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ABSTRACT

Product-Service Systems (PSS) have been discussed as promising business models to redirect the contemporary production
and consumption patterns towards sustainability. However, the research on PSS is mostly dictated by theoretical works and
more empirical investigations are needed. Additionally, empirical studies that compare PSS solutions situated in different
contextual conditions are required. This paper aims to analyze two use-oriented bike-sharing systems with sustainability
potential in order to contribute to PSS empirical body of knowledge. A PSS located in a developed country and another one
available in an emerging economy were selected to be investigated. A qualitative analysis was carried out considering the
contextual conditions of each solution: PSS elements, sustainable business models components, and sustainability potential,
based mainly on secondary data. The results confirmed that these PSS models can provide environmental, economic, and
social benefits. The analysis and comparison between the solutions also demonstrated differences in both systems such as
integration with other transportation modes and renewable energy usage that may affect customer acceptance and PSS
sustainability performance. Customer behavior, acceptance and satisfaction need further study. Understanding the real
factors that motivate customers to use a bike-sharing system in different contexts can be useful in efforts to spread its future
adoption.
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1. INTRODUCTION

A sustainable product-service system (PSS) can be defined
as “an offer model providing an integrated mix of products
and services that are together able to fulfill a particular
customer demand (to deliver a ‘unit of satisfaction’), based
on innovative interactions between the stakeholders of
the value production system (satisfaction system), where
the economic and competitive interest of the providers
continuously seeks environmentally and socio-ethically
beneficial new solutions” (Vezzoli et al., 2015, p.2). PSS are
innovative business approaches that shift the traditional
business focus from selling only physical products (e.g. a
washing machine) to selling a mix of products and services
(e.g. cleaning services) that are jointly capable of fulfilling
specific consumers’ needs (‘clean clothes’) (Unep, 2015).
When rightly designed, a PSS business model can increase
resource efficiency, either as a product is used by several
users, or as product longevity and resource efficiency are
optimized through design and maintenance regimes, and
through obsolescence plans (Overholm, 2015). PSS have
been widely discussed as promising approaches to drive
the current production and consumption patterns towards
sustainability (Ceschin, 2013).

Product-service systems have become a popular subject
and a wide range of research in the PSS and sustainability
fields have been developed (Tukker, 2015). With a focus
on a ‘satisfaction-based’ economy, PSS offers the potential
for generating win-win solutions that promote profits,
environmental and social benefits for low- and middle-
income contexts with less economic possibilities (Unep,
2002; Ceschin, 2014; Chou et al.,, 2015). Nevertheless,
although PSS is discussed as a promising solution to low-
and middle-income contexts, those solutions have been
mainly studied and implemented in developing economies.
Therefore, a research gap exists regarding how PSS business
models may provide social benefits in low and middle-
income contexts in addition to the environmental and
economic ones, as emphasized by literature (e.g. Vezolli et
al., 2015).

In fact, PSS research is still dominated by theoretical
work and more empirical investigations are necessary to
contribute to the PSS theory-building (Beuren et al., 2013).
Empirical investigations are also required to help identify the
multiplicity of PSS solutions and their associated strategies
and practices (Cook, 2014). Moreover, there are only a very
few contributions that compare two or more PSS cases
located in different countries, but it is necessary to study
PSS solutions located in distinct contexts in order to avoid
the creation of results that are applicable specific for one
culture (Boehm and Thomas, 2013).

In this sense, this paper aims to analyze and to compare
two PSS solutions. One is located in a developing country
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(Brazil) and the other one in a developed economy (France).
The PSS solutions under study consist of bike-sharing
systems, an effective alternative to sustainable mobility,
since in the move towards sustainable consumption and
production patterns mobility is one of the priority areas
(Zhang et al., 2015). The goal is to contribute to the body
of knowledge by investigating and comparing two solutions
operated in different contexts, which is still little discussed
in the literature. Specifically, the purpose is to contribute
to literature by identifying convergent aspects, the main
differences concerning PSS implementation, the elements
of this type of PSS as a sustainable business model, and to
analyze the sustainability potential of both PSS solutions.

The remainder of this paper is structured as follows.
After this introduction, next section presents a literature
review by briefly covering PSS and sustainability issues as
well as bike-sharing systems. The third section presents
the research design in addition to the procedures adopted
for data collection. The fourth section discusses the main
results of the analysis and comparison of PSS solutions and,
finally, concluding remarks are drawn in addition to some
insights for future work.

2. LITERATURE REVIEW ON PSS

A PSS can be viewed as a business model (Boehm et
Thomas, 2013; Overholm, 2015; Tukker, 2015). As a value
proposition model, with emphasis on customer satisfaction
by providing functions, PSS has four key elements (Mont,
2004): (i) products; (ii) services; (iii) actors network, and (iv)
infrastructure. The products are the tangible artifacts of the
system. The services cover all operations that make products
available and support the products management during
the use phase and end of life phase of the PSS life cycle.
The network of actors includes all stakeholders involved to
produce and to deliver the offer, including the partnerships
and interactions between them. The infrastructure involves
the existing collective and private systems to provide the
delivery of the PSS offer.

PSS business models can be classified in different ways.
The most discussed classification of PSS types in the literature
is the one provided by Tukker (2004), which distinguish three
main PSS categories: (i) product-oriented, (ii) use-oriented,
and (iii) result-oriented. According to this classification, in the
first main category (product-oriented), the business focus is
on the sale of products with some extra services. In the use-
oriented category, the traditional product still plays a central
role, but it stays in ownership with the provider. It is made
available in different ways, like sharing, leasing, and pooling
schemes. In the last category (result-oriented services), the
customer and the provider agree on a result; there is no pre-
determined product involved. It also has been argued that
different PSS categories could have different environmental
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potential, with result-oriented services having the greatest
potential for environmental improvements (Tukker, 2004;
Tukker, 2015).

Concerning PSS sustainability potential, the literature has
been discussing a wide range of environmental, economic,
and social benefits that PSS solutions can provide. In the
economic dimension, PSS can potentially improve the
competitiveness of the companies involved in producing
and delivering the offer (Ceschin, 2014). A PSS offers the
opportunity to decouple economic success from material
consumption and hence reduce the environmental impact
of economic activity (Baines et al., 2007). The environmental

benefits of PSS are related to the fact that there is a potential
economic and competitive incentive for the stakeholders
involved in the PSS offer to optimize the material and energy
consumption (Ceschin, 2014). Table 1 summarizes the
main PSS sustainability benefits discussed in the literature,
involving the three sustainability dimensions.

Despite the numerous sustainability benefits that can be
generated by these business models, the implementation
of PSS solutions remains an important research gap (Reim
et al., 2015). Although PSS literature is expanding, there
is concern that sustainable PSS has still not been widely
implemented and diffused, because these new solutions

Table 1. PSS sustainability benefits

Sustainability

> . Benefits
dimension

References

Reduction of products manufactured by the introduction

of alternative usage scenarios

Materials and energy consumption optimization

Resources usage optimization

Extension of the products life cycle through adding

. services such as maintenance
Environmental

Intensive use of products through sharing schemes

Use of more advanced and efficient technologies with

lower environmental impacts

Waste reduction

Production and consumption patterns reorientation

Market opportunities and strategic positioning

Economic

Customer loyalty

Customers access to products previously inaccessible by

acquisition

Added value for consumers by satisfying their needs with
functions without having to purchase the products

Improving the life quality by providing solutions focused

on the needs and in the value delivered

Increasing in customers satisfaction by their involvement

in the offer development and customization
Social

economic possibilities

Customers’ education and
production and consumption patterns

Jobs creation

New business opportunities for the local community

Focus on local economy

Cost reduction through less use of materials and energy

Beuren et al. (2013)

UNEP (2002), Vezzoli (2007), Bocken et al. (2014)

Baines et al. (2007), Vezzoli (2007), Bocken et al. (2014)
UNEP (2002), Vezzoli (2007), Bocken et al. (2014)
Vezzoli (2007)

Mont (2004), Vezzoli (2007)

Baines et al. (2007)

Ceschin (2013)

Goedkoop et al. (1999), UNEP (2002), Baines et al.
(2007), Ceschin (2014)

Baines et al. (2007)

UNEP (2002)

Mont and Tukker (2006)

UNEP (2002), Ceschin (2014)

Tukker and Tischner (2006), Ceschin (2014)

Tukker and Tischner (2006); Ceschin (2014)

PSS offers are more accessible to consumers with few

UNEP (2002), Vezzoli et al. (2015)

reorientation of current

Mont (2004), Bocken et al. (2014)

UNEP (2002); Bocken et al. (2014)
Tukker and Tischner (2006), Ceschin (2014)

UNEP (2002), Tukker and Tischner (2006), Vezzoli (2007)




challenge the existing consumption and production
patterns (Ceschin, 2013). The identification and discussion
of empirical examples and operational tactics can provide
more information to companies that are in the transition
and implementation of PSS solutions (Reim et al., 2015).
In this sense, multiple case studies that exploit empirically
PSS solutions are needed (Cook, 2014), because empirical
research can allow to identify practices and emerging
standards (Meredith, 1998), which are important for PSS
theory-building. Moreover, the successful implementation
of a PSS is highly dependent on the culture in which it will
operate (Ceschin, 2014). Empirical studies comparing similar
solutions in different contextual and cultural conditions such
as those discussed in this paper are important for identifying
aspects of PSS implementation in different contexts.

In this sense, PSS empirical investigations may
contribute to PSS theory development and to improve new
methodologies and operational solutions (Beuren et al.,
2013). It is useful, therefore, to investigate existing cases
to help better understand how PSS can be designed and
implemented in order to facilitate customer acceptance
and satisfaction. In fact, PSS empirical studies have been
revealing diverse PSS designs and practices, each embedded
in their own trajectories and institutional arenas (Cook,
2014) which are very important to theory development. The
following section discusses bike-sharing systems, the PSS
business model that is explored in this paper.

2.1 An Overview of Bike-Sharing Systems

A move towards sustainable mobility represents an
increase in access to environmentally sustainable transport,

ﬁ:ﬁf 1 P

especially for communities with a high percentage of low-
income households (Zhang et al., 2015). Considering the
urban scale, mobility is one of the challenges that should
be addressed and improved for a better quality of life for
population (Keskin, 2006). Bike-sharing programs have
emerged as an innovative approach to a growing number of
cities (Fishman et al., 2014). In recent years, bike-sharing has
become popular in the world (Tran et al. 2015). Bike-sharing
is a convenient and ‘green’ transportation mode and,
therefore, plays an important and complementary role in the
comprehensive transportation system (Zhang et al., 2015).
They can provide many benefits such as flexible mobility,
pollution emissions reduction, physical activity benefits,
reduced congestion and fuel use, individual financial savings
and support for multimodal transport connections (Fishman
etal., 2015).

Brazilian Journal of Operations & Production Management
Volume 13, Namero 3, 2016, pp. 264-275
DOI: 10.14488/BJOPM.2016.v13.n3.a4

Bike-sharing systems can be classified as use-oriented
PSS solutions (according to Tukker, 2004 classification).
The service provider retains the ownership in this PSS
configuration and the customer purchases the use of the
product/system over a given period or units of service
(zhang et al., 2015). These systems may allow environmental
impacts minimization, due to considerably more intensive
use or prolonged life of capital goods used in the system
(Tukker, 2004). A system map is illustrated in Figure 1, which
provides an overview of bike-sharing systems operation
and elements involved in the offer. The main product of the
system is the bicycle, and the main service is the provision
of bicycles for transportation purposes. The other system
elements will be discussed in details concerning each PSS
solution analyzed in section 4.

City hall Financing agents
Walking o . . :
@ Bicycles  Riding Riding  Bicycles Walking i
station station .
=4 -
A RENIRE ]
: Customer E
. home ia
® @ O
n n u u .. L L RN .
00 |
Maintenance Service Manufacturer
Provider
- -
o e B
flows flows flows

Figure 1. Bike-sharing system map
Source: Developed by the authors based on systems operations
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However, although bike-sharing programs have existed
for almost half a century, only in the recent decade the
prevalence and popularity of these systems has increased
(Fishman et al., 2014). In this sense, due to the popularity
and the sustainability potential of this type of PSS,
performing empirical studies that investigate the operational
practices associated with these business models and their
sustainability potential may be useful to PSS theory-building.
Next section presents the research methods adopted to
analyze and compare the PSS solutions under study.

3. RESEARCH DESIGN

This paper reports on the results of an explorative and
qualitative study involving two business to consumer
(B2C) PSS solutions, since knowledge and experience
regarding PSS business models, are still limited (Beuren et
al., 2013). Starting from a literature review in the subject,
two PSS solutions were selected due to its sustainable
potential and relevance as initiatives to expand sustainable
transportation opportunities. These solutions are business
models in expansion in many countries and cities around
the world (Keskin, 2006) and they represent one of the
most popular types of product-service systems discussed
in the literature. In addition, similar to the work performed
by Keskin (2006), both solutions were chosen according
to their innovativeness in terms of products and services
and organizational schemes, and according to each
system location, to demonstrate the development and

and, therefore, they were selected in order to compare the
main differences according to each economy reality.

To analyze and compare both PSS solutions, it could be
useful to view a bike-sharing system through some lenses.
Thus, these PSS solutions were analyzed considering the
following aspects: (i) PSS conceptual elements (mainly
products and services); (ii) sustainable business models
elements, according to the sustainable business model
framework (Figure 2) proposed by Bocken and Short (2015)
and (iii) PSS sustainability potential, concerning some
sustainability aspects discussed in the literature (Table 2).

Table 2. Sustainability aspects considered to analyze the bike-sharing

systems
Sus.talnal_nhty Aspects References
dimension
Greenhouse gases
emission Manzini and
Efficient use of Vezzoli (2003)
resources
: Energy
Environmental consumption Omman (2003)
Partidario et al. (2007)
Efficient Lee et al. (2012)
transportation Hu et al. (2012)

Omman (2003)
Lee et al. (2012)
Hu et al. (2012)

Health and safety

the sustainability potential of bike-sharing systems within Social Mont (2004)
contrasting contexts (one located in a developed country Consumer Devischer and Mont (2008)
and the other in an emerging economy) which is still scarcely acceptance Huet al. (2012)
discussed in the literature. One of the bike-sharing systems Armstrong et al. (2015)
under study is located in Brazil (refer to Mobilicidade, 2014) Omman (2003)
and the other one in France (refer to Vélib’, 2014); the latter Added value Devischer and Mont (2008)
is one of the largest in the world and may be considered as Economic Hu et al. (2012)
a ben.chmark‘. This type of bus.iness model is prorr.ﬂsing for Competitiveness Omman (2003)
both industrialized and emerging contexts (Ceschin, 2014)

Value proposition Value creation & delivery Valuo capture

1. Product/service,
2. Customer segments and

4, Activities,
5. Resources,

- —_ G Dt ek eotiels, incl. environment & society.
3. Value for customer, society, 7. Partners and suppliers, 11' Growth stateaviethos >
and environment 8. Technology and product ’ ey
features
What value is provided and to How doe; the campa;g: make
Sihaie How is value provided? money and capture other forms
' ' of value?

9. Cost structure & revenute
streams,
10. Value capture for key actors

Figure 2. Sustainable business model framework.
Source: Bocken et Short (2015)



To collect data, on-site observations were performed, and
secondary sources were also used (e.g. other publications
about the systems available in the literature, information
from service providers’ website, and informal visits to
the one in Paris). Firstly, an overview of both systems and
contextual conditions were carried out and PSS conceptual
elements were analyzed. Afterwards, the structure of
bike-sharing systems as sustainable business models was
described using the framework proposed by Bocken et
Short (2015). Finally, an analysis concerning aspects in the
three sustainability dimensions was carried out to compare
both PSS and some similarities and differences between the
systems were discussed. Next section presents the main
results of bike-sharing systems analysis and comparison.

4. RESULTS AND DISCUSSION

Bike-sharing systems are solutions with potential to
offer many benefits to urban contexts both for cycling as
transportation mode and for population leisure (Fishman et
al., 2013; O’Brien et al., 2014). They have been discussed
as a healthy, efficient and cheap option for dense urban
environments (O’Brien et al., 2014). The two bike-sharing
systems under study are initially analyzed concerning
the description of the business context, which provides
information about how users interact with the system, how
it is controlled, who are the actors involved, their respective
roles and interactions ( Keskin, 2006). Each bike-sharing
system is presented separately in the following sections.

4.1. Bike Rio System

The first PSS is the Bike Rio system located in Rio de
Janeiro, Brazil. It has been in operation since 2011. The
main goal of the Bike Rio system is to introduce the bicycle
as a non-polluting and healthy public transport in order to
combat sedentary lifestyles, to reduce traffic congestion,
environmental pollution, and to promote social responsibility
(Mobilicidade, 2014). The system is an initiative of the city
hall and is managed by a private company, selected in a
bidding process. This PSS also has a private bank as a partner.

The system comprises 60 stations with a total of 600
bikes, daily operating from 6am to 12am. Customers can
use a bicycle (available at the stations) for 60 minutes and
after this period to return it to any other station. The user
can only rent another bicycle after 15 minutes. To make the
registration in the system customers must have a mobile
phone to be used as an interface with the system. The
payment is made by credit card. There are two registration
options: a daily plan or a monthly plan. The rent for periods
up to one hour is included in the registration fee. Other fees
are applied when the customer overextend one hour using
the bike.
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Bike Rio bicycles have a differentiated painting for
facilitating its identification and they are equipped with
electronic tags (Serttel, 2014). Each station has between 24
and 28 bicycles available. The user interface at the stations
is powered by solar energy through panels installed in each
station. The bicycle was designed to meet the Brazilian traffic
code rules, concerning the basic safety items. The bikes are,
however, compatible with most commercial models. When
this occurs it could facilitate vandalism (Keskin, 2006) and
accessories theft.

At the stations there is general information for users
concerning system usage, the location of stations around
the city, etc. There are also supporting vehicles that are
used to transport, perform bicycles maintenance, and to
distribute the bicycles among the stations in case of larger
imbalance. Preventive and corrective maintenance services
are performed by the service provider (Serttel, 2014). The
service provider also controls the bicycles distribution
among stations in real time (Serttel, 2014). Next section
introduces the second PSS under study, located in France.

4.2. Paris Vélib’ System

The Vélib’ bike-sharing system is located in Paris, France,
in operation since 2007. Vélib’ has 1,800 stations and around
20,600 bicycles. It represents a transportation alternative by
complementing the urban public transportation. The Paris
Vélib’ is operated and managed by a private company, but
it is an initiative of the city hall. The city hall is responsible
for the maintenance and expansion of infrastructure,
necessary for the system operation. The services provided
by the private company include the bicycles and stations
availability, bicycles maintenance, daily bike redistribution
among the stations, and customer service. The system
operates 24 hours a day, seven days a week. Customers can
withdraw a bicycle at a station, use it for 30 minutes and
return it to any of the 1,800 stations across the city. When
the customer uses the bike for an extra time, additional fees
are charged. However, the customers can return the bike
at any station and rent another immediately. The rental
plans vary, and they are adaptable to different customer
profiles and needs. The purchase of short-term tickets can
be made at stations, using credit cards. For the users of
Paris metropolitan transport that have a specific card, it is
possible to use it in the Vélib’ system as well.

The bicycles are developed by the service provider, and
they are designed to support intensive use (Bikeoff, 2008).
The bikes from the Velib’ have a differentiated design.
They are manufactured with special components for
differentiating it from the commercial bicycles in order to
minimize acts of vandalism (Bikeoff, 2008). The bicycles are
also designed for safety. At the station, there is a terminal
where the customer can buy the tickets or register in the
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system in addition to individual docks for locking the bicycles
to protect it. The dockings may vary in quantity between 12
and 70, according to the demand of the station (Nycdcp,
2009).

One of the strengths of the Paris system is the large
amount of stations available. They are spaced at an
average distance of 300 meters (Velib, 2014). This proximity
facilitates the access to users. Nevertheless, due to the
possibility of returning the bicycle to any station, the
system finds difficulties regarding the distribution of the
bikes. To promote a balance of the bikes distributed among
stations, the system has vehicles that are used for the
transportation of bikes from saturated stations to others
that are empty (Bikeoff, 2008). Another important aspect is
the maintenance of the bikes that are performed daily by
specialized employees to ensure that users always find a
suitable bike at one station when they need. The following
section presents the PSS elements identified in the two bike-
sharing systems and the business model components.

4.3. Bike-sharing elements and sustainable business
models components

Firstly, it is possible to identify products and services
developed as part of an integrated system in both systems.
Different actors such as the city hall, the companies (service
providers), the population, and the financing agents
represent the actors’ network. Both systems are dependent
on a supporting infrastructure such as stations, public

spaces, and bike paths. The main service on both PSS is the
provision of bicycles for transportation purposes. Equipment
maintenance and customer service also support the system.
Three main products were identified in both systems for
comparison: bicycles, stations and support vehicles. Table
3 presents the aspects used and results for a comparison
between the products of each bike-sharing system.

Concerning the aspect ‘similarities with commercial
bicycles’, the bikes components were analyzed concerning
components similarities to commercial bikes. As mentioned
earlier, this aspect is important to protect the system
against vandalism, by preventing that the equipment can be
disassembled by users. This also increases the life cycle of
the system and it allows reducing the maintenance costs.
The differenced design is an important factor because it
allows that bikes could be easily identified by the public,
traffic, and security agents. The bicycles in the Bike Rio
are mainly differentiated by color and by the presence of
advertisement of the bank that sponsors the system. The
bicycles of Velib’ are identified by the distinctive design; the
saddle adjustment aspects are important to allow the use
of bicycles by more people with distinct anthropometric
characteristics. The brakes, weight, the presence of baskets,
and locks that allows stops during the bike use are attractive
factors of the system. The presence of brakes, bell, rearview
mirror, and bright color (the last two aspects only in the
case of Bike Rio) are important aspects for user safety in the
traffic.

Table 3. Comparative analysis of products

Product Aspect Bike Rio Paris Vélib’
Similarity with commercial bicycles Yes No
Design differentiated Yes (color) Yes (design)
RFID tags Yes Yes
Publicity in the bikes Yes No
Saddles Individually regulated Individually regulated
o Frame Aluminum Steel
Z Weight 16 kg 22 kg
Brake on handlebar on handlebar
Bike tire Common Anti-theft system
Baskets Yes Yes
Rearview mirror Yes No
Bells Yes Yes
Locks Yes No
5 Bikes capacity 12to0 28 12to 70
k= Panel for customer interaction No Yes
& Information to customers Yes Yes
Powered by renewable energy Yes No
g 2 Equipped with tools to perform bikes maintenance Yes Yes
o =
o <
2 ¢ Space for bicycles transportation Yes Yes
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Table 4. Comparative analysis of services

Aspect Bike Rio Paris Vélib
Back office services
Safety Yes Yes
Maintenance services Yes Yes
Front office services
é Customer service center Yes Yes
S
S8 Internet Yes Yes
€ €
€
8 Stations Yes Yes
% Map of the city Yes Yes
©
T 5 Map of the stations Yes Yes
& £
é 1,9, Bikes availability in each station (real time) Yes (by phone) Yes (in the station)
>
o O
ISe] System operation guide Yes Yes
[e]
= Registration and customer query over the internet Yes Yes
Bikes reservation No No
Integration with other transportation modes No Yes
s Customer loyalty programs No Yes
©
= Possibility of returning the bike in different stations Yes Yes
Operation 24h/day Yes Yes
Operation during the all days of week Yes Yes
2 Minimum value RS 5 €1,70
(]
g Flexibility in payment Only cards are accepted Only cards are accepted
©
o

Payment options by time

Yes Yes

The stations have different systems, but some important
aspects were identified such as: bicycles capacity per station,
user interaction, and communication with the system. The
supportive vehicles were evaluated by general aspects, since
it concerns aspects focused on system maintenance, and
there is no interaction with customers. Those are aspects of
the services provided by the back office.

The services offered by the two systems were grouped
in order to enable a comparative analysis of them. The
analysis was divided into back office services and front
office services. Table 4 shows some aspects of the services
that were selected for comparing both systems. The main
service (the bicycle provision) is offered during all day in the
Vélib’ system while in the Bike Rio it is offered only 18 hours
per day. Furthermore, the integration of another urban
transportation is only possible in the Vélib’ system. In both
systems, the customer pays only for the time the product is
used, but only credit cards are accepted.

Another important aspect is the customer loyalty
strategies in both systems. Paris Vélib’ has a customer
loyalty program for customers that make an annual

subscription, with a number of benefits. In the Bike Rio
system, there is the possibility of purchasing a monthly pass,
but the customer must create a new account after 30 days.
Concerning payment conditions, the credit card is the only
method of payment accepted in both cases, because this
option is safer for the service provider and it allows reducing
the vandalism, since customers authorize the charge in their
credit cards in case of problems with the bikes.

Regarding bike-sharing systems as sustainable business
models, the value proposition for the customers and
society consists of providing a safe and affordable mobility
option. The interests of the service provider and customers
are aligned because the former aims to contribute to
the provision of a transportation option at an affordable
cost for the latter (social value), while simultaneously
earning profits from the rental service (economic value).
For the environment, the system is aimed at providing a
transportation alternative that allows pollution emission
reduction. The products of the system are planned for a low
energy consumption and low waste generation. A balance
was observed between the economic, social, and ecological
values.
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The value is created from the integration of the
bicycles manufacturer, service provider, city hall and other
partners (e.g. the bank in the case of Bike Rio). The bikes
are designed to be reparable and upgradable to minimize
material consumption, waste generation, and new bikes
production. The service providers have direct contact with
the customers, which allow them to identify the customers’
needs and improve service quality. This relationship allows
for the effective management of the system and also
enhances customer confidence.

The value capture is structured to allow more people,
even those with fewer economic possibilities to access
to a transportation mode at a cheaper rate. The low cost
in comparison with other transportation options is an
incentive for customer use. The economic benefits, costs,
and responsibility for service provision are shared between
the actors. Through the analysis of bike-sharing elements
and sustainable business models components, some
issues related to the PSS sustainability potential have been
identified and are discussed in the next section.

4.4. Analysis of bike-sharing systems sustainability
potential

Both bike-sharing systems are less polluting options than
conventional transportation modes, and can provide many
sustainable benefits. The Bike Rio system is part of a low-
carbon development program. This unprecedented program
launched at the Rio + 20 is a partnership between the city
of Rio de Janeiro and the World Bank, and is certified to ISO
9001 quality standard. The program aims to accumulate
the carbon credits generated in the main city sustainable
programs (World Bank, 2012). In the future, the goal is to sell
these credits on the international market. Thus, in addition
to environmental benefits, the project will provide economic
benefits that will be converted into social investments in the
city (World Bank, 2012). So far, the system has accumulated
1,760.60 tons of carbon credits (Mobilicidade, 2014).

In addition, the Bike Rio system is powered by solar energy
to meet the demand required for the system operation,
contributing to energy consumption reduction and the
reduction of greenhouse gases emissions, since solar energy
is a clean and a renewable source. Regarding resources
use, the periodic maintenance allows increasing the bicycle
useful life, generating less waste and, therefore, reducing
resources use, and the manufacture of new bicycles. In
the Vélib’ system, the vehicles for bicycles distribution
among stations are electric (Hemne et al., 2010), which also
contributes to minimizing greenhouse gases emissions.

In the social dimension, the bike-sharing systems allow
more customers access and represent a transportation
alternative for low-income and emerging contexts. In
the Vélib’ system, there is a fee reduction program that is

offered to the beneficiaries of the free public transportation
in Paris. It also offers convenience, flexibility, and mobility to
the population and it incentives physical activity and health
promotion. The reduction of transportation time is another
benefit. Both systems have accessible costs and, in the Vélib’
system, which has more stations and bicycles, the cost to the
user is practically the cost of registration since almost every
300 meters there is a station to pick up and drop off the bike,
enabling the user to make a return to 30 minutes. Another
benefit that Vélib’ system offers is the system’s integration
with other public transportation modes. The Bike Rio also
allows connection to other transportation modes, but is
not integrated from the point of view of pass payment and
is still restricted to a certain city region. The acceptance of
the PSS by customers is positive, and it has been increasing.
In Rio de Janeiro, it has been held 4,890,794 trips so far
(Mobilicidade, 2014) and this number grows daily. In the
Vélib" system, in a survey performed with 853 customers
in 2009, 94% of the system’ users were ‘satisfied’ with the
service, and more than 50 million loans had been held since
PSS launching (Hemne et al., 2010). As both systems have
partnerships with the municipal governments, the two PSS
are aligned with the city’s planning and have the potential to
improve the community environment.

In the economic dimension, PSS allows gains to all
stakeholders. The customer has benefits because the
price is affordable, smaller than the use of other public
transport modalities (in Rio Bike the cost to the user is US$S
3.50 monthly, limited to 60 minutes use between pick up a
bicycle and drop off it at a station, but with unlimited use).
In the Vélib, the cost is around US$ 2.7 per month (€ 29 per
year) for unlimited use, but limited to 30 minutes between
bicycle pick-up and return it to a station. In the Bike Rio,
the sponsor bank, and the company have profits from the
bicycles loans as well as with the publicity. In the case of the
bank, the bike-sharing system adds value to its business, and
it allows improving its competitiveness. Society, in general,
wins with a complementary system for urban transportation
and with the benefits of carbon credits. In the Vélib’ system,
the actors earnings are similar. In both systems, there are no
other companies offering the same type of service, i.e. there
is no competition. Thus, bike-sharing systems provide many
environmental, economic and social benefits and represent
transportation alternatives with sustainable potential.
The following section summarizes the main strengths and
weaknesses of each bike-sharing system, identified through
the analysis that was performed.

4.5. Discussion of the main similarities and differences
between the bike-sharing systems

The main difference between the two systems is the
design of the products involved. In the Paris Vélib’ the
bicycles have been developed taking into account intensive



use. The presence of terminals at the station improves
the interface with the customers, making the self-service
(service interface) more practical and intuitive. The Bike Rio
system uses solar panels for stations power supply, which
demonstrates that the system was designed according to
the city features and sustainability requirements. The fact
that the stations do not have an interface for user interaction
was observed as a weakness, since customers need to have
a mobile device to access the system. On the other hand,
this feature makes the system less vulnerable to vandalism
at the stations. The bicycles, however, are not designed for
intensive use and for increases in its life cycle.

Another important aspect, concerning the economic
dimension, is the revenues from advertising. In the case
of Paris Vélib ‘system, the service provider has a lot of
advertising spots (outdoor). This makes it possible to increase
the revenues. A strategic risk in both cases is related to the
maintenance of the service provider in the business. The
grant is obtained by a bidding process and it can be renewed
after the contract expiration. However, there is a risk of the
service provider loses the grant after the period. Finally, it
was observed that the Paris Vélib’ system is more structured
than the system of Rio de Janeiro. It should be noted,
however, that the Bike Rio system has been in operation
since 2011, while Vélib’ has been in operation since 2007.
The following section presents the main concluding remarks
with regard to the PSS solutions analyzed.

5. CONCLUSIONS AND FUTURE WORK

Duetothe environmentalimpacts associated with vehicles
usage, it is necessary to develop new environmentally-
friendly mobility strategies. The bike-sharing systems under
study represent a promising initiative to increase sustainable
transport supply in urban contexts. They allow achieving
many environmental, economic and social benefits and
their implementation on a global level is expanding in recent
years.

The implementation of PSS solutions is very dependent
of the context it will be located. In the systems analyzed the
bikes are designed according the conditions of the city. This
aspect reflects the importance of the design phase for a real
sustainable solution, because products that are designed
without considering the context conditions can become
less sustainable solutions than the conventional products.
Another important aspect is related to the rebound effects
that can be generated when a PSS solution in implemented
in a certain context. The contextual conditions should also
be taken into account when the rebound effects are analyzed
before PSS implementation.

The analysis and comparison between the solutions
demonstrated differences in both systems like integration
with other transport modes and renewable energy
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usage that may affect customer acceptance and PSS
sustainability performance. Customer behavior, acceptance
and satisfaction need further study. Understanding the
real factors that motivate customers to use a bike-sharing
system in different contexts can be useful in efforts to
spread its future use and can help in the understanding of
the motivating factors and barriers to PSS acceptance. These
factors can be translated into design strategies to facilitate
the PSS introduction, and they are important research gaps
that must be explored in future work.
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