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Introduction

The last decades were characterized by the rising of new economic models that propo-
se innovative production and consumption patterns, greatly in response to several problems
generated by the industrial-based economy, such as exploitation of natural resources, pollu-
tion, and the rapid disposal of products (TERTRE, 2007). Among these new proposals, we can
highlight the Functional Economy (STAHEL, 1997) and Product-Service Systems (GOEDKOOP et
al., 1999).

Functional Economy proposes a change in the sale of physical products by offering more
complete solutions that meet consumers’ needs by the delivery of functions and satisfaction
(TERTRE, 2007; BUCLET, 2005; BISIAUX et al., 2014). It emphasizes the use value and useful
effects that a product, service or that the combination of them can offer (GIDEL; HUET; BISIAUX,
2016), relating to the idea of Product-Service Systems (PSS). PSS are systems of products, ser-
vices, networks of actors and support infrastructure that seeks to satisfy consumer needs and
remain competitive, with less impact compared to traditional models (MONT, 2002).

Functional Economy and PSS require the development of solutions in networks, co-
-constructed in a joint of heterogeneous elements (GIDEL; HUET; BISIAUX, 2016; CESCHIN,
2013; COOK, 2014), considering both human and non-human actors: producers, consumers,
products, services. Thus, it is essential to understand the networks dynamic and articulation,
relating to the principles of Actor-Network Theory (ANT) (CALLON, 1986; 1999). It is through
and during these network interactions that it is possible to develop new solutions in solution-
-demand networks (S-DN). S-DN proposes that adapted solutions will emerge from interac-
tions and through co-creation between different actors of the network, in a dynamic process
of cooperation, seeking to identify and analyze how the dynamics and interaction take place
between the actors of a network, each with their skills and knowledge (GORTZ, 2017).

However, these new co-created solutions demand greater integration between the di-
fferent actors that are part of the network, each with their own interests. The major challenge
in developing and maintaining these new proposals is in bringing all stakeholders together so
that they cooperate towards a common goal.

We highlight the originality of this research in the joint approach of concepts of Func-
tional Economy and PSS from the perspective of ANT. ANT is a theory that studies interactions
between actors of a network, already explored in areas such as Architecture (FALLAN, 2008),
Project Management (FLORICEL et al., 2014) and Design (MACHADO JUNIOR et al., 2020) allo-
wing us to extend its reach to other areas such as Economy and Sustainability. In addition,
studying the Functional Economy from ANT’s perspective can contribute with a new version of
the functioning of markets and the relationship between the actors (CALLON; 1999).

Based on this context, this study aims to analyze the role of solution-demand networks
in the context of the Functional Economy and PSS. The research examines Autolib as a case
study, supported on secondary data collection. Autolib was a French electric car-sharing servi-
ce which operated from December 2011 until July 2018. We conducted a systematic literature
review and content analysis to propose a theoretical model, which was then applied to the
practical case of Autolib, an example of PSS.

Theoretical Background

Functional Economy and Product-Service Systems (PSS)

The expression Functional Economy emerged in 1986 with authors Walter Stahel and
Orio Giarini (BUCLET, 2005). It focuses on the transition from an industrial economy, oriented
to the production and sale of material goods, to a new consumption model focused on services
and functions, where products are only a means of providing functions and satisfaction (BU-
CLET, 2005; STAHEL, 1997). This model involves the transition to an immaterial economy, which
considers intangible resources such as trust between the actors and the new competencies
involved (TERTRE, 2007), as well as providing consumers with access to use value, involving the
proposition of sets of goods and services (HUET; CHOPLIN, 2012).

For Goedkoop et al. (1999), Product-Service Systems (PSS) are a marketable set of pro-
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ducts and services that, when offered together, can fully satisfy users’ needs. Thus, we can
relate PSS with the concept of Functional Economy, since the user pays for the experience of
using the solution or function of a product, and not for its possession (MOATI; RANVIER; SURY,
2006). PSS can also be characterized as a design strategy to supply functions by combining
products and services that allow the reduction of consumption of material resources, aiming
for a more sustainable society.

The design of PSS experiences can fill the absence of ownership; therefore, it is crucial to
design personally meaningful and positive experiences to satisfy the functional and emotional
needs of consumers (DEMYTTENAERE; DEWIT; JACOBY, 2016). In the development of new so-
lutions for the Functional Economy and PSS, authors such as Tertre (2007), Buclet (2005), and
Bakker et al. (2014) highlight the importance of also including emotional issues, symbolic and
immaterial dimensions, besides meeting functional requirements only.

Regarding a product’s property, PSS can be classified in three types: (i) product-oriented,
(ii) use-oriented, and (iii) results-oriented (TUKKER, 2004). In a product-oriented PSS, owner-
ship remains with the consumer, but the provider sells additional services; in a use-oriented
PSS, the property remains with the provider, and the usage rights are sold to the consumer;
in a results-oriented PSS, product functions are sold, which directly meet consumer demands.
Car-sharing systems are considered one of the leading examples of use-oriented PSS, since the
ownership of a car is replaced by a service that provides access to mobility for the customer,
while the provider owns the vehicle (GIDEL; HUET; BISIAUX, 2016). These systems offer the
availability of a car when needed, and are usually paid by use, allowing the user to have their
mobility needs answered through the service and the products that support and allow this
access, which is developed and made available by a network of partners or stakeholders (SA-
LAZAR; LELAH; BRISSAUD, 2015).

One of the goals of the Functional Economy and PSS solutions is to offer complete so-
lutions so that users have their usage needs met when using the complete system. Therefore,
it is vital to consider the total user experience journey and include related elements such as
insurance, fuel, and maintenance. These are elements that the user would probably have to
search separately when purchasing a product, but the PSS provides all in the same service. This
idea is related to the concept of “bouquets” by Moati, Ranvier, and Sury (2006), which define
it as a commercial offer of a set of products or services which are complementary in producing
useful effects.

Although some authors consider that the environmental dimension of the Functional
Economy and PSS solutions are more a consequence than a prerequisite (BISIAUX et al., 2014),
many proposals allow improvements in environmental, social, and economic terms. Conside-
ring environment issues, these new solutions can present rebound effects, when the costs for
maintaining a product in a PSS are higher than the current selling of the product (SCHNEIDER,
2003). However, other environmental features can contribute to reducing the sale of indivi-
dual products to make the product available through a service, to be used by several users
in a shared way. Regarding the development of the local economy, as the systems demand
complete solutions, they require different suppliers with specific skills, which mobilize different
segments of the economy and can contribute to the generation of new jobs and opportunities.
Likewise, it allows valuing local suppliers to meet the demand in which the PSS is being offe-
red, strengthening the territory and the relationship between stakeholders (VEZZOLI; KOHTA-
LA; SRINIVASAN, 2014).

For Vezzoli, Kohtala and Srinivasan (2014), designing PSS that meet satisfaction needs
should consider the existence of socioeconomic stakeholders (with their skills and capabilities)
and the interaction that occurs between them (partnerships and interactions). It involves, the-
refore, understanding who the best partners are and how to place these interactions, in which
all stakeholders should be involved (KOTNAROVSKY et al., 2013). We went from the sale of a
product or service to the sale of a co-projected solution, which goes beyond a single exchange
logic, giving rise to a logic of co-production in situation (HUET; CHOPLIN, 2012).

Ceschin (2013) considers essential building a heterogeneous network of actors with
scientific, social, economic, political, and cultural links. For Cook (2014), PSS comprises pro-
ducts, services, human and non-human actors (artifacts), capable of incorporating their me-
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anings and values beyond functionality. This finding relates to the concepts of the Actor-Ne-
twork Theory, in which authors like Callon (1986; 1999), Latour (1994; 2005), and Law (1992)
consider this heterogeneous network of actors constituted by human and non-human agents.
The interactions between actors occur through translation and negotiation processes, allowing
the creation of solutions through cooperation, which considers issues of local economy and
territory (SALAZAR; LELAH; BRISSAUD, 2015).

Actor-Network Theory

The Actor-Network Theory (ANT) emerged from sociological studies of science in the
1980s, in works by authors such as Callon (1986), Latour (1994; 2005), and Law (1992). Law
(1992) states that the Actor-Network Theory is a set of theoretical and empirical writings that
treat social relations as network effects. What makes the theory so distinctive is that it consi-
ders networks as materially heterogeneous, in which agents, texts, devices, and architectures
are essential to social networks and therefore, should be analyzed under the same terms. For
this author, the focus of ANT approach is the concern with how actors and organizations mo-
bilize, juxtapose, and maintain the parts of which they are formed (LAW, 1992). The ANT as a
whole is complex and encompasses many elements, so we selected some considered most
relevant according to these research goals.

Callon (1999) ponders that it is the network interaction between different actors that
shapes the actors themselves and their motivations. During interactions, actors interact with
each other, make decisions, and act according to their interests, in constant negotiation pro-
cesses, when facing conflicts of interest with the actions of other actors. What is more impor-
tant is the network links, more than the actors themselves, and that this network interaction
is unstable and dynamic. The concepts of the Actor-Network Theory contribute to a practical
perspective, suggesting that projects are fragile organizations that depend on a constant and
collective translation process to align the actors’ interests with and within the project (FLORI-
CEL et al., 2014), considering both human and non-human actors (LATOUR, 2005; LAW, 1992).

Fallan (2008) introduces a relation of the architecture field with ANT, in which co-pro-
duction is essential. It is not just about building, but about coproducing architecture, both in
nature and culture (FALLAN, 2008). From the moment it is considered a social co-production,
architecture is no longer only the work of architects. Architects are essential actors in the ar-
chitecture production network, but they are just a group among many, as also the work of
engineers, contractors, consultants, bricklayers, carpenters, electricians, politicians, planners,
and users (FALLAN, 2008).

This understanding can be extended to the Design field. Henze, Mulder and Stappers
(2013) consider that increasing complexity in the development of Product-Service Systems goes
along with the concept of complex heterogeneous networks. The success of new strategies of
Functional Economy and PSS depends on the network of interrelations between different ac-
tors involved and their actions. This view can be complemented by Callon’s (1986) proposition
that the ability of some actors to obtain other actors (whether human beings, institutions,
or natural entities) to obey them depends on a complex network of interrelations in which
society and nature are intertwined. Hence, it is necessary to cover the complete life cycle of a
PSS development process, starting with understanding the users’ needs in generating product
service propositions, where the process is an accumulation of translations and transformations
(HENZE; MULDER; STAPPERS, 2013), which can result in solution-demand networks.

Solution-demand networks (S-DN)

To Callon (1999), one of the main points of ANT is that it assumes a radical indeter-
minacy of the actor. He points out that it is the network interaction of different actors that
configures the actors and their motivations, in a dynamic process that requires constant ne-
gotiations. Actors in networks make decisions and act according to their interests, in constant
interactions and discussions, as they face conflicts of interest with the actions of other actors.
However, these actions can neither be predicted nor predetermined; the future remains un-
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defined, being modified, and constructed as network relationships take place (CALLON, 1999).

These aspects of Actor-Network Theory can be related to the Functional Economy pro-
posal since it proposes a rupture with the presupposition of pre-existing needs so that initially,
it is not possible to identify the needs for the value of use of the consumers (GIDEL; HUET;
BISIAUX, 2016). In the Functional Economy, the consumers, as actors, do not know what use
value they need, and producers/suppliers cannot impose the answer to this need. Also, ex-
changing the sale of a product for a service that offers its functionality is an essential element
in the complex network of actors involved since they are the bridge between the solution de-
veloped by the producers-sellers, and the use function that is delivered and used by consumers
(CESCHIN, 2013; GOEDKOOP et al., 1999).

The success of new Functional Economy and PSS strategies depends on the network of
interrelations between different stakeholders (actors) and their actions. What the Functional
Economy proposes and is in line with the concepts of the ANT (CALLON, 1999), is that adapted
solutions will emerge from the interactions within the network between the different actors, in
a dynamic process of cooperation, constituting solution-demand networks. Solution-demand
networks can thus be defined as heterogeneous networks, formed by different actors (pro-
ducers, designers, and engineers, suppliers, traders, consumers, products, public and private
services...) which, through translation, negotiation, and cooperation processes, are articulated
around a common goal, by adapting a possible solution to meet a demand, or by the specifica-
tion of a possible demand for adaptation of a solution (GORTZ, 2017).

To summarize this section, Figure 1 illustrates a synthesis of the concepts discussed and
the relation between them.

Figure 1. Conceptual alignment of the theoretical basis.

e A
Consumption New production Functional Focus on Nsatin
problems and (- |and consumption|—+#| economy & (| functionand |- nee dsg
material crisis models PSS useful effects
E 4 J
v v
. )
Ownership Positive
changes, experiences
rebound effects
v
Y
Complete
solutions
—
v
(" =) ' N
Actor-Network Stakeholders PSS &
Theory networks Bouquets
\ 4 _ J
v v
 EEEEE—
Value created by
Heterogeneous :
co-creation and
networks ;
network cooperation
~—
v v
e )
Translation and : .
negotiation | ~So|u:lon-d;(mand
processes B )
2 /
‘Adapting a solution Specifying a demand
to meet a demand for adapting a solution

Source: developed by the authors (2021).

Next, we describe the procedures adopted to conduct this study.
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Methods

This study was conducted using a qualitative approach. The methodology applied (see
Figure 2) consisted of three steps: (1) systematic literature review for an initial survey of scienti-
fically indexed publications to identify the theoretical background; (2) next, for secondary data
analysis, we used the categorical and thematic analysis based on the content analysis method,
to propose a theoretical model; (3) this model was then applied to analyze the practical case of
Autolib and verify it as a solution-demand network in PSS.

Figure 2. Sequence of methodological procedures adopted for developing the study.
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Source: developed by the authors (2021).

Systematic literature review

The bibliographic survey was carried out based on a systematic literature review, sug-
gested by Denyer and Tranfield (2009) and Geraldi, Maylor e Williams (2011). We conducted a
preliminary bibliographic survey in May 2017, with the keywords Functional Economy, Product-
-Service Systems, Actor-Network Theory, and its combinations. We selected these terms by
performing keyword adherence tests. The research was carried at the international databases
of Science Direct, Scopus, and Web of Science, for their relevance to the research’s topic. The
survey raised publications within the last five years. Figure 3 illustrates the process of collec-
ting, screening, and selecting documents, since the 107 first records identified through databa-
se searching until the definition of the 40 studies included for analysis.

Figure 3. Filtering process applied to the systematic literature review.
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Source: developed by the authors (2021).
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Next, we performed the secondary data analysis by applying the method of Content
Analysis.

Content Analysis

The analysis techniques adopted in this study were based on the categorical and the-
matic analysis, based on the Content Analysis method and the contributions from Krippendorff
(2004) and Bardin (2011). Content analysis is a research technique for making replicable and
valid inferences from texts to the contexts of their use, considered one of the most important
research techniques in the social sciences (KRIPPENDORFF, 2004).

Although content analysis is predominantly qualitative in terms of results, it is an em-
pirical and mixed method involving quantitative and qualitative procedures. Quantitative pro-
cedures mostly consider the frequency of some aspects in the content, while the qualitative
approach observes the presence or absence of a characteristic or set of elements in a message
fragment (KRIPPENDORFF, 2004).

As a technique, content analysis involves specialized procedures (BARDIN, 2011), which
can be detailed in three phases: (1) pre-analysis; (2) content exploitation (coding and categori-
zation), and (3) results analysis and interpretation (see Figure 4).

Figure 4. Content analysis phases.
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Source: developed by the authors (2021).

The first phase of pre-analysis consists of the sample collection and organization. In this
study, it consisted of document gathering and critical reading to define the sample of seconda-
ry data. These procedures were conducted during the Systematic Literature Review.

The second phase of content exploitation, is characterized by coding techniques that
allowed us to categorize the content considering four groups:

e Context Categories: encompass the content as a whole, since they are broader and

directly related to the research objectives;

e Analysis Categories: subdivision of context categories into smaller parts to allow

analysis;

e Recording/coding units: words that explain the analysis categories and that can be

identified by quantitative (frequency and recurrence) and qualitative criteria;

e Context Units: phrase or fragment that explains the registration units, limiting the

information considered in the description of recording units.

In this study, the process of categorization for these four groups was conducted based
on quantitative and qualitative criteria. First, the context categories were defined based on
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the keywords of this research, as they are broader, contain smaller subdivisions, and represent
their context.

Next, to identify the analysis categories, the recording, and context units, we conducted
a quantitative and qualitative procedures for the 40 selected studies. The quantitative proce-
dure was carried out by determining the five most frequent words present in each article, thus
identifying the most cited words in all articles.

Next, we carried out a qualitative procedure based on reading the documents, consi-
dering expressions in common between different texts, which did not necessarily appear in
the word frequency. Subsequently, the words and expressions resulting from the quantitative
and qualitative surveys, within each category of context, were grouped, considering frequency,
recurrence, associations, and equivalences.

After this grouping, we set out to define the recording units and analysis categories. We
made several groupings and exclusions of the identified words, considering that the final cate-
gories come from the progressive regrouping of categories with a weaker generality (BARDIN,
2011). Table 1 presents the final analysis categories, which consists of the proposition of the
theoretical model.
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Table 1. Proposition of the final analysis categories and theoretical model.

development

Contex. Analys!s Retiordmg./ T
t categories categories coding units
Regarding ownership, PSS can be product-oriented,
User or Provider use-oriented, or result-oriented, which determines
whether is the user or the provider that holds the
Ownership product’s property (TUKKER, 2004).
The costs for maintaining a product in a PSS are higher
Rebound effects | than the current selling of the product by unexpected
side effects (SCHNEIDER, 2003).
A bouquet is a commercial offer of a set of products
and services, complementary in offering a particular
PSSand B t . ! . . .
andBouquets function, and complete solution to the situation of
use (HUET; CHOPLIN, 2012).
Complete - -
solutions Set of effects caused by the interaction between a
user and a product, which includes the degree to whi-
Experience ch all the senses are satisfied, the meanings that are
attributed to the product and the feelings and emo-
tions aroused (HEKKERT, 2006).
Creating experiences has the possibility to fill the
absence of ownership, so it is important to design
Functional  and | personally meaningful and positive experiences, de-
. Emotional signed to satisfy the functional and emotional needs
Meeting needs of consumers (DEMYTTENAERE; DEWIT; JACOBY,
(satisfaction) 2016).
Identify and emphasize the design functions of a
Use value product (material goods or services) that satisfy users
and provide their use value (MONT, 2002).
) Providers, com- | All the actors that form the stakeholder network that
S-DN in PSS . s
panies offer and maintain the PSS.
Customer, user All the actors that that will use the PSS.
Equipment and devices are essential for the interac-
Devices tion between the actors in the network to occur (CAL-
Heterogeneous LON, 1999)
Network It is the network interaction of different actors that
of Stakeholders configures the actors and their motivations, in a dy-
(actors) namic process that requires constant negotiations.
Cooperation, co- | During interactions, the actors interact with each
-production and | other, make decisions and act according to their in-
interaction terests, in constant processes of interactions, nego-
tiations and discussions, since they face conflicts of
interest with the actions of other actors (CALLON,
1999).
Local E . . .
ocd CONOMY | Actions to improve the local and regional economy.
Development
o Concerns with the territory, perceived as a multi-
Valorization  of . . .
. sectoral and multi-functional place for the meeting of
the Territory and
. several actors, centered on shared use value strate-
. social aspects .
Sustainable gies

Environmental
aspects

PSS are design strategies for sustainability, which aim
to integrate a system of products, services and com-
munication based on new forms of organization and
reconfiguration of the roles of consumers and other
stakeholders, sustainable medium and long-term ob-
jectives (VEZZOLI; KOHTALA; SRINIVASAN, 2014).

Source: developed by the authors (2021).
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At last, the third phase of content analysis corresponds to the analysis of the results,
performing the processes of description, inferences, and data interpretation. In this study, we
applied the theoretical model in Autolib’s practical case, to analyze the role of a solution-de-
mand network in the context of the Functional Economy.

Autolib Case Study

Autolib was a proposal of Functional Economy for the B2C market (the company serves
the final consumer), consisting of providing shared electric cars through a paid service. The
car-sharing system was developed to initially meet the city of Paris, by offering innovation in
urban travel and transforming the experience in cities, besides increasing mobility by reducing
the use of private vehicles and providing only one type of car to reduce environmental impact
(BISIAUX, 2015).

Dijk, Orsato and Kemp (2013) point out that the idea was to reduce the number of cars
parked on the streets, ease traffic jam, and reduce pollution. The project of the French com-
pany BlueSolutions, belonging to the Bolloré Group, launched in Paris in December 2011 and
complemented the city’s bike-sharing system called Vélib, which operated since 2007 (DIJK;
ORSATO; KEMP, 2013). The vehicle was called the Bluecar, a compact electric silver car that
held up to four people (ROE, 2017). Designed by Studio Pininfarina and developed by the Bollo-
ré group, the Bluecars were equipped with a maintenance-free battery, an onboard computer
connected to the operations center, and Michelin tires. The project was a car with low environ-
mental impact that met the needs of mobility within the city (BISIAUX, 2015).

Autolib’s car-sharing system was launched as a public-private partnership between the
Bolloré Group and the City of Paris. By engaging actors who were not used to collaborate befo-
re, public actors had to adapt their organizations to meet the new challenges of a car-sharing
system and develop new skills (TERRIEN et al., 2016). Thus, Autolib caused a rupture in exis-
ting public and private organizational structures by establishing new connections and creating
a hybrid organization, Autolib’Métropole, linking public and private sectors (TERRIEN et al.,
2016). However, when considering the integration of Autolib with the operating public trans-
port system, despite being integrated with the Vélib bike-sharing system, the idea remained
centered on the car as a dominant means of transport, with no compatibility with other means
of transport (HILDERMEIER; VILLAREAL, 2014).

Autolib’s service closed its activities on July 31, 2018, because of the high maintenan-
ce costs that made the service unfeasible (LAGADIC; VERLOES; LOUVET, 2019), as well as the
increasing complaints of users about the smell, lack of cleaning and maintenance, and the
number of depredated vehicles (HENLEY, 2014). Although the service was discontinued, it is
still internationally renowned as one of the best examples of an electric car-sharing scheme
and pioneering in the public electric car-sharing service (DODMAN, 2018).

Results

In order to identify the role of a solution-demand network in a PSS, we conducted the
analysis by comparing the five analysis categories defined by the theoretical model with the
practical case of Autolib. Next, we describe the findings for each analysis categories and its
respective recording units.

Ownership

Regarding the “Ownership” analysis category, we identified Autolib as a use-oriented
PSS, where ownership remains with the service provider, and usage rights are passed on to the
consumer, who is the temporary owner while driving the vehicle (TUKKER, 2004). In this way,
Autolib is a model that proposes temporary ownership, offering the primary function of mo-
bility through a shared car (SALAZAR; LELAH; BRISSAUD, 2015), without entailing the everyday
concerns of owning a vehicle, such as fuel costs, finding parking spaces, maintenance, and re-
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pair. In Autolib, these responsibilities are transferred to the provider and maintainer of the ser-
vice (VERVAEKE; CALABRESE, 2015). Besides, as a pay-as-you-go system, Autolib allows access
to individuals who previously could not afford to purchase a car, by offering access to mobility
at lower costs compared to the purchase of a private car (VEZZOLI; KOHTALA; SRINIVASAN,
2014). This can be noticed since Autolib attracted young users who often could not afford to
own a vehicle and found an opportunity in shared-use models (HENLEY, 2014).

Considering the “User or Provider” recording unit, we can highlight the concepts ex-
posed by Law (1992), that social relations are understood as network effects, and by Callon
(1999), who considers that it is the network interaction between different actors that shapes
the actors themselves and their motivations. In this sense, although the user-provider rela-
tionship is one of the most noticeable, we must consider all actors involved in this materially
heterogeneous network, which allowed the delivery of Autolib’s service to users as a PSS by
using a shared electric car.

Regarding the “Rebound Effects” registration unit, we can recall Callon’s (1999) argu-
ment that one of the main points of ANT is that it assumes a radical indeterminacy of the actor,
not based on any stable theory of actors. Actors in networks make decisions and act according
to their interests, in constant processes of interactions, negotiations, and discussions, as they
face conflicts of interest with the actions of other actors. However, these actions can neither
be predicted nor predetermined, being modified and constructed as dynamic network rela-
tionships take place (CALLON, 1999). Thus, although Autolib predicted possible damage and
sought to anticipate issues by positioning tax officials responsible for reporting the vehicle’s
conditions, it was not possible to predict the actions of all the actors in the network, and even
some actors that were not considered being part of the network. The reported cases of vanda-
lism, or of homeless people that managed to breach the Bluecars’ security lock and used the
vehicles to sleep (DODMAN, 2018) demonstrate the complexity of a network and how challen-
ging it can be to foresee and prevent issues.

Complete solutions

Concerning the analysis category “Complete Solutions,” although Autolib’s project was
to articulate with Vélib, the bike-sharing system already at use (DIJK; ORSATO; KEMP, 2013),
we consider that Autolib’s offer could be total if it was integrated with other means of urban
transport, such as subways and buses (HILDERMEIER; VILLAREAL, 2014). Thus, we ponder that
Autolib could have expanded the solution offered and the network of actors involved, since PSS
are understood as integrated systems of products, services, and stakeholders, referring both to
the system of products and services delivered to the consumer, as to regarding the system of
actors who produce and deliver this set (CESCHIN, 2013).

Considering the “PSS and Bouquets” registration units, we consider Autolib as a use-
-oriented PSS, as it aimed to offer the function of mobility within the city. In this sense, althou-
gh Bluecars had a speed limited to 130km/h, Autolib sought to meet the specific demand in
urban transport situation (HUET; CHOPLIN, 2012). To do so, the company was responsible for
maintenance and repairs, offered emergency service channels, and a 24-hour monitoring sys-
tem (VERVAEKE; CALABRESE, 2015).

Regarding experience, Autolib could be considered similar to most car-sharing offerings,
with some advantages: being able to use the service on the same day of subscription and pre-
-booking parking spaces for the return of the vehicle (ROE, 2017).

As we already pointed out, the success of new Functional Economy and PSS strategies
depends on the dynamic network relations between different stakeholders (actors) and their
actions. In this way, we can say that the network interaction between different actors can ge-
nerate adapted and complete solutions, through the processes of exchange and cooperation,
in the solution-demand networks. In some cases, the solution is tailored to meet a demand. In
others, the identification of a possible demand requires the construction and adaptation of a
solution (GORTZ, 2017).

In the case of Autolib, we understand that an existing solution, such as battery techno-
logy and electric car, has been adapted to meet a demand for urban mobility, improving the
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experience in the city. Although the electric car solution already existed before Autolib, the ser-
vice offered a differentiated and adapted solution for not requiring the purchase of the vehicle.
Before Autolib, most of the proposals of electric cars were for private use, through acquisition.
Moreover, car-sharing services, although not new, have so far offered conventional vehicles,
and Autolib was one of the first car-sharing companies to offer electric vehicles (DODMAN,
2018). Thus, in Autolib, the solution was adapted to make it more complete by assembling the
electric car and offering it in a complete PSS of car-sharing, allowing the use of cleaner cars and
improving urban mobility experience.

Meeting needs (satisfaction)

In relation to the analysis category of “Meeting needs (satisfaction)”, we consider that
Autolib proposed an innovative solution when offering the use of electric cars as a service
without requiring the acquisition and consumer’s high investment. As Henze, Mulder and Sta-
ppers (2013) point out, it is necessary to cover the complete life cycle of a PSS development
process, starting with understanding the users’ needs in generating product service propo-
sitions, where the process is an accumulation of translations and transformations, and the
ability of some actors to obtain other actors to obey them depends on a complex interrelations
network in which society and nature are intertwined (CALLON, 1986). Thus, it is essential to
understand the user’s true need, which in Autolib’s case was a demand for mobility in the city,
not for a car.

We reckon that Autolib had the potential to satisfy both the functional and emotional
needs of users by offering a mobility alternative within the city, combined with comfort, ease,
and safety. As Vezzoli, Kohtala and Srinivasan (2014) point out, the PSS design process should
broaden its approach, not only on functional issues but on satisfaction as well, shifting the
focus from a product to a broader system that satisfies a specific demand. Moreover, because
there were own stations for picking up and returning vehicles, a significant concern and incon-
venience of drivers in large cities were mitigated, in addition to the fact that the vehicle could
be returned in a different station from withdrawal (BISIAUX, 2015; ROE, 2017). Thus, it was a
proposal of satisfaction of mobility needs and transportation by offering services and products
that support and allow this access (SALAZAR; LELAH; BRISSAUD, 2015).

Other aspects such as easy access, use, and direction, functional, efficient and pleasant
design, search for less expensive solutions, contribute to emphasize the use value and the use-
ful effects (GIDEL; HUET; BISIAUX, 2016; HUET; CHOPLIN, 2012) of a car-sharing system such
as Autolib, constituting a PSS that worked and provided added value to the product life cycle
(VERVAEKE; CALABRESE, 2015).

Heterogeneous network of stakeholders (actors)

Regarding the “Heterogeneous network of stakeholders (actors)” analysis category, to
develop and implement of Autolib it was necessary to create partnerships and interactions by
different actors, each with competences, resources, and interests (DIJK; ORSATO; KEMP, 2013).
In this way, Autolib was a project that depended on a constant and collective translation pro-
cess to align the actors’ interests with and within the project (Floricel et al., 2014), considering
both human and non-human actors (LATOUR, 2005; LAW, 1992). The trajectory that led to this
electric car-sharing system was the result of 20 years of research and various alliances between
companies (VERVAEKE; CALABRESE, 2015), hiring people with complementary skills from outsi-
de the group (TERRIEN et al., 2016).

Autolib’s network consisted of both human and non-human actors (“Providers and com-
panies; Customer and user; Devices” recording units). We can identify that Autolib’s solution
came about through the interaction between different actors and moments: (i) the success of
the bike-sharing system; (ii) the development of LMP batteries that allowed the introduction
of appropriate technology; (iii) the involvement of different sectors and companies, which allo-
wed adapted solutions to be generated by interactions between different actors within the ne-
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twork in a dynamic process of cooperation, thus constituting solution-demand networks. Thus,
Autolib enabled the proposal of a solution-demand network (GORTZ, 2017), since Autolib’s
idea conception, to the verification of economic viability by the development of efficient bat-
teries for the demand, the partnership with different producers, until the acceptance of the
users to adhere to the model.

Moreover, considering the “Cooperation, co-production and interaction” recording unit,
we consider that Autolib has unleashed innovative and collaborative standards. This can be
identified by the way established automakers have collaborated with municipal administra-
tions to develop new business models around shared cars and electric cars (HILDERMEIER;
VILLAREAL, 2014).

Sustainable development

Regarding the “Sustainable Development” analysis category, we consider Autolib’s mo-
del was aligned with the sustainable principles of the Functional Economy and PSS proposals.
In economic terms, Autolib encouraged the creation of new jobs, by the demands of mainte-
nance, and as the model expanded to more cities, more local jobs were created. Also, it con-
tributed to regional economic growth by demanding skills from different partners and contri-
buting to the local economy development (VERVAEKE; CALABRESE, 2015; DIJK; ORSATO; KEMP,
2013; TERRIEN et al., 2016). Despite not being integrated with the urban transport system as a
whole (HILDERMEIER; VILLAREAL, 2014), Autolib allowed the creation of a public-private par-
tnership, bringing benefits to the private companies and also to the city of Paris (VERVAEKE;
CALABRESE, 2015; TERRIEN et al., 2016).

We understand that Autolib was also a proposal that sought to value the territory, while
seeking to reduce the impact of cars in cities, reducing the number of vehicles in circulation
and the amount of urban area intended for parking spaces. According to Drut (2015), collective
consumption is a fundamental characteristic of an efficient transportation system, considering
that the satisfaction of individual needs affects collective needs, for reasons such as congestion
and disputes for the use of parking spaces (DRUT, 2015). To do so, Autolib proposed to contri-
bute to better planning and use of urban space (ROE, 2017).

Regarding social aspects, in addition to providing more employment opportunities for
the local population, Autolib’s proposal covered the opportunity to access a vehicle, at low
cost, especially for the younger public, which is often unwilling to purchase a vehicle, not only
because of high initial investment but also because of maintenance, fuel and parking expenses
(HENLEY, 2014).

Regarding environmental aspects, Goedkoop et al. (1999) consider that car-sharing sys-
tems can have as positive effects the reduction of the number of cars needed to meet the
demands of mobility, which also implies the reduction of areas destined for parking and re-
duction of the number of cars to be produced, maintained and available. Autolib also aimed
to contribute to the reduction of atmospheric pollution and carbon emissions, as well as noise
pollution in large cities (BISIAUX, 2015). Also, in the Bluecars design, development, and pro-
duction, critical environmental issues were considered, such as (i) the use of materials with
less risk of depredation, (ii) use of metal’s own color to avoid painting, and (iii) development of
components with extended durability.

Analysis synthesis

As pondered by Callon (1999), during the network interactions, actors interact with each
other, make decisions and act according to their interests, in constant negotiation processes,
when facing conflicts of interest with the actions of other actors. Thus, we consider that in
Autolib’s network, the relationship between human actors worked well until a moment. As
soon as some actors began not to see more advantages, such as the city of Paris that wanted to
leave the partnership, even with the negotiation actions of the other actors, it was not possible
to maintain the network.

We can also ponder that the network dynamic was not enough to go beyond conflicting
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relationships among certain stakeholders. If there were attempts to strengthen and approach
the links and attachments with other transport operators and even between the relation of
provider and users, there could be a chance of keeping the relationship between public insti-
tutions and the Bolloré group. This shows the relevance of network relationships among the
different stakeholders involved and that we cannot take any actor for granted.

Therefore, although Autolib’s activities were closed in July 2018, we consider that it
was a good example of future solutions of PSS within the urban context. Autolib’s case rein-
forces the importance of regarding beyond technical and functional issues, and consider the
relationship between different stakeholders involved, which can contribute to the success or
failure of a PSS solution. We summarized the analysis findings in Table 2, which demonstrates
how the five analysis categories proposed by the theoretical model were identified in Autolib’s
PSS model.

Table 2. Theoretical model applied to Autolib’s case.

Analysis

. Recording units Application on the Autolib case
categories

The user was the temporary owner while driving the
User or Provider car, but the permanent ownership was of the com-
pany that provides the service (use-oriented PSS).

There were employees at the stations to supervise
and prevent the vehicles from being depredated.
Rebound effects There were records of cases of vandalism. When the
user bumped the car, he/she should pay a fee, and if it
was recurring (3x), the account was suspended.

Ownership

User oriented PSS model: the service was offered to
the user through the Bluecar (product), which provid-
ed the function of meeting the demand and mobility
Complete solutions needs in the city.

Similar to car-sharing offers, with the proposition to

Experience improve the experience in cities. Issues to be impro-
ved (interface and usability.

PSS and Bouquets

Functional and Emo- | Functional: Meets transportation and mobility needs.

Meeting needs (satis- tional Emotional: Offers comfort, practicality, security.

faction)

Use value Mobility offer as use value.

Partnership between several suppliers: tires, battery,
Providers, companies | monitoring system, design, production, public-private
partnership.

- - -
Heterogeneous Net- | customer user Anyone with a driver’s license, document and credit
7

work card can use the system.
of Stakeholders (ac- | Devices The car itself, 24h monitoring system, computer, GPS.
tors)

Development of the offer together with different sup-
pliers, each with its own competencies and interests.
Constant interaction between partners for enhance-
ments.

Cooperation, co-pro-
duction, and interac-
tion
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New jobs created, and partnerships with several com-
panies to offer the service as a whole. Regional eco-
nomic growth.

Local Economy Devel-
opment

Concern in reducing impacts caused by vehicles in
Valorization of the | the city. Proposition to complement other means
Territory and social as- | of transport, such as bike-sharing (Vélib), but lacks
pects greater integration with other means, such as sub-
ways, buses.

Sustainable
development

Proposal to reduce atmospheric and noise pollution,
Environmental aspects | reduce carbon emissions and fuel consumption. Com-
ponents with longer durability.

Source: developed by the authors (2021).

Therefore, after conducting the analysis, we observe that the role of solution-demand
networks in PSS solution occurs in five distinct key points, which must be considered with their
respective characteristics. The comprehension of these five elements contributes to unders-
tanding how to improve the relationship between actors, (both human and non-human). Thus,
interactions could be more collaborative, cooperative, and contribute to the continuity and
maintenance of the PSS solution-demand network.

Conclusion

This study aimed to analyze the role of solution-demand networks in the context of the
Functional Economy. By conducting a systematic literature review and content analysis, we
proposed a theoretical model which was applied to the case of Autolib. We observed that the
role of solution-demand networks in PSS solution occurs in five distinct key points: (1) Owner-
ship; (2) Complete solutions; (3) Meeting needs (satisfaction); (4) Heterogeneous Network of
Stakeholders (actors); and (5) Sustainable development.

We consider that Autolib functioned as a solution-demand network during its shaping
and operation period, by adapting an existing solution (the electric vehicle) to a specific de-
mand (access to mobility and not the purchase of a car). However, the closure of the Autolib
service can also be associated with the dismantling of this solution-demand network initially
formed. As the service grew, the number of users registered on the platform increased, but
the number of vehicles made available did not increase in the same proportion, which caused
the dissatisfaction of many customers. In addition, the lack of vehicle’s maintenance resulted
in dirty and damaged cars. With the growing dissatisfaction and complaints about the service’s
quality the city of Paris decided to end its public-private partnership, which also affected the
group that operated the service. Thus, the solution offered by Autolib was no longer seen as an
economically viable solution to meet the demand for mobility in the urban context.

We emphasize the relevance of the role of all actors involved that enabled the creation
and implementation of the system. Through processes of translation and interactions, Autolib
was made possible, and also implemented to improve city experience. However, networks are
also dynamic and depend on the commitment and motivation of all involved actors, whether
human or non-human. Even with competent actors with different abilities, the network may
not be established and continue, for the different interests of the actors, which may change.
That is why it is essential to carry out constant analyzes to understand the working of the ne-
tworks.

We understand that the use of secondary data only was a limitation to this study, and
therefore we suggest the continuity of this research by conducting surveys also with primary
data. This study can also be expanded to other examples of PSS, in order to apply the theoreti-
cal model and analyze SD-N on other practical cases.
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Therefore, the comprehension of the five key points in a solution-demand network can
help us understand how to improve the interaction among stakeholders, so that it is more
collaborative, cooperative, and benefiting to all actors involved. These five key points should be
considered when designing new PSS solutions, or used as a way to analyze and improve alre-
ady working PSS. How these five aspects are present (or not) in an PSS solution can help us to
understand how the relationship between stakeholders takes place, in addition to contributing
to the diagnosis of what needs to be changed or improved, to ensure its continuity and avoid
that the network is dissolved.

Acknowledgments

We thank the Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior (Capes-
-Brasil), the institution that contributed with part of the authors of this paper, contributing to
the evolution of this research.

References
BAKKER, Conny et al. Products that go round: exploring product life extension through design.
Journal of Cleaner Production, [s.l.], v. 69, p.10-16, abr. 2014.

BARDIN, Lawrence. Andlise de contetido. Sdo Paulo: Edi¢des 70, 2011.

BISIAUX, Justine. La transition vers I'innovation soutenable pour les entreprises industrielles:
une approche par les business models: application au domaine du génie industriel. 2015.
267 f. Tese (Doutorado) - Ecole Doctorale N°71 Sciences Pour L'ingénieur, Laboratoire Costech,
Université de Technologie de Compiegne, Compiégne, 2015.

BISIAUX, Justine et al. How functional economy would be an environmental economy? Mode
of endogenization of environmental issues in functional economy. 2014 International Confer-
ence on Engineering, Technology And Innovation (ICE), [s.l.], p.1-10, jun. 2014. IEEE.

BUCLET, Nicolas. Concevoir une nouvelle relation a la consommation : I'économie de Fonction-
nalité. Annales des mines-Responsabilité et environnement, Eska, p.57-66, 2005.

CALLON, Michel. Some elements of a sociology of translation: domestication of the scallops
and the fishermen of St Brieuc Bay. In: LAW, John. Power, action and belief: a new sociology of
knowledge? London: Routledge, 1986, p.196-223.

CALLON, Michel. Actor-Network Theory—The Market Test. The Sociological Review, [s.l.], v.
47,n.1, p.181-195, maio 1999. SAGE Publications.

CESCHIN, Fabrizio. Critical factors for implementing and diffusing sustainable product-Service
systems: insights from innovation studies and companies’ experiences. Journal of Cleaner Pro-
duction, [s.l.], v. 45, p.74-88, abr. 2013.

COOK, M. Fluid transitions to more sustainable product service systems. Environmental Inno-
vation and Societal Transitions, [s.l.], v. 12, p.1-13, set. 2014.

DEMYTTENAERE, Klara; DEWIT, Ivo; JACOBY, Alexis. The Influence of Ownership on the Sustain-
able Use of Product-service Systems - A Literature Review. Procedia Cirp, [s.l.], Elsevier BV, v.
47, p.180-185, 2016.

DENYER, David; TRANFIELD, David. Producing a systematic review. In: BUCHANAN, D. A.; BRY-
MAN, A. (ed.). The SAGE handbook of organizational research methods. Los Angeles: Sage
Publications, 2009. p. 1-12.



Revista Humanidades e Inovagdo v.8, n.57

Humanidades
&’ Inovacao

DIJK, Marc; ORSATO, Renato J.; KEMP, René. The emergence of an electric mobility trajectory.
Energy Policy, v. 52, p. 135-145, 2013.

DODMAN, Benjamin. Few bikes and no cars to share: paris’s summer of discontent. Paris’s
summer of discontent. 2018. Available in: https://www.france24.com/en/20180731-france-
liberty-paris-bikes-cars-share-autolib-velib-rent. Acessed in: May 29, 2020.

DRUT, Marion. A Note on Adaptive Function-Based Models: The Case of Mobility. Journal of
Economic Issues, [s.l.], v. 49, n. 4, p.1124-1133, 2 out. 2015. Informa UK Limited.

FALLAN, Kjetil. Architecture in action: Traveling with actor-network theory in the land of archi-
tectural research. Architectural Theory Review, [s.l.], v. 13, n. 1, p.80-96, abr. 2008. Informa
UK Limited.

FLORICEL, Serghei et al. Extending project management research: Insights from social theories.
International Journal of Project Management, [s.l.], v. 32, n. 7, p.1091-1107, out. 2014. Else-
vier.

GERALDI, Joana; MAYLOR, Harvey; WILLIAMS, Terry. Now, let’s make it really complex (compli-
cated). International Journal Of Operations & Production Management, [s.l.], v. 31, n. 9, p.
966-990, 23 ago. 2011. Emerald.

GIDEL, Thierry; HUET, Frédéric; BISIAUX, Justine. Functional analysis and functional economy:
close and yet so far? In: VENTURA, Anne (Org.). Challenges of functionality for Eco-Design,
Crossed visions of functionality from various disciplines. Paris: Presses Des Mines, 2016. p.
39-48.

GOEDKOOP, Mark Jacob et al. Product Service Systems, ecological and economic basics. Report
No. 1999/36, submitted for Dutch Ministries of Environment (VROM) and Economic Affairs
(EZ), 1999. Available in: https://www.researchgate.net/publication/293825611_Product_Ser-
vice_systems_Ecological_and_Economic_Basics. Acessed in: May 29, 2020.

GORTZ, Manuela. O Design Emocional nas redes de solugao-demanda da Economia da Fun-
cionalidade. 2017. 228 f. Dissertagdo (Mestrado em Tecnologia e Sociedade) — Programa de
Pds-Graduagdo em Tecnologia e Sociedade, Universidade Tecnoldgica Federal do Parand, Curi-
tiba, 2017.

HEKKERT, Paul. Design aesthetics: Principles of pleasure in product design. Psychology Science,
48, 157-172. 2006.

HENLEY, Jon. Electric ‘Boris cars’ are coming to London: how do they work in paris?. how
do they work in Paris?. 2014. Avaiable in: https://www.theguardian.com/cities/2014/jul/09/
electric-boris-car-source-london-how-work-paris-autolib. Accessed in: May 29, 2020.

HENZE, Lilian; MULDER, Ingrid; STAPPERS, Pieter Jan. Understanding networked collaboration:
Fields and patches of interactions. 2013 International Conference On Engineering, Technology
And Innovation (ice) & leee International Technology Management Conference, [s.l.], p.1-8,
jun. 2013. IEEE.

HILDERMEIER, Julia; VILLAREAL, Axel. Two ways of defining sustainable mobility: Autolib” and
BeMobility. Journal of Environmental Policy and Planning, [s.l.], v.16, n. 3, p. 321-336, 10 fev.
2014. Informa UK Limited.



Revista Humanidades e Inovagdo v.8, n.57

Humanidades
&’ Inovacao

HUET, Frédéric; CHOPLIN, Hugues. L'economie de fonctionnalite comme economie de coope-
raction: le cas du developpement de logiciels. Projectics / Proyéctica / Projectique, [s.l.], v. 11,
n.2,p.111-122, 2012. CAIRN.

KRIPPENDORFF, Klaus. Content Analysis: An Introduction to Its Methodology. 2. ed. Thousand
Oaks: Sage Publications, 2004.

KOTNAROVSKY, Grégory et al. Functional economy: Pertinence of principles for an energy ef-
ficiency program. International Journal of Energy, Environment and Economics, Moret-sur-
Loing, France, v. 21, n. 4, p. 303-322, 2013. Nova Science Publishers.

LAGADIC, Marion; VERLOES, Alia; LOUVET, Nicolas. Can carsharing services be profitable? A
critical review of established and developing business models. Transport Policy, [s.l.], v. 77,
p.68-78, maio 2019. Elsevier BV.

LATOUR, Bruno. On technical mediation. Common Knowledge, v. 3, n. 2, p. 29-64, 1994.

LATOUR, Bruno. Reassembling the Social: An Introduction to Actor-Network-Theory. Oxford:
Oxford University Press, 2005.

LAW, John. Notes on the theory of the actor-network: ordering, strategy, and heterogeneity,
Systems Practices, n2 5, p. 379-393, 1992.

MACHADO JUNIOR, Wilton Antonio et al. Teoria Ator-Rede e Design: relages culturais e ter-
ritoriais na construgdo de artefatos cerdmicos com a técnica de raku na cidade de Cunha/Sao
Paulo. Revista Humanidades e Inovagao, Palmas, v. 7, n. 3, p. 20-37, 2020.

MOATI, Philippe; RANVIER, Martial; SURY, Rodolphe. Des bouquets pour répondre globale-
ment aux besoins des clients: éléments pour I'analyse économique d’une nouvelle forme d’or-
ganisation des marchés dans le régime postfordien. Paris: Credoc, 136 p., 2006.

MONT, Oksana. Clarifying the Concept of Product Service-Systems. Journal of Cleaner Produc-
tion, [s.l.], Elsevier BV, v. 10, p.237-245, jan. 2002.

ROE, Jae-seung. Exploring an ideal car club design from a user’s perspective. 2017. 320 f. Tese
(Doutorado em Filosofia) - Royal College of Art, Londres, 2017.

SALAZAR, C.; LELAH, A.; BRISSAUD, D.. Eco-designing Product Service Systems by degrading
functions while maintaining user satisfaction. Journal of Cleaner Production, [s.l.], v. 87, p.452-
462, jan. 2015. Elsevier BV.

SCHNEIDER, Francois. Leffet rebond. L'ecologiste, [s.|.], v. 4, n. 3, p.45-48, out. 2003.

STAHEL, Walter R. The functional economy: cultural and organizational change. In: Richards
(Ed.), The Industrial Green Game. National Academy Press, Washington DC, 1997. Available
in: http://www.ijpe-online.com/EN/10.23940/ijpe.05.2.p121.mag. Acessed in: May 29, 2020.

TERRIEN, Carla et al. Good practices for advancing urban mobility innovation: A case study
of one-way carsharing. Research in Transportation Business & Management, v. 20, p. 20-32,
2016.

TERTRE, Christian du. Economie de la fonctionnalité, développement durable et interriennova-
tions institutionnelles, in Heurgon E., Landrieu J. (dir.), 'économie des services pour un déve-
loppement durable, Paris, L'Harmattan, collection Prospective, essais et recherche, p. 241-255.



Humanidades

& Inovacao

2011.

TUKKER, Arnold. Eight types of product—service system: eight ways to sustainability? Experi-
ences from SusProNet. Business Strategy And The Environment, [s.l.], v. 13, n. 4, p.246-260,
jul. 2004. Wiley-Blackwell.

VERVAEKE, Monique; CALABRESE, Giuseppe. Prospective design in the automotive sector and
the trajectory of the Bluecar project: An electric car sharing system. International Journal of
Vehicle Design, v. 68, n. 4, p. 245-264, 2015.

VEZZOLI, Carlo; KOHTALA, Cindy; SRINIVASAN, Amrit. Product-Service System Design for Sus-
tainability. Sheffield: Green Leaf Publishing, 2014. 502 p.

Recebido em 29 de maio de 2020.
Aceito em 25 de agosto de 2021.



