of these 

papers are mainly frameworks that take into account elements like PSS stakeholders or 

environmental effects throughout the life cycle [13, 14]. Little attention is given to dy-

namic environments or changing requirements along the life cycle. 

Which types of influencing factors do the articles consider? 

14 papers mainly consider factors that influence functional requirements of the PSS. 

This also corresponds to the “traditional” engineering perspective of value being pro-

vided by a certain functionality of the PSS [15]. Accordingly, most of these papers are 

addressing the design phase, but some also cover operations (maintenance), end of life 

or cross life cycle functionalities. Other factors, such as economic or ecological influ-

ences are mostly discussed disconnected from functional requirements. 

Four papers cover ecological factors influencing PSS requirements. Here as well, the 

focus is on the design phase. Naturally however there is a strong cross life cycle per-

spective and a view on the operational phase [16]. Surprisingly, no paper has put a 

strong focus on the PSS end of life. 

Four papers as well consider economic factors influencing requirements on PSS. A 

strong focus is on the design phase again, because it is argued the PSS business model 

is defined here [17], but also cross life cycle effects are discussed [18]. 

A single paper considers networking as a factor for PSS operations. This seems to 

be an underrated area to derive PSS requirements in general and the connection to the 

other articles is weak [19]. 

The literature review has yielded results published between 2003 and 2020, with an 

average of two publications per year. There is no clear progressive trend in number of 

publications. However, comparing the publications related to the life cycle phases and 

factor categories shows a focus on functional requirements during design, as can be 

seen in Table 1. 

Table 1. Publications related to life cycle phases and factor categories 

 Design Operation End of Life Cross LC 

Functional 11 [9, 11, 15, 

17, 20–26] 

2 [15, 21] 2 [11, 12] 3 [13, 17, 27] 

Ecological 4 [10, 14, 16, 

28] 

1 [10] - 2 [14, 16] 

Economic 4 [17, 18, 29, 

30] 

- - 3 [17, 29, 30] 

Network - 1 [19] - - 

The shades of grey in Table 1 indicate the different amount of publications in the 

topic areas (□ > 4, ■ 3-4, ■ 1-2, ■ 0). The uneven distribution suggest the existence of 

research gaps, which are discussed in detail in the next section. 
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4 Discussion 

The analysis of the 22 papers included in this study on factors that influence the re-

quirements on PSS along the life cycle shows that there is a clear imbalance, both in 

terms of articles focusing on the different phases as well as in what factors they actually 

address. 17 out of 22 papers related to the design phase seem at first sight quite natu-

rally, since this is how complex systems have been designed for decades. If these sys-

tems are to be used in a stable environment, it can be expected that the requirements 

will not change too much over time. However, today technology changes rapidly in a 

dynamic environment and thus also changing the customer requirements. It seems prob-

lematic that there is so little published research on the factors that influence the require-

ments in the operational phase and above all in the end of life phase. This will impact 

the sustainability of PSS and also the expected life time of the systems, since it is dif-

ficult to adapt to a changing environment as long as it is not known which factors to 

observe. Therefore, PSS require a stronger focus on detecting influences in later phases 

of the life cycle. This could be e.g. changes in the behaviour of the customer or user of 

the PSS, indicating a different application scenario. Changes in regulations regarding 

resource consumption or replacement of problematic materials and changes in the PSS 

providers’ business model, e.g. shifting from a use-oriented to a result-oriented value 

proposition that also require a more holistic consideration of requirements during the 

PSS life cycle. Such changes could be detected based on the operational data recorded 

by the PSS, as well as business intelligence platforms relying on the analysis of big data 

coming from the PSS environment. 

The second part of the analysis was related to what categories of factors have been 

examined in which life cycle phase. The overwhelming number of articles have fo-

cussed on the functional requirements, which is typically for systems that need to meet 

customer expectations and demand. Thus, most research for functional requirements is 

located in the design phase, and only three papers look at the whole life cycle process.  

In terms of ecological and economic factors, it is visible that even if these are less 

investigated, there is a better balance of works looking across the life cycle, but sur-

prisingly none that explore specifically the end of life with regard to ecological factors 

and neither operational nor end of life in terms of economic factors. This lack of pub-

lished knowledge on how the requirements change over time can lead to a sub-optimal 

understanding of the systems behaviour and the requirements on it and thus shorten the 

life time of the PSS in addition to give a chance to consider economic and ecological 

factors in a proper way. Thus, new methods and tools supporting the monitoring of 

changes of ecological regulations or business model evolution during PSS operation or 

end-of-life would be required, e.g. supported by text mining approaches. Since only 

one article on network factors was identified, it is too early to conclude anything in this 

area. 
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5 Conclusions and Future Work 

The imbalance of identified articles assessing factors influencing requirements across 

the life cycle, as well as the focus on functional requirements in existing literature, 

indicates that there is a need for a more holistic approach. As only 22 relevant papers 

were identified in this first systematic review, the significance of the findings is still 

limited.  

In a next step, the scope of the review will be extended and the results are discussed 

in more detail. In order to get a better understanding on how researchers understand the 

topic of factors influencing requirements on PSS along the life cycle, it is intended in 

addition to design a survey to be administrated among the IFIP WG5.7 community. The 

findings shall be published in a journal paper and provide the basis to close the identi-

fied gaps during the life cycle and between the categorised factors. 

It is expected that based on the analysis and needs of the manufacturing industry, 

especially monitoring of variations in PSS customer or user behaviour, respectively 

PSS application could be a major source of changing requirements. Furthermore, the 

inclusion of new ecological regulations and industry-related business trends through 

artificial business intelligence solutions could help to adapt a PSS solution proactively. 

Acknowledgements. This research has been funded by the German Federal Ministry 

for Economic Affairs and Energy (BMWi) through the project "Mittelstand 4.0 – Kom-

petenzzentrum Bremen" (01MF17004B). The authors wish to acknowledge the funding 

agency and all project partners for their contribution. 

 

References 

1. Kagermann, H., Helbig, J., Hellinger, A., Wahlster, W.: Umsetzungsempfehlungen für das 

Zukunftsprojekt Industrie 4.0. Deutschlands Zukunft als Produktionsstandort sichern ; Ab-

schlussbericht des Arbeitskreises Industrie 4.0. Forschungsunion; Geschäftsstelle der Platt-

form Industrie 4.0, Berlin, Frankfurt/Main (2013) 

2. Koren, Y., Gu, X., Guo, W.: Reconfigurable manufacturing systems: Principles, design, and 

future trends. Front. Mech. Eng. 13(2), 121–136 (2018). doi: 10.1007/s11465-018-0483-0 

3. Kaihara, T., Nishino, N., Ueda, K., Tseng, M., Váncza, J., Schönsleben, P., Teti, R., 

Takenaka, T.: Value creation in production: Reconsideration from interdisciplinary ap-

proaches. CIRP Annals 67(2), 791–813 (2018). doi: 10.1016/j.cirp.2018.05.002 

4. Baines, T., Ziaee Bigdeli, A., Bustinza, O.F., Shi, V.G., Baldwin, J., Ridgway, K.: Serviti-

zation: revisiting the state-of-the-art and research priorities. Int Jrnl of Op & Prod 

Mnagemnt 37(2), 256–278 (2017). doi: 10.1108/IJOPM-06-2015-0312 

5. Hellenbrand, D.: Transdisziplinäre Planung und Synchronisation mechatronischer Produkt-

entwicklungsprozesse. Zugl.: München, Techn. Univ., Diss., 2013. Produktentwicklung. 

Dr. Hut, München (2013) 

6. Ncube, C.: On the engineering of systems of systems: Key challenges for the Requirements 

Engineering community. In: 2011 Workshop on Requirements Engineering for Systems, 

Services and Systems-of-Systems (RES^4), Trento, Italy, pp. 70–73 (2011). doi: 

10.1109/RESS.2011.6043923 



7 

7. PRISMA (2021). http://www.prisma-statement.org/ 

8. Westphal, I., Freitag, M., Thoben, K.-D.: Visualization of Interactions Between Product and 

Service Lifecycle Management. In: Umeda, S., Nakano, M., Mizuyama, H., Hibino, H., 

Kiritsis, D., Cieminski, G. von (eds.) Advances in Production Management Systems: Inno-

vative Production Management Towards Sustainable Growth, vol. 460. IFIP Advances in 

Information and Communication Technology, pp. 575–582. Springer International Publish-

ing, Cham (2015) 

9. Liu, C., Jia, G., Kong, J.: Requirement-Oriented Engineering Characteristic Identification 

for a Sustainable Product–Service System: A Multi-Method Approach. Sustainability 

12(21), 8880 (2020). doi: 10.3390/su12218880 

10. Amaya, J., Lelah, A., Zwolinski, P.: Design for intensified use in product–service systems 

using life-cycle analysis. Journal of Engineering Design 25(7-9), 280–302 (2014). doi: 

10.1080/09544828.2014.974523 

11. Sundin, E., Lindahl, M., Ijomah, W.: Product design for product/service systems. Jnl of 

Manu Tech Mnagmnt 20(5), 723–753 (2009). doi: 10.1108/17410380910961073 

12. Bindel, A., Rosamond, E., Conway, P., West, A.: Product life cycle information manage-

ment in the electronics supply chain. Proceedings of the Institution of Mechanical Engi-

neers, Part B: Journal of Engineering Manufacture 226(8), 1388–1400 (2012). doi: 

10.1177/0954405412448780 

13. Papinniemi, J., Fritz, J., Hannola, L., Denger, A., Lampela, H.: Lifecycle-Based Require-

ments of Product-Service System in Customer-Centric Manufacturing. In: Fukuda, S., Ber-

nard, A., Gurumoorthy, B., Bouras, A. (eds.) Product Lifecycle Management for a Global 

Market, vol. 442. IFIP Advances in Information and Communication Technology, pp. 435–

444. Springer Berlin Heidelberg, Berlin, Heidelberg (2014) 

14. Neramballi, A., Sakao, T., Willskytt, S., Tillman, A.-M.: A design navigator to guide the 

transition towards environmentally benign product/service systems based on LCA results. 

Journal of Cleaner Production 277, 124074 (2020). doi: 10.1016/j.jclepro.2020.124074 

15. Nilsson, S., Sundin, E., Lindahl, M.: Integrated product service offerings – Challenges in 

setting requirements. Journal of Cleaner Production 201, 879–887 (2018). doi: 

10.1016/j.jclepro.2018.08.090 

16. Maxwell, D., van der Vorst, R.: Developing sustainable products and services. Journal of 

Cleaner Production 11(8), 883–895 (2003). doi: 10.1016/S0959-6526(02)00164-6 

17. Wiesner, S., Thoben, K.-D.: Cyber-Physical Product-Service Systems. In: Biffl, S., Lüder, 

A., Gerhard, D. (eds.) Multi-Disciplinary Engineering for Cyber-Physical Production Sys-

tems, pp. 63–88. Springer International Publishing, Cham (2017) 

18. Corti, D., Fontana, A., Santis, M. de, Norden, C., Ahlers, R.: Life Cycle Assessment and 

Life Cycle Costing for PSS. In: Cattaneo, L., Terzi, S. (eds.) Models, Methods and Tools 

for Product Service Design. SpringerBriefs in Applied Sciences and Technology, pp. 83–

100. Springer International Publishing, Cham (2019) 

19. Harrington, T.S., Srai, J.S.: Defining product-service network configurations and location 

roles: a current and future state analysis framework for international engineering operations. 

IJPD 17(3/4), 228 (2012). doi: 10.1504/IJPD.2012.052103 

20. Belkadi, F., Boli, N., Usatorre, L., Maleki, E., Alexopoulos, K., Bernard, A., Mourtzis, D.: 

A knowledge-based collaborative platform for PSS design and production. CIRP Journal of 

Manufacturing Science and Technology 29, 220–231 (2020). doi: 

10.1016/j.cirpj.2018.08.004 

21. Wan, S., Li, D., Gao, J., Roy, R., Tong, Y.: Process and knowledge management in a col-

laborative maintenance planning system for high value machine tools. Computers in Indus-

try 84, 14–24 (2017). doi: 10.1016/j.compind.2016.11.002 



8 

22. Bertoni, A., Bertoni, M., Isaksson, O.: Value visualization in Product Service Systems pre-

liminary design. Journal of Cleaner Production 53, 103–117 (2013). doi: 10.1016/j.jcle-

pro.2013.04.012 

23. Berkovich, M., Leimeister, J.M., Krcmar, H.: Requirements Engineering for Product Service 

Systems. Bus Inf Syst Eng 3(6), 369–380 (2011). doi: 10.1007/s12599-011-0192-2 

24. Isaksson, O., Larsson, T.C., Rönnbäck, A.Ö.: Development of product-service systems: 

challenges and opportunities for the manufacturing firm. Journal of Engineering Design 

20(4), 329–348 (2009). doi: 10.1080/09544820903152663 

25. Lagerstedt, J., Luttropp, C., Lindfors, L.-G.: Functional priorities in LCA and design for 

environment. Int J LCA 8(3), 160–166 (2003). doi: 10.1007/BF02978463 

26. Kerttula, M.: Virtual design: A framework for the development of personal electronic prod-

ucts. VTT Publications (2006) 

27. Abramovici, M., Michele, J., Neubach, M.: Erweiterung des PLM-Ansatzes für hybride 

Leistungsbündel. ZWF 103(9), 619–622 (2008). doi: 10.3139/104.101335 

28. Vezzoli, C., Sciama, D.: Life Cycle Design: from general methods to product type specific 

guidelines and checklists: a method adopted to develop a set of guidelines/checklist hand-

book for the eco-efficient design of NECTA vending machines. Journal of Cleaner Produc-

tion 14(15-16), 1319–1325 (2006). doi: 10.1016/j.jclepro.2005.11.011 

29. SHOLIHAH, M., MITAKE, Y., NAKADA, T., Shimomura, Y.: Innovative design method 

for a valuable product-service system: concretizing multi-stakeholder requirements. 

JAMDSM 13(5), JAMDSM0091-JAMDSM0091 (2019). doi: 

10.1299/jamdsm.2019jamdsm0091 

30. Rese, M., Karger, M., Strotmann, W.-C.: The dynamics of Industrial Product Service Sys-

tems (IPS2) – using the Net Present Value Approach and Real Options Approach to im-

prove life cycle management. CIRP Journal of Manufacturing Science and Technology 

1(4), 279–286 (2009). doi: 10.1016/j.cirpj.2009.05.001 


