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Abstract 
The circular economy concept is receiving increasing attention from academia and businesses as a conceivable means to 
decouple economic growth from material consumption. Product Service Systems (PSS), primarily due to their 
sustainability potential, have been identified as a promising lever that can facilitate the transition towards a circular 
economy. However, a product may not be more resource efficient or have reduced environmental impacts just because 
it is marketed through one of the various PSS business models. In this regard, the comprehensive End-of-Life (EOL) 
management of PSS can play a crucial role by maximizing the utilization of a product’s remaining value. In this paper, 
we consider the applicability of the cascade use methodology proposed by Kalverkamp et al. [15] in the context of PSS. 
Additionally, we explore the possible synergies and associated challenges between PSS business models and cascade 
utilization. 

1 Introduction 
Rapid technological advancement, changing consumer preferences and increasing market competition prompt 
manufacturing companies to introduce a variety of often reduced lifespan products at a cheaper price. Consequently, a 
majority of manufacturers is trying to increase their profits based on sales volume and overall cost reduction. However, 
because of innovation through new knowledge, changes in consumers’ perceived needs and excessive costs of repair or 
maintenance, these products quickly become obsolete [1] even before the end of their actual physical lifetime or 
economic value [2]. The current socioeconomic system is primarily based on a linear production and consumption 
model following a 'take-make-use-dispose' philosophy. This only elevates the environmental and economic challenges 
caused by inefficient use of scarce resources. 
The concern about this growing environmental load related to economic growth has prompted increased interest in 
alternative ways of achieving more sustainable economic models through enhanced resource efficiency. In this context, 
the circular economy concept is receiving increasing attention from academia and businesses as a conceivable means to 
decouple economic growth from material consumption [3]. Unlike linear production and consumption models, the 
circular economy promotes greater resource productivity by reducing waste and use of virgin materials through reuse, 
remanufacturing, and recycling of End-of-Life (EOL) products [4-6]. However, from an economic prospective, circular 
business models need to assume more business risks compared to linear business models. This is primarily due to the 
complexity associated with reverse supply chains and the uncertain economic value of EOL products [7]. 
In this regard, Product-Service Systems (PSS) have been widely recognized as a promising lever that can support and 
facilitate the transition towards a circular economy [4, 6, 8-9]. The PSS business model, in which the use or the function 
of a product is sold instead of the product’s ownership, can mitigate the provider’s risk to maintain circularity of EOL 
products, components, or materials. One of the main reasons is that in case of such PSS, providers have access and 
better control of the products as well as information regarding the condition, quantity and timing of the returns [10]. 
Additionally, companies that retain ownership of a product are responsible for the whole lifecycle of their product [11] 
and thus will have an intrinsic motivation to (i) prolong the useful life span of their products, (ii) maximize utilization, 
(iii) ensure energy and material efficiency, as well as (iv) reuse products, components, and materials as much as 
possible after the end of the product’s life [9, 12-14]. 
However, a product may not be more resource efficient [9] or have reduced environmental impacts [14] just because it 
is marketed through one of the different PSS business models. In this respect, the comprehensive EOL management of 
PSS that will help to maximize the utilization of product’s remaining value can play a crucial role. The cascade use 
methodology, which has been widely utilized in the biomass domain, offers a broader perspective on the EOL [15]. 
Recently, Kalverkamp et al. applied this methodology in the context of products that are not marketed through renting 
or sharing (i.e., PSS) business models [15]. In this paper, we consider the applicability of the cascade use methodology 
in the context of PSS, while exploring possible synergies and associated challenges between PSS business models and 
cascade utilization. 
The remainder of the paper is structured as follows. In the next section, key concepts for the later discussion are 
presented in the form of an overview of circular economy, PSS and cascade use. The third section summarizes the 
cascade use methodology proposed by Kalverkamp et al. [15] and considers its applicability in the context of PSS. The 
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fourth section sheds light on the potential synergies and associated challenges between PSS business models and 
cascade utilization. The final section summarizes and concludes the paper and provides future research directions. 

2 Key Concepts 
In this section, key concepts for the later discussion are presented in the form of an overview of circular economy, PSS 
and cascade use. 

2.1 Circular Economy  
The circular economy concept is attracting significant attention from researchers, industry and policy makers. In the 
literature, the most common and widely accepted definition of circular economy is given by the Ellen MacArthur 
Foundation [6], which defines circular economy as a “system restorative and regenerative by design, which aims to 
maintain products, components and materials at their highest utility and value”. The Ellen MacArthur Foundation has 
also identified the following three circular economy value drivers: (i) pursuing resource efficiency, (ii) extending the 
lifespan of products and (iii) closing the material loop. The circular economy puts forward the idea of restoration and 
circularity in order to decouple the environmental burden from economic growth by enabling multiple closed-loop 
cycles of reuse, remanufacturing, and recycling [23-24]. The circular economy business model has a strong connection 
with PSS due to the fact that the responsibility related to the management of EOL product’s lifecycles shifts to the PSS 
provider. This shift of responsibility from a private person (user) to a professional entity (PSS provider) supports the 
sustainable management of closed-loop industrial systems where materials are recollected, reused, remanufactured, and 
recycled [25]. 

2.2 Product Service Systems (PSS)  
PSS can be understood as a special case of servitization - a concept introduced by Vandermerwe and Rada in 1988 [16], 
long before PSS were introduced. Servitization describes the phenomenon of manufacturing firms developing value 
propositions by incorporating additional services in order to attain a competitive edge in the market [17]. Servitization 
and PSS, both describe the same concept (i.e., “a marketable set of products and services” [1]) but PSS usually involves 
the sustainability context in addition to the somewhat ‘economic only’ context of servitization. In 1999, Goedkoop et al. 
[18] introduced the term PSS and defined it as “system of products, services, networks of players and supporting 
infrastructure that continuously strives to be competitive, satisfy customer needs and have a lower environmental 
impact than traditional business models”. A solution composed of physical products and related services may be harder 
to replicate for a competitor, compared to solely product and process-based manufacturing [19]. Additionally, integrated 
services mean more satisfactory experience for customers and generally increased revenue for the manufacturers [20]. 
PSS business models can be categorized into the following three distinct types [17, 21]: 

• Product oriented business models: The primary purpose of this business model is to provide tangible value to 
the customer. The ownership of the product is transferred to the customer, while the PSS provider sells 
additional services in the form of maintenance, upgrades, or EOL take-back. 

• Use oriented business models: In this business model, the PSS provider sells the use or availability of a 
product that is not owned by the customer. Examples of this type are product leasing or sharing. 

• Result oriented business models: In this business model, the PSS provider sells a result or capability of a 
product and not ownership. For example, instead of selling a printer to a customer, the company can sell the 
result, such as document management capability. 

This paper mainly focuses on the use and result oriented PSS business models. A business strategy built around these 
business models establishes a value proposition in which manufacturers retain the product ownership and are 
responsible for its functionality, maintenance, upgrade, and EOL management. This transfer of the responsibility to 
manufacturer creates an incentive for them to design best possible products in terms of superior functionality, reduced 
operational (i.e., less consumables inputs) and maintenance cost, and better reusability, re-manufacturability, and 
recyclability [22]. As a result, PSS may prove to be a more resource efficient and effective solution with less 
environmental impact compared to conventional product-oriented solutions. 

2.3 Cascade Use 
The cascade use methodology originates from the forestry sector and has been widely utilized in the biomass domain. 
Cascade use can be defined as the efficient utilization of resources by using a certain resource sequentially for different 
purposes [26-27]. The objective is to first exploit the products, components, and materials on higher cascade levels for a 
longer period of time, before using them as an energy source. In the case of products, adopting a cascade use means pre-
planning and designing the route of the EOL products from one product or component to another [28], for example, 
using EOL electric vehicle batteries in stationary applications before recycling the materials. Another common example 
from the biomass domain is the use of solid timber in higher value products with large dimensions, instead of chipping 
it or using it as fuel for energy [29]. 
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Circular economy and cascading utilization have many parallels and similarities [30] in that both strategies promise to 
increase resource efficiency by a circular management and multiple uses of resources [31]. However, cascade use 
primarily focuses on the utilization possibilities (e.g., reuse, remanufacture and recycling) of a particular resource, while 
circular economy provides a more holistic approach [30]. 

3 Cascade Methodology and its Applicability in the Context of PSS 
In the next section, we first summarize the cascade use methodology proposed by Kalverkamp et al. [15], and then 
consider the applicability of this methodology in the context of PSS. 

3.1 Cascade Use Methodology 
The cascade use methodology aims to highlight and integrate the complexity of end-of-life options into the management 
of product lifecycles. The cascade use methodology shows how products and eventually materials cascade through 
reuse and recycling to recovery (ideally avoiding landfill). Originally, the concept of cascade use stems from the 
biomass domain where it represents how renewable resources such as wood, i.e. wood fiber, cascade through 
consecutive processes of use, reuse, and recycling before being treated as an energy source [32]. The term “cascade” or 
“cascade use” (and similar versions) is also used outside the biomass domain, for example in the context of lifecycle 
management, reuse, and product returns [33]. 
For the cascade use methodology, the biomass-domain “cascade” serves as a blueprint in combination with the steps 
‘reuse’, ‘recycle’ and ‘recovery’. These steps are derived from the waste management hierarchy [34]. Fig. 1 shows the 
cascade use methodology and depicts clearly the increasing complexity and variety of end-of-life options at the levels 
reuse, recycle, and recovery. This cascade perspective neglects the possibility that products and materials can as well 
move from a lower to a higher cascade level. An example how this might be facilitated is through an upcycling or reuse 
process, transforming a discarded product into another (new) product. In such case, the product/material flow exits the 
cascade and enters another cascade, representing the end-of-life of this new product. Products and materials can also 
remain at the same cascade level through iterations of reuse (e.g., remanufacturing) or recycling (e.g., up-/down-
cycling). This cascade does not consider landfill as landfill does not contribute to circularity [34]. 
 
 
 
 
 
 
Figure 1. Cascade Use Methodology [15] 
 
 
 
 
 
 
 
Although the cascade perspective influences the product lifecycle from its beginning, the reality at the product’s end-of-
life may not fit the planned lifecycle even if circular business models such as PSS or closed-loop supply chains were 
used to manage the product lifecycle. At some point, products may leave the system “unscheduled”. For example, when 
third-parties take advantage of products offered to the “outside system”. The latter case is most likely to occur in 
systems associated with a transfer of ownership (rather than PSS). However, even products used in a PSS setup may 
eventually end up with another owner. At this point, the end-of-life-options increase and so does the complexity of 
managing the EOL. The visualization of different cascades fosters alternative end-of-life solutions, in supporting 
decision makers to identify economic and environmental potential in the different ‘streams’ of the cascade by 
integrating market realities (e.g. trade with used products) of changing end-of-life options. The cascade use 
methodology acknowledges this complexity and recognizes that one supply chain owner can hardly manage all potential 
end-of-life scenarios. 
Kalverkamp et al. [15] introduced a case study on the cascade use of tires (Fig. 2). It was found that after their first use, 
tires are reused without any alteration in another market, which tolerates a lower tread depth of tires. In the next cascade 
level, tires with too low tread depth are retreaded as a remanufacturing operation. Before using tires in the energy 
recovery cascade level, the tires are recycled into new products such as shoe soles or artificial turfs. 
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Figure 2. Cascade Use of Tires [15] 
 
 
 
 
 
 
In a second case study, the authors outlined how a product component moves through the different cascade levels while 
not being managed in a typical closed-loop supply chain scenario. They identify third parties taking advantage of 
discarded suspension control arms for remanufacturing purposes. Their case shows that the third party closes the 
component loop and improves the environmental impact of the component through an extended component lifetime. 
The related process innovation for the remanufacturing of this component highlights that third parties, not being part of 
a closed-loop supply chain or a PSS, can contribute significantly to the sustainability of products and components. This 
marks one of the potential challenges of PSS where due to different reasons the product producer may be no longer 
interested in a product life extension although such could still provide environmental benefits. 

3.2 Applicability of the Proposed Methodology in the Context of PSS 
Instead of assuming integrated reverse flows from the EOL towards predefined reuse and recycling processes, the 
proposed methodology takes into consideration that highly integrated, totally market oriented and intermediate 
organizational types coexist. As a result, it includes both open and closed-loop supply chain perspectives to reflect the 
broad variety and complexity of different EOL options. 
On the other hand, use/result oriented PSS by definition form some kind of closed-loop supply chain as the providers 
retain ownership of the PSS. The closed-loops are especially prevalent at the reuse and remanufacturing levels. 
However, at the recycling and recovery levels, a closed-loop setting may not be a viable option for a majority of the 
PSS providers. For example, the lack of economies of scale may prevent a washing machine provider to recycle all the 
materials of an obsolete washing machine when building a new one. For this reason, PSS providers may feel more 
comfortable in an open loop setting at the recycling and recovery levels. 
In this regard, the proposed methodology could be a good fit for PSS, given their need for both open and closed-loop 
supply chain perspectives. Therefore, we propose to consider the cascade use methodology in the comprehensive EOL 
management of PSS to support the transition towards a circular economy. 

4 Synergies and Challenges of PSS Business Models and Cascade Utilization 
The authors of the proposed methodology identified policy, new technology (e.g., for remanufacturing or recycling), 
business models and raw material prices as the possible influencing factors that affect the mass flows within different 
cascades. However, the authors do not consider the aspect that there could be several factors that may influence the eco-
efficiency of a particular cascade level. For example, there are several factors that influence the eco-efficiency [35] of 
remanufacturing, such as product design, build quality and information regarding the condition, quantity, and timing of 
the returns. Similarly, different business models with their distinct characteristics can be understood as one of such 
influencing factors that can play an important role in determining the efficiency within a cascade level. This observation 
calls for an exploration of the possible synergies and associated challenges between PSS business models and cascade 
utilization. 

4.1 Possible Synergies 
Compared to traditional manufacturers who rely on product sales, PSS providers have better capabilities (systematic 
recovery, product condition and usage data, technical knowledge, investment potential, market for recovered products 
etc.) and economic incentives to ensure the optimal reuse and remanufacture of EOL products. Consequently, a product 
marketed through a PSS business model may have a better chance to be utilized at the higher cascade levels such as 
reuse and remanufacture due to readily available information throughout the supply chain. Retained ownership of the 
products, closer customer relations and the information regarding product location help PSS providers with systematic 
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recovery through a better organization of the collection (for remanufacture/recycle) and reallocation (for reuse) 
activities during EOL or when the subscription ends [7, 23]. As the EOL products originate from various sources and 
different working conditions, they do not show uniform quality conditions, which results in unique remanufacturing 
needs [36]. However, due to advances in information technology, PSS providers can gather large amounts of usage data 
throughout the lifecycle and track the condition of the products and components in real-time, allowing for less 
uncertainty and better performance of remanufacturing activities [23]. Furthermore, in order to restore a product to 
original or better condition, remanufacturing requires considerable expertise and knowledge of the product that is 
generally readily available to PSS providers [7, 37]. Another challenge for remanufactured or second-hand products is 
that their price needs to be adjusted in order to attract customers. However, in a PSS setting, the acceptance and demand 
for those products is significantly improved as the customers only use the product without having its ownership 
transferred (i.e., paying for it) [38].  
Product design can also play a crucial role to ensure higher levels of cascading use such as reuse, remanufacturing and 
recycling while delaying final sinks such as energy recovery or landfill. Thinking in the perspective of cascade use will 
help to appropriately consider and reflect the EOL requirements during the design phase. Certain design decisions taken 
at the Begin-Of-Life (BOL) stage can have major implications in the management of EOL products. For example, it can 
be very inefficient to manage an EOL product if its design makes it difficult to disassemble in order to remove 
hazardous substances [39]. On the other side, the design can reflect the future need for easy disassembly, e.g., by using 
threaded fasteners instead of epoxies, however, this is often associated with an increase in cost. Since the PSS providers 
retain the ownership of the product, the entire lifecycle management of the product becomes their responsibility and 
they tend to focus more on the Total Cost of Ownership (TCO) instead of mainly focusing on design and manufacturing 
associated cost. Therefore, PSS providers have several incentives to design more durable and flexible products while 
keeping different eco-design criteria, such as design for disassembly, remanufacturing, and recycling, in mind [40]. 
Moreover, designing for technological cycle [41] enables alternative revenue models that create value from waste [42], 
for example, ‘cradle-to-cradle’ [43] – where raw materials are chosen based on their recyclability nature; and ‘industrial 
symbiosis’ [44], where by-products from one process become feedstock for another process. 

4.2 Associated Challenges 
One of the challenges of maintaining a closed-loop supply chain within PSS business models is that it may limit the 
innovation potential of third party remanufacturers, who can often lead the way towards the remanufacturing of new 
parts that are not being remanufactured by the OEMs [15]. In some cases, third party remanufacturers can even create a 
remanufactured component that performs better than the equivalent new part manufactured by the OEM. For example, a 
third-party remanufacturer claims to have overcome the common failure of a throttle body by improving its design [45]. 
These kind of solutions bring economic gains for both the remanufacturer (profit) and customer (lower cost) while 
contributing towards the environment by delaying material recycling [15]. However, in a closed-loop setting the flow of 
EOL products and components may not reach such third-party remanufacturers, resulting in a loss of innovation 
opportunity. 
Due to the complexity at the EOL, it is very difficult for PSS providers to manage all available EOL options on their 
own. Consequently, several stakeholders govern the decision on product design and EOL recovery option. There are 
several factors that affect these decisions; these factors are related to engineering, business, environmental, and societal 
aspects [46]. However, there can be conflict between these factors, which may result in varying prospective between 
stakeholders. For example, material recycler’s interest in pure and easy to recycle material may not coincide with PSS 
provider’s interest in composite light weight material [46]. 
Another drawback specific to PSS business models is that the users may not use the PSS in the recommended way since 
they do not actually own the PSS. This may adversely affect the useful lifespan and thus the underlying objective of 
cascade use. The cost of maintaining reverse logistics can be another important concern for the PSS providers. Even 
when a particular remanufacturing or recycling operation is technically feasible, the costs of recovery operations must 
be less than the recovered value in order to make remanufacturing or recycling economically attractive for PSS 
providers [47]. 

5 Conclusions and Future Research 
This paper investigated the applicability of the cascade use methodology in the context of PSS. It further explored 
possible synergies and associated challenges related to PSS business models and cascade utilization. Cascade use 
methodology includes both open and closed-loop supply chain perspectives to reflect the broad variety and complexity 
of different EOL options. Thinking in the perspective of cascades will enable PSS providers to consider a broad variety 
of EOL alternatives in addition to the originally planned options in the closed-loop setting. Consequently, the 
environmental and economic benefits of the PSS business models may go beyond the initially designed lifecycles. PSS 
have a better chance to be utilized at the higher cascade levels due to readily available lifecycle information. 
Furthermore, PSS providers have more incentives compared to traditional manufacturers to design a product with the 
objective of retaining them at higher cascade levels for a longer time.  
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Future research should concentrate on how PSS providers can go beyond their closed-loop supply chain setting and 
incorporate solutions offered by third party remanufacturers and third markets. Furthermore, future research should 
develop a method that will consider the collective interests of all stakeholders when designing a PSS and deciding on 
EOL recovery options in order to transcend the boundaries of individual stakeholders. A methodology to assess the 
cascading degree within a PSS supply chain can play an important role in proper implementation of the circular 
economy. Lastly, a wide implementation of PSS business models and therefore a transition towards the circular 
economy will require simultaneous support from manufacturers, customers, policy makers, lawyers, and regulatory 
institutions. 

6 Zusammenfassung 
Das Konzept der Kreislaufwirtschaft steht als mögliche Maßnahme zur Entkopplung des wirtschaftlichen Wachstums 
von einem steigenden Materialverbrauch zunehmend im Fokus von Wissenschaft und Wirtschaft. Aufgrund ihrer 
Nachhaltigkeitspotenziale wird Produkt-Service-Systemen (PSS) eine vielversprechende Rolle bei der Umstellung zu 
einer Kreislaufwirtschaft zugesprochen. Allein die Tatsache, dass ein Produkt als Teil eines der vielfältigen PSS 
Geschäftsmodelle vermarktet wird, bedeutet jedoch nicht dass es als ressourceneffizient angesehen werden kann oder 
geringere Umweltwirkungen verursacht. Das umfassende End-of-Life (EOL) Management von PSS kann in diesem 
Sinne eine wesentliche Rolle spielen, indem es die Ausnutzung des verbleibenden Produktwerts maximiert. In diesem 
Beitrag wird untersucht, inwiefern sich das von Kalverkamp et al. [15] vorgeschlagene Konzept der Kaskadennutzung 
auf PSS übertragen lässt. Zudem werden mögliche Synergien und Herausforderungen zwischen PSS Geschäftsmodellen 
und Kaskadennutzung betrachtet. 
 
Acknowledgments. The authors thank West Virginia University and the J. Wayne and Kathy Faculty Fellowship in 
Engineering for the support. Matthias Kalverkamp was financially supported by the German Federal Ministry of 
Education and Research (BMBF) in the Globaler Wandel Research Scheme (Grant No. 01LN1310A). 

7 References 
[1] Cooper, T. (2004). Inadequate life? Evidence of consumer attitudes to product obsolescence. Journal of Consumer Policy, 27(4), 
421-449. 
[2] Umeda, Y., Daimon, T., & Kondoh, S. (2005). Proposal of Decision Support Method for Life Cycle Strategy by Estimating Value 
and Physical Lifetimes—Case Study—. In Environmentally Conscious Design and Inverse Manufacturing, 2005. Eco Design 2005. 
Fourth International Symposium on (pp. 606-613). IEEE. 
[3] Sauvé, S., Bernard, S., & Sloan, P. (2016). Environmental sciences, sustainable development and circular economy: Alternative 
concepts for trans-disciplinary research. Environmental Development, 17, 48-56. 
[4] Elia V, Gnoni MG, Tornese F. Measuring circular economy strategies through index methods: A critical analysis. J Clean Prod 
2017;142(4):2741- 2751. 
[5] Elia, V., Gnoni, M. G., & Tornese, F. (2017). Measuring circular economy strategies through index methods: A critical analysis. 
Journal of Cleaner Production, 142, 2741-2751. 
[6] MacArthur, E. (2013). Towards the Circular Economy, Economic and Business Rationale for an Accelerated Transition. Ellen 
MacArthur Foundation: Cowes, UK. 
[7] Linder, M., & Williander, M. (2017). Circular business model innovation: inherent uncertainties. Business Strategy and the 
Environment, 26(2), 182-196. 
[8] Lewandowski, M. (2016). Designing the business models for circular economy—Towards the conceptual framework. 
Sustainability, 8(1), 43. 
[9] Tukker, A. (2015). Product services for a resource-efficient and circular economy–a review. Journal of cleaner production, 97, 
76-91. 
[10] Chierici, E., & Copani, G. (2016). Remanufacturing with Upgrade PSS for New Sustainable Business Models. Procedia CIRP, 
47, 531-536. 
[11] Shehab, E. M., & Roy, R. (2006). Product service-systems: issues and challenges. In the Fourth International Conference on 
Manufacturing Research (ICMR 2006). John Moores University, Liverpool, 5th–7th September. 
[12] Michelini, G., Moraes, R. N., Cunha, R. N., Costa, J. M., & Ometto, A. R. (2017). From linear to circular economy: PSS 
conducting the transition. Procedia CIRP, 64, 2-6. 
[13] Guidat, T., Barquet, A. P., Widera, H., Rozenfeld, H., & Seliger, G. (2014). Guidelines for the definition of innovative industrial 
product-service systems (PSS) business models for remanufacturing. Procedia CIRP, 16, 193-198. 
[14] Kjaer, L. L., Pagoropoulos, A., Schmidt, J. H., & McAloone, T. C. (2016). Challenges when evaluating product/service-systems 
through life cycle assessment. Journal of Cleaner Production, 120, 95-104. 
[15] Kalverkamp, M., Pehlken, A., & Wuest, T. (2017). Cascade Use and the Management of Product Lifecycles. Sustainability, 
9(9), 1540. 
[16] Vandermerwe, S., & Rada, J. (1988). Servitization of Business: Adding Value by Adding Services. European Management 
Journal, 6(4), 314-324, DOI 10.1016/0263-2373(88)90033-3 
[17] Baines, T. S., Lightfoot, H. W., Evans, S., Neely, A., Greenough, R., Peppard, J., ... & Alcock, J. R. (2007). State-of-the-art in 
product-service systems. Proceedings of the Institution of Mechanical Engineers, Part B: journal of engineering manufacture, 
221(10), 1543-1552. 



7 
 
[18] Goedkoop, Mark. (1999). Product Service systems, Ecological and Economic Basics. 
[19] Martinez, V., Bastl, M., Kingston, J., & Evans, S. (2010). Challenges in transforming manufacturing organisations into product-
service providers. Journal of manufacturing technology management, 21(4), 449-469. 
[20] Annarelli, A., Battistella, C., & Nonino, F. (2016). Product service system: A conceptual framework from a systematic review. 
Journal of Cleaner Production, 139, 1011–1032. https://doi.org/10.1016/j.jclepro.2016.08.061 
[21] Tukker, A. (2004). Eight Types of Product-Service System: Eight Ways to Sustainability? Experiences from SusProNet, 260, 
246-260, DOI: 10.1002/bse.414 
[22] Vaittinen, E. (2014). Business model innovation in product-service systems. Tampere University of Technology. 
[23] Bressanelli, G., Adrodegari, F., Perona, M., & Saccani, N. (2018). Exploring How Usage-Focused Business Models Enable 
Circular Economy through Digital Technologies. Sustainability, 10(3), 639. 
[24] Braungart, M., McDonough, W., & Bollinger, A. (2007). Cradle-to-cradle design: creating healthy emissions–a strategy for eco-
effective product and system design. Journal of cleaner production, 15(13-14), 1337-1348. 
[25] Catulli, M., & Dodourova, M. (2013, January). Innovation for a Circular Economy: Exploring the Product Service Systems 
Concept. In ISPIM Conference Proceedings (p. 1). The International Society for Professional Innovation Management (ISPIM). 
[26] Vis, M., Mantau, U., & Allen, B. (2016). Study on the optimised cascading use of wood. No 394/PP/ENT/RCH/14/7689, Final 
report, vol. 2016. European Commission, Brussels, p. 337. 
[27] Höglmeier, K., Weber-Blaschke, G., & Richter, K. (2013). Potentials for cascading of recovered wood from building 
deconstruction—A case study for south-east Germany. Resources, Conservation and Recycling, 78, 81-91. 
[28] Vezzoli, C., & Manzini, E. (2008). Design for environmental sustainability (p. 4). London: Springer. 
[29] Husgafvel, R., Linkosalmi, L., Hughes, M., Kanerva, J., & Dahl, O. (2017). Forest sector circular economy development in 
Finland: A regional study on sustainability driven competitive advantage and an assessment of the potential for cascading recovered 
solid wood. Journal of Cleaner Production. 
[30] Mair, C., & Stern, T. (2017). Cascading Utilization of Wood: a Matter of Circular Economy?. Current Forestry Reports, 3(4), 
281-295. 
[31] Bezama, A. (2016). Let us discuss how cascading can help implement the circular economy and the bio-economy strategies. 
Waste Manag. Res. 34, 593e594. http://dx.doi.org/10.1177/0734242X16657973. 
[32 Haberl, H., & Geissler, S. (2000). Cascade utilization of biomass: strategies for a more efficient use of a scarce resource. 
Ecological Engineering, 16, 111-121. DOI: 10.1016/S0925-8574(00)00059-8. 
[33] Guide, V. D. R., & Wassenhove, L. N. (2006). Closed loop supply chains: an introduction to the feature issue (part 1). 
Production and Operations Management, 15(3), 345-350. DOI: 10.1111/j.1937-5956.2006.tb00249.x 
[34] European Commission, Closing the loop - An EU action plan for the Circular Economy. COM (2015) 614 final. [Online] 
Available: http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52015DC0614. Accessed on: Jul. 05, 2016. 
[35] Deng, Q., Liu, X., & Liao, H. (2015). Identifying critical factors in the eco-efficiency of remanufacturing based on the fuzzy 
DEMATEL method. Sustainability, 7(11), 15527-15547. 
[36] Joshi, A. D., Gupta, S. M., & Ishigaki, A. (2017). Evaluation of design alternatives of sensor embedded end-of-life products in 
multiple periods. Procedia CIRP, 61, 98-103. 
[37] Pearce, J. A. (2009). The profit-making allure of product reconstruction. MIT Sloan management review, 50(3), 59. 
[38] Guidat, T., Barquet, A. P., Widera, H., Rozenfeld, H., & Seliger, G. (2014). Guidelines for the definition of innovative industrial 
product-service systems (PSS) business models for remanufacturing. Procedia CIRP, 16, 193-198. 
[39] Lee, H. M., Sundin, E., & Nasr, N. (2012). Review of end-of-life management issues in sustainable electronic products. In 
Sustainable Manufacturing (pp. 119-124). Springer, Berlin, Heidelberg. 
[40] Pourabdollahian, G., & Copani, G. (2016). Toward development of PSS-oriented business models for micro-manufacturing. 
Procedia CIRP, 47, 507-512. 
[41] Romero, D., & Rossi, M. (2017). Towards circular lean product-service systems. Procedia CIRP, 64, 13-18. 
[42] Bocken, N. M., Short, S. W., Rana, P., & Evans, S. (2014). A literature and practice review to develop sustainable business 
model archetypes. Journal of cleaner production, 65, 42-56. 
[43] McDonough, W., & Braungart, M. (2010). Cradle to cradle: Remaking the way we make things. North point press. 
[44] Lombardi, D. R., & Laybourn, P. (2012). Redefining industrial symbiosis. Journal of Industrial Ecology, 16(1), 28-37. 
[45] ACtronics. Volvo—Magneti Marelli Gasklephuis. 2016. Available online: https://www.actronics.eu/volvo-magneti-marelli/ 
(accessed on 06 June 2018). 
[46] Ziout, A., Azab, A., & Atwan, M. (2014). A holistic approach for decision on selection of end-of-life products recovery options. 
Journal of cleaner production, 65, 497-516. 
[47] Guide Jr, V. D. R., & Van Wassenhove, L. N. (2009). The evolution of closed-loop supply chain research. Operations research, 
57(1), 10-18. 


	1 Cascade Utilization During the End-of-Life of Product Service Systems: Synergies and Challenges
	Abstract
	1 Introduction
	2 Key Concepts
	2.1 Circular Economy
	2.2 Product Service Systems (PSS)
	2.3 Cascade Use

	3 Cascade Methodology and its Applicability in the Context of PSS
	3.1 Cascade Use Methodology
	3.2 Applicability of the Proposed Methodology in the Context of PSS

	4 Synergies and Challenges of PSS Business Models and Cascade Utilization
	4.1 Possible Synergies
	4.2 Associated Challenges

	5 Conclusions and Future Research
	6 Zusammenfassung
	Acknowledgments.
	7 References




