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Abstract: This paper presents a route delivery planning and simulation module that forms a
core part of the ICT Platform of the H2020 SENATOR project, which aims to enhance the
sustainability of cities by developing a new urban logistic model. The module utilizes Al-based
optimization algorithms to support the matching of supply and demand, identify the best fleet
mix, and estimate the best delivery route based on real-time conditions. It also allows last-mile
delivery planning using different transport modes, inter-modality, and driving restrictions, and
simultaneously optimizes different performance indicators. The paper provides a detailed
description of the Al-based optimization method and the architecture and components of the
software module. Finally, the software module is validated in two scenarios (current operations
and implementation of a Low Emission Zone) using real shipment data from a postal operator
company in the living lab that the SENATOR project is implementing in Zaragoza.

Keywords: last-mile logistics, vehicle routing problem, optimization, dynamic planning, multi-
modal, collaborative delivery.
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1 Introduction

The growth of last-mile logistics is a continuous trend, driven mainly by urbanization and
changes in consumer behaviour. The surge in online retailing, e-groceries, and e-commerce has
contributed to this phenomenon (European Commission, 2023). This trend has resulted in an
increase in freight traffic in urban areas, which negatively impacts the sustainability and
livability of our cities. The additional traffic generated by vehicles for deliveries leads to
congestion and emissions, with CO2 accounting for 25% and PM and NOx accounting for 30-
50%. Furthermore, heavy vehicles also reduce road safety (European Commission, 2020). On
top of that, the COVID-19 pandemic has further accelerated the growth of online purchasing
and logistic innovations(DHL, 2023). However, despite efforts to improve logistics
sustainability, the challenges of the entire process are still subject to debate. Nevertheless, new
technologies, processes and distribution strategies offer significant potential for enhancing the
impact of last-mile deliveries in urban areas.
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With these challenges in mind, the SENATOR projectlaims to create a new urban logistic
model for enhancing the sustainability of cities. For this purpose, the project will develop a
smart network operator, as a control tower supported on an ICT Platform that will work as a
support tool for decision-making, integration and planning of all logistics operations. In
consequence, it will minimize the negative impacts that this distribution causes in the cities and
will constitute an effective means of collaboration between agents (citizens, operators, carriers,
and administrations).

The objective of this paper is to present one of the core parts of the mentioned ICT Platform.
Concretely, the route delivery planning and simulation module whose aim is to support the
matching of supply (vehicle, transport operators, etc.) with demand; to identify the best fleet
mix (e.g. fuel, electric or zero-emission vehicles, cargo-bikes) to fulfil the customer demands
while reducing pollution; and estimate the best delivery route according to real-time or
historical traffic conditions (e.g. traffic congestion, etc.), to avoid the overlapping between
different logistic/transport operators routes when possible to reduce traffic, and to overcome
unexpected events that might arise, such as traffic disruptions or vehicle breakdowns thanks to
the Al-based optimization algorithms. Furthermore, to show the capabilities of the software
module, we validate it in a real scenario using shipment data from a postal operator company
in the living lab that the SENATOR project is implementing in Zaragoza. The first scenario is
based on the current operations of the postal operator, whereas the second one is based on the
implementation of a Low Emission Zone in the city centre of Zaragoza.

The rest of the paper is structured as follows. Section 2 reviews other tools currently available
that are similar to the one presented in this paper. Then, Section 3 is devoted to describing the
Al-based software module for collaborative logistics. After that, the experimental setup and the
results obtained by the system presented are detailed in Section 4. Finally, the main conclusions
gathered from this paper a discussed in Section 5.

2 Related work

This section discusses various tools available for solving the Vehicle Routing Problem (VRP),
that are similar to the one presented in this paper and provides a comparison among them.

e JSprit? is an open-source VRP engine written in Java and uses a generic Ruin &
Recreate metaheuristic. It can solve different VRP variants, including Capacitated VRP,
Multiple Depot VRP, VRP with Time Windows, VRP with Backhauls, VRP with
Pickups and Deliveries, VRP with Heterogeneous Fleet, and Time-dependent VRP.

e OR-Tools® is an open-source software suite for optimization, tuned for tackling hard
problems in vehicle routing, flows, integer and linear programming, and constraint
programming. OR-Tools includes a specialized routing library to solve different types
of node-routing problems, such as TSP, VRP, CVRP, VRPTW, VRP with Resource
Constraints, and VRPPD.

e VROOM*: VROOM is open-source software written in C++ for solving vehicle routing
problems. VROOM can solve several types of VRPs, including TSP, CVRP, VRPTW,
MDHVRPTW, PDPTW, and a mix of these types.

1 https://www.senatorproject.eu/

2 https://github.com/graphhopper/jsprit/tree/master/docs
8 https://github.com/google/or-tools

4 https://github.com/VROOM-Project/vroom
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e VRP Service from ArcGIS® is a commercial service developed by ESRI to address
different routing problems. It can be accessed in different ways such as JavaScript APIs
and SDKs in different programming languages.

e Circuit® is acommercial tool available on web service, Android and iOS platforms, that
allows the optimization of up to 1000 stops considering stop time windows, first and
last stop, and priority levels. Its main use cases are Driver Tracking, Local Delivery,
Route Planning, Proof of Delivery, and Courier Management.

e LOCUS’ is a commercial tool that allows the planning and optimization of routes and
vehicle assignation for orders considering problems such as Travelling Salesman,
Vehicle Routing and Knapsacking. LOCUS implements exact, heuristic, and hybrid
algorithms. Its main use cases are Last-Mile Delivery Routing, Field Service Dispatch
Planning, Dynamic Route Planning and Optimization, Territory-Based Route Planning,
and Reverse/Returns Logistics.

e OptaPlanner? is an open-source tool developed in Java that implements several
optimization problems, including VRP, Capacitated VRP, and VRP with Time
Windows. It also allows integration with Google Maps and OpenStreetMap.

e HERE?® is a commercial tool that provides a route planning API to solve the VRP,
implementing the Capacitated VRP, VRP with Time Windows, Multi-Depot VRP,
Open Vehicle Routing, Heterogeneous or Mixed Fleet VRP, and Pickup and Delivery
VRP. It allows the calculation of routes using real-time and historical traffic information
and the re-planning of routes in real time if new orders appear.

e GraphHopper'? is an open-source software tool developed in Java that uses JSprit as
the route optimization engine. It provides an API to solve a variety of vehicle routing
problems, including the Traveling Salesman optimization problem, and all the VRP
variants implemented in JSprit. Its main advantages are the possibility of designing
vehicle types and defining time windows and service times for drivers.

However, none of the tools discussed above offer at the same time the functionalities of
dynamic route optimisation, multi-modal fleet optimisation, inter-modal and/or transfer route
optimisation, multi-objective optimisation and consideration of driving constraints.

3 Artificial Intelligence based software module for collaborative
last-mile logistics

The software module for collaborative last-mile logistics is based on the well-known Rich
Vehicle Routing Problem (Lahyani, Khemakhem, & Semet, 2015) which is a class of
optimization problems that represent some or all aspects of a real-world application of vehicle
routing including optimization criteria, constraints, and preferences. These problems deal with
more realistic optimization functions, uncertainty, and dynamism, along with a wide variety of
real-life constraints related to time and distance factors, and the use of heterogeneous fleets.
Specifically, this software module internally implements a more realistic and complex model
of the Rich Vehicle Routing Problem than those currently available in the literature as it can
simultaneously incorporate the following aspects:

5 https://desktop.arcgis.com/es/arcmap/latest/extensions/network-analyst/vehicle-routing-problem.htm
6 https://getcircuit.com/

7 https://locus.sh/

8 https://www.optaplanner.org/

9 https://developer.here.com/products/tour-planning

10 https://github.com/graphhopper/graphhopper
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e Dynamism: given that some elements of the delivery planning may change over time,
the software module allows the re-adjustment of the planning (e.g. last-minute orders
that may appear, a vehicle breaks down and it is necessary to assign orders to other
routes)

e Multi-modality: the module allows last-mile delivery planning using different
transport modes (e.g. walking, bikes, motorbikes, vans, etc.).

e Inter-modality: the software allows that one shipment can be transported by different
transport modes along its route between the depot/pick-up location and the destination.

e Multi-objective: the module deals with the simultaneous optimization of different
performance indicators (e.g. distance, time, emissions, etc.)

e Driving restrictions: the component allows the modelling of areas with access
restrictions to specific vehicles (e.g. pedestrian zones, low emission zones, etc.)

In order to solve this highly complex Rich Vehicle Routing Optimization model, a specific sort
of Atrtificial Intelligence techniques has been used. Concretely, we have used metaheuristics
(Potvin & Gendreau Jean-Yves, 2019) because of their high efficiency and efficacy for this type
of problem (Goel & Bansal, 2019). In a more specific way, the optimization algorithm designed
is a hybrid metaheuristic(Gu, Cattaruzza, Ogier, & Semet, 2019) based on Large
Neighbourhood Search (Pisinger & Ropke, 2019).

In the following subsections, we will describe the Artificial Intelligence-based resolution
algorithm and the architecture of the software module.

3.1 Artificial Intelligence-based resolution algorithm

The Large Neighborhood Search (LNS) algorithm was employed in the resolution of the
presented module, utilizing a metaheuristic in which the neighbourhood of a solution is
implicitly defined through the use of destroying and repairing operators. The destroy operator
eradicates a portion of the current solution, while the repair operator reconstructs the destroyed
solution. The destroy method is usually implemented with some degree of randomness to
modify different aspects of the current solution in order to explore the solution search space.
LNS employs a larger neighbourhood exploration technique compared to other classical local
search metaheuristic algorithms. The algorithm is a hybrid metaheuristic that combines various
destruction and solution construction operators (ruin and recreate), as well as strategies to
accept or reject solutions. Consequently, it is also integrated into numerous libraries related to
the vehicle routing problem.

The optimization procedure pursued by the module is a stochastic approach based on the ruin
and recreate (R&R) operator and can be summarized as follows:

1. [Initiate the process with an initial feasible configuration.

2. Choose a ruin and recreate mode, i.e., a technique that will “destroy” the solution
configuration, as well as the technique that will reconstruct the configuration.

3. Determine the number of nodes to be removed.

4. Ruin & Recreate. Generate a new solution using the heuristics selected in step 2.

5. Decide whether to accept the new solution based on a decision rule (Simulated
Annealing, Threshold Accepting Criteria, etc.). If accepted, proceed to (2) using the
new solution; otherwise, restart with (2) using the previous configuration.
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3.2 Architecture and Components

The architecture of the proposed module is based on the distinct responsibilities and
functionalities of its various components, each with its own distinct behaviours. It depicts the
different components and their relationships. Certain components serve a specific purpose and
have been designed to consolidate the optimization model. Within the optimization engine,
several sub-modules are present:

e Data Processing: This module is responsible for processing all input data and
translating it into the data structures utilized by the algorithm.

e LLs Services: This module is responsible for managing the different constraints and
intricacies of the optimization model that must be associated with each use case.

e Output Solution Processing: This module is responsible for generating the output
solution of the optimizer. Here, different key performance indicators (KPIs) that enable
the evaluation of the solution are obtained.

The general module that encompasses the optimization engine is primarily responsible for 1)
integration with the API-REST and all services; 2) the optimization engine that loads all data
and creates the problem; 3) the integration with the JSprit framework; and 4) the processing the
algorithm'’s solution to obtain the output API-REST.
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Figure 1 Architecture and components of the proposed module

Moreover, a JSprit module has been developed that bears the following responsibilities: 1) it
contains the framework that implements the VRP problem, which has been modified to adapt
to the dynamic delivery planning optimization model; 2) the primary modifications were made
in the modelling of the constraints, operator strategies, and the computation of the fitness
function.

A subsystem that is accountable for optimization has been developed based on specific tasks
and requirements in the proposed model for each use case. Input data and the obtained solution
will be stored in a database, which can be accessed through the API-REST. From the dynamic
planning model for optimization, a last-mile route planning for different vehicles will be
obtained, optimizing the use of available resources.
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4 Experiments and Results

In order to validate the results of the system presented in this article, we have designed two
scenarios: Scenario 1) which reflects the current operations of a real postal operator in the
city of Zaragoza, and Scenario 2) which corresponds to the implementation of a Low
Emission Zone in the centre of the city of Zaragoza. In addition, for each of the scenarios
considered, three different fleet compositions have been simulated in terms of vehicle
electrification ratio, with the aim of showing the capabilities of the tool for measuring the
impact that different levels of fleet electrification would have on the two scenarios defined.

Below we provide more details about the experimental framework designed and the results
obtained for the two scenarios designed and the alternative fleet compositions

4.1 Experimental framework

This section aims to define the two scenarios considered for the validation of the route
optimisation software module, as well as the different fleet compositions considered in the
experimentation.

4.1.1 Scenario 1: Baseline Scenario

Scenario 1 reflects the current situation of postal operations in the urban area of Zaragoza,
where the following infrastructure is in place: A) Nine Delivery Units (DUs) distributed
throughout the city and dedicated to the delivery of postal items and small parcels. Most of the
routes are done by postmen/postwomen on foot; B) Two Special Service Units (SSU) that are
located in the northern and southern areas of the city, respectively. They specialise in the
delivery of larger parcels and therefore all routes are done with a motorised vehicle.

Figure 2 A) shows the distribution of the DUs and SSUs in the city of Zaragoza. As for the
operation of the routes, the postal operator works in two shifts, one in the morning and one in
the afternoon. The morning shift runs from 7:00 am to 3:00 pm, while the afternoon shift runs
from 3:00 pm to 10:00 pm. Since postmen need time at the beginning of the shift to sort and
prepare the items to be delivered and at the end of the shift to dispose of undelivered items, the
time slots in which postmen run their delivery routes are from 8:00 am to 2:00 pm in the
morning shift, and from 4:00 pm to 9:00 pm in the afternoon shift. As for the demand data, for
the purpose of analysis, we have chosen the data on deliveries made by the postal operator on
13 and 14 September 2022, which we show in Table 1 as distributed by day and by shift.

4.1.2 Scenario 2: Deployment of a Low-Emission Zone

The second scenario we have defined for this analysis considers the deployment of a Low
Emission Zone in the historic centre of the city of Zaragoza, whose delimitation is shown in
Figure 2 B). The deployment of this Low Emission Zone implies that polluting vehicles cannot
enter the area between 7 am and 11 pm. This would affect postal operations in the area since
combustion vehicles would not be able to access the zone for delivery. Only
postmen/postwomen on foot or electric vehicles would be able to deliver items to the designated
area. The percentage of the orders that would be affected by the Low Emission Zone is shown
in Table 1. As can be seen, the percentage of orders falling within the Low Emission Zone
ranges between 9% and 15% depending on the shift and the day.
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Figure 2 — A) Image of the area of study for the Zaragoza Scenario 1 and location of the DUs and SSUs, and B) Delimitation
of the area considered for the deployment of the Low Emission Zone in Zaragoza

Day Working Shift Number of % of shipments in the
Shipments Low Emission Zone

Sept 13, 22 Morning 11723 15%

Sept 13, 22 Afternoon 3794 9%

Sept 14, 22 Morning 11429 15%

Sept 14, 22 Afternoon 4296 13%

Table 1 Number of shipments per day and shift, and percentage of shipments in the Low-Emission Zone in each zone

4.1.3 Alternative fleet compositions

As mentioned before, have defined three different fleet compositions in terms of fleet
electrification in order to understand what impact it may have in environmental and operational
terms. The three fleet compositions considered are as follows:
e Current fleet composition: in this alternative, the fleet has the same composition as
the current postal operator fleet shown in Table 2.
e Electrification 50%: in this case, a fleet electrification of around 50% is considered,
following the same composition in terms of vehicle typology.
e Electrification 100%: in this last alternative fleet composition, 100% electrification is
considered, i.e., all vehicles in the fleet are electric. Similar to the previous case, the
typology of the vehicles is maintained with respect to the current composition.

Vehicle Type Technology Current composition Electrification 50% Electrification 100%

Large Van Combustion 9 9 -
Large Van Electric - - 9
Motorcycle Electric 12 27 27
Small Van Combustion 37 15 -
Small Van Electric 2 24 39

Table 2 - Number of vehicles per type and technology for each of the fleet composition alternatives

4.2 Result analysis

In this section, we will analyse the results obtained by the software module presented in the
two scenarios defined and for each of the fleet compositions. For this analysis of the results,
we will consider the indicators shown in Table 3, which are provided by the route
optimisation system presented in this article. In the two following subsections, we discuss the
results obtained in each of the scenarios. More details about the calculation of the indicators
can be found in (Vincenzo et al., 2022).
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Impact area Criteria Indicator Data/unit
Environment &  Air quality CO concentration g/day
Society SOx concentration g/day
NOXx concentration g/day
NH3 concentration g/day
PM10 concentration g/day
GHG emissions CO2 g/day
CH4 g/day
N20 g/day
Social costs Social costs of air quality and GHG emissions €/day
Transport & Accessibility Number of shipments n./day
mobility Number of routes n./day
Total km covered (including walking) km/day
Total km covered by green modes (including km/day
walking)
Total veh-km covered by freight vehicles Veh-km/day
Total veh-km covered by green freight vehicles ~ Veh-km/day
UFT vehicles Vehicle utilisation factor %/ day
Operative costs Fixed costs €/day
Running costs €/day
Capital costs €/day

Table 3 Indicators considered for the analysis of results

421 Results for Scenario 1

Table 4 shows the results for scenario 1 with the different fleet compositions. As can be seen,
with the current fleet having a high percentage of conventional vehicles, the environmental
impact is high, reaching a social cost of more than €17,75 per day. However, by increasing the
electrification of the fleet, emissions are reduced by around 85%, as is the social cost. This more
than 50% increase is due to the fact that the postal operator fleet is oversized to cope with peak
demand. Therefore, with 50% of the current fleet electrified, emissions would be reduced by
85% in periods of intermediate demand. With 100% electrification of the fleet, as expected, the
environmental impact is reduced by 100%.

Furthermore, as we can see and as expected, the impact in terms of operations is nil as in all
cases the same service levels are maintained. However, in terms of operational costs, the
electrification of the fleet implies a slight increase in fixed costs and mainly in capital costs
(60%), due to the higher price of electric vehicles. On the positive side, however, running costs
would be reduced by 40%.

4.2.2 Results for Scenario 2

The results of scenario 2 for the implementation of a Low Emission Zone are shown in the
table below. If we look at the environmental impact of the different levels of electrification,
we see that the results are very similar to those of the previous scenario, as is to be expected.
Where we do see some differences is in the number of shipments delivered, which increases
by around 1% with higher electrification of the fleet, which is the same as the decrease in the
number of shipments delivered when compared to scenario O for the current postal fleet. This
1% increase is due to the fact that with increased electrification of the fleet, more vehicles can
access the Low Emission Zone and therefore deliver more parcels.
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Scenario 1 Scenario 2
Indicator Fleet Compositions Fleet Compositions
Current 50% 100% Current 50% 100%
Comp. Electric =~ Electric Comp. Electric Electric
Vehicles | Vehicles Vehicles Vehicles
CO concentration 152,58 11,01 0,00 144,58 11,01 0,00
SOx concentration 1,00 0,14 0,00 0,97 0,14 0,00
NOX concentration 589,18 108,37 0,00 566,32 108,36 0,00
NH3 concentration 2,90 0,40 0,00 2,82 0,40 0,00
PM10 concentration 27,83 4,90 0,00 26,52 4,90 0,00
CO2 197.936,30 @ 27.555,43 0,00 = 190.998,58 27.553,29 0,00
CH4 14,68 1,21 0,00 13,80 1,21 0,00
N20 11,64 1,97 0,00 11,34 1,97 0,00
Social costs of air quality and 17,75 2,48 0,00 17,13 2,48 0,00
GHG emissions
Number of shipments 8.873,60 1.240,12 0,00 14.930,00 15.058,50 15.107,50
Number of routes 15.106,00 = 15.083,50  15.107,50 208,00 206,00 207,00
Total km covered (including 208,00 206,00 207,00 2.695,79 2.703,98 2.722,50
walking)
Total km covered by green 2.722,30 2.702,36 2.722,50 1.418,84 2.519,88 2.722,50
modes (including walking)
Total veh-km covered by 1.390,51 2.518,24 2.722,50 1.657,42 1.665,62 1.684,14
freight vehicles
Total veh-km covered by 1.683,94 1.664,00 1.684,14 380,47 1.481,52 1.684,14
green freight vehicles
Vehicle utilisation factor 0,33 0,33 0,33 0,32 0,33 0,33
Fixed costs 24.612,49 24.683,48 25.008,18 24.328,19 24.659,85 25.008,18
Running costs 187,99 112,47 106,57 184,26 112,59 106,57
Capital costs 1.154.800 1.507.800 1.842.800 1.198.800 1.507.800 1.842.800

Table 4 — Results for Scenario 1 and Scenario 2
5 Conclusions

In this paper, we have presented a route delivery planning and simulation module that forms a
core part of the ICT Platform of the H2020 SENATOR project. The module utilized Al-based
optimization algorithms to support the matching of supply and demand, identify the best fleet
mix, and estimate the best delivery route based on real-time and historical conditions. It also
allows last-mile delivery planning using different transport modes, inter-modality, and driving
restrictions, and simultaneously optimizes different performance indicators. We have also
provided a detailed description of the Al-based optimization method and the architecture and
components of the software module. Furthermore, the software module has been validated in
two scenarios using real shipment data from a postal operator company in the living lab that the
SENATOR project is implementing in Zaragoza.

The main conclusions from the two scenarios analysed and simulated with the presented tool
are the following. In scenario 1, it is found that increasing the electrification of the fleet results
in a significant reduction in emissions and social costs, with 100% electrification reducing the
environmental impact by 100%. However, there is a slight increase in fixed and capital costs
due to the higher price of electric vehicles. In Scenario 2, the results show that the
environmental impact reduction of fleet electrification is similar to Scenario 1. However, there
Is an increase in the number of shipments delivered with higher electrification of the fleet due
to higher access to the Low Emission Zone.
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Overall, the presented tool has shown that increasing the electrification of the fleet is an
effective way to reduce the environmental impact of postal operations, with the added benefit
of increased access to Low Emission Zones. The drawbacks found by the tool are that there
may be some additional costs associated with electrification.

In short, these results have validated that the presented tool is novel and that it allows the
optimisation and simulation of last-mile logistics considering different elements of high
relevance nowadays such as fleet electrification or the implementation of low-emission zones.
More details about the results of the algorithm in other scenarios and using real data from the
city of Dublin can be found in (Vincenzo et al., 2022)
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Abstract: The increase in last mile delivery poses numerous challenges for cities worldwide.
Concepts such as the Physical Internet (PI) should support them on their way to more
sustainable last mile logistics. Within the EU project DECARBOMILE, different approaches
arise from a common overarching framework to decarbonise the last mile logistics and will be
tested in four different cities. The measures to be implemented must be adapted to the respective
local conditions according to their specific setups. After identifying, analysing and clustering
the challenges of the different cities, the methodology involves to identify numerous gaps
between the current and the desired situation. In order to close these gaps on the way to
decarbonising the last mile logistics, the project proposes a digital infrastructure concept with
the two main components of a basic decision-support service with simulation capacities and a
public-private digital infrastructure based on a decentralised Data Space architecture that will
be developed within DECARBOMILE. The use of other IT tools depends on the specific
challenges of the cities. With its architecture, the proposed digital infrastructure core allows
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1 Introduction

The increasing volume of last mile delivery is challenging cities worldwide. By 2030, in the
ten most populated cities, an increase by 36% in the number of delivery vehicles is expected
(Johnson and Chaniotakis, 2021). Drivers of this development are, among others the rising e-
commerce consumption, accelerated by the covid-19 pandemic, the trend of urbanisation or a
change in customer expectations regarding delivery time or service quality (Ozbekler and
Akgiil, 2020; Ferrari et al., 2022). While the logistics in the cities keeps them attractive and
livable and provides them with the goods needed (Maes et al. 2015; Montwill, 2019), the
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increasing delivery traffic is leading to undesired effects like congestion, air pollution, noise
pollution, greenhouse gas emissions, accidents or habitat loss (Ranieri et al., 2018; Brusselaers
and Mommens, 2022; Demir et al. 2022). At the same time, the last mile logistics comprises
between 28 % to 55 % of'the total delivery cost (Ranieri ez al., 2018; Atos, 2021). As awareness
for external costs grows, there are various approaches to overcome the negative effects, such as
the concepts of City Logistics (CL) or the Physical Internet (PI) or the implementation of new
logistics features to establish a more sustainable last mile logistics (Maes et al. 2015; Kubek
and Wigcek, 2019).

The research paper contains a brief literature review of relevant work on PI and city
logistics/last mile logistics and introduces the project DECARBOMILE and its four living labs
(pilot cities in the project) as well as the planned implementation of innovative solutions based
on five fundamental pillars, focusing on the project’s contribution to the implementation of PI.
The baseline to ensure the development of suitable PI solutions in the further course of the
project is the identification of the challenges of last mile logistics in the four living labs. After
outlining these challenges, a gap analysis is conducted to identify the possible approaches to
solve the challenges through the use of the PI. Based on this, the technical concept proposal of
DECARBOMILE to deploy sustainable last mile logistics is presented, covering the gaps
identified to cope with the relevant challenges. After discussing the holistic methodological
framework for developing this concept, a conclusion is drawn on how it aligns with and
complements the PI, and next steps are described, which include technical development and
testing under real conditions.

2 DECARBOMILE

Within the European Union (EU) project “DECARBOMILE” (DECARBOnise the last MILE
logistics), different approaches to decarbonise the last mile logistics will be tested in four living
labs (Istanbul (Tiirkiye), Nantes (France), Hamburg (Germany) and Logrofo (Spain)) from
2022 to 2026. The four cities differ in terms of geographical coverage, urban fabric, status and
population and therefore also in their challenges regarding last mile logistics. During the
project, different approaches will be taken in the four living labs that involve the five different
areas of PI (Governance, Access and Adoption, System of Logistics Networks, Logistics
Networks and Logistics Nodes) and their respective generations of the PI roadmap (ALICE,
2020) contributing to implement the PI by developing tailored solutions and demonstrate their
full potential to decarbonise the last mile logistics in the living labs.

Within the project, five key pillars to deploy sustainable last mile logistics systems in cities
were postulated: collaboration, business models, urban integration, regulation and digital
infrastructure. Therefore, based on these pillars, a methodological framework is under
development and will be tested to address the challenges identified in each living lab, defining
and prioritising use cases to increase the sustainability of last mile logistics and providing
technological tools that will be tested and validated against the implemented use cases. These
include different kinds of software and hardware, such as simulation-supported decision
systems, digital twins, Internet of Things (IoT) enabled vehicles, containers and collaborative
consolidation centres.

All this forms the basis for DECARBOMILE to enable the PI to fill the gaps to cope with the
challenges of sustainable last mile logistics.
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3 Pl and City Logistics in the Literature

Since 2015, the idea of the PI started to rise with the aim of making logistics more efficient,
sustainable, resistant, adaptable and flexible (Montreuil et al. 2012; Edouard et al., 2021).
Among the key concepts for the PI are cooperation and consolidation as well as the “physical,
digital, business and legal connectivity” (Crainic and Montreuil, 2016 after Montreuil, Meller
and Ballot, 2012). According to the PI-roadmap (ALICE, 2020), in the years 2020-2025, rules
and governance for asset-sharing platform (area Governance), sectorial, regional, seamless
vertical PI demonstration (area Access and Adoption), network interconnectivity (area System
of Logistics Networks), operational synchromodality / Physical Intranets (area Logistics
Networks) and open and seamless nodes service offerings (area Logistics Nodes) are the
targeted generations of PI-development.

Improving the sustainability of logistics in cities is also the goal of the city logistics concept,
which aims to reduce the negative impacts of freight movements (Taniguchi et al. 2003, 2014).
Within this approach, e.g. the number of vehicles is to be controlled and reduced while at the
same time the “efficiency of freight movements and their environmental footprint™ is to be
improved (Crainic and Montreuil, 2016 after Benjelloun et al., 2010, Dablanc, 2007). For this
reason, the urban freight stakeholders, activities, processes and material flows should be
optimised as “an element of an integrated logistics system” [and] “with support of advanced
information” (Kubek and Wiecek, 2019). The five different groups of stakeholders that are
involved in city logistics are according to Olsson et al. (2019): public authorities, residents,
shippers, carriers and receivers.

These concepts aim to reduce congestion, emissions, noise and pollution and improve the
quality of life of residents as well as the quality, reliability and effectiveness of last mile
logistics (Kubek and Wiegcek, 2019) while adapting the relevant business models across its
value chain.

The two concepts can be seen as complementary and their combination has been studied by
different authors (Crainic and Montreuil, 2016; Kubek and Wiecek, 2019). Changing the
logistics system is difficult, as it “requires the involvement of various stakeholders to act
together for all types of operations” (Demir et al. 2022, p. 559).

In the past, several approaches have been taken to implement sustainable solutions, facing
different barriers and challenges. For example trust issues (Serrano-Hernandez ef al., 2016) or
uncertainties around financial stability insecurity were identified as challenges regarding
collaboration (Paddeu ef al., 2018), while new business models were often not economically
viable (Dreischerf and Buijs, 2022) and it was not clear, how savings and costs would be shared
(Hezarkhani et al. 2019). Challenges such as the acceptance of local politics and residents as
well as institutional barriers also prevented the successful implementation of new solutions
(May et al. 2006).

4 Methodology

In order to identify the challenges in the four living labs, two-day technical visits to the four
cities were conducted in January 2023 to update the initial baseline information provided by
local stakeholders. These visits included site visits to relevant logistics facilities and discussions
mainly with representatives of the local project partners and representatives of public
authorities. Following the visits, four local stakeholder workshops were held from January 2023
to March 2023. In each workshop, local members of the project partners and external local
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stakeholders identified and discussed the needs and challenges of the last mile logistics in their
cities to define the use cases to be pursued during the project.

Based on the results of these tasks a gap analysis was conducted. For this, the challenges of the
baselines were compared with technical capabilities of the consortium to identify current gaps
of the logistics sector in general, including the PI, and to formulate a base concept to fill the
gaps. The developed holistic method should help to develop effective measures and align it
with other products to decarbonise last mile logistics and enrich the PI development.

5 Challenges of the Last Mile Logistics

The wide range of challenges identified during the dedicated workshops in the living labs of
DECARBOMILE form the base for the development of the PI solutions and will be further
analysed and clustered according to their:

e Location — where they appear

e Sustainability — what sustainability aspects do they impact

e Agents — what stakeholder is affected by the challenge and is compelled to act

e Action — what measures can be taken to address them
The first category (Figure 1) allows further exploration of how to relate the challenges to
specific conditions in different locations.
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Figure 1: Selection of challenges of the living labs for last mile logistics

The challenges were first analysed for each living lab and were checked for potential overlaps
with other cities. This overlapping of challenges is shown in the intersections of the circles in
Figure 1. For example, in all living labs, the congestion, shortage of space, a lack of data and
data sharing barriers, liability and consignment security and the reluctance of the stakeholders
to collaborate could be identified as a challenge. In Istanbul and Logrofio, the availability and
reliability of new vehicles is one challenge while only in Istanbul, the integration of the informal
Business-to-Business (B2B) supply labour market and other crowd-logistic concepts, the
enforcement of regulations, the adaptation of urban infrastructure to new vehicles and the
topography was mentioned as a challenge. For Hamburg, the different licenses and regulations
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for the waterways and the monument protection might be challenging when implementing the
use case. Both in Hamburg and Istanbul, the drivers' shortage and safety has been named as a
potential challenge. As Hamburg, Istanbul and Nantes think about using the waterways for the
last mile logistics, they all mentioned the integration of the river into transport flows as a
challenge. In Nantes and Logroio, the missing access to reliable data sources and the interaction
in the municipality might be challenging. In Logrofio, the road-rail interoperability, the fear
about new regulations and the lack of circular strategies in fresh food trade were mentioned.

It has become apparent that the challenges are very broad, which is why further categorisations
were carried out. Some of the challenges refer to the last mile logistics sustainability, including
the ecological (e.g. pollution, non-circular supply chains), social (e.g. combination of
manufacturing/trade and tourism, occupational safety, fair wage, labour conditions and road
safety and livability) and economic (business model sustainability, vehicle production and cost
linked to the structural changes of the national energy matrix) aspects. This classification helps
to link the challenges to specific impacts and will later be related to relevant Key Performance
Indicators (KPIs), which make it possible to track the planned actions that address the
challenges and monitor their effectiveness. Other challenges mainly concern physical elements
of the transport system such as movables (e.g. availability and reliability of new vehicles),
facilities (e.g. integration of consolidation centres), infrastructure (e.g. narrow streets), goods
(e.g. goods safety) and activities (e.g. social habits of receiving home deliveries) (Flimig et al.
2002) as well as data and digital tools.

The last two clusters focus on the design of the actions to address the challenges.

As the workshops brought together stakeholders from the municipalities and economic actors,
the challenges also reflected the different points of view of city and entrepreneurial dynamics.
From the viewpoint of the city, for example how to prioritise measures and regulations to adapt
urban infrastructure to new vehicles and reduce congestion and pollution are major challenges,
while from the entrepreneurial side, how to cope with new access regulations, special permits
or different licenses for the transport of goods or drivers' shortage are challenging. Both, cities
and enterprises agree on the need to overcome the reluctance of sharing data or the shortage of
parking spaces.

The last clustering approach (Figure 2) points out the levers of action to address the challenges
along the five pillars of DECARBOMILE.
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Figure 2: Identified challenges according to the five pillars of DECARBOMILE
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For the pillar of collaboration (either horizontal or vertical), the challenges of reluctance to
change and integrate IT systems, the rising complexity with collaboration or to collaborate at
all appear along with the general lack of awareness around data, including insights of both how
to improve operations, and the impact of data on the trends that are changing the market and
the value chain. For the business models, the lack of mutualised capillary delivery services, the
integration of the new movables (barge, cargo bikes) and facilities (micro hubs, consolidation
centres) and the business model sustainability is challenging. In the pillar of urban integration,
especially the shortage of space for new facilities and of parking space but also conflicts of use
of space are the main restriction for optimising city networks on the way to make last mile
logistics more sustainable. Regarding the regulation pillar the focus is both on defining
regulations (access regulations in general and possibly new regulations, including antitrust data
rules for business services, as well as the different operating licenses) and on how to enforce
and adjust them after verifying their effectiveness. The challenges of the digital infrastructure
pillar focus on seamless access and interoperability, for the integration of IT systems and
between different IT tools/systems, on the combination of digital infrastructure and hardware,
and on the lack of data or the missing access to data sources.

This clustering approach is the basis for the gap analysis and lays the ground for the
development of the concept proposal of DECARBOMILE to overcome the challenges of last
mile logistics by developing actions out the five pillars.

6 Findings from the Gap Analysis

The cluster approach with the five pillars shows the fields of action to address the identified
challenges and allows to relate them with the impact areas, considering the stakeholders
involved or to be involved in each location, leading to the identification of the gaps.

A first main gap distilled from the challenges is the general lack of awareness around data.
Coupled with other challenges such as the lack of proper tools to get, access and treat data, this
appears to hamper the perception of stakeholders about collaboration as a key resource for
sustainable last mile logistics, as well as for the development of new business models with
value-added services.

Concerns and issues have arisen about data usage regarding customer privacy and unfair
competition. They come with the installation of the consumer-centric focus on value chains
driven by digitalisation, which has turned logistics and its business logic around as the sales
profits are largely dependent on urban logistics (Arora et al. 2017; World Economic Forum,
2020; Mangano et al., 2021; Dolan, 2023). The data on customers preferences is key to profits
(Arora et al, 2021) and processes are increasingly dependent on a dedicated digital
infrastructure (World Economic Forum, 2020) and digital services.

All this has an impact on the income and cost structures of all the stakeholders in these value
chains. In this playground, two main types of commercial players coexist, competing for
customers and resources. While conventional players struggle to adapt to the new world of
digital interaction with customers, new players are striving to make their business models viable
by making the most out of their data advantage.

In such a context, the European Commission (EC) has been working on updating regulations
(Regulation (EU) 2022/868, 2022) and the playground for coping with data issues and concerns,
with the vision of enabling a digital version of the EU Single Market through a digital
infrastructure that enables access to services and makes businesses in the digital realm
complying with new regulations.

Also digitalisation triggers a subsequent rise of individual last mile logistics solutions with low
efficiency and severe environmental and economic impacts, which has put collaboration at the
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centre of the sectoral and political discussions including the PI roadmap (ALICE 2020). Despite
some successful pilot tests (Prance-Miles, 2019; capillarIT, 2020), barriers to collaboration
between businesses (including fears to lose competitiveness and market share), and a general
lack of capacity to analyse and make visible the trade-offs of collaboration in already complex
scenarios prevents independent stakeholders from spreading collaborative practices, which
turns out to be a gap to be covered.

Meanwhile the new players that are driving last mile logistics disruption have a full stack
approach to commerce and they are building their own new logistics networks to master the
mutualisation of resources across all stages of the consumption value chain with the unresolved
matter to make their business models viable (capillarIT, 2022). Hence, the main conceptual gap
that the conventional siloed management of the logistics value chain confronts is including the
customer-centric focus in its scope. This reflects a subsequent gap: the conventional logistics
management focuses on the offer side rather than the demand side and the factors that drive it.
This neglects the contribution that profiling customer behaviour across channels makes to
optimising last mile logistics.

The latter two gaps prevent the development of tools/business models/logistics concepts to put
into place the new logistics that fulfills such customers’ needs, including for instance a criterion
for densification of activities to optimise parcels per time-kilometre based on dedicated
geographic analysis of demand and offer that increases resources’ productivity and profits and
reduces emissions in a target cluster. From both also derive a set of subsequent gaps including
those above mentioned:
e Data-economy awareness with the direct and indirect exploitation opportunities
e Rules and agreements for data exchange
e Data tools, for capturing missed data or having access to existing data
e Strategies for the mutual use of logistics resources, including collaboration with
stakeholders and competitors (coopetition), with their relevant business, operational and
governance rules
e A common language for seamless interoperability according to the required level of
collaboration
e Tools for optimising the design of logistics networks considering all different sale
channels
e Tools and criteria for optimising the design of municipal measures

7 Pl-enriched concept of DECARBOMILE

All identified gaps can be mapped to the five pillars proposed by DECARBOMILE to provide
a model to identify which gaps need to be addressed when developing solutions for sustainable
last mile logistics and organise the appropriate resources and actions for their deployment. Two
target features emerge from all the analysis that should guide such process on the playground
described above:

1. Business advantage, that depends on operational and data interoperability to scale and
enact collaboration, together with data exploitation strategies engaging with customers
beyond conventional business to support decision-making processes,

2. Compliance verification, including digital/data, and sustainable logistics.

Based on that the concept proposal focuses on three baseline functions:
e Effective application of collaborative intelligence and governance in the decision-
making process to design services and the supporting urban networks for sustainable



[Beck, Esquillor]

last mile logistics, and optimise its execution by orchestrating the interests and
resources of the stakeholders in the living labs.

¢ Raise awareness of the value of data, the potential to exploit it and how to do it.

e Enable a controlled operational environment that ensures that the services and tools
comply with all relevant regulations, in particular to ensure sustainable urban mobility
and the new rules enforced by the EC to preserve free competition in the EU Single
Market and its digital extension.

Accordingly, the proposal is to enable the core of the digital infrastructure that allows any
solution required by the living labs to be activated. In each living lab the digital infrastructure
consists of two main components: a basic decision-support service with simulation capacities
to cope with the first two functions; and a public-private digital infrastructure based on the
decentralised Data Spaces architecture (Ahle and Hierro, 2022) promoted by the EU!, which
means that data is stored at the source and only transferred when agreed, ensuring data
sovereignty and broader participation of the benefits of its exploitation for all. Such an
infrastructure results from the combination of the infrastructures of the different stakeholders
involved, equipped with a set of common basic modules (e.g. Key Rock, Trust and
Authentication providers, Marketplace...) that ensure compliance with relevant regulations and
the resulting customised data policies and data transfer agreements between data producers,
users and traders. These modules include the definition of seven key elements, including Data
models (related to the input and output data of each service)) a common Application
Programming Interface (API) (for exchanging data between data providers and consumers),
a common identity and authorization manager (to ensure a unique authentication system for
users and to assign permissions to the different services offered through the Data Space
policies), City public standards to access the Data Space (including regulations and certified
labels to guarantee sustainable logistics performance), Licenses for data exploitation (to
allow data producers to decide how their data can be managed and used), Marketplaces with
field-specific service filters (to increase the visibility of the service offer) and Data Wallets
(for enabling data producers to source their data from different services and get insights about
their valuation opportunities and strategies).
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Figure 3: Digital Infrastructure of DECARBOMILE as baseline contribution to Pl (DECARBOMILE, 2023)

1 “A data space is a decentralised infrastructure for trustworthy data sharing and exchange in data ecosystems, based on
commonly agreed principles” (International Data Spaces Association, 2021). It enables “a type of data relationship between
trusted partners who adhere to the same high standards and guidelines in relation to data storage and sharing” (Gaia-X
European Association for Data and Cloud AISBL, 2023).
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This sets up a public digital environment with a local digital market that allows ‘authenticated’
users to access ‘authenticated’ last mile logistics services, and operate them according to a
scheme of licenses, while securing the exchange of information in a distributed logic. The
services can combine different software and hardware tools, such as the basic urban logistics
simulator supported by an urban digital twin included by default as core services for meeting
common needs of the living labs (Figure 3). The use of other more advanced tools will depend
on the specific challenges to address, such as Artificial Intelligence (AI) for demand forecast to
feed richer simulations along with network design algorithms and trip planning and dynamic
routing. Other possible tools that might be used are micro containers for loading and operation
optimisation, load pooling, end-to-end tracking of goods and orders, real time transport
monitoring and control, urban micro hubs with digital access control, or business intelligence
and data valorisation services.

8 Discussion

With its architecture, the proposed digital infrastructure core allows each city to operate as a
local node of a decentralised, federated, pan-EU network (Figure 4), which is compatible with
the PI paradigm. The nodes can be interconnected to each other, allowing mutual visibility and
interoperability between them to compare and share developments, services and data for the
construction and validation of the target model of DECARBOMILE. The network is
transferable to other cities and works as a local chapter of an EU Digital Single Market
interconnected to other chapters. Hence the proposed concept contributes to the deployment of
the PI roadmap and of sustainable last mile logistics networks that comply with data regulations
enabling it to overcome the relevant gaps identified.
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Figure 4: Conceptual architecture of the living labs as interconnected chapters of the EU Single Digital Market (Own Figure
based on EU i4Trust project architecture)

The main challenge to effectively enable the PI to design, deploy and enforce sustainable last
mile logistics networks is to combine its operational approach with an enriched functional
approach to sustainability, taking into account practical issues for adopting its innovations
linked to the identified gaps, for example in terms of providing a seamless, unified
authentication experience for logging in to any Logistics Node offering services within the PI
System of Logistics Networks. This also helps in designing customisable, dynamic tariffs
supported by Al tools that can make them sensitive to the level of collaboration achieved in the
PI asset-sharing platform, and its subsequent impacts on costs and benefits. Assuming that a
clear split of costs and/or benefits between shippers or logistics operators whose accounting
systems are based on different systems of tariffs, sets a fundamental base for defining rules for
resource sharing and access, this kind of tariffing is a key enabler to define the most adequate
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PI governance structure in charge of such rules. Furthermore, it also is key to verify their
compliance through the relevant authentication tools, and of monitoring their effectiveness to
guide further developments of the PI-platform.

Articulating such functional approach involves two aspects: The first is to review the logic by
which environmental, social and economic aspects are incorporated into sustainability
assessments in order to overcome the conventional mindset that ends up confronting them and
looking for trade-offs instead of creating the win-win or exponential-win constellations that the
PI paradigm announces. The second is to update the optimisation criteria and algorithms, as
well as the logic and functionalities of the decision-support systems to provide proper
assessments of the benefits of collaboration, which are essential to foster data sharing and
systems’ integrations on top of the trust gears provided by the Data Spaces architecture.

Based on it, a new framework for the deployment of sustainable last mile logistics systems in
cities is under discussion in DECARBOMILE. It aims to be more holistic and to include a more
refined classification of challenges by considering the gaps, the levers for action and the
correspondent stakeholders and PI elements to address them. It also includes the relevant impact
areas to track the effectiveness of the actions undertaken. These actions build on the proposed
core concept that will be developed and tested together with the other software and hardware
developments, through the use cases in the living labs. This is the case for instance in Istanbul,
where stakeholders are considering testing simulations fed with intelligent demand forecasting
based on a cross channel characterisation of end-customers. In Logrofio, a main question is how
to address pricing services and splitting costs between users of a minimum viable urban system
of micro hubs, multimodal fleet of electrically assisted cargo bikes and light commercial
vehicles, tailored micro containers, and sensors, that allow the stakeholders to optimise their
current operations in critical access areas of the city by mutualising needs and resources. This
approach should help to identify and validate through further quick testing target areas for
further development of online channels of retailers involved, both individually or/and
combining flows with logistics services providers, optimising the relevant logistics resources
(facilities and fleets) to align profits, reduce emissions and improve conditions for workers and
the overall urban experience.

9 Conclusion

The research paper introduces the different challenges arising from last mile logistics in four
different cities in Europe. While some challenges such as congestion, lack of data and data
sharing barriers are relevant for all cities, others such as the road-rail-interoperability are only
relevant for one city. The challenges could be clustered according to the three dimensions of
sustainability (ecological, social and economic) and according to the stakeholders’ point of
view (city or enterprise). Allocating the challenges to the pillars collaboration, business model,
urban integration, regulation and digital infrastructure sets the ground for a gap analysis. The
general lack of awareness of data (its value and how to exploit it) and the inability to analyse
and visualise the benefits of collaboration in already complex scenarios creates barriers to
integrate collaboration into business models and triggers the subsequent discussion about
change strategies, starting with management of sharing resources and set up of incentives based
on savings issued from collaboration and benefits from the new services and/or data sharing
and exploitation. The main gaps identified were the conventional siloed management of the
logistics value chain and the focus of conventional logistics management on the offer side
instead of the demand side, which are to be closed by the concept developed. This concept
consists of two main components: a basic decision-support service with simulation capacities
and a Data Space distributed framework that involves the seven key elements Data models,

10
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common API, common identity and authorization manager, city public standards to access the
Data Space, licenses for data exploitation, marketplaces with field-specific service filters and
data wallets. This concept will enable stakeholders in each city to use the potential of
collaboration. Each city also acts as a local node that can be interconnected with other nodes
(cities) to enable mutual visibility and interoperability between them, to compare with each
other and to share developments, services and data for the construction and validation of the
Network, starting with its expansion to the four satellite cities of the DECARBOMILE
consortium. In this way, the digital infrastructure becomes a key instrument to enable the PI to
materialise its desired developments, starting with overcoming the barriers to collaboration
through new business incentives that promote coopetition in the logistics value chain from the
urban arena.

10 Further need for research

The proposed concept builds the base for further developments within the project. The PI
approach with a holistic methodological framework will be updated and tested under real-life
conditions during the project lifetime to solve the problems of the last mile logistics in a
systematic process that builds in ongoing work in other projects (capillarIT, 2022). It also lays
the foundation for the development of tools/business models/logistics concepts that can be used
to introduce new logistics that meet customers’ needs and create sustainability. In the next steps,
the holistic framework discussed here will be completed, the use cases of the different living
labs will be finalised and the sustainability measures will be further developed. The future aim
is to formalise a criterion to densify activities to optimise parcels per time-kilometre based on
dedicated geographical analysis of demand and offer that aligns the axes of sustainability by
increasing resource use, profit and social output while reducing emissions in a target cluster
(ibidem). For each use case, specific KPIs will be developed and tracked. The core tool of
simulation will be enabled with this intelligence and the relevant interfaces to activate it and to
support making more holistic and accurate decisions.

By the end of the project, a new PI logistics model for decarbonising last mile logistics would
have been developed and tested, based on the five pillars. Normally, after analysing the status
quo at each location, the measures and actions are defined according to the identified categories
of challenges and priority impacts. The new model aims to increase the replicability of the
actions by considering how the end customers are influencing the dynamics of urban logistics,
as they are already included in the definition of the use cases of the project and the requirements
for the IT services.

Note

Results incorporated in this article received funding from the European Union’s Horizon
Europe Research and Innovation programme, under Grant Agreement No. 101069806. This
output reflects only the author’s view and the European Union cannot be held responsible for
any use that may be made of the information contained therein.
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