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Abstract: Sustainability is one of the most important current and future trends. For
product-oriented companies, product service systems as a business model innovation are
a possible answer to this. Which methods are available to develop PSS and what are the
results? To answer this question, the current state of the art is determined, which methods
exist to develop product service systems. For this purpose, existing literature is reviewed,
with the focus on quality and applicability. In addition, apparent trends will be identified.
Finally, an overview of case studies from different industries are given.
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1 INTRODUCTION

To generate economic growth despite dwindling
resources, profit must be separated from resource
consumption. The overall picture shows that
Romania is ranked 42nd and Germany 6th in the
2019 SDG Index. Both have problems with
responsible consumption and production, which
are described as "major challenges remain" [1].
Many other countries have similar problems,
which leads to new technological innovations but
also to new business models (BM) [2-4].
Combined with the opportunities created by
digitalisation, = connectivity = and  related
technologies, the scope of services offered by
companies is increasing [5, 6]. The resulting trend
towards servitization leads to purely physical
products becoming product-service bundles [7].
These are also called product service systems
(PSS), an aggregation of products and services to
deliver value propositions to customers [8]. The
added service varies over the different phases of
the product life cycle [9]. PSSs are enabler to
reach new markets and customers. This is also
shown by the fact that service has played an
increasingly important role in the value creation
of companies, since years [10].

The question remains, how companies will react
to the shift, from product orientation to service.
For this reason, the paper addresses the research
question: “Which methods are available to
develop PSS and what are the results?”.
Therefore, it is important to clarify the definitions
and to explore the state of the art of PSS
development frameworks. At the end, case
studies from various industries will be presented.

1.1 Definitions

Already in 1999 Goedkoop et al. defines a
product service system as an aggregation of
products and services to deliver value
propositions to customers [8]. Meier even
includes PSS in the industrial area as a package
of product and service components to provide a
solution-oriented and value-added approach
across the lifecycle [11].

The classification of PSS is also diverse and have
already been researched several times (cf. [12,
13]). Mont is divided PSS into product service
combinations, services at the point of sale,
concepts of product use (use oriented and result
oriented), maintenance service and revalorization
services [14]. Tukker divided PSS into three
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types; function-, availability- and result-oriented-
business models [15, 16]. As seen in Figure 1, the
types of PSS based on the different proportions of
service and product in the bundle.

Value Product-service system Value
LA, Service content malnl_y o
product ; : service

\_ (intangible)
content Product = content
content (tangible) —
Pure A: Product B: Use C: Result Pure
Product oriented oriented oriented service

Fig. 1. Types of PSS based on the different proportions of
service and product [15]

Meier also makes a similar classification but
replaces the “product orientation” in “function-
oriented” [17]. Further to mention is Van
Ostaeyen et al. who defined three dimensions of
segregated, semi-integrated and fully integrated
over the hole life cycle and came up with the of
classification of input-based, availability-based,
usage-based and performance-based. The last has
the three subclassifications of solution-oriented,
effect-oriented and demand-oriented [18]. For the
sake of completeness, the work of Gassmann
should be mentioned, in which he explains,
among many others, also innovative BM for PSS
[18].

PSS can also serve as an approach to decouple
value creation of an increase in resource
consumption [19, 20], to combining economic
growth and sustainability [15, 21]. Brandstotter
even included the sustainability in his definition
of PSS, with the addition of "PSS ties to reach the
goals of a sustainable development, which means
improved economic, environmental and social
aspects.” [22].

There are also a variety of definitions when it
comes to innovation. For the purpose of this
essay, innovation is defined as the entire process
of researching, developing and applying a
technology. This can be divided into several
logically consecutive phases [23]. Based on this
definition, the focus is on the process and
frameworks for the development of PSS.

1.2 Research Method

Due to the aim to provide a well-founded
overview of innovation approaches, rather than to

provide a detailed elaboration, a systematic
literature review is conducted.
The systemic literature review approach was
developed primarily for the medical field [24].
Due to the traceable, scientific, and transparent
process [25], this approach leads to more reliable
evidence-based results [26]. As a result, the
approach is also being applied in more and more
areas, see for example [21, 27, 28]. For these
reasons, the systemic literature search is
considered a suitable method, according to [29,
30].
Due to the objective of providing an overview of
the state of the art, a specific literature research,
as the conceptual framework, is conducted. In
addition, this is the result of initial tests with
various search strings, which always produced
more than 1000 results, the evaluation of which
would go beyond the scope of this essay. Despite
the possible exclusion of a few results, the search
terms and search criteria are strictly defined:

» Search terms: PSS, product service system,
servitization, hybrid service bundles, product
service bundles, product as a service.

* Time: not published before 2018

* Language: publication in English will be
included

* Publications must have been peer reviewed and
accessible

* Subject areas: Multiple test search strings,
showed that search terms such as PSS led to
many incorrect results because of the
frequently used abbreviation of PSS. For
example, this is also an abbreviation for
polystyrene sulfonate. Thus, the following
areas are excluded: Social Sciences, material
science and psychology.

Due to the focus on peer reviewed journal

publications Scopus by Elsevier as databases was

used. The focus is on journal publications to
ensure the quality, but without taking the journal
ranking into account. To get an overview of the
state of the art and, if necessary, to redefine the
search terms, a very specific search was carried

out first, which returned six results (cf. [31-36]).

The following search string was used: TITLE (

"state of the art” AND ( "PSS" OR "Product

service system" OR "hybrid service bundles" OR

"product service bundles” OR "product as a

service" ) ) AND ( LIMIT-TO ( PUBSTAGE ,



"final" ) ) AND ( LIMIT-TO ( PUBYEAR , 2021
) OR LIMIT-TO ( PUBYEAR , 2020 ) OR
LIMIT-TO (PUBYEAR , 2019 ) OR LIMIT-TO
( PUBYEAR , 2018 ) ) AND ( LIMIT-TO (
DOCTYPE, "cp" ) OR LIMIT-TO ( DOCTYPE
, "ar" )

Some sources could be identified as particularly
relevant, as they have by far the most publications
in this area (see Figure 2). Thus, the “Journal Of
Cleaner Production” have 322 Publications, the
“Procedia CIRP” have 254, 187 are Scientific
Reports and 102 articles were published in the
“International Journal Of Production Research”.

Journal Of Cleaner.. I
Procedia CIRP N
]

Scientific Reports
International Journal. . NN

0 100 200 300 400

Fig. 2: number of publications by main sources

By taking in a count the keyword of ‘“Product-
service Systems” the results could be limited to
362. By reviewing the title and the abstracts these
could be minimized to 63.

2 STATE OF THE ART OF PRODUCT
SERVCIE SYSTEM DEVELOPMENT
APPROACHES

Following, relevant approaches were identified
from the results of the systemic literature review.
For this purpose, particular attention was paid to
the quality and applicability of the approaches.
Afterwards some case studies will be presented to
show the practical applicability across different
industries.

It turned out that Reim et al. [21] did already a
literature review on business models and tactics
for PSS. With the focus on the development
approach, two recent literature reviews could be
identified which focus on design methods for
PSS. Richter et al. [37] have extracted in 2019 42
methodologies and in 2020, Salwin et al. [36]
worked out 60 PPS design methods of which 12
are still used in industry and 21 have been
validated in research projects. A comparison of
the two reviews shows that the review of Richter
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et al. focusses on higher quality literature due to
the fact that the field application is the main issue
of Salwin et al.. Due to the different objectives of
both reviews, a good selection of methodologies
can be offered by combining them. Due to the
priority of validation by already implemented
methods, the restriction that publication had to be
after 2018 was neglected. By taking in account
the identified PSS process models by Richter, that
meet the criteria for the definition to process
models [38] and these are compared with those of
Salwin which are validated in industry or research
only three remain which are explained in more
detail below.
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Fig. 3. Integrative development of product and service by
Marques et al. [39]

The methodology proposed by Marques et al.
[39] considers the integrative development of
product and service. As shown in Fig. 3, the
method is, with the integration of the business
model, divided into four phases: organizational

preparation, planning, design, and post-
processing.

The integrative approach requires a change at the
organizational level, which creates the

preconditions for the PSS. The planning phase
captures the customer needs and develops the
initial idea. The economic and technical
feasibility and the context related customer
requirements are evaluated. Based on this, a
concept is created as a first step of the design
phase. Through several loops of development,
validation and testing, a prototype is created after
an initial design. Parallel to this the service is
designed (cf. [40, 41]). Last but not least the
product industrialization as well as the validation
and respective documentation are carried out
[39].

In comparison, the methodology of Tran & Park
[42] focuses on the collaborative redesigning of
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PSS. As shown in Fig. 4, the methodology is
based on an outer and an inner cycle.
LI

~~‘~,’”"r.,,

(company staff) New PSS

D
Fig. 4. Co-Creative Framework for redesigning PSS by
Tran & Park [42]

The outer cycle starts by presenting the simplest
possible version of the PSS to a group of users.
Now various needs-oriented options are
developed collaborative and improved by the
inner cycle. After a suitable PSS prototype has
been developed, it is presented to a second user
group for evaluation. Subsequently, they improve
and finalize the new PSS [42].!

The methodology of Kim & Son et al. [44] which
is illustrated inFig. 5.
development process by Kim & Son et al. [44]., iS an
fusion of the product development stage-gate
process of Cooper et al. [45, 46], the service
development process of Briigemann [47] % and
PSS development projects summarized by
Tukker and Tischner [48].

Idea Generation and
Selection

. Inv omer

n lu

Service-oriented PSS

* Designing key service features

function

Feasibility check, Verification,
Fegdback, Redesign

* Prioritizing functions
and selecting core
functions

AHP

* Pilot test & modification
* Manufacturing products Product
Partner

Fig. 5. Service-oriented PSS development process by Kim
& Son et al. [44].

The methodology is composed of four stages:
strategic planning, idea generation and selection,
service design, and product development. A
feedback loop is performed between the last two
stages. The methodology includes product and
service development, whereby it runs
sequentially and parallel.

2.1 Possible trends in PSS

!'Parallels can be drawn here with the lean approach cf. 43

Some research directions could be observed

during the literature review. The following

approaches are particularly worth mentioning
here:

* The life cycle management approach as
guideline for PSS. Cavalcante et al. identify six
PSS lifecycle models [49]. See further [S0-55].

e The lean approach as an efficient design
method of PSS to match the customer needs.
The following steps must be taken into
account: customer needs analysis, process
prototyping, process validation and to offering
identification and analysis [56]. This still
represents a research gap [57].

* Modularization as method to manage the
contradiction of customization and low costs of
PSS [58] where several standardized modules
can be combined to an individual PSS, to
satisfy the individual customer needs [59]. See
further [60-63].

2.2 Selected case studies

A large-scale view among worldwide servitized
companies shows, that the most common
product-related service is maintenance and
support, followed at a distance by retail and
distribution, and design and development (see
Fig. 6) [64].
Retail and Distribution services
Disposal and Conversion services
Manteinance and Support services
Management and Operating services
Installation and Setup services
Logistic services
Financial services
Design and Development services

Consultancy services
0% 5% 10% 15% 20% 5% 30% 35% 40%
Fig. 6. Distribution of product-related services among
servitised companies (72,797 companies) [64]

One of the most common case study is Rolls-
Royce's [65]. As an aircraft engine manufacturer,
they offer aftermarket-services for its engines,
known as “CareServices”. These are distributed
via the so-called “CareStore”: “In the CareStore
you can select from a broader scope of service

2 It is worth mentioning that Briigemann's service
development process was only published as master thesis.



solutions than simply maintenance, and include
other areas such as availability, efficiency, asset
management, transitions, and customer support.
Altogether designed to suit your needs at every
stage of the engine lifecycle — all fully supported
by our advanced digital capabilities”.

An overview about cases studies is given in Table
1. For better understanding and for the sake of
illustration, a few selected case studies from

various industries are presented below.
Table 1
Industrial Smart Service use cases [66]

Application Value Data sets required

area propositions

Predictive Machine Machine data

Maintenance  availability Expert
Maintenance knowledge
Cost reductio Simulation data

Production Human-machine  Idle-times
interaction Machine data
Process Error dates
optimization

Mobility Navigation GPS Traffic
Emergency information
services Ride
tracking

Logistic Supply chain Inventory levels
optimization GPS User data
Real-time
tracking

Smart Cities Parking lot finder Camera videos
Multi-platform Parking  usage
transportation data

Health Heartbeat Heart frequency
tracking  Sport Patient data
assistant Movement da
Emergency alerts

Innovation Customization Customer

Support Improvement of information
product quality Usage data

Agriculture Optimization of Satellite images
farming Expert
Sustainability knowledge

Digital twin for potato harvesting in agriculture
[67]:

The potato harvest is based on the data of the
previous year and the experience / estimates of
the operators of harvesting machines. Thus, the
productivity of each machine depended heavily
on the experience of the operator. To improve the
quality of the harvested product and minimize
waste, a digital twin is created [67]. In this case,
a digital twin of the potato is generated by
harvesting an "artificial potato" equipped with
sensors. This detects the condition of the potato
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in the surrounding area, which allows the

machine to be adjusted [67].
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Fig. 7. Potato harvesting PSS [68]

As a business model are listed [69]:

* Service as a free add-on: free service to
increase the value of the harvester without
generating any direct revenue for the service.

* Purchase option: One-time payment is
charged, and the subsequent use of the smart
service is free of charge for the farmer.

* Performance-based: Billing can be done per
unit of time or per area used.

* Results-based: The quality of the harvest is
ensured by the service and the risk of the
farmer is shifted to the service provider but for
this the harvest must be at least partly
automated.

Automotive industry:

The automotive industry is moving more and

more toward servitization, with data and

communication being the most important enabler.

The product is increasingly becoming a factor

rather than a separate entity. With the further

development of autonomous vehicles, the focus
of the PSS is increasingly moving from product

to service [70].

Customized Insurance

Fig. 8. Vehicle PSS Framework based on blockchain [72]

This allows a variety of services to be offered that
go beyond simple maintenance, which is the most
common. For example, assisted driving,
embedded communication services,
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dematerialized car keys and personalization. This
results in added value for the customer as well as
the OEM [71]. Fig. 8 shows how a vehicle PSS
framework could be built in reality. In this case it
is an insurance related PSS based on blockchain
[72].

Automation systems for residential use [73]:
PSS systems to increase their revenue and
customer loyalty, for a product-oriented company
of automatic gate and garage systems for
residential use and the related equipment (e.g.
remote controls, photocells, flagship light). Fig. 9
shows some PSS possibilities. These have been
evaluated according to customer value and
company value.

0.10
Company (provider) valy

Fig. 9. customer value vs. company value regarding PSS
(73]
It can be seen that “installation with augmented
reality”, “accreditation programs”, ‘“‘safety
procedures for installers”, “visual manuals™ and
“app for configuration and quotation” are the
most promising cases.
Equipment-as-a-Service in the Machine tool
industry [74]:
Similar to the Rolls-Royce's service strategy
mentioned above, Trumpf also offers Pay-per-
Part. Due to the strategy of Equipment-as-a-
Service no equipment purchase is required for
customers, they pay only the finished parts they
make. In cooperation with Munich Re Group,
Trumpf guarantees the output and compensated
unplanned downtime. They promote this with:
“Economical, Reliable, Flexible, Scalable and
Dependable” [74].
Last but not least, SKF is worth to mentioned.
They offer PSS, even as parts supplier, and
announce that they will soon be able to provide
predictive maintenance even based on pure
process data [75].

3 CONCLUSION

PSS serves as a sustainable concept by
decoupling value creation and increased resource
consumption. Here, the share of service and
product in the PSS can be expressed differently.
However, it is clear that the servitization of
industry is progressing, especially due to
digitization and the associated technological
innovations. The combination of products and
services as a package is increasingly less a unique
selling proposition than a necessity. They
permeate all industries and are very
heterogeneous in scope and characteristics.

This is also reflected in the extensive literature on
this subject and the many studies on development
methodologies and frameworks. Especially the
"Journal of Cleaner Production, as well as the
“CIRP” conferences are essential publication
platforms.

The methodologies are often based on a
combination of known and established
development methods. In particular,
commonalities can be found in the focus on
customer needs, feedback loops through
prototype evaluation, and the combination of
parallel and sequential approaches. In more
recent publications, the methods are mainly
influenced by life cycle management, lean
approach, and modularization. Especially the
combination of the last two can be an effective
and efficient possibility for a customer based
individual design of PSS.

PSS cases can be found in a wide range of designs
and industry sectors. Maintenance and support
services are the most frequently used services
followed at a distance by retail and distribution,
and design and development.

In addition to the frameworks, the case studies
also show, that PSS is a very interdisciplinary
field, combining different disciplines, such as
product design, data processing and economic
aspects.

Further areas of research would be the
consideration of PSS as an answer to shortened
product life cycles and the possibility of
individualization through modularity. First
studies on such frameworks have already been
conducted, but there are only few field-tested
approaches. In addition, the quantification of the
benefits in all three sustainability dimensions in



the dynamic environment of a PSS has been little
studied and should be given more attention.

4 REFERENCES

[1]. Sachs, J., Schmidt-Traub, G., Kroll, C,
Lafortune, G., Fuller, G. (2019) Sustainable
Development Report 2019, New York:

[2]. Niemann J, Pisla A Servitization and Modern
Business Models. In: Niemann J, Pisla A (eds)
Life-Cycle Management of Machines and
Mechanisms, vol 90. Springer International
Publishing, Cham, pp 75-89, (2021)

[3]. Brooks S, Wang X, Sarker S Unpacking Green
IS: A Review of the Existing Literature and
Directions for the Future. In: vom Brocke J,
Seidel S, Recker J (eds) Green Business
Process Management. Springer  Berlin
Heidelberg, Berlin, Heidelberg, pp 15-37,
(2012)

[4]. Boudreau, M. C., Chen, A., & Huber, M. Green
IS: Building sustainable business practices.
Information systems: A global text 2008:1-17,

(2008).
[5]. Bruhn M, Hadwich K, Service Business
Development. Springer Fachmedien

Wiesbaden, Wiesbaden, (2018).

[6]. KVDe. V. & FIR e. V. (2020) KVD-Service-
Studie 2020

[7]. acatech Smart Service Welt-Reports 2018,
Miinchen, (2018).

[8]. Goedkoop MJ, van Halen CJG, te Riele, H. R.
M. und Rommens, P. J. M., Product Service
systems, Ecological and Economic Basics .
(1999)

[9]. Eric Schweitzer Lebenszyklus-management
investiver Produkt-Service Systeme. In: Aurich
JC (ed) Produkt-Service Systeme: Gestaltung
und Realisierung. Springer, Berlin, pp 7-13,
(2010).

[10]. Dachs B, Biege S, Borowiecki M et al. The
servitization of European Manufacturing
Industries, (2012).

[11]. Meier H, Volker O, Funke B , Industrial
Product-Service Systems (IPS2). Int J Adv

Manuf Technol 52:1175-1191.
https://doi.org/10.1007/s00170-010-2764-6,
(2011)

[12]. Waidelich L, Richter A, Bulander R et al.
Product-Service Systems at a Glance. In:
Obaidat MS  (ed)  E-Business  and
Telecommunications, vol 1247. Springer
International Publishing, Cham, pp 61-84,
(2020).

[13].

[14].

[15].

[16.]

[17].

[18].

[19].

[20].

[21].

[22].

-721-

Yang M, Evans S , Product-service system
business model archetypes and sustainability.
Journal of Cleaner Production 220:1156-1166.
https://doi.org/10.1016/j.jclepro.2019.02.067,
(2020)

Mont O Clarifying the concept of product—
service system. Journal of Cleaner Production
10:237-245.  https://doi.org/10.1016/S0959-
6526(01)00039-7, (2002).

Tukker A, Eight types of product—service
system: eight ways to sustainability?
Experiences from SusProNet. Bus Strat Env
13:246-260. https://doi.org/10.1002/bse.414,
(2004)

Meier H, Uhlmann E, Hybride
Leistungsbiindel - ein neues
Produktverstindnis. In: Meier H, Uhlmann E
(eds) Integrierte Industrielle Sach- und
Dienstleistungen: Vermarktung, Entwicklung
und Erbringung hybrider Leistungsbiindel.
Springer Berlin Heidelberg, Berlin, Heidelberg,
pp 1-21, (2012).

Meier, H., Uhlmann, E., Kortmann, D Hybride
Leistungsbiinde: Nutzenorientiertes Produk-
tverstindnis durch interferierende Sach-und
Dienstleistungen. wt Werkstattstechnik online
2005:528-532

van Ostaeyen J, van Horenbeek A, Pintelon L
et al. , A refined typology of product—service
systems based on functional hierarchy
modeling. Journal of Cleaner Production
51:261-276, (2013).
https://doi.org/10.1016/j.jclepro.2013.01.036
Vezzoli C, Kohtala C, Srinivasan A et al.
Product-service system design for
sustainability. Green leaf, Sheffield, (2014).
Kjaer LL, Pigosso DCA, Niero M et al.
Product/Service-Systems  for a  Circular
Economy: The Route to Decoupling Economic
Growth from Resource Consumption? Journal
of Industrial Ecology 23:22-35.
https://doi.org/10.1111/iec.12747, (2019).
Reim W, Parida V, Ortqvist D , Product—
Service Systems (PSS) business models and
tactics — a systematic literature review. Journal
of Cleaner Production 97:61-75.
https://doi.org/10.1016/j.jclepro.2014.07.003,
(2015).

Brandstotter, Haberl, Knoth et al. IT on demand
- towards an environmental conscious service
system for Vienna (AT). In: 2003 EcoDesign
3rd International Symposium on
Environmentally ~ Conscious Design and
Inverse Manufacturing. 1EEE, pp 799-802,
(2003 - 2003)




- 722 -

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

Uhlmann L , Der Ablauf industrieller
Innovationsprozesse. Der Innovationsprozess
in westeuropdischen Industrieldndern, | IFO-
Institut fiir Wirtschaftsforschung; Bd. 2.
Duncker & Humblot, Berlin, (1978).

Cook DJ, Mulrow CD, Haynes RB Systematic
reviews. synthesis of best evidence for clinical
decisions. Ann Intern Med 126:376-380.
https://doi.org/10.7326/0003-4819-126-5-
199703010-00006, (1997).

Cook DJ, Greengold NL, Ellrodt AG et al. The
relation between systematic reviews and
practice guidelines. Ann Intern Med 127:210-
216. https://doi.org/10.7326/0003-4819-127-3-
199708010-00006, (1997).

Tranfield D, Denyer D, Smart P, Towards a
Methodology for Developing Evidence-
Informed Management Knowledge by Means of
Systematic Review. Br ] Management 14:207-
222. https://doi.org/10.1111/1467-8551.00375,
(2003)

Piccarozzi M, Aquilani B, Gatti C, Industry 4.0
in  Management Studies: A  Systematic
Literature Review. Sustainability 10:3821.
https://doi.org/10.3390/sul0103821, (2018)
Abatecola G, Mandarelli G, Poggesi S The
personality factor: how top management teams
make decisions. A literature review. ] Manag
Gov 17:1073-1100.
https://doi.org/10.1007/s10997-011-9189-y,
(2013)

Zawacki-Richter O, Kerres M, Bedenlier S
(2020) Systematic Reviews in Educational
Research: Methodology, Perspectives and
Application, 1* ed. 2020

Nordhausen T, Hirt J (2020) Manual zur
Literaturrecherche  in ~ Fachdatenbanken.
Version 5.0: RefHunter., 5" edn. Martin-
Luther-Universitit Halle-Wittenberg, Halle
Humbeck P, Vock E, Bauernhansl T Towards
the Management of the Development of
Product-Service ~ Systems  in  Business
Ecosystems - State-of-the-Art. In: 2019 IEEE
International ~ Conference on  Industrial
Engineering and Engineering Management
(IEEM). IEEE, pp 566-570, (2019 - 2019)
Ebikake OE, Sassanelli C, Terzi S PSS design
through Design for Supply Chain: State of the
art review. Procedia CIRP 70:198-203.
https://doi.org/10.1016/j.procir.2018.03.279,
(2018)

Jesus Pacheco DA de, Caten CS ten, Jung CF
et al. (2019) State of the art on the role of the
Theory of Inventive Problem Solving in
Sustainable Product-Service Systems: Past,
Present, and Future. Journal of Cleaner

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

Production 212:489-504.
https://doi.org/10.1016/j.jclepro.2018.11.289
Jesus Pacheco DA de, Caten CS ten, Jung CF
et al. Overcoming barriers towards Sustainable
Product-Service Systems in Small and Medium-
sized enterprises: State of the art and a novel
Decision Matrix. Journal of Cleaner
Production, (2019) 222:903-921.
https://doi.org/10.1016/j.jclepro.2019.01.152
Salwin M, Kraslawski A , State-of-the-Art in
Product-Service System Classification. In:
Ivanov V, Trojanowska J, Pavlenko I et al.
(eds) Advances in Design, Simulation and
Manufacturing III.  Springer International
Publishing, Cham, pp 187-200, (2020)

Salwin M, Kraslawski A, Lipiak J (2020) State-
of-the-Art in Product-Service System Design.
In: Panuwatwanich K, Ko C-H (eds) The 10
International Conference on Engineering,
Project, and Production Management. Springer
Singapore, Singapore, pp 645-658

Richter A, Glaser P, Kolmel B et al, A Review
of Product-service System Design
Methodologies. In: Proceedings of the 16
International Joint Conference on e-Business
and Telecommunications. SCITEPRESS -
Science and Technology Publications, pp 115—
126, . (2019 - 2019)

Kleuker S, Grundkurs Software-Engineering
mit UML: Der pragmatische Weg zu
erfolgreichen Softwareprojekten, 4. Auflage.
Lehrbuch. Springer Vieweg, Wiesbaden,
(2018).

Marques P, Cunha PF, Valente F et al. (2013)
A Methodology for Product-service Systems
Development. Procedia CIRP 7:371-376.
https://doi.org/10.1016/j.procir.2013.06.001
Niemann J (ed) (2016) Die Services-
Manufaktur: Industrielle Services planen -
entwickeln - einfiihren : ein Praxishandbuch
Schritt fiir Schritt mit Ubungen und Losungen.
Berichte aus dem Maschinenbau. Shaker
Verlag, Aachen

Sakao T, Shimomura Y , Service Engineering:
a novel engineering discipline for producers to
increase value combining service and product.
Journal of Cleaner Production 15:590-604,
(2007).
https://doi.org/10.1016/j.jclepro.2006.05.015
Tran T, Park J, Development of a Novel Co-
Creative Framework for Redesigning Product
Service Systems. Sustainability 8:434 (2016).
https://doi.org/10.3390/su8050434

Ries E, The lean startup: How today’s
entrepreneurs use continuous innovation to




[44].

[45].

[46].

[47].

[48].

[49].

[50].

[51].

[52].

[53].

create radically successful businesses, 1. Aufl.
Crown Business, USA, (2014)

Kim S, Son C, Yoon B et al. Development of an
Innovation Model Based on a Service-Oriented
Product Service System (PSS). Sustainability
7:14427-14449, (2015).
https://doi.org/10.3390/su71114427

Cooper RG, Edgett SJ, Kleinschmidt EJ
Optimizing the Stage-Gate Process: What Best-
Practice  Companies Do—II. Research-
Technology Management 45:43-49, (2002).
https://doi.org/10.1080/08956308.2002.11671
532

Cooper RG, Edgett SJ, Kleinschmidt EJ
Optimizing the Stage-Gate Process: What Best-
Practice  Companies Do—I.  Research-
Technology Management 45:21-27, (2002).
https://doi.org/10.1080/08956308.2002.11671
518

Briigemann LM, Innovation of an Eco-efficient
Product-Service ~ Combination.: ~ Master’s
thesis, Delft, The Netherlands, (2000).

Tukker A, Tischner U, New business for old
Europe: Product-service development,
competitiveness and sustainability. Greenleaf
Pub, Sheffield, South Yorkshire, England,
(2006).

Cavalcante J, Gzara L, Product-Service
Systems lifecycle models: literature review and
new proposition. Procedia CIRP 73:32-38,
(2018).
https://doi.org/10.1016/j.procir.2018.03.324
Aurich JC, Schweitzer E, Fuchs C, Life Cycle
Management of Industrial Product-Service
Systems. In: Takata S, Umeda Y (eds)
Advances in Life Cycle Engineering for
Sustainable Manufacturing ~ Businesses.
Springer London, London, pp 171-176,
(2007).

Wiesner S, Freitag M, Westphal I et al
Interactions between Service and Product
Lifecycle Management. Procedia CIRP 30:36—
41, (2015).
https://doi.org/10.1016/j.procir.2015.02.018
Beuren FH, Pereira D, Fagundes AB Product-
service Systems Characterization Based on Life
Cycle: Application in a Real Situation.
Procedia  CIRP  47:418-423, (2016).
https://doi.org/10.1016/].procir.2016.03.116

Li M, Cao X, Wang L et al. The product service
lifecycle management based on sustainable
development. In: 2016 IEEE International
Conference on Service Operations and
Logistics, and Informatics (SOLI). IEEE,
pp 200205, (2016 - 2016)

[54].

[55].

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

- 723 -

Yoo M-J, Grozel C, Kiritsis D , Closed-Loop
Lifecycle Management of Service and Product
in the Internet of Things: Semantic Framework
for Knowledge Integration. Sensors (Basel) 16,
(2016). https://doi.org/10.3390/s16071053
Dorka TM, Dang HB, Meier H et al. (2014)
Interaction within Dynamic IPS2 Networks — A
Proposal of an IPS2 Lifecycle Management
and IPS2 Delivery Management Architecture.
Procedia CIRP 16:146-151.
https://doi.org/10.1016/j.procir .2014.01.002
Pezzotta G, Sassanelli C, Pirola F et al. (2018)
The Product Service System Lean Design
Methodology (PSSLDM). Inl of Manu Tech
Mnagmnt 29:1270-1295.
https://doi.org/10.1108/JMTM-06-2017-0132
Gonzalez Chavez CA, Romero D, Rossi M et
al. (2019) Circular Lean Product-Service
Systems Design: A Literature Review,
Framework Proposal and Case Studies.
Procedia CIRP 83:419-424.
https://doi.org/10.1016/j.procir.2019.03.109
Lyons AC, Coronado Mondragon AE, Piller F
et al. (eds) (2012) Customer-Driven Supply
Chains.  Decision Engineering. Springer
London, London

Li H, Ji Y, Gu X et al., Module partition
process model and method of integrated service
product. Computers in Industry 63:298-308,
(2012).
https://doi.org/10.1016/j.compind.2012.02.015
Larsen MSS, Andersen A-L, Nielsen K et al.,
Modularity in  Product-Service  Systems:
Literature Review and Future Research
Directions. In: Moon 1, Lee GM, Park J et al.
(eds) Advances in Production Management
Systems. Production Management for Data-
Driven, Intelligent, Collaborative, and
Sustainable Manufacturing, vol 535. Springer
International Publishing, Cham, pp 150-158,
(2018).

Schioenning Larsen MS, Andersen A-L,
Nielsen K et al. (2019) Challenges in
developing modular services in manufacturing
companies: A multiple case study in Danish
manufacturing  industry. Procedia CIRP
81:399-404.
https://doi.org/10.1016/j.procir.2019.03.069
Fargnoli M, Haber N, Sakao T, PSS
modularisation: a customer-driven integrated
approach. International Journal of Production
Research57:4061-4077 .https://doi.org/
10.1080/00207543.2018.1481302, (2019).
Rennpferdt C, Greve E, Krause D, The Impact
of Modular Product Architectures in PSS
Design: A systematic Literature Review.




-724 -

[64].

[65].

[66].

[67].

[68].

[69].

Procedia ~ CIRP  84:290-295,  (2019).
https://doi.org/10.1016/j.procir.2019.04.197
Mastrogiacomo L, Barravecchia F,
Franceschini F, A worldwide survey on
manufacturing servitization. Int J Adv Manuf
Technol 103:3927-3942, (2019).
https://doi.org/10.1007/s00170-019-03740-z
Rolls-Royce Aftermarket Services: Introducing
the CareStore. https://www.rolls-
royce.com/products-and-services/civil-
aerospace/aftermarket-services.aspx. Accessed
17 Feb 2021

Exner K, Smolka E, Bliiher T et al, A method to
design Smart Services based on information
categorization of industrial use cases. Procedia
CIRP 83:77-82,. (2019).
https://doi.org/10.1016/j.procir.2019.02.143
Kampker A, Stich V, Jussen P et al. Business
Models for Industrial Smart Services — The
Example of a Digital Twin for a Product-
Service-System for Potato Harvesting. Procedia
CIRP 83:534-540, (2019).
https://doi.org/10.1016/j.procir.2019.04.114
Maall W, Pier M, Moser B , Smart Services in
der Landwirtschaft. In: Meyer K, Klingner S,
Zinke C (eds) Service Engineering. Springer
Fachmedien Wiesbaden, Wiesbaden, pp 167—
181, (2018).
Ansorge B ,
Positionierung

Ordnungsrahmen fiir die
industrieller  Dienstleister.

[70].

[71].

[72].

[73].

[74].

[75].

Zugl.: Aachen, Techn. Hochsch., Diss., 2014,
1. Aufl. Schriftenreihe Rationalisierung, vol
129. Apprimus-Verl., Aachen, (2014)

Rahman I, Tadayoni R, Digital Transformation
of Automobiles - from product to service. In:
2018 11" CMI International Conference:
Prospects and Challenges Towards Developing
a Digital Economy within the EU. IEEE, pp 7—
13, (2018 - 2018)

Mahut F, Daaboul J, Bricogne M et al. Survey
on Product-Service System applications in the
automotive  industry. IFAC-PapersOnLine
48:840-847, (2015).
https://doi.org/10.1016/j.ifacol.2015.06.188
Wang X, Wang Y, Liu A, Trust-Driven Vehicle
Product-Service  System: A Blockchain
Approach. Procedia CIRP 93:593-598(2020).
https://doi.org/10.1016/j.procir.2020.04.149
Pirola F, Pezzotta G, Rondini A Early-stage
assessment of PSS concepts: a case study in
automation industry. Procedia CIRP 83:236—
241,(2019).
https://doi.org/10.1016/j.procir.2019.03.083
HSB (2021) Introducing  Pay-per-Part.
https://www.hsbconnectedtechnologies.com/e
n/industrial-iot/pay-per-part-en.html. Accessed
17 Feb 2021

Victoria van Camp SKF - Rotation as a service,
SKF virtual conference, (2021)

STADIUL ACTUAL AL ABORDARILOR DE DEZVOLTARE A SISTEMELOR PRODUS

SERVICIU

Rezumat: Durabilitatea este una dintre cele mai importante tendinte actuale si viitoare. Pentru
intreprinderile orientate cétre produse, sistemele produs serviciu ca inovare a modelului de afaceri
sunt un posibil raspuns la acest lucru. Ce metode sunt disponibile pentru dezvoltarea PSS si care sunt
rezultatele? Pentru a raspunde la aceasta intrebare, se determind stadiul actual al domeniului, ce
metode existd pentru dezvoltarea sistemelor produs serviciu. in acest scop, literatura de specialitate
existentd este revizuita, cu accent pe calitate si aplicabilitate. In plus, vor fi identificate tendintele
aparente. In cele din urma, se ofera o imagine de ansamblu a studiilor de caz din diferite industrii.
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