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Metro stations as crowd-shipping catalysts:

an empirical and computational study

Carlo Filippi∗ Francesca Plebani∗

Abstract

Crowd-shipping is a promising shared mobility service that involves the delivery of
goods using non-professional shippers. This service is mainly intended to reduce conges-
tion and pollution in city centers but, as some authors observe, in most crowd-shipping
initiatives the crowd rely on private motorized vehicles and hence the environmental
benefits could be small, if not negative. Conversely, a crowd-shipping service relying
on public transport should maximize the environmental benefits. Motivated by this
observation, in this study we assess the potentials of crowd-shipping based on metro
commuters in the city of Brescia, Italy. Our contribution is twofold. First, we analyze
the results of a survey conducted among metro users to assess their willingness to act
as crowd-shippers. The main result is that most young commuters and retirees are
willing to be crowd-shippers even for a null reward. Second, we assess the potential
economic impact of using metro-based crowd-shipping coupled with a traditional home
delivery service. To this end, we formulate a variant of the VRP model where the
customers closest to the metro stations may be served either by a conventional vehicle
or by a crowd-shipper. The model is implemented using Python with Gurobi solver.
A computational study based on the Brescia case is performed to get insights on the
economic advantages that a metro-based crowd delivery option may have for a retailing
company.

Keywords
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1 Introduction

E-commerce, home-delivery, same-day delivery continue to exhibit a remarkable growth
year after year. These phenomena are symptoms of a profound change in retailing and
in consumer behavior and involve huge challenges for last-mile logistics management.
On one side, direct deliveries are likely to cause smaller loads and more frequent ship-
ments, involving lower freight consolidation. Consequently, logistics companies face an
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increment in marginal transportation costs coupled with an increasing competitiveness,
and are forced to experiment with innovative and cost-effective delivery systems. On
the other side, direct deliveries generate a worsening of traffic and parking conditions
in urban areas, while public authorities are struggling to reduce traffic congestion and
pollution in our cities. Thus, the urge of efficient and sustainable delivery modes is
experienced by private and public stakeholders.

Crowd-logistics is a concept that may help in this context. Crowd-logistics “desig-
nates the outsourcing of logistics services to a mass of actors, whereby the coordination
is supported by a technical infrastructure. The aim of crowd-logistics is to achieve
economic benefits for all stake- and shareholders” [13]. Crowd-logistics encompasses
different sharing-economy models, including crowd-shipping, where individuals travel-
ing to a certain region are willing to perform deliveries on their way, and professional
shippers may rely on them to carry out part of their shipments. The integration of
personal and freight transport is allowed by on-line platforms that, exploiting mobile
communication technologies and global positioning systems (GPS), are able to match
in real time delivery demand with transportation supply.

Crowd-shipping may be implemented in different ways. In most cases, crowd-
shippers are “occasional drivers”, that pick up a parcel and deliver it to the final
customer by using privately owned means of transportation. Examples of initiatives
of this type are “Spark Delivery” by Walmart, “Amazon Flex”, “Deliv” in several
U.S. cities, “Trunkrs” in The Netherlands, and “Renren Kuaidi” in China [2]. In this
implementation, crowd-shippers are willing to pick up a parcel along a journey that
they are already making and deliver it making a limited detour.

While the use of a motorized private vehicle is not an obstacle to implement a
cost-effective shipment service, it could even worsen congestion and pollution in the
urban complex. Hence, while the positive effects for companies in terms of cost and
image are interesting, the positive effects for the quality of life are questionable [16].
A more sustainable implementation of crowd-shipping might rely on public transport,
i.e., on the trips of commuters using subways, light rails, buses. In this case, any parcel
shifted from professional delivery to crowd-shipment should have a positive effect on
the environment. Real crowd-shipment initiatives based of public service are harder to
find. A remarkable example is the “Dabbawala” lunchbox delivery and return system
in India, especially Mumbai, which is based on railway trains and bycicles [3].

In this paper, we analyze the potentials of a crowd-shipping initiative based on
public transport for a European medium-sized city. More specifically, we consider the
case of Brescia, a city of around 200,000 inhabitants situated in northern Italy. Brescia
is County Seat of the largest province in Lombardy region and an academic center.
From a few years, Brescia owns a fully automated metro system with a single L-shaped
line, connecting the south-east part of the city to the northern part. On the Brescia
case, we formulate two research questions:

Q1 Are metro commuters willing to operate as crowd-shippers, adding a pickup and
delivery routine to their usual path, possibly after a small reward?

Q2 Is it economically interesting for a professional shipper the chance of using metro
commuters as occasional delivery persons, possibly paying them a small reward?

To respond to the first question, we handed out a questionnaire to a sample of Brescia
metro users and we analyzed the obtained answers. It turns out that metro users are
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very sensitive to environmental sustainability, and that most commuters are willing
to be crowd-shippers, even for a null reward, especially if they are young or aged.
To respond to the second question, we formulated and implemented an optimization
model to assess the benefits for a private professional shipper to use crowd-shipping
based on metro commuters. More specifically, we consider a vehicle routing problem
(VRP) in which the delivery locations reasonably close to metro stations can be served
either by a professional shipper or by a crowd-shipper (metro user), possibly paying
a fixed reward. We use the model to run an extensive simulation involving Brescia
municipality and its metro system. We obtain managerial insights of the profitability
of a crowd-shipping initiative based on public transport.

The paper is organized as follows. In Section 2, we analyze the relevant literature.
In Section 3, we describe the survey conducted in Brescia and discuss its results. In
Section 4, we design an optimization model for the simulation of the usage of metro-
based crowd-shipping in Brescia, we develop the case study and analyze it using the
proposed model. Finally, Section 5 is devoted to some conclusions.

2 Literature review

A recent and thorough survey on crowd-shipping is proposed by Le et al. [10], who
review current practice, academic research, and empirical case studies according to
three “pillars”: supply, demand, and operations-and-management. Crowd-shipping is
a special form of crowdphysics, a term coined by Sadilek, Krumm, and Horvitz [17] to
denote “crowdsourcing tasks that require people to collaborate and synchronize both
in time and physical space.” After this seminal contribution, several works dealt with
crowd-shipping under different perspectives.

A large part of the literature focuses on the motivations and economical perspec-
tives of crowd-shipping. The goal is usually to help policy-makers to adapt laws and
regulations to the sharing economy developments and to provide insights to businesses
in which crowd-shipping is compatible with the corporate social responsibility strategy.
Buldeo Rai et al. [5] formulate a definition of the wider concept of crowd-logistics and
identify which factors determine the sustainability potential of crowd-logistics. Their
methodology includes literature analysis and interviews with logistics practitioners.
Punel and Stathopoulos [15] analyze the determinants of crowd-shipping acceptance
among senders, using a discrete choice model. They characterize different preference
patterns related to different distance classes for the crowd-shipping service. The dif-
ference between crowd-shipping users and non-users is studied by Punel, Ermagun,
and Stathopoulos [14]. Using proportional t-test analysis and a binary logit model
they conclude that crowd-shipping is more prevalent among young people, men, and
full-time employed individuals, while urban areas are preferential for the development
of crowd-shipping. Ermagun and Stathopoulos [6] study the supply determinants of
crowd-shipping. They exploit a large data set of crowd-shipping requests across the
Unites States to correlate the potential of crowd-shipping initiatives to several social
and economic variables, giving insights for transportation planners and crowd-shipping
companies. In a following paper [7], the same authors use the data set to analyse the
performance of existing crowd-shipping services and identify levers to improve effi-
ciency.

A few papers focus on optimization models and algorithms for crowd-shipping.
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Archetti, Savelsbergh, and Speranza [1] propose the Vehicle Routing Problem with
Occasional Drivers (VRPOD) to model a situation where deliveries to customer’s home
is made from a given store and can be done either by conventional vehicles or using
an “occasional driver”, i.e., a customer present at the store and willing to deliver a
package to another customer, in exchange of a little reward. Starting from the VRPOD,
Macrina et al. [11] introduce time windows for the visit of customers and propose
and validate two alternative optimization models. In a subsequent work [12], the
same authors introduce also transshipment nodes, and design a variable neighborhood
search heuristic. Raviv and Tenzer (2018) study a crowd-shipping problem in which
the deliveries are carried out by external couriers. For a version of the problem without
capacity constraints, they design a stochastic dynamic algorithm and a greedy heuristic.

Most of the studies on crowd-shipping assume that the crowd-shippers are drivers
that use their private vehicles to offer a shipping service. A few authors consider the
possibility to implement crowd-shipping using public transport. Serafini et al. [18] and
Gatta et al. [9] investigate the willingness to act as crowd-shipper of metro users in the
city of Rome, Italy, where Automated Parcel Lockers (APL) located in metro stations
are used for pick-up/drop-off operations. They use stated preferences and discrete
choice models to analyze the inclination to crowd-shipping. Starting from the same
case study, Gatta et al. [8] evaluate the environmental and economic impact of crowd-
shipping in urban areas. Finally, Simoni et al. [19] develop a hybrid dynamic traffic
simulation model to analyze the impact of different operational features, like transport
crowd-shipping mode and admissible detour length, on congestion and emissions.

3 Empirical study: the survey

In this section, we investigate the propensity of the inhabitants of the city of Bres-
cia towards the crowd-shipping service combined with the usage of the metro. More
specifically, we analyze through a survey the willingness of the inhabitants to act as
crowd-shippers (supply side) and to purchase a crowd-shipping service (demand side)
to get goods delivered/collected in a last mile B2C e-commerce situation. The idea
behind the investigation focuses on the opportunity to involve in a crowd-shipping
project the population that normally uses the metro to travel downtown, and deliver
goods purchased online to customers located near metro stops. The project could in-
volve both home delivery by crowd-shippers to customers living near metro stations
and the pickup/release of goods in automated parcel lockers located at the stations.
Our survey is inspired by an analogous research done by Gatta et al. [9] for the city
of Rome.

Brescia is a city of about 200,000 inhabitants distributed on a municipal territory
of about 90 km2. Since 2013, the city is served by a metro, an automatic light rail line
that connects the northern districts of the city of Brescia to those of the south-east,
passing through the historic center. It employs a fully automatic rapid rail transport
system, designed and built by Ansaldo-STS, similar to that already realized for the
Copenhagen metro and the contemporary M5 metro in Milan. The service consists of
a single line with a total of 17 stations [4]. The number of metro users has constantly
grown from the inauguration to the Covid-19 pandemics, reaching about 18.7 million
in 2019 [4].

Our survey was carried out through a questionnaire created with Google Form and
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(a) Gender distribution (b) Age distribution

(c) Professional distribution

Figure 1: Gender, age, and professional distribution of the sample.

submitted online between the end of July 2020 and October 2020, which allowed to
collect a total of 392 responses.

The sample

The first part of the questionnaire was devoted to a simple analysis of the respondents.
The obtained distribution by gender, age, and professional status of the sample is
depicted in Figure 1. Notice that the question about gender was not mandatory, but
all the participants responded, with 70% of women and 30% of men.

Interest in the initiative

The second part of the questionnaire involved the personal interest in a crowd-shipping
initiative. In particular, we pose the following questions.

• Do you think that crowd-shipping, an initiative that allows for environmental and
traffic benefits and a possible decrease in delivery times for goods, could have a
future in Italy? (e.g. in big cities like Milan and Rome) The possible answers was
“yes”, “maybe”, “no”. Only 6% of the interviewees think that crowd-shipping
has no future in Italy, against 64% who are completely optimistic. There is no
significant difference between men and women, while age has its influence: the
more skeptical are the respondents in age class 26-44 (10% of “no” answers, 53%
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(a) Future of crowd-shipping in Brescia
(b) Willingness to collaborate.

Figure 2: Future of crowd-shipping and willingness to collaborate.

Age Yes Maybe No

16 - 25 45% 40% 16%
26 - 44 40% 33% 27%
45 - 60 53% 23% 24%
Over 60 50% 40% 10%

Table 1: Willingness to collaborate with crowd-shipping initiatives by age class.

of “yes” answers); the more optimistic are the respondents over 60, with 9 “yes”
answers and one “maybe” answer.

• Do you think crowd-shipping can have a future in Brescia? Restricting the focus
to the city of Brescia, confidence decreases, but only 9% of respondents think
it has no future. The percentage of undecided respondents has risen sharply, to
around 43%, see Figure 2(a). The differences between genders and among age
classes are similar to the previous case.

• In light of the benefits it could have for Brescia from an environmental point of
view, would you take action to see this initiative realized? For example, by talking
about it and raising awareness about it among friends and relatives, by partici-
pating in initiatives and presentations, by proposing yourself as an occasional
shipper. Here, 21% of respondents are not willing to collaborate, see Figure 2(b);
the answers are partitioned by age class in Table 1. According to the answers,
85% of the youngest respondents and 90% of the oldest ones can be considered as
potential crowd-shippers. This suggests that students and retirees are the most
likely to become crowd-shippers. Finally, we notice that in this case men appear
to be more collaborative than women (17% vs 27% of “no” answers).

Supply-side and demand-side

In order to understand which and how many of the respondents represent a significant
sample for the demand-side and supply-side survey, we have divided the respondents
into categories according to the following questions.
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Living in Brescia
[Demand side]

Yes No

Metro user Yes 24 (6.12%) 80 (20.41%)

[Supply side] No 80 (20.41%) 208 (53.06%)

Table 2: Cross-section of demand and supply side of the sample.

ZIP # ZIP #

25123 27 25122 4
25128 14 25126 4
25121 13 25135 3
25124 10 25136 3
25125 8 25134 2
25133 8 25129 1
25127 6 25131 1

Table 3: Demand side: ZIP code distribution.

• Are you a resident of the city of Brescia? Living in Brescia allows us to identify
potential customers of the service with crowd-shipping combined with the use of
the metro line. The 104 respondents living in the city of Brescia represent the
reference sample for the demand-side survey.

• Do you use the Brescia metro regularly during the year? 288 out of 392 respon-
dents stated that they use the metro only occasionally; therefore, they cannot
represent the supply-side reference sample, which is therefore composed of the
remaining 104 respondents.

The cross-section of the demand and supply side sample is given in Table 2. Notice
that it is a coincidence that the supply-side and demand-side reference subsamples are
composed of exactly 104 respondents each. Of the 392 people interviewed, 24 belong
to both the demand and supply samples, 80 belong only to the supply sample, 208
can only provide us with information useful for knowing the respondents’ confidence
towards the possible success of a crowd-shipping initiative.

Demand side analysis

To better understand the demand side of the sample, we collected information about
the propensity to online shopping and the zip code of residence. The respondents living
in Brescia municipality are 104, and are distributed by zip code as shown in Table 3.

The distribution of online order frequencies in the sample of residents in Brescia is
depicted in Figure 3. Notice that 56% of the respondents order online at least once a
month; 44% of the respondents order online rarely or never. We posed the following
question.
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Figure 3: Frequency of online orders.

1 or 2 days per week 21%

3 days per week 21%

4 days per week 22%

5 days per week 27%

5 days per week 9%

Table 4: Frequencies of trips among metro users.

• Would you be willing to have the goods delivered to your home by an “occasional
shipper”, that is a person who does not do it for work but who has made himself
available to make the delivery? It turned out that among the 93 respondents
who order online, 80 (86%) would be willing to receive shipments from occasional
shippers. The sample does not show relevant differences among age classes and
gender.

It would be interesting to analyze possible correlations between ZIP code, the inclina-
tion to online shopping, the willingness to be served by a crowd-shipper. However, this
analysis would require larger numbers of respondents to be statistically sound.

Supply-side analysis

To analyze the supply side, we first ask to the 104 metro users how often they use the
metro on average. The answers are reported in Table 4. To visualize the variety of trips,
in Figure 4 we represent the departure and arrival stations stated by the respondents
for the first trip of the day (we assume the second trip is reversed). The typical
trip described by frequent users of the metro involves departure from the stations of
Prealpino, Casazza or Sant’Eufemia Buffalora (located at the entrance to the city
from different directions and close to large parking lots) or from Stazione FS (the train
station). The destination station of the typical trip is mainly located near Vittoria or
San Faustino, two destinations in the city center, in areas characterized by car traffic
limitations.

We posed the following question to the metro users.

• During one or more of your metro rides, would you be willing to carry a package
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Figure 4: The first trips of the day in the sample.

for free, thus becoming an occasional crowd-shipper? (Weight and size of a normal
backpack). It turned out that 69 respondents out of 104 (66% of the total) would
be willing to collaborate for free.

To the 35 respondents who were not available as crowd-shipper for free, we asked the
following.

• Would you be willing to carry the package for a reimbursement equal to recovering
the costs of the trip? In this case, 19 out of 35 respondents (54%) would be
willing to cooperate as occasional transporters in exchange for reimbursement of
the metro ticket.

To the 16 respondents not willing to collaborate in exchange for ticket reimbursement
were finally offered compensation in excess of the cost of the ticket.

• Would you be willing to do it for more than the cost of the trip? Here, 10 respon-
dents (63%) would accept to collaborate under these conditions. 6 respondents
would not be willing under any circumstances.

To the 98 respondents who, possibly with compensation, say they would be willing
to carry packages (the size of a backpack) we asked willingness to detour from the
subway station.

• If you were required to pick up/deliver the package outside of the Metro station,
would you still accept? The answers are summarized in Table 5.

We may summarize the analysis of the supply side as follows: about 66% of the
sample would be willing to collaborate free of charge; an additional 19% of the sample
would be willing to cooperate for a reimbursement equal to the cost of the ticket;
an additional 9% of the sample would be willing to cooperate for a reimbursement
greater than the cost of the ticket; only 6% of the sample would in no case be willing
to collaborate in the initiative. In the light of these findings, our answer to research
question Q1 is affirmative.
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Yes, without extra charge, regardless of
detour time

2.0%

Yes, without extra charge, for a maximum
5 minute walking detour

56.1%

Yes, without extra charge, for a maximum
walking distance of 10 minutes

13.3%

Yes, with an extra charge for the detour 20.4%

No, in any case 8.2%

Table 5: Accepted detour from the original trip of potential crowd-shippers.

4 Computational study

To assess the possible advantages of using crowd-shipping as an integration to con-
ventional home delivery, we consider the following situation. Consider a store that
manages home delivery of packages to customer located in Brescia. Every morning, a
given set of customers has to be visited to deliver packages. Each delivery is carried
out either by a van or by crowd-shipping. The packages assigned to the van are loaded
on the vehicle at the store. The van leaves the store, visits all assigned customers to
deliver the corresponding packages and, finally, goes back to the store. Each package
assigned to crowd-shipping is picked up by the first available and compatible crowd-
shipper, and delivered by him/her to the corresponding customer. A crowd-shipper is
a metro passenger that picks up a package from the store (close to the departure metro
station), travels by metro, and delivers the package to a customer’s home located near
the arrival metro station. Hence, only customers living sufficiently close to a metro
station can be served by a crowd-shipper. To maintain the analysis simple, we assume
that:

• the availability of crowd-shippers is such that any delivery assigned to crowd-
shipping can find a corresponding shipper (unbounded availability of shippers);

• there are no time restrictions for the deliveries (no time windows).

We assume that any delivery carried out by a crowd-shipper has the same fixed cost
(the reward for the shipper), whereas the cost of the deliveries carried out by the van
depend on the length of the route and the operating cost of the van.

In this section, our aim is to make a quantitative assessment of the advantages
and disadvantages of crowd-shipping using metro passengers by optimizing the system
described above under different scenarios. To do that, we need first to develop an
optimization model, then to build a realistic case study based on the results of the
questionnaire described above, and finally to run a computational study.

4.1 A Vehicle Routing Problem with crowd-shippers

In this section, we develop an optimization model to simulate the delivery system
described above.
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Let G = (N,A) denote a complete directed graph with node set N = {0, 1, . . . , n}
and arc set A = {(i, j) : i, j ∈ N, i 6= j}. Node 0 corresponds to the store, nodes
1, . . . , n correspond to the daily set of customers to be served. Each arc (i, j) ∈ A

has a length dij and a cost cij . Each customer i ∈ N \ {0} has a given demand of qi
units (measuring the size of the corresponding package). There are m identical vehicles
available, each one with a capacity of Q units.

Let S ⊆ N \ {0} be the set of customers that can be served by a crowd-shipper.
They are the customers located within a given maximum distance δ from a metro
station, where δ is expressed for example as walking time. Let V be set of customers
that must be served by a standard vehicle, i.e., let V = N \ ({0} ∪ S).

A shipper receives a fixed reward p as compensation for making a delivery to any
customer i ∈ S. Vehicle routes need to satisfy a capacity constraint: the total demand
of the customers served on a single route cannot exceed Q. It is implicitly assumed
that a shipper can accommodate the demand qi of customer i ∈ S he/she is willing to
serve. The cost of a vehicle route r is the sum of the costs of the arcs in the route, i.e.,
∑

(i,j)∈r cij . From the company’s perspective, the objective is to minimize the total
costs, that is the sum of the costs incurred by the regular vehicles and the cost incurred
for compensating the crowd-shippers. Note that if there are no crowd-shippers, the
problem just described becomes the standard Capacitated Vehicle Routing Problem
(CVRP).

Let xij be a binary variable indicating whether a vehicle traverses arc (i, j). Let yij
indicate the load a vehicle carries on the arc (i, j). Let zi be a binary variable indicating
whether customer i ∈ S is visited by a vehicle or a crowd-shipper. More precisely, we
assume zi = 1 if i is visited by a vehicle; zi = 0 if i is visited by a crowd-shipper. We
formulate the following Vehicle Routing Problem with Crowd-Shippers (VRPCS):

min
∑

(i,j)∈A

cijxij + p
∑

i∈C

(1− zi) (1)

subject to
∑

j|(i,j)∈A

xij =
∑

j|(j,i)∈A

xji =

{

1 i ∈ V

zi i ∈ S
(2)

∑

j|(0,j)∈A

x0j =
∑

j|(j,0)∈A

xj0 ≤ m (3)

∑

j|(j,i)∈A

yji −
∑

j|(i,j)∈A

yij =

{

qi i ∈ V

qizi i ∈ S
(4)

∑

j|(j,0)∈A

yj0 −
∑

j|(0,j)∈A

y0j = −

(

∑

i∈V

qi +
∑

i∈S

qizi

)

(5)

yij ≤ Qxij (i, j) ∈ A (6)

yi0 = 0 i ∈ N \ {0} (7)

xij ∈ {0, 1} (i, j) ∈ A (8)

zi ∈ {0, 1} i ∈ S (9)

yij ≥ 0 (i, j) ∈ A (10)
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The objective function (1) aims at minimizing the total cost. Constraints (2) and
(3) are flow conservation constraints. In particular, constraint (3) compels that no
more than m vehicles can be used. Constraints (4) and (5) ensure that demand of the
customers visited by vehicles is satisfied and that subtours are prevented. Constraints
(6) ensure that vehicle capacity is respected. Finally, constraints (7) establish that the
vehicles must return empty to the depot.

Though developed from a different setting, the above model is similar to the VRP
with Occasional Drivers (VRPOD) [1].

4.2 Brescia case study

In this section, evaluate empirically the potentials of crowd-shipping based on metro
commuters in the city of Brescia, Italy. We first describe the case and the experimental
setting, then the results and their discussion.

4.2.1 Case and experimental setting

We consider a delivery company that delivers packages in Brescia municipality starting
from a depot located near the railway station, where also the main metro station is
located. The Brescia metro is composed by a single line with an L-shape, with a
terminus in the south-east part of the town and the other terminus in the northern
part. The main station is adjacent to the railway station, and is positioned in the
middle of the metro line (see Figure 5).

We consider 100 customers to be served within Brescia municipality. Given an
integer δ, we assume that a customer located at no more that δ minutes of walking
distance from a metro station may be visited either by a vehicle or by a crowd-shipper.
A customer located at more that δ minutes of walking distance from any metro station
must be visited by a vehicle. Notice that the δ minutes can be interpreted as minutes
walked by the crowd-shipper to reach a customer and deliver a package or as minutes
walked by the customer to reach a locker placed in a metro station where a crowd-
shipper has left the package. This distinction is irrelevant for the optimization model
discussed above. The location of the customers and sample isochrones around the
metro stations are illustrated in Figure 6. The location of the customers is chosen to
have a spacial distribution roughly correlated to the population density.

Given this setting, we test the following grid of parameters:

• Demand : for all i ∈ V ∪ S, qi is an integer randomly chosen in {1, 2, 3, 4, 5}; this
should account for the differences in size of the packages. To consider different
situations, we generate independently five different vectors of elements qi, i ∈
V ∪ S.

• Vehicle capacity : we consider Q ∈ {360, 180, 90, 45}. Given the demand distri-
bution, these capacities should identify situations where the expected number of
vehicles to be used is respectively 1, 2, 4, 8. In any case, we set m = 10.

• Cost coefficients and price of crowd-shipping : we take as unit cost the cost per
kilometer of a vehicle. Thus, for all (i, j) ∈ A, cij is the road distance from i

to j in kilometers. The price of crowd-shipping is expressed in the same unit,
and we test four different prices, with p ∈ {0, 0.5, 1, 1.5, 2, 5}. For p = 0 (crowd-
shippers offer their service for free), crowd-shipping should always be the choice
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Figure 5: Map of Brescia metro. The line and the stations are represented in red. The main
station is circled in black.

Figure 6: Customers (red circles) and isochrones at 5, 10, 15 minutes of walking distance
from metro stations. The circled position corresponds to the main metro station and the
depot.
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when possible; for p = 5 (each crowd-shipper requires a reward corresponding to
a 5-km run of a vehicle), crowd-shipping is always too expensive.

• Customers compatible with crowd-shipping : we assume that only the customers
close to a metro station are compatible with crowd-shipping. We test three levels
of acceptable walking distance δ: 5, 10, and 15 minutes.

The total number of runs is thus 5× 4× 6× 3 = 360.
We derived all road distances and the isochrones of walking distance from the

metro stations using the OR tools in QGIS3; the optimization model was implemented
in Python 3.8 using Gurobi 9.1 as solver. Since the purpose of this analysis is to get
insights on the managerial problem and not to design the efficient solution of model
VRPCS, we set for Gurobi a time limit (parameter TimeLimit) of 600 seconds and a
MIP gap tolerance (parameter MIPGap) of 1% on each instance. All the other Gurobi
parameters are set to default. The tests have been performed on a 64-bit Windows
laptop with Intel Core processor i5-8250U, 1.8GHz, with 8 GB of RAM.

4.2.2 Results and Discussion

We first evaluate the computational effort required by model VRPCS and the quality
of the obtained solution, then we discuss the managerial insights obtained from our
simulation. In both cases, we resort mostly on a graphical representation of the results.

Concerning the computational effort, in Figure 7 we plot the average and maximum
optimality gap and the average CPU time as functions of the vehicle capacity Q and the
isochrone (i.e., the number of customers compatible with crowd-shipping). The chart
shows that the hardness of the problem decreases with the capacity of the vehicle,
i.e., it is inversely proportional to the average number of vehicles needed to serve the
customers. In particular, while there is an almost regular decreasing trend in the CPU
time, the decrease in gap appears to be step-wise, with a large improvement from
Q = 45 to Q = 90 followed by a quite stable behavior in the following capacities. This
could be explained by the fact that the time limit of 600 seconds implied that most of
the instances with Q = 45 have been terminated prematurely. On the other hand, the
role of the number of customers compatible with crowd-shipping is not apparent.

The strict correlation between number of used vehicles and hardness of the problem
is confirmed by Figure 8. We see that, with five or more vehicles, all runs are terminated
by the time limit.

Turning to the insights that model VRPCS gives in our case study, we analyze in
Figure 9 how the number of potential crowd-shipments and the crowd-shipping reward
impact the average number of achieved crowd-shipments and the average traveling cost
of the vehicles. As one may expect, there is a strong negative correlation between the
number of customers compatible with crowd-shipping and the traveling cost of the
vehicles: the higher the chance to serve customers by crowd-shipping, the lower the
usage of vehicles. Moreover, there is a positive correlation between the crowd-shipping
reward and the traveling cost for vehicles: the higher the cost for crowd-shipping, the
higher the distance traveled by vehicles. Moreover, the reward paid to a crowd-shipper
has a huge impact on the convenience of resorting to crowd-shipping. The latter relation
is better analyzed in Figure 10, where we plot the average behavior of the solutions
when the price of each crowd-shipment is increasing. As we may expect, the higher
the price, the lower the convenience to use crowd-shipping and, beyond a certain price,
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Figure 7: Optimality gap and CPU time as functions of crowd-shipping compatibility and
vehicle capacity.

Figure 8: Optimality gap and CPU time as functions of crowd-shipping reward.

15



Figure 9: Number of crowd-shipments and vehicle cost as functions of potential shipmnets
and crowd-shipping reward.

crowd-shipping is not convenient at all. Concerning the operational costs (traveling
of vehicles plus crowd-shipping), the average total expense when p = 5 (no crowd-
shipping used) is 111.18, whereas the the average total expense when p = 0 (maximum
usage of crowd-shipping) is 82.67, with an average saving of 25.64%. For opposite
reasons, when p = 5 and when p = 0, the operational cost is entirely due to standard
vehicles. In Table 6, we analyze the trade-off between vehicle cost and crowd-shipping
cost for the entire range of rewards for crowd-shipping. For high reward values, the
cost saving given by crowd-shipping is negligible. However, when the compensation
for crowd-shipping is low, the saving is sensible. In particular, when p = 0.5 (i.e.,
when the compensation is equal to the cost of a deviation of 0.5 km for a vehicle) we
have an average total saving of almost 12%, with a saving in traveling cost of 22.76%.
The last columns also gives an interesting insight: when p = 0.5, the average number
of required vehicles is 2.70 whereas, without crowd-shipping, the average number of
required vehicles is 3.63. That means that, on average, on the Brescia case we could
save one vehicle out of four, with an additional 25% saving in amortization cost.

Finally, in Figure 11 we give a graphical view of the routes when crowd-shipping
becomes cheaper. More precisely, we plot the solutions obtained under the first demand
scenario when Q = 45 and 15 minutes of walking distance is allowed for crowd-shipping.
We consider different decreasing values of crowd-shipping reward: p = 5.0 (no crowd-
shipping), p = 1.5, p = 1.0, p = 0.0 (free crowd-shipping). In Figure 11, the depot is the
black square, the metro stations are the gray squares, the customers compatible with
crowd-shipping are the orange dots, and the customers not compatible are the blue dots.
In this particular instances, crowd-shipping could dramatically reduce the number of
needed routes, passing from 7 to 3. Though a large part of the customers cannot be
reached by crowd-shipping and require a standard delivery service, it is apparent that
the availability of cheap crowd-shipping may greatly simplify the delivery work for a
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Figure 10: Costs and number of crowd-shipments as functions of crowd-shipping reward.

p Avg. Traveling
Cost Saving

Avg. Operational
Cost Saving

Avg. Number of
Vehicles

0.0 25.64% 25.64% 2.57
0.5 22.76% 11.91% 2.70
1.0 11.57% 3.96% 3.17
1.5 4.05% 1.39% 3.45
2.0 1.87% 0.55% 3.57
5.0 0.00% 0.00% 3.63

Table 6: An analysis of costs and number of required vehicles with respect to crowd-shipping
cost.
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(a) p = 5.0 (b) p = 1.5

(c) p = 1.0 (d) p = 0.0

Figure 11: Evolution of the routes when the reward for crowd-shipping decrease.

package carrier.
In the light of the above findings, our answer to research question Q2 is also affir-

mative.

5 Conclusions

We have analyzed the potentialities of crowd-shipping based on public transport for
last-mile delivery in a medium-size European city. In particular, we focused in Brescia
city, in Northern Italy. Our study is twofold: on one side, through a survey, we have
investigated the interest of metro users to act as crowd-shippers; on the other side,
we have developed a computational study to simulate the opportunities for a shipper
with a depot located near the main metro station and the possibility to serve part of
its customers by using crowd-shippers. Essentially, the results are that: (a) there is a
common awareness that sustainable delivery modes are crucial to improve the quality
of life in our cities and a substantial willingness to cooperate, even with no monetary
reward; (b) for a carrier, the implementation of a crowd-shipping initiative may have
not only a useful impact in terms of image, but also a remarkable impact in terms of
operational costs.

It should be noted that our study shows positive results even if we consider a case
study where just one line of public transport can be exploited and hence only a limited
portion of shipments can be fulfilled by crowd-shipping. In cities where a network
composed by different lines can be used, we would expect even more positive results,
though the coordination of crowd-shippers may become more complex to manage.
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The optimization model we use assumes that there is availability of crowd-shippers
for any shipment to a compatible delivery location. This assumption is reasonable if
the number of shipments is very low with respect to the number of public transport
commuters. In this case, we may assume there is always a commuter starting from the
pickup point (the central station in our case study) and ending at the destination point.
However, for large cities with a complex public transport system, this assumption may
become questionable, and the model may require an extension, for instance considering
a limited availability of crowd-shippers for every origin-destination pair.

Finally, on the algorithmic side, a regular use of the optimization model would
require the development of an efficient heuristic to get good solutions quickly and to
revise plans in real time.
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[4] Brescia Mobilità S.p.A. La metropolitana di brescia. Available at https://www.
bresciamobilita.it/la-metropolitana-di-brescia (2021/05/18).

[5] H. Buldeo Rai, S. Verlinde, J. Merckx, and C. Macharis. Crowd logistics: an
opportunity for more sustainable urban freight transport? European Transport
Research Review, 9(39), 2017.

[6] A. Ermagun and A. Stathopoulos. To bid or not to bid: An empirical study of the
supply determinants of crowd-shipping. Transportation Research Part A, 116:468
– 483, 2018.

[7] A. Ermagun and A. Stathopoulos. Crowd-shipping delivery performance from
bidding to delivering. Research in Transportation Business & Management, page
100614, 2020.

[8] V. Gatta, E. Marcucci, M. Nigro, S. M. Patella, and S. Serafini. Public transport-
based crowdshipping for sustainable city logistics: Assessing economic and envi-
ronmental impacts. Sustainability, 11(1), 2019.

19



[9] V. Gatta, E. Marcucci, M. Nigro, and S. Serafini. Sustainable urban freight trans-
port adopting public transport-based crowdshipping for B2C deliveries. European
Transport Research Review, 13(1), 2019.

[10] T. V. Le, A. Stathopoulos, T. Van Woensel, and S. V. Ukkusuri. Supply, demand,
operations, and management of crowd-shipping services: A review and empirical
evidence. Transportation Research Part C: Emerging Technologies, 103:83–103,
2019.

[11] G. Macrina, L. Di Puglia Pugliese, F. Guerriero, and D. Laganà. The vehicle
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