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Abstract

Last-mile delivery has always been regarded as the least efficient part of the supply chain
for companies, with the cost of transport to the end customer having a high impact on
the price of the finished product. Until a decade ago, the problem perceived by companies
was purely economic, a mere question of price; if a company was unable to achieve a high
enough sales volume to reach critical mass, it was forced to turn to a logistics operator.
The latter can manage the entire chain, using modes of transport designed to minimize
total costs. However, the context has completely changed in the last decade. The boom
in e-commerce, climate change, and the push toward urbanization has drastically high-
lighted the inefficiencies that were considered secondary until a few years ago of last-mile
delivery. The trend of companies has therefore changed, with the aim not only to min-
imize transport costs but also to reduce environmental emissions and traffic congestion,
aspects that are also decisively affected by restrictions imposed by laws and decrees of
national governments. Customers themselves have changed their demands: increasingly,
retailers must be able to guarantee deliveries within the day. In this scenario of high
managerial complexity and a very high degree of uncertainty, innovation and digitization
come to the rescue of companies. With the development of artificial intelligence, drones,
and robots, although not yet approved, can alleviate traffic and air pollution emissions in
cities, making the delivery service faster and more flexible. Unattended delivery solutions
such as lockers or reception boxes, on the other hand, reduce the logistical ’drama’ of
missed deliveries, while the development of proximity infrastructures such as hubs shared
by several logistics operators are able, through the consolidation of deliveries, to make
better use of the capacity of the available transport fleet. This thesis aims to investi-
gate the main intervention solutions currently found in the literature, classify them into
macro-areas, and go on to analyze the environmental, social, economic, and logistical
impact through a framework generated by an impact assessment analysis that compares
the solutions emerged and the ’base case’ of attended home delivery.

Keywords: last-mile delivery; systematic literature review; B2C; innovative city logistics;
impact assessment
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Abstract in lingua italiana

Il last-mile delivery è sempre stato considerato come la parte della catena di approvvi-
gionamento per le aziende meno efficiente, con un’elevata incidenza del costo di trasporto
al cliente finale sul prezzo del prodotto finito. Fino ad un decennio fa, il problema per-
cepito dalle aziende era puramente di natura economica, una mera questione di prezzo;
se un’azienda non era in grado di raggiungere un volume di vendita abbastanza ele-
vato da raggiungere la massa critica, era costretta a rivolgersi ad un operatore logistico.
Quest’ultimo è in grado di gestire tutta la catena, utilizzando modalità di trasporto volte
a minimizzare i costi totali. Il contesto però è completamente cambiato nell’ultimo decen-
nio. Il boom dell’e-commerce, il cambiamento climatico e la spinta verso l’urbanizzazione
hanno drasticamente portato in evidenza le inefficienze considerate secondarie fino a pochi
anni fa del last-mile delivery. Il trend delle aziende è dunque mutato, non solo come obi-
ettivo vi è la minimizzazione dei costi di trasporto ma anche la riduzione delle emissioni
ambientali e delle congestioni del traffico, aspetti decisamente interessati anche da re-
strizioni poste da leggi e decreti dei governi nazionali. I clienti stessi hanno mutato le
loro richieste: sempre più spesso i rivenditori devono essere in grado di garantire con-
segne entro l’arco della giornata. In questo scenario dall’alta complessità manageriale e
caratterizzato da un grado di incertezza elevatissimo, vengono in soccorso delle aziende
l’innovazione e la digitalizzazione. Con lo sviluppo dell’intelligenza artificiale, droni e
robot, sebbene non ancora omologati, potranno attenuare il traffico e le emissioni di in-
quinamento atmosferico nelle città, rendendo il servizio di consegna maggiormente veloce
e flessibile. Soluzioni di unattended delivery come i lockers o le reception boxes riducono
invece il “dramma” logistico delle missed delivery, mentre lo sviluppo di infrastrutture di
prossimità come gli hub condivisi da più operatori logistici sono in grado, attraverso il
consolidamento delle consegne, di sfruttare in maniera migliore la capacità della flotta di
mezzi di trasporto disponibili. La tesi si propone di indagare quali siano le soluzioni di
intervento principali attualmente presenti nella letteratura, di classificarle in macro-aree
in base alle caratteristiche comuni e di andare ad analizzare l’impatto ambientale, sociale,
economico e logistico attraverso un framework generato da un impact assessment analysis
che mette a confronto le soluzioni emerse e il “caso base” dell’attended home delivery.



Parole chiave: consegna dell’ultimo miglio; revisione sistematica della letteratura; B2C;
logistica urbana innovativa; analisi dell’impatto
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Introduction

The last mile (LMD) in supply chain management and transportation planning, is the last
leg of a journey that includes the movement of people and goods from a transportation
hub to a final destination - the recipient’s preferred destination point - [16].

The goal of last-mile delivery logistics is to deliver packages as quickly, accurately, and
economically as possible. Last-mile is a critical phase for any retail company because it
hides a wide variety of pitfalls and huge problems [60] :

• Poor route planning;

• Lack of transparency;

• High delivery costs;

• Unpredictable external factors;

• Failed deliveries and Return management;

• Rising demand for same-day deliveries.

. The main reason it represents a real challenge for companies is the high impact it has
on the total amount of transportation costs, often costing more than half of the overall
shipping costs [61]. The result of this situation is that for those companies able to optimize
all the activities required in this critical phase - starting from the picking in the regional
warehouse to the arrival of the package in the hands of the final customer - they will be
able to build a considerable competitive advantage that turns out to be a key differential.
While on the contrary, those companies failing in the optimization of their processes, the
inefficiencies lead to very high costs that dramatically reduce their profits.

Considering the boom in recent years of e-commerce, which is set to grow further in
the coming years [124]; [91], there has been a dramatic increase in the frequency and
volume of parcel deliveries. In addition, considering that one of the world’s population
trends is the ever-increasing urbanization (population shift from rural to urban areas)
[24], communication routes in particular of the major cities of each country are clogged
every day by the presence of vehicles and vans of logistics operators for last-mile delivery
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activities. Urban traffic congestion has certainly complicated the work of couriers. In
addition, the last mile has been heavily regulated and companies must comply with precise
regulations, i.e. laws concerning transportation emissions and packaging waste. This
impacts deliveries by establishing set loading and unloading times, and traffic limits that
affect both vehicles and certain areas of cities. A further issue related to e-commerce that
cannot be overlooked is the "seasonality" of demand that affects delivery activities - i.e.
before Christmas or during Black Friday, orders and consequently transports intensify.
Setting up an efficient and effective last-mile logistics system is essential for maintaining
a company’s competitiveness. This is not an easy task for managers, who have to satisfy
increasingly attentive and demanding consumers without driving up company costs [111].
Costs are high for companies operating in the e-commerce, since in few occasions products
can be consolidated or grouped with the technique of the groupage before being shipped.
The key element to business success is the provision of a great customer experience: errors,
delays, and complications in delivery to the customer will ruin what has been achieved
throughout the supply chain [126]. This is a highly customer-centric market, where
the customer wants to customize delivery methods and decide when, where, and how
to receive their item. Numerous studies have investigated what are the most important
choice criteria that consumers evaluate before proceeding with an online purchase, among
the most impactful, were :

• shipping time, and for this reason companies have focused on the speed of delivery,
coming to be able to offer in some cases even the "same-day delivery";

• punctuality, i.e. the indication and respect of a precise time for the arrival of the
courier;

• price of the service, although customers are willing to spend a higher price to have
the product on the same day of the order, they are still sensitive to the price, always
making the trade-off between the price and the type of service chosen; [95][13].

The freight transport sector represents the foundation of today’s globalized society. If
the transport sector is in general a very inefficient sector, this is even more evident in
cities because of the consequences that it produces, exacerbating phenomena such as air
and noise pollution, the number of accidents and congestion. Today, commercial (freight)
vehicles account for between 20% and 40% of CO2 emissions from urban transport and
produce 30% to 50% of the main air pollutants (PM and NOx). (Smart Freight Centre,
2017).
The impacts of last-mile delivery in terms of costs, environmental and social sustainability
are topics that have seen great interest from scholars and practitioners, especially in the



| Introduction 3

last ten years. Its rapid growth is mainly due to the change in customer behavior, which
has led to the boom in online shopping, and urbanization that together with the previous
cause has led to major problems in terms of road conditions and traffic congestion, and
increasing awareness of the importance of environmental sustainability issues [3]. All
these problems, combined with technological innovation have stimulated the generation
of new alternatives as possible solutions for the optimization of costs and environmental
and social impacts related to last-mile delivery.

As an industry generating such a wide variety of negative externalities and many inef-
ficiencies, all stakeholders, to a greater or lesser extent, have many interests in making
improvements. For a deeper understanding of the industry, it is fundamental to know
who the most important stakeholders are and what their goals are. Stakeholders involved
in last mile logistics can be found both inside the market - shippers and freight carriers -,
and outside the freight market - residents and administrators - [144]. While the internal
players are interested and associated with commercial logistics, residents and adminis-
trators are rather interested in the economic development of city, safety, security, and
environment [98] Regarding stakeholder goals: Shippers pursue the objective of increas-
ing their profits and improving the reliability of sending and receiving their commodities,
while freight carriers also try to increase their profits and meet the requests of shippers in
terms of keeping time windows of picking up commodities at senders and delivering them
to receivers [5]. Residents seek objectives of improving the environment, security, safety
and generally speaking the quality of life in communities. and Administrators intend to
promote economically development of the whole city and improve the environment [40].

Considering the large number of scientific articles and papers about last mile logistics, the
aim of this thesis is to propose a framework for the classification of the various solutions,
considering mainly those already present but also looking at those still in the planning
phase or in a beta test that have not yet reached an efficient application.

This thesis is organized as follows: Chapter 1 describes the systematic literature re-
view methodologies and objective; Chapter 2 describes the literature review landscape,
including themes, an evolutionary timeline, and theories; Chapter 3 develops a frame-
work based on the classification axes identified through the systematic literature review;
Chapter 4 contains a discussion on managerial implications and directions for future
research. Finally, the main results of this study and their implications are summarized in
the conclusions.
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1| Methodologies and Objectives

The purpose of this thesis is to seek out papers and studies of high quality and reliability,
integrate them with each other and analyze them critically. To this end and to properly
conduct a systematic review of the literature, authoritative guidelines have been taken as
examples, starting with that of [145], one of the first re-adaptations of classic systematic
literature review (SLR) to the managerial field and the version of [83], more current and
used as a model in SLR applied to the field of last-mile logistics. The result of this
preliminary phase of guidelines analysis has led to the definition of the following key
stages:

1. Definition of Research Scope: in this phase, the research questions are identified
and defined, and a justification is given for the review in terms of relevance and
timing, highlighting the contribution of the SLR;

2. Planning of the Study: determine the characteristics required by the primary
study, crafting inclusion and/or exclusion criteria, developing in this way criteria
for determining whether the publication can provide information regarding the topic
of the study;

3. Identification of Works: In this stage, search procedures are first determined
- i.e., databases, search strings, words, and concepts that must be present in the
title, abstract, or keywords reported by the author is identified. The result of this
structured and rigorous research is a set of papers, ranging from journal integrate
literature reviews, and conference proceedings;

4. Selection of Pertinent Literature: Considering the set of papers obtained from
the previous phase, the inclusion and exclusion criteria chosen during the planning
phase are applied; in this way, a preliminary screening is carried out to highlight
which articles are potentially relevant to the topic under examination;

5. Screening and Eligibility: In this final stage a detailed relevance test that goes
beyond what is stated in titles and abstracts is conducted. The work then concludes
with a synthesis of the studies by integrating or cumulating several results across
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the primary studies

1.1. Definition of Research Scope

The literature review aims to address the following research questions:

• RQ1: What are the main solutions investigated in the literature to the problem
of last-mile delivery? - To achieve the intended goal, the research question that
drives the entire SLR is a survey of solutions currently present and described in the
literature.

• RQ2: What are the areas of impact and improvement of the different solutions that
emerged with the SLR? - The innovative component of this thesis is the proposal
of a framework, whose axes are generated by the SLR, for classification based on
common features among solutions in the literature.

From previous partial research, obtained using search strings in which words such as
"Last Mile Delivery", "Home Delivery", and "City Logistics" were combined with the
use of Boolean operators such as AND/OR, it was noted that current knowledge on
the subject is very fragmented, and there are a few articles that attempt to propose a
grouping of today’s home delivery solutions. For this reason this thesis wants to bring a
significant contribution to the analysis of the current last-mile delivery situation through
the proposal of a classification framework of the different solutions in the literature.
As a unit of analysis, the decision was to use only the black literature, as it is already
of a conspicuous order of magnitude, thus excluding conference proceedings and other
literature reviews. Moreover, about the time horizon, it was decided to use articles that
are as current as possible, excluding those before 2010 and giving more prominence to
those of recent years. The reason why the unit of analysis excludes publications before
the year 2010 is that the 2010s was the decade that presented the strongest growth of
the e-commerce market year by year [147] and brought to light the critical aspects of an
industry with great consequences for the everyday life of every person. The most impactful
changes that have emerged during these last few years have been the exponential growth of
online marketplaces, the use of mobile devices to make online purchases, and the explosive
growth of online and digital marketing and advertising ([46].
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1.2. Planning of the Study

In the planning phase as noted in the previous description, the crafting of inclusion and
exclusion criteria for SLR occurs.
The main inclusion/exclusion criteria applied as search filters for literature skim were:

• Language: Only English - English represents the dominant language in logistics
and supply chain management research.

• Document Type: Article - As justified before, only black literature was taken into
account, primarily to ensure the highest possible quality of this final product.

• Source Type: Peer-Reviewed Journal - In this case, it is purely an organizational
choice, the focus of the SLR is intended to be a literature review of articles from
journals, so there was an exclusion of books. For the evaluation of the journals
from which the articles are taken in terms of reliability and quality, it was used
scimagojr.com site, which provides data regarding journal ranking on the different
topics they cover.

• Main Topics: Exclusion of topics not related to the managerial perspective - It
must be ensured that only papers with a clear focus on last mile or urban delivery
are included in the SLR since the review regards the topic of LMD from a business,
logistics, and managerial perspective. Therefore, articles focusing on humanitarian
logistics, public transportation, crisis management, and tourism should be excluded.

1.3. Works Identification

First of all, it is important to clarify that Scopus was used as a bibliographic and citation
database, as it is equipped with tools for the evaluation of scientific research through the
use of bibliometric indicators.
The search string used for the literature review was as follows:
TITLE-ABS-KEY (( "urban freight" OR " last mile") AND "delivery" W/15 ( "sus-
tainab*" OR "innovat*" OR "transp*" OR "green" OR "multimodal" ) AND NOT (
"public" OR "humanitarian" OR "Covid*" OR "passenger*" ) ).
To filter the search as much as possible to obtain publications useful to the pursuit of
the thesis objective, the decision was made to apply an additional inclusion criterion,
deepening the search string with a filter on the topics addressed by the journal articles.
The following macro-topics on the Scopus database were deemed appropriate and conse-
quently included:
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• Engineering

• Computer Science

• Business, Management, and Accounting

• Decision Science

• Mathematics

• Social Science

• Environmental Science

• Economics, Econometrics, and Finance.

The complete search string on the database can be found in Appendix 1 By reviewing the
title, the abstract, and the reference list of each paper, a total of 198 publications were
considered relevant to the review topic.

1.4. Selection of Pertinent Literature

With the application of the inclusion and exclusion criteria described in section 2.2, 154
newspaper articles were excluded, because even though among the keywords, in the title
or in the abstract they presented combinations of words belonging to the search string,
they did not have a focus considered in conformity with the one searched. For this first
exclusion, it was sufficient to read the abstract and the introduction to understand it.

1.5. Screening and Eligibility

For the remaining 95 scientific publications, an in-depth reading of the article was per-
formed, leading to a further exclusion of 13 papers, arriving at the final number of articles
considered relevant to the systematic literature review. What are the gaps in the literature
are also analyzed, giving suggestions for possible future research to fill these shortfalls.



9

2| Review of the Literature

2.1. Main features of the articles

As is often the case in systematic literature reviews, articles were clustered not only by
topic as we will see later, but also classified on the basis of some basic characteristics such
as the year of publication, the journal, and the country of affiliation of the first author.
Regarding the analysis of the year of publication, the first articles deemed relevant are
dated 2010. This is consistent with the focus of the literature review as it is only since
the 2010s that there has been an increased interest in the topic of innovation in last-mile
delivery, while all excluded papers dated before that date, and in particular concentrated
between 2001 and 2012 had, as their primary objective, to optimize traditional last-mile
delivery models [1] [122] [136].
The great majority of the articles considered in this review were published in recent years,
from 2018 to 2022, consistent with SLR’s goal of wanting to give a clear description of
the current situation and clustering the solutions presents for solving the serious problem
plaguing last mile logistics. In addition, this high concentration of publications in recent
years is consistent with the growing awareness of the environmental impacts of traditional
means of last-mile delivery, the explosion of e-commerce sales - primarily due to changing
consumer behavior -, and the greater general interest of public stakeholders such as gov-
ernments who are perpetrating policies for environmental sustainability and the quiet life
of citizens often stuck in traffic during peak times that coincide with the period of home
deliveries.
Considering the sources of the selected papers, the journal with the highest number of
publications is Sustainability (Switzerland) with 12 articles, followed by a group of jour-
nals well known for their reliability on logistics issues such as Transportation Research
Procedia (7) European Journal of Operational Research (6), Transportation Research
Part D Transport and Environment (6), Transportation Research Part E : Logistics and
Transportation Review (5), and finally Research in Transportation Business Manage-
ment, Sustainable Cities and Society and Transport Policy (each with 3 publications per
journal).
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Figure 2.1: Yearly Papers Distribution

To conclude this initial analysis of article characteristics, the nation of affiliation of the
first author was evaluated. The nations with the most publications were found to be USA
and Italy with more than 20 papers each and Germany (13), more detached there are UK
and China (8), followed by the Netherlands and Sweden (6), Belgium, and Poland (5).

Figure 2.2: Affiliation Nations of the first author
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Abbreviations will often be used throughout the thesis; this table contains their full
meaning

LMD Last Mile Delivery
SLR Systematic Literature Review
RQ Research Questions

GHG Greenhouse Gases
EV Electric Vehicle

ICEV Internal-Combustion Engine Vehicle
LCA Life-Cycle Assessment
TCO Total Cost of Ownership

E-VRP Electric Vehicles Routing Problem
E-ARP Electric Arc Routing Problem
E-TOP Electric Team Orienteering Problem
UAV Unmanned Aerial Vehicle
TSP Traveling Salesman Problem

VRPD Vehicle Routing Problem with Drones
LCV Light Commercial Vehicle
CD Crowd Delivery

FFBS Free Floating Bike-Sharing
RTZ Restricted Time Zones

Table 2.1: Abbreviations Table
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2.2. Review based on contents

The literature covers a wide variety of topics, as can be seen by applying search filters
based on the main theme of the publication (i.e. managerial perspective, business per-
spective, social and environmental sustainability perspective, etc.), which gives a good
idea of how complex the research area is. To present the literature in a more structured
manner, the different topics were grouped into macro-categories, based on the character-
istics that the solutions and strategies encountered in the research phase have in common
and the objectives they pursue. The macro-categories identified as groupings to cluster
the different solutions currently present in the field of last mile logistics are:

1. Alternative transport solutions : This category includes all those innovations poten-
tially disruptive to the vehicle market: new engine technologies (i.e. hybrid and
electric vehicles), autonomous guided vehicles and new delivery means (i.e. drones,
droids, robots,and cargo e-bikes).

2. Alternative Delivery Destination: This cluster of solutions brings together all those
strategies that can improve the efficiency of last-mile delivery. In particular, they
are based on the use of a depot station where items can be stored until customers
can pick them up, thus eliminating the risk of delivery failure.

3. Warehousing and Sorting Facilities : is a form of the sharing economy; it can be
considered a business model that has revolutionized also the world of last mile
logistics, as companies have the opportunity to outsource the delivery of goods to
"common" people who, underpayment or free of charge, take care of delivering the
goods to the final recipients. Usually these ordinary people offer themselves for this
service as the route to reach the recipient of the good is similar to the route they
have to take to reach their home or place of work.

4. Public Policies : Local and national administrators aim to provide the best possible
environmental and social living conditions for their citizens. How they can do this is
through the imposition of policies whose primary effect is to reduce environmental
emissions, alleviate city traffic, reduce congestion and the number of accidents, the
infrastructure wear and tear and improve public health.
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2.2.1. Alternative Transport Solutions

This section discusses innovative vehicles that companies have implemented or are in the
process of implementing in their fleet of vehicles to make last-mile delivery increasingly
efficient. Considering the explosion of e-commerce and the increasing urbanization of
both developed and developing nations, last-mile delivery can be contemplated as one
of the main causes of increased urban traffic and urban pollution, particularly in large
urban centers [14]. The issue is highly topical, as climate change has placed a great
deal of focus on pollution and the type of vehicles that travel the increasingly clogged
streets of increasingly polluted cities every day. In this context, the European Commis-
sion formulated the European Green Deal, which set a target to reduce the emission of
transport-related greenhouse gases (GHG), by 90 percent by 2050 compared to the 90’s
scenario. Taking strong action on the transport sector is of paramount importance since
about a quarter of all GHG emissions in Europe are attributed to this sector. And of all
the types of transport, road transport has to be considered the largest emitter - primarily
because it is by far the most widely used, not because it is the most polluting per se
-. For increasingly sustainable last-mile logistics, there are several innovations from the
perspective of the vehicles used, to ensure increasingly clean and green deliveries.

Figure 2.3: Alternative Transport Solutions
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First among them is undoubtedly the introduction of electric-powered vehicles (EVs),
which for last-mile delivery certainly represent an innovation whose potential has yet to
be fully developed. The first relevant publication on this topic for the literature review is
dated 2018 [108], in these four years a considerable number of articles have emerged with
multiple purposes: from comparisons in terms of cost and environmental emissions with
internal combustion vehicles, through routing optimization algorithms, and case studies
with analysis of technology implementation tests.

This innovation certainly has attractive benefits: from an environmental point of view, it
contributes to lower CO2 emissions and leads to energy savings. With the considerable
decrease in the emission of harmful substances to the environment, companies have the
opportunity to their reduce carbon footprint and minimize the impact of logistics on the
environment [20]. Furthermore, from the social point of view, they bring a benefit in
terms of noise emission [36]. For companies operating in the logistics sector, the adoption
of electric-powered vehicles, allows them to enter areas of the city such as restricted
traffic areas, bringing a great deal of cost savings in case, for example, where for internal-
combustion engine vehicles access to such areas is possible only underpayment of an entry
fee. In addition to this, another advantage is represented by the fact that these vehicles
during their entire life cycle go against lower expenses, particularly for the minimization
of fuel costs [157], both because electricity has a lower cost than fuel and because these
vehicles consume much less. Furthermore, the use of electric vehicles saves considerable
time and costs for fleet maintenance. On the other hand, there are still some barriers to
overcome before the adoption of this type of vehicle becomes the main solution for last-
mile delivery. Among the most impactful ones should certainly be mentioned the high
purchase cost compared to the internal-combustion engine vehicles (ICEVs), the lack of
an adequate amount of infrastructure dedicated to vehicle charging, a battery autonomy
that still cannot fully satisfy every buyer, and finally a charging time that is still too high
in many cases.
To address this problem and incentivizing the purchase of electric vehicles, could be a
great improvement the use of national and local policies that can make EVs attractive to
third-party logistics providers, such as tax incentives and limitations to city centers for
internal combustion vehicles. Three types of incentives are considered [108]:

• Direct incentives on the purchase price: This makes the price to the end buyer more
affordable and stimulates the sale of this type of vehicle.

• Zone fee: Limited access zones in urban centers, also called low-emissions zones,
where access to internal combustion and heavy-duty vehicles is restricted.
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• Vehicle taxes reduction for EVs : Reduction of annual road fees for electrically driven
vehicles.

Among the most widely used impact assessment methodologies in the literature for ana-
lyzing EVs are: the life-cycle assessment (LCA) for the environmental impact [31], while
the economic assessment is based on the total cost of ownership (TCO) model, which
allows for comparison between the different types of vehicles over the ownership period
[135].
The introduction of electric vehicles for last-mile delivery is seen by researchers and ex-
perts in the logistics industry as one of the viable solutions to the implicit problems that
plague this topic. Especially having a fleet of electric vehicles, allows companies to reduce
costs and pollutant emissions [71], thus pursuing a blended sustainability gain, both from
an economic and environmental perspective.
Through the use of a systematic literature search, a wide variety of articles related to
the use of electric vehicles for last-mile delivery emerged. Although it should be noted
that the social and environmental aspects have received increasing attention in recent
years [114], the economic feasibility perspective is the aspect most widely covered, usu-
ally analyzed through simulation of costs incurred by transport and logistics operators in
delivering. Assessment of external and internal costs through the TCO methodology will
allow for a comprehensive and responsible approach to the planning and organization of
urban transportation. The challenge facing urban planners is thus to find solutions that
can reduce the impacts of urban goods mobility without penalizing city life.
In conclusion for the current situation, considering both the pros and cons of the tech-
nology, we can summarize that EVs are undoubtedly a feasible option for short-distance
trips in urban areas, involving low daily driving range.

The term "electric vehicles" also refers to a subcategory of vehicles represented by e-
bikes, a decidedly revolutionary means of transportation for parcels delivery especially
for city centers where there could be restrictions on motorized vehicle access and for this
reason the use of two- or three-wheeled vehicles is the fastest and most sustainable way
to reach customers for home deliveries [21]. To understand the extent of the advantages
and benefits that the adoption of this means of transport allows for logistics companies an
LCA analysis can be used to quantify the reduction in environmental emissions resulting
from replacing traditional means of delivering goods in urban scenarios (i.e. ICEV vans,
e-vans, light trucks) with a fleet of e-bikes. The result of this analysis reveals that cargo
bikes are the solution with the most benefits and least costly in absolute terms, while if
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we base the analysis of the cost/km traveled ratio turns out to be the most expensive [94].
Therefore, it can be said at a general level that cargo bikes are an interesting solution
from both an economic and ecological point of view but only for deliveries characterized
by a relatively low distance to be covered between the warehouse/depot and the final
customer, in cities with a high population density and for a low number of stops [50].
For the efficient adoption of electric vehicles, there is also the importance of an effective
management of charging times and range, which being limited, makes optimization of
delivery routes critical. Thus, the introduction of electric vehicles has surely raised new
operational challenges due to the inclusion of limitations such as the scarcity of recharg-
ing stations, a higher uncertainty on the remaining driving capacity and long recharging
times ([52]).
The researchers’ interest, has seen the emergence of numerous route-optimization algo-
rithms of different types and with different focuses. A possible classification based on
three main axes representing a different kind of algorithm is the following: Electric Vehi-
cle Routing Problems (E-VRPs), Electric Arc Routing Problems (E-ARPs) and Electric
Team Orienteering Problems (E-TOPs) do [38]. The number of scientific publications on
E-VRPs [112] is much higher than the ones corresponding to E-ARPs [162] and E-TOPs
[159] (see Appendix 2), which also means that there are many open research lines in the
latter problems. E-VRPs algorithms are in turn differentiated on their focus, which can
be battery charging time, customers’ demands, carbon emissions, and the integration of
hybrid fleets.

Other innovative vehicles that may prove to be a market-changing innovation are drones
or unmanned aerial vehicles (UAVs). A drone is an unpiloted aircraft. It could be
controlled by computers, operated remotely by a person. or by a combination of both.
Drones that were initially only associated with the military and aviation sectors over the
past decade have moved closer to being used in the commercial sphere for deliveries. Re-
cent years have seen a growing interest in this technology for logistical uses, which has
also led to large investments in the development of an economically sustainable model
[80]. The main peculiarity of drones is that they move in the air, allowing them to avoid
congestion, traffic, and complex navigation paths on the road [65].
From the perspective of logistics operators, the adoption of the use of UAVs certainly
promises faster delivery times that potentially reduce shipping costs for customers and
can result in increased sales for retailers [142]. Speed of delivery turns out to be a key
factor in satisfying all those customers willing to request drone delivery if their parcel
can be in their hands within a few hours of online purchase. It is therefore of paramount
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importance for the logistics company that manages deliveries to understand the propen-
sity of a sample of its customers to request this type of delivery to have their goods in
a truly time. The use of drones to deliver parcels may have the potential to decrease
delivery costs, have no driver or trucks costs, eliminate congestion costs, and have fewer
missed deliveries due to the very short delay between item dispatch and delivery, and is
now the object of intense research activities [143]. An important peculiarity about UAVs
is that they are relatively inexpensive and widely available. They fly at low altitudes and
can be launched and landed without a runway. From the customer preference point of
view, drone delivery combined with mobile phone applications to ensure traceability and
scheduling could provide conditions to satisfy the highest demand profitability [7].
From an environmental point of view, however, the use of a drone instead of diesel-burning
delivery trucks lend a hand in stopping climate change by reducing energy consumption
and the release of greenhouse gases (GHG) into the atmosphere. In this way, it becomes
easier for companies to comply with government-imposed environmental limits by replac-
ing classic on-road vehicle exhausts (usually internal combustion vehicles) with electric-
powered drones [139].
The acceptance of this technology by customers has been the subject of analysis for sev-
eral years, but no publications have emerged on the subject, suggesting potential future
research on this issue. However, from the typical online questionnaires used to collect
data, it was possible to obtain the reasons why e-buyers do not trust drones as a delivery
option, and among the reasons most frequently found among the various responses are:
security, privacy, and technology concerns, the cost, the risk of theft and of receiving
damaged packages [29].

Some issues related to the management of UAVs are still open: there is a need to develop
UAV traffic management technology, a technology that can operate in a GPS-denied en-
vironment, ensures safety during the flight in case of weather changes and improve the
reliability of automation (Gentry C.,2019).
Security and privacy concerns must also be addressed. As for the former, there are in place
laws for the remote identification technology that will tell them who is flying and allow
them to identify drones that are unauthorized, flying unlawfully or displaying malicious
intent. For the second open issue, privacy, we can state that there is still no regulation
ensuring privacy in the context of drone operations. Currently, drones require compliance
with state and local laws that protect privacy rights, but almost exclusively general laws,
while laws directly regulating drones and privacy are almost completely lacking [86]. The
most relevant topics that have emerged from the literature review concerning the use
of UAVs are highly topical and investigate resolutions to some of the aforementioned
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problems, algorithms for optimizing the delivery route, surveys to investigate customers’
acceptance of this modern technology, and case studies of the application of drone deliv-
ery. The most important case study for the application of drone deliveries concerns the
city of Milan, and the potential of this publication is that it complements the literature on
the topic by adding a Stated Preference analysis to assess users’ propensity to use drones,
a financial feasibility analysis to assess costs and revenues for a logistics operator offering
this type of delivery service, and the application of this methodology to a case study in
the city of Milan (Italy). It is also understood that for drone delivery to be efficient, there
is a need to also reorganize its delivery network, requiring a change in depot structures.
The location and number of depots required must consider the needs of drone flight in
terms of flight range, allowing every point in the urban area to be reached. Furthermore,
the depots must have a structure characterized by considerable height development with
the presence of doors to allow drones to take off and land [12].
After a few attempts over the past decade with some study phases and field tests - the
most famous examples concerning the use of drones to make deliveries are Amazon Prime
Air and UPS Flight Forward, two subsidiaries of Amazon and UPS for their drone opera-
tions - a handful of companies are approaching package delivery in some countries through
the use of drones. The flight of these drones is expected to cover not too long distances
and in a fairly brief time.
A few years have passed between the birth of these subsidiaries and the present day,
and the main reason for the delay in the official launch of drone deliveries is the lack of
regulations authorizing delivery using UAVs. The other major barrier facing drones is
technology. In fact, before drone delivery becomes routine, there is a need to optimize
the development of existing detect-and-avoid technology, which is necessary as there is
no human pilot on board. The improvement of this technology should allow drones to fly
beyond the visual limit of a remote pilot, and above all, it must be made more affordable,
accessible, and available.
Another potential last-mile delivery mode results from the parallel use of drones and
trucks, as they possess complementary characteristics [103]. The use of drones for deliv-
ery is quick and inexpensive in terms of cost per kilometer, but their size imposes major
limitations in terms of the size and weight of the packages they are able to transport,
and in addition, they have limitations in terms of battery life, so they are unable to make
many deliveries without recharging. On the other hand, classic fuel-based trucks offer a
higher travel range and can transport several types of parcels, but they are expensive and
slow to operate. Using the two different means of transport together can mitigate the
effects of both and create a synergy with better benefits than using the individual means
alone; specifically, a truck leaves the depot with a drone; the drone is launched from the
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truck to serve one customer; when the drone is in flight, the truck continues its route
to unvisited customers; the drone rejoins the truck at the next customer location, which
differs from its launch location. For a correct assessment of the impact, it is correct in
the management phase to try to minimize both operational costs and time completely by
using the Traveling Salesman Problem (TSP-D) [152] (See Appendix 3). The effective-
ness of this type of algorithm if validated through the use of numerical examples can be
an important support tool for decision-takers as it provides managerial insights into the
applicability of this solution [130].
One of the first companies to bet on cooperation for deliveries between trucks and drones
was Mercedes-Benz, which was already in 2016 with the acquisition of the start-up Mat-
ternet, a company whose core business is autonomous drones, entered the goods deliv-
ery market. The German car manufacturer subsequently unveiled its concept for an
autonomously guided van for drone delivery. UPS, too, the following year showed its
concept for a hybrid van with a nest drone built into the roof, whose drones have the
potential to carry up to 5kg of parcel weight in the initial study alone, with the possibil-
ity of increasing this capacity in the future. The Mercedes van is of the same design as
the Sprinter - the classic Mercedes van -, is fully electric, and is equipped internally with
a fully automated space: there is a mechanical shelving system that can load packages
and knows their final destination in advance. When the driver is approaching one of the
destinations, he receives a notification. The van’s shelving system pushes the package to
a drone on the roof of the van, at which point the drone takes off to reach the delivery
destination.
Imagining a scenario in which UAV-based delivery services take over and become almost
commonplace, bearing in mind that they still have many limitations in terms of bat-
tery life, logistics companies need to equip themselves with a large fleet of vehicles for
commercial-scale operations. For this reason, it is also correct to make simulations of the
possible low-altitude traffic flow of drones [133]. The publication reported as an example
investigates self-organized UAV traffic flow in low altitude 3D airspace and formulates
equilibrium conditions for the user. Two test scenarios are investigated: one with a con-
ventional ground-based distribution structure and another with an innovative airborne
fulfillment center concept. The operational costs and energy consumption of both config-
urations are quantitatively evaluated, and the results obtained provide important insights
that may prove useful for both logistics operators and policymakers to achieve efficiency
and sustainability in last-mile delivery operations.
One of the problems brought to light by the systematic literature search is the difficulty in
comparing the key variables (timing and operational costs) of drones and surface vehicles.
When managers are called upon to evaluate different vehicle alternatives for last-mile
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delivery, transportation decisions are made by comparing the speed and cost of different
workable solutions. But to compare drones with surface vehicles, not only transit time
but the overall total delivery time must be examined, the reason why the development of
efficient models capable of analyzing the dynamic interaction of different impacting vari-
ables and assessing the total delivery time is of paramount importance. In literature, only
one article tries to deal with this issue [141], developing a model proven by simulations
to define the ideal context for the use of drones by comparing them with other last-mile
delivery solutions. Results are clear and lead to the conclusion that the use of UAVs is
less efficient for long distances, except in the case of rural areas, where the conformation
of roads makes drones a viable alternative to classical surface vehicles.
For drones, as for any other innovative means of last-mile delivery, there are different types
of routing models (VRPD - Vehicle Routing Problems with Drones) in the literature. For
this systematic review of the literature, those considered useful for the classification of
solutions are given, considering not only costs but also energy consumption as variables to
be optimized, thus assessing not only their economy but also their environmental impact.
Different types of VRPD have emerged: from those analyzing the study associated with
the use of a warehouse [123][26], combined with the use of a surface vehicle such as a
truck [68] or with a public transport vehicle such as a moving charging station [109].
Among the most relevant articles is certainly the one by [123] in which a reactive routing
method is proposed to solve the problem of UAV fleet mission planning in a dynamically
changing environment, a type of problem often found in practice but rarely investigated
in nature, despite being one of the major problems plaguing this last mile delivery mode.
The authors considered plans for UAV fleet missions in the event of weather changes be-
yond the previously forecasted situations. The need to be able to react in these situations
necessitates the design of condition-reaction rules that allow the drone to complete the
mission safely and continue it despite the changed weather situation. The main advantage
of the proposed model is the open structure that allows it to take into account several
variables and restrictions as related to the cost of a mission, the heterogeneity of UAVs,
etc. However, it is worth emphasizing that the model proposed presupposes a thorough
knowledge of all environmental parameters in which a mission is carried out (i.e. flight
speed, flight time, and maintenance of service time are uncertain parameters).
Delving deeper into the topic, the publication by [26] proposes a linear green mixed-
integration routing model for UAVs to exploit the sustainability aspects of using UAVs
for last-mile parcel deliveries. An algorithm is also developed to efficiently solve the com-
plex model and an experiment is conducted to illustrate and validate the analytical model
and algorithm solution. In this way, the environmental sustainability aspects of adopting
UAVs for last-mile delivery are explicitly considered. Experimental results show that in
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the case of using UAVs, fixed costs are reduced due to the reduction in total delivery time
and the number of vehicles required because drones and vehicles can deliver packages
jointly. Variable costs are also reduced, mainly due to the reduction in fuel expenses, and
consequently, carbon emissions are also substantially reduced. The conclusion the authors
come to as a result of these analyses is that drones represent a new trend for the delivery
industry as they minimize delivery time and energy used as well as CO2 emissions and
that the best choice from a managerial point of view is to shift smaller-package delivery
from trucks to drones.
Another VRPD that has been highly successful present a research that explores the com-
bination of drones and trucks with the idea of allowing drones to take off from delivery
trucks, make their reciprocal deliveries to customers and return to their home base on the
nearby truck for battery exchange or recharging and package retrieval. The goal of the
algorithm is to optimize their delivery route, minimizing the total arrival time of both
the trucks and the drones at the depot after all deliveries have been made. A case study
is then conducted in the article to quantitatively analyze the results of the algorithm.
The result of this numerical experiment is that due to the introduction of drones, the
completion of deliveries is much faster than in the base case of using only the truck.
[68] ’s on the other hand, is particularly interesting in that two drone tasks are considered
in the algorithm: drop and pickup. After a drone has completed a delivery, it can return
to the depot to deliver the next parcel or fly directly to another customer for pickup.
A constraint programming approach is proposed and assessed with problem instances of
m-truck, m-drone, m-depot, and hundred-customer distributed across an 8-mile square
region.
One of the proposed solutions to the problem of limited battery life is that of [109], which
integrates drone flight operations with the public transport network to be considered as
a mobile charging station. The main objective of using public transport is to reduce de-
livery time and energy consumption by operating drones that can take public transport
to recharge their battery and travel on public transport close to customers’ homes or
alternative delivery points. The paper proposes a mixed-integration linear programming
model for scheduling a fleet of drones employed to deliver a series of orders per trip. The
model was tested, implemented, and analyzed using a real scenario with real input data
(i.e. distributed locations of warehouses, customers, and public bus stations) from the
city of Bremen, Germany. Also, using public transport vehicles, which enables drones to
charge their battery or approach customers, can reduce the number of drones required for
satisfying the demands in a service area. The results show that there are high potentials
to save energy for drone-enabled last-mile delivery by using the public transportation
network.
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The third type of innovative vehicle that emerged during this systematic literature re-
view is droids.
The term droid identifies those small autonomous vehicles, slightly larger than a regular
parcel, capable of delivering parcels to the doorstep. They have a fairly low speed, typi-
cally the prototypes tested so far have a speed between 5 and 10 km/h and use sidewalks
instead of roads to reach customers. Compared to UAVs, droids receive regulatory ap-
proval much more easily because they do not travel on roads. They are equipped with
an electronic locking system that ensures the safety of the cargo from ruinous falls on
the way, they can transmit their location in real-time to both the supervisor who can
maneuver them remotely in the event of obstacles or accidents, and also the customers
so they can track the location of their packages and they are equipped with cameras that
shoot live video which is designed to deter thieves.
Among the main benefits of adopting droids for last-mile delivery are [25] [90] :

1. Droids can haul multiple small packages to multiple locations. This is an element
in their favor in comparison to drones, which instead have a limit on the weight
capacity they can carry and are used for the delivery of a single package before
returning to base. The other peculiarity due to this possibility of being loaded with
more goods is to allow customers to use them for returning packages to the retailer;

2. The battery life is longer than that of UAVs, which makes it possible to reach more
distant destinations or to travel longer distances;

3. Lower development and construction costs compared to UAVs;

4. Using GPS location navigation, assistance from a supervisor is not required or is
only limited in exceptional cases;

5. Can safely walk on sidewalks and paths;

6. Possibility of access to restricted traffic zones.

Among the major disadvantages are the lower speed and transport capacity (in terms of
weight and volume) compared to classic street and road vehicles, the danger of accidents
with people, animals, and moving objects, which makes them unsuitable for large, densely
populated urban centers, and they encounter great difficulties in foul weather, especially
snow [137].
The droids are used in parallel with a truck capable of transporting them in the vicinity
of a core of customers along with the packages to be delivered, so through simultaneous
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delivery, companies can achieve higher efficiency and satisfy increasingly demanding cus-
tomers in terms of the speed of delivery of their orders.
As for UAVs, similar types of articles can be found in the literature for droids: algorithms
for optimizing routing [160], comparisons from the point of view of economics and envi-
ronmental and social impacts with other solutions for last-mile delivery [57], and studies
on the implementation of droids to identify scenarios in which they provide greater effi-
ciency [134] [15].
The pillars used as a source of comparison between droids and other urban logistics solu-
tions are [49], [125] :

• From an operational point of view, the quality of service, is evaluated by calculating
the time required for the shipment to reach the final recipient;

• From the economic point of view, economic productivity is assessed, thus capital
costs, annual operational costs, and return of investment are calculated;

• From the environmental point of view, reductions in air pollutant emissions (i.e.
CO, NOx, PM10 emissions), reduction of GHG emissions, and energy efficiency are
evaluated;

• From the social impact, the comparison regards noise minimization and the improve-
ments in safety and security.

Results indicate that the implementation of autonomous ground vehicles can have a pos-
itive impact on the environment, improving the quality of services by shortening the very
times. Nevertheless, due to the compact size of those solutions, they should be coupled
with an assisting technology for larger parcels and for those not willing or not capable of
using the droids [87].
The identification of the scenario in which droids coupled with a truck result in an effi-
ciency improvement for the logistics operator compared to the basic situation of the van
making a customer-by-customer delivery has focused the attention of many researchers.
The results of some research [134] often indicate that despite their low speed of movement,
droids can yield considerable time efficiency gains when they can make several consecutive
deliveries and in the presence of traffic congestion. The maximum distance that can be
covered by robots is a key factor to take into account when evaluating overall efficiency.
A way to further improve the delivery service via droids compared to the prevailing solu-
tion in the literature (autonomous robots and a truck with both a mobile depot function
and a package delivery function in parallel with droids) is made possible by recent de-
velopments in smart-lock technologies (e.g. Amazon Key), which have made unattended
home delivery with autonomous ground vehicles a tangible possibility. [15].
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For the evaluation of routing algorithms in the literature concerning the combination of
van and droids, the article by [160] is of particular interest, as it not only presents their
new two-echelon van-based robot routing problem with hybrid pickup and delivery, in-
cluding a new van-robot capacity trade-off problem but also presents a classification that
highlights similarities and differences between all van-based robot routing problems, some
of which also emerged using the basic search string of this thesis.
The most famous example related to the joint use of droids and a surface vehicle is the
partnership Mercedes-Benz formed with Estonian start-up Startship Technologies in 2016,
a company that develops self-driving delivery vehicles (Daimler 2017). Mercedes with its
’Robotic Delivery Systems’ project created its ’mother ship’, a Sprinter designed to hold
a range of packages and up to eight delivery robots. The idea is quite simple: the driver of
the Sprinter drives to its target area; upon reaching the location, the eight appropriately
loaded droids are dropped off and carry out the last few hundred meters of delivery si-
multaneously. The robots’ storage is locked and can only be opened by customers with a
code. For security reasons, they move at pedestrians’ speed as they travel along sidewalks.
The mother ship and the droids interact intelligently with each other in both software
and hardware. The Sprinter always knows where all his delivery robots are at any time.
Starship’s droids are equipped with numerous cameras and navigate using GPS, and can
constantly monitor their surroundings to ensure the safety of autonomous locomotion.

The fourth solution concerning means of transport is a collaborative business model,
crowd-shipping, which achieves remarkably performance in terms of efficiency and ef-
fectiveness. The first comprehensive definition of crowd delivery (CD) is given by [6], who
define CD as a new logistics concept that uses the crowd, intended as ordinary people,
as a workforce to deliver goods. However, there is no formal definition of this concept;
in fact, a further definition that has emerged from the literature states that CD is "the
outsourcing of logistics services to a mass of actors (not necessarily commercial), where
the coordination is supported by a technical platform, hosted and managed by a logistics
service provider" [51].
Crowd-shipping is a beautiful example of a sharing economy, in which the resource’s
transport capacity is shared thanks to the digital platforms on which some online com-
merce players rely [140]. The concept refers to a transfer of goods that takes place by a
private individual on behalf of a third party, another private individual, or even a com-
pany. Whoever agrees to receive a shipment using crowd-shipping exploits the service of a
crowd-shipper [129], i.e. a private individual who, with his or her own me for example on
the usual home-work journey, decides to also take on the function of a courier in return for
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a small remuneration. By doing so, crowd-shipping drastically reduces the overall num-
ber of vehicle trips, increasing the load factor for all those private vehicles that normally
travel with an empty trunk. A truly sustainable and environmentally friendly idea that
can be implemented on an urban, national, and even international scale.
Crowd-shipping is expected to generate substantial opportunities for sustainable urban
freight through the utilization of unexploited resources of individuals. The transfer of
logistic work to individuals is observed as a major disruption to the arrangement of the
existing business logistics models. The investigation of these disruptive impacts and the
feasibility of this business model is therefore of paramount importance. In this sense, an
analysis of the literature makes every nuance and characteristic of this concept clearer.
The first scientific article addressing the new business model is the one written by [22]
which classifies 4 different CD models in a matrix. The matrix originates from the in-
tersection of the two Cartesian axes representing the level of centralization of logistics
management (decentralized vs. centralized) and the type of relationship between logistics
and collaboration (logistics seen as support for collaboration vs. purpose of collabora-
tion).
Two years later, the same authors broadened their analysis by taking into account the more
complex concept of crowd logistics, extending the nature of services that can be offered in
four main typologies: crowd storage - crowd-sourced goods storage service - and then the
classic goods transport services, which are, however, divide based on the distance covered,
crowd local delivery (within a limited radius), crowd freight shipping (within domestic or
at most continental borders) and crowd freight forwarding (intercontinental).[23].
Another classification of the diverse types of crowd-sourcing deliveries can be made based
on the composition of the fleet of vehicles used. A first model with completely free-degree
deliveries people collects and deliver parcels for acquaintances, typically making small
deviations from their common or original itinerary. The second model involves the use of
a platform that coordinates people who accomplish occasional deliveries, usually bring-
ing parcels to members of their community. Operationally speaking, the crowd-shipping
package delivery process with the use of a platform consists of five steps [44] :

1. Publication: The client posts a delivery request on the crowd-shipping platform,
which details the shipping and package characteristics and requirements;

2. Bidding : The posted delivery request becomes visible on the platform system and
all registered couriers within a specified geographic range can begin communicating
with the customer and bidding. The bidding is related to pick-up arrangements such
as flexibility or timing and does not include shipment pricing which is determined
by the platform using a size and distance-based formula;
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3. Accepting : The client can then decide to "accept" or "decline" the couriers offer,
representing the accepting phase. If no courier is selected, the request is canceled
by the system;

4. Picking-up: The accepted delivery order enters into its picking up phase where the
timing and location specifics are negotiated;

5. Delivering : The last step is the physical delivery of the parcel, where the customer
can track the shipment.

The third model is a hybrid solution involving the combined use of traditional and crowd-
sourcing modes for deliveries. How this model can be applied can be manifold, the most
commonly used at the moment on a practical level being e-commerce players who supple-
ment their fleet of vehicles with a group of occasional riders, who deliver parcels in small
quantities without deviating too much from their original route, or through the use of
public transport vehicles, such as a taxi, bus or metro. The fourth and most developed
model involves the composition of a fleet of ad-hoc riders, whose operations are centrally
coordinated by a logistics operator or the logistics business unit of the e-commerce com-
pany, which optimizes them to offer a more efficient (greater saturation of the means of
transport) and effective (able to satisfy a higher volume of customers with fast deliveries)
service.
Crowd-shipping offers benefits for all stakeholders involved in the process: for companies,
there is a reduction in delivery costs [132] and the possibility to extend their delivery hori-
zons by serving larger areas. For customers, the benefit is in terms of speed, convenience,
flexibility, and customization of the service [25]. For drivers, the benefit is to be able
to earn extra income by making small detours from their traditional daily route between
home and workplace. Finally, it is also fair to assess the impact on society, which can
benefit from reduced emissions and minimized traffic congestion as there is less need for
vehicles to deliver goods. The participation of all stakeholders is a concept of paramount
importance for the success of urban logistics collaboration projects and initiatives. The
factor that undoubtedly influences these decisions most positively concerns the expected
benefits, both economic as well as environmental and social sustainability, while the main
obstacle identified competitive intelligence risks. From the companies’ point of view, the
greatest fear is to lose their competitive advantage when sharing certain information and
data with other stakeholders of the same project who may be their business rivals. [93].
Crowd-sourcing delivery can be carried out through the use of different types of means.
Among the most commonly used are cars, bicycles, or a combination of both. The KPIs
most often used in research aimed at finding the optimal fleet composition is the total
number of deliveries made within a day and the on-time delivery rates. A particularly
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relevant case study that takes the city of Copenhagen as an example is the scientific article
by [41], which investigates whether there are significant differences in the logistical effi-
ciency of different vehicle fleets by carrying out a simulation that attempts to give as true
a representation as possible of the traffic conditions at different times of the day in a city
with a well-developed network of cycling infrastructure. The result of this study shows
that the introduction of bicycle-based crowd-sourced couriers leads to an improvement
in delivery performance in the case of a single-parcel urban delivery scenario. The main
reasons are lower delivery costs as there are no fuel or parking expenses and reduced main-
tenance costs. This allows the business to offer customers a much more affordable price.
Secondly, the use of the bicycle unlike the car does not require a driver’s license, which
gives the possibility of engaging a larger courier base. Finally, there is a positive impact
on the environment that is made possible by the reduction of carbon-dioxide emissions in
line with the latest environmental sustainability policies that the increased awareness of
the danger caused by climate change is driving.
Regarding the use of bicycles in crowd-sourcing, another possible way to encourage the
use of more sustainable transport alternatives is to add free-floating bike-sharing (FFBS)
as a delivery option. Specifically, some users of the FFBS service make themselves avail-
able to deliver small packages during their route (or by making a small diversion). This
activity cannot be considered as a second job or as an obligation imposed on anyone who
takes a rented bike, but simply as a possible alternative for those who make themselves
available to deliver goods in exchange for a small reward and as an incentive for those
people who care about the environment to make their small contribution to the cause,
allowing a reduction in traffic and the resulting emissions [11].
About the use of cars in crowd-sourcing, it was noted that this solution outperforms the
use of bicycles in particular when the number of deliveries the driver agrees to complete is
greater than one (many-to-one assignment). For this reason, there are articles in the lit-
erature investigating the use of car trip sharing systems, to leverage the available private
car trips to incidentally deliver parcels during their original trips. An example is [152]
that developed Car4Pac, an intelligent last mile last-mile delivery system adds that to the
challenges of how to accurately estimate parcel delivery trip costs and how to maximize
overall performance by assigning tasks to available and suitable car trips.
Crowd-sourcing delivery cannot replace the traditional goods delivery system, but it is
possible that the solutions described so far can be integrated into a hybrid delivery net-
work. To facilitate this integration [64] have developed a framework based on the theory
of socio-technical transition, called "Five-Basic Principles". This framework is supposed
to help increase the chances of success for Crowd Delivery innovations and facilitate the
integration of an initial niche solution, helping to make it scalable (i.e. more far-reaching)
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with the classical goods delivery network, enabling it to reach a level of co-functionality
that is the core concept of a sharing economy with the objective not only to reduce logis-
tics costs but also to reduce GHG emissions and traffic congestion [96].
One of the main risks of crowd-shipping is that the retailer can hardly guarantee com-
pletion of its promised delivery services when subcontracting individuals [119]. One way
to avoid this problem is the user reputation system, which is often a component found in
sharing platforms to prompt crowd-shipping individuals to adequate services. However,
this may not be enough and the systematic survey in the literature revealed that the lack
of trustworthiness is seen as one of the biggest obstacles to successful crowd-shipping ap-
plications. Therefore, a trend from a field test of one of the largest German retailers that
were also tried out by the US retail chain Walmart is that the retailer offers its employees
in its distribution centers to make their deliveries after work to online customers living in
their neighborhood or on their way home, earning them an extra on top of their normal
salary. [17].
The necessary asset to optimize crowd-sourcing delivery is the service platform in which
the drivers available to deliver the goods and the customers, with their requests for the
delivery of their orders from the point of view of their timing, are present. The plat-
form has the task of automatically creating matches between parcel delivery tasks and
ad-hoc drivers. For the optimization of platform services, there are several articles in the
literature; among those that emerged during the systematic research, there is a crowd-
shipping framework capable of assigning LMD work to people on their way to work.
The framework is centered on two modules of crowd profiling and task assignment opti-
mization that simultaneously work on maximizing the jobs acceptance and the platform
profitability [62] ; the analysis of the potential of a decentralized decision-support system
for bidder-requester performed through the simulation of a model for the understanding
of the effects of fixed and variable costs in the operations of a less-than-truckloads plat-
form capable of suggesting and proposing new tours based on location data, travel time
and time-window constraints using a matching algorithm to reduce the number of trucks
in use, their operational costs, distance and emissions [110] ; the analysis of a platform
operating in conjunction with a fleet of dedicated vehicles to make those delivering that
cannot be done by ad-hoc drivers. Having to match tasks, drivers, and dedicated vehicles
in real-time raised a new variant of dynamic pick-up and delivery problems. [6].
Finally, the analysis of how Crowd-shipping delivery is facing challenges in the particu-
lar context of a rapidly emerging economy such as Saudi Arabia, with the description of
benefits in the fields of the 3 sustainability pillars to the different stakeholders (economic,
social, and environmental), the identification of the main internal success factors for the
B2C and C2C business model (order assignment, compensation and the payment model)
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and the highlighting of the main challenges that currently hinder the success of these
crowd-shipping implementations: legislation, availability of supply/drivers, trust and cul-
ture. [2].

A further opportunity that has recently been investigated by practitioners and researchers
is the use of public transport for goods delivery in urban scenarios [43].
This solution promises to be an important opportunity to improve the current situation
by contributing to the achievement of the ambitious climate targets set by nations and
policymakers in agreements related to the reduction of environmental emissions (such as
those of the European Commission in 2020).
The combination of the flow of goods and people has already proven to be successful
when applied over long-haul distances [19]. This success according to the researchers can
also be transferred, when certain conditions are met, to last-mile delivery through the
realization of synergies leading to a more efficient and environmentally friendly delivery
system. Such synergies can be achieved on various levels such as track sharing, where
goods traveling on separate vehicles only share the infrastructure with public transport
vehicles. An example already put into practice of this as yet the poorly integrated level
of combined goods and passenger transport is light railways, where goods are transported
in wagons without any passengers present and where the only logistical difficulty to be
faced is having to ensure that the goods vehicles do not interfere with the normal service
of passenger vehicles. Examples of this type of sharing infrastructure discussed in the lit-
erature can also be found in European cities like Paris, Dresden, Zurich, and Amsterdam
[104].
The intermediate level of integration is the sharing of transport vehicles. In this case,
goods and passengers are transported in separate wagons in the case of light railways or
trailers in the case of other public transport vehicles such as buses [90]. In this case,
goods and passengers share the same travel route, the same timetables, and travel the
same distances. It is of paramount importance to have the right technology in place to be
able to load and unload goods quickly enough so that the natural public transport service
is not compromised.
Finally, the highest level of integration occurs when goods and people share the same unit
load(e.g. the same wagon). The logistical difficulty, in this case, relates to the danger-
ousness of managing peak periods for the delivery of goods at peak commuter transport
times, with the aim of not disrupting the smooth flow of both parties involved, with an
eye also on the issue of safety for people and not damaging the transported goods [81].
For researchers aiming at transport optimization, this solution of integrating freight on
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public transport in urban areas, which can be seen as a system of buses and trains op-
erating at regular times and with fixed routes, can lead to several benefits ranging from
improved environmental pollution, increased traffic efficiency with the consequent reduc-
tion of congestion, better utilization of unused capacity on public transport (especially at
off-peak times), to more efficient logistics networks [30].
Because interest in this solution is growing steadily, it is important to understand what
the biggest barriers are to a successful and successful implementation. The necessary
condition is that the public transport network has sufficient capacity to guarantee the
integration of goods and passenger flows. Secondly, to keep the impact on passengers as
low as possible, goods must be able to be loaded and unloaded in a short time with the
necessary technology and the right coordination between the transport carrier and the
ground handlers for loading/unloading operations.
Following this first pair of technical barriers, what appear to be the main obstacles with-
out any doubt are of a legislative nature - in many countries the simultaneous transport of
people and goods is not allowed by law - [19], of economic and financial nature (i.e.large
investments are necessary to start the project such as the purchase of new equipment and
wagons), and the involvement of stakeholders - a topic that has not yet been investigated
in the literature [54] -.
In conclusion, the strengths of this solution are similar to those of crowd-shipping al-
though it is necessary to point out their main difference in that crowd-shipping does not
necessarily employ the public transport system as a means of optimizing last-mile deliv-
ery, nor does it necessarily have to operate according to fixed time schedules and follow
fixed routes. For this reason, it can be said that the two solutions are adjacent research
areas.
Among the case studies that emerged during the systematic literature search, of partic-
ular interest and ambition is a study carried out in the city of Madrid that utilizes the
metro network to provide the delivery service by exploiting the existing under-saturation
of carriages at off-peak times with the addition of parcel lockers in the various metro
stations to allow customers to take possession of their parcels [151]. The result of this
study has led to the quantification of the benefits in terms not only of economics, a ma-
jor limitation of the other articles dealing with this issue but also of the environmental
and social advantages compared to the classic situation of dedicated delivery using vans
directly to the customer’s home.
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2.2.2. Alternative Delivery Destination

This section presents in detail the alternative solutions for the delivery of goods from the
point of view of the final node, the place where the customer takes possession of his order.
The established knowledge is that services related to ’E-logistics’ can be identified in three
basic types: Attended Home Delivery, Reception Boxes, and Unattended Collection and
Delivery Points. Since the focus of the thesis is on alternatives to attended home delivery,
alternatives excluding the former are investigated and analyzed. About the two remaining
solutions, the main difference lies in the fact that reception boxes are installed directly
in homes while unattended collection and delivery points are automated parcel collection
points located within public and private facilities, where guaranteed access depends on
the type of facility itself.

Figure 2.4: Alternative Delivery Destination

Currently, the most successful solution is undoubtedly the use of parcel lockers. They
are a 24/7 unattended facility that can intelligently record, store and retrieve goods [74].
The key element that characterizes automated Parcel Lockers concerning home delivery
is the possibility of successful delivery without the physical presence of the consumer.
This aspect brings both advantages and disadvantages points to the solution. Among the
strengths of this solution, the first one is economic: considering that the impact of the
delivery cost for the logistic service provider is extremely high, the use of parcel lockers,
which allows consolidation of deliveries, enables a cost reduction by grouping geograph-
ical close destinations into a single delivery point [127]. Another aspect that can be an
interesting advantage is the environment. Post-implementation studies have shown a con-
siderable decrease in carbon emissions due to the reduction in kilometers traveled by the
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traditional delivery van: according to [74], parcel lockers would, all things being equal,
be able to eliminate 2/3 of the CO2 emissions compared to normal home delivery and
reduce the total kilometers traveled by approximately 53%.
The downside of this relative approach is that the customers have to drive or walk to
grab their packages. The activity of picking up the package can take place en route when
customers are on their way anyway or by making an extra trip. The potential economic
and environmental benefits of using parcel lockers can only be realized with their correct
location. Poorly managed location policies could weaken or even completely negate the
environmental and economic benefits of parcel lockers [131]. A group of aspects to be con-
sidered is then that of consumer behavior about the use of parcel lockers [148]. The most
important one is certainly the means of transport the consumer uses to reach the facility,
which is mainly related to the distance the consumer has to cover to add the locker and
the type of city. Generally, the means that one decides to use is the private one with great
difficulty in discouraging the use of such means. However, it must be emphasized that
the mode chosen by the consumer depends very much on the type of city, for example, if
it is characterized by high population density and a good public transport network, the
propensity to use a car will be lower. Whereas in the case of car-dominant cities such
as those in Australia, this will be preponderant [85]. Given the enormous impact on the
benefits of smart lockers, it is recommended that both transport operators and policy-
makers recognize the importance of creating these benefits and reducing costs for users
by incentivizing and planning an optimal locker distribution network. For [161], the key
concept to be taken into account is that of customer perceived value, which is influenced
by the degree of convenience. private security and reliability of the smart locker network.
Regarding reliability, logistics operators must ensure that smart lockers offer accurate
and error-free service. As for convenience, the lockers must be designated and located
in such a way as to provide time and location efficiency for users, they must provide a
good level of flexibility (which is why the service is currently 24/7) and provide courier
return service. Finally, on the issue of security and privacy, smart lockers have adopted
multi-factor authentication and data encryption to protect users’ private information and
data.
Concerning the optimal planning of the locker network, which together with the utiliza-
tion rate constitutes the key to the success of this alternative solution [120], numerous
articles have emerged from the literature search that investigates and propose algorithms
to optimize the usability and efficiency of parcel lockers from an economic and environ-
mental perspective. The aforementioned article by [85] states that an agreement between
facility location and accessibility for customers is crucial for network design. Still, on the
topic of accessibility, [97]proposes an active-learning Pareto evolutionary algorithm for
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parcel locker network design using customer accessibility as a variable to be optimized.
Other variables addressed by algorithms for their optimization are total profit maximiza-
tion [153], and the overall demand of customers attracted by the system [146]. Another
solution is the one proposed by [100] which formalizes a vehicle routing problem with a
mixed delivery approach, combining traditional attended home delivery and parcel lock-
ers innovatively. According to this model, customers can either be served at home during
their preferred time windows or they can be asked to pick up their goods at a locker.
For each customer served using a locker, the logistics operator pays a compensation price
to reduce the decrease in the perceived service level. According to this model, it is the
logistics operator who decides which solution will complete the delivery and in a simula-
tion, an increase in service quality of up to 40 percent was observed while the customers’
perceived service quality did not vary.

Of lesser impact than lockers and already extensively investigated in the past, click and
collect should be counted among the alternative solutions. Offering click and collect, also
called buy online and collect in the shop, allows sellers to facilitate logistics and reach
more consumers, whose buying habits have changed radically in recent years.
The definition of the solution is a hybrid purchase method between online and offline,
which allows users to select and purchase items online and pick them up in a shop or at
a centralized collection point [63]. The possibility of buying online and picking up in a
shop is nothing new; in fact, it is something that large retail chains have been offering
for several years. What is new is that small and medium-sized companies have now also
started to offer it. With click-and-collect, the user can browse the online catalog anywhere,
anytime. Once the product has been added to the shopping cart, the user can choose to
personally pick up his purchase in the shop. The customer can choose the nearest shop
to his home on a map according to the options offered by the seller. Depending on the
type of product, the user can choose the time slot in which to pick it up considering that
the shop usually keeps the ordered product for a few days [107].
Click and collect was created to simplify the purchasing and payment processes. In this
respect it offers several advantages, for buyers and sellers: for customers, the most impor-
tant ones are saving on shipping costs, waiting time for delivery at home, the possibility
to choose when and where to pick up their order, and the product can be available imme-
diately or within the same day, and they can return the order immediately to the point of
sale [76]. For sellers and logistic operators, on the other hand, the advantages are different:
shipping and packaging costs are reduced, which also translates into a more eco-friendly
e-Commerce that leads to greater customer satisfaction that is mindful of their environ-
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mental impact, and the customer has more freedom to choose the shipping method they
prefer, and offering more choice helps to convert more customers, there are no possible
problems with the courier (primarily delivery delays and damage during transport). To
conclude, the key features that an effective and efficient click-and-collect service cannot
fail to have at present are analyzed. These characteristics are to offer an omnichannel
service, i.e. to ensure that there is homogeneity in all online and offline sales channels as
this improves the shopping experience of its customers; to enhance its customer care ser-
vice, to ensure the presence of online ’salespeople’ ready to answer visitors’ questions via
chat or telephone. Offering a tracking service for customers, giving them a tracking code
so that they can always check the status of their order [118]. Finally, a key element must
be real-time stock management to avoid orders for products that are no longer available.

One topic analyzed in the past, as can be seen from the grey literature used in this
thesis, is the use of reception boxes. These are containers owned by private citizens,
similar to mailboxes but large enough to hold packages. These structures are installed in
customers’ homes, usually in the garden, and are only accessible to couriers or logistics
operators with the use of an access code or electronic key [84]. In this way, unless there
is an error with the access code, the delivery will always be successful, eliminating the
factor of missed deliveries in the absence of the customer at home, and the customer can
consequently pick it up once back at home [122]. The boxes can be of various sizes and
can also be refrigerated [105] and have the function of protecting the products inside
before collection by the customer from potential dangers of theft, weather conditions, and
other damage caused by other situations outside (e.g. damage caused by pets).

Finally, a further possible solution is the use of the trunk of customers’ private cars
as a mobile receiving node for deliveries [9]. With this delivery method, the courier is
given free access to a vehicle’s trunk for a limited time through an application code and
then securely closes it once the delivery operation is complete. In this case, it is essential
to have a car equipped with GPS to facilitate its location by the courier and to have a
secure application to guarantee total security for the customer, and of lesser importance,
to receive notification of the completion of the operation [48]. The temporary key for
access to the car’s trunk is generated for a limited time usually on the application, which
is why strategic partnerships between car manufacturers and logistics companies are im-
portant [78]. Quite current examples are those between Volkswagen and DHL in Berlin
and between Volvo and Amazon in the US.
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Warehousing and Sorting Facilities

This section analyses the current state of the art concerning those infrastructures that can
bring benefits concerning the issue of urban deliveries, acting as facilities at the city gates,
where main order consolidation operations are conducted. The common characteristic of
these facilities is their proximity to the city center, usually the very first suburbs. The

Figure 2.5: Warehousing and Sorting Facilities

first type of facility, well known but not yet optimally developed, is the Urban (freight)
Consolidation Centres (UCCs). UCCs are the most common example of the concept
of a shared economic resource that can create new opportunities to address the well-known
problems in the urban transport sector. The initial idea behind most urban consolida-
tion centers for the delivery of goods in the last years of the last century was to divide
the delivery flow between outside and inside cities. UCCs can replace that multiplicity
of last-mile deliveries, many of which are characterized by single delivery units or non-
saturated vehicles, by providing a common receiving point for goods [28]. Located on the
outskirts of the most densely populated cities, the last mile becomes more sustainable
as the small delivery vehicle is shared by loads of several logistics companies, ensuring a
higher utilization rate of the available load. This different conformation of the delivery
network can theoretically represent the right compromise between the needs of companies
and their customers and the local and global sustainability goals of the last mile. While
UCCs have existed for several years anyway, their success rate has been incredibly low
compared to the many attempts made [149]. The main problems encountered were high
costs and lower demand than expected, or as another cause, poor location, often too far
away from the city center. However, given the growing trend of increasing demand for e-
commerce, advancing technology and increasing public interest in traffic and air pollution
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issues, the role of UCCs can be instrumental in addressing all these challenges. There
are highly populated cities with particularly high pollution rates whose local and national
governments are imposing laws to improve the living conditions of their citizens, such as
Sao Paulo (Brazil) [35] which is attempting to limit the number of trucks entering the
city every day, or like London or Singapore which have imposed congestion charges. Con-
sidering that most urban delivery trucks entering cities are underutilized, with products
gathered in a single place, they can be consolidated into fewer deliveries. The logical rea-
soning behind this is very simple: through the use of UCCs, delivery vehicles are loaded
with goods to saturate their maximum capacity, reducing the number of vehicles entering
our cities and consequently decreasing urban pollution and the number of vehicles on the
streets, thereby reducing the daily traffic on congested city streets, especially during rush
hours [77]. This effect is further amplified when the vehicles used for deliveries to shops
are eco-friendly. UCCs can perform different tasks. When goods from several carriers
are unloaded and stay at the facility only long enough to be sorted and loaded onto local
distribution vehicles (cross-docking activity), the UCC acts as a transit point. In this
case, the goods do not undergo any handling, but are simply transshipped from a larger
vehicle to a vehicle more suitable for the last mile, usually with a total weight of 3.5 t on
the ground. From this, it follows that the operation of such a scheme involves the prepa-
ration of deliveries to the final customer upstream of the UCC. In the UCC, consolidation
operations may also be complemented by storage and warehousing operations, as well as
value-added services or product customization for the benefit of retailers [75]. The main
barriers to the development of UCCs are economic mainly in that the capital cost can be
high. This has been noted by previous cases of efficient and effective consolidation centers
[113]. Most European UCCs were established in the past on their initiative and through
public funding, ceasing their activities as these resources run out. Extensive literature has
focused on the analysis of the causes of these failures, mainly due to the failure to involve
a sufficient number of customers for the business to reach the break-even point within
an acceptable timeframe. Often, the basic mistake was to implement the initiative based
on intuition rather than on ex-ante economic-financial evaluations supported by precise
quantitative analyses. Today, it is realized that for a UCC to be successful, a business
model must be devised that is capable of ensuring the economic-financial sustainability of
the initiative [3]. The experiences of publicly run urban consolidation centers have so far
been unsuccessful from an economic point of view. Many UCCs have been closed due to
low volumes of goods handled, continuous demands for funding from public authorities,
and due to customer disappointment [39]. Since 2000, most of the attempts and imple-
mentations have been conducted by commercial companies that recognised the benefits
of being able to control their logistics operations.
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In the literature, the reference article for the description of key success factors for UCCs
is that of [116]. It results in a classification into institutional elements such as leadership,
operational arrangements, financial support, stakeholder obligations and interactions with
the logistics network, and operational elements that include the nature of the industry,
geographical coverage, location, and fleet management. For [92], the logistical and en-
vironmental advantages that urban consolidation centers bring to companies and society
are compounded by a further cost advantage in that stock holding costs are reduced since
instead of warehouses in the city center, whose rent cost is very high, the UCCs are lo-
cated in the suburbs where costs are lower.
As cooperation between all stakeholders involved in consolidation projects is a key factor,
scientific publications have emerged to define which elements are considered attractive to
those who decide to take part in this type of project. According to [69] who examined
the willingness of carriers to participate in UCC operations and showed that if the UCC
is nonprofit seeking, yet remaining self-sustained, higher willingness is favorable towards
achieving greater good for all: achieving higher environmental sustainability, helping car-
riers to save more while making sure that the operation of UCC does not incur losses.
According to [115], urban freight consolidation centers represent the right compromise be-
tween the needs of companies and customers located in city centers and local and global
sustainability goals.
For an analysis of the performance of urban consolidation centers, there is a lack of mod-
els for evaluation in the literature; the most authoritative model currently available uses
the FAPA model (Five Attribute Performance Assessment) which includes the following
attributes: cost, time, quality, productivity and environment for an ex-post evaluation of
the effectiveness and efficiency of this solution [115].

The other major alternative is located in more centralized areas than classic urban con-
solidation centers and is called shared micro depot (SMD). This is a logistic facility,
shared by at least two logistic companies, in which these companies have a space to over-
see parcels, carry out loading/unloading activities, an area for storing and one for sorting,
and can even become an area to offer customer pick-up service [127]. Typical locations
where these facilities can be efficiently located are near offices or residential areas and mo-
bile nodes such as bus stops or railway stations. Numerous articles are investigating the
optimal position of MDs, exploiting as much as possible mathematical and quantitative
models to support decision-makers in this strategic choice considering multiple sustain-
ability constraints [128], [79]. It emerges that the location of these facilities is crucial for
both business partners and residents, influencing their level of acceptance of the solution.
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The result of using SMDs is to provide a place where parcels can be consolidated, which
is why they are also referred to as micro-consolidation centers [? ] and allow logistics
operators to use less environmentally damaging vehicles such as bicycles and electric ve-
hicles [117] due to the shorter distance they must be able to cover [138]. In the specific
urban context of some cities, finding space for these types of activities at an affordable
cost can sometimes be complicated, which is why in some cities SMDs may be an optimal
choice for sharing costs and risks between partner companies in a context of trust and
total transparency to optimize the logistics network for urban package transport. Case
studies testifying to this emerged in research are those of Brussels [150] London [18] and
Manhattan [32].



2| Review of the Literature 39

Public Policies

As far as the application of effective policies for the last mile delivery context is concerned,
a collaboration between the public and private sectors is of paramount importance; the
public administration when deciding to introduce any kind of policy must consequently
always take the interests of both sectors into account when carrying out simulations of the
adoption of such solutions. To listen to the interests of all, questionnaires are often used
to allow all actors to speak their minds regarding a possible implementation, or another
solution may be the use of collaborative tables on issues [121].

The reason behind stakeholder involvement is psychological: people’s behavior toward
an initiative changes substantially if they feel involved in the design and implementation
process [70]. In a general sense, the role of administrations at various levels, interna-
tional, national, and local, is to promote sustainable urban freight transport by meet-
ing the needs of retailers, citizens, and transport providers. The instrument through
which administrations can intervene is restrictive, infrastructural, and regulatory mea-
sures. Among the regulatory policies for sustainable urban mobility that have been most
successful in study/research and of which we also have practical examples with measur-
able results is the delivery of goods outside peak hours. This policy is officially called
Night Delivery or Off-Hour Delivery (from now on it will be referred to as OHD),
it consists of the temporal shift of the delivery period of goods from the peak hours of
daily traffic to off-peak hours to reduce traffic congestion and air pollution [73]. The
first large-scale voluntary OHD pilot project is carried out in New York [72]. The study
succeeds in demonstrating that the initiative produces benefits for the system as a whole.
Analysis of the data collected shows that, with all other conditions equal, a vehicle burns
less fuel off-peak than at times of peak maximum traffic concentration. Congestion not
only increases the overall time spent in traffic, forcing drivers to adopt a driving style
with numerous stops and starts resulting in increased emissions produced. In addition,
OHDs are faster and delivery times less variable than expected, which allows transport
companies to increase the number of deliveries per driver and improve the efficiency of the
service offered [102]. Consequently, by delivering off-peak you can reduce the number of
vehicles in circulation and the overall number of kilometers traveled. The reduced over-
lapping of passenger and freight flows following the introduction of OHD, ensures faster
and more reliable journeys. In the case of New York, voluntary membership proved in-
dispensable to ensure the stability of the change, which survived even after the end of the
pilot project. The low implementation costs facilitated the transferability of the initiative
as demonstrated by subsequent implementations in other US cities such as Los Angeles,
Chicago, and Washington and the rest of the world such as Brussels, Dublin, Bogota, Sao
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Paulo, and Stockholm. In particular, the evaluation of the Stockholm OHD project is
used as one of the main examples because the city, unlike New York, is not subject to
traffic congestion at all hours of the day, but only during the morning rush hour and some
late afternoon hours. In this case, the incentives for stakeholders to adopt OHD and the
long-term feasibility of such schemes are strongly dependent on the benefits of transport
efficiency and is an interesting example for the evaluation of the differences between an
OHD and a daily urban transport with varying characteristics of traffic congestion com-
pared to the other cities mentioned above.
The four most important dimensions of analysis for the evaluation of efficiency benefits
are driving efficiency, delivery reliability, energy efficiency, and finally service efficiency.
In the particular case of the Stockholm project, the transport efficiency benefits were in
line with previous studies on metropolises more prone to traffic congestion. The impacts
on driving efficiency and fuel efficiency are lower and moderate compared to those found
in e.g. New York [53].
The experiences gained to reveal the wide variety of forms that the initiative of shifting
delivery times can take. The alternative delivery modes present in the projects analyzed
in the above-mentioned cities can be classified into three main categories [59] :

1. assisted deliveries : they involve the presence of an operator who receives the goods
upon arrival. The main advantage of this initiative is the security of operations:
given how the goods are delivered, the risk of disputes between the parties in the
event of damage to the goods is minimized. Moreover, as it usually takes place
early in the morning or late in the evening, the goods are also less prone to theft.
The disadvantage of assisted deliveries is overtime for staff who may also not like
unusual working hours.

2. Non-assisted deliveries : these take place in the absence of the trader and usually at
night. The advantage is that the business does not have to pay an employee ready
to receive the goods at any time. However, this mode of delivery requires the use of
appropriate equipment, both for transport companies subject to noise constraints
and for traders who must equip themselves with surveillance cameras or take other
measures to reduce the likelihood of theft. However, it is essential that there is or
is created a relationship of trust between the parties for this mode of delivery to be
successful.

3. Deliveries via a city distribution center (CDU) supplied at night : in this case, the
main advantage is environmental, as last-mile transport usually takes place in the
worst traffic conditions. An important criticality of this delivery mode is related to
the extra costs due to the load interruption that occurs in CDUs.
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Other measures often used in urban contexts are policies related to restrictive measures.
Access restriction measures include actions aimed at preventing or limiting access to the
city or certain areas of the city (typically city centers) for commercial vehicles transporting
goods based on dimensional criteria (total weight on the ground length) or power supply.

1. restricted traffic zones : It consists of an urban area delimited by special signs, in
which rules on access, circulation, and use of spaces are applied that are more lim-
ited than in the general town center. The RTZ, therefore, summarizes the vehicle
access restriction measures by size and category (analyzed in detail in the following
paragraphs), either permanent or based on time windows. The establishment of an
RTZ allows the effective and rapid achievement of a multiplicity of objectives, while
at the same time being flexible in its implementation: the possibility of remodeling
the boundaries and articulating the operating criteria makes it possible to expand
it, reduce its impact, or revoke it in the light of the results that have emerged since
its introduction (on an experimental or full-scale basis).
However, there are also some critical factors concerning the implementation of
traffic-restricted zones, such as the possible generation of traffic in the vicinity of
the crossings, the impact of the restrictions on the logistic operators’ margins of
freedom in the delivery planning process, and the related economic consequences
for them, for the recipients of the goods and thus for the final consumer, and the
morphology of the territory and its urban specificities [21], [88].

2. Time windows : The provision of time windows in which to allow, with restrictions,
activities otherwise prohibited is aimed at influencing the logistical organization
of the distribution phases so that deliveries take place at times of reduced or soft
congestion [101]. Non-immediate effects are the reduction of air and noise pollution
and the creation of safer conditions for the mobility of cyclists and pedestrians at
times when these interests need greater protection.

3. Prohibition and restrictions by vehicle size: The aim of introducing bans or restric-
tions on the circulation of vehicles is to reduce the presence in the city of vehicles
that, due to their size and loaded mass, may hinder or disturb the circulation of other
users, represent a safety hazard in areas with a high pedestrian or cycle-pedestrian
vocation, have difficulty maneuvering on roads characterized by particular pedes-
trian or particularly narrow carriageways. The criteria on which to base the limits
may be based on full load mass, height, length, and width of vehicles, to be defined
concerning the size of the infrastructure present [55].

4. Prohibitions and restrictions by type of vehicle power supply : The measure aims to
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improve air quality in urban settings by reducing the presence of polluting vehicles
and providing incentives for operators to renew their fleets [92]. If an RTZ has been
set up in the city for a fee or with time slots, the restriction measure can be reinforced
with measures that penalize polluting vehicles or facilitate environmentally friendly
ones.

Infrastructural measures comprise a set of interventions aimed at increasing the en-
dowment of physical facilities (such as warehouses, for example), available to the urban
goods distribution activities or optimizing their use: these interventions may concern
the realization of new structures or the redefinition of the modalities of use of existing
structures, usually destined for entities operating in different processes than urban freight
distribution. These measures aim to increase the level of efficiency and the potential
of urban freight distribution, by affecting the organizational methods of deliveries and
pushing for an increase in productivity, also by saturation of vehicles [58]. The main in-
frastructural measures, in addition to the already mentioned urban consolidation centers
in section 2.2.3, and temporary storage system (i.e. Parcel Lockers) include measures
concerning:

1. Time of use of loading/unloading bays : The presence of spaces where ordinary load-
ing and unloading operations can be carried out is an important component in the
organization of activities as it influences their efficiency and speed. Bays that are
adequate in number, size, and availability favor loading and unloading operations,
reducing their time, consequently contributing to improving vehicle rotation [89],
increasing their productivity, and ultimately reducing traffic and the pollution it
generates. The correct use and numerical sizing of parking spaces also reduce traffic
obstructions caused by commercial vehicles parked in double lines, an obvious symp-
tom of the lack of parking spaces, their irregular occupation, or inadequate spatial
distance from destination points. For the organization of spaces arranged by the
administration to be respected by users, illegal occupation of pitches must be pre-
vented and sanctioned: in addition to intensifying on-site checks, the following can
be considered the installation of technological systems for detecting infringements
or booking remote reservation of parking spaces, also using bollards.

2. Preferential lanes : Optimizing the use of existing infrastructure to improve the
mobility of goods and delivery activities in the city can be achieved by rethinking
the regulation of reserved lanes, allowing commercial vehicles to use them as well.
Permission to use express lanes can be linked to the presence of conditions, such as
the use of environmentally friendly vehicles. in this way, it can also be seen as a
measure of ’rewarding’ virtuous choices.
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To conclude, the last type of policies concerns regulatory measures, which include
initiatives implemented by local authorities to regulate various aspects of the circulation
of commercial vehicles within the framework of urban logistics programs textit[45]. These
measures are aimed at changing user preferences regarding the use of infrastructure and
urban transport modes, to reduce congestion in urban centers through the more rational
use of infrastructure. Regulatory measures are usually intricately linked to other types of
initiatives, such as the establishment of RTZs and the development of a UCC, and include
specific actions such as:

1. Road Pricing and Congestion Charges : Selective tolling (road pricing), which
can be defined as charging for the use of infrastructure (according to the rule that
the user pays), is typical of the motorway system but can be extended to other
situations, such as express roads, bridges tunnels, and city streets. The congestion
charge is a variant of the selective toll generally applied in urban contexts, where it
allows to put a constraint on the use of urban roads, with the possibility to modulate
the charge on traffic peaks or vehicle category also according to fuel and reduce the
use of private vehicles by pushing the optimization of commercial ones, with direct
effects on congestion levels and emission levels [4].

2. Multifunctional roads : The measure consists of regulating mobility on certain roads
so that in the course of the day are allocated to different categories of users or
modes of use [99]. Certain city streets could thus be reserved, at certain times of
the day, for private traffic, for commercial vehicles only for loading and unloading
goods, have two-way traffic or become one-way streets, be reserved for residents’ car
parking, etc. parking for residents’ cars, etc.
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Since the ultimate aim of this thesis is to provide a model for the classification of the
different solutions currently in the field and those being evaluated, this chapter presents a
framework resulting from an analysis of the impact each of them can bring to the last-mile
delivery scenario. The different solutions are clustered following the same pattern used
for the systematic literature review, thus there will be four macro-categories named:

1. Alternative transport solutions;

2. Alternative delivery destinations;

3. Warehousing and sorting facilities;

4. Public Policies;

The analysis developed is an impact assessment of the different solutions, taking as a
base case (also named as-is situation) the traditional home delivery of goods using a van
owned by a logistics company. The evaluation is mainly qualitative, so it will assess how
the adoption of one solution rather than another can bring benefits, disadvantages, and
risks by comparing it with the as-is situation.
Impact assessment gives a perspective on the effects of interventions, highlighting a broad
spectrum of issues, risks, and benefits related to the different impact areas so that it
can help policymakers and companies’ decision-makers understand which solution may
be best suited to their context, where context is defined as a set of characteristics that
include the volume of orders, the conformation of the city (size, presence of restricted
traffic zones, etc.), the fleet of vehicles currently used, the profile of their customers (what
type of delivery they prefer, what is their expectation of delivery times) and the service
level the company wants to achieve.
The objective is to provide a dashboard of indicators differentiated by impact area accord-
ing to the Grant Agreement, which can provide the possibility to assess the potential of
different interventions in the complex context of last-mile delivery based on these indices.
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The impact areas that were analyzed and to which at least qualitatively in the first
instance it was possible to give weight to the scope of change are (ULaaDS Grant Agree-
ment):

1. Environment

2. Traffic conditions

3. Logistics efficiency

4. Economics

5. Technology and/or Infrastructure Maturity Level

6. User experience and acceptance

3.1. Description of the impact areas and KPIs for the

evaluation

1. Environment: This impact area refers to the preservation of natural resources and
the limits within which activities should take place without depleting non-renewable
resources. It is well known that urban freight transport greatly contributes to cli-
mate change through the emission of greenhouse gases, air pollution through the
emission of health-damaging gases, and noise pollution. These three factors enor-
mously characterize the attractiveness of the urban environment and the basic aim
of the analyzed implementations is to have a positive impact on society, whereby
society means the different groups of people interacting with each other that are
part of a community. The first set of indicators assesses air quality, which is in-
versely proportional to the level of pollutant concentration in the air. Air pollution
is caused by the diffusion into the atmosphere of gases and fine dust generated by
the production and use of fossil fuels, which are used as fuel for the majority of vehi-
cles in our cities today. In more densely populated cities, such as metropolises, the
problem of air pollution is regarded as an emergency and one of the prerogatives of
governments is to limit it with laws and measures aimed at reducing harmful emis-
sions. Consequently, there is a causal relationship between traffic and air pollution.
Road transport is one of the main sources of air pollutant emissions in urban areas
(road pollution) [8] and sustainable mobility would limit traffic pollution and air
emissions from road transport. The main air pollutant gases derived from urban
freight transport are nitrogen dioxide (NO2) generated by the combustion of fossil
fuels, Particle Matter (mainly PM10) resulting from tire and brake wear, and then
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carbon monoxide (CO) and sulfur dioxide (SO2).
Also dependent on the use of fossil fuels are greenhouse gas (GHG) emissions.
Increased GHG emissions are responsible for global warming and climate change.
The massive use of fossil fuels has led to a huge amount of CO2 emissions, one of the
main greenhouse gases. Another factor disturbing the balance of the natural green-
house effect is deforestation: the disappearance of forests and plants has greatly
reduced the ability of trees to absorb CO2. Also contributing to the greenhouse ef-
fect are methane (CH4) and nitrous oxide (N2O), mainly from agriculture, food, and
the energy sector, including transport. In this case, a single indicator was chosen
to assess CO2 emissions concerning the IPCC (Intergovernmental Panel on Climate
Change) methodology and are expressed in terms of tonnes of CO2 equivalent by
applying the Global Warming Potential (GWP) coefficients of each compound.
Finally, the impact of another type of pollution is also assessed, sometimes under-
estimated, but which the World Health Organisation (WHO) considers the second
most harmful environmental stressor in Europe, behind air pollution, namely noise
pollution. Its effects stem mainly from the reactions that this stress causes in the
human body and that can also occur during sleep. Noise is caused in the context of
last-mile transport by both engine noise and loading/unloading activities and can
be annoying for nearby residents. The time of the day is a particularly important
factor in actually understanding the extent to which noise can be perceived as a
nuisance (that is why there is a clear distinction between the actual noise level and
the perceived noise level). Currently, the measures that can bring about a greater
noise reduction are the use of electrically driven vehicles to replace classic internal
combustion engines and the imposition of a speed restriction on densely populated
roads.

Indicator KPI
Air Quality PM10, NO2, CO and NH3 annual emissions

GHG emissions CO2 equivalent annual emissions
Noise Level Daily average noise level

Table 3.1: Environment Indicators [117]
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2. Traffic conditions: In recent years, online sales have become an essential part of
the retail trade. Consequently, the volume of traffic caused by delivery services has
increased rapidly. The biggest impact on cities is the final route in the supply chain,
the last-mile delivery. A severe problem due to the increase in online shopping is the
consequent increase in traffic due to the presence of vehicles engaged in urban freight
transportation activities, which reduce the efficiency of traffic flow and contribute to
stressful congestion, increasing the danger of collisions, illegal parking for unloading
goods, all of which affect the quality of life of citizens. Traffic problems also affect
the flow of pedestrians and bicycles, not only vehicles as congestion affects roads,
but also shared spaces, bike paths, pavements, and squares used for illegal parking
for loading and unloading, for example. Congestion due to parking on pavements or
partially on streets can jam traffic, especially during rush hours or on particularly
busy streets.
Road safety is directly proportional to the number of vehicles on the road. The
logical reasoning is more vehicles on city streets for urban delivery of goods, more
traffic, and more danger of road injuries, fatalities, and damages.
The other issue to be investigated for resolution concerns the use of urban public
land, occupied by last-mile delivery vehicles for maneuvering, loading and unloading
activities, and parking. In addition, urban freight transport solutions also utilize
the land for reloading and storage activities, think of parcel lockers. This use of
public land has to be effectively regulated by governors and policy-makers as they
in turn generate a lot of local traffic in adjacent areas for customer pick-up.

Indicator KPI
Delays due to Congestion Average daily delays of the fleet in traffic

Congestion Vehicles obstructing the movement of other vehicles
Traffic Safety Yearly number of road accidents

Use of existing Public Space Time of use for LMD activities of public land areas

Table 3.2: Traffic and Mobility Indicators [66]
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3. Logistics efficiency: Recalling one of the phrases in the introduction, last-mile
delivery for companies performing this service was defined as the key problem in
terms of lack of efficiency for most supply chains. Efficiency is defined as the ratio
between the resources used as input and the service offered/what is produced as out-
put. The fundamental concept is therefore resource utilization, where in the case of
last-mile delivery the key resources are vehicles, terminals, logistics operators, and
goods receipt. The important indicators for understanding the issue are the vehicle
utilization factor (vehicle saturation) and the average number of deliveries per tour
per vehicle.
The other aspect that has to be considered in these cases is the service level that the
company intends to offer its customers. Consequently, it is of fundamental impor-
tance to evaluate elements such as the speed and delivery time that one company
promises to its customers and the need for the customer to be present at the time of
delivery (and in this case to evaluate the average number of failed delivery attempts)
or not by offering services that can solve the ’not-at-home’ problem.

Indicator KPI
Vehicle Utilisation Factor Average vehicle saturation

Customer Presence Customers have to be present?
Unsuccessful Deliveries Average number of missed deliveries per tour

Fleet Efficiency Average number of deliveries made by one vehicle per tour
Speed of Delivery Average time for successful delivery

Punctuality Average weekly deliveries made in the right time slot
Quality Average weekly deliveries made with no damages/defects
Quantity Average weekly deliveries made without loss/theft

Table 3.3: Logistics Efficiency Indicators [55]

4. Economic: Urban freight transport solutions require some capital investment
and can change the nature of operational costs from the as-is situation. Funda-
mentally, the implementation entails a positive impact from an economic perspective
for being feasible and viable. This is certainly the most critical area of impact for
companies, as investing in projects that are potentially unprofitable or last a long
time before becoming profitable is extremely dangerous and can undermine their
economic-financial stability. Economic impact indices focus their attention on the
efficiency benefits derived from a measure by assessing the costs associated with
the initial investment, the preparation, and implementation phases, and finally its
operation. Before launching the project to implement an alternative solution, each
company makes its estimate of the operational costs required for the project. Among
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these costs, in addition to classic employee salaries and training, maintenance, and
vehicle depreciation, it is also interesting to investigate the energy costs from non-
renewable sources, the main example being vehicle fuel. The area of interest of
this indicator also integrates perfectly with the environmental interest of the im-
plementation, and in the case of an effective reduction of the energy consumed, an
important blending gain can be achieved. Finally, intending to assess the market
potential of a solution, which leads to a change in the company’s business model,
companies need to understand whether there is enough demand for the new service
and whether there is a willingness on the part of customers to use it in the context
of their product deliveries.

Indicator KPI ]
Investment Costs Payback time for the investment
Operating Costs Annual cumulative operating costs

Income Generated Total income generated
Energy Consumption Yearly costs for energy consumed (non-renewable sources)

Table 3.4: Economic Indicators [82])

5. Maturity Level: Often underestimated but with an impact that can be crucial
for the success of an implementation or for understanding the right moment for
its large-scale launch is to understand the maturity level of each implementation,
from different points of view, which are wide and varied but together constitute an
important starting point for analysis. The objective of this impact area is therefore
to represent a snapshot of the current state of solutions, trying to understand which
ones, potentially overcoming obstacles and progressing further in development, are
capable of outperforming other types of solutions that may already be at the peak
of their maturity level but whose actual impact is limited.
The maturity of a solution must be investigated on a case-by-case basis from an
infrastructure, technology, and policy perspective. In the case of technology, the
tool used is the Technology Readiness Level (TRL), a methodology for assessing
the maturity level of a technology, originally developed by NASA in 1974 and sub-
sequently modified. The TRL measures the maturity level of a technology through
the progression of the research, development, and deployment phases (see Appendix
4). The TRL scale goes from 1 to 9 and allows project personnel to understand how
much development a certain technology still needs before it can be used on a large
scale. This tool provides a consistent and uniform way of assessing the degree of
maturity of different technologies.
From the point of view of policy maturity, the involvement of stakeholders in the
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implementation of urban freight transport solutions has to be evaluated primarily.
It is fair to say that this concept is directly linked to the degree of stakeholders’
awareness of these measures, managerial skills, previous knowledge, experience, and
willingness to adopt them. Lack of know-how and for some solutions, an inefficient
bureaucracy may constitute a managerial risk that not all companies can cope with.

Indicator KPI
Technology Maturity Level Technology Readiness Level

Level of Bureaucracy Level of bureaucracy in implementation phase
Know-how Level Stakeholders’ level of experience
Awareness Level Stakeholders’ willingness to implement sustainable solutions

Table 3.5: Maturity Level Indicators [37]

6. User experience and acceptance: The last mile delivery scenario, can be consid-
ered customer-centric. The degree of customer satisfaction is one of the key drivers
for evaluating the efficiency of urban delivery companies. For this reason, the eval-
uation of changing customer and user satisfaction when moving from the base case
to new urban logistics solutions becomes of paramount importance. The final judg-
ment on the implementation of the measures is the degree of satisfaction with the
overall quality of the service from the customer’s point of view, which constitutes
the so-called acceptance level. The survey covers not only current users but also
potential users, the latter being relevant as they allow for greater insight into the
potential of the solution for upscaling and its replicability. Companies need to try
to intercept the degree of awareness of sustainable deliveries among their customers,
to know whether they are willing to pay more for a delivery made with sustainable
means of transport or alternative green solutions.

Indicator KPI [Unit of Measure]
Customer Satisfaction Customer satisfaction index for the service
Final Users Acceptance % of customers willing to pay for substitute delivery methods

Market Penetration Sum of current and estimated potential users

Table 3.6: User Experience Indicators [67]
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Combining the KPIs of the different macro-categories investigated results in the following
dashboard of indicators, which is used for subsequent classification of the different last-mile
delivery solutions that emerged during the SLR. The previously defined macro-categories
can be considered as classification axes able to demonstrate which solutions are the most
suitable for the different urban contexts.

Indicator KPI
Air Quality PM10, NO2, CO and NH3 annual emissions

GHG emissions CO2 equivalent annual emissions
Noise Level Daily average noise level

Delays due to Congestion Average daily delays of the fleet in traffic
Congestion Vehicles obstructing the movement of other vehicles

Traffic Safety Yearly number of road accidents, injuries, and fatalities
Use of existing Public Space Time of use for LMD activities of public land areas
Vehicle Utilisation Factor Average vehicle saturation

Customer Presence Customers have to be present?
Unsuccessful Deliveries Average number of missed deliveries per tour

Fleet Efficiency Average number of deliveries made by one vehicle per tour
Speed of Delivery Average time for successful delivery

Punctuality Average weekly deliveries made in the right time slot
Quality Average weekly deliveries made with no damages/defects
Quantity Average weekly deliveries made without loss/theft

Investment Costs Payback time for the investment
Operating Costs Annual cumulative operating costs

Income Generated Total income generated
Energy Consumption Yearly costs for energy consumed (non-renewable sources)

Technology Maturity Level Technology Readiness Level
Level of Bureaucracy Level of bureaucracy in the implementation phases

Know-how Level Stakeholders’ level of experience
Awareness Level Stakeholders’ willingness to implement sustainable solutions

Customer Satisfaction Customer satisfaction index for the service
Final Users Acceptance % of customers willing to pay for substitute delivery methods

Market Penetration Sum of current and estimated potential users

Table 3.7: KPIs Dashboard
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3.2. Impact assessment analysis

In conclusion, the framework for the overall impact analysis of alternative last-mile deliv-
ery solutions will present the following layout:

Figure 3.1: Framework

The impacts of the macro-categories are evaluated according to a weighted average, for
speed of understanding a scale of 1-5 with different colors of the results is adopted, where,
increasingly, we go from a slight improvement over the base case (1) to the greatest impact
(5). In this way, it is possible to understand the possible impact following the implemen-
tation of each solution from an environmental social, and logistical, the maturity level of
the technology/solution through the assessment of the development point of the technol-
ogy, the main legal and technological barriers, the economic investment required to be
able to guarantee a sufficient level of service through the use of a new solution and finally
the level of consumer acceptance by comparing each intervention to the home delivery of
goods.

Going deeper into the weighted average, more weight is given to each impact area to
those KPIs with greater relevance and a higher improvement differential than in the case
of attended delivery at home:
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• Environment: 40% Air quality, 40% GHG emissions, 20% Noise level;

• Traffic conditions: 30% Delays due to congestion, 30% Congestions, 30% Traffic
safety and security, 10% Use of existing public space;

• Logistics efficiency: 20% Vehicle utilisation factor, 10% Customer presence, 20%
Unsuccessful deliveries, 10% Fleet efficiency, 10% Speed of delivery, 10% Punctual-
ity, 10% Quality, 10% Quantity;

• Economic: 25% Investment costs, 25% Operating costs, 25% Income generated,
25% Energy consumption;

• Maturity Level: 40% Technology maturity level, 20% Level of bureaucracy, 20%
Know-how level, 20% Stakeholders’ awareness level;

• User experience and acceptance: 40% Customer satisfaction, 40% Final users’
acceptance, 20% Market penetration.

The classification framework aims to provide different guidelines for the various stake-
holders:

• Shippers: as they seek to increase their profits with an eye on the perceived re-
liability of customers towards them, shippers will prioritize the areas of economic
impact and customer acceptance, assessing which solution can guarantee the highest
economic return while at the same time satisfying customer demands;

• Freight Carriers: with the desire to improve the bottom line, freight carriers
certainly have an eye on the efficiency of their logistics to minimize costs while
satisfying customers and shippers in terms of speed of delivery, time windows, and
order compliance. Therefore, the solutions they are going to invest in will mainly be
those that guarantee a high return on investment, can improve logistical efficiency
and customer acceptance, and focus on those solutions that are ready-made (a high
technology readiness level) and not too blocked by bureaucracy or lack of know-how.

• Residents: they may be seen as marginal stakeholders, concerned only with en-
vironmental, traffic conditions and safety and security issues, but it should not be
forgotten that they also represent current or potential customers, hence the last
node in the logistics chain of last-mile delivery so that their degree of satisfaction
with the delivery service should also be added to these fundamental indicators;

• Administrators: their main objective is always to ensure a high quality of life for
their citizens. They will therefore place great emphasis on those solutions that may
be behind in development but can guarantee the greatest improvement in terms of
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the environment, traffic conditions, and safety. The tool in their hands is that of
policies, through which they can provide incentives for the use of solutions such
as bonuses for the purchase of electrically driven vehicles or permission for such
vehicles to access RTZs;
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4| Conclusions and future

developments

This SLR demonstrates what can be done by entrepreneurs, customers, and governors to
make the sensitive topic of last-mile delivery more environmentally sustainable without
negative economic feedback, and also gives an indication of what are the most current
issues in the literature and their current state of development. The framework presented,
aims to give a different vision, as it divides the last mile delivery network, consisting
of different entities - companies, stakeholders, and delivery facilities - into four distinct
macro-categories: sorting facilities, alternative transport solutions, alternative delivery
destinations, and public policies. The solutions that emerged during the research phase
were classified according to qualitative aspects into six impact areas, proposing a dash-
board of indicators that captures the most critical issues related to urban freight delivery.
The impact of these solutions is only considered in isolation, but future research aimed at
assessing the benefits of combinations of them, some already in practice and others only
at the design stage, may be of interest.
The combination that seems to be the best in terms of cost, timing, and environmen-
tal impact at a theoretical level, as it has not yet been proven in the literature by case
studies, involves the use of overnight delivery for an electric vehicle or cargo bike, whose
delivery operation starts at a shared micro depot or urban consolidation center [42] and
ends at parcel lockers, and in parallel during daytime hours to customers’ homes (where
they can find reception boxes [106]) or to shops offering click-and-collect service [10].
The peculiarity of this solution is that the synergies between the benefits of these four
implementations can cover the shortcomings and uncertainty points of each other.
Looking at the publications that emerged, one can see how the profile of each city can
influence the successful implementation of one solution over another. The two issues that
most influence the path to improving the sustainability of urban freight delivery are recent
technological advances, the most illustrious being autonomous vehicles, artificial intelli-
gence (AI), internet of things (IoT), information technology services (ITS), and robots,
and collaboration between the various stakeholders involved in city logistics projects.
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Those recent technologies that have emerged for the vast majority over the last decade,
the unit of analysis of this SLR, are capable of making last-mile delivery operations more
efficient and effective, consuming less energy being more environmentally friendly, and
able to optimize the logistics network in terms of economics and environmental emissions.
As far as a collaboration between the different stakeholders is concerned, this becomes
a necessary condition for successful implementations in this particular context, so much
so that the public-private partnership (PPP) was developed, a concept that includes the
sharing of data, as complete transparency as possible for key information, which is essen-
tial to meet the needs and requirements of all parties involved in the implementation of
urban logistic solutions.

4.1. Managerial Implications

It is now clear that the key variable for customers is the speed of delivery. This factor
inevitably causes pressure on the supply chain of companies that have to be able to offer
same-day delivery services also due to making sub-optimal use of available resources.
Such deliveries are very problematic from an environmental point of view and worsen the
company’s carbon footprint.
Without any decisive action, emissions from vehicles engaged in the urban delivery of
goods will only get worse. Through cooperation between all actors involved, it will be
possible to create a scenario that is much more sustainable, quicker to meet the tastes of
businesses, and less costly for the goods delivery sector.
On a practical level, companies, and in particular those who make decisions on a tactical
and strategic level within them, have the objective of pursuing targets to help achieve
sustainable urban delivery of goods. To do so, they must, for example, encourage the
choice of green delivery modes, providing as an incentive a discount on the cost of delivery
if customers make themselves available to pick up their packages at a locker or physical
shop in the vicinity of their homes instead of choosing home delivery. Incentives, however,
are not only those in the relationship between the company and its customers but also
those that national and local governments are willing to provide for companies to start
adopting a fleet of electric vehicles to replace fuel-powered ones, in this case for example
with incentives that can be tax breaks or making recharging these vehicles cheaper by
investing in recharging infrastructure.
Another thing that companies need to do is to completely rethink the use of their assets,
always keeping sustainability as a priority. Companies whose core business is the delivery
of goods in urban areas must think about sharing nodes and arcs of their delivery networks,
including for example some fulfillment centers, pick-up and drop-off locations, or some
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lockers. Governments themselves can facilitate this network sharing by investing in the
construction of delivery consolidation centers on the outskirts of large cities with a high
enough delivery volume to justify the investment with a return in environmental and
economic benefits.
As a final point, one cannot fail to mention the incredible step forward that urban delivery
companies can make through better use of technology to study and analyze forecast data
that can let companies know who and where will buy such an item, providing the ability
to know in advance which SKU to stock and in which fulfillment and storage center
[137] [155]. Developing the necessary insights requires analyzing a mix of data from the
companies themselves and third parties, listening to what the company wants and desires
at a specific time of year, and monitoring local trends and events, with cross-ecosystem
data sharing [27].

4.2. Future Research

The literature review revealed a lack of publications dealing with topics of relative im-
portance to fully understand the different possible implementations. For this reason, at
the end of this thesis, directions for future research are indicated to complete the study
of the topics dealt with. The main shortcomings relate to the study of UAVs and droids,
probably because these technologies are still not fully developed and certainly not yet
definitively efficient. Going into detail, for UAVs, many limitations emerged as a common
element in all the publications:

1. There is no comparison in terms of effectiveness and efficiency between drone-only
delivery solutions and the use of intermediate solutions such as drones + vans;

2. There is a need for studies concerning the state of charge for performance evaluation
considering weather and temperature conditions;

3. An analysis of issues related to regulations, especially for certain densely populated
city areas may force the use of different means.

As regards droids, research is more advanced than for UAVs, and what emerges is mainly
a literature gap concerning the investigation of the impact of this technology for under-
standing whether the use of droids for deliveries would be sustainable during their entire
life cycle, for example using an LCA assessment.
Another alternative technological solution for transport, electric vehicles, is not yet fully
developed and has shortcomings in the literature:

1. In articles proposing electric vehicle routing trying to optimize some variables (cost,
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time, and consumption), simplifying assumptions are recurrently made such as a
linear charge and discharge time and linear energy consumption (i.e. [158]). Future
work focusing on the proposal of E-VRP with the possibility of incorporating these
realistic characteristics will certainly be more valuable than current publications;

2. Relevant articles integrating energy price uncertainty into a model are absent in the
SLR;

3. Finally, a possible direction for future research should be aimed at the integration
of energy generated from renewable sources for a further step in the development of
green logistics systems.

For crowdshipping, the innovative element is the platform that can connect companies
that need to make a delivery and ordinary people who take charge of the transport. Here,
future work can explore the impact of different payment methods, pricing strategies, and
varied incentives that can provide key support for this model.
In conclusion, it stands out that on parcel lockers, the vast majority of articles, and
consequently the focus of researchers, is on routing algorithms for finding the most efficient
location of them. Future work should focus more on different problems:

1. From the point of view of operational decisions, only one article dealt with scheduling
and assignment to locker stations with a look towards capacity management [17] ;

2. From the perspective of tactical and strategic level decisions, more research will be
needed concerning partnerships and collaborative projects involving parcel locker
network actors.



61

Bibliography

[1] N. Agatz, A. M. Campbell, M. Fleischmann, and M. Savels. Challenges and op-
portunities in attended home delivery. In Operations Research/Computer Science
Interfaces, pages 379–396. Springer US. doi: 10.1007/978-0-387-77778-8_17.

[2] A. Alharbi, C. Cantarelli, and A. Brint. Crowd models for last mile delivery in an
emerging economy. Sustainability, 14(3):1401, jan 2022. doi: 10.3390/su14031401.

[3] K. Aljohani and R. G. Thompson. Last mile delivery activities in the city centre –
insights into current practices and characteristics of delivery trips. Transportation
Research Procedia, 46:261–268, 2020. doi: 10.1016/j.trpro.2020.03.189.

[4] J. Allen, M. Piecyk, M. Piotrowska, F. McLeod, T. Cherrett, K. Ghali, T. Nguyen,
T. Bektas, O. Bates, A. Friday, S. Wise, and M. Austwick. Understanding the
impact of e-commerce on last-mile light goods vehicle activity in urban areas: The
case of london. Transportation Research Part D: Transport and Environment, 61:
325–338, jun 2018. doi: 10.1016/j.trd.2017.07.020.

[5] N. Anand, H. Quak, R. van Duin, and L. Tavasszy. City logistics modeling efforts:
Trends and gaps - a review. Procedia - Social and Behavioral Sciences, 39:101–115,
2012. doi: 10.1016/j.sbspro.2012.03.094.

[6] A. M. Arslan, N. Agatz, L. Kroon, and R. Zuidwijk. Crowdsourced delivery—a
dynamic pickup and delivery problem with ad hoc drivers. Transportation Science,
53(1):222–235, feb 2019. doi: 10.1287/trsc.2017.0803.

[7] J.-P. Aurambout, K. Gkoumas, and B. Ciuffo. Last mile delivery by drones: an esti-
mation of viable market potential and access to citizens across european cities. Euro-
pean Transport Research Review, 11(1), jun 2019. doi: 10.1186/s12544-019-0368-2.

[8] J. H. Barnes, T. J. Chatterton, and J. W. Longhurst. Emissions vs exposure:
Increasing injustice from road traffic-related air pollution in the united kingdom.
Transportation Research Part D: Transport and Environment, 73:56–66, aug 2019.
doi: 10.1016/j.trd.2019.05.012.



62 | Bibliography

[9] M. Behnke. Recent trends in last mile delivery: Impacts of fast fulfillment, parcel
lockers, electric or autonomous vehicles, and more. In Logistics Management, pages
141–156. Springer International Publishing, 2019. doi: 10.1007/978-3-030-29821-0_
10.

[10] M. G. Bell. City logistics and the urban environment. In Urban Form and Accessi-
bility, pages 359–378. Elsevier, 2021. doi: 10.1016/b978-0-12-819822-3.00021-3.

[11] M. Binetti, L. Caggiani, R. Camporeale, and M. Ottomanelli. A sustainable crowd-
sourced delivery system to foster free-floating bike-sharing. Sustainability, 11(10):
2772, may 2019. doi: 10.3390/su11102772.

[12] F. Borghetti, C. Caballini, A. Carboni, G. Grossato, R. Maja, and B. Barabino.
The use of drones for last-mile delivery: A numerical case study in milan, italy.
Sustainability, 14(3):1766, feb 2022. doi: 10.3390/su14031766.

[13] C. Borsenberger, H. Cremer, P. D. Donder, and D. Joram. Differentiated pricing
of delivery services in the e-commerce sector. In The Future of the Postal Sector in
a Digital World, pages 191–211. Springer International Publishing, nov 2015. doi:
10.1007/978-3-319-24454-9_13.

[14] T. Bosona. Urban freight last mile logistics—challenges and opportunities to im-
prove sustainability: A literature review. Sustainability, 12(21):8769, oct 2020. doi:
10.3390/su12218769.

[15] N. Boysen, S. Schwerdfeger, and F. Weidinger. Scheduling last-mile deliveries with
truck-based autonomous robots. European Journal of Operational Research, 271(3):
1085–1099, dec 2018. doi: 10.1016/j.ejor.2018.05.058.

[16] N. Boysen, S. Fedtke, and S. Schwerdfeger. Last-mile delivery concepts: a survey
from an operational research perspective. OR Spectrum, 43(1):1–58, sep 2020. doi:
10.1007/s00291-020-00607-8.

[17] N. Boysen, S. Emde, and S. Schwerdfeger. Crowdshipping by employees of distribu-
tion centers: Optimization approaches for matching supply and demand. European
Journal of Operational Research, 296(2):539–556, jan 2022. doi: 10.1016/j.ejor.2021.
04.002.

[18] M. Browne, J. Allen, T. Nemoto, D. Patier, and J. Visser. Reducing social and
environmental impacts of urban freight transport: A review of some major cities.
Procedia - Social and Behavioral Sciences, 39:19–33, 2012. doi: 10.1016/j.sbspro.
2012.03.088.



| Bibliography 63

[19] F. Bruzzone, F. Cavallaro, and S. Nocera. The integration of passenger and freight
transport for first-last mile operations. Transport Policy, 100:31–48, jan 2021. doi:
10.1016/j.tranpol.2020.10.009.

[20] J. Buekers, M. V. Holderbeke, J. Bierkens, and L. I. Panis. Health and environ-
mental benefits related to electric vehicle introduction in EU countries. Trans-
portation Research Part D: Transport and Environment, 33:26–38, dec 2014. doi:
10.1016/j.trd.2014.09.002.

[21] L. Caggiani, A. Colovic, L. P. Prencipe, and M. Ottomanelli. A green logistics
solution for last-mile deliveries considering e-vans and e-cargo bikes. Transportation
Research Procedia, 52:75–82, 2021. doi: 10.1016/j.trpro.2021.01.010.

[22] R. Carbone, Rouquet. Carried away by the crowd: what types of logistics charac-
terise collaborative consumption? /, 2015.

[23] V. Carbone, A. Rouquet, and C. Roussat. The rise of crowd logistics: A new way
to co-create logistics value. Journal of Business Logistics, 38(4):238–252, aug 2017.
doi: 10.1111/jbl.12164.

[24] I. Cardenas, Y. Borbon-Galvez, T. Verlinden, E. V. de Voorde, T. Vanelslander,
and W. Dewulf. City logistics, urban goods distribution and last mile delivery and
collection. Competition and Regulation in Network Industries, 18(1-2):22–43, mar
2017. doi: 10.1177/1783591717736505.

[25] C. Chen, E. Demir, Y. Huang, and R. Qiu. The adoption of self-driving delivery
robots in last mile logistics. Transportation Research Part E: Logistics and Trans-
portation Review, 146:102214, feb 2021. doi: 10.1016/j.tre.2020.102214.

[26] W.-C. Chiang, Y. Li, J. Shang, and T. L. Urban. Impact of drone delivery on sustain-
ability and cost: Realizing the UAV potential through vehicle routing optimization.
Applied Energy, 242:1164–1175, may 2019. doi: 10.1016/j.apenergy.2019.03.117.

[27] H. Chu, W. Zhang, P. Bai, and Y. Chen. Data-driven optimization for last-
mile delivery. Complex &amp Intelligent Systems, feb 2021. doi: 10.1007/
s40747-021-00293-1.

[28] U. Clausen, C. Geiger, and M. Pöting. Hands-on testing of last mile concepts.
Transportation Research Procedia, 14:1533–1542, 2016. doi: 10.1016/j.trpro.2016.
05.118.

[29] R. A. Clothier, D. A. Greer, D. G. Greer, and A. M. Mehta. Risk perception and



64 | Bibliography

the public acceptance of drones. Risk Analysis, 35(6):1167–1183, feb 2015. doi:
10.1111/risa.12330.

[30] K. Cochrane, S. Saxe, M. J. Roorda, and A. Shalaby. Moving freight on public
transit: Best practices, challenges, and opportunities. International Journal of
Sustainable Transportation, 11(2):120–132, jun 2016. doi: 10.1080/15568318.2016.
1197349.

[31] A. Comi and L. Savchenko. Last-mile delivering: Analysis of environment-friendly
transport. Sustainable Cities and Society, 74:103213, nov 2021. doi: 10.1016/j.scs.
2021.103213.

[32] P. Conway, Fatisson. Urban micro-consolidation and last mile goods delivery by
freight-tricycle in manhattan: Opportunities and challenges. Business, 2012.

[33] T. G. Crainic, G. Perboli, and M. Rosano. Simulation of intermodal freight trans-
portation systems: a taxonomy. European Journal of Operational Research, 270(2):
401–418, oct 2018. doi: 10.1016/j.ejor.2017.11.061.

[34] P. Daniela. The five attribute performance assessment (FAPA) model to evalu-
ate the performance of an urban consolidation centre. Research in Transportation
Economics, 90:101065, dec 2021. doi: 10.1016/j.retrec.2021.101065.

[35] V. de Assis Correia, L. K. de Oliveira, and A. L. Guerra. Economical and
environmental analysis of an urban consolidation center for belo horizonte city
(brazil). Procedia - Social and Behavioral Sciences, 39:770–782, 2012. doi:
10.1016/j.sbspro.2012.03.146.

[36] R. A. de Mello Bandeira, G. V. Goes, D. N. S. Gonçalves, M. de Almeida D'Agosto,
and C. M. de Oliveira. Electric vehicles in the last mile of urban freight trans-
portation: A sustainability assessment of postal deliveries in rio de janeiro-brazil.
Transportation Research Part D: Transport and Environment, 67:491–502, feb 2019.
doi: 10.1016/j.trd.2018.12.017.

[37] F. Demir. A strategic management maturity model for innovation. Technology
Innovation Management Review, 8(11):13–21, nov 2018. doi: 10.22215/timreview/
1196.

[38] L. do C. Martins, R. D. Tordecilla, J. Castaneda, A. A. Juan, and J. Faulin. Electric
vehicle routing, arc routing, and team orienteering problems in sustainable trans-
portation. Energies, 14(16):5131, aug 2021. doi: 10.3390/en14165131.

[39] A. J. Dreischerf and P. Buijs. How urban consolidation centres affect distribution



| Bibliography 65

networks: An empirical investigation from the perspective of suppliers. Case Studies
on Transport Policy, 10(1):518–528, mar 2022. doi: 10.1016/j.cstp.2022.01.012.

[40] R. V. Duin, B. Wiegmans, L. Tavasszy, B. Hendriks, and Y. He. Evaluating new
participative city logistics concepts: The case of cargo hitching. Transportation
Research Procedia, 39:565–575, 2019. doi: 10.1016/j.trpro.2019.06.058.

[41] D. Dupljanin, M. Mirkovic, S. Dumnic, D. Culibrk, S. Milisavljevic, and D. Sarac.
Urban crowdsourced last mile delivery: Mode of transport effects on fleet perfor-
mance. International Journal of Simulation Modelling, 18(3):441–452, sep 2019.
doi: 10.2507/ijsimm18(3)481.

[42] R. Elbert and C. Friedrich. Urban consolidation and cargo bikes: a simulation study.
Transportation Research Procedia, 48:439–451, 2020. doi: 10.1016/j.trpro.2020.08.
051.

[43] R. Elbert and J. Rentschler. Freight on urban public transportation: A systematic
literature review. Research in Transportation Business &amp Management, page
100679, jun 2021. doi: 10.1016/j.rtbm.2021.100679.

[44] A. Ermagun and A. Stathopoulos. Crowd-shipping delivery performance from bid-
ding to delivering. Research in Transportation Business &amp Management, 41:
100614, dec 2021. doi: 10.1016/j.rtbm.2020.100614.

[45] K. Ewedairo, P. Chhetri, and F. Jie. Estimating transportation network impedance
to last-mile delivery. The International Journal of Logistics Management, 29(1):
110–130, feb 2018. doi: 10.1108/ijlm-10-2016-0247.

[46] Q. Farooq, P. Fu, Y. Hao, T. Jonathan, and Y. Zhang. A review of management
and importance of e-commerce implementation in service delivery of private express
enterprises of china. SAGE Open, 9(1):215824401882419, jan 2019. doi: 10.1177/
2158244018824194.

[47] F. Fehn, R. Engelhardt, F. Dandl, K. Bogenberger, and F. Busch. Integrating parcel
deliveries into a ride-pooling service – an agent-based simulation study, 2022.

[48] V. Felch, D. Karl, B. Asdecker, A. Niedermaier, and E. Sucky. Reconfiguration of
the last mile: Consumer acceptance of alternative delivery concepts. In Logistics
Management, pages 157–171. Springer International Publishing, 2019. doi: 10.1007/
978-3-030-29821-0_11.

[49] M. A. Figliozzi. Carbon emissions reductions in last mile and grocery deliveries



66 | Bibliography

utilizing air and ground autonomous vehicles. Transportation Research Part D:
Transport and Environment, 85:102443, aug 2020. doi: 10.1016/j.trd.2020.102443.

[50] J. Fraselle, S. L. Limbourg, and L. Vidal. Cost and environmental impacts of a mixed
fleet of vehicles. Sustainability, 13(16):9413, aug 2021. doi: 10.3390/su13169413.

[51] V. Frehe, J. Mehmann, and F. Teuteberg. Understanding and assessing crowd
logistics business models – using everyday people for last mile delivery. Jour-
nal of Business &amp Industrial Marketing, 32(1):75–97, feb 2017. doi: 10.1108/
jbim-10-2015-0182.

[52] A. Froger, O. Jabali, J. E. Mendoza, and G. Laporte. The electric vehicle routing
problem with capacitated charging stations. Transportation Science, 56(2):460–482,
mar 2022. doi: 10.1287/trsc.2021.1111.

[53] J. Fu and E. Jenelius. Transport efficiency of off-peak urban goods deliveries: A
stockholm pilot study. Case Studies on Transport Policy, 6(1):156–166, mar 2018.
doi: 10.1016/j.cstp.2018.01.001.

[54] A. Galkin, T. Schlosser, O. Galkina, D. Hodáková, and S. Cápayová. Investigating
using urban public transport for freight deliveries. Transportation Research Procedia,
39:64–73, 2019. doi: 10.1016/j.trpro.2019.06.008.

[55] A. Galkin, M. Olkhova, S. Iwan, K. Kijewska, S. Ostashevskyi, and O. Lobashov.
Planning the rational freight vehicle fleet utilization considering the season temper-
ature factor. Sustainability, 13(7):3782, mar 2021. doi: 10.3390/su13073782.

[56] A. Galkin, O. Nazarov, G. Shapoval, V. Kolosok, Y. Khodova, and A. Kuznetsov.
ASSESSMENT OF THE URBAN FREIGHT REGULATIONS IMPACT ON THE
TRANSPORTATION COST. Acta logistica, 9(2):123–130, jun 2022. doi: 10.22306/
al.v9i2.279.

[57] A. Garus, B. Alonso, M. A. Raposo, M. Grosso, J. Krause, A. Mourtzouchou, and
B. Ciuffo. Last-mile delivery by automated droids. sustainability assessment on a
real-world case study. Sustainable Cities and Society, 79:103728, apr 2022. doi:
10.1016/j.scs.2022.103728.

[58] V. Gatta, E. Marcucci, and M. L. Pira. Smart urban freight planning process:
integrating desk, living lab and modelling approaches in decision-making. European
Transport Research Review, 9(3), jun 2017. doi: 10.1007/s12544-017-0245-9.

[59] V. Gatta, E. Marcucci, P. D. Site, M. L. Pira, and C. S. Carrocci. Planning with
stakeholders: Analysing alternative off-hour delivery solutions via an interactive



| Bibliography 67

multi-criteria approach. Research in Transportation Economics, 73:53–62, mar 2019.
doi: 10.1016/j.retrec.2018.12.004.

[60] R. Gevaers, E. V. de Voorde, and T. Vanelslander. Characteristics and typology of
last-mile logistics from an innovation perspective in an urban context.

[61] R. Gevaers, E. V. de Voorde, and T. Vanelslander. Cost modelling and simulation
of last-mile characteristics in an innovative b2c supply chain environment with im-
plications on urban areas and cities. Procedia - Social and Behavioral Sciences, 125:
398–411, mar 2014. doi: 10.1016/j.sbspro.2014.01.1483.

[62] H. Ghaderi, P.-W. Tsai, L. Zhang, and A. Moayedikia. An integrated crowdshipping
framework for green last mile delivery. Sustainable Cities and Society, 78:103552,
mar 2022. doi: 10.1016/j.scs.2021.103552.

[63] K. Gielens, E. Gijsbrechts, and I. Geyskens. Navigating the last mile: The demand
effects of click-and-collect order fulfillment. Journal of Marketing, 85(4):158–178,
oct 2020. doi: 10.1177/0022242920960430.

[64] X. Guo, Y. J. L. Jaramillo, J. Bloemhof-Ruwaard, and G. Claassen. On inte-
grating crowdsourced delivery in last-mile logistics: A simulation study to quan-
tify its feasibility. Journal of Cleaner Production, 241:118365, dec 2019. doi:
10.1016/j.jclepro.2019.118365.

[65] A. Gupta, T. Afrin, E. Scully, and N. Yodo. Advances of UAVs toward future
transportation: The state-of-the-art, challenges, and opportunities. Future Trans-
portation, 1(2):326–350, sep 2021. doi: 10.3390/futuretransp1020019.

[66] E. Gutierrez-Franco, C. Mejia-Argueta, and L. Rabelo. Data-driven methodology
to support long-lasting logistics and decision making for urban last-mile operations.
Sustainability, 13(11):6230, jun 2021. doi: 10.3390/su13116230.

[67] T. Hagen and S. Scheel-Kopeinig. Would customers be willing to use an alternative
(chargeable) delivery concept for the last mile? Research in Transportation Business
&amp Management, 39:100626, jun 2021. doi: 10.1016/j.rtbm.2021.100626.

[68] A. M. Ham. Integrated scheduling of m-truck, m-drone, and m-depot con-
strained by time-window, drop-pickup, and m-visit using constraint programming.
Transportation Research Part C: Emerging Technologies, 91:1–14, jun 2018. doi:
10.1016/j.trc.2018.03.025.

[69] S. D. Handoko, H. C. Lau, and S.-F. Cheng. Achieving economic and environmental
sustainabilities in urban consolidation center with bicriteria auction. IEEE Trans-



68 | Bibliography

actions on Automation Science and Engineering, 13(4):1471–1479, oct 2016. doi:
10.1109/tase.2016.2563459.

[70] T. S. Harrington, J. S. Srai, M. Kumar, and J. Wohlrab. Identifying design criteria
for urban system ‘last-mile’ solutions – a multi-stakeholder perspective. Production
Planning &amp Control, 27(6):456–476, apr 2016. doi: 10.1080/09537287.2016.
1147099.

[71] M. A. Hasan, D. J. Frame, R. Chapman, and K. M. Archie. Costs and emis-
sions: Comparing electric and petrol-powered cars in new zealand. Transporta-
tion Research Part D: Transport and Environment, 90:102671, jan 2021. doi:
10.1016/j.trd.2020.102671.

[72] J. Holguín-Veras, J. Polimeni, B. Cruz, N. Xu, G. List, J. Nordstrom, and
J. Haddock. Off-peak freight deliveries. Transportation Research Record: Jour-
nal of the Transportation Research Board, 1906(1):42–48, jan 2005. doi: 10.1177/
0361198105190600105.

[73] J. Holguín-Veras, M. Silas, J. Polimeni, and B. Cruz. An investigation on the
effectiveness of joint receiver–carrier policies to increase truck traffic in the off-peak
hours. Networks and Spatial Economics, 8(4):327–354, jan 2007. doi: 10.1007/
s11067-006-9011-6.

[74] S. Iwan, K. Kijewska, and J. Lemke. Analysis of parcel lockers’ efficiency as the
last mile delivery solution – the results of the research in poland. Transportation
Research Procedia, 12:644–655, 2016. doi: 10.1016/j.trpro.2016.02.018.

[75] M. Janjevic and A. Ndiaye. Investigating the financial viability of urban consolida-
tion centre projects. Research in Transportation Business &amp Management, 24:
101–113, sep 2017. doi: 10.1016/j.rtbm.2017.05.001.

[76] M. Jara, D. Vyt, O. Mevel, T. Morvan, and N. Morvan. Measuring customers
benefits of click and collect. Journal of Services Marketing, 32(4):430–442, mar
2018. doi: 10.1108/jsm-05-2017-0158.

[77] H. Johansson and M. Björklund. Urban consolidation centres: retail stores’ demands
for UCC services. International Journal of Physical Distribution &amp Logistics
Management, 47(7):646–662, aug 2017. doi: 10.1108/ijpdlm-02-2017-0114.

[78] P. Jucha. Use of artificial intelligence in last mile delivery. SHS Web of Conferences,
92:04011, 2021. doi: 10.1051/shsconf/20219204011.

[79] K. Katsela, Ş. Güneş, T. Fried, A. Goodchild, and M. Browne. Defining urban



| Bibliography 69

freight microhubs: A case study analysis. Sustainability, 14(1):532, jan 2022. doi:
10.3390/su14010532.

[80] R. Kellermann, T. Biehle, and L. Fischer. Drones for parcel and passenger trans-
portation: A literature review. Transportation Research Interdisciplinary Perspec-
tives, 4:100088, mar 2020. doi: 10.1016/j.trip.2019.100088.

[81] J. Kelly and M. Marinov. Innovative interior designs for urban freight distribution
using light rail systems. Urban Rail Transit, 3(4):238–254, dec 2017. doi: 10.1007/
s40864-017-0073-1.

[82] N. Kim, B. Montreuil, W. Klibi, and N. Kholgade. Hyperconnected urban fulfillment
and delivery. Transportation Research Part E: Logistics and Transportation Review,
145:102104, jan 2021. doi: 10.1016/j.tre.2020.102104.

[83] S. Kraus, M. Breier, and S. Dasí-Rodríguez. The art of crafting a systematic lit-
erature review in entrepreneurship research. International Entrepreneurship and
Management Journal, 16(3):1023–1042, feb 2020. doi: 10.1007/s11365-020-00635-4.

[84] V. Kämäräinen, J. Saranen, and J. Holmström. The reception box impact on
home delivery efficiency in the e-grocery business. International Journal of Phys-
ical Distribution &amp Logistics Management, 31(6):414–426, aug 2001. doi:
10.1108/09600030110399414.

[85] U. Lachapelle, M. Burke, A. Brotherton, and A. Leung. Parcel locker systems
in a car dominant city: Location, characterisation and potential impacts on city
planning and consumer travel access. Journal of Transport Geography, 71:1–14, jul
2018. doi: 10.1016/j.jtrangeo.2018.06.022.

[86] D. Lee, D. J. Hess, and M. A. Heldeweg. Safety and privacy regulations for un-
manned aerial vehicles: A multiple comparative analysis. Technology in Society, 71:
102079, nov 2022. doi: 10.1016/j.techsoc.2022.102079.

[87] C. Lemardelé, M. Estrada, L. Pagès, and M. Bachofner. Potentialities of drones and
ground autonomous delivery devices for last-mile logistics. Transportation Research
Part E: Logistics and Transportation Review, 149:102325, may 2021. doi: 10.1016/
j.tre.2021.102325.

[88] T. Letnik, M. Mencinger, and S. Bozicnik. Dynamic management of urban last-mile
deliveries. In City Logistics 2, pages 23–37. John Wiley & Sons, Inc., jun 2018. doi:
10.1002/9781119425526.ch2.

[89] T. Letnik, M. Mencinger, and I. Peruš. Flexible assignment of loading bays for



70 | Bibliography

efficient vehicle routing in urban last mile delivery. Sustainability, 12(18):7500, sep
2020. doi: 10.3390/su12187500.

[90] L. Li, X. He, G. A. Keoleian, H. C. Kim, R. D. Kleine, T. J. Wallington, and
N. J. Kemp. Life cycle greenhouse gas emissions for last-mile parcel delivery by
automated vehicles and robots. Environmental Science &amp Technology, 55(16):
11360–11367, jul 2021. doi: 10.1021/acs.est.0c08213.

[91] C. Lim, K.-J. Kim, and P. P. Maglio. Smart cities with big data: Reference models,
challenges, and considerations. Cities, 82:86–99, dec 2018. doi: 10.1016/j.cities.
2018.04.011.

[92] J. Lin, Q. Chen, and K. Kawamura. Sustainability SI: Logistics cost and environ-
mental impact analyses of urban delivery consolidation strategies. Networks and
Spatial Economics, 16(1):227–253, apr 2014. doi: 10.1007/s11067-014-9235-9.

[93] Lindawati, J. van Schagen, M. Goh, and R. de Souza. Collaboration in urban
logistics: motivations and barriers. International Journal of Urban Sciences, 18(2):
278–290, may 2014. doi: 10.1080/12265934.2014.917983.

[94] C. Llorca and R. Moeckel. Assesment of the potential of cargo bikes and electrifica-
tion for last-mile parcel delivery by means of simulation of urban freight flows. Euro-
pean Transport Research Review, 13(1), jun 2021. doi: 10.1186/s12544-021-00491-5.

[95] M. Lu, R. Xie, P. Chen, Y. Zou, and J. Tang. Green transportation and logistics
performance: An improved composite index. Sustainability, 11(10):2976, may 2019.
doi: 10.3390/su11102976.

[96] A. Lukasiewicz, V. S. Sanna, V. L. A. P. Diogo, and A. Bernát. Shared mobility:
A reflection on sharing economy initiatives in european transportation sectors. In
The Sharing Economy in Europe, pages 89–114. Springer International Publishing,
2022. doi: 10.1007/978-3-030-86897-0_5.

[97] R. Luo, S. Ji, and Y. Ji. An active-learning pareto evolutionary algorithm for par-
cel locker network design considering accessibility of customers. Computers &amp
Operations Research, 141:105677, may 2022. doi: 10.1016/j.cor.2021.105677.

[98] C. Macharis, L. Vanhaverbeke, T. van Lier, E. Pekin, and D. Meers. Bringing
intermodal transport to the potential customers: An interactive modal shift website
tool. Research in Transportation Business &amp Management, 5:67–77, dec 2012.
doi: 10.1016/j.rtbm.2012.11.005.

[99] E. Macioszek. First and last mile delivery – problems and issues. In Advanced



| Bibliography 71

Solutions of Transport Systems for Growing Mobility, pages 147–154. Springer In-
ternational Publishing, jul 2017. doi: 10.1007/978-3-319-62316-0_12.

[100] S. Mancini and M. Gansterer. Vehicle routing with private and shared delivery
locations. Computers &amp Operations Research, 133:105361, sep 2021. doi: 10.
1016/j.cor.2021.105361.

[101] D. Manerba, R. Mansini, and R. Zanotti. Attended home delivery: reducing last-
mile environmental impact by changing customer habits. IFAC-PapersOnLine, 51
(5):55–60, 2018. doi: 10.1016/j.ifacol.2018.06.199.

[102] E. Marcucci and V. Gatta. Investigating the potential for off-hour deliveries in the
city of rome: Retailers’ perceptions and stated reactions. Transportation Research
Part A: Policy and Practice, 102:142–156, aug 2017. doi: 10.1016/j.tra.2017.02.001.

[103] M. Marinelli, L. Caggiani, M. Ottomanelli, and M. Dell'Orco. ien route/i
truck–drone parcel delivery for optimal vehicle routing strategies. IET Intelligent
Transport Systems, 12(4):253–261, jan 2018. doi: 10.1049/iet-its.2017.0227.

[104] M. Marinov, F. Giubilei, M. Gerhardt, T. Özkan, E. Stergiou, M. Papadopol, and
L. Cabecinha. Urban freight movement by rail. Journal of Transport Literature, 7
(3):87–116, jul 2013. doi: 10.1590/s2238-10312013000300005.

[105] A. C. McKinnon and D. Tallam. Unattended delivery to the home: an assessment
of the security implications. International Journal of Retail &amp Distribution
Management, 31(1):30–41, jan 2003. doi: 10.1108/09590550310457827.

[106] O. Meryem, L. E. Saad, K. Mohamed, and J. Fouad. Review of good practices in
urban freight transportation and benchmarking city logistics schemes. In 2019 Inter-
national Colloquium on Logistics and Supply Chain Management (LOGISTIQUA).
IEEE, jun 2019. doi: 10.1109/logistiqua.2019.8907328.

[107] C. Milioti, K. Pramatari, and I. Kelepouri. Modelling consumers’ acceptance for the
click and collect service. Journal of Retailing and Consumer Services, 56:102149,
sep 2020. doi: 10.1016/j.jretconser.2020.102149.

[108] S. M. Mirhedayatian and S. Yan. A framework to evaluate policy options for sup-
porting electric vehicles in urban freight transport. Transportation Research Part
D: Transport and Environment, 58:22–38, jan 2018. doi: 10.1016/j.trd.2017.11.007.

[109] A. Moadab, F. Farajzadeh, and O. F. Valilai. Drone routing problem model for last-
mile delivery using the public transportation capacity as moving charging stations.
Scientific Reports, 12(1), apr 2022. doi: 10.1038/s41598-022-10408-4.



72 | Bibliography

[110] J. Montecinos, M. Ouhimmou, S. Chauhan, M. Paquet, and A. Gharbi. Transport
carriers’ cooperation on the last-mile delivery in urban areas. Transportation, 48
(5):2401–2431, sep 2020. doi: 10.1007/s11116-020-10134-8.

[111] B. Nguyen and D. S. Mutum. A review of customer relationship management:
successes, advances, pitfalls and futures. Business Process Management Journal, 18
(3):400–419, jun 2012. doi: 10.1108/14637151211232614.

[112] P. C. Nolz, N. Absi, D. Feillet, and C. Seragiotto. The consistent electric-vehicle
routing problem with backhauls and charging management. European Journal of
Operational Research, 302(2):700–716, oct 2022. doi: 10.1016/j.ejor.2022.01.024.

[113] M. E. Nordtømme, K. Y. Bjerkan, and A. B. Sund. Barriers to urban freight policy
implementation: The case of urban consolidation center in oslo. Transport Policy,
44:179–186, nov 2015. doi: 10.1016/j.tranpol.2015.08.005.

[114] V. Omahne, M. Knez, and M. Obrecht. Social aspects of electric vehicles re-
search—trends and relations to sustainable development goals. World Electric Ve-
hicle Journal, 12(1):15, jan 2021. doi: 10.3390/wevj12010015.

[115] D. Paddeu, G. Parkhurst, G. Fancello, P. Fadda, and M. Ricci. MULTI-
STAKEHOLDER COLLABORATION IN URBAN FREIGHT CONSOLIDATION
SCHEMES: DRIVERS AND BARRIERS TO IMPLEMENTATION. Transport, 33
(4):913–929, dec 2018. doi: 10.3846/transport.2018.6593.

[116] L. D. Panero M, Shin H. Urban distribution centers: A means to reducing freight
vehicle miles traveled. /, 2011.

[117] G. Perboli, M. Rosano, M. Saint-Guillain, and P. Rizzo. Simulation–optimisation
framework for city logistics: an application on multimodal last-mile delivery. IET
Intelligent Transport Systems, 12(4):262–269, mar 2018. doi: 10.1049/iet-its.2017.
0357.

[118] W. Piotrowicz and R. Cuthbertson. Last mile framework for omnichannel retail-
ing. delivery from the customer perspective. In Exploring Omnichannel Retail-
ing, pages 267–288. Springer International Publishing, dec 2018. doi: 10.1007/
978-3-319-98273-1_12.

[119] E. Pourrahmani and M. Jaller. Crowdshipping in last mile deliveries: Opera-
tional challenges and research opportunities. Socio-Economic Planning Sciences,
78:101063, dec 2021. doi: 10.1016/j.seps.2021.101063.

[120] M. Prandtstetter, C. Seragiotto, J. Braith, S. Eitler, B. Ennser, G. Hauger, N. Ho-



| Bibliography 73

henecker, R. Schodl, and M. Steinbauer. On the impact of open parcel lockers on
traffic. Sustainability, 13(2):755, jan 2021. doi: 10.3390/su13020755.

[121] C. Pronello, C. Camusso, and R. Valentina. Last mile freight distribution and
transport operators’ needs: which targets and challenges? Transportation Research
Procedia, 25:888–899, 2017. doi: 10.1016/j.trpro.2017.05.464.

[122] M. Punakivi, H. Yrjölä, and J. Holmström. Solving the last mile issue: reception
box or delivery box? International Journal of Physical Distribution &amp Logistics
Management, 31(6):427–439, aug 2001. doi: 10.1108/09600030110399423.

[123] G. Radzki, I. Nielsen, P. Golińska-Dawson, G. Bocewicz, and Z. Banaszak. Reactive
UAV fleet’s mission planning in highly dynamic and unpredictable environments.
Sustainability, 13(9):5228, may 2021. doi: 10.3390/su13095228.

[124] H. B. Rai, S. Verlinde, C. Macharis, P. Schoutteet, and L. Vanhaverbeke. Lo-
gistics outsourcing in omnichannel retail. International Journal of Physical Dis-
tribution &amp Logistics Management, 49(3):267–286, apr 2019. doi: 10.1108/
ijpdlm-02-2018-0092.

[125] L. Ranieri, S. Digiesi, B. Silvestri, and M. Roccotelli. A review of last mile logistics
innovations in an externalities cost reduction vision. Sustainability, 10(3):782, mar
2018. doi: 10.3390/su10030782.

[126] P. Rita, T. Oliveira, and A. Farisa. The impact of e-service quality and customer
satisfaction on customer behavior in online shopping. Heliyon, 5(10):e02690, oct
2019. doi: 10.1016/j.heliyon.2019.e02690.

[127] L. N. Rosenberg, N. Balouka, Y. T. Herer, E. Dani, P. Gasparin, K. Dobers, D. Rüdi-
ger, P. Pättiniemi, P. Portheine, and S. van Uden. Introducing the shared micro-
depot network for last-mile logistics. Sustainability, 13(4):2067, feb 2021. doi:
10.3390/su13042067.

[128] C. Rudolph, A. Nsamzinshuti, S. Bonsu, A. B. Ndiaye, and N. Rigo. Localization of
relevant urban micro-consolidation centers for last-mile cargo bike delivery based on
real demand data and city characteristics. Transportation Research Record: Journal
of the Transportation Research Board, 2676(1):365–375, aug 2021. doi: 10.1177/
03611981211036351.

[129] L. Saglietto. Bibliometric analysis of sharing economy logistics and crowd lo-
gistics. International Journal of Crowd Science, 5(1):31–54, mar 2021. doi:
10.1108/ijcs-07-2020-0014.



74 | Bibliography

[130] R. G. M. Saleu, L. Deroussi, D. Feillet, N. Grangeon, and A. Quilliot. The parallel
drone scheduling problem with multiple drones and vehicles. European Journal of
Operational Research, 300(2):571–589, jul 2022. doi: 10.1016/j.ejor.2021.08.014.

[131] M. Schnieder, C. Hinde, and A. West. Sensitivity analysis of emission mod-
els of parcel lockers vs. home delivery based on HBEFA. International Jour-
nal of Environmental Research and Public Health, 18(12):6325, jun 2021. doi:
10.3390/ijerph18126325.

[132] A. Seghezzi, R. Mangiaracina, A. Tumino, and A. Perego. ‘pony express’ crowd-
sourcing logistics for last-mile delivery in b2c e-commerce: an economic analysis.
International Journal of Logistics Research and Applications, 24(5):456–472, may
2020. doi: 10.1080/13675567.2020.1766428.

[133] R. She and Y. Ouyang. Efficiency of UAV-based last-mile delivery under congestion
in low-altitude air. Transportation Research Part C: Emerging Technologies, 122:
102878, jan 2021. doi: 10.1016/j.trc.2020.102878.

[134] M. D. Simoni, E. Kutanoglu, and C. G. Claudel. Optimization and analysis of a
robot-assisted last mile delivery system. Transportation Research Part E: Logistics
and Transportation Review, 142:102049, oct 2020. doi: 10.1016/j.tre.2020.102049.

[135] C. Siragusa, A. Tumino, R. Mangiaracina, and A. Perego. Electric vehicles perform-
ing last-mile delivery in b2c e-commerce: An economic and environmental assess-
ment. International Journal of Sustainable Transportation, 16(1):22–33, nov 2020.
doi: 10.1080/15568318.2020.1847367.

[136] L. Song, T. Cherrett, F. McLeod, and W. Guan. Addressing the last mile problem.
Transportation Research Record: Journal of the Transportation Research Board,
2097(1):9–18, jan 2009. doi: 10.3141/2097-02.

[137] S. Sorooshian, S. K. Sharifabad, M. Parsaee, and A. R. Afshari. Toward a modern
last-mile delivery: Consequences and obstacles of intelligent technology. Applied
System Innovation, 5(4):82, aug 2022. doi: 10.3390/asi5040082.

[138] D. C. Stodick K. Sustainable Parcel Delivery in Urban Areas with Micro Depots.
University of Bamberg Press, 2018.

[139] J. K. Stolaroff, C. Samaras, E. R. O’Neill, A. Lubers, A. S. Mitchell, and D. Ceper-
ley. Energy use and life cycle greenhouse gas emissions of drones for commer-
cial package delivery. Nature Communications, 9(1), feb 2018. doi: 10.1038/
s41467-017-02411-5.



| Bibliography 75

[140] W. Sutherland and M. H. Jarrahi. The sharing economy and digital platforms: A
review and research agenda. International Journal of Information Management, 43:
328–341, dec 2018. doi: 10.1016/j.ijinfomgt.2018.07.004.

[141] D. Swanson. A simulation-based process model for managing drone deployment
to minimize total delivery time. IEEE Engineering Management Review, 47(3):
154–167, sep 2019. doi: 10.1109/emr.2019.2926245.

[142] C. S. Tang and L. P. Veelenturf. The strategic role of logistics in the industry 4.0
era. Transportation Research Part E: Logistics and Transportation Review, 129:
1–11, sep 2019. doi: 10.1016/j.tre.2019.06.004.

[143] M. Tavana, K. Khalili-Damghani, F. J. Santos-Arteaga, and M.-H. Zandi. Drone
shipping versus truck delivery in a cross-docking system with multiple fleets and
products. Expert Systems with Applications, 72:93–107, apr 2017. doi: 10.1016/j.
eswa.2016.12.014.

[144] F. Tolentino-Zondervan, E. Bogers, and L. van de Sande. A managerial and
behavioral approach in aligning stakeholder goals in sustainable last mile logis-
tics: A case study in the netherlands. Sustainability, 13(8):4434, apr 2021. doi:
10.3390/su13084434.

[145] D. Tranfield, D. Denyer, and P. Smart. Towards a methodology for developing
evidence-informed management knowledge by means of systematic review. British
Journal of Management, 14(3):207–222, sep 2003. doi: 10.1111/1467-8551.00375.

[146] Y.-T. Tsai and P. Tiwasing. Customers’ intention to adopt smart lockers in last-mile
delivery service: A multi-theory perspective. Journal of Retailing and Consumer
Services, 61:102514, jul 2021. doi: 10.1016/j.jretconser.2021.102514.

[147] S. Uwemi and H. U. Khan. Possible impact of e-commerce strategies on the utili-
sation of e-commerce in nigeria. International Journal of Business Innovation and
Research, 15(2):231, 2018. doi: 10.1504/ijbir.2018.10009762.

[148] Y. Vakulenko, D. Hellström, and K. Hjort. What's in the parcel locker? exploring
customer value in e-commerce last mile delivery. Journal of Business Research, 88:
421–427, jul 2018. doi: 10.1016/j.jbusres.2017.11.033.

[149] T. van Rooijen and H. Quak. Local impacts of a new urban consolidation centre
– the case of binnenstadservice.nl. Procedia - Social and Behavioral Sciences, 2(3):
5967–5979, 2010. doi: 10.1016/j.sbspro.2010.04.011.

[150] S. Verlinde, C. Macharis, L. Milan, and B. Kin. Does a mobile depot make urban



76 | Bibliography

deliveries faster, more sustainable and more economically viable: Results of a pilot
test in brussels. Transportation Research Procedia, 4:361–373, 2014. doi: 10.1016/
j.trpro.2014.11.027.

[151] R. Villa and A. Monzón. A metro-based system as sustainable alternative for urban
logistics in the era of e-commerce. Sustainability, 13(8):4479, apr 2021. doi: 10.
3390/su13084479.

[152] F. Wang, Y. Zhu, F. Wang, J. Liu, X. Ma, and X. Fan. Car4pac: Last mile parcel de-
livery through intelligent car trip sharing. IEEE Transactions on Intelligent Trans-
portation Systems, 21(10):4410–4424, oct 2020. doi: 10.1109/tits.2019.2944134.

[153] Y. Wang, T. Ong, L. H. Lee, and E. P. Chew. Capacitated competitive facility
location problem of self-collection lockers by using public big data. In 2017 13th
IEEE Conference on Automation Science and Engineering (CASE). IEEE, aug 2017.
doi: 10.1109/coase.2017.8256288.

[154] Z. Wang and J.-B. Sheu. Vehicle routing problem with drones. Transportation
Research Part B: Methodological, 122:350–364, apr 2019. doi: 10.1016/j.trb.2019.
03.005.

[155] L. Wanganoo and A. Patil. Preparing for the smart cities: IoT enabled last-mile
delivery. In 2020 Advances in Science and Engineering Technology International
Conferences (ASET). IEEE, feb 2020. doi: 10.1109/aset48392.2020.9118197.

[156] Wenyi Chen, M. Mes, and M. Schutten. Multi-hop driver-parcel matching problem
with time windows, 2016.

[157] X. Xia and P. Li. A review of the life cycle assessment of electric vehicles: Con-
sidering the influence of batteries. Science of The Total Environment, 814:152870,
mar 2022. doi: 10.1016/j.scitotenv.2021.152870.

[158] Y. Xiao, X. Zuo, I. Kaku, S. Zhou, and X. Pan. Development of energy consumption
optimization model for the electric vehicle routing problem with time windows.
Journal of Cleaner Production, 225:647–663, jul 2019. doi: 10.1016/j.jclepro.2019.
03.323.

[159] W. Xu, Z. Xu, J. Peng, W. Liang, T. Liu, X. Jia, and S. K. Das. Ap-
proximation algorithms for the team orienteering problem. In IEEE INFOCOM
2020 - IEEE Conference on Computer Communications. IEEE, jul 2020. doi:
10.1109/infocom41043.2020.9155343.

[160] S. Yu, J. Puchinger, and S. Sun. Van-based robot hybrid pickup and delivery routing



| BIBLIOGRAPHY 77

problem. European Journal of Operational Research, 298(3):894–914, may 2022. doi:
10.1016/j.ejor.2021.06.009.

[161] K. F. Yuen, X. Wang, F. Ma, and Y. D. Wong. The determinants of customers’
intention to use smart lockers for last-mile deliveries. Journal of Retailing and
Consumer Services, 49:316–326, jul 2019. doi: 10.1016/j.jretconser.2019.03.022.

[162] C. Yurtseven and M. A. Gökçe. A novel arc-routing problem of electric powered
street sweepers with time windows and intermediate stops. IFAC-PapersOnLine,
52(13):2308–2313, 2019. doi: 10.1016/j.ifacol.2019.11.550.





79

A| Appendix A

The final search string used in this systematic literature review was:
TITLE-ABS-KEY (( "urban freight" OR " last mile") AND "delivery" W/15 ( "sus-
tainab*" OR "innovat*" OR "transp*" OR "green" OR "multimodal" ) AND NOT (
"public" OR "humanitarian" OR "Covid*" OR "passenger*" ) AND (LIMIT TO (SRC-
TYPE,"j")) AND (LIMIT TO (DOCTYPE,"ar")) AND (LIMIT TO(LANGUAGE,"English"))
AND (LIMIT TO (SUBJAREA, "ENGI")) OR (LIMIT TO(SUBJAREA, "SOCI")) OR
(LIMIT TO (SUBJAREA, "COMP")) OR (LIMIT TO (SUBJAREA,"BUSI")) OR (LIMIT
TO (SUBJAREA, "DECI")) OR (LIMIT TO(SUBJAREA,"ENVI")) OR (LIMIT TO
(SUBJAREA,"ECON")) OR (LIMIT TO(SUBJAREA,"MATH))).





81

B| Appendix B

The Electric Vehicle Routing Problem (E-VRP) is a typical operational problem
in distribution networks and consists of establishing the routes of a set of electric vehicles
to serve a set of customers. (Given a set of vehicles with certain characteristics that must
visit a set of customers (also with certain characteristics) distributed within a transport
network from one (or more) central depots). The E-VRP deals with the management of
vehicles ideally from all points of view. This class of problems encompasses a variety of
cases, which makes these problems difficult to solve at the optimum. The most general
case involves vehicle route planning in the presence of:

• Multiple vehicles;

• Multiple deliveries;

Each vehicle

• can serve more customers;

• has unlimited transport capacity;

Each client has a demand for a certain product; The objective of the algorithm may be:

• the minimization of the cost associated with the vehicle route (distance, time, etc.);

• the profit maximization;

The result of the algorithm provides:

• the allocation of a certain set of customers to each vehicle;

• the elaboration of a route for each vehicle.

The Electric Arc Routing problem (E-ARP) can be defined as a special case of the
more general E-VRP, in which the arrangement of customers is assumed to be uniformly
distributed along transport network connections (such as a road).
E-ARP consists of designing a set of routes to meet the demands of all requesting cus-
tomers, to minimize total costs. Costs can be defined in terms of operating costs, distance
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traveled, or time. Each route is covered by a single electric vehicle that departs and re-
turns to the same depot.
Finally, as far as the Electric Team Orienteering Problem (E-TOP) is concerned,
the big difference between the two previous algorithms is that in E-TOPs, meeting the
demands of all customers is not mandatory. This situation is quite common when there
are constraints on fleet size and the maximum distance each vehicle can cover. In classic
E-TOPs, each customer offers a reward to the company for being served and the goal of
the algorithm is to maximize the gain from the rewards gathered by the fleet of electric
vehicles when they visit a group of customers. Typically, the vehicles start at a departure
node, serve a group of customers and arrive at a destination node and the limiting variable
is the limited driving range due to the battery of the electric vehicle.
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The traveling salesman problem (TSP) is a classic operational research problem
posed as follows: A traveling salesman has to visit a certain number of cities. He wants
to leave home and return home after visiting each city only once, traveling the minimum
distance. Solving this problem has wide applications in logistics, such as finding the path
that minimizes the total picking route in the warehouse, finding the paths that minimize
the total distance to serve customers, and more generally how to optimize an integrated
production and distribution system.
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Technology Readiness Level (TRL for short) indicates a metric for assessing the degree
of technological maturity of a product or process. It is based on a scale of values from 1
to 9, where 1 is the lowest (basic research) and 9 is the highest (first production).

1 Basic principles observed
2 Technology concept formulated
3 Experimental proof of concept
4 Technology validated in Lab
5 Technology validated in relevant environment
6 Technology demonstrated in relevant environment
7 System prototype demonstration in operational environment
8 System complete and qualified
9 Actual system proven in operational environment

Table D.1: Technology Readiness Levels

The nine levels of the technological readiness classification framework can be divided into
three macro-clusters:

1. Level 1-2-3 represents theresearch phase

2. Level 4-5-6 represents the development phase

3. Level 7-8-9 represents the deployment phase

The main purpose of using technology readiness levels is to help management make deci-
sions regarding technology development and to provide a common understanding of the
state of technology. It should be seen as one of several tools needed to manage the progress
of research and development within an organization.
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