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Abstract: The development of product-service systems (PSSs) has become one of the most prominent
ways in which to promote a circular and resource-efficient economy. These systems shift the focus
from selling products as commodities to offering solutions that fulfil customers’ needs and provide
added value. PSSs have gained attention due to their potential to foster sustainability, particularly in
the context of the circular economy and resource efficiency. This review article analyzes the literature
on PSSs for the period of 2016-2022, aiming to explore the links between PSSs, sustainability, circular
economy, and resource efficiency. Close to 160 relevant articles were identified and examined. The
overall findings reinforce contributions from previous studies, which denote a tendency towards
sector-specific studies, barriers, and stimuli to implementation and adoption, and PSS design method-
ologies in specific industries and sectors. The overall results show a steady growth of PSS literature,
as well as consistency in its definition, despite variations according to the perspective from which the
topic is analyzed. This study focuses on eight main trends in PSS research, along with eight challenges
that arise in its design, implementation, and adoption, identifying avenues for future research.

Keywords: product-service system; sustainability; circular economy; resource efficiency; literature
review

1. Introduction

In recent years, the development of product-service systems (PSSs) has emerged as
a prominent approach to fostering a circular and resource-efficient economy. Having
emerged as a research topic in the 1990s, PSSs continue to register consistent growth in
publications, mainly due to a growing interest in its links with information and commu-
nication technologies (ICTs) and its adoption by specific industrial sectors, as well as by
scientific areas such as management, manufacturing, or design [1,2]. This has led to the rise
of different research fields, with their own specific terminologies and definitions. In broad
terms, PSS literature can be divided into eight general themes, which will be explored
more thoroughly in the subsequent sections: (1) sustainable development; (2) circular
economy (CE); (3) servitization; (4) digitalization and Industry 4.0; (5) collaboration and
networks; (6) design methodologies; (7) business models and performance measurement;
and (8) resource efficiency.

Despite the broadening of research fields and thematic areas, there are still several
remaining controversies and research gaps that hinder PSS development. Several studies
mention the difficulty of reconciling the industrial and environmental perspectives in PSSs.
While the first sees the development and implementation of PSSs by companies and industries
as a way to increase market share, as well as revenue and profits, the second mostly sees
PSSs as a viable response to merge economic and sustainable development. By shifting the
traditional focus from selling products as mere commodities to providing holistic solutions that
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meet customers’ needs and deliver added value, PSSs have garnered considerable attention
due to their potential contribution to sustainability objectives within the context of the CE
and resource efficiency [3-5]. Nevertheless, the contribution of PSSs towards circularity and
sustainability is still a highly contested topic and mostly dependent upon the type of PSS
(product-, service-, or use-oriented PSS) [6]. Concurrently, the benefits of adopting PSS models
to companies and consumers are not as straightforward as they may seem.

This review refers to problems such as metrics and indicators, which often lack con-
sistent and standardized measurement frameworks; debates surrounding business model
viability; technological integration, its benefits and challenges; the policy and regulatory
frameworks necessary for creating a favorable environment for PSS implementation; and
the need for systemic approaches. While existing studies have made significant contribu-
tions in delineating the aforementioned aspects, this review addresses often overlooked
factors: issues such as equity, social inclusion, and consumption dynamics are crucial in
implementing PSSs. Recognizing that consumption patterns remain a primary hurdle to
achieving a resource-efficient and circular economic system, this article aims to bring this
aspect into sharper focus.

The article delves into the existing literature on PSSs, with a specific focus on the
period from 2016 to 2022. The focus on this period is related to the publication of Tukker’s
2015 literature review [6], from which the present one draws inspiration. It aims to explore
the interconnections between PSSs, sustainability, circular economy, and resource efficiency.
For this purpose, approximately 160 research papers were selected and used to shed light
on the progress of PSS research over the past seven years. Through systematic examination,
it was possible to synthesize and evaluate the prevailing body of knowledge on the topic
(Section 2). This section also includes a reference to the methodology used in this research.
In Section 3, a discussion of results is presented, where main trends, topics, and challenges
are identified. Ultimately, this review contributes to the growing body of knowledge and
fosters discussions that will drive the advancement of sustainable and circular practices
within the realm of PSSs.

2. PSS Literature: State of the Art
2.1. Methodology

The literature search was conducted through Scopus, which is acknowledged as one
of the most complete journal databases available [6,7]. The search used a combination
of the terms “product-service systems” AND “sustainability”, with 365 results for the
period between 2016 and 2022; “product-service systems” AND “resource efficiency”, with
36 results for the same period; and “product-service systems” AND “circular economy”,
which yielded 2014 results for those same years.

From here, a manual revision of the total set of articles was conducted and exclusion
criteria were applied, resulting in 267 articles. A subsequent analysis for eligibility was
conducted as a means to understand which articles referred to the relationship between
PSSs, resource efficiency, and circular economy in the intended sense, which yielded
227 papers. The final full-body reading and in-depth analysis were done for a set of
159 papers (Table 1).

Table 1. Methodology procedure for the literature review.

Scopus Search “Product-Service Systems” “Product-Service Systems” Product-Service Systems” Total
P and “Sustainability” and “Resource Efficiency” and “Circular Economy”
n =365 n=36 n=2014 n = 2415

Screening

Eligibility

Articles selected for analysis

Application of exclusion criteria:
Only English language articles

Exclusion of gray literature n =267
Exclusion of duplicate articles
Abstract reading (assertion of relevance for the review) =27
Key-word analysis "=
Full body reading of the papers included for analysis. n =159
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2.2. Analysis of Results

The final 159 articles came from 55 different journals and reviews. Most articles were
elicited from “Sustainability” (36 articles) and “Journal of Cleaner Production” (42 articles)
(Figure 1). Despite the concentration of articles in these two particular journals, it is clear
that the PSS concept is steadily gaining interest, as evidenced by the continuous growth
of publications, which can be attributed to the integration of different sectors over the
years [2].
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Figure 1. Graph depicting the journals with the most publications.

Co-occurrences between the three researched terms were registered (Figure 2). The
graph shows that there are 26 articles pertaining both to sustainability and CE, 5 pertaining
to sustainability and resource efficiency, and 9 referring to the three searched terms.

Figure 2. Graph representing the number of co-occurrences of sustainability (S), circular economy

(CE), and resource efficiency (RE) themes in the literature.

3. Discussion of Results

Following this brief analysis of publication metrics, a content analysis is in order. A
revision of the evolution of the PSS concept and its relation to other concepts, such as
Smart PSS, Industrial PSS, and Sustainable PSS was conducted. Subsequently, the analysis
focuses on a discussion of different thematic areas found in the selected literature. This
analysis aims to accurately determine the actual contribution of PSS development and
implementation to the transition towards a sustainable, resource-efficient and circular
economy, as well as establish its major defining themes and challenges.
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3.1. The PSS Concept

Overall, the concept of PSS has remained relatively stable throughout the years. A
PSS is most often defined in the literature as an integrated set of tangible products and
intangible services designed and combined so that they are jointly capable of fulfilling
final customer needs [1,8-16]. Variations in this definition are mostly associated with the
perspective from which it is analyzed. Authors writing from an environmental perspective
often complement this definition by adding that this combination of products and services
aims to satisfy individual customer needs sustainably and taking environmental factors
into account [2,17-19].

Indeed, PSSs are seen as a way to incorporate sustainability into business models [15].
However, business model perspectives do not always consider sustainability as a main
factor in motivating the transition to servitization. More often than not, companies see the
shift from selling products to selling services as a way to increase their own competitive
advantage [10] and augment their distinctive features [20]. Still, this interpretation does not
eliminate or dismiss environmental concerns. In fact, one of the main distinctive features of
PSS is that they present a way to address the triple bottom line and respond simultaneously
to economic, social, and environmental issues [21,22]. Their promise to create significant
positive or reduce negative impacts on the environment and society is what justifies its
frequent framing as a strategy for CE [2].

The combination of products and services that function as a system to generate value
and meet customer requirements remains consistent across all definitions. In contrast to
conventional business models, the primary distinction is the emphasis on PSSs” potential
positive environmental impacts [23]. Regardless of the perspective from which it is ana-
lyzed, it is clear that the PSS concept has become more stable in the literature, as can be
seen in Table 2.

Table 2. Examples of PSS definitions found in the literature.

Author Definition
[24] “PSS can separate value creation from material and energy consumption and thus significantly
reduce life-cycle environmental impact compared to traditional product-only systems.”
[25] “(...) bundles of physical products, services, and information, seamlessly combined to provide
) more value than the parts alone.”
[26] “(...) business models that can potentially decouple the satisfaction of consumer needs from
environmental impacts.”
“Product-service system (PSS) is defined as a system composed by four components: product,
[27] service, supporting network and infrastructures. PSS has become a rich and diverse research
field, with related concepts such as integrated solutions, service transition, service infusion,
total care product, and integrated product and service offering.”
28] “A PSS is a resource efficient system of products and services supported by networks

and infrastructure.”
“The Product-Service System (PSS) model is a business model that integrates products and
[29] services to fulfil customer needs through pay-per-use, short-term rental or long-term
lease models.”
“Business models such as Product-Service Systems (PSS) represent an opportunity to establish

[301 a synergic relationship between the environment and economic growth.”
[10] “(...) tangible products and intangible services designed and combined so that they jointly are
capable of fulfilling specific customer needs.”

“Product Service System (. ..) is a market proposition that extends the traditional functionalit
[31] Y prop Y
. of a product by incorporating additional services.”

“(...) services such as take-back, repair, and repurpose are often provided effectively with
[5] products by manufacturers, where such an offering is often called a product/service
system (PSS).”
[32] “(...) transition of gathering products and services into one offer.”
[22] “(...) amix of tangible products and intangible services designed and combined to increase the
value for customers (...)".
[33] “(...) a business strategy towards dematerialisation which is able to meet both economic and
- environmental objectives at the same time (...)".
“(...) PSS presents the potential for generating win-win solutions that promote profit,

[34] P p & & P P

environmental, and social benefits (...)".
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This paper uses [6]'s definition, which remains current and offers an integrative
definition of PSS: a mix of tangible products and intangible services designed and combined
to respond to consumer needs in a way that contributes to the development of a circular
and sustainable economy. However, the practices that will promote a shift towards a PSS
business model remain an open topic [30], and PSS implementation does not guarantee the
dematerialization of the economy nor the decoupling of economic growth from excessive
resource consumption and waste generation [24,26,35,36]. On this matter, Ref. [37] proposes
a distinction between productivity-oriented services and environmentally oriented services,
referred to by the authors as “green servitization”. Green servitization can be thought
of as a business strategy that reconciles economic and sustainability goals through the
provision of green services, which are offerings supported by digital technologies that
assist the transition to and compliance with a broader sustainability agenda [37]. However,
green servitization business models may not always include principles associated with the
CE, such as the reintegration of waste into the production flow, potentially hindering its
contribution to sustainable development. According to [38], PSSs’ contribution to resource
efficiency and sustainable development varies according to the different PSS types earlier
defined by [6]: product-, use-, or result-oriented PSS. In product-oriented PSSs, the business
model is still very much guided by the sale of products, to which some services are added.
In use-oriented PSSs, the traditional product is still central, but the business model is
not geared towards its sale. The provider retains possession of the product and provides
temporary access to it along with additional services. In result-oriented PSSs, the user and
provider agree upon a particular outcome without a product being involved. The offering
is predicated on the notion that the consumer pays for an end result [38]. In a different
perspective, Ref. [39] see the contribution of PSSs to a healthy environment as not being
dependent upon product, use, or outcome orientation, but rather on how the company
manages residual material flows. Reference [40] also concluded that servitization had no
effect on firms’ environmental policies, and that there is a need for a deeper understanding
of PSSs” effect on the environment.

In practical terms, the shift from exclusively selling products to providing services
associated with the products involves not only a shift in the business model of companies,
but also a wide range of practices that are dependent upon stakeholder and consumer
engagement. The implementation of PSSs rests on the adoption of consumption practices
usually associated with a CE, such as leasing, renting, repairing, or reusing. From an
industrial standpoint, this usually means a necessary restructuring of the business model of
a company, which must now implement reverse logistics and take-back programs, allowing
them to extend product lifetime through repair, remanufacture, updates, and substituting
goods with services [11]. This transition emphasizes function over product, and the increase
in efficiency, whether factual or supposed, results in an increased value perception from
customers and reduces negative environmental impacts [41]. In this sense, it is critical to
think of PSSs from a systemic point of view, being composed of not only products and the
services that come with them, but above all as a system of network players and supporting
infrastructure [42].

More recently, other PSS definitions can be found. The proliferation of research fields
has led to the emergence of field- or industry-specific terms and definitions. This had
already been noted in [6]'s review and is framed as a double-edged sword: while ultimately
enriching PSS research, it can also give way to imprecisions. In this review, a set of
reoccurring terms was identified, such as Smart PSS, Sustainable PSS, and Industrial PSS
(Figure 3).
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Figure 3. Graph representing the presence of different definitions of PSS variations found in
the literature.

Sustainable PSSs are a means to achieve benefits in the three dimensions of sustain-
ability: economic, environmental, and social [42]. In this sense, Sustainable PSSs not only
offer sustainable services that improve marketability and provide satisfactory responses
to customers’ needs, but also deliver sustainability benefits [43]. Despite its apparent
redundancy, the emergence of the term refers to the intentional integration of sustainability
into PSSs. Although PSSs are often seen as more sustainable than traditional product
offerings when it comes to the use of resources and consumption patterns, their contri-
bution to sustainability is a frequent debate point. Reference [14] calls attention to some
issues related to PSSs’ lack of ability to address sustainability matters due to a lack of
consideration of barriers along the complete lifecycle of the PSS. Still, according to the
authors, Sustainable PSSs can be accomplished through the evaluation of implementation
obstacles that impede the widespread adoption of PSSs and the incorporation of these
obstacles during the design phase.

According to [19], it is evident that the distinction between product and service no
longer exists in the industrial sector and that new, unified approaches to design, develop-
ment, and execution are required. Industrial PSSs refer to a business model that integrates
products and services into a unified offering, often in the context of industrial manufac-
turing and operations. Similar to the definition of a PSS, the goal is to shift the emphasis
from solely selling products to offering integrated solutions composed of physical products,
related services, and digital solutions as a way to meet consumers’ needs. Industrial PSSs
typically involve close collaboration between manufacturers, service providers, and con-
sumers and are based on the establishment of long-term relationships between a network
of stakeholders [44]. Offerings vary according to industry and context, but often include
elements such as product design, manufacturing, maintenance, repair, end-of-life manage-
ment, and even human resource training. Services provided can also include technical and
non-technical support for the product, processes and information during the lifecycle of
the product, and can adapt to market dynamics [44].

Regarding Smart PSSs, this category broadly refers to the integration of smart products
and services into innovative solutions that respond to customer needs. References [45,46]
describe this category as a transdisciplinary sociotechnical system consisting of various
stakeholders, intelligent systems, and digital servitization. Reference [47] refers to it as a
digitally enabled business solution delivered within an ecosystem that yields economic and
sustainable value to the customer by integrating products and services into a single intelli-
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gent offer. Among others, offerings may include smart systems that integrate connected
devices, security services, remote monitoring, and subscription-based software that pro-
vides updates and customer support. Because these offerings combine physical products
with value-added services enabled by digital technologies, they are able to provide en-
hanced value, functionality, and customer experiences. By leveraging digital technologies,
companies can optimize product use, improve efficiency, increase customer satisfaction,
and foster long-term relationships with consumers and stakeholders [48].

3.2. Key Emergent Themes in the Literature

From the analysis of the selected articles, it was possible to identify and define eight
key themes emerging from the literature regarding PSSs. By looking at Figure 4, it is
possible to conclude that the most common subjects are sustainable development, cir-
cular economy, and business models and performance measurement. To a lesser extent,
matters such as servitization, collaboration and networks, digitalization and Industry 4.0,
design methodologies, and resource efficiency are also amongst the main topics found in
the literature.

90
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Sustainable Circular Servitization Collaboration Digitalization Design Business Resource
development Economy and networks and Industry methodologies models and efficiency
4.0 performance

measurement
Figure 4. Graph representing the presence of main topics found in the PSS literature.

Overall, themes found in the literature show that PSS development and implementa-
tion in production and consumption practices can be linked to grand challenges research.
These can be defined as having a supra-national nature and are made up of urgent global
issues, such as climate change, resource depletion, and social inequalities [49]. In parallel
with these challenges, PSSs propose novel approaches to decouple economic growth from
resource consumption and environmental degradation. The CE, which emphasizes the
closing of material cycles and the promotion of circular value chains, provides a framework
for implementing PSSs in a variety of industrial settings, provided that the appropriate
innovation environment and policy framework are adequate [49].

3.2.1. Sustainable Development

Sustainable development remains a significant aspect of PSS literature, which may
be attributed to the fact that sustainability has become a determining factor in businesses’
long-term success [20]. Increased competition, growing environmental pressures, and the
diversification of consumer needs demand integrated solutions to generate value. However,
the potential contribution of PSSs towards sustainable development depends upon the
successful integration of all components of the system [20]. Despite the undeniable link
and co-occurrence of terms in the literature, recent studies have highlighted that PSS
offerings are neither always nor necessarily sustainable. Indeed, PSS business models may
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be adopted by industries and manufacturers based on their own economic interests, rather
than on an internalization of environmental and social concerns [16].

Several researchers have explored how PSSs can contribute to sustainable development
goals by minimizing resource consumption, improving energy efficiency, and reducing
environmental impacts [18]. However, not a lot has been written on the aspect of social
sustainability [50]. Because of its conceptual complexity [42], social sustainability has
been neglected in sustainability research, which has mainly focused on environmental
aspects [35]. Ref. [50] defines social sustainability as being linked to human wellbeing
and to the flourishing of present and future societies. These factors are related, but not
limited, to health, employment, safety, competence, community, and social meaning [51].
Sustainability must then be considered from a more holistic approach, instead of being
made equivalent to only environmental concerns, such as energy, materials, and waste.

3.2.2. Circular Economy

By overcoming the limitations of linear patterns of production, consumption, and
waste, the CE is one of the most promising strategies for sustainable development. Various
industrial sectors may have significant mitigation benefits from applying CE principles,
especially through energy efficiency [11]. As a result, the CE concept has influenced
PSS research, as a growing academic literature has explored how PSSs can facilitate the
transition towards a circular economic system by incorporating product life extension,
motivating the implementation of sharing platforms, and contributing to waste reduction
strategies [8,24,52]. On the one hand, as a governing paradigm for business processes,
CE allows companies to simultaneously concentrate on economic value creation and
environmental considerations, garnering interest due to its potential to integrate business
and societal goals [53]. On the other hand, according to [54], PSS-based business models
have the potential to accomplish CE principles by fostering the transition from a tangible to
an intangible goods-dominant logic. Consumption practices associated with the CE, such
as sharing, renting, repairing, reusing, or recycling, also lead to an increase in product use,
supporting the idea that PSS design has a great potential to facilitate the CE transition [8].

Despite the fact that PSSs can be instrumental in realizing a CE and in decoupling
economic growth from resource consumption, they do not offer that implicit guarantee [55].
For instance, product leasing is not necessarily more environmentally friendly, but may
actually encourage more frequent product replacements. Takeback services may involve
the redistribution and remanufacturing of products. Used products do not always sub-
stitute new products, particularly when sold at a discount, resulting in an increase in
general consumption. Although this scenario has its advantages in terms of preventing
cannibalization, it does not result in an overall reduction of resource consumption [39,56].
In order to avoid these types of rebound effects and realize the transition from a linear to a
circular economy, PSSs must be intentionally designed [8], as well as consider the outer
and inner circles of industrial practices [57]. Its purported contribution to this transition
has also become an increasingly large debate subject. Authors such as [53] refer to the
fact that circular value proposition design research using PSSs is still in its initial stages.
Nevertheless, literature finds that PSSs play a crucial role in circular economies, aiming to
add value to the product’s use at lower lifecycle costs [58].

3.2.3. Servitization

The concept of servitization is closely related to that of PSSs, since both refer to the
integration of products and services within business models [1]. Servitization implies a shift
from a transactional product-selling model to customer satisfaction through the delivery of
the product’s inherent service and value. Although servitization is a promising field for
academics and practitioners, its uptake is hindered by a number of obstacles, including a
dearth of shared understanding [59].

While as a business strategy, PSSs emphasize the creation and delivery of value
through the integration of products, services, and even information and data in order
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to provide a comprehensive solution to the consumer, servitization refers to a broader
strategic transformation process that involves shifting from a product-centric business
model to one focused on delivering services alongside or instead of physical products [15].
It encompasses and requires organizational changes, capabilities, and mindsets to tran-
sition from a product-oriented company to one that provides value through services.
Servitization covers a continuum spanning from fundamental product-focused services to
customized and process-focused services and, ultimately, to the delivery of comprehensive
solutions [60]. Thus, PSSs can be seen as a specific business model that focuses on providing
comprehensive solutions, while servitization represents a broader transformation towards
a service-centric business model. Servitization encompasses changes in organizational strat-
egy, capabilities, and the delivery of value through services, while PSSs are one example of
how servitization can be implemented [15]. Servitization has the potential to enhance a
company’s capacity to provide a superior customer experience. By reducing reliance on
sales, servitization increases both earned income and budget stability, and by increasing
customer loyalty, it improves the quality of the customer relationship model [24].

There is a growing body of literature on the relationship between servitization business
models and the CE, but only a few articles connect these two concepts to PSSs [53]. Still,
PSS-based circular business models are widely acknowledged in scientific and industrial
research as the most suitable for achieving circularity [15]. Reference [45] points to the
fact that the merging of digitalization and servitization provides the occasion to satisfy the
demands of a new reality and consumer market, leading to a greater integration of PSSs
in industry. This integration has great potential for fostering a sustainable manufacturing
industry and sustaining competitiveness and innovation. This potential can only be realized
through a deeper comprehension of these business models’ nuances [53]. According to [35],
the impact of digitalization on the economic and environmental dimensions of sustainability
is enhanced by both fundamental and advanced services, whereas the results are limited
for social sustainability. In order to be successful, the implementation of servitization calls
for companies to reconfigure their capabilities, strategies, and culture [61]. Practical and
academic understanding of servitization should determine its capacity to propose and
implement PSSs and offer support for the incorporation of socio-technical systems theory
to systematically define these capacities [19].

3.2.4. Digitalization and Industry 4.0

The rise of digital technologies has had a significant impact on several industrial
sectors at the process level (e.g., new tools), the organizational level (e.g., new services), the
business level (e.g., changes in roles along the value chain, changes in customer relations),
and the society level (e.g., types of work, decision-making) [62]. It has also had a significant
impact on PSS research. In the era of Industry 4.0, digital technologies are transforming
the daily lives of citizens and accelerating the offer of integrated products and services to
generate new value and strengthen customer relationships. In the context of Smart PSSs,
digital servitization has also emerged as a fruitful research area. Reference [47] identifies
three main trends of digital servitization: company interaction, data sharing management
capabilities, and platforms to support digital transformation towards Smart PSS.

Studies have explored the integration of digital technologies such as Internet of Things
(IoT), big data analytics, artificial intelligence, and cloud computing into PSSs to enhance
customer experience, optimize resource use, and enable new business models. However,
there are important challenges regarding digitalization, such as intellectual property rights
and the most effective ways to collaborate in data management, storage, and analysis. For
manufacturers, digital offers also rely heavily on a PSS approach, as they must be founded
on fundamental product and customer knowledge, as well as the scalability of services [61].

In the context of Smart PSSs, digital servitization has also emerged as a fruitful research
area. Various ecosystem-integrated success factors can influence the implementation of dig-
ital servitization strategies. Three main trends can be found on this topic: interaction among
companies, data sharing management abilities, and platforms to support digital transfor-
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mation towards Smart PSSs. Interaction between firms is not an entirely novel requirement,
but it is reinforced by digitally oriented business models. Overall, research finds that digital-
ization represents a chief driving force in the development of sustainable circular products,
and a shift towards PSSs has been repeatedly suggested in the literature as a means to
accelerate the transformation towards CE and digitalization [63]. Industry 4.0 facilitates
the development of new business models and opportunities for manufacturers, enabling
the enhancement of business performance in a sustainable way. Regarding its relationship
with the CE, digitalization has the capacity to build visibility and intelligence into assets
and products [63]. The CE emphasizes transforming business processes into sustainable
resource systems. The IoT, robotics, and predictive analytics are transforming industries
by accelerating production, profitability, productivity enhancement, error reduction, and
process optimization. By utilizing digital technologies to enhance sustainable business
performance, organizations are also improving their business performance [63]. However,
it is important to note that investments in digitalization are not made homogeneously
across industries. In a study by [61], it was determined that company size matters in terms
of the different possibilities to develop and implement digitalization processes. Larger
companies had clear strategies and made investments to adapt to digitalization by offering
solutions with added value to customers and stakeholders. Medium-sized companies were
also found to be agile, aware, and proactive in terms of implementing digitalization. Finally,
in smaller companies, there were no systematic or formal plans or processes to adapt to
the trends of digitalization, servitization, and sustainability. In the same study, Ref. [61]
found that digitalization is seen by manufacturers as an opportunity to find new solutions
to meet customer demand in a more efficient, competitive, and future-oriented manner.
Sustainability, on the other hand, is a requirement fulfilled primarily due to legislation and
regulations, even though a number of manufacturers are beginning to recognize market
forces as a sustainability driver replacing legislation.

3.2.5. Collaboration Networks

Collaborative approaches have been highlighted as crucial factors in developing suc-
cessful PSSs, and can take the form of partnerships, alliances, and ecosystems to create
and deliver value, which is provided via a broad business network involving multiple
stakeholders. Companies have a simultaneous need to establish and oversee external value-
producing networks, as well as use their internal resources to profit from them [16]. A value
network is a collection of internal and external resources available to a PSS provider, who
may integrate vertically or maintain co-optive connections with organizations to consume
resources to create and deliver customer or end-user value [44]. Value propositions are
crucial in various contexts. Reference [64], for instance, found that innovativeness, firm-
level visions for CE, lifecycle thinking, stakeholder engagement, and customer functional
need focus are focal points for value proposition. Reference [65] also discovered that the
integration of maker, owner, and user increases the sustainability of the PSS, minimizing
the environmental impact via the longer product life, increased reuse, recycling, and re-
manufacturing, material and energy efficiency, increased product usage, dematerialization,
differentiation, and value-added services.

Ref. [66] argue that stakeholder interactions influence the provision and delivery of PSS
value, particularly in the process of value creation through collaboration and partnership
among consumers, suppliers, and other stakeholders. Approaching this matter from a
systems perspective, reference [67] argues for the need for a broader recognition of value
from multiple stakeholders, and that the type of interaction between them gradually
changes from a transactional nature to a partnership one while shifting from a product to a
system focus.

According to authors such as [68] or [16], to maximize sustainability upsides, stake-
holder integration must reach beyond the value chain and incorporate governments, com-
munities, and society on a large scale. The incorporation of numerous stakeholders would
enable the PSS implementation to achieve a vast array of environmental and social out-
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comes. As theorized by [69], multiple stakeholder engagement is crucial for sustainable
business models. The authors present a number of propositions to support the sustainabil-
ity of business models, such as the incorporation of triple bottom line benefits, sustainable
value flows between multiple stakeholders, a value network with a revised purpose, design,
and governance, and a comprehensive consideration of stakeholders’ priorities and duties
for shared value creation [69]. Knowledge and mapping of all relevant stakeholders would
also be an important step in creating future product-service strategies, as it would allow one
to visualize at what point within a product’s lifecycle a certain stakeholder would be able to
intervene and explore future circular PSSs [70]. Stakeholder networks and engagement are
also important when it comes to consumption. According to [71], sustainable production
and consumption are essential elements of PSSs. The author calls attention to forms of
collaborative consumption and sharing, which typically happen via networks, as a way
to reduce the production of goods, achieve environmental benefits, and enhance social
capability. At the same time, close integration of all relevant actors can lead to better system
management: by integrating customers in a collaborative network, support for these types
of business models may be guaranteed through improved consumer acceptance, reduced
risk perception, and growing confidence in decentralized approaches [72]. Multiple stake-
holders can exert pressure on manufacturers to employ a service-based business model in
an effort to improve their sustainability performance [73].

Collaboration networks and stakeholder engagement also have important implications
at the territorial level. Sustainable PSS providers establish territorial networks that include
a range of agents from the civil, industrial, and public sectors in order to mobilize assets to
support value creation at the organizational, network, and territorial levels [16]. In turn, the
development of territorial networks has the potential to strengthen social relations between
actors and facilitate the PSS concept’s adjustment to locally defined principles and priorities.
Ideally, the incorporation of diverse territorial actors into PSS development will contribute
to the sustainability and resiliency of particular areas [74]. Given that sustainability in
the field of PSSs is primarily associated with resource efficiency and lifecycle assessment,
territorial sustainability is assumed to be inextricable from PSS sustainability. As [74] put it,
“[t]erritories are not only ‘neutral” locations where economic activities are developed; they
are considered as PSS co-constructors and resource providers” [74] (p. 1298). In fact, as part
of a larger socio-spatial process, the territorial underpinning of a PSS approach explores the
partnerships between stakeholders involved in the project’s design and implementation.

3.2.6. Design Methodologies

Understanding and integrating user needs and preferences remains important in PSS
research. Literature has emphasized user involvement, co-creation, and user-centric de-
sign approaches to developing PSSs that meet customer requirements and enhance user
experience. One of the main strands in the theme of PSS design is the role of digital tech-
nologies and the IoT in enabling CE strategies through design, as they allow learning from
product-in-use data to improve the design of a new or renewed product or service [15,75].
However, according to [74], in order to contribute to the sustainability transition, PSSs need
to be carefully designed, developed, and delivered for this very purpose, taking into full
account lifecycle impacts [76].

The transition from selling products to providing services requires changes to product
design, to the service bundles that either complement or replace the product, and, most
importantly, to the value proposition of the business in question. The majority of companies
face a significant challenge when redesigning a service or product because they must take
into account operational risks, customization, and scalability. Nevertheless, redesigning
a service or product can be viewed as an opportunity for the organization and a catalyst
for the transition to a function-based business model [59]. Ref. [21] describes a number
of success factors in the design of PSSs, such as the deployment of a service within a
manufacturer that already intervened and managed similar activities, the creation of
synergies between resources and activities, and the reduction of costs.
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There are plenty of research studies referring to “Design for X" (DfX) [77]. This is a
general term that refers to a set of design methodologies and principles focused on optimiz-
ing a product or system for specific objectives or considerations and has been proposed as a
means of bridging the knowledge divide between product designers and service managers
regarding product lifecycle stages [77]. Some examples are design for durability, design for
disassembly, design for accessibility, design for sustainability, among others [78-81]. DfX
approaches have already been utilized to support the PSS design process, but, according
to [77], they must be better integrated into a circular design framework. Due to a higher
awareness and sensibility towards environmental issues on the part of stakeholders and
consumers, manufacturers are expected to deliver products with increasing levels of com-
plexity, sustainability, and innovation. However, when it comes to design methodologies
found in the literature, most contributions are theoretical.

Furthermore, in order to address issues such as skill development and job creation, a
broader understanding of consumer issues that go beyond product use must accompany
the conceptual design of Sustainable PSSs. At the same time, community and stakeholder
engagement can be a way to foster open innovation in the CE. Services, unlike products, are
characterized by their interactivity. Services rely on human behavior, cognition, emotions,
and needs, and therefore place a greater emphasis on organizational and human capital
factors than on physical assets. Consequently, PSSs require increased customer and business
partner involvement in both design and delivery, as well as an understanding of the
customer’s needs and conditions. As a result, PSSs are characterized by greater complexity
and risk than conventional products [19]. A comprehensive approach to design enables
better preparation for resource integration in the early stages of PSS design [82].

3.2.7. Business Models and Performance Measurement

The business sector is attempting to address the several transitions of the last few
decades, resulting in the creation of new business models that merge competitiveness and
sustainability [24,47]. The literature shows a focus on the development and analysis of
business models that support PSS implementation. As a business model, PSS represents
an innovation in the corporate field by associating products and services into a single
value proposition. This value proposition proves profitable for the company and the
consumer, while decoupling economic value from resource consumption and reducing the
environmental impact along the product’s lifecycle.

Companies are exploring CE-based value propositions and developing circular busi-
ness models (CBMs) as the concept of corporate sustainability gains prominence within
business organizations. The business model of a company describes the rationale for its
existence or how it generates and captures value in economic, cultural, and social contexts.
Companies design their products and services in accordance with their business models,
which are interdependent and regarded as a blueprint for their operations. According
to [83], a CBM comprises a company’s value proposition and integrates it with the creation,
delivery, and capture of value. It distinguishes itself from conventional, linear business
models by emphasizing high-value and high-quality material cycles. The concept of CBM
is based on the research field of business models, as well as other fields such as closed loop
value chains and industrial ecology [84]. The most common business model archetypes
found in the literature are 3Rs-based business models (recycling, reusing, remanufacturing)
and PSSs [83,85]. Within these categories, upgradable PSS business models have the po-
tential to generate greater profits for upgrade service providers, reduce product lifecycle
costs for consumers, and lower environmental impacts [86]. This concept is closely linked
to product lifecycle management, which allows manufacturers to create and capture value
that is dispersed throughout the PSS lifecycle via services such as remote monitoring and di-
agnosis, predictive and preventive maintenance, and product optimization [86]. In today’s
market environment, manufacturing businesses face significant challenges, such as a reduc-
tion in product development periods and product lifecycles, an increase in the demand for
customization, and a decrease in production quantities due to the expansion of product
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varieties. To overcome these obstacles, it is necessary to have a thorough understanding of
the product range and features produced and/or assembled in the system [87]. To improve
manufacturers’ strategic awareness and preparedness for upgrade service provision, it
is essential to comprehend why specific suppliers offer equipment upgrade services and
what steps they take to ensure the success of their upgrade service offerings. The absence
of strategic understanding can be remedied by identifying the primary motivations that
continue to motivate manufacturers to offer equipment upgrade services. Market drivers
are primarily concerned with responding to market demands, and upgrade services may
enable the equipment to be adapted to imposed government regulations or shifting con-
sumer demands. This contributes to the enhancement of the consumer value proposition.
Financial drivers, on the other hand, refer to improved profit margins compared to new
equipment sales and relatively stable revenue during economic downturns [86].

Scholars have also explored performance measurement frameworks and metrics
specific to PSSs to assess economic, environmental, and social impacts. These consis-
tently involve methodologies such as Lifecycle Assessment (LCA) and Lifecycle Costing
(LCC) [55,88,89]. These methods can be used to quantify changes in environmental and
economic outcomes, which makes them financially attractive for companies to implement
in their business models and thus contribute to a CE [88]. However, particular challenges
must be addressed when using LCA to evaluate the environmental performance of PSS
business models, including the identification and definition of the reference system, the
definition of the functional unit, and the setting of system boundaries [55]. However,
as pointed out by [89], the majority of literature concerning the environmental impacts
of business models in the CE is concerned with traditional products within traditional
sales models that are remanufactured and compares the remanufacturing process with
the traditional manufacturing process. In the majority of LCA studies, CE product design
strategies and PSS or other circular business models are not addressed. There is an urgent
need for more LCAs that convey the prospective benefits and disadvantages of circular
economies more accurately.

3.2.8. Resource Efficiency

There is a recognized relationship between PSSs and resource efficiency. PSSs are
often considered a potential solution to improve resource efficiency and sustainability in
various industries.

According to [22], a better integration of resource efficiency into PSS design can follow
approaches such as multi-level analysis, which can be used to define the main PSS functions;
Business Use Case analysis, which defines interactions between external actors and the
system under consideration; Serious Games, which can help elicit PSS requirements and
investigate their lifecycle; and Quality Functional Deployment, which allows the mapping
of customer needs.

Ref. [90] argues that the increase in resource efficiency is directly linked to the duration
of use, the time a consumer obtains access to a specific product, and the type of product
that is accessed. Change at the product-service system levels has the potential to influence
business models to generate more meaning and dematerialization in an organization’s
output, contributing to the diffusion of the preventive business strategy and the transition
from material efficiency to resource sufficiency [26].

3.3. Challenges Found in PSS Literature

While the fields of PSSs, circular economy, and resource efficiency have seen significant
advancements, there are still several controversies and research gaps that remain. Some of
the main areas of contention and knowledge limitations pertain to metrics and indicators,
business model viability, behavioral and cultural change, systemic approaches, policy
and regulatory frameworks, social equity and inclusion, technological integration, and
long-term impacts and transitions.
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3.3.1. Metrics and Indicators

One ongoing challenge in the field of PSS research is the development of comprehen-
sive metrics and indicators to assess the environmental, economic, and social performance
of PSSs and circular economy initiatives. Because PSSs are multidimensional systems
with a variety of actors and product-service combinations, their evaluation is a difficult
endeavor [91]. There is a need for the development and application of standardized and
consistent measurement frameworks that can capture the multifaceted impacts of these
approaches [92].

As previously mentioned in Section 3.2.7, one of the most often used methods for
assessing PSS success in implementation is Lifecycle Assessment (LCA). Ref. [93] presents
a methodology for the integrated sustainability assessment of a PSS lifecycle that considers
the triple bottom line using the service unit. Ref. [94] also proposed an evaluation scheme
for PSS models that consists of a set of 94 evaluation criteria that can be used both from a
provider and a user perspective and allows the comparison of different PSS models or the
evaluation of one single model.

However, the literature body on sustainability assessment also takes a systemic ap-
proach as opposed to a singular emphasis on individual sustainability effects and presents
a small proportion of quantitative evaluation [92]. An increase in the number of quanti-
tative studies would be useful for a more objective analysis of sustainability assessment
results. Ref. [92] also notes a “positive bias” in the literature: in their study, the authors
mentioned that the number of statements on the negative sustainability effects of PSSs was
almost 10 times lower than the results for the positive effects. Negative effects were most
frequently described in the social dimension (45%), followed by the economic (40%) and
ecological dimensions (20%).

There is also a need to consider the relationship between drivers and indicators.
Economic sustainability is usually measured through cost reductions, economic growth, and
profit margins. Community benefit and customer satisfaction were the primary indicators
of positive effects in the social sustainability dimension. In terms of economic sustainability,
the PSS business model’s elevated risks were evaluated as negative effect drivers. In
the environmental aspect, increased operational complexity was frequently viewed as an
inhibitor [92].

Authors such as [31,61] have identified several risks in a partial analysis of sustainabil-
ity performance. There is also the need to understand that PSS evaluation requires multiple
perspectives on a case-specific basis, as they are complex combinations of components and
attributes [94]. Overall, the literature is consistent in acknowledging that there is a dearth
of integrated tools to aid conventional manufacturing industries in implementing PSSs and
assist designers in the development process. Additionally, PSS assessment usually takes
place after the product design stage and is not directly associated with the service design
and knowledge stages. Another common issue is the absence of information sharing and
management of product-service relationships. On this topic, the literature demonstrates the
need to create a closed loop between the design and evaluation of the PSS lifecycle through
the design and development of novel methodologies [22].

3.3.2. Business Model Viability

While the PSS and CE concepts hold promise, there are ongoing debates regarding their
financial viability. Some argue that transitioning from traditional product-based models
to service-oriented approaches can be costly and may face resistance from customers.
Research is needed to explore sustainable business models that are economically feasible
and attractive for both providers and users.

Circular supply chains are often used in PSS offerings. These are defined as forward
and reverse supply chains that are coordinated through strategic business ecosystem
integration to create value from product or service, byproduct, and useful waste flows over
long lifecycles [95]. The implementation of a circular business model and supply chain
represents challenges, which vary according to offering, market, and company size, among
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other variables. Circular business models pose significant obstacles to the entrepreneur’s
preemptive uncertainty reduction. In addition, PSS variants that facilitate return flow
control in circular business models increase the possibility of adverse effects from ineffective
uncertainty reduction resulting from increased capital commitments. In the PSS literature, it
is widely acknowledged that efficient product retrieval is a challenging but essential aspect
of remanufacturing. The predictability and dependability of the return flow are particular
hardships. This complicates capacity planning by requiring technical expertise, return
flow obstacles, customer type restrictions, product category limitations, cannibalization
risk, fashion vulnerability, capital commitment, and operational risk [96]. Reference [97]
has a different perspective, asserting that PSS adoption enables remanufacturers to reduce
uncertainties regarding the schedule, quantity, and quality of returned items, resulting in
increased profitability and greener products. The potential for reducing uncertainties lies
mostly in the upgradability of services: performance-based service contracts that include
periodic enhancements of a product’s performance can pave the way for new disruptive
PSSs that are able to transform consumption patterns and business models [86].

Overall, the research literature found that the maturation and linkage of CBMs and
the role of product design in achieving CE are limited [83]. Product design plays a crucial
role in the development of new CBMs, as it must change if the fundamental logics of value
creation and capture are to be modified for CBM innovation to be viable. It appears that
waste reduction, recycling, and energy efficiency are dominating the academic discourse.

3.3.3. Behavioral and Cultural Change

Implementing PSS and CE principles often requires significant behavioral and cultural
shifts. PSSs can encourage circularity, enable circular strategies by extending the life of
products, and encourage dematerialization through access-based consumption, increased
product use intensity, and better corporate control over the lifecycles of products [98].
Motivated by industry shifts and rising consumer demand for more ethically produced
products and services, businesses are looking for alternative means of creating and deliv-
ering value [29]. However, encouraging consumers to adopt sharing or renting models,
embrace repair and remanufacturing, and change consumption patterns can be challeng-
ing. Understanding the barriers and drivers of behavioral change is a crucial research
gap. Indeed, in order for a PSS to thrive and contribute to a CE, it is not only necessary
to introduce circularity measures into business models, but to also take into account the
behavioral aspects that determine consumption choices and habits. Concurringly, there
are also difficulties in implementing these types of business models in companies, as they
may result in reduced profits and competitiveness, especially in smaller companies that
face higher risks and uncertainties [29].

To address negative environmental impacts, a growing global endeavor to reduce
current consumption patterns is underway. Those impacts can be mitigated by concurrent
changes to business models and consumer behavior, where one can interchangeably in-
fluence the other [86]. Providing products as services can alter consumption patterns and
lead to the optimization of supply chains and product design in order to enhance the value
proposition for the consumer and the business.

Consumer motivations for participating in PSSs have been studied, and it has been
determined that most consumers predominantly value economic and practical benefits. One
of the most essential aspects of PSS uptake is trust between PSS providers and consumers.
PSSs” approach to business is not solely transactional; rather, it relies on inter-party trust to
ensure the system’s long-term viability. The timely return of products by customers, the
dependability of distribution services, and the prompt completion of outsourced washing
or repairs are crucial for businesses. The human element poses the greatest systemic
challenge and an effort to expand consumer access to products is not always aligned with
consumption and waste reduction goals [29].

Ref. [99] proposed an analysis of consumption patterns based on different types of
capital. They place particular importance on forms of social capital, consisting of character-
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istics of social organizations such as normes, trust, beliefs, and networks, whose members
collaborate to increase social efficiency. Within social capital, the authors found that peer
influence plays a noteworthy role in consumer behavior. Peer influence moderates the rela-
tionship between environmental concern, perceived worsening of environmental problems,
perceived environmental responsibility, and green product purchasing behavior. This is
particularly relevant given the dominance of ICTs: virtual communities are an essential
means of disseminating information, and product reviews and information will serve as
references for other community members. The authors concluded that the greater the social
media influence and social capital, the more willing consumers are to purchase a PSS. It is
also important to note that, despite the facilitating role of information and communication
technologies in expanding the adoption of PSS, some of its categories may be conditioned
by external factors, such as location. For instance, reference [100] found that a rental service
is heavily influenced by the location of the rental depot, which conditions its uptake by
consumers. Nevertheless, the impacts of the product and accessories, infrastructure, waste
management, and use are reduced compared to the alternative.

Another factor affecting consumer behavior noted in the literature is its symbolic
nature. Goods and services are often consumed for their sign value, which sometimes
surpasses their functional performance [101]. In this sense, the potential of customization is
one of PSSs’ greatest strengths [28,102-104]. Although it can be seen as a barrier to the im-
plementation of circular measures in industry [102], the customization of accessed products
can simultaneously increase market acceptance and individual customer satisfaction. The
results of a study by [104] show that consumer acceptance rises if a product simultaneously
satisfies intangible and functional needs, and that customization can infuse those intangible
meanings and values into accessed products. In order to effectively infuse meaning into
PSSs, it is necessary to identify the favorable social conventions at play in a given con-
text [103]. Because consumption is defined by sociocultural aspects, customization can lead
to a sense of appropriation and identification with a specific consumer community [105]. In
this sense, the incorporation of a socio-cultural lens into user research and design practices
could eventually lead to greater PSS acceptance [103].

Nevertheless, some business models may not reduce consumption, despite their
sustainability potential, and the sustainability outcomes of PSS are neither certain nor
transparent [98]. External factors (such as changes in style and product obsolescence)
abbreviate product lifetimes regardless of material durability, thereby compromising strate-
gies to increase their longevity. The value of a PSS offering depends on the degree to
which production and ownership are supplanted by rental, which can be understood as
the replacement rate. This scenario enables the occurrence of rebound effects, in which
the positive impacts on the environment are less than what was predicted, mainly due to
changes in behavior, such as an increase in consumption or substitutional effects.

It is important to note that a cultural shift is necessary, but not only on the part of
the consumer. Firms must also abandon the traditional means by which they set their
development trajectories in favor of a method that is better aligned with current require-
ments [106]. This cultural paradigm shift encompasses the transition from divisions to
interdepartmental collaboration, the modification of traditional business practices, and the
transition from transactional to service-oriented behavior, taking into account factors such
as a change in product ownership or minimal order quantity [59].

3.3.4. Systemic Approaches

Many studies in the field have focused on individual PSS initiatives or specific sectors,
but there is a need for more systemic approaches. Research should address the systemic
implications of scaling up PSS and CE practices across multiple sectors and value chains,
considering interactions, feedback loops, and potential unintended consequences.

One of the most challenging aspects in this regard is the collaboration among vari-
ous stakeholders, including manufacturers, service providers, suppliers, and customers.
Aligning their efforts, interests, and needs can indeed be challenging, due to differences
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in priorities, business models, and organizational cultures [59]. Another aspect has to do
with business model innovation: integrating products and services requires new revenue
streams, pricing models, and customer engagement strategies. This can be challenging, as
it involves transforming established practices, realigning organizational structures, and
overcoming internal resistance to change [16,66,76].

3.3.5. Policy and Regulatory Frameworks

The role of policies and regulations in promoting PSSs, CE, and resource efficiency
needs further exploration. There is a need to investigate the effectiveness of existing policies,
identify barriers, and propose new policy frameworks that incentivize sustainable practices
and provide a supportive environment for their adoption.

Ref. [34] approaches the topic of policy from a social practice perspective. Social
practice theory provides insights into how consumption-focused approaches may be ad-
vantageous for PSS development. Sustainability cannot be accomplished solely through
innovations on the supply side; additional research is required to consider the demand
side of sustainable consumption. In fact, inadequate acceptance, adoption, and diffusion
have impeded the mainstream adoption of alternative PSS consumption models. It could
be proposed that new ways of using PSS options will only have significance in sustain-
ability transitions if they assist in reconfiguring and modifying collective practice so that
these emergent ways of taking part in the practice become stable and recognizable. There-
fore, policymakers play an essential role in the substitution of unsustainable practices.
Ref. [101] also calls attention to the importance of environmental policy instruments as
potential modelers of behavior. The phasing out of environmentally harmful subsidies, the
internalization of external costs, resource-efficient electricity production and distribution,
resource-efficient mobility, the minimization of food losses and waste, and the achievement
of resource efficiency and industrial symbiosis through PSSs are some relevant domains in
which policy can play an important role [107].

3.3.6. Social Equity and Inclusion

PSS models have been praised for their contribution to the social aspects of sustain-
ability. One of them is related to the possibility of extending access to products and services
to low- and middle-income families, as the reduction of costs allows goods to be more
accessible, improving sentiments of social equity and cohesion [108]. This is also applicable
to lower-income investors and entrepreneurs, as the PSS option for industries eliminates the
need for high upfront investments and prevents interruption of use [108]. At the same time,
because PSSs have the potential to create new markets and opportunities, they could also
empower local economies and enhance overall quality of life through the strengthening of
long-term relations among different stakeholders [109]. There is a need to investigate the
ways in which PSS and CE initiatives promote social equity and inclusion. Research should
address how these models can be designed to benefit all members of society, including
marginalized communities, and avoid exacerbating existing inequalities.

In designing and implementing PSSs, attention must be paid to issues such as access
and affordability. Pricing and payment structures should be made inclusive and affordable,
enabling a wide range of users to benefit from the system. This includes considering pricing
tiers, subsidies, or alternative payment models to accommodate different income levels [59].
At the same time, digitalization, a staple of PSSs, poses its own problems. Not everyone
has equal access to technology, Internet connectivity, or digital literacy skills. This gap can
be addressed through education, training programs, and affordable access to devices [61].

There is also the matter of location and cultural sensitivity. Economic inequalities
brought forth by environmental issues can indirectly make way for a range of undesirable
consequences, which vary according to time (short-, medium-, or long-term) and space
(local, regional, or global) [101]. Implementation of PSSs in different countries and regions
means that there will likely be differences in the acceptance level of consumers due to
the impact of socio-cultural factors [106]. Other crucial questions require consideration,
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such as the forms and processes of governance that could enable an effective and equitable
transition towards a CE [110].

3.3.7. Technological Integration

The integration of emerging technologies, such as artificial intelligence, blockchain,
and the IoT, into PSS and CE systems is an area that requires further investigation. Issues
such as compatibility between different components, interoperability, scalability, data secu-
rity and privacy, and user acceptance are among the main challenges. Recent exploratory
studies indicate low adoption of these strategies and business models in industry due to
manufacturing firms’ limited strategic awareness and preparedness [86]. Ref. [60] also
argues that the digital transformation allows the development of adequate infrastructures
for the deployment of servitization in business, and digital tools are an important factor in
the application of “front-end” and “back-end” features to increase and enhance the extent
of servitization and raise consumer value. However, digital transformations that favor
servitization have significant organizational implications and frequently necessitate the
adoption of new organizational forms. For example, supply-chain integration requires
more networked and matrix-type organizational structures [35]. Additionally, digitalization
brings with it the need to explore large quantities of data and, in some cases, to provide
real-time feedback, which is especially challenging for companies that rely on centralized
business models and must now rely on distributed ones [91]. Digital capabilities vary
depending on the business model and become increasingly significant during the transition
to a service-centric business model [29], as well as depending on company size [111]. An
essential issue has to do with industries” and companies’ readiness for change, which is
more of a social than a technical aspect, including dimensions such as strategy, leadership,
and organizational structure [91]. A greater understanding of the potential benefits, risks,
and challenges associated with technological integration is essential to the effective and
responsible implementation of PSSs.

3.3.8. Long-Term Impacts and Transitions

There is limited research on the long-term impacts and transitions associated with PSS
and CE approaches. Longitudinal studies are needed to assess the durability, scalability,
and transformative potential of these models over time.

To date, the environmental consequences of innovation and efficiency improvements
have received little consideration. It could be argued that innovations and efficiency im-
provements have been counterproductive in the sense that they have so far encouraged an
increase in consumption by lowering prices. As a result, increased consumption stimulates
economic expansion, resetting the cycle through incremental innovation [101].

In terms of economic implications, PSSs can have both positive and negative ones.
Despite the fact that they can generate new business opportunities, revenue streams, and
employment opportunities, they may also disrupt existing industries and business models.
For instance, PSSs can result in a decline in the sales of traditional products, affecting
the manufacturing industry. Understanding the economic ramifications and facilitating
transitions for all stakeholders are essential for long-term sustainability. This also has
implications for the job market. The transition to service-oriented models could result in
changes to job functions, talent requirements, and employment patterns. It is essential
that the transition be accompanied by adequate training programs, reskilling initiatives,
and social safety nets for affected employees [61]. Moreover, PSSs should prioritize ethical
working conditions, labor rights, and equitable benefit distribution among service providers
and other stakeholders.

4. Conclusions

The development of PSSs has gained special attention as a key strategy for promoting
sustainability and resource efficiency within the context of the CE. This review article
has provided an overview of the literature on PSS from 2016 to 2022, focusing on its
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interconnections with sustainability, resource efficiency, and the CE. Through a systematic
examination of approximately 160 research papers, it was possible to synthesize and
evaluate the prevailing knowledge in this field. Regarding this study’s main limitations, a
lack of specific case studies must be admitted to, which would potentially help establish
a more concrete link between PSSs, sustainability and the CE. However, such a study
would fall outside the scope of this review, and a direct correlation between PSSs and
sustainable, circular development remains, as most of the analyzed literature suggests,
a contested matter. The evaluation of this correlation and of the potential benefits of
PSSs to sustainable and circular systems requires continuous and consistent empirical
research. Despite this limitation, this review highlights the growing importance of PSS
as a fundamental strategy for promoting sustainability and resource efficiency within the
context of the CE, attesting to its potential for reshaping industrial systems. It provides a
conceptual foundation for understanding how PSSs can contribute to achieving sustainable
and circular development, as well as the potential challenges and gaps in the existing
research. Identifying these gaps and contested matters helps to direct future research efforts
towards resolving these uncertainties. The main theoretical implications highlight the
significance of PSS as a strategy for sustainability and circularity, the interconnectedness of
PSSs with sustainability and the CE, the multidisciplinary nature of PSS research, and the
importance of empirical studies, social considerations, and practical assessments. These
implications provide valuable directions and a framework for further research and policy
formulation to foster sustainable and circular development through the integration of PSSs.

Findings from previous studies allow for the identification of several trends and
challenges in PSS research. Eight main trends were identified, including sector-specific
studies, barriers and stimuli to implementation and adoption, PSS design methodologies,
and the exploration of topics such as the CE, servitization, digitalization and Industry 4.0,
collaboration and networks, design methodologies, and business models and performance
measurement. These trends demonstrate the diverse and multidisciplinary nature of
PSS research. It was found that, despite variations in perspectives and terminology, the
definition of PSS remains consistent throughout the literature. However, there are still
controversies and research gaps that need to be addressed. The reconciliation of industrial
and environmental perspectives, the contribution of PSSs to circularity and sustainability,
and the benefits and challenges for both companies and consumers are areas that require
further investigation. This scenario implies that the PSS concept and its link to the CE
are still somewhat unfamiliar and underdeveloped for enterprises. Inadequate strategic
knowledge and readiness could hinder the effective implementation of these strategies,
thereby impeding the achievement of their economic, environmental, and social worth.
Other areas in need of deeper examination include the link between territorial aspects and
the establishment of PSS networks. In terms of assessment methodologies, it is argued that
future work needs to address practical aspects of CE, focusing on a better development of
use case-based assessment of the sustainability effects of PSSs, assisted by data technologies.

The review also sheds light on important considerations often overlooked in PSS re-
search. Issues such as equity, social inclusion, and consumption dynamics play a crucial role
in PSS implementation. Understanding consumer behavior and addressing consumption
patterns are vital for achieving a resource-efficient and circular economic system. Metrics
and indicators, business model viability, technological integration, policy and regulatory
frameworks, and systemic approaches are additional factors that need to be examined to
advance the field.
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