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ABSTRACT

A product-service system (PSS) aims to improve the profitability and competitiveness of
companies, generate superior value for customers, and contribute to sustainability. How-
ever, despite those benefits, manufacturing companies still find it difficult to structure their
business models as PSS, especially regarding the design of sustainable business offers. Previ-
ous research on designing PSS business models has not integrated sustainability aspects and
empirical evidence on how to design sustainable PSS business models remains limited, espe-
cially in contexts such as developing countries, where those offers have a great potential for
sustainability improvements. Thus, this paper explores the practical design of a PSS business
model for electric vehicle sharing in the Brazilian context, considering sustainable principles.
An analysis of the challenges and opportunities of offering shared sustaiable mobility in the
Brazilian context is presented. The PSS business model is described considering an inte-
grated approach focusing on the co-creation of value-in-use by the value network. The results
alm to support practitioners in designing more sustainable PSS business models, generating
superior value for the ‘value network” of PSS and contributing toward expanding sustainable
production and consumption knowledge.
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1. Introduction

Several studies (e.g., [1], [2], [3], [4]) have discussed
how the success of a business 1s increasingly associ-
ated with understanding the challenges and opportu-
nities the soclety’s transition to sustainability. Many
manufacturing companies have realized this trend and
considered sustamability principles and practices in
their strategies, operations, and innovations in prod-
ucts/services [2], transforming their strategy to create
customer value [5]. However, it 1s still necessary to
rethink the development of business models [1], [6].

Published by the University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia.

In this context, many typical manufacturing com-
panies gradually moved from selling products to
offering product-service systems (PSS) [7], [8], [9].
A PSS i1s characterized as an mtegrated bundle of
products and services to create customer utility and
generate value and can be an approach to demateri-
alizing products without loss of value [5], [10], [11].
The automotive industry, especially car manufactur-
ers, increased service activities to reach a competitive
advantage [12]. It is also noteworthy this strategic ori-
entation toward services in other industries such as
computing, music, and energy [11], [13].
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Recent studies [3], [14], [15] show that PSS solu-
tions can have substantial positive effects on sustain-
ability. However, many manufacturing companies
still find 1t challenging to manage the transition from a
product-centric business to a service-centric business
[16], [17] incorporating sustainability aspects into the
offer. Many failures in PSS implementation are due
to the lack of operational practices and practical tools
that can guide manufacturing companies in designing
and implementing PSS business models [17], [18].

PSS business model concept has become highly
relevant for manufacturing companies since it ex-
plains how the value 1s proposed, created, delivered,
and captured [11]. In addition, it also allows com-
panies identify opportunities for improvement and
mnovation in how they conduct their business [19].
Business models provide an opportunity to close
the gap between knowledge about the effects of indi-
vidual variables on company’s performance and the
need to learn how the relationships between these
variables affect performance [20]. Therefore, there 1s
a need to emphasize a business model structure that
1s connected to the PSS offering [21]. Moreover, re-
search 1s needed to analyze the PSS business model
challenges and how to overcome them [17], [22].

Several studies (e.g., [23], [24], [25], [26], [27],
[28]) have analyzed PSS business model structures
and their components for specific industry sectors.
Nevertheless, most business models were not de-
signed considering a sustainable perspective [11],
[15], [26]. Research on how to design business mod-
els taking sustamability mto account has been ap-
proached mostly from a circular economy perspec-
tive (e.g., [29]). Research on sustainable PSS business
models have been looking at the sustainability poten-
tial of different archetypes (e.g., [14]), factors that
contribute to the sustainability of a PSS (e.g., [30],
[31]), and other aspects such as how to identify value
uncaptured and then promote mnovation towards
a sustainable business model (e.g., [32]), with lim-
ited exploration on how to design a sustainable PSS.
There has been Iimited research from both a theo-
retical and empirical perspective on how to translate
the knowledge on business models into real solutions
[33]. Therefore, there is a need to explore how to
design a PSS from a sustainable perspective to over-
come the challenges of PSS implementation.

Car-sharing systems are one of the most tradition-
al examples of PSS in the B2C market [34]. Never-
theless, evidence of how vehicle-sharing systems are
effectively implemented 1s still missing. This is even
more relevant in developing countries, where local
and contextual conditions interfere in implementing

urban micro-mobility (e.g., sharing bicycles and elec-
tric scooters) in recent years [34]. PSS offerings in
developing countries are particularly interesting given
their potential to improve the sustainability scenario
m those contexts. Recently, some companies, e.g.,
Volkswagen Brazil, have also implemented efforts
toward providing access to product usage instead of
transferring product ownership in Brazil [36], [37].
Moreover, transportation is responsible for high fos-
sil fuel emissions in those countries, indicating a po-
tential area for searching for more sustainable solu-
tions [4].

As the goal of the study is to explore the embed-
dedness of sustaiable aspects in the design of PSS
business models and identify opportunities for im-
provement by also taking into account the perspective
of the customers, a PSS offer with great sustainability
potential was selected for analysis. Therefore, this
study aims to describe the design of a PSS business
model offer based on electric vehicle sharing from
a sustamable perspective. By exploring the design
of a sustainable PSS from an empirical perspective,
the paper contributes to existing literature in differ-
ent ways. First, the paper adds to existing knowledge
by exploring the design of sustainable PSS business
models in practice and shows how PSS offerings can
have its sustainable potential enhanced through a col-
laborative perspective. The paper demonstrates the
value of adopting collaborative approaches to design-
g sustainable PSS offerings and addresses how the
components of a business model could be enhanced
to overcome the challenges of implementing a sus-
tainable PSS business model. Studies dealing with
ways to overcome PSS business model implementa-
tion challenges and ways to improve its sustainabil-
ity potential were not identified in existing literature.
Second, the paper provides empirical evidence of
the design of a sustainable PSS business model in
practice, whereas previous studies have had mostly a
theoretical focus. Additionally, the case under inves-
tigation 1s located in a developing country and 1s de-
veloped by a small company. Implementing sustain-
able PSS business models i developing economies
has been considered as an opportunity, given the po-
tential of these solutions for such contexts, and there
have been calls for more investigation [28], [38].

The remainder of the paper is organized into five
other sections. The next section presents the litera-
ture background on PSS business model challenges,
sustainable aspects of an electric vehicle-sharing busi-
ness model, and sustainable value network. After
that, the third section describes the research design
of this study. Then, the findings of the analysis of the
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challenges and opportunities identified to improve
the designed business model are presented in the
fourth section. This 1s followed by a discussion of the
results, pointing out the business model challenges,
and the sustainable aspects considered in the busi-
ness model design in the fifth section. Finally, the
theoretical and practical implications of the study are
described, as well as its imitations, and suggestions
for future research.

2. Literature background

2.1 PSS business model challenges

Business model thinking helps create more sus-
tainable competitive advantage to companies and to
align strategic, operational, and economic decisions
[39], [40]. Therefore, when planning to implement
a PSS, each company needs to structure its business
model based on its core competences and resources.
However, designing a PSS business model 1s a chal-
lenging process, and requires the involvement of a
multidisciphinary team and the development of criti-
cal capabilities [41].

A recent meta-analysis on PSS risks and potential
[42] shows that strategies of sharing and servitization
were associated with high improvement potential and
failure risks. Moro et al. [34] explored the internal
and external barriers of PSS based on an analysis of
twenty literature review papers. The high investment
required to implement a PSS and the risks are the
most prominent economic barriers stated by the pre-
vious cited authors.

According to Besch [43], consumers make deci-
sions based primarily on price, implying that a PSS
will only be successful if it 1s cheaper than the prod-
uct purchase. In this sense, PSS-based offers are
often perceived by the end-user as more expensive
compared to purchasing products, because even with
a lower mitial investment, users generally do not con-
sider the total cost of ownership, including use, main-
tenance, repairs, and disposal costs [44].

When dealing with new business models, it 1s
easier for small companies to make the necessary
changes during the solution development compared
to large companies [45]. Moreover, although serviti-
zation makes customer relations a strategic necessity
i large companies, engineers with high-value tech-
nology are unlikely to be interested in relatively small
service contracts [46]. In this context, Teece [47]
highlights that established companies may be reluc-
tant to implement mnovative business models if they

cannibalize existing sales and profits or disrupt other
essential business relationships. However, to achieve
critical mass for small companies 1s a challenge and
a prerequisite for market development. Therefore, it
requires the involvement of several different actors,
and at this stage, even competing companies can act
i partnership to achieve the common goal [48].

Kamal et al. [8] emphasize the need to under-
stand the value of servitization for manufacturing
companies regarding resource consumption and im-
pact on company competitiveness to assess flexibility
limits and mmprove corporate agility and resilience.
Moreover, the literature (e.g., [49], [50]) indicates
that servitization and digitization bring better results
if explored together. Nevertheless, even if companies
recognized, for instance, the need to adopt a “big
data strategy”, it 1s still poorly understood how they
can do it in practice [51].

2.2 Sustainable aspects of an electric vehicle
sharing business model

There are some drivers that support the use of
sharing models: the global economic crisis and the
evolution of a lifestyle based on digital technology,
concerns about environmental 1ssues, and the con-
sequent desire to consume sustainably [48]. Thus,
the emotional component and secking status can be-
come allies. Electric vehicle users are generally will-
g to accept the challenge of novelty. Since the main
benefit of the electric car 1s inked to the environmen-
tal impact, it 1s interesting for the company to work
on defining a sustainable value proposition according
to the benefits expected by potential customers, dif-
ferentiating its offers from competitors.

Today 1s also relevant the concept of circular
economy. Its focus 1s the transition from linear and
unsustainable systems to circular systems, develop-
g new business models to support this transition
[52]. In this sense, PSS is frequently pointed out as
a facilitator of new business models for the circular
economy, potentially triggering and improving the
circularity resources of supply chains [53]. PSS can
be also considered a circular business model, 1.e.,
value creation is based on economic value alter using
the product to produce new offers [54]. Therefore,
PSS business models can be a way to ease the transi-
tion to the circular economy. Pallaro et al. [34] stated
that sustaiability 1ssues related to vehicle end-of-life
(Eol) management are rarely considered when de-
veloping a PSS. In this context, the focus on demon-
strating environmental benefits, combined with the
electric vehicle’s cost reduction, may facilitate the
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adhesion of customers and partners, aiming to attract
new stakeholders to increase the ‘value network’ of
the PSS. Furthermore, cases that presented difficul-
ties and major disadvantages perceived i the study
by Annarelli et al. [18] were those not designed to
allow reuse and/or recycling.

2.3 Sustainable value network

The global economy 1s increasingly digital, net-
worked, and knowledge-based, requiring companies
to reconsider their business models constantly and, if
necessary, modify them to adapt to changing condi-
tions [20]. Kamal et al. [8] point out that manufac-
turing companies from emerging economies often
cannot offer integrated services to products and thus
connect with service providers in a collaborative net-
work. In this sense, it is highlighted that large compa-
nies, e.g., car manufacturers, can become investors or
even suppliers. The more a PSS business model in-
volves manufacturers, owners, and users, the greater
the potential for creating sustainable value [14].

For example, most car-sharing systems in Europe
have partnerships with other providers. ‘Flinkster,’
Germany’s largest car-sharing provider, with a diverse
fleet of vehicles, ranging from popular small cars to
vans, maintains partnerships with more than 20 sup-
pliers [55]. Thus, it is highlighted that in PSS business
models, partnerships with competitors can often be
mteresting for the business’s longevity and for taking
advantage of the structure, technology, and/or plat-
form that the focal company has.

Moreover, electric car-sharing business model
could be aligned with the concept of distributed en-
ergy - l.e., the generation of electricity in distribution
networks or on the customer side of the network

[56], integrating the generation and use of energy,
aiming at sustainable mobility, at a local level. De-
veloping local networks enhances PSS’s sustaimable
potential with local priorities [57]. The development
of co-creation mechanisms that facilitate the develop-
ment of capabilities, reduce the adverse effects of ser-
vitization, and improve product development appear
as relevant research topics [8]. Developing servitized
business-to-business (B2B) business models may be
necessary, for example, between actors in the ‘value
network’ of a PSS business model, for component
supply, maintenance, or operation. Furthermore, the
combination of PSS and digital technologies enables
a stronger relationship among the actors of automo-
tive network [58]. This could be even better if there
1s a geographic proximity between technology com-
panies and product manufacturers [59].

3. Research design

Problem solving i the context of sustainabil-
ity has been described as complex, ill-structured or
even “wicked”, and in need of cooperation across
disciplines [60]. Therefore, a ‘transdisciplinary 2’ ap-
proach was adopted to provide interactions among
academic and non-academics [60]. Figure 1 shows
the steps for the design and analysis of the PSS busi-
ness model under investigation, followed by a de-
scription of the five steps, presented next.

Business model frameworks support the under-
standing of the differences and similarities in how
companies create and deliver value [19]. Thus,
adopting a business model design framework pro-
vides companies with the necessary tool to success-
fully leverage, coordinate, and align the critical ele-

Step 1 Step 2
Definition of the ..
. Z Empirical data
conceptual/theoretical collaction
business model framework
; |
Step 3 Step 4 Step 5
Analysis of N Aosiness | —> Analysis and
PSS model desien improvements in PSS
challenges g business model

Figure 1. Research design steps
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ments necessary to create, deliver and capture value
[61]. Several business model frameworks have been
used and proposed in the literature to represent a
PSS business model (e.g., [38], [40], [41], [62]). In
this study, a business model framework was em-
ployed to support the design of the PSS under anal-
ysis. The framework proposed by Moro et al. [41]
was selected, as it covers sustainable aspects of a PSS
business model, which has not been addressed by the
majority of previous frameworks, and covers sustain-
able opportunities to improve the components of the
business model. The framework was developed fol-
lowing five stages: (i) value proposition, (ii) configura-
tion, (1) delivery, (iv) capture, and (v) value network.
Figure 2 summarizes the adopted framework to sup-
port the design of the PSS business model, including
the main stages and components. In this work, com-
ponents mean parts of a system that are sources of
differentiation of business models [63].

A research protocol was developed and a list of
variables to be explored was defined based on previ-
ous literature reviews as recommended (e.g., [64]).
A semi-structured questionnaire was developed for
conducting interviews with those mvolved i the PSS
offering, covering the challenges and the components
of the business model under investigation (further de-
tails in Appendix A). A pilot study on a bike-sharing
system [41] was conducted to test the protocol and
research procedures.

Five interviews were mnitially conducted with the
company’s founder and business partners (e.g., from
a partner university and local associations) to iden-
tify the characteristics of the electric vehicle, the dif-

VALUE NETWORK

=

@ customer segments
(@) customer jobs

@ Customers
pains/problems solved

§

Focal company (@) customers gains/benefits

@ Value purpose

ficulties they are facing in its development, and their
business plans. The interviews were recorded and
transcribed for further analysis. Excerpts from the
transcripts were considered to manually code poten-
tial findings. Short phrases and words were used when
coding the data to identify themes and relationships
[65]. The codes used were related to the stages and
components of the PSS business model framework
(Figure 2). Interview coding, cross-interview analy-
sis, and fact-checking (e.g., competitors’ analysis)
i consultation with other sources were performed
subsequently. The interviewees were informed up-
front about the anonymity and confidentiality of the
mformation provided. Besides the iterviews, direct
observations (e.g., of the developed prototype and re-
sults of the tests performed) and analysis of second-
ary sources (e.g., company leaflets, websites from the
company and its partners, internal documents such
as MS Power Point presentations, reports related to
the PSS development process, and product testing)
were performed to gather additional data. Data ob-
tained from all these sources (i.e., semi-structured
mterviews, participant observation, and internal
documents) were triangulated to identify dominant
patterns in the information. All data collected was
grouped accordingly with the business model’s stages
and components (Figure 2) for further analysis.
Based on the collected data, a preliminary repre-
sentation of the company’s PSS business model was
developed using the selected conceptual framework
shown in Figure 2. The company’s director evaluated
the mitial version of the business model representa-
tion through a face-to-face meeting. The business
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Figure 2. PSS business model framework [41]
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model analysis focuses on the challenges 1dentified
by the company in the mitial interview and their per-
ceptions captured during the other interviews, taking
mto account the conceptual framework developed.
Internal and external challenges from the design and
mmplementation of PSS business models were re-
vealed by interviewees (Appendix A).

After defining the business model's main chal-
lenges, possible opportunities to address the weak-
nesses and to improve the sustamability potential of
the solution were 1dentified based on previous litera-
ture analysis. Further discussions with the company’s
director (e.g., about the PSS value drivers) to im-
prove the PSS business model were also performed.
A workshop was conducted to present and discuss
some opportunities, such as those related to circular
economy implementation. Some aspects discussed
were considered in the improved PSS business mod-
el presented in this work. Moreover, a representation
of the exchanges among the actors involved in the
PSS value network was developed later on.

4, Results

The unit of analysis 1s a small technology company
located in the South of Brazil. KERS Electric Vehi-
cles has been developing a PSS business model for its
three-wheeled electric vehicle. The business model 1s
related to the provision of micro-mobility on a shared
basis and represents a trend i the automotive sec-
tor. Sharing-based business models have great poten-
tial to contribute toward environmental sustainability
[4]. The business model’s main differential is using
a smaller (two passengers) electric vehicle with low
production cost. Figure 3 shows a prototype of the
three-wheel electric vehicle. The vehicle 1s in the de-
velopment and testing phases by the focal company.

4.1. Analysis of the PSS business model
challenges

Table 1 presents the relationship between the
found business model challenges and opportunities
to designing a more sustainable business model. The
challenges were 1dentified in the mitial interviews and
other data sources analysis. The opportunities were
based on previous literature.

4.2. The designed PSS business model

The chosen conceptual framework was used to
represent the designed PSS business model i a sim-
plified way, presenting the essential characteristics
to understand the operation of the business, value
architecture, and PSS components. Figure 4 shows
the final representation of the three-wheel electric
vehicle sharing business model developed using the
conceptual structure presented in Figure 2.

As shown in Figure 4, the business model 1s based
on sustainable mobility technology that provides a
reduction in environmental and noise pollution. In
addition, the vehicle 1s small - up to two people,
thus minimizing material and energy consumption.
From the perspective of sustainability, especially
in the social sphere, it 1s essential that the business
model also generates value for various stakeholders
beyond the focal company. A value network refers
to a system of stakeholders and partners collaborat-
ing to support a standard business model [11]. The
value network could be helpful when a new PSS i1s
being developed to identify key stakeholders and
visualize critical relationships. Therefore, Figure 5
shows the relationships and types ol exchanges be-
tween the actors of the sharing business model value
network based on the focal company (KERS Elec-
tric Vehicles).

Figure 3. Prototype of the three-wheel electric vehicle
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Table 1. Relation between challenges and opportunities in the business model

Internal challenges Stage* Opportunities identified
Resistance to change by stakeholders PRO  Aligning the interests of consumers and the company [66] and developing a
“sustainable value network”

CON  Introduce services to reduce the perceived risk of new technology or
facilitate access to the benefits of an established technology [46]

NET  Value creation for the local community (e.g., by local employment) [67]

Need for high initial investment PRO Integrating sustainability information into their reporting cycle [11]

NET  Explore the sharing economy and collaborative consumption as an
opportunity to favor the acceptance of solutions [44]

DEL  Include additional functionalities [68]

CON  Reducing waste generation through prevention, reduction, recycling, and
reuse [11]

Need for new skills CON  Delegate specific tasks to third parties and focus on core competencies [69]

CON  Develop highly compatible products [70]

DEL  Explore loT-enabled solutions focusing on preventive maintenance,
optimizing maintenance operations, increasing product safety, reduce
operating costs and collecting information to improve the solution
development [71]

Difficulty evaluating how to charge for CAP  Personalized offers and participatory projects to facilitate direct and long-
solutions term contact with customers [72]
CAP  Adjust prices dynamically based on remaining available capacity [73]
Need for a dense network of suppliers NET  Include actors that will directly or indirectly affect the system where the PSS
adept at the business model will be inserted to create more favourable conditions for the adoption and
further dissemination of the PSS [74]
External challenges Stage* Opportunities identified
Low environmental awareness of users PRO Perform socio-technical experiments with potential consumers [75]
Resistance to consumption without PRO  Involve users at the time of design and/or production, or just as a source of
ownership information [76]

NET  Explore the market potential for innovations through easy access to
expensive products [66]

Consumer adapting to new types of PRO  Consider aspects of human needs as well as the social processes involved in
offers consumerism [77]

Lack of legislation to encourage the use DEL  Perform real-time analysis using Internet of Things technology to avoid

of cleaner vehicles failures, save energy or reduce emissions [71]

DEL  Use smart, connected functionality to monitor usage data to improve
customer operations and reduce reporting costs [78]

The difficulty of cultural acceptance CAP  Promote continued customer interaction during PSS delivery operations,
including co-creation [39]
Lack of engagement of municipalities to NET  Develop close and lasting partnerships with key customers [79]

plan urban mobility

Note: * PRO: Value proposition; CON: Value configuration; DEL: Value delivery; CAP: Value capture; NET: Value network.
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Figure 5. Three-wheel electric vehicle business model value network exchanges

Next section discusses the main findings present-
ed regarding the challenges identified by the com-
pany and the development of a ‘sustainable value
network’.

5. Discussion

The high mvestment required to implement the
business model is one of the main challenges high-
lighted by the director, and it was also cited as a signif-
[43], [80]).

Therefore, revenue sources are critical i sharing

icant challenge by previous studies (e.g.,

business model design. Thus, a key insight into shar-
g business models 1s that prices must be dynami-
cally adjusted based on available capacity, with fewer
remaining vehicles translating into higher prices [73].
Another opportunity to increase the system usage is
to offer cheaper travel to places with fewer vehicles
available - to adjust the vehicles distribution during

the day.

It 1s noteworthy that several financing mecha-
nisms encourage new business models and enable
mmproved local energy for industrial manufacturers
seeking to save on utility bills and achieve sustainabil-
ity goals [81]. Therefore, such mechanisms can be
used as opportunities to facilitate the development
and implementation of the PSS. The business model
analysis reinforces the need for continuous business
model realignment over time, as demonstrated in
other contexts (e.g., B2B - [82]).

The analyzed company has already a mindset
focused on sustainable innovation purposes, so this
was perceived that this scenario facilitated the devel-
opment of the sharing business model considering a
sustainable perspective. Nevertheless, for small com-
panies, achieving critical mass 1s a challenge and a
prerequisite for market development. This requires
the mvolvement of several different actors, and at
this stage, even competing companies can act in part-
nership to achieve the common goal [48]. Thus, the
company should develop long-term education and
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awareness programs to expand the knowledge of the
sustainable benefits of its proposed business model.

It 1s also relevant that the system has complemen-
tarities with other systems that offer different prod-
ucts, such as bicycles, scooters, etc. Thus, the com-
pany’s competitors can also be partners, aiming at
consolidating the PSS supply network and thus mak-
g its use more viable. In this sense, another chal-
lenge 1s the need to engage a value network for the
PSS, which involves different actors of the PSS busi-
ness model. For this, the digitalization of processes
necessary to deliver value through the PSS are being
considered by developing partnerships with the lo-
cal university to develop smart technologies to sup-
port the system (e.g., sensors to vehicle monitoring,
preventive maintenance, and use conditions verifica-
tion).

Some of the business model’s internal challenges
pointed out by the director are related to the PSS
value proposition. In general, consumers make deci-
sions based primarily on price, implying that a PSS
will only be successful if it 1s cheaper than the prod-
uct purchase [43]. In this sense, PSS-based offers are
often perceived by the end-user as more expensive
compared to purchasing products, because even
with a lower initial investment, users generally do not
consider the total cost of ownership, including use,
maintenance, repairs, and disposal costs [44]. Thus,
the company should develop long-term education
and awareness programs to expand the knowledge
of the sustainable benefits of its proposed business
model.

As illustrated 1in Figure 4, partnerships and agree-
ments with large suppliers are necessary to generate
the PSS scale. Kamal et al. [8] highlighted that manu-
facturing companies from emerging economies often
cannot offer integrated services to products and thus
connect with service providers in a collaborative net-
work. In this sense, it 1s highlighted that large compa-
nies, e.g., car manufacturers, can become investors or
even suppliers. The more a PSS business model in-
volves manufacturers, owners, and users, the greater
the potential for creating sustainable value [14]. This
PSS was developed to be connected to other similar
systems since, 1n the case of sharing, it 1s important
all systems to communicate to mncrease the number
of vehicles available to customers. Thus, in PSS busi-
ness models, partnerships with competitors can of-
ten be interesting for the business’s longevity and for
taking advantage of the structure, technology, and/
or platform that the focal company has. Besides, the
geographic proximity between technology companies
and product manufacturers in a specific geographic

area Increases competitiveness [59] and thus favours
the development of innovations such as PSS, which
demand integration between products and services.
In this context, if different solutions are offered on a
single platform, it is easier for the customer to use the
electric vehicle sharing.

Moreover, the PSS business model designed is
aligned with the concept of distributed energy and
the company has a partnership with a local univer-
sity to develop the technology. The co-creation of
mechanisms that facilitate the development of ca-
pabilities reduce the adverse effects of servitization,
and 1mprove product development appear as rele-
vant research topics [8]. Developing servitized B2B
business models may be necessary, for example,
between actors in the ‘value network’ of a PSS busi-
ness model, for component supply, maintenance, or
operation.

The company director recognized that PSS value
drivers could be a great tool to easily visualize the
business model’s value, which can help them explore
the solution’s benefits. Those opportunities related
to the product’s life cycle, e.g., reuse, remanufactur-
g, and recycling, could enhance the system’s effec-
tiveness. In the developed business model, only the
use of the battery 1s optimized due to its high costs.
In this case, the vehicle batteries could, later on regu-
lar use, store energy. Generally, when PSS 1s associ-
ated with advanced technology and allows for more
significant savings in resources (e.g., electricity, fuel,
etc.), there is a greater chance ol acceptance, which
can contribute to the solution’s success. Integration
with power generation systems can be used as a ‘value
driver’ of ‘complementarities’ aimed at the system’s
financial viability and representing a competitive ad-
antage in the face of high fuel costs. In this sense,
partnerships are crucial in maintaining the business
model’s sustainability, especially with operators in
the electricity sector.

As shown 1n the business model ‘value configura-
tion,” battery longevity 1s a significant benefit, as the
battery life cycle 1s optimized because of its high costs
(more than half the cost of the vehicle). So, the batter-
les are used in the car until they have a good energy
density to allow good autonomy of the vehicle. After
regular use, the batteries are reused for energy stor-
age (in fixed stations), generating additional revenue
for the business model. Moreover, an exciting feature
of the PSS business model related to ‘complemen-
tarities’” as a source of value creation is the integration
with power generation systems, ensuring the system’s
financial viability and representing a competitive ad-
vantage for the high fuel costs.
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5.1. Theoretical implications

Innovative business models such as PSS in start-
ups 1s little explored in PSS studies, as most of them
analyse large companies (e.g., [51], [58]). The busi-
ness model design approach used by a sustainable
start-up presented here was valuable, given its intrinsic
characternistics of agility and quick reversal of scenar-
10s. Moreover, the framework used 1s based on the
challenges faced by the companies that are designing
a PSS and opportunities to overcome them. In this
sense, 1t 1s a practical and transdisciplinary tool.

On the other side, this study approaches the de-
sign of PSS business models taking sustainability into
consideration into the design process and from a col-
laborative perspective, which has not been consid-
ered by previous research. Another important con-
sideration is that this work describes the exchanges
of the PSS value network (Figure 5). This tool could
also be useful for PSS developers to understand bet-
ter their business models and the partnerships that
they need. The representation of the business model
value network also allows the integration of the social
perspectives of the PSS, focusing on the design of a
business model and enabling the generation of supe-
rior value for the stakeholders involved. Therefore, it
could be useful for other studies and approaches re-
lated to the design of more sustainable PSS solutions.

5.2. Practical implications

The necessary characteristics of the business mod-
el were verified by identifying practical challenges to
structuring PSS business models and to design this
business model considering the Brazilian context.
It 1s also noteworthy that several actions have been
conducted to develop smarter and more sustainable
cities at the local level. Thus, PSS business models
such as the analyzed represent essential contribu-
tions to improving micro-mobility. The spread of the
mobile internet and information and communication
technology in urban sustainability planning makes
it possible to combine electric vehicles with energy-
efficient buildings and smart service networks to cre-
ate distributed and responsive energy systems [48].
Moreover, it is important to take advantage of digiti-
zation to facilitate the implementation and operation
processes of PSS business models [49], [50], [58].

The developed business model representation
gives managers greater clarity on essential aspects of
their business model, enables analysis and identifica-
tion of opportunities to generate superior value, and
thus allows better communication of value to their

mternal and external stakeholders. Thus, the com-
panies’ managers were receptive to applying the PSS
business model framework to design their business
models. This development may also help verify the
viability of the PSS business model (e.g., by mvestors,
partners, etc.).

Considering the current trends to increase the
flexibility of modern production systems, the wide
dissemination of production knowledge, and a better-
educated workforce, it 1s essential to assume that the
possibility of producing final products closer to con-
sumption surpasses the traditional concept of man-
ufacturing, whereby economies of scale dominate
decision-making [6]. Trust among actors is another
critical factor, as the actors need to share mforma-
tion [4]. Therefore, it is essential to align the interests
of the different stakeholders in the value network to
collaboratively design and deliver a value proposition
that meets the customers’ needs.

6. Concluding remarks

This study provides empirical evidence of the
design of an electric vehicle-sharing business model
considering its sustainable aspects. During the busi-
ness model development, exchanging information
with PSS developers made it possible to analyze the
challenges and opportunities and their practical ad-
equacy. The challenges faced were in alignment with
previously identified in the literature, and the op-
portunities identified aimed to develop a more sus-
tainable PSS for the value network involved. Studies
dealing with ways to overcome PSS business model
implementation challenges and exploring the sustain-
ability potential was not identified previously.

A further contribution is related to the case under
mvestigation - located in a developing country and
developed by a small company - a context not com-
monly explored in PSS business model studies. The
business model designed is related to mobility and
may contribute to smarter and more sustaiable cit-
ies. Considering that research on PSS mostly investi-
gates the European context of developed countries, it
1s appropriate to consider its suitability to the Brazil-
1an context in order to achieve business model suc-
cess and widespread. Thus, the findings of this study
are relevant, especially by considering problems re-
lated to urban mobility faced in developing countries
like Brazil, which stand out as priorities for economic
and social development in the coming years. In this
sense, the development of various mitiatives move-
ments (e.g., the ‘United Nations Agenda 2030’ and
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a ‘National Program of Strategies for Sustamable
Smart Cities’) emphasizes the practical importance
of the subject, which emerges as opportunities for
tuture studies.

The ‘value proposition’ of the PSS business mod-
el was focused in providing a value-in-use experience,
enabling long-term customer relationships. The so-
cial and economic dimensions of sustainability were
mtegrated from the design of the business model,
aiming to increase the value generated by the ‘value
network’ of the PSS. Considering the sustainable as-
pects of a PSS since its business model design stage
could enhance the value generated by the solution to
its clients and other stakeholders.

6.1 Limitations and future research
opportunities

This study analysed a unique small and sustainable-
based company, which might imit the generalisability
of the findings regarding the design of sustamable car
sharing offers. However, the single case allowed dem-
onstrating the benelits of using a framework for busi-
ness model design from a collaborative point of view
and taking nto account sustainability aspects n terms
of improving the sustainable potential of the solutions
and value creation and capture for the stakeholders.
Comparative investigations with larger companies and
other vehicle sharing schemes can be a further direc-
tion for research, as empirical research comparing
sustainable PSS offers from different perspectives is
still limited. Moreover, new studies applying the con-
ceptual framework used n this research can also be
conducted in product manufacturing companies (e.g.,
automobiles or bicycles) moving towards servitized
business models. The analysis of the challenges for
the business model design can be used by stakehold-
ers involved in the development of PSS business mod-
els, aiming at more significant value generation for the
PSS. Additionally, the perspective of value co-creation
1s also little addressed 1n existing literature. Thus, the
study of strategies to facilitate the integration of the
PSS’ value network’ emerges as another opportunity
for future work (e.g., using a modular strategy or co-
creation processes with several stakeholders).
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Organizational
In your perception, what are the main organizational
barriers to offering PSS business models?

- High investment in intellectual and technological capital
- Build a chain of suppliers who believe in its viability - stakeholders

Customers
In your perception, what are the main barriers
regarding the acceptance of PSS by customers?

- Identify and have access to the customer who can consume the product

Contextual

In your perception, what are the main contextual
barriers to adopting PSS business models? Examples:
laws, regulations, culture.

- Form the market for the use of sharing systems, as there is still no
established culture for the use

- Lack of legislation to encourage the use of cleaner cars

- Dependence on decisions by municipalities to plan and execute the
urban mobility policy

- Bureaucracy in the country to start and maintain a business
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