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ABSTRACT

Little study has been done on the adoption of End-of-Life (EoL) strategies on the medical devices
industry, despite the reasons why it is an important area of study for the implementation of circularity.
The rates of waste in the medical field are alarming and tend to grow. Though presenting a wide potential
for EoL strategies implementation, the medical field is also inherently challenging, considering the rigid
regulations and product's risk to patients life. This paper analyses 17 Product-Service System case
studies identified in the literature. Eleven of them are from various fields of industry, whereas the other
six are applied to the medical devices industry. The adoption of EoL strategies - namely repair,
reconditioning, remanufacture and recycling - is analysed in each case and compared for the two
categories of cases. This adoption is related to the sources of value creation in Circular Economy, to the
PSS typology and, at last, special EoL treatment for medical devices is discussed.
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1 INTRODUCTION

Product-Service Systems (PSS) combine products, services and a network of partners in order to
deliver a solution demanded by the final customer (Tukker and Tischner, 2006). It involves
dematerialization and the absence of ownership transference between the manufacturer and final
consumer, which encourages the PSS provider to enhance the utilization and reliability of the asset
(Baines et al., 2007). This leads to a potential extension of its use-life and resource- and cost-
efficiency, providing cycles of use of the whole asset and/or its components (Tukker, 2015).

PSS is intimately linked to the concept of Circular Economy (CE), which is guided by the desire to
keep materials, products and components at their highest value and functionality at all times (Ellen
MacArthur Foundation, 2015). Pieroni et al. (2018), describes some nordic examples of businesses
that promote CE through PSS, such as Martela, a furniture company that offers rental and leasing and,
in the EoL, receive back the furniture to be reused as a whole after reconditioning, or as components
that will integrate new assemblies, or, as a last option, send separated materials to recycling. The CE
seeks to decouple economic development from finite resource consumption (Liu et al., 2009) and,
thus, reduce environmental pressure (Tukker, 2015).

One of the core principles of CE consists on the optimization of resource yields, which can be
explored through the circulation of products, components and materials, in order to maintain them at
the highest utility and contributing to the economy (Blomsma and Brennan, 2017). Ellen MacArthur
Foundation (2015) presents the sources of value creation in a CE namely inner circle, circling longer
and cascade use, whose power resides in circling products and/or materials to guarantee that they keep
the most of their value for the longest period.

The inclusion of End-of-Life (EoL) strategies in the development of products raises the possibility of
slowing and closing resource loopings. This means extension and/or intensification of the use period
and, after that, closing the looping between post-use and production of new items (Bocken et al.,
2016), avoiding waste disposal. Therefore, EoL strategies are closely linked to the feasibility of the
CE, so that they should be explored in a diverse range of economic sectors. One of these sectors is the
medical devices industry that presents substantial potential for the implementation of these strategies
jointly with a shift in the mindset, from linear to circular thinking (Kane et al., 2017).

The medical field is characterised by strict regulation on equipment safety, besides the fact that many
of these equipment can be harmful to patient’s life (Kane et al., 2017), due to failure either in the
sterilization process or in the functionality of the asset. However, stronger than the aforementioned
challenges for EoL strategies implementation, are the reasons why circular solutions should be
adopted in this area. Minoglou et al. (2017) emphasize how alarming the amount of waste produced by
healthcare worldwide is, especially considering that this area is growing rapidly due to the increase of
ageing populations, emerging markets and specific diseases (Landolfi et al., 2014).

Furthermore, Yip et al. (2015) and Fargnoli et al. (2018) underline the lack of studies regarding the
implementation of PSS in the medical devices area and remarked this subject as an important field for
scientific investigation. Accordingly, the main research question that this paper responds is: how do
the general and medical PSS cases available in literature address the implementation of EoL strategies
and how do they differ? The remainder of the paper is structured as follows: Section 2 is divided into
two sub-sections, containing the Literature Review on PSS and Circular Economy and End-of-Life
Strategies; Section 3 describes the Methodology used to gather and analyze data; Section 4 discusses
the results obtained from the analysis; and, finally, in the last section conclusions are drawn.

2 LITERATURE REVIEW

2.1 PSS and circular Economy

Product Service Systems consist of a marketable set of products and services designed and combined
so that they are jointly capable of fulfilling the final customer needs (Goedkoop 1999). Tukker (2004)
categorized possible applications of this mix of physical product and services in three possible classes:
i) Product-oriented: the business model is still headed towards the sale of physical products, even
though the PSS provider offers additional services linked to the physical asset; ii) Use-oriented: an
important switch is recognized compared to traditional business models, since it is not focused on
selling products, although the product still plays the central role of the solution offered, and the PSS
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provider is the asset’s owner during the whole use phase and iii) Result-oriented: here, the PSS
provider agrees with the client on a specific result and the provider should guarantee this result
through a solution that involves a set of products and services.

Since PSS gradually advances towards selling use rather than a product itself, the provider comes
across a completely new scenario, whereby retaining asset ownership means a chance to enhance
utilization, reliability, design and protection of the product (Baines et al., 2007). This brings to light
the core environmental potential associated with PSS: firms will acknowledge an incentive to prolong
the service life of products through reusing the whole asset or components, in order to ensure that they
are used as intensively and as long as possible, leading ultimately to a minimization of material flows
in the economy combined with user satisfaction enhancement (Tukker, 2015).

Mont et al. (2006) state that, in order to contribute to sustainable development, the PSS provider
should make effort to lengthen product longevity through maintenance and upgrading until reaching
the EoL phase, when the product should be taken back and recovered through repair, reconditioning,
remanufacturing and recycling, instead of being sold to a third party. Thus, Tukker (2015) affirms that
PSS business model is one of the most important approaches to make the CE feasible. It denies take-
make-use-dispose models and, in order to reach the CE, shifts businesses’ profiting sources from
selling products to enhancing the flow of materials and products over time (Bocken et al., 2016).

Ellen MacArthur Foundation (2015) introduces four different ways of looping products and materials
aiming at enabling the CE, which are: i) Inner Circles: values strategies that maintain the most of the
product’s value, such as repairing and maintaining, since it preserves the integrity, complexity and
embedded energy of the asset, once it is not possible to recover the product as a whole, the reuse of
components should be prioritized; ii) Circling Longer: aims at maximizing the number of consecutive
use cycles of a product and/or the duration of each cycle, which ultimately lengthen the use life of the
product; iii) Cascade Use: proposes diverse reuse strategies across the value chain, namely second-
hand markets and recycling; and iv) Pure Inputs: its power lies on the use of uncontaminated resources
and, therefore, the increase of efficiency in terms of collection and redistribution of material streams,
whilst extending material productivity. Pure Inputs, i.e initiatives which narrow the flow of resources,
are mainly associated to resource use on the production process (Bocken, et al., 2016), and thus can be
best explored by in the phase of Beginning-of-Life, whereas the other three aforementioned are
connected to Middle-of-Life and End-of-Life. Hence, this paper takes into consideration Inner Circles,
Circling Longer and Cascade Use as ways of looping resources that depend of or are connected in
certain ways to the implementation of EoL strategies.

2.2 End-of-life strategies

Hollander et al. (2017) present the difference between use cycle and lifetime of a product: while
lifetime is the period from the product release until it becomes obsolete beyond recovery at product
level, an use cycle is characterized as the period between release/recovery, when the product is ready
to be used, and obsolescence, which can or cannot be reverted by a recovery process. Thus, a product
can have more than one use cycle, but only one lifetime (Hollander et al., 2017).

Obsolescence means that a product is no longer considered useful and lost part of its perceived value,
which can be triggered by different reasons (Hollander et al., 2017). These reasons were categorized in
various classes by different authors and Burns (2016) discerns four main reasons: i) aesthetic: product
is considered outmoded,; ii) social: product is considered outlawed,; iii) technological: new technology
that performs better has been developed; and iv) economic: occurs when it is cheaper to buy a new
product than to recover the one that is currently being used.

There are different ways of dealing with obsolescence and two of them are postponing, through
upgrading, for example, and reversing, what can be made through repairing, reconditioning (or
refurbishment) and remanufacturing (Hollander et al., 2017). When it is not possible to reverse
obsolescence at product level, the EoL strategy of recycling can be adopted, since it guarantees
obsolescence reversement at material level, permanently compromising the product integrity.

Hence, the literature presents 5 main EoL strategies (besides the usual disposal) that deal with
obsolescence and operate towards the CE, either in product or material levels:

Repair: consists in the correction of specific faults that compromise the functionality of the product
(Hollander et al., 2017). The final result has inferior quality compared to a new product or to products
that have been modified through other EoL strategies (King et al., 2006).

ICED19 3063

https://doi.org/10.1017/dsi.2019.313 Published online by Cambridge University Press


https://doi.org/10.1017/dsi.2019.313

Upgrade: process that enhances the functional capabilities and/or cosmetic condition. It is usually
done on products that still work properly, however, can be updated or new functionalities can be
added. This strategy prolongs both the use cycle and the product lifetime. (Hollander et al., 2017).
Reconditioning/Refurbishment: major components of the product are rebuilt or replaced if they are
identified as parts that have failed or are on the point of failure, even though it has not been noticed
and reported by the user (Hollander et al., 2017). After reconditioning, the product is usually not
expected to recover its original condition (King et al., 2006).

Remanufacture: the product is dismantled and, after appropriate cleaning and inspection, the parts
suitable for remanufacturing go through the machining processes in order to recover the specification
of a new one (Sundin and Lee, 2012). Once the components were remanufactured, they are
recombined to build a new product using components originated from different units of the product
and using as few new components as possible (Hollander et al., 2017).. It is important to notice that
between the phases of inspection and the actual remanufacture, the costs are estimated and quoted for
each product, in order to determine the best rectification strategy (King et al., 2006).

Recycling: this process differs from the aforementioned, once the strategy recovers the materials and
not the product (Hollander et al., 2017). The process begins after the disposal of an asset, when the
materials are collected, sorted and processed in a way that it may be used in the production of new
products (Kane et al., 2017). Recycling is a very popular EoL strategy and it certainly reduces virgin
material consumption. However, it is important to emphasize that, after recycling, the material
requires additional energy to be manufactured into a new product, whereas repairing, reconditioning,
remanufacturing and upgrading demand less energy (King et al., 2006).

Aiming the adoption of the appropriate EoL option considering the environmental impact and the
value retained in resources, the EoL hierarchy created by Sundin and Lee (2012) prioritises options as
follows: reuse, repair, reconditioning, remanufacture and recycling. Such End-of-Life hierarchy
corresponds to the Inertia Principle of Walter Stahel (Stahel, 2010, p.195).

3 RESEARCH METHODS

A Literature Review enabled deepening the knowledge concerning PSS concept and practices, its
relation to Circular Economy and further information about EoL strategies and the advantages and
disadvantages related to the adoption of each one. A Systematic Review approach aimed at finding
PSS case studies available in the literature, which was focused in two subjects: cases of all market
fields and cases of the medical field specifically. The systematic review approach was elected due to
its increased methodological rigour and, consequently, reliable resulting knowledge from a range of
previous studies (Tranfield et al., 2003). Firstly, a sustainable PSS case studies database was
accessed in order to obtain cases belonging to any market field. With the intent of providing data for
posterior studies, this database was created by the research group of Integrated Engineering of the
University of S&o Paulo. The case studies database originated from a string (see Figure 1) applied to
Scopus and Web-of-Science and is continually updated. In order to select only the relevant cases for
this study, a filter was applied taking into consideration whether the cases presented EoL strategies.
This process resulted 13 case studies, identified in 12 scientific papers. However, one of the cases
was about an application in the medical field and was, thus, considered in the industry-specific part
of the analysis, since it was also found in the systematic review of the medical sector. It is important
to emphasize that the unit of analysis is the case study and one paper can present more than one case
to be examined.

Secondly, a systematic review string was formulated aiming at obtaining PSS cases applied to the
medical field (see Figure 1). The string was used to search the fields of title, abstract and
keywords in the following databases: Scopus and Web of Science; only scientific articles and
book chapters were considered. After removing all duplicates, three filters were applied (detailed
in Figure 1), considering the abstract and the description of each case. The 2 scientific papers and
1 book chapter that remained after the application of the filters contributed with 6 case studies for
posterior analysis.
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Systematic Review Approach

_____________________________ Almarketfields | ... Medcalfled
String: (case OR "real case" OR "real application" OR "case String: ( "Product-service system" OR "servitization" OR
application" OR "case study" OR "case research") AND "Integrated Product Support Services" OR "Integrated Product
TITLE-ABSTR-KEY(PSS OR "Product-service system*") AND and Service" ) AND ( "medical" OR "health" )

st filter (abstract):| 2nd filter (article): |  3rd filter

("environmental aspects" OR "environmental impacts" OR
"environmental benefits" OR "social aspects" OR "social impacts"

OR "social benefits" OR "economic aspects” OR "economic mention. acase sufficiently detailed (art.icle):
impacts" OR "economic benefits") study in the ! case study i mention the
Filter: case study mention the adoption of EOL strategies medlc?al field, containing physical adoption o_f
------------------------------------------------------------------- mention PSS ! asset i EoL strategies
11 case studies from 10 papers 6 case studies from 3 papers

Figure 1. Details about the systematic review approach

The strings used for both systematic reviews are specified in Figure 1, jointly with the numbers of
publications returned and of case studies identified. The meticulous read of the papers was assisted by
MAXQDAZ®, a qualitative analysis software that allows the researcher to organize and catalogue
information using a wide range of tools. Then, a record was created for each case study, in order to
retain the most important information and facilitate further analysis. These records were read by two
other authors, what was carefully made in order to validate information and avoid any biases.

Table 1. Data about the case studies

2 g 3
PSS case studies = % 2 o ©
o = O T = T 2
- © = s 3] © [}
8 ¢ 5 2 % 5 %
o e § § 2 £
o o [} =] =
Publication Physical product of the PSS offer PSS Typology 3 E o :
o o L
1G Allais, R., Gobert, J., 2016 Small Household Equipment Use oriented . . .
2G Amaya, J. et al., 2014 Bicycle Use oriented .
3G Chun, Y., Lee K., 2017 Water purifier for home use Use oriented .
4G Lindahl, M. et al., 2014 Core plugs used by paper mills Result oriented .
5G Lindahl, M. et al., 2014 Soil compactors Use oriented . .
6G Shokohyar, S. et al., 2012 Notebook Product oriented . n/a
7G Song W., Sakao, T., 2018 Lift Product oriented . n/a
8G Sousa-Zomgg 12‘ Miguel, P., Water purifiers Result oriented . . . .
9G Xing, K. et al., 2013 Hybrid heating system Use oriented . .
10G Zhang W. et al., 2018 Air separation equipment Use oriented . .
11G  Sousa-Zomer, T. et al.,, 2017 Water filtration system Use oriented . .
1MF Fargnoli, M. et al., 2018 Hemodialysis equipment Use oriented . .
2MF Schroter M., Lay G., 2014 Appliances for water jet surgery Use oriented .
IMF Schréter M., Lay G., 2014 X-ray machines, examination systems based Use oriented . . .
on ultrasound
4MF Schréter M., Lay G., 2014 Endoscopy incl. peripheral equipment Use oriented . .
SMF Schréter M., Lay G., 2014 Endoscopy incl. peripheral equipment Use oriented . . .
6MF Adeogun, O. et al., 2010 Glucometer Result oriented .

4 RESULTS AND DISCUSSION

The cases obtained from the systematic literature review are presented in Table 1. These are classified
into general cases (expressed by a number and the letter G) and medical field cases (number and MF).
Besides, there is data about the publication, author and year, the solution provided by the PSS offer,
PSS typology according to Tukker (2004), and the EoL strategies adopted in each case. An additional

ICED19 3065

https://doi.org/10.1017/dsi.2019.313 Published online by Cambridge University Press


https://doi.org/10.1017/dsi.2019.313

strategy, related to the end of PSS contracts, was considered for analysing the cases since it was
recurrently applied: Facilitated Sales. Such strategy indicates that the products used in the PSS can be
sold after the contract period for a reduced value either for its current customer or in the second-hand
market. This option is possible for PSS that are use or result oriented, since the product oriented PSS
necessarily involves the sale of the physical product.

It is possible to analyse that, among the medical cases, facilitated sales was frequently mentioned in
the papers (4 out of 6), which indicates a tendency of the PSS providers of selling products before they
actually reach the EoL phase. Thereafter, the PSS provider cannot be responsible for guaranteeing the
most appropriate EoL strategy for the asset any longer, and the opportunity to seek product circularity
through PSS might be lost. Case 2MF, introduced by Schroter and Lay, is an example of PSS in which
the provider has the unique intention, at the end of the contract period, to have the products acquired
by the customer and, thus, is lost the opportunity of recovering the product for new cycles of use or of
recycling the materials. This tendency is also clear in case 3MF, whereby the authors emphasize that
recovery strategies are only adopted when the product was not bought for a residual value by the user,
being the facilitated sale prioritized for the PSS provider.

4.1 Linking EoL strategies and PSS typology

Tukker (2004) developed the PSS typology, which enables an analysis relating the three PSS classes to
the adoption of EoL strategies. Product oriented PSS is characterized by the sale of a product, to which
some services are added. Among the cases studied in this paper, two present product oriented PSS (6G
and 7G) and none of them belong to the medical field. Cases 6G and 7G adopt only repair as EoL
strategy. In case 6G, the PSS offer includes repair only during the warranty period of the notebook and
in case 7G, repair and also spare parts are provided for the lift during all contract period. It is
important to note that product oriented PSS presents some barriers to the adoption of EoL strategies
such as reconditioning and remanufacture, since the PSS provider is not the owner of the product in
the use and End-of-Life phases.

In use and result oriented PSS, the product belongs to the PSS provider during the use phase in a way
that the provider is responsible for the EoL of the assets. Most of the cases analysed are use oriented
(1G, 2G, 3G, 5G, 9G, 10G, 11G, 1MF, 2MF, 3MF, 4MF and 5MF) and there is no clear pattern among
these cases that systematizes the EoL adoption. Nevertheless, it is possible to notice that providers of
use oriented PSS tend to adopt two or more EoL strategies, that remanufacture was identified only in
these cases and that reconditioning was adopted mainly in use oriented cases (except 8G, that is result
oriented). Among the three result oriented PSS cases, it is possible to identify the adoption of all the
EoL options, except remanufacture. It does not necessarily mean that result oriented PSS presents
barriers to the implementation of this strategy specifically.

4.2 Linking EoL strategies and Circular Economy sources

Inner Circles

Ellen MacArthur Foundation (2015) presents Inner Circles as a source of value creation in Circular
Economy scenario. This source aims at maintaining the most of the resources and products value
throughout the use phase and, when it is not possible to recover the whole product, its components
should be reused (Ellen MacArthur Foundation, 2015). Therefore, even though it refers to the use
phase, this source is tightly linked to the strategy of repair.

Among the 23 case studies analysed, 14 mentioned that repairing is a strategy adopted by the PSS
providers. Most of them utilize this strategy only during the use cycle in order to maintain the
product’s functionality, and not as a manner of recovering it to enable another cycle of use. In most of
the cases, repairing is offered as part of the maintenance service, which is usually included in the PSS
provision (cases 2G, 3G, 5G, 7G, 8G, 9G, 10G, 11G, 1MF, 3MF, 4MF and 5MF). When the contract
settled agrees on a product oriented PSS, sometimes repairing is possible only during the warranty
period, as evidenced by the authors of the case 6G, which hinders the potential to contribute to a CE,
especially considering that products tend to break the further they are in a given use cycle.

Circling Longer

Since this source intends to maximise the number of use cycles and/or the duration of each cycle
(Ellen MacArthur Foundation, 2015), it can be enabled by the EoL strategies of reconditioning,
remanufacture and upgrade. The three act towards augmenting the number of use cycles, whilst the
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third also extends the period of a cycle. In total, 8 cases present at least one of these three EoL
strategies related to circling longer.

Four cases mention the adoption of reconditioning and three of them are from the medical field (1MF,
2MF and 3MF). The only case that is not from the medical field (8G) is about water purifiers. The PSS
provider has designed a product aiming at extending the product’s lifetime and enabling more than one
use cycle, so that the only EoL strategy that is not adopted in this case is remanufacturing. In 1MF, the
authors present use oriented PSS as a proposal for the hemodialysis equipment and estimate that 35%
of the devices would go under full refurbishment and 60% under light refurbishment, leaving only 5%
to be disposed of after the 4-year use cycle. Case 2MF mentions reconditioning as a strategy used to
recover products and guarantee a new use cycle as practically new appliances. Case 3MF, on the other
hand, states that reconditioning is applied only in cases when the user does not buy the product for a
residual value, what implies that facilitated sales are preferred.

Analysing the implementation of remanufacture, it is possible to notice that this is the less frequently
adopted EoL strategy among the cases studied in this paper and was not mentioned by any of the
medical field cases. One possible reason is the nomenclature used in the medical industry of different
regions of the globe. As reported by the Centre for Remanufacturing and Reuse (CRR) of the United
Kingdom (UK), in the European Union (EU), a remanufactured medical device must have a better
scope than it had originally and, thus, the remanufacturer must reapply for conformity standards; in the
USA, on the other hand, remanufacture refers to a process that recovers the original characteristics of
the product (CRR, 2018). The term ‘refurbishment’ is used in the EU to designate the process that
recovers the original scope of medical devices (CRR, 2018), so that it includes partially the definitions
of reconditioning and remanufacture used in this paper. It is also important to emphasize that the four
cases presented by Schréter and Lay (2014) are from german industries and the authors of the other
two medical cases are also from the EU, even though they do not specify the nationality of the
industries they have studied.

In case 1G, remanufacture is one of the EoL strategies that can be adopted for the product depending
on the value recovery potential, and the authors underline that the environmental interest of
remanufacture is the lower material consumption compared to manufacturing a new product. Case 5G
shows special attention for remanufacture, since the authors describe an effort of the PSS provider to
design products aiming to ease the remanufacturing process and, thus, reduce times and costs.

Upgrade is mentioned in only three of the case studies. Case 8G remarks that the water purifiers are
designed to be upgradable, but the authors provide no further information about the process of
upgrading. Case 9G adopts upgrade in the middle of the high-service contract period, as a differential
of the other two possible contract models presented by the PSS provider, however, the paper does not
mention what happens to the equipment in the end of the contract duration. Case 6MF also presents
upgrade as an advantage for customers during the contract period. The PSS provider ensures that, each
time a new model is released, the glucometer returns to the manufacturer to be upgraded and then can
continue to be used by the same customer, since this device is designed for individual use due to its
contact to patient’s blood.

Cascade Use

Since cascade use refers to expanding reuse across the value chain, not necessarily maintaining the
same functionality for products and possibly reusing only the materials (Ellen MacArthur Foundation,
2015), the EoL strategy that fit in this source of value creation is recycling. Recycling is mentioned in
six of the cases, but no one of them is about the medical industry, being recycling another EoL
strategy that was not adopted by any of the study cases returned by the string. Case 1G highlights a
special attention of the manufacturer for developing products that are designed for disassembly in
order to facilitated the recycling process. Case 5G is very interesting, once all the products are
manufactured by a special material that enables, after various use cycles, an easy recycling process
made by the manufacturer himself before the recycled material goes through the machining processes
to be transformed into new products once again. This cycle occurs repeatedly and less than 0,5% of
the products disappear or are discarded. Case 8G only mentions that components of the water purifiers
can be recycled and reused and case 10G states that the air separation equipment is disposed and
recycled at the end of its life cycle. In case 11G, products that have reached the EoL are disassembled
and recycled by a specialized subsidiary company.
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4.3 Specific EoL strategies for medical equipment

Kane et al. (2017) introduces the concept of “hygienic obsolescence”, characterized by medical
products that no longer meet the hygienic standards. They are contaminated and can have neither new
use cycles nor be recovered if not decontaminated. Thus, the medical EoL scenario is wider than the
usual, since there is a new category of obsolescence that demands specific EoL treatments.

Case 6MF testifies this statement, since the use of the glucometer involves handling of blood. Thus,
the device is designed for personal use due to safety issues, in a way that it can be provided only one
use cycle for glucometers. The authors state that, in order to verify the feasibility of enabling new use
cycles with other users, further studies must be taken, which will determine if the costs of sterilization
are worth it for the advantages of looping this product. Besides the costs of decontamination
processes, Kane et al. (2017) present other issue related to this EoL treatment: whether the product
integrity is affected by decontamination or disinfection, which is not always easily detected.

5 CONCLUSION

This study has analysed eleven PSS cases of various market fields and six PSS cases applied to the
medical devices industry specifically, aiming at understanding how these cases adopted the five main
EoL strategies in order to promote circularity, namely repair, reconditioning, remanufacture, upgrade
and recycling. The analysis allowed the authors to conclude that:

e FEoL strategies are applied in different products that integrate PSS offers of various industry
fields, including the medical field, and of the three PSS types, product, use and result oriented.

e None of the medical equipment PSS cases presented remanufacture and recycling as options for
the EoL of the products, even though these strategies are mature in other fields of industry. The
absence of medical cases mentioning remanufacture might be caused by the nomenclature
problematics, once the EU denominate as ‘refurbishment’ the process that this paper considered
as ‘remanufacture’, according to the american nomenclature described in CRR (2018).

e FEoL implementation in the medical field demands special care, once it brings a new trigger for
obsolescence and, hence, demands specific treatments to revert it. Processes of decontamination
and sterilization are essential for maintaining safety and hygienic standards and meet the rigorous
regulamentations, either to promoting new use cycles or to recycling the materials for new uses.
This study has analysed one real case, found through the Systematic Review approach, that
testifies statements made by Kane et al. (2017).

e Despite the fact that EoL strategies were found to be applied in the PSS cases of the medical field,
it was possible to verify that facilitated sales are also very popular and sometimes preferred over
recovering products or recycling materials. Through the lenses of circularity, this is worrisome,
once the incentive for enabling new use cycles and extending lifetime of products is lost and not
necessarily this asset will have an appropriate treatment when it reaches EoL, becoming waste.

e This study has considered upgrade as a EoL strategy and analysed its adoption in both espheres,
general and medical. Upgrade was usually not included in this type of research, specially
concerning medical devices. However, upgrade enables work life to be lengthened and is an
option that should be better explored.

The importance of studies related to the End-of-Life of medical products is deeply justified by the
alarming amount of waste generated by this field nowadays, which is aggravated by the field growth
forecast. In pursuance of reducing the environmental damage caused by this waste, further studies are
demanded in this subject. Circularity is particularly challenging in medical devices because of the
potential contamination risks and this is another reason why research is essential to guide the
implementation in the industry. One limitation of this study concerns the focused field. The results
obtained regard the comparison between available PSS cases from diverse fields and those from the
medical field. Therefore, any generalization must be made carefully.
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