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Abstract: This paper investigates the opportunity to exploit an on-demand freight transshipment
service in urban areas. This contribution attempts at first to focus on the feasibility to connect people
and freight mobility with a joint usage of transportation options. It builds on the hyperconnectivity
principles enabled by the Physical Internet (PIl) manifesto for city logistics. To this end, this paper
proposes an effective solution approach for optimizing multimodal on-demand transshipment. The
approach considers multiple mobility options such as on-demand delivery services, cargo bikes,
tramways, and buses to transship goods from an urban logistic hub to another. The hyperconnected
synchromodal mobility solution is proposed as an alternative option to classical pickup and delivery-
based transportation. The proposal is first characterized in link with the interconnectivity needs and
then its operability is modeled as a new transportation approach. The proposed solution aims to
increase the sustainability of cities by reducing congestion levels, the impact of logistics moves, as
well as carbon emissions in urban areas. An illustrative case is provided to demonstrate how the
novel hyperconnected synchromodal transportation system could operate, and to provide an
evaluation of the economic and sustainability benefits of such system in an urban context.

Keywords: Hyperconnected City Logistics, Synchromodality, Physical Internet, Parcel Distribution,
Sustainable Mobility
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1 Introduction

Urban population is steadily growing, as demonstrated by the World Business Council for Sustainable
Development predicting that by 2025 more than 4.4 billion of people will be living in urban areas.
New mega cities are appearing in many countries, especially in Latin America and Asia, which will
rise to over 85% the world population living in cities by 2050. The raise of e-commerce proportion
in deliveries and the mass customization trend in retailing are responsible for lower volumes per
shipment and higher number of shipments. These urban shipments are continuously confronted to an
increased service level now expressed in hours to deliver rather than in days. Transportation of goods
in urban areas represents an important proportion of the total moves on a daily basis within cities.
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From the residents’ perspective, the main moves consist of transporting goods supplied from
groceries or retail stores, and on moving out to nearby pickup points to collect online ordered
products. From the private logistics companies’ perspective, the main moves are the well-known last-
mile deliveries that are nowadays more and more under pressure induced by the higher requirements
of the online retailing system. With the surge in small-package delivery services, these actors
represent a vital link between the globally dispersed suppliers and the city residents with a challenge
for their efficiency, service level, ecological footprint, and social impact on the city.

The concept of Physical Internet (PI), (Montreuil, 2011), was proposed as a novel and open
framework in order to connect within the same system humans, objects, networks, and the main
stakeholders (cities, logistics operators, couriers, postal services, retailers). A more distributed and
sustainable logistic system could be reached enabling the easy access of goods. Within the PI vision,
goods are moved, handled, and stored via a logistic web that corresponds to an open network of
logistic networks. The implementation of the PI framework enables to move toward a more
interconnected and decentralized transportation service where goods are encapsulated in smart easy-
to-handle and modular PI-containers. Within urban areas, interconnectivity is to be strongly enhanced
thanks to the usage of a large multi-tier set of logistic hubs and the usage of several transportation
options to ensure safe, efficient, and fast transshipment moves between all the origin-destination
pairs. Based on all these features, the introduction of the Hyperconnected City Logistics (HCL),
(Crainic and Montreuil, 2016), enables a more efficient and sustainable way to handle and transport
goods. HCL presents an approach to shift from disconnected dedicated transportation systems to a
connected decentralized and highly collaborative transportation and logistics system emphasizing the
use of the available spaces and existing infrastructure.

At the city level, the urban infrastructures that provide and operate interconnected sustainable modes
rely on public transport resources dedicated to people mobility (buses, tramways, rapid transit
systems). With the objective of reducing the impact of freight transport and logistics on the urban
fabric, many recent papers stressed the interest in interconnecting people and freight mobility. In the
existent literature on city logistics, the solutions presented focus on the integration of freight into a
single passenger network. Many of these innovative logistic practices mixing freight and passengers
are implemented in the form of pilots and are focused on a single public transportation mode, but few
concrete solutions remain. According to a multimodal approach, synergies between freight and
passengers based on the sharing of vehicles and public transport infrastructures requires consideration
of the notions of hyperconnectivity and synchromodality.

This research paper first focuses on the feasibility of goods transshipment with a joint usage of public
mobility and freight urban vehicles. Within an urban area, interconnectivity would be strongly
enhanced thanks to the usage of a high number of multimodal transit hubs, which are locations where
several transportation modes crossover. Interconnectivity would also be leveraged by the usage of
several transportation options to ensure efficient and fast transshipment moves, synchromodality,
between all the origin-destination pairs of the multimodal transit hubs network. Accordingly, this
paper proposes a model-based decision support system to transship goods in an urban area based on
the joint use of public transport mode (tramways and buses) and on-demand mode (cargo bikes and
taxis). The paper uses a case to illustrate a mobility solution based on modular containerization (PI-
containers). This case is built within an urban area where a set of predefined itineraries are designed
to run different type of vehicles and multiple transportation modes. Finally, this paper demonstrates
the benefits from creating synergies between freight and people mobility in urban areas from
economic, ecologic, and societal perspectives.
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2 Literature review

The literature dedicated to city logistics has proposed several innovative practices with the aim to
improve the unsustainable situation currently operated by freight mobility at road traffic level. City
logistics emphasizes the need for an optimized consolidation of loads from different shippers and
carriers based on the coordination of freight transportation activities (Crainic 2008; Toh et al., 2009;
Anand et al., 2012; Cleophas et al., 2019). Tactical planning models (Crainic et al., 2009) and
operational transportation models (Crainic et al., 2004; Hemmelmayr et al., 2012; Crainic et al., 2015;
Nguyen et al., 2017) have been proposed to cope with a number of real urban contexts. In these latter
works, the two-tier modeling framework proposed for city logistics underlines the important role of
peri-urban structural resources to connect distribution operations to urban areas. The expansion to
multi-tier distribution systems is rapidly facing limitations when companies act solely, due to the
heavy investment costs in durable facilities. Faced with a highly competitive context, urban deliveries
must be redesigned to find the appropriate level of economic efficiency while integrating
environmental and societal perspectives. In parallel, city logistics activities are subject to the
regulations implemented by local authorities to minimize negative impacts (Savelsbergh and Van
Woensel, 2016). The systemic view of city operations points out the crucial need for collaborative
and sharing-based practices. City Logistics research and practice have shown that enhancing only
traffic and parking regulations is no longer efficient to deal with all urban issues (de Jong et al., 2015)
and that a more global vision on people mobility and goods delivery is desired in terms of sharing
transportation networks, vehicles and routes.

The Physical Internet initiative enabled the emergence of the Hyperconnected City Logistics (HCL)
for designing urban logistics and transportation systems that are significantly more efficient and
sustainable (Crainic and Montreuil, 2016). In the PI framework, goods are encapsulated in standard,
modular, smart, and reusable PI-containers, routed across open distribution networks. HCL is based
on the key concept of interconnectivity, in order to shift to an open system engaging a multitude of
diverse actors and emphasizing the interconnected utilization of existing urban logistics facilities and
usable spaces. It enables leveraging on-demand paired transportation requests including
transshipment, cross docking logistic operations as well as multiple transportation tools and options.

Several facts underlined the failure of current transportation companies to provide efficient
distribution networks at the urban level (Crainic, 2008; Montreuil, 2011). Many researchers and
practitioners have investigated innovative solutions with the consideration of shared vehicles between
persons and goods as well as shared cargo bikes (Gruber et al., 2014) or freight rapid transit system
(Fatnassi et al., 2015). Innovative mobility business models materialized in the last years finding a
way to use alternative energy vehicles during slow periods outside rush hours (Hildermeier and
Villareal, 2014). Several studies and literature reviews were published in order to present the potential
benefits of the use of multimodal transportation system in urban areas (Kumar et al., 2016 ; Cochrane
et al., 2017; Cleophas et al., 2019; Mourad et al., 2019; Cavallaro and Nocera, 2022).

Reducing the environmental impact of freight transport activities in urban areas is one of the primary
concerns for more virtuous mobility, often approached through encouraging modal shift from road to
other more environmentally friendly modes of transport. The concept of synchromodality, whose
various foundations are discussed in many recent publications such as (Dong et al., 2018), (Ambra et
al., 2019) and (Lemmens et al., 2019), allows standardized containers to switch between different
modes of transport, dynamically adapting the routes according to planning approaches particularly
based on real-time information. Faced with this search for flexibility, the number of transport modes
directly available in a city impacts the possibilities for modal shift. Many research works propose
approaches based on the design of interconnected networks, but there is no approach to evaluate the
economic, environmental and societal performance of urban distribution based on multimodal
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mobility using several public transport modes. In order to characterize the concept of urban
synchromodality the following section is devoted to defining its underlying assumptions.

3 Multimodal on-demand transshipment problem

The modeling approach relies on multiple transportation options, time windows and distance
constraints. These features give rise to a multimodal on-demand transshipment problem. However,
only a few studies expressed these opportunities and attempted to model this specific on-demand
transportation problem. Here, different types of vehicles with their own characteristics are being used
for specific time windows at a daily basis. Each itinerary is dedicated to a specific transportation
mode between different pairs of multimodal transit hub locations. Then, the proposed decision
support system uses jointly several mobility options to serve a set of goods delivery requests. Several
insights are derived from this illustrative case on the benefits of hyperconnectivity in ensuring an
adequate delivery service, alternatively to dedicated on-demand vehicles. Also, the role of
synchromodality is underlined in reducing the waiting time and parcels footprint at the urban level.

The model considers each PI-container as an independent traveler over the network aiming to reach
its destination node before a deadline, by means of choosing several pairs of vehicles and multimodal
transit nodes. Depending on the selected vehicle option and the arrival time to a node, a PI-container
might need to spend some time in that multimodal transit node to get the next selected trip. Although
the Pl-containers are travelling independently from each other, they share capacity on the same
selected trips and in the same visiting nodes. As the ultimate goal is to arrive with the least possible
delay, the model tracks the timing of each PI-container’s moves in the network. If the available urban
mobility options or the operating couriers do not reach the expected service level (no late delivery),
the use of on-demand vehicles which might speed up the moves is allowed yet penalized due to their
unfavorable impacts. In the model is considered a single-size PI-container.

The problem is defined for a planning horizon broken into time intervals (large periods) to capture
the deviations arising from the congestion and demand levels. The planning horizon is also broken
into decision periods (small periods) to capture the problem dynamics, to update the parameters and
to re-optimize the problem. In addition, there are scheduled moves on the public network over the
whole horizon. For example, the defined time settings for a 6am-6pm horizon with 4 large periods,
12 small periods and several scheduled moves are shown in Figure 1.

Time
t
—p
Start of the Time Interval x Time interval Start of the Decision periodt  Decision period ® Scheduled move
(large period) (small period)

Figure 1: Time settings

There is one local hub, acting as the origin of arriving PI-containers and accessible for all transport
modes. There are several access hubs dispersed in different zones of the city that can receive and
dispatch PI-containers. This network design approach is based on the concepts of multi-plane meshed
networks interconnecting hubs introduced in Montreuil et al., 2018. Access hubs are connected to
one/several other access hubs by one/several transportation modes depending on the zone and
accessibility of each arc by each transport mode. Each access hub can be the destination of an arriving
of Pl-container expressed by a capacity for reception and dispatching activities during each period
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that can be defined the same as either the traffic-level time intervals or the decision periods. The
capacity limit should be defined relative to the length of each period, otherwise it can impose
unnecessary inflexibility in routing optionality. Depending on the length of each period, this capacity
parameter implies the maximum availability of operational resources (workforce or chargeable
equipment for unloading and loading operations) and space in the load/unload and holding area.

Public scheduled transport Multimodal scheduled delivery Multimodal & on-demand delivery
@ Bus - Line @ Bus - Line @ Bus - Line
@ Tram - Line Tram - Line @ Tram - Line
...'.'.9,§~\.~ o’ < @ "\».\ o Y @ _.}*O,, L @
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Figure 2: Multimodal good transportation system within Physical Internet context

The travel time on each arc depends on the transportation mode speed and the period’ congestion
factor, specified at the beginning of the large periods. Each of the public transportation modes has
scheduled departures from the respective access hubs to respective destinations over the planning
horizon. The courier service is another scheduled transport option with fixed and known itineraries
(with scheduled departure from respective access hub). Each vehicle in the scheduled transport option
(public or private) has a remaining capacity parameter which should be considered while assigning
the PI-containers. On-demand vehicles can travel on some of the arcs depending on the zone of the
arc’s ends, the decision period and the on-demand transport option. As public transport and courier
options have a fixed reachable network, their accessibility matrix is large-period independent and is
defined separately.

Unlike the previous modes, there are no scheduled moves for on-demand vehicles. But assigning a
PI-container to an on-demand vehicle to move on an arc on the network incorporates an uncertainty
in the arrival of the on-demand vehicle. This arrival uncertainty may differ for each on-demand
vehicle option (such as cargo bike versus taxi) in each access hub for each large period of the day. In
a one-size PI-container setting and assuming that each request corresponds to a single PI-container,
the arriving on-demand vehicle always has sufficient capacity. Calling an on-demand vehicle
enforces an empty move for that vehicle to reach the respective access hub. Therefore, a fixed cost
for each utilization of an on-demand vehicle is considered.

PI-containers start at the local hub and need to be delivered to an access hub destination. It is possible
to choose a mixture of transportation nodes and intermediate access hubs to connect the arriving PI-
containers to their destinations. Each PI-container has a soft deadline for its delivery to the destination
access hub. Violation of this deadline incorporates a penalty cost, which might differ from one PI-
container to another depending on the length of the delay. The following components should be
considered in the objective function to minimize the impact of PI-containers’ journey in the time and
space of urban transport network space:

e Penalty cost for deviating from delivery deadlines;

e Fixed cost for calling on-demand vehicles (for their empty moves);

e Total arc-dependent travel costs incurred by choosing on-demand vehicles (includes the cost of
undesired environmental consequences, like a CO; tax).
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4 lllustrative example

To illustrate the solution approach proposed based on PI-container mobility, this section considers a
typical urban context related to Bordeaux, a mid-size city in France. Different types of mobility
options with their own characteristics are being used for specific time windows on a daily basis. The
use case is built within an urban area where a set of predefined itineraries are designed to run vehicles
of different types and multiple transportation modes. Each itinerary is dedicated to a specific
transportation mode between different pairs of access hubs. The distance matrix for the illustrative
example was generated based on the hypercentre of the city of Bordeaux. The network is composed
of two types of nodes serving as PI-container transshipment and temporary storage locations. A local
hub is located at the Bordeaux train station, it represents the starting point of the PI-containers and is
characterized by a large capacity in terms of storage, speed of transshipment and connectivity with
the public transport modes. In addition, the network is made up of 12 loading/unloading points which
are access hubs corresponding, in terms of public transport, to stops on the routes and in some cases
to interconnection points between the different modes. One of the characteristics of the access hubs
is that they provide transshipment spaces with relatively small storage capacity corresponding to
temporary waiting areas.

At the level of the selected urban area, Figure 3 presents the location of the transshipment nodes, the
lines of the two public transport modes considered (bus and tram) as well as the spatial location of
demand points that come from the survey on urban freight transport in the city of Bordeaux (French
Mobility, 2015). The connections between the nodes of the network correspond to the routes taken
by the different public transport modes using two types of infrastructure: rail for the tram and road
for the bus.

Stop Bus / Tram
[7] Local hub

@ Access hub

Bus / Tram lines

Road  pys

P -Rﬂ I- Tram
Y o
PG

@ Demand

Figure 3: Spatial pattern of freight movements in Bordeaux hypercentre (one week)

The illustrative case is hereafter used to demonstrate how a multi-modes transportation system could
operate, and to provide an assessment of the economic and sustainability benefits of such system in
an urban context. The following section presents the results for different levels of demand, different
time settings and different PI-container mobility options.
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5 Preliminary results

This section investigates the performance of alternative configurations of multimodal on-demand
delivery service exploiting several mobility options in satisfying a set of Pl-container delivery
demands. The performance assessment procedure considers the different characteristics of the
problem in order to conciliate economic, ecological, and societal objectives. To this end, the
following two subsections present different mobility network configurations over different time
horizons and demand levels.

5.1 Scheduled multimodal delivery service

In this first investigated mobility network configuration, eight nodes are considered: 7 access hubs
and 1 local hub. For the transport options, only scheduled public and private routes are exploited to
connect the nodes. For public transport there are tram and bus lines and a courier service to the private
sector, as shown in Figure 4. On a time-window of 3 hours divided into three periods of 1 hour, 14
scheduled departures are planned, as illustrated with the table in Figure 4.

—7
[ Period ap
n > 3 6:12 (1]h 7:00
. / 17:42 R
EN s00 6:30 , 8:12 Access hub destination
Bl s 7:12 1% \/ for Pl-container 3,4 &5
Bl 630 7:42
KN s Origin . \
ER 7:00 Local hub N 6:12 ol 7:30 4y 730
: - .
[ 6 | 7:12 6:12 & 6:30 Seall 7:54 4y 8:12
[ 7 | 7:30 6:30 N : T~ aea 1 (8:42
[ 8 | 7:42 : N 7:30 ‘ ~ o 854 _’@
: 7:30 N | ~~
[ 9 | 7:48 ) N 1
[ 10 | 7:54 A Tram moves W_"h A B N \ Access hub destination
11| g12 g — — > departure times ‘@ 6:12 1) for Pl-container 1 & 6
[ 12 | 8:30 ) 6:42 _ _ 7:12
13 | 842 A Bus moves with A, B - Access hub destination 7:42
14 | gsa g — — % departure times ! for Pl-container2&7 .,
A Courier moves with A,
B = == P B departure times

Figure 4: Timetables and multimodal network

The first results obtained are based on the delivery of 7 PI-containers considering the following
assumptions: 1) at each period the routes, the timetables and the travel times are known, ii) capacities
are available on each route, iii) no constraints on congestion levels, transfer, and storage capacities in
the access hubs, and iv) all containers are at the local hub at time zero. As presented at the table level
in Figure 5, this first step made it possible to validate the solution approach by obtaining for each PI-
container a route allowing to reduce unnecessary moves and the total waiting time from the PI-
containers to the destination access hub. In the example, PI-containers 1 and 7 arrive at their final

destination with a delay of 24 minutes and 36 minutes.
destination time destination node
7:00

[&_1 Local hub

j’ Access hub 6 7:24
| t Travelling by tram - ._Fi?'_o’” __Flox2) Floxx1) 5 9:00 7:36
T [“ - J L [ 7 8:00 7:48
| x ‘ xx Dest
Lt  Travelling by bus — “i_sgo.g.l_)l l {0,012 I S(n.Dest,lll 7 8:00 7:48
S(0,i.k) Arrival of PI- N Time 7 9:00 7:54
container o to e . .
hub i by vehicle ) 6 8:00 7:24
e 5 7:00 7.36
Flo,lk} Departure of PI-
container o from
hub | by vehicle
type k
. Scheduled move

Figure 5: Example of delivery plan



O. Labarthe, W. Klibi, B. Montreuil, J.-C. Deschamps

5.2 Multimodal on-demand delivery service versus routing

In this second configuration of the mobility network, thirteen nodes are considered: 12 access hubs
and 1 local hub. For the transport options, public scheduled lines and on-demand modes are exploited
to interconnect the access hubs. The selected public transport network consists of one tram line and
six bus lines. Over a 2-hour time window between 7 PM and 9 PM, 113 departures on public transport
lines are planned. In terms of on-demand transport, two options are retained: taxi and cargo bike.
Each of these options incorporates additional characteristics to measure the impact of the on-demand
transport in the urban space (number of added vehicles to the city traffic flow, occupied city parking
space per unit of time, etc.). For taxis, some parameters are added to consider the ecological impact
(fuel consumption and CO> emission rate). Due to the different parameters for the multiple
transportation options, the proposed problem involves finding a route for each Pl-container,
composed by a set of travel moves and transits. To this end, an analysis based on the delivery times
of 30 Pl-containers is proposed in Figure 6. The aim is to compare a modelling and optimization-
based approach for the multimodal on-demand transshipment problem (Multimodal & on-demand)
with an exact approach with CPLEX for solving Vehicle Routing Problem (VRP).

The two tested delivery modes incorporate the following assumptions: 1) at each period the routes,
the timetables, and the travel times are known; ii) the capacities are available on each route; iii) no
constraints on congestion levels, transfer and storage capacities in the access hubs; iv) all containers
are at the local hub at time zero; v) the loading/unloading time for one PI-container is 180 seconds;
and vi) unlimited availability of on-demand resources. The results presented in Figure 6 make it
possible to specify for each PI-container the local hub of departure (Origin), the access hub of arrival
(Destination), the expected delivery time taking as start time 7PM (Delivery time expressed in
minutes and seconds), and the arrival time taking as start time 7PM (Arrival time expressed in minutes
and seconds) according to the two delivery modes. The VRP approach proposes a solution with a
distribution of the 30 PI-containers in two trucks. Truck 1 will handle the delivery of 17 PI-containers
and truck 2 will deliver 13 PI-containers, for a total distance traveled of 13.04 km.

Truck n®1 Truck n°2
Actual delivery time Actual delivery time
Due date Multimodal & on-demand VRP Due date Multimodal & on-demand VRP
Nb Order Origin Destination min sec min sec min sec Nb Order Origin _Destination min sec min sec min sec
1 1 2 19 |7140 102,20 6132 | 328 197 17 1 12 83  |4980 69,80 4188 458 275
7 1 2 19 7140 102,20 6132 | 328 197 2 1 12 92 |5520 89,00 5340 | 458 275
8 1 2 92 |5520 87,20 5232 | 328 197 23 1 12 55  |3300 43,20 2592 458 275
16 1 2 75 |4500 73.20 4392 | 328 197 14 1 10 64 3840 62,80 3768 | 4180 2508
3 1 3 66 3960 62,00 3720 | 11,82 709 28 1 1 97  |5820 96,00 5760 | 50,05 3003
4 1 4 77 |4620 77,00 4620 | 21,07 1264 15 1 13 87  |5220 83,00 4980 | 5983 3590
9 1 4 118 |7080 105,80 6348 | 2107 1264 18 1 13 7 4260 69,00 4140 | 5983 3590
27 1 4 110 |6600 103,00 6180 | 21,07 1264 25 1 13 88  |5280 83,00 4980 | 5983 3590
12 1 5 74 |4440 73,20 4392 | 2980 1788 29 1 13 105 6300 98,00 5880 | 59,83 3590
13 1 5 48 2880 45,20 2712 | 2980 1788 2 1 7 54 3240 52,20 3132 | 6937 4162
26 1 5 100 |6000 99,50 5970 | 29,80 1788 24 1 7 86  |5160 80,80 4848 | 69,37 4162
5 1 9 42 |2520 40,20 2412 | 71,00 4260 10 1 6 78 4680 77,20 4632 | 7800 4680
6 1 9 7 |4260 70,50 4230 | 71,00 4260 22 1 6 76 |4560 63,50 3810 | 78,00 4680
1 1 9 56 |3360 54,20 3252 | 71,00 4260
19 1 8 80 |4800 7650 4500 | 80,02 4801
20 1 8 76 | 4560 67,50 4050 | 80,02 4801
30 1 8 105 |6300 86,50 5190 | 80,02 4801

Figure 6: Deliveries plans of 30 Pl-containers (Multimodal & on-demand versus VRP)
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The VRP approach proposes a solution in which the vehicle utilization rate decreases after each visit
to the access hubs. As mentioned previously, all PI-containers are available at 7PM, regardless of the
expected due dates. This constraint can lead to very long waiting times for the PI-containers once
they reach their destination, as is the case for the orders 1 and 7 assigned to Truck 1. Lastly, the travel
and unloading operations represent an occupation of urban space, either in terms of traffic or in terms
of parking spaces.

In terms of the multimodal and on-demand solution, the results presented in Figure 6 show that each
PI-container will have its own route defined according to the actual delivery times. This reduces the
waiting time at the access hubs and ensures that the actual delivery time is close to the due date. This
removes the constraint associated with the presence of all PI-containers at 7 PM, thus allowing greater
flexibility in terms of arrival at the local hub. Of the 30 PI-containers delivered, 29 used only public
transport by combining bus and tram lines, and only one PI-container used on-demand transport by
cargo bike. The main resulting impacts are based on the reduction of the use of urban space and on
the reduction of CO» emissions for goods delivery activities.

6 Conclusion

In this paper, a new approach is proposed for freight transshipment in an urban area based on the joint
use of on-demand mode and public transport. The modeling approach is based on multiple
transportation options, time windows and distance constraints. The solution approach is based on a
forward-looking periodic approach that periodically solves the related on-demand multimodal
transshipment problem with CPLEX. Based on the case of an urban mobility network in France, we
proposed results that confirmed the effectiveness of our proposal in terms of service and
sustainability. Several insights are derived from this showcase on the benefit of hyperconnectivity in
ensuring an adequate delivery service, alternatively to dedicated on-demand vehicles. Also, the role
of synchromodality is underlined in reducing the waiting time and parcels footprint at the urban level.
Finally, this work demonstrates the benefits from creating synergies between freight and people
mobility in urban areas from the economic, ecologic, and societal perspectives. These results show
the feasibility of our proposal, and the performance levers it could bring in the future.

Avenues for further research include extending the model to consider several local hubs, more vehicle
types/services in an on-demand mode. Extending the set transport options in the mobility network
could also be an interesting avenue: leveraging options for goods transport that currently mainly
dedicated to move people, such as automated vehicles (AVs) for on-demand transport requests.

References

e Ambra T., A. Caris, C. Macharis (2019): Towards freight transport system unification: reviewing and
combining the advancements in the physical internet and synchromodal transport research. International
Journal of Production Research, v57, no6, 1606-1623.

e Anand A., H. Quak, R. van Duin, L. Tavasszy (2012): City logistics modeling efforts: Trends and gaps —
A review. Procedia — Social and Behavioral Sciences, v39, 101-115.

e (Cavallaro F., S. Nocera (2022): Integration of passenger and freight transport: A concept-centric
literature review. Research in Transportation Business & Management, v43.

e Cleophas C., C. Cottrill, J. F. Ehmke, K. Tierney (2019): Collaborative urban transportation: Recent
advances in theory and practice. European Journal of Operational Research, v273, no3, 801-816.

e Cochrane K., S. Saxe, M. J. Roorda, A. Shalaby (2017): Moving freight on public transit: Best practices,
challenges, and opportunities. International Journal of Sustainable Transportation, v11, no2, 120-132.

e Crainic T. G., N. Ricciardi, G. Storchi (2004): Advanced freight transportation systems for congested
urban areas. Transportation Research Part C, v12, no2, 119-137.

e Crainic T. G. (2008): City Logistics. INFORMS TutORials in Operations Research, 181-212.



O. Labarthe, W. Klibi, B. Montreuil, J.-C. Deschamps

e Crainic T. G., N. Ricciardi, G. Storchi (2009): Models for Evaluating and Planning City Logistics
Systems. Transportation Science, v43, no4, 432-454.

e Crainic T. G., Y. Gajpal, M. Gendreau (2015): Multi-zone Multi-trip Vehicle Routing Problem with Time
Windows. INFOR: Information Systems and Operational Research, v53, no2, 49-67.

e Crainic T. G., B. Montreuil (2016): Physical Internet Enabled Hyperconnected City Logistics.
Transportation Research Procedia, v12, 383-398.

e delJong M., S. Joss, D. Schraven, C. Zhan, M. Weijnen (2015): Sustainable—smart—resilient—low carbon—
eco—knowledge cities; making sense of a multitude of concepts promoting sustainable urbanization.
Journal of Cleaner Production, v109, 25-38.

e Dong C., R. Boute, A. McKinnon, M. Verelst (2018): Investigating synchromodality from a supply chain
perspective. Transportation Research Part D, 61, 42-57.

e Fatnassi E., J. Chaouachi, W. Klibi (2015): Planning and operating a shared goods and passengers on-
demand rapid transit system for sustainable city-logistics. Transportation Research Part B, v81, no2, 440-
460.

e Hemmelmayr V. C.,J.-F. Cordeau, T. G. Crainic (2012): An adaptive large neighborhood search heuristic
for Two-Echelon Vehicle Routing Problems arising in city logistics. Computers & Operations Research,
v39, nol2, 3215-3228.

e Hildermeier J., A. Villareal (2014): Two ways of defining sustainable mobility: Autolib’and BeMobility.
Journal of Environmental Policy & Planning, v16, no3, 321-336.

e Kumar A. A., J. E. Kang, C. Kwon, A. Nikolaev (2016): Inferring origin-destination pairs and utility-
based travel preferences of shared mobility system users in a multi-modal environment. Transportation
Research Part B, v91, 270-291.

e Lemmens N., J. Gijsbrechts, R. Boute (2019): Synchromodality in the Physical Internet — dual sourcing
and real-time switching between transport modes. European Transport Research Review, v11, nol9.

e Montreuil B. (2011): Towards a Physical Internet: Meeting the Global Logistics Sustainability Grand
Challenge, Logistics Research, v3, no2-3, 71-87.

e Montreuil, B., Buckley, S., Faugere, L., Khir, R., S. Derhami (2018): Urban Parcel Logistics Hub and
Network Design: The Impact of Modularity and Hyperconnectivity, 15th IMHRC Proceedings, Savannah,
Georgia, USA.

e Mourad A., J. Puchinger, C. Chu (2019): A survey of models and algorithms for optimizing shared
mobility. Transportation Research Part B, v123, 323-346.

e Nguyen P. K., T. G. Crainic, M. Toulouse (2017): Multi-trip Pickup and Delivery Problem with Time
Windows and Synchronization. Annals of Operations Research, 253, 899-934.

e Savelsbergh M., T. Van Woensel (2016): City Logistics: Challenges and Opportunities. Transportation
Science, v50, no2, 579-590.

e Toh K. T. K., P. Nagel, R. Oakden (2009): A business and ICT architecture for a logistics city.
International Journal of Production Economics, v122, nol, 216-228.

10



