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Abstract: Since bicycles and bike-sharing systems are becoming increasingly important in modern
transportation contexts, we suggest in this paper an alternative method to incorporate cycling among
the freight transport alternatives within urban areas. We propose pursuing a sustainable initiative of
crowdsourced delivery where some of the urban good deliveries may be voluntarily undertaken by
users of the free-floating bike-sharing systems while following their prefixed route in exchange for
some kind of reward. We believe that a network design model that allows properly allocating the
resources of the bike-shared mobility service could improve the potential of crowdshipping, making it
a viable support and supplement for the local postal services, and more easily accepted and adopted
in urban contexts. An application to a case study has been embodied to show the effectiveness and
advantages of our proposal.

Keywords: sustainable urban freight transport; cycle logistic; bike courier service; crowdsourced
delivery; free-floating bike-sharing systems

1. Introduction

We are living in an era where sustainability, mobility, and quality of life are guiding many
actions/decisions taken within both theoretical and practical contexts [1,2]. In particular, in the urban
freight transport framework, it becomes crucial to think about new solutions that could be able to
improve the efficiency and overall sustainability of modern city logistics [3,4]—especially those of the
last mile, which it is often considered one of the most expensive elements of the supply chain [5].

Various measures and initiatives have been promoted with this goal [6,7], and one of them is
represented by the transport of freight by bicycle [8], cargo cycles [9], or electric cargo bikes [10,11].
Bike messengers (or couriers) can carry post, letters, parcels, and anything with a low volume or
weight [12]. Based on current research, more than 25% of all goods and 50% of all light goods in
European cities can be handled by cycles [9]. In Europe, some bike courier markets are reasonably well
developed, as they are proven to be fast and reliable within congested urban areas: usually, they work
on a small scale, collecting packages and distributing them quickly throughout the city.

Another recent initiative that aims at reinventing the goods delivery process is crowdsourcing
delivery [13-15]. An exhaustive and consistent definition of this has been given by [16]: “crowdsourcing
is a type of participative online activity in which an individual, an institution, a non-profit organization,
or company proposes to a group of individuals of varying knowledge, heterogeneity, and number,
via a flexible open call, the voluntary undertaking of a task [ ... ] always entailing mutual benefit.”
Crowdsourcing delivery is a special kind of crowdsourcing that is also known as crowdshipping. The
crowdshipping concept entails the use of an available spare load capacity of vehicles on a journey
that already takes place, in order to support delivery operations [17]. Crowdshipping represents an
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alternative to the traditional service providers, where the drivers are willing to take a parcel along
their route, potentially earning some extra money and/or other benefits. The vehicles that carry on
the service could be of any kind (trucks, cars, cycles, and so on): we can define crowdshipping as
‘sustainable’ if the deliveries take place using sustainable modes of transport (i.e., zero/low emissions
or electric vehicles, public transport) [4].

The most significant contributions of crowdshipping are envisioned from an environmental
perspective, as it has been proven to be one of the most effective ways (although with some exceptions,
see for instance Buldeo Rai et al. [18]) to decrease resource use and environmental impacts in the
transport sector in the short term [19] through using the loading space more efficiently, and hence
reducing traffic, congestion, and polluting emissions [13,14,17,20,21].

Recently, some studies related to crowdshipping have been made about operational research
approaches [17,22,23] (for a comprehensive review, see [24]) and about the determinants of shared
mobility for last-mile home delivery services [25-27].

Furthermore, a crowdsourced delivery experimental attempt has been recently conducted in
Finland [19] for the distribution of books to and from the city library by locals. The results show that it
has attracted a large number of drivers, and most of them used a bike to perform the task.

According to our knowledge, it seems that neither in the literature nor in any city has the
opportunity to link the crowdsourced shipping to the bike-sharing system (BSS) operating in the
network already been considered. BSSs allow users to pick up a bike close to the starting point of their
trip, and ride toward their destination without the costs and burdens associated with the ownership
of a bike. Therefore, we want to propose that some of the users who choose to travel using the BSS
(station-based or free-floating [28]) could voluntarily decide to deliver small packages within the urban
area, following their prefixed route, or slightly deviating from it, in exchange for some kind of reward.

Looking at the framework described above, we suggest in this paper a sustainable initiative of
crowdsourced delivery. It proposes that part of the urban good deliveries within urban contexts could
be undertaken voluntarily by some users of the free-floating bike-sharing system (FFBSS), which has
been opportunely designed in order to meet the needs of the users of the system, and support the local
postal services delivering a certain share of their small/light good parcels.

In a free-floating shared system, the vehicles are dispersed in different demand areas (and not
only available in predefined stations, such as in station-based systems). This means that each user can
pick up the vehicle (in this case, the bicycle) located next to the starting point of his/her trip, and return
it to the parking area closest to his/her destination.

In addition, the method that we are proposing assumes that a certain percentage of these users is
willing to carry a small parcel along his/her journey, in order to perform an urban delivery and gain
some kind of reward.

The free-floating option has been preferred to the station-based one, mainly due to the ease
of parking near the customer address while delivering the parcels. Note that the main goal of
our proposal is to find a valid way to foster the bike usage in the framework of FFBSS, and hence
promote an environmentally friendly and more sustainable transport option (although, in addition,
postmen/couriers may also experiment with a partial relief from user deliveries). An adequate network
design of the bike shared mobility service could improve the potentiality of the crowdshipping, making
it more easily accepted and adopted in urban contexts.

Ideally, the crowdshipping initiative may be suggested jointly by municipalities (that can be in
charge of collecting volunteer participants who are available to perform the crowdshipping) and postal
services, in order to avoid any conflict of interest among the involved stakeholders, and assuring that
the process is carried out smoothly. The benefits of crowdshipping are not strictly related to easing
delivery costs, as this initiative should stem from public investments that aim for more sustainable
cities and the general promotion of cycling.

The remainder of the paper has been organized as follows. Section 2 describes the layout of
the proposed free-floating bike-sharing crowdshipping system, together with the suggestion of some
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policies/measures that might help the successful implementation of the system. Then, a network design
optimization model to properly allocate the resources of a free-floating bike-sharing crowdshipping
system has been presented in Section 3, followed by an application of the proposed system in Section 4,
and some concluding remarks and possible further research developments in Section 5. Appendix A
describes in further detail the survey analysis that has been performed in the framework of the
numerical application.

2. Layout of the Proposed Free-Floating Bike-Sharing Crowdshipping System and
Related Policies

The purpose of this section is to provide an overview of the suggested system in order to better
understand its underlying dynamics. We assume that a certain share of the total users of the system
has subscribed to the crowdsourced delivery option. This means that some individuals (belonging
to Ua) are willing to hand over post/small packages while traveling within the urban area by a
free-floating bicycle before reaching their final destination. These users are supposed to have access to a
smartphone app, in which they can add and state their general travel preferences (i.e., the usual origin
and destination of their FFBSS trips, and the maximum deviation o from their path when performing
crowdshipping) and receive updated information about the parcels they have to deliver. Every day, a
confirmation from each user belonging to Ua should be sent to the system through this app regarding
their availability for performing a delivery the next day. Given a certain number of deliveries to be
performed during that day, it can be possible to schedule the crowdshipping in advance, matching
each user with a parcel corresponding to his/her travel requirements.

Parcel assignments to users can take place through two possible ways. In case I, users are not
inclined to lengthen their usual route in order to pick up or deliver a package. This implies that the
crowdsourced delivery option is offered only to users who have their usual trip origins in areas located
close to the post offices, with deliveries to be performed near their usual destinations. Note that this
“proximity” of origins and destinations should be investigated on the territory, since it may vary
according to the studied context. On the other hand (case II), if permitted by the individual preferences
(that is, some of them are willing to extend their usual route), parcels can be assigned also to those
users starting their trip in origins farther from post offices, with their usual destinations not necessarily
located close to the delivery addresses. Generally, we expect at first to match those users living close
to the post offices with their corresponding parcels, and then (only if we are in case II) proceeding
with the remaining parcel assignment (prioritizing the package allocation from the minimum to the
maximum deviation from the original user routes).

Then, each user is notified about the parcel assignment through an app message that indicates the
post office from which the package has to be collected and its final delivery address. Once the parcel
has been assigned to a user, he/she has also the responsibility of carrying out the delivery: this also
takes into account different scenarios, such as the impossibility of delivery due to the absence of the
recipient. In this case, the user should either try to perform the delivery later on or bring the parcel
back to the post office where he/she picked it up. This procedure could be simplified by the presence
of smart lockers distributed on the territory [29].

We expect only part of the total parcels to be distributed to the final customers by crowdshipping:
this share is denoted by 6. According to the number of parcels to deliver, the users of the FFBSS to
whom a delivery is assigned (Uap) may, or may not, coincide with the total pool of those who have
expressed their availability to do it.

The postmen are those entitled to carry on all the remaining parcel deliveries (Ppd) scheduled for
that day. In other words, Ppd corresponds to the number of parcels to be necessarily delivered by postmen
during an operating day, because there are no users that day traveling between some origin—destination
(OD) pairs or, alternatively, because the user bicycle requests of Uap are not sufficient to match the entire
parcel demands between some OD pairs. To guarantee that all the post/small packages could arrive at
their destinations by the end of the working day, a predetermined time of day has to be fixed (T): the
couriers Uap have to hand over the parcels to their assigned customers by that time.
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If all the users belonging to Uap have been able to find an available bicycle near their origin
(within a walking radius w), then all the expected deliveries can be accomplished, and there is no need
for the postmen to deliver additional packages after T. If this has not happened by T, the postmen are
in charge of finalizing the distribution of the number of parcels left at the post office after this hour
(Pp), in order to fulfill the provisions for the day in question. Basically, we can define Pp as the total
number of parcels to be delivered by the postmen after the time T, which could have been delivered by
the users belonging to Uap only if they had managed to find an available bike. Therefore, the total
amount of packages to be handed over by postmen during each day is equal to Ppy, = Pp + Ppd.

The flowchart in Figure 1 reports step by step what has been just explained above, clarifying what
happens to each user that picks up a free-floating bike within every generic time interval t during
a hypothetical operation day. The main symbols adopted in the summary flowchart (Figure 1) and
throughout the paper have been listed and defined in the notation box.
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Figure 1. Flowchart of the proposed framework during a given operation day (from f = 0 to t = t;ot).
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To encourage a positive effect on the overall system (i.e., increasing the number of FFBSS users, or
the share of those who participate in the crowdshipping), we propose to jointly apply some related
policies in the system reality under analysis. For example, each performed delivery may correspond to
an increase of the free bike-rental minutes for that user. The number of extra free minutes to assign can
be predetermined by roughly estimating the average time needed to reach the post office, pick up the
package, and divert from his/her primary route in order to stop by the delivery address and drop off
the parcel. Furthermore, some rewards (such as a discounted or free annual subscription to the FFBSS,
or postal service benefits) have to be pursued in order to promote the participation of more individuals
to the crowdshipping initiative. However, in order to avoid an excess amount of rewards attributed to
a single user, and not aiming at crowdshipping becoming some kind of extra job for some of them, we
recommend setting a maximum number of daily deliveries for each user according to both the usual
path followed by the individual and the maximum capacity of the bike basket. Furthermore, it might
be also convenient not to assign registered or priority mail to the voluntary free-floating users, in order
to provide secure delivery to the final customers.

To boost the FFBSS usage and promote the crowdshipping initiative, it is also essential to minimize
the number of users who are not able to find an available bike within the average walking distance
that they are willing to walk. We can call them ‘lost users’, as they become forced to travel using a
different transportation mode and, over time, their dissatisfaction may lead them to unsubscribe from
the system. In the following section, we illustrate how to design a FFBSS to minimize the total amount
of lost users: those who were supposed to perform a delivery, and the remaining deliveries.

3. Design a Crowdshipping-Oriented Free-Floating Bike-Sharing System

As mentioned in the introduction, the primary goal of our method is the network design of a
FFBSS, assessing the size of the system (i.e., determining the total number of free-floating bicycles)
according to the available budget. Furthermore, regarding how to allocate the bicycles on the urban
territory at the beginning of each operating day, we are essentially suggesting a possible static relocation
to carry out at the end of the day.

In a FFBSS, it is not necessary to install racks or set up bike stations, since free-floating bicycles are
provided with smart padlocks placed on the bike frames that allow users to lock/unlock one wheel, and
then park the bicycle almost anywhere. However, it can be convenient to think in advance about the
potential presence of parking areas on the territory in order to prevent bicycles being left in unsuitable
places. More specifically, a crowdshipping-oriented FFBSS needs to ensure that the areas next to post
offices have appropriate parking spaces.

At first, we have to divide the study area into zones/districts. Every delivery point within the
zone should be reached on foot. We suggest that the size of each travel demand zone be related to the
average walking distance w that a user is willing to walk to pick-up a free-floating bicycle [30]. Various
kinds of distance formulations may be adopted (for instance, Euclidean or Manhattan distances/taxicab
geometry): the most suitable one should be selected according to the road/cycling urban set-up.

Then, the two starting data sets that are needed as inputs of the suggested optimization are:

e the OD matrix related to the user request/demand for free-floating bicycles, and its trend during
the hours of the day, and the days of the week;

e the OD matrix related to the urban delivery of post/small goods given by the postal service
operating in the selected city; this demand fluctuates according to the days of the week. The
assumption is that volunteer users are mainly performing these deliveries, and only the remaining
part is carried out by postmen (using their own means of transportation).

The data necessary to build the first OD trend must be collected for a certain time interval (it could
be equal to weeks or months). The calculation of this OD trend needs some further specifications; there
are three feasible options that may arise in the case study under analysis:
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e aFFBSSis already operating in the network: this implies that the OD trends can be based on the
actual trends related to the system usage;

e astation-based BSS is already operating in the network: each bike-sharing station can be seen as
the ideal centroid of a zone, and the number of available bicycles in the station corresponds to the
number of free-floating bicycles spread in that zone at that moment of the day;

e there is no sharing system operating in the network: in this case, there may be different
viable options:

(a) Adopting an initiative to predict the functioning of the system. At first, a preliminary
free-floating system can be implemented in the network, allocating resources (bicycles)
according to the available budget. At this stage, the free-floating bicycles crowdshipping
option will be disregarded, and a traditional FFBSS will be realized in the study area.
Through allowing the FFBSS to operate in the network for a given amount of time, some
preliminary data about its usage and expected demand can be collected and used to
optimize the system (primarily rearranging the bike distribution on the territory) according
to the proposed crowdshipping system.

(b)  If the initiative suggested in point a) proves to be not feasible, an alternative OD matrix
can be obtained through analyzing the current cycling demand and patterns (via private
bicycles) in the network.

(c) A further alternative can be to start estimating the actual demand of the short-distance
private transport in the network (e.g., less than 5-km trips) that could be shifted to a
new FFBSS.

If the OD trends related to the user request/demand of free-floating bikes—according to the
number of bicycles spread on the territory at the beginning of each day—are known, it can also be
possible to perform a calculation of the number of lost users of the system (Lu and Lud). Here, lost
users are those who cannot pick-up a free-floating bike, since they are not able to find one within an
average walking distance.

This leads to the optimization: the main objective of the proposed network design model is to
maximize the total user satisfaction. We consider this assumption to coincide with the minimization of
the total lost users of the system (Equation (1)):

min|y; - Zr: u (be) + y2 ZLud (be) 1)
&=1 é=1
s.t.
Cb-i bg <B 2)
=1
be < be < byg 3)

The objective function (Equation (1)) aims at the minimization of a weighted sum (having weights
respectively y1 and ;) of two components. The first one coincides with the lost users of the system
Lu, i.e., those who wanted to take a bicycle from the FFBSS to reach their desired destination without
carrying on or delivering parcels on their way—and in addition, those who would have been willing to
hand over those parcels while riding a free-floating bicycle, but to whom no delivery has been assigned.
The second component is the number of lost users of the FFBSS (Lud) to whom, on the contrary, a
delivery has been assigned. Both Lu and Lud depend on the number of bicycles b (decision variables
of the problem) allocated in each district at the beginning of an operating day.

The main constraint (Equation (2)) is represented by the budget: the purchasing cost of the
free-floating bicycles cannot exceed the total available money. Moreover, the number of bikes to allocate
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in each zone & (Equation (3)) has to be between certain bounds, according to the number of potential
locations (for each district) in which it is possible to park free-floating bicycles. The upper bound
b,  for FFBSSs is usually a larger number if compared with the potential thresholds of station-based
shared systems, given by the sum of the racks in the stations within the district. This happens given
the inherent characteristic of a FFBSS that allows greater parking opportunities: bicycles can be parked
almost everywhere; having a smart-lock does not require the bike to be locked in the racks of specific
bike-sharing stations.

The goal of the optimization (Equation (1)) with its associated constraints (Equations (2) and (3))
is to calculate the total number of free-floating bikes b (sum of bicycles b¢) to distribute to the districts
according to the demand, and their location at the beginning of each operation interval. It has to be
specified that this total number of bicycles is composed by:

e  ashare of bicycles for the FFBSS users who have not adhered to the crowdshipping and are using
the bikes only to perform their trips within the city;

e ashare of free-floating bikes for those users who, while riding toward their final destinations,
accept carrying and delivering small packages to the customers.

Before and after performing the optimization (from Equations (1)—(3)), we can respectively
calculate Ppd and Pp. The value of Ppd is not affected by the optimization, as it depends merely on
the total number of users Uap (which can be calculated day by day before the day unfolds, and is not
related to the specific distribution of bicycles on the territory at the beginning of that day). On the
other hand, the value of Pp can be calculated knowing the total number of lost users Lud, and it is equal
to the total number of parcels that have not been delivered by them during the day. If each lost user
Lud is supposed to hand over only one small package, then Pp is equal to Lud (this is the assumption
that we make in the following case study in Section 4).

4. Case Study

In this section, the proposed approach has been applied to a case study. This numerical application
aims to better clarify the implications of our crowdshipping proposal, but it does not claim to be a real
case study (currently, no pilot project has started yet), although some of the parameters that have been
used are based on real values of Bari.

The city of Bari, the capital city of the Metropolitan City of Bari and of the Apulia region (Southern
Italy), has a population of about 326,800 inhabitants distributed over an area of 116 square kilometers.
According to the European Platform of Mobility Management [31], the car is the transport mode used
by the majority of its population (76% in 2013, with a strong growth trend in comparison to 2001
data). The remaining modal share is distributed among local public transport (20%), pedestrians
(83%), and bicycles (1%). In the last year, municipality efforts have been addressed toward promoting
novel strategies to encourage cycling, such as the implementation of new bike lanes, or economic
incentives to purchase a new (pedal-assisted) bicycle or use them during the home—job journey (with
mileage reimbursements ranging from 0.10 to 0.20 €/km for the first 1000 individuals who adhere to
the initiative) [32]. Moreover, a new station-based bike-sharing system will open soon in the city, with
34 stations and 200 available bicycles [33].

To correctly calibrate some input values of the model, we first performed a survey, which is briefly
presented in the following Section 4.1 and more extensively described in Appendix A. Then, once
those values have been assessed, the general layout of the crowdshipping proposal and the FFBSS
design have been applied to the center of the city (Section 4.2). Finally, Section 4.3 describes a series of
sensitivity analyses carried out to better understand the behavior of the proposed model while varying
some of its key parameters.
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4.1. Investigation of FFBSS and Crowdshipping in Bari: A Survey

On the basis of our knowledge, only a few surveys have been conducted in the past years on
matters related to vehicle shared-systems, and mainly with regard to car-sharing ones (see Herrmann
et al. [34] regarding customer acceptance of smart relocation strategies; Kopp et al. [35] investigated
the travel behavior of its members; Becker et al. [36] compared user groups and the usage patterns of
free-floating and station-based services). Specific customer evaluations associated with FFBSSs have
been limited to one European research paper by Reiss et al. [37], whose survey focused on the usage,
experience, and performance of bike-sharing supply in Germany, and two Chinese studies [38,39] about
the factors that may affect both people’s willingness to use the system and their related travel patterns.

To gain greater knowledge about the individual attitudes toward the service, and in an attempt to
realistically calibrate our model, we have investigated the travel behavior and willingness of potential
users to participate in the FFBSS—and, eventually, in the crowdsourced delivery—through performing
a web survey.

The survey has been conducted in the metropolitan area of Bari (which includes the city of Bari
itself and the surrounding urban area, totaling 1.3 million inhabitants), targeting individuals that either
reside in the study area, or in which they are used to travel for other reasons (i.e., job-related, shopping
related, etc.).

The questionnaire has been divided into three sections (Appendix A): general background
information and travel behavior questions; attitudes toward the FFBSS; and opinions regarding the
implementation of the crowdshipping initiative on the territory. From what preliminarily emerged
(see Appendix A), crowdshipping seems to be a sustainable initiative that could increase the appeal of
FFBSSs and that, if implemented on the territory, may incentivize more people to join and use the system.
This questionnaire has merely local significance, and it only provides a first analysis/investigation
about the potential individual preferences of the interviewees. Future surveys will involve a larger
population sample to draw more solid and general conclusions.

4.2. Application of the Proposed Free-Floating Bike-Sharing Crowdshipping System and Design

Based on the parameters identified in Appendix A, we have applied our approach to the city
center of Bari (about three square kilometers). The overall study area has been divided into 36 traffic
zones (Figure 2), guaranteeing that every point within each zone could be reached on foot starting
from its own centroid, covering a distance not greater than 300 m (as suggested by Kabra et al. [30]).

Cl

Figure 2. Indication of zones (with numbered blue centroids) and post offices (orange squares).
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Since the city center of Bari shows a grid configuration of its road/cycling network, we have
defined the borders of every district, making sure that each one of them falls within the taxicab
circle [40] centered in its own centroid with a radius of 300 m (equivalent to a square rotated by 45
degrees with a semi-diagonal of 300 m).

There are 11 post offices spread on the territory, which are depicted by orange squares and fall into
the darker grey districts (Figure 2). Moreover, the inter-zonal travel distance matrix has been calculated;
it reports the real minimum distances—considering the whole transportation network—between each
pair of centroids.

The maximum extension of each district also reflects our survey findings. All the respondents
who have stated their intention to join the crowdshipping have also confirmed their willingness to
lengthen their average bike path by at least 600 m—both at the beginning of the trip to pick up the
parcel, and before reaching their destination to accomplish the delivery, totaling 1200 m to add to their
usual route (Appendix A.3).

Through assuring that each district falls within the taxicab circle with a maximum radius of
300 m, we are also guaranteeing that, in the worst-case scenario (origin/destination of the trip at one
extremity of the district, with post office/delivery address located at the opposite edge of the area),
every crowdshipping user should ride an additional 600 m at the beginning plus 600 m at the end of
his/her usual bike path to perform the delivery.

Therefore, we can assert that:

e  Case I: the crowdsourced delivery is allowed only to users who have their usual trip origins in the
same areas where the post offices are located, with deliveries to be performed only in the same
districts as their usual destinations;

e  Case II: parcels can be assigned also to those users who have origins/destinations in the remaining
districts of the network, regardless of the post offices and delivery addresses associated with
the parcels.

The users have been divided into subsets (see Appendix A, Table A2) according to their willingness
to stretch their usual bike path of a certain value x (both at the origin and destination).

We set 17 = 0.58 (following the outcomes of the survey, Appendix A.3), assuming that 58% of the
total free-floating users participate in the crowdshipping proposal, and T = 16:00: this means that the
users Uap are allowed to accomplish their daily crowdsourced deliveries up to this time (as previously
mentioned, the remaining deliveries will be performed by postmen). Although a certain share of users
might also be willing to use the FFBSS after 16:00, we want to ensure a sufficient time window to
eventually allow postmen to perform the remaining deliveries during their working time.

Moreover, we suppose that each user is allowed to distribute daily a single load of parcels
(withdrawing the packages from the post office only once), according to his/her OD travel path
and the maximum capacity of the bike basket, which is considered equivalent to one parcel unit of
measurement, with all the baskets having the same capacity. For the sake of simplicity, in this paper
we refer to ‘one package/parcel” as the number of goods that at most can be contained in a bike basket.

The time window to collect data associated with both free-floating bike requests (simulated using
the free-floating bike-sharing demand simulator presented by Caggiani et al. [41]) and the daily parcel
deliveries is equal to three months. We assume each day of the week to have different behaviors in
terms of packages to deliver and bike usage.

More specifically, we consider four gradually increasing levels of user request/demand of
free-floating bicycles, which are denoted respectively by B1, B2, B3, and B4 (OD bikes); and four
randomly extracted parcel demand levels related to the post/small goods to be delivered by the FFBSS
users, which are denoted by P1, P2, P3 and P4 (OD packages). The corresponding average daily values
calculated during the selected time window are: B1 = 2507, B2 = 2974, B3 = 3417, and B4 = 4195;
P1 =228, P2 = 308, P3 = 456, and P4 = 697.

Table 1 shows the combination of demand levels (for bicycles and packages) set for each day of
the week; the bike requests have been allocated on different days according to the outcomes of the
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survey (Appendix A.2). On Fridays, the two ODs show average levels of bike (B2) and parcel (P3)
requests; on Tuesdays, they are at their minimum (B1, P1), and on Saturdays, they are almost at their
maximum (B3, P4). During the remaining days of the week, other combinations of bicycle and package
demands are assumed. On Sundays, no parcels are delivered, and the free-floating bike demand is
considered maximum (B4).

Table 1. Free-floating bicycle and parcel demand levels during the week. OD: origin—destination.

Mon Tue Wed Thu Fri Sat Sun

OD bikes Bl Bl Bl Bl B2 B3 B4
OD packages P3 P1 P4 P2 P3 P4 /

The following table (Table 2) displays, as an example, the number of outgoing packages from each
post office on one of the Saturdays within the considered time window. The number of the traffic zone
to which they belong (darker grey zones in Figure 2) has been reported.

Table 2. Number of outgoing packages from each post office on one Saturday within the considered At
(three months).

Zones 3 5 6 10 15 17 18 23 27 28 35
Outgoing packages 64 50 62 68 70 60 68 76 52 60 72

The remaining parameters set in the optimization model (Equations (1)-(3)) are: y1 =1, y, =1,
cp =10, B =10,000, b; ¢ =0, and b, : = 100. In this application, the lost users are those belonging to a
given travel demand zone who are not able to find a free-floating bicycle to pick up at the desired time
within the borders of their origin district.

We perform an optimization (from Equations (1)-(3)) for every set of days (12 Mondays,
12 Tuesdays... etc.) within three months, in order to find the number of bikes b: to allocate in
each zone at the beginning of the operating day.

Hence, we are presuming that a static bicycle relocation is operated during the night, in order to
have a different bike distribution at the beginning of each day while keeping the total (the result from
the optimization) number of free-floating bikes b in the network unchanged (calibrated according to
the highest daily trend among those collected).

More specifically, since we choose the genetic algorithm to find a solution to our minimization
problem, we have repeated the optimization 10 times for each set of days of the week. Table 3 shows
the median values (of the 10 performed optimizations) of the main results obtained. Each reported
median is equal to the sum of that set of values over 12 days (as 12 Mondays, 12 Tuesdays, and so on,
falling within the considered time frame of three months).

Table 3. Median values of the set of optimizations performed for each day of the week during At.

Mon Tue Wed Thu Fri Sat Sun
Case I 1I I 1I I 1I I 1I I 1I 1 1I -
Lu 176 161 262 253 217 190 221 212 268 258 1438 1324 2481
Lud 1 17 2 13 5 33 2 11 5 17 47 174 0
Ppd 3902 0 1996 0 5942 1408 2550 0 3695 0 5448 0 0
Pp 1 17 2 13 5 33 2 11 5 17 47 174 0

b 999 999 999 999 1000 1000 1000 1000 1000 1000 1000 1000 1000

Looking at the achieved results, the number of free-floating bicycles to buy in order to guarantee
a good system operation, according to the preset parameters, is equal to 1000—that is the highest
achieved value. However, it seems that the allocated budget it is never enough to make the objective
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function (total lost users of the FFBSS) equal to zero: this happens not only during the weekend
(resulting in the highest values of Lu and Lud), but even during those weekdays with lower bike
requests (B1). Moreover, the largest amount of lost users can be observed among those who have not
adhered to the crowdshipping, or to whom no parcels have been assigned (Lu).

In case II, a greater share of users performs the deliveries; consequently, although the sum of Lu
and Lud remains substantially unchanged, there is a slight decrease in Lu and an increase in the lost
users Lud (those who are willing to perform crowdshipping but do not manage to find an available
bicycle within their district). The values of total lost users in cases I and II are not necessarily the same;
those reported in the tables are the median values of different repetitions.

If we look at the package deliveries corresponding to case I, during all days (except on Sundays,
when no deliveries take place), the number of parcels Ppd to be delivered by the end of each operating
day is always greater than zero. This means that no user chooses to travel using the FFBSS between
some origin—destination pairs, or that their share 1) is still not sufficient to match all the delivery requests.

On the contrary, this condition improves considerably in case II: a share of subscriptions equal to
58%, with the possibility for the users to stretch their usual route in order to perform the deliveries,
seems to be enough to satisfy all the delivery requests, except on Wednesdays, where there is a strong
discrepancy between the level of bike (B1) and parcel (P4) requests. This means that, with greater
flexibility in the route selection of those users who adhered to the system, a better outcome can
be achieved.

Moreover, as we have assumed for this application that each user can pass by the post office at
most once a day and that the bike basket is completely full for each delivery, the number of parcels to
be delivered by postmen after T due to the lost users of the system always matches Lud.

Table 4 reports the number of bicycles by (resulted from the optimization) to allocate in each zone
at the beginning of the day. For each day of the week, these numbers correspond to those obtained at
the end of that optimization, among the performed repetitions, which allows reaching the minimum
value of the objective function (Equation (1)). The grey columns in Table 4 highlight those districts in
which there is a post office.

Table 4. Bicycle allocation at the beginning of each operating day for every district of the case study.

Zones 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
bgMon 29 26 25 80 23 18 28 8 24 0 26 30 30 0 21 26 19 0
bg Tue 30 26 23 88 24 22 26 8 28 0 27 27 29 0 22 30 20 0
bgWed 25 25 32 8 30 26 23 82 24 0 28 26 21 0 17 24 22 0
bg Thur 23 27 25 83 24 21 28 98 24 0 23 43 20 0 19 24 21 4
bgFri 36 36 35 53 34 33 33 59 23 0 38 4 2 0 30 25 33 0
b Sat 18 28 31 71 22 28 38 70 29 0 4 3 20 0 25 27 32 0
bg Sun 34 37 23 100 29 15 29 100 25 0 30 40 4 0 0 25 15 0
zones 9 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
bg Mon 0 4 40 34 37 24 O 8 3 2 25 27 13 30 21 77 80 83
bg Tue 0 4 40 30 30 25 O 0 0 0 19 28 18 25 24 90 78 81
b Wed 1 0 41 42 43 23 0 0 0 10 21 19 19 29 22 73 8 79
bg Thur 0 0 38 32 29 27 4 18 0 8§ 20 19 14 28 18 72 8 81
bg Fri 0 0 42 43 47 30 O 0 0 0 29 24 20 34 32 51 56 54
bg Sat 0 0 51 46 45 25 O 0 0 0 2 17 14 30 3 62 71 62
bg Sun 0 0 26 39 34 13 0 0 0 0 17 10 8§ 30 26 91 100 100

Regarding the bicycle distribution shown in Table 4, there are some districts without any
free-floating bikes at the beginning of the day. These districts correspond to the central zones of the city,
where offices and commercial activities are primarily located. This distribution can be explained as the
morning trips moving mainly from the peripheral (residential) zones toward the center, which is going
to be progressively filled by bikes during the morning hours. This implies that the crowdshipping
from the central post offices (those located in districts 10, 18, 27, and 28), which cannot happen during
the first operating hour of the day (having zero available bicycles in the corresponding zones), will
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take place later (late morning/early afternoon) when the trip trends start to show the opposite behavior
(from the city center toward the periphery).

Aiming at verifying the achieved results, we have generated a hypothetical demand associated
with bikes and parcels (OD bikes and OD packages) for different time windows, still corresponding
to a time frame of three months, and potentially covering one year (4 X 3 months) of operation of
the system.

These values differentiate from the previous dataset in the OD punctual values; however, their
average still remains similar (B1 = 2517, B2 = 2978, B3 = 3423, and B4 = 4207; P1 = 227, P2 = 312,
P3 =459, and P4 = 691).

The free-floating bicycle distribution at the beginning of each day of the week is shown in Table 4;
we have calculated the corresponding results in the four selected periods of three months each. The
median values are reported in Table 5.

Table 5. Median values of four time periods At of three months each, performed every day of the week.

Mon Tue Wed Thu Fri Sat Sun
Case 1 1I 1 1I 1 I I 1I I 1I 1 1I -
Lu 167 158 164 162 192 174 204 194 260 251 1296 1232 2381
Lud 4 14 3 7 7 25 6 14 2 12 22 83 0
Ppd 3982 22 1939 0 5982 1468 2544 0 3640 0 5360 3 0
Pp 4 14 3 7 7 25 6 14 2 12 22 83 0

b 1000 1000 1000 1000 996 996 1000 1000 1000 1000 999 999 1000

The results shown in Table 5 are not dissimilar from those displayed in Table 3. There is a general
decrease in the lost users’ values; anyway, these differences are not significant.

From a daily perspective, also on Saturdays (case 1I), where the maximum difference can be
noticed, there is an average of 15 fewer lost users (1/12 of the difference between the corresponding
values of Tables 3 and 5) for an average of 3420 daily bicycle requests.

4.3. Sensitivity Analysis

To investigate the applicability of our proposal to different contexts, the next goal of our research
consists of performing a series of sensitivity analyses. These further evaluations are useful to properly
set the values of some parameters involved in the optimization, and/or to gain more knowledge about
the goals to achieve in the design and implementation phases of the FFBSS crowdshipping proposal.

The following analysis has been implemented on the set of 12 Saturdays within the three-month
time frame described in the previous Section 4.2 (the bike/parcel levels of user requests of Table 1
applies here, too). In particular, Saturdays have been preferred to the other days of the week, as they
are those with both the highest number of parcels to be delivered and the highest number of lost users
in the system. On the basis of this dataset, three different analyses have been done: a preliminary
one, by varying only the available budget; a second one, which also varies the available budget and
the two weights ;1 e y, of the optimization problem at the same time (Equation (1)); and a final one,
which varies the available budget together with the share 1 of the total users that participate in the
crowdsourced deliveries.

The goal of the first sensitivity analysis is to verify the outcomes of the system while varying the
available budget B (from 5000 to 20,000, with increasing steps of 5000); the remaining input parameters
are unchanged. Table 6 shows the achieved results.
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Table 6. Median values obtained while varying the available budget B on a set of 12 Saturdays within a
time period At of three months (n = 0.58).

B 5000 10,000 15,000 20,000
Case I II I II I II I II
Lu 9944 8950 1438 1324 36 36 0 0
Lud 560 1581 47 174 0 0 0 0
Ppd 5448 0 5448 0 5448 0 5448 0
Pp 560 1581 47 174 0 0 0 0
b 500 500 1000 1000 1499 1499 1973 1973

On average, case Il shows less Lu and more Lud in comparison with case I. Looking at the available
budget, regardless of the case, its progressive increase leads to a gradual reduction of the lost users in
the system. The amount of Lud becomes equal to zero for B = 15,000, while additional available budget
is needed in order to also make Lu equal to zero.

On the other hand, the amount of Ppd is not affected by budget variations. This behavior can
be easily justified, as this budget sensitivity analysis has been performed keeping the same levels of
bike and parcel requests, and maintaining the number of users willing to support the crowdshipping
initiative as unchanged.

A second sensitivity analysis is presented that aims at investigating any possible influence on the
total number of lost users in the system due to different values of y; and y; in the objective function
(Equation (1)), while varying the available budget. Having two different weights in the optimization, it
is possible to give greater importance to one of the two classes of lost users rather than the other.

The output of the optimization (Equations (1)—(3)) is to calculate the number (and location) of
free-floating bikes to distribute among the districts (according to the demand) at the beginning of each
operation interval. Therefore, different weights involve arranging the bikes in order to facilitate one
category of users over the other when it comes at finding an available bike near the origin of the trips.

In order to promote the crowdshipping among FFBSS users, it may be meaningful to investigate
what happens if we assign a greater weight to Lud (i.e., the total lost users among those who would
have performed the deliveries). Therefore, we set y; = 1, while varying y, between 10 and 60 (with
increasing steps equal to 10) (Table 7).

Table 7. Median values obtained while varying the objective function weights (y; and ;) and the
available budget B on a set of 12 Saturdays within a time period At of three months (1 = 0.58).

yl:]-r )’1:1/ )’1:1/ )’1=1r )/1:1/ ]/1:1, V1=01
)/2=10 )/2=20 )/2=30 )/z=40 )/2=50 )/2=60 )/2=1
Case I II I II I II I 1I I I1 I II I II
B = 5000

Lu 10,534 8857 10,663 8902 10,906 8997 11,080 9063 10,880 9079 11,007 8897 12,125 8925
Lud 317 1385 250 1350 196 1410 178 1294 190 1295 206 1258 146 1263

B =10,000
Lu 1573 1427 1904 1462 2089 1564 1867 1726 2286 1815 1992 1688 6147 2259
Lud 8 85 2 62 2 61 1 69 0 71 0 83 0 127

The following example can improve the general understanding of this analysis: if 1 = 1 and
¥ = 10, it means that one lost user belonging to Lud (i.e., that potentially could have been able to deliver
a parcel if he/she had found an available bike) is considered equivalent to 10 lost users belonging to Lu
(i.e., that have not joined the crowdshipping proposal or that have not received any parcel to deliver).
The results are summarized in Table 7, for B = 5000 and B = 10,000. The analysis has not been done for
the last two values of the budget, giving that for these remaining configurations, the Lud value is equal
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to zero (Table 6). We have also reported the results associated with a further option, with y; =0 and y;
=1, that is, assuming minimizing Lud only, without taking Lu into account.

Looking at Table 7, the Lud values that are obtained when y, > y1 are smaller than those achieved
with y1 =y, =1 (see Table 6 for a comparison). Then, giving a greater importance/weight to Lud can
be a possible approach to shrink its value when performing the optimizations.

However, a progressive increase in y, (in comparison with 1) does not seem to imply a parallel
reduction in Lud (the only exception is represented by case I, with B = 10,000). The general trend
corresponds to a decrease in Lud at first, followed by a subsequent rise as the values assigned to
Y2 increases.

This occurs when the FFBSS results are congested—that is, when the total number of available
bikes is not sufficient to match the bicycle requests of those users who have to deliver a package. In
these configurations, it may be useful to also partially facilitate those users who have not participated
in the crowdshipping (Uap) or who do not have any parcel to deliver.

Indeed, their daily bike trips may affect the bicycle distribution on the territory, sometimes
generating a sort of rebalance that may allow additional users Uap to find an available bicycle nearby.
If we try to minimize only the Lud in the system (setting y; = 0 and y» = 1), we are not able to find the
lowest value of Lud, which could be achievable with different weight combinations.

A final remark concerning this analysis: if the FFBSS is congested and the bikes on the network are
not sufficient to fully satisfy the crowdshipping users” demand, the value of y; for such configurations
needs to be investigated. A methodology that could help with this issue will be the subject of
future research.

One last sensitivity analysis—while varying the available budget together with the share of the
total users that adhered to the crowdsourced delivery—has been carried out. In this framework, n
varies from 10% to 100%, with increasing steps of 5%. The achieved results are depicted in Figure 3
and shown in Table 8.

The Ppd values reported in Table 8 are not dependent on any budget variation. The bike and
parcels requests are kept unchanged, while the percentage of FFBSS users willing to participate in
the crowdshipping initiative is varied. Both in case I and II, the number of parcels Ppd decreases as
the share 1 increases. In particular, lower values are achieved in case II, as the number of users that
actually performs deliveries is higher (FFBSS users who are not living in a district where a post office is
located are allowed to make parcel deliveries). Moreover, when more than 50% of users adhere to the
crowdshipping, Ppd becomes equal to zero for case II. Then, this seems to be a fair share to reach in the
network to actually reduce the deliveries that postmen have to carry out after T.

Figure 3 shows the median values of lost users in the system in both cases I and II, while varying
the available budget and the share 7.

Lu and Lud have mirrored trends; that is, under the same budget conditions, if Lu decreases, Lud
increases. This happens since the minimization of the total lost users of the system—when the starting
conditions are the same—is not affected by the variation of 7. In Figure 3, the trends are not precisely
mirrored, as they are depicting the median values.

Table 8. Median Ppd values obtained while varying the share 1 of users willing to subscribe to the
crowdshipping initiative, on a set of 12 Saturdays within a time period At of three months.

1 0.10 0.15 0.2 0.25 0.30 0.35 0.40 0.45 0.50 0.55
Ppd (casel) 8196 7977 7590 6933 6835 6830 6601 6573 5448 5448
Ppd (caseIl) 7980 7209 6001 4078 3780 3745 3044 2838 0 0

1 0.58 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

Ppd (casel) 5448 5424 5318 5262 4680 4680 4490 4384 4384 4384
Ppd (case II) 0 0 0 0 0 0 0 0 0 0
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Figure 3. Median values of lost users Lu and Lud obtained while varying the available budget B and
the share 17 on a set of 12 Saturdays within a time period At of three months.

For each budget condition (more clearly for B = 500), there is a difference between case I and case
II trends: if in case I the increase in the value of Lu (and the decrease of Lud) remains stable for each
span of 1 variation, this does not occur in case II, where the trends of Lud and Lu respectively go up
and down more sharply (for n equal or less than 0.5). As a matter of fact, for each additional step of 7,
case II shows a bigger increase (compared with case I) in the number of users that are willing to do
crowdsourced deliveries, due to the broader share of FFBSS users included in the crowdshipping of
case I.

The lower values of Lud can be recorded at low values of ) due to the reduced share of users
who have adhered to the crowdshipping. However, lower values of 1 correspond to high values of
Ppd, and as 1 increases, the Ppd values get smaller. In particular, looking at case II, when 1) is greater
than 0.45, Ppd is equal to O (Table 8); then, the Lu and Lud trends are approximately stable. For these
configurations of the system, for each OD pair, the number of Ua is greater than the number of parcels
to delivery, and then the growth of 1 does not affect Lud.
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As the available budget grows (B = 10,000), the number of lost users (in particular Lud) globally
drops, given the greater availability of bicycles on the territory; additionally, the differences between
case I and II become gradually smaller. The final results referred to B = 15,000 and B = 20,000 have not
been reported in Figure 3, since each value of 1) basically overlaps with those in Table 6 (with 1 = 0.58).
This means that, with an available budget of 15,000, it is possible in almost any case to make the values
of Lud equal to zero (only in a few configurations of 1) is the median value of Lud equal to 1). This does
not happen for Lu values that require a higher budget to become equal to zero as well, regardless of
the share 1 considered.

To summarize, at the levels of bike and parcel requests on Saturdays, with a sufficiently high
budget (look at those configurations in which B = 20,000), it becomes possible to have no lost users
in the system, avoiding the postmen to deliver additional parcels after T (Pp = 0). This result can be
achieved regardless of the share 1 considered, setting the two objective function weights equal to one.
As the available budget decreases, the number of lost users increases, but the value of Lud can be cut
down (although with a higher value of Lu) by setting y, values greater than y. If B is not too low (look
at the configurations in which B = 10,000), the total lost users’ values remain low, and the differences
between case I and case II are not too noticeable.

On the contrary, if the available budget is not sufficient to match the demand levels (look at the
configurations in which B = 5000), the system becomes highly congested, and the differences between
case I and II become more evident.

5. Conclusions

With the aim of defining a viable way to encourage more sustainable transportation alternatives,
this paper suggests combining the crowdsourced delivery option with a free-floating bike-sharing
system (that is, some users of the FFBSS voluntarily accept to distribute post/parcels within the urban
territory during their trips). More specifically, it intends a certain share of free-floating users to be
willing to hand over small packages while traveling along their OD route, or slightly deviating from it.
This activity should not be considered as a second job, or an operation to be carried out systematically
during the day, but simply as an alternative way to absorb some of the postal deliveries in exchange
for some kind of reward, and as an incentive that may lead to a more intense usage of the FFBSS.
The model to optimize and manage this environmentally friendly transport mode has been formally
specified and described.

We have obtained promising results from calibrating our model by means of a local survey and
applying the proposed free-floating bike-sharing crowdshipping system to a case study that aimed at
the minimization of the total number of lost users of the system. Some of those individuals who initially
seemed to be not interested in using the free-floating bike-sharing system as a bike rental service
alone showed a change of mind if, jointly, they were allowed to perform crowdsourced deliveries
with a reward for the accomplishment of these tasks. The FFBSS combined with the crowdshipping
may represent an interesting and viable alternative that could take place in different urban realities,
especially from the perspective of achieving more sustainable and livable cities.

On one hand, with the suggested approach, we can hope to more generally encourage bike usage
by making the FFBSSs more attractive; on the other hand, some disadvantages may arise. Managing
the parcel deliveries may become complicated, with some unresolved issues associated with those
deliveries that for some reason cannot be completed by the FFBSS users. Furthermore, it would be
necessary to regulate user responsibilities regarding parcel damages during the transport.

Our model can also be applied to systems in which parcels are collected from facilities other
than post offices (i.e., those deliveries currently performed by private couriers, which are prevalent in
e-commerce). However, quite often, the post offices are located within urban contexts, while other
kinds of parcel depots are often located farther from more densely populated areas, so it can be difficult
to take charge of such requests. Therefore, the model may be easily applied only in the following
scenarios:
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e if private couriers have access points on the territory, that is, business partners serving as
consolidation delivery points for carriers [29] or proximity distribution points;

e if there are smart lockers distributed over the territory [29] that might be partially or entirely
designated to be used by those users who are part of the crowdshipping initiative.

In this framework, a model that is able to design the location of urban deposits/smart lockers
could help with a more capillary diffusion of the crowdshipping initiative. For instance, the user may
drop the parcel in these lockers when it is not possible to perform the delivery due to the absence of
the recipient. Further studies could merge our proposal with a network design of the location of the
access points/smart lockers.

Another future research direction may consist of a dynamic parcel assignment: the ‘static’
assignment (the one proposed in this study) endows the user with his/her delivery task(s) in the
morning and, if he/she does not find an available bike to ride or becomes unavailable during the day;,
shifts the delivery to a postman after a certain time of the day. A dynamic assignment, on the other
hand, could involve a tentative redistribution of the undelivered packages during the day to other
incoming users who are (still) available during that day.

This could be an additional possibility to enhance sustainable deliveries by bikes that may further
alleviate the main externalities (congestion and pollution caused by urban deliveries) that are usually
connected to these systems.
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Notations

Utor total number of users of the FFBSS

n share of the total number of users that have subscribed to the crowdsourced delivery
Una users of the system that have not subscribed to the FFBSS crowdsourced delivery

Ua users of the FFBSS that have subscribed to the crowdsourced delivery

Uap users of the FFBSS to whom a delivery is assigned by T

Dror total number of daily deliveries

p postmen (persons employed to deliver or collect letters and parcels)

0 share of total daily deliveries expected to be performed by Ua

t generic time interval of an operating day, t = {0, 1, ... , ot}

T fixed time of the day, T < t;ot (last hour for Uap to make their share of deliveries)

Du deliveries that users Uap are expected to perform by T

Lu total lost users (they cannot pick up a free-floating bike since they are not able to find one

nearby) belonging to the users’ set Una, or to the difference between sets Ua and Uap
calculated for each operating day (from t = 0 to t = t;y)

Lud total lost users belonging to the users’ set Uap that could have been able to make a delivery,
calculated in the time interval that goes from the beginning of each operating day (t =0) to T

Pprot total number of parcels to be delivered by P by the end of each operating day

Pp number of parcels to be delivered by P after T due to the lost users Lud in the system

Ppd number of parcels to be delivered by P by the end of each operating day because there has

not been a sufficient number of Ua that day traveling between some origin-destination pairs
ur(t) number of users of the FFBSS that pick up a bike within a generic time interval ¢
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w average distance that a user is willing to walk to pick up a free-floating bicycle

3 generic travel-demand zone/centroid, £ = {1, 2, ..., T}

At time window in which to collect data associated with the functioning of the system

Y1, V2 weights of the objective function

Cp unitary cost of a free-floating bicycle

B total available budget

bg total number of free-floating bicycles to allocate in zone ¢ at the beginning of the day

b total number of free-floating bicycles to allocate in the system at the beginning of the day
a additional maximum distance (both at the origin and destination of a bike journey) that a

user is willing to ride to perform a crowdsourced delivery

Appendix A

In order to apply the proposed optimization model to the city of Bari, it has been necessary to set some
parameters of the model—such as the weekly trends of the cycling mobility and the share of FFBSS users willing to
adhere to the crowdshipping initiative. Rather than assume generic values unrelated to the sociocultural context
of the Apulia region and, more specifically, of the metropolitan area of Bari, we have decided to ask a sample of
people to answer to our questionnaire.

About 1% of the total population of the city, according to the statistics, use the bike as a mode of transport;
however, we do not know exactly how these people can be divided according to their age groups. Consequently,
we have dispensed our questionnaire mainly to the “youngest” segment of the population, i.e., the one that is
probably more inclined (or curious) to use the relatively new technologies on which our proposal is based. In
any case, this questionnaire has merely local significance, and it just provides a first analysis/investigation of the
potential individual preferences of the interviewees.

Appendix A.1. Sample Description and Travel Behavior

The web-link to the questionnaire was sent to 452 voluntary participants. The sampling matched the
characteristics of what seemed to be the core bike-sharing target group (i.e., spread among users in age groups from
18 to 65+, but with the most consistent number of respondents falling in the 25-44 age group [42,43]) (Table Al).
Differences in the education and occupational level can be noticed: 76.8% of participants hold a university degree
(or equivalent), and the share of unemployed and retired people is particularly small (respectively, 1.8% and 1.5%
over the total).

The entire sample description is reported in Table A1.

Table A1l. Sample description.

Indicator Respondents % Respondents
Gender 452
M 209 T 46.2%
F 243 T 53.8%
Age (years) 452
18-24 36 [ 8%
25-34 283 T 62.6%
35-44 56 T 12.4%
45-54 45 EEE 10%
55-64 23 EE5.1%
65+ 9 H 2%
Education 452
Secondary school 4 00.9%
High school 86 T 19%
University 347 T 76.8%
Other 15 B 3.3%
Occupation 452
Student 93 T 20.6%
Private sector 145 T 32.1%
Public sector 93 T 20.6%
Self-employed 106 T 23.5%
Unemployed 8 E1.8%

Retired 7 H1.5%
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First of all, respondents have been presented with a few travel behavioral questions, in order to explore their
general propensity to use different modes of transport on a normal day. The car was selected by the majority of
the respondents (86%) as the preferred travel mode (we gave the respondents the possibility of selecting more
than one preferred modal alternative). Public transport is preferred by roughly 30% of them (bus (28.3%) and
train (32.5%) were provided as possible alternatives), while bicycles were chosen as one of the favorite modes of
transport by only 76 individuals, corresponding to 16.8% of the total share, which is higher than the 1% found
in [31]. This might be due to the (younger) population sample that was selected.

Despite the favorable weather conditions and almost flat territory, traveling by bicycle is not common in the
metropolitan area of Bari (there is a variety of reasons that may justify this trend, although they have not been
investigated in the present study). With this survey, we wanted to ascertain the willingness of people to change
their transportation habits if they were given a new opportunity to travel within the city, namely a FFBSS.

Regarding actual bike ownership, more than 80% of the respondents (373 of them) owned a bicycle or had the
possibility of using one if required. Thus, the current frequency of bike usage for those who actually owned/had
access to a bicycle is assessed and summarized in Figure Al. Only 31.4% of people, among the subgroup of 373
respondents, use the bike at least once/twice a month.

24

58

m Never (58)
m Rarely (198)

Once/twice a month (36)
m Once/twice a week (33)
m Every second day (24)

m Everyday (24)

198

Figure Al. Current bike usage in the case study under analysis (over 373 respondents owned/had
access to a bicycle).

Appendix A.2. FFBSS-Related Attitudes

At the time the survey was conducted, no shared system was operating in the case study area. However, we
have assured that all the respondents were well aware of its main features and functioning by providing a short
description of FFBSSs.

Everyone has been invited to express their opinion regarding the general conditions that would lead him/her
to use a free-floating bike-sharing system. Only 8.8% (40 individuals over 452) of the respondents declared a lack
of interest in using the system, and therefore answering that they would be not willing to participate in it.

The remaining 91.2% of the interviewees can be divided into two groups showing a different attitude
regarding adhesion to the FFBSS: 44.9% (over the total 452) would be willing to have an annual membership,
while 46.2% of them would be more inclined not to pay an annual fee, and would rather pay hourly according to
their actual usage of the system. Considering that most of them rarely ride their own bicycle currently (Figure A1),
their willingness to pay only a small amount of money from time to time makes sense.

The next questions in the survey were addressed to gain better knowledge about the different usages of the
system in relation to the time of day and day of the week. This last piece of information is important in order to
properly set the daily level of bike requests in the case study that we are analyzing.

The FFBSS usage over the days appears well balanced during the week (Figure A2), with a progressive
increase during the weekend (a peak is reached on Sundays). The gender differences regarding the weekly usage
are not relevant (male and female components, as shown in Figure A2).

Regarding the hourly differences in the usage of the system, the final weekdays and weekend trends that
resulted from the survey responses have been depicted in Figure A3. As expected, during the weekdays, the two
peaks are related to the early morning and evening rush times (when people reach their job and then go back, in
the evening, to their home); in contrast, the weekend trend is globally distributed between 09:00 and 20:00, with
peaks in the middle of the morning and afternoon, and a general decrease around lunchtime.
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Figure A2. Potential free-floating bike-sharing system (FFBSS) usage during the different days of the
week, divided into male and female components.
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Figure A3. Potential FFBSS usage during different time slots: weekdays and weekend trends.

Figure A4 reports the average distances that the respondents are likely to cover while riding a free-floating
bike (as mentioned before, the weather conditions in the case study area are usually favorable, and the territory is
essentially flat). Almost all of them consider it reasonable to travel for at least a couple of kilometers, and most
of them are available to travel (for a round trip) between 2—-6 km. Globally, longer distances are expected to be
covered during the weekends (orange trend, Figure A4).

Although the respondents are not currently using a FFBSS, on average, their attitude toward the system
seems to be positive. We cannot have an exact knowledge of the actual frequency with which they would use the
FFBSS if it was implemented on the territory. However, only 10 individuals out of those 58 who asserted to never
use a bike right now (Figure A1) showed a lack of interest in the system; the remaining 48 declared to be willing to
use it, either through paying an hourly fee or a yearly subscription. This means that the implementation of a
FFBSS on the territory could actually encourage more people to use bikes, with all the associated benefits related
to this decision in terms of health and traffic congestion, among other factors.
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Figure A4. Maximum distances (round-trip) that FFBSS users are willing to cover: weekdays and
weekend trends.

Appendix A.3. Crowdshipping

The last group of survey questions focused on the crowdshipping initiative. As it has been done for the FFBSS
attitudes (Appendix A.2), a brief explanation was provided to the respondents regarding the main characteristics of
such a proposal. They were asked to state their willingness to carry out parcel deliveries while using a free-floating
bike during their daily trips in exchange for small rewards or discounts on the FFBSS: 56.8% (234 individuals) of
those who would adhere to the FFBSS (412 in total) agreed.

The rewards that have been mentioned in the survey are free rental minutes within the FFBSS and shopping
vouchers for each parcel delivered. For most of the interviewees (170 respondent over 234), 20 free minutes of
additional usage would be sufficient, while the remainder would be willing to use the system only with further
free rental minutes or shopping vouchers.

Therefore, the issue of the additional distances to cover in order to perform the deliveries (pick up a parcel
from the post office and bring it to the delivery address before reaching the final trip destination) has been raised.
All of them (100%, see Table A2) were willing to lengthen their usual bike route of at least & = 600 m, both at the
beginning of their journey, in order to pick up the package, and before reaching their destination, to accomplish
the delivery. In total, 1.2 additional kilometers was considered acceptable to be covered by each user while he/she
was performing the crowdshipping.

Some of those who indicated interest in the crowdshipping initiative were available to stretch their usual
bike route by more than 600 m. The following Table A2 summarizes the average a values with the corresponding
share of users Ua.

Table A2. Willingness of Ua to lengthen their usual bike path.

a(mean) <0.60km <0.80km <1.25km <1.75km <225km <3.00km  >3.00 km
% Ua 100% 49.2% 39.9% 29.4% 18.5% 10.9% 4.0%

This consideration has been relevant to properly calibrate the average width of each district of the study area
and define the two possible scenarios (case I and II) that may occur in an actual implementation of the proposal on
the network (see Section 4.2 for further details).

Regarding n (the share of total users who have indicated interest in the crowdsourced initiative): we have
previously mentioned that 56.8% of the individuals who would subscribe to the FFBSS agreed to participate in the
crowdshipping initiative. However, in addition to this share, we might potentially add two components:

(@) those users who were not initially willing to subscribe to the FFBSS, but would change their mind if the
FFBSS was combined with crowdshipping (14 respondents);

(b) those users who were not initially willing to subscribe to the FFBSS combined with the crowdshipping, but
would change their mind under particular conditions (Table A3) (42 respondents).

The electric bicycle option is not particularly appealing (Table A3), giving the flat land of the city of Bari.
Considering all these considerations, we have summed up the 14 individuals who would change their mind (a)
to the 412 users who would participate in the FFBSS from the outset (412 + 14 = 426). We have not considered
the additional share (option b in the above list), as it would only occur only under some particular conditions.
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We can conclude that 248 out of 426 individuals is the total share of respondents who would participate in the
crowdshipping; therefore, we can set 1 = 58%.

Table A3. Reasons why respondents would change their mind and join the crowdshipping initiative
while using the FFBSS.

Reasons Respondents
If the free-floating bikes are pedal-assisted or electric bicycles. 9

If I do not have to deliver parcels/packages, but only envelops or postcards. 10

If the parcels to deliver are not registered post. 5

There are other reasons why I would change my mind, but they are not mentioned in this list. 18

I would not change my mind for any reason. 136

Further research aims at extending this analysis to a larger population sample, achieving more robust and

general results, and at adopting both online and paper questionnaires [44].
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