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Abstract. Cutting-edge technologies in automation, robotization and intelligent systems are emerging in last-
mile delivery. However, lacking knowledge on viability is limiting the application and transformation in the
final stage of logistics chains. The aim of this article is to identify viable automation, robotization and intel-
ligent solutions and discuss their association for last-mile delivery optimization. This article therefore presents
a systematic review of automation, robotization and intelligent solutions, followed by empirical data collected
from a workshop with practitioners and representatives of logistic companies, seeking to identify associated op-
portunities and challenges. The analysis resulted in 3 clusters of innovative solutions discerned upon functional
characteristics. Furthermore, the acquired empirical data enabled co-relation from theory and practice to both
ensuing opportunities and challenges. By analysing the input by practitioners in the field, we propose internal
development and spillover effects as deriving opportunities, technical requirements, and societal concerns as
emanating challenges. Based on the diversity of opportunities and challenges associated to each solution, this
study proposes a roadmap for future research.
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Notations

ADR - autonomous delivery robot (ground-based robotic ve-

hicle);

B2B - business to business;

B2C - business to consumer;

CO, — carbon

dioxide;

GDP - gross domestic product;

GHG - greenhouse gas;

GPS - global positioning system;
ICT — information and communication technologies;

MSc — master

of science;

1. Introduction

Innovative solutions based on automation, robotization
and intelligent systems appear promising in logistics, given
that their employment can contribute to cost-reduction,
operational competitiveness and environmental sustain-
ability.

The conceptualization in our approach brings forth
a distinction among automation, robotization, and intel-
ligent systems, highlighting their distinct implications pri-
or to dispatch of an order, delivery transport and delivery
destination location. Even fif, it is crucial not to overlook
the interconnected operation of these innovations. In that

R&D - research and development;

SCM - supply chain management;

UAV — unmanned aerial vehicle (aerial drone for parcel delivery);
VRP - vehicle routing problem.

sense, automation, robotization, and intelligent systems
are all considered as innovative solutions. Consequently,
although could be argued that various stages of the logis-
tics chain are undergoing increasing levels of innovation,
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the ultimate phase of delivery — known as the last-mile de-
livery — is grappling with unparalleled challenges.

Online purchases have been increasing with a rapid
pace (Mucowska 2021; Tsai, Tiwasing 2021; Simoni et al.
2020; Zhou et al. 2020; Leung et al. 2018), triggered, large-
ly, by COVID-19 pandemic. According to the US Chamber
of Commerce (2025), transportation and logistics repre-
sent 7.7% of US GDP; by comparison, logistics costs repre-
sent 16% of China’'s GDP and 12% of India's GDP. Moreo-
ver, growing attention has been given to existing custom-
ers' demands relevant to last-mile delivery. Companies are
called to address increasing consumers’ expectations relat-
ed to a delivery’s timeliness, costs or environment impact
(Comi, Savchenko 2021; Rossolov et al. 2021; Letnik et al.
2019; Lukinskiy et al. 2018; Paddeu et al. 2018). Introduc-
ing automation, robotization and intelligent systems in the
last-mile delivery has the potential to contribute towards
enhanced efficiency and effectiveness of supply chain and
address the existing delivery challenges (Tsai, Tiwasing
2021; Fosso Wamba 2022; Saetta, Caldarelli 2020; Simoni
et al. 2020; Xu et al. 2020; Dubey et al. 2019; Hahn 2020;
Shan et al. 2019).

Regarding the last-mile delivery per se, such innova-
tions have been identified to have a beneficial impact in
minimizing the related costs (Ghaderi et al. 2022; Moshref-
Javadi, Winkenbach 2021; Bosona 2020; Sarma et al. 2020;
Seghezzi et al. 2021; Maghazei, Netland 2020; Mangiarac-
ina et al. 2019). Likewise, certain innovative solutions are
more environmentally friendly when compared to conven-
tional trucks, given that there are likely to minimize the car-
bon footprint ascribed to the transport sector by reducing
CO, emissions. In relation to drones for instance, “<...> the
prospect of replacing the gasoline/diesel requirements of
a delivery vehicle with a battery-powered UAV for custom-
er deliveries can provide substantial benefits in fuel cost as
well as pollutant emission <...>" (Chiang et al. 2019). Au-
tomation, robotization and intelligent systems can there-
fore contribute into achieving the goal of sustainable sup-
ply chains (Kiba-Janiak et al. 2021; Mucowska 2021; Co-
mi 2020; Elsayed, Mohamed 2020; Lazarevi¢, Dobrodolac
2020, Silvestri et al. 2019).

Nonetheless, manifold implications are associated to
the implementation of autonomization in last-mile, from
regulatory specificities (Hoffmann, Prause 2018; Elsayed,
Mohamed 2020), passing by customers' acceptance (Man-
giaracina et al. 2019; Tsai, Tiwasing 2021), to job losses par-
adigm (Willcocks 2020), social impact (Feng et al. 2017)
and beyond.

This article does not have the ambition to deconstruct
these several narratives, but to contribute with a clear
roadmap for future research by providing an in-deep con-
struct of the emerging intelligent solutions for the last leg
of the logistic chain taking into consideration the associ-
ated opportunities and challenges. To do so, this work pro-
vides a comprehensive synopsis of the innovation track of
automation, robotization and intelligent solutions for last-
mile delivery, aiming to answer the question: “How to pro-
pose a roadmap of automation, robotization and intelligent

systems associated to viable implementation in the last-mile

delivery?”. Accordingly, 2 fundamental assumptions are

proposed:

= assumption 1: Automation, robotization and intelligent
solutions are viable in last-mile logistics. Recent academ-
ic literature was explored with the purpose of identifying
viable automation, robotization and intelligent solutions,
understanding each solution’s properties and the ben-
efits of application. The assessment resulted in a func-
tional categorization allowing for further evaluation;

= assumption 2: Making automation, robotization and in-
telligent systems viable in last-mile logistics is influenced
by opportunities and challenges related to the implemen-
tation. In order analyse the assumptions and answer the
main research question, insights of both the academia
and company practitioners in the form of qualitative
data were assessed, with the purpose of providing a ho-
listic framework valuable for both future research and
practical implementation.

The remainder of the article is organized as follows.
Section 1 (current) — introduction to the research. In Sec-
tion 2, we 1st conduct an assessment of the recent litera-
ture in order to form an inventory of automation, robot-
ization and information technologies applicable as solu-
tions for the last-mile delivery, as identified by researchers.
As a 2nd step, we perform a conceptualization of literature
analysis on the solutions found, and provide a framework
based of functional considerations, in order to facilitate fur-
ther analysis. In Section 3, the methodology of this article is
presented, by elaborating on the undertaken methodology
of investigation during the literature search, the literature
analysis and the workshop with practitioners in the field. In
Section 4, the acquired results are presented. In addition
to the inventory of innovative solutions and the function-
al framework created, we now provide a set of opportuni-
ties and a set of challenges tied to those solutions, from
a logistics provider' perspective. In Section 5, we discuss
the workshop's results in conjunction with the findings ac-
quired by means of the literature assessment. This research
adds to the existing discussion regarding innovative solu-
tions for the last-mile, by attesting perceived opportunities
for internal development and beneficial social spill-over ef-
fects, as well as perceived technical and societal challeng-
es for each given solution. Lastly, Section 6 discloses some
concluding remarks on the research performed.

2. Literature review

Logistics providers have been gradually starting to imple-
ment innovative delivery methods and means in the last-
mile, as a solution to address the inefficiencies document-
ed in traditional human delivery. Similarly, the potential of
such technological innovations in addressing several inef-
ficiencies that characterise last-mile delivery has captured
the attention of the scientific community as evidenced by
the growing literature on the topic. Last-mile delivery is
regarded as one of the most critical logistics processes,
given that its ensuing costs can amount up to half of the
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total logistic costs (Vanelslander et al. 2013) with a direct
impression to the final consumer (Lim et al. 2018).

The last-mile delivery includes the delivery of several
types of goods such as food and groceries (Bjgrgen et al.
2021), online retails (Shi et al. 2019), pharmaceuticals (Jack-
son, Srinivas 2021), etc., in a worldwide B2C market (Man-
giaracina et al. 2019).

In the realm of last-mile delivery, autonomous or ro-
botics solutions offer a distinct geographical advan-
tage. These innovations facilitate access to remote loca-
tions and address vulnerabilities in transportation routes
or networks. Notably, a significant reduction in CO, emis-
sions can be underscored, primarily due to the elimination
of long-haul journeys with laden vehicles to distant are-
as. This advantage is particularly pronounced considering
the complete electric power source of drones for exam-
ple. To enhance the comprehension variables encompass-
ing locational context, security concerns in specific regions
or countries, and cultural factors can be integrated. This ex-
panded perspective contributes to a more comprehensive
evaluation of security and spatial dynamics of automation
and robotics for delivery. Thus, the adoption of autono-
mous or robotics solutions presents a promising avenue
for alleviating road congestion and promoting sustainable
practices (Fehling, Saraceni 2023; Saraceni et al. 2022; Shi
et al. 2019).

In tackling the last-mile logistics challenge, VRP intel-
ligent solutions proves indispensable. This problem neces-
sitates strategic decisions by logistics companies regard-
ing the selection of vehicle types and quantities, the se-
quence of customer service, and the specific customers to
be served. This operational puzzle can be effectively ad-
dressed through methodologies such as those proposed
by Corentin & Saraceni (2022).

The utilization of innovative technologies transformed
into automation, robotization and intelligent solutions ap-
pears prominent, given the anticipated positive impact on
efficiency, effectiveness and sustainability. The aim of this
research is to provide a structured, in-depth overview of
the available innovations related to the last-mile, and as-
sess the feasibility and challenges of their application (Em-
mens et al. 2021). The use of smart technologies has sever-
al implications on SCM (Hahn 2020) and is expected to re-
sult in new configurations within supply chains (Hoffmann,
Prause 2018; Ranieri et al. 2018), especially given the feasi-
bility of real time information collection and dissemination
(Saetta, Caldarelli 2020). Moreover, understanding each
solution’s properties is fundamental, in order for compa-
nies to make informed decisions when considering which
among the various innovative solutions available would be
advantageous to implement.

By performing an interdisciplinary assessment of exist-
ing literature, this research was able to assemble a number
of viable last-mile innovative solutions recently identified
by researchers, namely UAV, autonomously driving robots,
underground delivery, parcel lockers, reception boxes,
customer's car trunks. Based on the literature search, it was
also identified that big data, dynamic pricing and crowd-

sourcing logistics can be considered as enabling solutions
for the automation of the last-mile (Kiba-Janiak et al. 2021;
Ranieri et al. 2018). In the following section, the new tech-
nologies as solutions to optimize the last-mile delivery
process identified in recent literature will be discussed.

UAV, commonly referred as drones, can be employed to
deliver a parcel to a final destination (Bosona 2020; Di Pug-
lia Pugliese et al. 2021; Elsayed, Mohamed 2020; Seghe-
zzi et al. 2021; Aurambout et al. 2019; Maghazei, Netland
2020; Zhu 2019; Ranieri et al. 2018). Drones can navigate
to such a destination and deposit a parcel by means of
an embedded GPS (Mangiaracina et al. 2019), and subse-
guently return to their point of departure following the de-
livery. Researchers have assessed both stable optimal lo-
cations of such departures and returns (Aurambout et al.
2019), as well as the feasibility of moving locations via the
use of trucks (Moshref-Javadi, Winkenbach 2021; Di Puglia
Pugliese et al. 2021; Mangiaracina et al. 2019). Except from
the benefits of the UAVs solution in minimizing last-mile
delivery costs, a number of insights are also available re-
garding their contribution towards environmental sustain-
ability and their potential to reduce the GHG emissions (El-
sayed, Mohamed 2020; Mangiaracina et al. 2019).

Autonomously driving robots, can be defined as “<...>
self-driving road vehicles that, moving on determined
and controlled paths <...>" (Mangiaracina et al. 2019). Re-
searchers have distinguished between semi-autonomous
and fully-autonomous vehicles (Badue et al. 2021; Ranieri
et al. 2018) and have assessed possibilities for the optimi-
zation of existing ground robot prototypes such as FUR-
BOT (Silvestri et al. 2019). Except from the benefits of the
robotic solution in minimizing last-mile delivery costs, in-
sights are also available regarding the existing regulatory
challenges associated to their application, for instance ob-
stacles that may hinder the vehicle’s movement (Seghezzi
et al. 2021), tortious or product liability (Hoffmann, Prause
2018).

Underground delivery, refers to the use of an under-
ground pipeline system through which parcels packed in
suitable capsules are distributed (Seghezzi et al. 2021), by
employing an electromagnet technology, which allows
“<...> for shell cases inside the hyperloop to go faster and
move with little or no friction <...>" (Ewedairo 2019). While
the benefits of this solution in minimizing last-mile deliv-
ery costs as well as in contributing towards environmen-
tal sustainability have been identified (Seghezzi et al. 2021;
Viu-Roig, Alvarez-Palau 2020; Mangiaracina et al. 2019;
Zhu 2019), further research regarding the combined use of
such a system with other innovative solutions could be in-
sightful (Seghezzi et al. 2021).

Parcel lockers or cabinets, refer to “<...> a form of self-
service technology used for customer pick-up and re-
turn of e-purchased goods <...>" (Vakulenko et al. 2019).
Specifically, “<...> a locker can be opened with a unique
pick-up code sent by e-mail or short message service on
one's own phone <...>" (Ranieri et al. 2018). Researchers
have established the existence of facilitating conditions re-
lated to the usage of parcel lockers as a factor increasing



this solution’s acceptance (Tsai, Tiwasing 2021; Zhou et al.
2020). The benefit of this solution in minimizing last-mile
delivery costs is straightforward (Kiba-Janiak et al. 2021;
Bosona 2020; Mangiaracina et al. 2019; Zhu 2019; Florio
et al. 2018), as it eradicates face-to-face human interaction
of customers and couriers and thus can be distinguished
from the similar solution of pick-up points (Mucowska
2021; Mangiaracina et al. 2019).

One other solution pertains to the use of destination lo-
cations owned by a consumer. Such locations can be either
fixed, namely reception boxes situated in a customer’s resi-
dence (Hoffmann, Prause 2018), or shifting, by means of
delivery in a customer's car trunk. During the latter, "<...>
couriers unlock the trunk through a one-time-use digital
key associated to the specific order <...>" (Mangiaracina
et al. 2019). While the value of those solutions in minimiz-
ing last-mile delivery costs is straightforward (Mangiaraci-
na et al. 2019; Florio et al. 2018), as they eradicate face-to-
face human interaction, additional insights may be gained
through the application of quantitative research methods
(Mangiaracina et al. 2019).

Big data appears as a well-established intelligent sys-
tem solution regarding last-mile delivery within the litera-
ture explored. While no uniform definition of the concept
appears to exist, the application of big data analytics has
been frequently associated with innovation, based on its
“<...> ability to transform entire business processes <...>"
(Feng et al. 2017) in order to increase performance effi-
ciency (Kiba-Janiak et al. 2021; Bosona 2020; Fosso Wam-
ba 2022; Sarma et al. 2020; Dubey et al. 2019; Hahn 2020;
Feng et al. 2017). Their application forms a significant as-
pect of Logistics 4.0, as it is directly associated to digital
technologies that enable the formation of (semi) auton-
omous networks. Similarly, big data has been considered
as one of the “<...> human-centred digital technologies
that combine intelligence and networked collaboration to
improve individuals' productivity within business process-
es <...>" (Hahn 2020).

Regarding the last-mile delivery phase, big data can be
employed “<...> in analysing a specific parameter that is
correlated to the presence of the customer at home <...>"
(Mangiaracina et al. 2019). Via such use, the efficiency can
be improved, for instance “<...> by analysing electricity
consumption during the day and throughout the week,
a probability distribution of the customer’'s presence at
home can be derived <...>" (Viu-Roig, Alvarez-Palau 2020).
Researchers have also explored the use of ICT tools in or-
der to consolidate the shipment of different parcels to be
delivered to a single customer (Kiba-Janiak et al. 2021;
Zhang et al. 2019). Likewise, big data can be utilized to cre-
ate load consolidation centres, a solution that contributes
towards environmental sustainability in addition to cost
minimization (Bosona 2020; Saetta, Caldarelli 2020; Leung
et al. 2018). In the domain of humanitarian supply chain
in particular, researchers have identified the value of real-
time social media data in disaster management (Shan et al.
2019). Additionally, researchers have established the im-
portance of big data application in the creation of trust-
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based collaborative networks (Fosso Wamba 2022; Dubey
et al. 2019), and their contribution towards decision-mak-
ing processes optimization (Fosso Wamba 2022).

Dynamic pricing, namely “<...> associating different de-
livery prices to different time windows <...>" (Mangiaraci-
na et al. 2019), aims to optimize the last-mile delivery pro-
cess by taking into account customers’ preferences. While
the benefits of this solution in minimizing last-mile delivery
costs of e-grocery delivery have been established, the ap-
plication of this solution in different contexts remains un-
der-exanimated (Mangiaracina et al. 2019).

Crowdsourcing logistics is a term referring to the pos-
sibility of engaging people directly in the last-mile deliv-
ery process per se, by “<...> outsourcing the delivery of
the goods to “common” people that give their availabil-
ity for bringing the parcel from a point of collection, gen-
erally a warehouse or a store, to a point of delivery <...>"
(Lazarevi¢, Dobrodolac 2020). While the benefits of this so-
lution in minimizing last-mile delivery costs have been es-
tablished (Ghaderi et al. 2022; Kiba-Janiak et al. 2021; Bo-
sona 2020; Lazarevi¢, Dobrodolac 2020; Mangiaracina et al.
2019; Zhu 2019), further research is needed in order to bet-
ter assess the value of different crowdsourcing logistics
business models (Mangiaracina et al. 2019), given that the
application of this solution may incur negative externalities
(Simoni et al. 2020; Zhu, 2019).

Arguably, dynamic pricing and crowdsourcing logis-
tics cannot be considered as automation technology de-
livery solution per se, given that the former employs pric-
ing strategies, and the latter relies on human rather than
technological capital. However, the utilization of software-
based systems, especially the use of big data, has been
strongly associated with innovation. According to McKin-
sey, “<...> The use of big data — large pools of data that can
be brought together — will become the key basis of com-
petition and growth for individual firms, enhancing pro-
ductivity and creating significant value for the world econ-
omy <...>" (Chui et al. 2011). Hence, big data applications
will be examined in this study, even though their use aims
to optimize the delivery process before a parcel's dispatch.

Conceptualization

In order to analyse the previous findings provided by the
literature search, we organised the 3 distinct clusters de-
duced upon functional considerations. The proposed cate-
gorization was based on pragmatic considerations regard-
ing where the value of a given innovation lies. Among the
various existing technology solutions identified, some ap-
pear more related to the movement of parcels, introducing
innovative transportation means, while others are more
related to the final parcel delivery destination location. At
the same time, emerging technologies are being increas-
ingly used in several business processes, with a view on
optimizing the last-mile delivery. Such fundamental dif-
ferences in function should be taken under consideration
when attempting to make meaningful comparisons. Based
on the aforementioned and aiming to facilitate a compre-
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hensive understanding of each solution’s potential, we

have framed the 3 rationally deduced clusters as:

= autonomous/semi-autonomous delivery transport,

= autonomous/semi-autonomous final delivery destination
location;

= automation prior to dispatch.

Autonomous/semi-autonomous delivery transport — the
1st cluster of innovative solutions is discerned based on
the employments of complex machines operating autono-
mously or semi-autonomously during the delivery act. In
particular, researchers have explored the use UAV, autono-
mously driving robots and underground delivery.

The use of both UAVs and robots as optimization so-
lutions has been frequently examined in recent years. Re-
searchers have created analytical models based on the em-
ployment of drones or robots, with the aim of minimis-
ing last-mile delivery costs (Di Puglia Pugliese et al. 2021;
Aurambout et al. 2019; Silvestri et al. 2019) or introduc-
ing a sustainable delivery solution (Elsayed, Mohamed
2020). Nonetheless, insights on UAVs' practical application
are lacking, either in the form of surveys or interviews. Re-
search involving collaboration with companies that have
opted for the use of drones or robots (Hoffmann, Prause
2018) is fundamental in order to identify the practical chal-
lenges of their application. Moreover, given that the bene-
ficial impact of this solution towards reducing last-mile de-
livery costs appears well-established, further research fo-
cusing on customer acceptance as well as on their societal
impact could identify unforeseen complexities of their use.

Autonomous/semi-autonomous final delivery destina-
tion location — the 2nd cluster of automation solutions to
optimize the last-mile delivery process, is distinguished
based on applicable parcel drop-off location. Among
those, the most frequently studied appear to be the use
of parcel lockers or cabinets, reception boxes and custom-
ers' car trunks.

The use of parcel lockers appears to be the most fre-
quently studied automation solution. Surveys and inter-
views focusing on the customers' behaviour, offers valu-
able insights regarding factors that impact on their initial
intention to adopt this solution (Tsai, Tiwasing 2021; Zhou
et al. 2020), as well as factors that impact the continuation
of its use in the future (Vakulenko et al. 2019). Nonethe-
less, further research is needed as the majority of the exist-
ing literature is based on data from Asia. Furthermore, fu-
ture research could benefit from insights derived from ser-
vice providers in order to identify the practical challenges
of their application. Lastly, additional research is needed in
relation to destination locations owned by customers. Al-
though customer owned reception boxes and car trunks
can be assumed to have a direct impact on last-mile deliv-
ery cost-minimization, by eliminating the costs related to
parcel lockers provided by the company, the solutions cur-
rently remain understudied.

Automation prior to dispatch — the 3rd cluster is dis-
cerned based on the employment of automated data pro-
cessing as a means to optimize the last-mile delivery pro-
cess. Big data applications have the potential of strength-

ening innovation, by taking into account customer-related
information in order to map customer behaviour.

This cluster is perceived as substantially distinct; given
that it relates to processes aiming at delivery optimization
performed before the shipping of a parcel. Moreover, the
use of large amounts of customer-related information, sug-
gests that the involvement of customers is pronounced to
a greater extent when compared to the previous 2 clusters.
Big data applications in particular have been thoroughly
studied by the academia. Within the literature examined,
the Internet of Things has been identified as the principal
application of Logistics 4.0 (Winkelhaus, Grosse 2019), and
attention has been given to the increasing dependence of
SCM on big data use, the importance of data manipula-
tion capacity as well as on questions regarding data qual-
ity (Feng et al. 2017). Regarding the last-mile, researchers
have established that their use has a positive impact to-
wards cost minimization (Kiba-Janiak et al. 2021; Bosona
2020; Fosso Wamba 2022; Sarma et al. 2020; Dubey et al.
2019; Hahn 2020; Feng et al. 2017) based on the creation of
analytical and simulation models (Sarma et al. 2020; Shan
etal 2019; Zhang et al. 2019) as well as on survey data. Re-
garding the latter, future research oriented on customers’
behaviour could be valuable given that existing survey da-
ta are retrieved from companies and organizations (Dubey
et al. 2019; Hahn 2020; Saetta, Caldarelli 2020). At the same
time, differences between established and start-up compa-
nies (Hahn 2020) imply that the existing knowledge can be
further refined based on insights from company practition-
ers. On a different direction, the use of ICT has been associ-
ated with collaborative urban logistics, the optimization of
transport management and routing city logistics as well as
innovative mobility infrastructure (Ranieri et al. 2018). Fur-
ther examination of the combined application of ICT with
drones and ground robots in the last-mile delivery process,
will contribute to a better understanding of the Logistics 4.0
potential. Regarding crowdsourcing logistics, future re-
search on customers’ acceptance as well as insights from
company practitioners will be valuable, given that the so-
lutions are currently under-examined (Mangiaracina et al.
2019). Figure provides a schematic representation of the
constructs from 3 clusters proposed, reflecting the func-
tion that each solution identified is capable to optimize.

The construct on the new technologies as solutions to
optimize the last-mile delivery process was identified in
order to provide an initial overview of their application in
practice and their deriving merits as discussed in recent
literature. It appears straightforward that company-spe-
cific capabilities, as well as various contextual elements,
are likely to impact concomitantly on a company’s abili-
ty to employ a given solution. Table 1 provides an over-
view of the automation, robotization and intelligent solu-
tions identified in the literature explored. The volume of
the scientific output reflects the scientific community’s in-
terest on such innovations. Each study listed below pro-
vides valuable insights on a given solution’s properties, as
well as associated benefits and challenges of application.
Upon examination, those insights resulted in the proposed
functional categorization.



The proposed categorization between autonomous/
semi-autonomous delivery transport, autonomous/semi-
autonomous final delivery destination location and auto-
mation prior to dispatch appears well founded, primarily,
based on the fact that the clusters employ diverse tech-
nologies. There was not sufficient evidence from literature
to score or compare the undergoing different degrees of
automation, robotization, and intelligent systems integra-
tion in the last-mile, as the 3 innovative solutions may be
integrated to a greater or lesser extent at any of the clus-
ters. Nevertheless, the categorization is based in higher
predominance at each cluster.

In the 1st 2 clusters, robotics is directly interacting with
the end-customer introducing a significant shift in tradi-
tional last-mile transactions. The societal impact of each
cluster appears to be distinct, and as such can be assumed
to have a different effect on both industry and public ac-
ceptance, raising different questions of environmental and
regulatory implications. More importantly, given that ac-
cess to customer-related information or 3rd party involve-
ment may be required, the 3rd cluster is likely to prompt
diverse effects in relation to individuals, triggering ques-
tions of privacy and safety. Table 2 provides a summary of
the associated opportunities and challenges tied to each

Underground

UAVs ADRs !
delivery

Parcel lockers
or cabinets
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innovative solution, as identified in the literature assessed.

From our literature findings, most highlights go to the
opportunities although each solution is tied to a different
set of opportunities and challenges. Autonomous/semi-au-
tonomous delivery transport appears as the most complex
among the 3 clusters, given that it is associated to a wid-
er range of associated obstacles. In line with the remarks
made by Willcocks (2020) about the assumptions embed-
ded in the narrative that technology will provide solutions
to multiple problems, bringing massive benefits with few
barriers are corroborated by our findings. The aforemen-
tioned narrative trigged the aim of a twofold methodol-
ogy to embrace the argument side from practitioners and
researchers, given voice not only about opportunities but
also about challenges associated to automation, robotiza-
tion, and intelligent solutions in last-mile delivery.

3. Methodology

In order to identify which automation, robotization and
intelligent solutions technologies are viable as solutions to
address last-mile delivery inefficiencies, as well as the en-
suing opportunities and challenges associated to each par-
ticular solution, a number of distinct steps were undertaken.

Reception boxes or

customer’s car trunk Big data

A

» <
+ - )

\

/ - T d

Autonomous/semi-autonomous
delivery transport

Autonomous/semi-autonomous
final delivery destination location

Automation prior
to dispatch

Figure. Construct based on automation, robotization and intelligent solutions for last-mile delivery

Table 1. Construct description

Autonomous/semi-autonomous delivery transport

UAVs: Robots:
= aerial transport;
= unmanned vehicles

Robotization

et al. (2018); Ranieri et al. (2018)

Parcel locker/cabinets:
= automated solution;
= public location

Automation and
robotization

n ground transport;
= semi-autonomous/fully-autonomous vehicles | = unmanned vehicles

Reception boxes:
= automated solution;
= customer owned location

Underground delivery:
= underground transport;

Sources: Bosona (2020); Di Puglia Pugliese et al. (2021); Elsayed & Mohamed (2020); Xu et al. (2020); Aurambout et al. (2019);
Maghazei & Netland (2020); Mangiaracina et al. (2019); Silvestri et al. (2019); Zhu (2019); Hoffmann & Prause (2018); Maditati

Autonomous/semi-autonomous final delivery destination location

Car trunks:
= automated solution;
= customer owned location

Sources: Mucowska (2021); Tsai & Tiwasin (2021); Xu et al. (2020); Zhou et al. (2020); Mangiaracina et al. (2019); Vakulenko
et al. (2019); Zhu (2019); Maditati et al. (2018); Ranieri et al. (2018).

Automation prior to dispatch

Big data:
= human-centered digital technologies;
= various applications

Automation and
intelligent systems

Dynamic pricing:
= solution based on customers’ preferences

Crowdsourcing:
= solution based on people’s direct
engagement

Sources: Ghaderi et al. (2022); Kiba-Janiak et al. (2021); Mucowska (2021); Bosona (2020); Fosso Wamba (2022); Lazarevi¢ &
Dobrodolac (2020); Saetta & Caldarelli (2020); Sarma et al. (2020); Simoni et al. (2020); Shan et al. (2019); Viu-Roig & Alvarez-
Palau (2020); Xu et al. (2020); Dubey et al. (2019); Hahn (2020); Mangiaracina et al. (2019); Winkelhaus & Grosse (2020);

Zhang et al. (2019); Zhu (2019); Florio et al. (2018); Maditati et al. (2018); Ranieri et al. (2018).
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Table 2. Conceptualization of opportunities and challenges associated to automation, robotization, and intelligent solutions

Automation, robotization,
and intelligent solutions

Opportunities

Challenges

Autonomous /semi-
autonomous delivery
transport

UAV (drones)

cost reduction;

congestion reduction;

carbon footprint reduction;
autonomous/semi-autonomous navigation

regulatory challenges;

eradication of human-to-human

interaction

Autonomous driving cost reduction;

robots

cost reduction;

Underground delivery

Autonomous/semi- | Parcel lockers/cabinets cost reduction
autonomous final
delivery destination

location

cost reduction

Reception boxes /
customer’s car trunk

Automation prior to | Big data cost reduction;

dispatch

tion);

carbon footprint reduction;
autonomous/semi-autonomous navigation

regulatory challenges;
eradication of human-to-human
interaction

congestion reduction;
carbon footprint reduction
autonomous/semi-autonomous navigation

eradication of human-to-human
interaction

eradication of human-to-human
interaction

regulatory challenges

congestion reduction (via order consolida-

= carbon footprint reduction (via order consoli-
dation, minimization of failed deliveries)

The study followed a structured approach with the pur-
pose of providing a literature assessment on existing in-
novative technologies as well as their feasibility as last-
mile optimization solutions, based on existing scholarly
understanding. Upon assessment of the findings from the
studies examined, we were able to synthesize a framework
based on considerations of functionality. The creation of
this functional overview facilitated further evaluation of the
acquired insights bot by academics and company practi-
tioners. In the next step, the results were communicated
and further insights were gained by means of a workshop,
engaging MSc researchers in the field of SCM, and rep-
resentatives of logistic companies. A scientific researcher
and a project manager (involved in the production of this
article) of an innovation institution acted as facilitators
of the workshop and performed the data collection. The
workshop was designed with the aim of initiating a dia-
logue among different stakeholders regarding the op-
portunities and challenges tied to each particular solution
examined. The insights gained during the workshop were
further assessed and utilized as input for the production
of this research.

3.1. Phase A: literature search

Initially, the unit of analysis was defined as a scientific ar-
ticle, published in a peer reviewed international journal
in 2019 or recently, written in English and excluding grey
literature. Subsequently, a pre-selection of articles from
library databases was performed, via the use of a set of
keywords and their combination, namely Logistics 4.0; in-
novative solutions in last-mile delivery; automation in last-
mile delivery; robotization in last-mile delivery. Among the

articles found, the most cited were further distinguished,
based on the assumption that “<...> the citation of an arti-
cle reflects the acceptance degree of the research, which is
viewed as a significant indicator to measure the influence
of a publication<...>" (Feng et al. 2017). Further refinement
was conducted via the examination of each article’s ab-
stract, allowing for the identification of content more rele-
vant to the scope of the analysis, namely articles discussing
particular solutions per se, rather than jointly. Following
the identification of the more relevant and a subsequent
detailed examination of their content, a snowball search
was performed based on each article's references, while
extending the period of publications to 2018. In total,
33 articles published in scientific journals were examined.

3.2. Phase B: literature analysis

Upon conclusion of the previous step, several automation,
robotization and intelligent solutions had been identified.
A more nuanced look on each solution’s particular proper-
ties and characteristics revealed several points of conver-
gence among some, primarily based on the type of tech-
nology used, as well as depending on distinct segments
of last-mile delivery logistics. The examination resulted
in a functional overview allowing for further evaluation.
The proposed categorization comprises of 3 functional
clusters, namely autonomous/semi-autonomous delivery
transport, autonomous/semi-autonomous final delivery
destination location and automation prior to dispatch. By
examining the differences among the solutions found, we
were able to gain a 1st indication of existing opportuni-
ties and challenges, which in turn acted as a measure of
internal validity for the analysis of the workshop's results.



3.3. Phase C: workshop with practitioners

In order to facilitate the integration of theory and prac-
tice, a workshop was organized under the Holland Robot-
ics Logistics Research Consortium. The main objective of
the workshop was to identify opportunities and challenges
of automation in the last-mile delivery, seeking to inte-
grate the research pursued with practitioners and empiri-
cism of technological innovations. Involving practitioners
in academic studies is beneficial since they contribute in
the sense making of the findings (Mangiaracina et al. 2019;
Shani et al. 2017), and they allow to get useful insights
about the results. Their contribution was twofold: they
validated both the framework emerged from the litera-
ture (identify the effects of automation in last-mile delivery
solutions) and the gaps (highlighting new opportunities
and challenges that are interesting not only for academics
but for companies).

Workshop design and tools: the workshop convenes
a diverse array of participants, encompassing representa-
tives from prominent industry players such as Stockspots,
Probotics, UPS, IM Efficiency, and VinciTech. Notably, each
of these companies is actively engaged in the development
and/or deployment of automation, robotization, and intel-
ligent solutions within the delivery domain. Complement-
ing this industry presence were 6 adept MSc researchers
hailing from the Maastricht University School of Business
and Economics (SBE), their expertise finely tuned to the in-
tricacies of last-mile logistics. Accompanying and moder-
ating it was a dedicated post-doctoral researcher from SBE,
alongside a project manager affiliated with the Maastricht
University Brightlands Institute for Supply Chain Innovation
(BISCI). Collectively, these researchers and industry stake-
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holders harbour a shared goal: to facilitate and enrich the
comprehension of the potential, drivers, and hurdles en-
tailed in the incorporation of robotics within logistics, with
a particular emphasis on the nuances of last-mile delivery.

To identify appropriate actions required to foster the
development and implementation of robotics solutions in
logistics with attention to the last-mile delivery with the in-
sights of both academics and practitioners, data were col-
lected from transcripts of the discussions, Jamboard and
Mentimeter tools outputs and subsequently analysed. This
article's authors then analysed the data based on an iter-
ative process with ATLAS.ti.8.0 (https://atlasti.com). 2 re-
searchers independently coded and analysed the qualita-
tive transcriptions in the database and compared coded
data to ensure consistency (Barratt et al. 2011).

We 1st identified the core concepts of common knowl-
edge from a managerial perspective, which helped us to
clarify the gaps between academic and practical field. Sub-
sequently, both opportunities and challenges were catego-
rized and analysed, based on supply and demand perspec-
tives for opportunity and challenges, separately. We clas-
sified the opportunities and challenges from our data set
as "representation” (1st-order), and summarized the char-
acteristic of the “opportunity impact” and “challenge re-
quirement” as “Theme"” (2nd-order). Accordingly, the over-
arching dimensions, for instance internal development or
societal concern, were formulated based on the input data
(Table 3). For example, the quotation “These technologies
can improve, obviously, supply chain agility and cost sav-
ings and so on” addressed the opportunity with possible
benefit of “agility” and “cost saving”, is a “representation”
coded as "1st-order”. Regarding the “themes” mentioned,
e.g., agility, cost saving, are identified as “2nd-order”.

Table 3. Opportunities of automation, robotization and intelligent systems

Representations (1st-order)

The beneficial results and optimization in one part of the last-mile logistics. In general, it will have

a positive effect on the other parts of the last-mile delivery.
Manager A

Logistics for delivery would be have a beneficial effect on the fulfiiment, for example, the warehouses.

Manager A

Robotization will accomplish deliver within 10...15 min.
Manager B

These technologies can improve, obviously, supply chain agility and cost savings and so on.

Manager C

These technologies can improve, obviously, supply chain agility and cost savings and so on.

Manager C

There were a great opportunity for sustainability, less emissions, less costs. Manager D

It will become so amazing and efficient what would be the impact on local shops, | mean it's already

right now with COVID-19, we can see that.
Manager C

We were mostly talking about the parcel lockers, and so there were a great opportunity for

sustainability, less emissions, less costs.
Manager D

Now we're lucky in the human resources and what we can do with that and will the automation there
will be the answer to this issue or not so that's what we were discussing you know.

Manager A

Themes Overarching

(2nd-order) dimensions
structural internal
efficiency development
warehouse
utility
distribution
efficiency
supply chain
flexibility
cost and
profit
competition | social spill-
and over effects

development

sustainability

human
resource


https://atlasti.com
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According to the stakeholders, the potential benefits, such
like “cost & profit” and “structural efficiency” (2nd-order)
are all contributing to a development within company (“In-
ternal development”), while, “sustainability” and "human
resource” (2nd-order) are influencing the external socie-
ty (“social-spillover effect”). Therefore, “internal develop-
ment” and “social spill-over effect” were categorized sep-
arately. Accordingly, the overarching dimensions, namely
internal development and social-spillover effects were for-
mulated based on the input data. In sum, 9 themes were
identified.

Similar as opportunity part, we identified the challeng-
es from our data set as “representation” (1st-order), and
summarize the characteristic of the challenge requirement
as “theme” (2nd-order). Accordingly, the overarching di-
mensions are illustrated, i.e., technical requirement, social
concern are demonstrated on Table 4. For example, quo-
tation “3 main challenges, so the 1st one being the vehi-
cle one, for autonomous driving ground vehicles, if they
are allowed, etc.” addressed the challenge of uncertainty
or risk “if they are allowed” from legal perspective, which is
a “representation” coded as “1st-order”. While the “theme”
of it mentioned can be identified as “standard and permis-
sion”, which is “2nd-order”. In total, 5 themes are identi-
fied. According to the potential develop it required, “cus-
tomer experience” and “safety reliability” are requiring
a development of technic (“technical requirement”), while,
"working opportunity” and “standard and permission,” de-
mand the concern of the whole society ("society concern”).
Therefore, “technical requirement” and “society concern”
are categorized separately.

4. Results

4.1. Results from the literature
search and analysis

Following a systematic review approach, several existing
automation, robotization and intelligent technologies ad-
hering to last-mile delivery were identified, namely UAV,

autonomously driving robots, underground delivery, par-
cel lockers, reception boxes, customer’s car trunks, big
data, dynamic pricing and crowdsourcing logistics. The
aforementioned technological advancements manifest
the state-of-art of technological innovations deemed vi-
able as last-mile logistics solutions in recent literature.
After thoroughly assessing each solution’s properties and
characteristics, a functional categorization is proposed as
a framework for further evaluation. The proposed frame-
work categorizes the literature findings by distinguishing
among 3 clusters, namely autonomous/semi-autonomous
delivery transport, autonomous/semi-autonomous final de-
livery destination location and automation prior to dispatch.
This framework facilitates a better understanding of the
different types of automation, robotization and intelligent
solutions encountered via the literature assessment, by
elaborating on how each innovation is expected to op-
timize supply chains. The solutions encountered impact
distinct last-mile segments and are created to improve
different aspects of the last-mile delivery process. The
proposed framework facilitates a better understanding of
the corresponding opportunities and challenges relevant
to each innovation's implementation based on empirical
results. Then from the workshop we identified the core
opportunities of automation, robotization and intelligent
systems as well as the core challenges of their application,
as perceived from both scientific experts and company
practitioners.

4.2. Results from the workshop

The qualitative data from the workshop was analysed,
from transcripts of the discussions, Jamboard and Mentim-
eter tools outputs. The Mentimeter word cloud visualiza-
tion assisted in swiftly gathering data from their audience.
This technique effectively emphasizes the most prevalent
responses and presents the information in a manner ac-
cessible to all. Visualization of the concepts explored the
extension of the basic data with additional information
and interactive features to transform it into a powerful

Table 4. Challenges of automation, robotization and intelligent systems

Representations (1st-order)

The mindset of the people in order to make flexible hypes. Less flexibility.

Manager D

Whenever we automate this locker process, perhaps we need to redesign them for budget, and then

we will also bring a better customer experience by human service.
Manager D

Some other points we came up with like with these autonomous vehicles, the road safety and so on.

Themes Overarching
(2nd-order) dimensions
service technical
flexibility requirement
customer
experience

safety reliability

Manager C
| think some important challenges are probably like the social impacts of such technologies, let's say | working societal
jobs. opportunity concern
Manager C

3 main challenges, so the 1st one being the vehicle one, for autonomous driving ground vehicles, if

they are allowed, etc.
Manager D

Also legal constraints, for example, especially in Germany with drones.

Manager C

standard and
permission

standard and
permission



tool for text analytics. The word cloud is used to illustrate
an overview by distilling text down to those words that
appear with highest frequency (Heimerl et al. 2014). To
capture the main characteristic of automation in last-mile
deliver, a “word cloud” was created using the workshop
data. Besides the main concepts of “last-mile” and “de-
livery”, the main 3 recurring elements during the work-
shop discussion were “beneficial”, “challenge” and “tech-
nologies”. Trying to present a holistic framework from the
concepts of practice to academic structural category, we
make a usage of the results from theoretical conclusion to
managerial application.

The advantages of automation, robotization and intel-
ligent systems have also been noticed in the new stage
of post-COVID-19. On the one hand, automation provides
new solutions and methods to solve different versions of
VRP, namely defining the optimal route to deliver a set of
parcels to dispersed destinations, increasing the possibility
of sustainability optimized (Geetha et al. 2013). On the oth-
er hand, automation solutions enable companies to over-
come traditional limits, such as the inability to saturate the
transportation mean, or the high probability of failed deliv-
eries and less human contact/service (Mangiaracina et al.
2019; Lim et al. 2018). Although the advantages of automa-
tion, robotization and intelligent systems appear obvious,
in order to implement a new technology, or adopt a sys-
tematic change in the last-mile delivery, clarifying what are
the "benefits”, i.e., opportunities, from a managerial per-
spective is fundamental.

By analysing the input obtained during the workshop,
this research adds to the current discussion on the intro-
duction of automation, robotization and intelligent sys-
tems in last-mile delivery, by identifying connected oppor-
tunities and challenges as perceived by logistics providers.
As a 2nd contribution, relevant applications and sugges-
tions are provided from a managerial perspective.

4.2.1. Opportunities: internal development
and social-spillover effects

Internal development: In line with the previous research,
innovative solutions aimed at increasing the efficiency of
last-mile delivery, the improvement of efficiency that au-
tomation, robotization and intelligent systems brings is the
1st highlight (Mangiaracina et al. 2019). It reflects on not
only the warehouse utility, but also distribution efficien-
cy. As managers addressed, “logistics for delivery would
have a beneficial effect on the fulfilment, for example, the
warehouses”, “robotization will accomplish deliver within
10...15 min”. In addition, structural efficiency would de-
velop according to the optimization of last-mile delivery,
which was seen as a positive opportunity as systematic im-
provement. The MSc researchers participating in the work-
shop approved that the benefit of parcel lockers solution
(automation in final destination) is straightforward, as it is
minimizing last-mile delivery costs (Kiba-Janiak et al. 2021;
Bosona 2020). Flexibility is another concerned opportunity
from managers’ perspective, as researchers approved that
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UAVs, ie., drones, can navigate to such a destination and
deposit a parcel by means of an embedded GPS (Dorling
et al. 2016), and subsequently return to their point of de-
parture following the delivery.

Social-spillover effects: Opportunities exist not only
from the within-system development, but also the impact
of the whole society, i.e., social-spillover effects. With high-
er performance expectancy from automation, robotization
and intelligent systems, more competition emerged in the
whole industry, that contributes to the development of the
service quality and logistics efficiency (Kapser, Abdelrah-
man 2020). Except from the benefits of the UAVs solution
in minimizing last-mile delivery costs, a number of insights
are also available regarding their contribution towards en-
vironmental sustainability and their potential to reduce
the GHG emissions (Elsayed, Mohamed 2020). As manag-
er mentioned “there were a great opportunity for sustain-
ability, less emissions, less costs”. Likewise, big data can be
utilized to create load consolidation centres (Bosona 2020;
Saetta, Caldarelli 2020), triggering the solution that con-
tributes towards lower energy usage, lower carbon emis-
sions in addition to automated last-mile delivery.

4.2.2. Challenges: technical requirement
and societal concern

Many scholars agree that the most critical logistic process
is the last-mile delivery. In particular, due to the challeng-
ing target service levels, the small dimension of orders
and the high level of dispersal of destinations, last-mile
delivery is the least efficient and most expensive part
of the delivery process (Macioszek 2018). Meanwhile,
compared to B2B market, B2C opens new challenges for
companies, which have to manage additional issues (Man-
giaracina et al. 2019; Lim et al. 2018). One of these is
the higher complexity of the logistics activities, and the
intangibility of customer connection, which may lead to
the whole failure or success of supply chain. In addition to
this, as an uprising technique, the implementation of au-
tomation, robotization and intelligent systems in logistic
industy itself already has a great space for improvement
and a well concern for industry adaption (Mangiaracina
et al. 2019; Ranieri et al. 2018). However, the complexity
of last-mile delivery leads to more difficulty of adoption
on this new technology. Companies are urgently desir-
ing to better understand the challenges they are facing,
which will help them, and even more stakeholders from
all society, to understand how and what to contribute for
automation, robotization and intelligent systems in last-
mile delivery.

Technical requirement: Still some problems need to be
solved from technic level, e.g., service flexibility, custom-
er experience and safety reliability. Automation, robotiza-
tion and intelligent solutions can be distinguished with the
involvement of efficiency, but can also be challenged be-
cause of human factor. Researchers argued that such au-
tomation solutions may eradicate face-to-face human in-
teraction of customers and couriers and thus can be distin-
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guished from the similar solution of pick-up points. Con-

sequently, the customer experience would be challenged

(Mucowska 2021). A Manager D indicated: “whenever we

automate this locker process, perhaps we need to rede-

sign them for budget, and then we will also bring a better
customer experience by human service”. Results showed
that managers considers flexibility as both opportunity and
challenge (Table 3 and Table 4). “"Robotization” and “hu-
man”, which is more flexible to overcome obstacles, which
is more reliable from safety concern when it comes to last-
mile delivery? Debates as above are still advancing, if the
technology development could overcome those weakness
is a big challenge researchers and engineers are facing.
Societal concern: In fact, if not widely accepted by the
public from safety and reliability, the development can be

a substantial waste of resources for logistics service pro-

viders and vehicle developers alike (Chen et al. 2018; Davis

1989). Therefore, it is necessary for researchers to evaluate

user acceptance in last-mile delivery early in the develop-

ment process. 2 main societal concern are summarized ac-
cording to our results:

m release human labour could be both opportunity and
challenge. With the release of human labour, some man-
agers described their worry about the demand of human
resource in labour market. Manager C addressed, “I think
some important challenges are probably like the social
impacts of such technologies, let's say jobs” Therefore,
how the balance between the advantage of releasing
human labour and disadvantage potential unemployed
crisis still needs further research;

m further standards of permission and regulations are
needed for automation in last-mile delivery. As manager
pointed out, the 1st challenge “for autonomous driv-
ing ground vehicles” is “if they are allowed” and “legal
constrains”. In another word, legal permission and clear
standard instructions are still lacking in automation and
robotic implementation, especially in last-mile delivery.

5. Analysis and discussion: roadmap
for future research

The joint participation of company practitioners and mem-
bers of the scientific community in the workshop resulted
in valuable insights on opportunities and challenges rel-
evant to enable automation, robotization and intelligent
systems in the last-mile delivery. Those findings were as-
sessed in conjunction to the results acquired by means
of the previously conducted literature review. The evalua-
tion facilities a more comprehensive understanding of the
complexities related to each solution’s implementation, by
identifying existing differences among autonomous/semi-
autonomous delivery transport, autonomous/semi-auton-
omous final delivery destination location and automation
prior to dispatch. The discussion in the sequence rationales
the existing opportunities and challenges linked to each
innovative solution found.

5.1. Opportunities: internal development
and social-spillover effects

Representing the state of the art of innovative technolo-
gies viable in the last-mile delivery, it is not surprising to
observe that the majority of the solutions identified are
closely correlated with the majority of the opportunities
discerned when analysing the qualitative workshop data.
To be specific, the innovative solutions classified under the
1st cluster related to an autonomous/semi-autonomous de-
livery transport, namely the use of either drones, robots
or underground delivery, are likely to contribute towards
almost all the internal development opportunities relevant
to the internal working of a company. Hence, these set of
solutions demonstrated on Table 5 are expected to posi-
tively affect a company’s structural efficiency, distribution
efficiency, supply chain flexibility and cost and profit. While
the employment of drones, robots or underground deliv-
ery does not appear to be related directly to warehouse
utility, insights from company practitioners demonstrate
that an autonomous delivery process is likely to contribute
indirectly towards a more optimal use. Similarly, neither
the innovations related to an autonomous/semi-autono-
mous final delivery destination location, nor automation
prior to dispatch is directly linked to warehouse utility.

One applicable exception however appears to be the
use of big data, which can be employed in the creation of
load consolidation centres. The 2nd set of opportunities
identified is associated with the broader society rather than
the internal workings of a company, triggering a number
of social-spillover effects. All the innovative solutions iden-
tified are likely to prompt both sustainable outcomes as
well as competition and development, thus their value in
optimizing last-mile logistics remains undisputed. None-
theless, while assessing solutions of autonomous/semi-au-
tonomous final delivery destination location and software-
based data processing systems, it becomes evident that
they are not strongly correlated to a more efficient and ef-
fective human resource management, in contention to an
automated delivery process, which substitutes the human
capital with robotics applications.

5.2. Challenges: technical requirements
and societal concern

The differences between each innovative solution iden-
tified become more evident when examining the associat-
ed challenges, which are manifested diversely in each clus-
ter. Regarding the challenges classified as technical require-
ments, service flexibility appears as the most crucial one,
correlated to all the 3 clusters identified and the innovative
solutions classified under those. This fact is not surprising
given from a managerial perception, the challenge mani-
fests the mindsets of people with regards to automation,
robotization and intelligent systems. Equally important,
customer experience is a challenge associated to both the
autonomous/semi-autonomous delivery transport and au-
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Table 5. Enabling opportunities for automation, robotization and intelligent systems in the last-mile delivery

Opportunity

Autonomous/semi-autonomous

Overarching dimension .
delivery process

Internal Structural
development | efficiency mile logistics will have a positive
effect on other parts via the use
of UAVs, robots and underground

delivery systems.

Warehouse
utility
Distribution | Robotization via the use of UAVs,
efficiency robots and underground delivery
systems will accomplish delivery
within 10...15 min.
Supply chain | The use of UAVs, robots and
flexibility underground delivery systems can
improve, obviously, supply chain
agility and cost savings.
Cost and The use of UAVs, robots and
profit underground delivery systems can
improve supply chain agility and cost
savings and so on, while there were
a great opportunity for sustainability,
less emissions, less costs.
Social spill - | Competition |The use of UAVs, robots and
over effects |and underground delivery systems will

development

especially in the COVID-19 era.

The use of UAVs, robots and
underground delivery systems is

Sustainability

a great opportunity for sustainability,

less emissions, less costs.

The use of UAVs, robots and
underground delivery systems can

Human
resource

answer issues related to shortage of

labour.

tonomous/semi-autonomous final delivery destination loca-
tion, underlying the importance of customers' willingness
to accept and use innovative solutions that has captured
the interest of experts in the field. In contrast, customer ex-
perience does not manifest as a pivotal challenge regard-
ing the application of Software-based data processing sys-
tems. This might be explained by the fact that the solutions
being part of this cluster do not introduce direct human-
machine interactions, thus the customers evidence the use
of new technologies less forcefully. Safety reliability is an-
other challenge associated with the direct employment of
robotics during a parcel's delivery or acquisition. Although
the application of drones and robots appears promis-
ing, safety issues, especially in urban areas is perceived as
a critical challenge. In a similar angle, safety issues may al-
so derive from big data applications, manifested as priva-

Optimization in one part of the last-

become amazing and efficient, what
would be the impact on local shops,

Type
Autonomous/semi-autonomous
final delivery destination
location

Parcel lockers, reception boxes
and customer car trunks
optimize structural efficiency
of a final delivery destination
location.

Parcel lockers, reception
boxes and customer car
are solutions to distribution
efficiency.

The use of parcel lockers,
reception boxes and customer
car trunks can contribute
towards supply chain
flexibility.

The use of parcel lockers,
reception boxes and customer
car trunks has beneficial
effects on cost and profit.

The use of parcel lockers,
reception boxes and customer
car trunks is likely to trigger
competition and development.

The use of parcel lockers,
reception boxes and customer
car trunks can achieve

more sustainable outcomes
compared to traditional
delivery methods.

Automation prior to dispatch

Big data, dynamic pricing
and crowdsourcing are
technological solutions to
support structural efficiency.

Logistics for delivery, big data
applications in particular,
would be have a beneficial
effect on warehouse fulfilment.

Big data, dynamic pricing and
crowdsourcing can optimize
distribution efficiency.

The employment of big

data, dynamic pricing and
crowdsourcing can contribute
towards supply chain
flexibility.

The employment of big

data, dynamic pricing and
crowdsourcing has beneficial
effects on cost and profit.

The employment of big
data, dynamic pricing and
crowdsourcing is likely to
trigger competition and
development.

The employment of big

data, dynamic pricing and
crowdsourcing

can achieve more sustainable
outcomes compared to
traditional delivery methods.

cy safety of individual data as demonstrated on Table 6.

To overcome the challenges related to automation, ro-
botization and intelligent solutions for last-mile delivery
classified as technical requirements, namely service flexi-
bility, customer experience and safety reliability of the, in-
vestment in R&D is still the main solution. When it comes
to automation, robotization and information technology,
more efficiency and less input solutions are expected natu-
rally. To satisfy the higher expectations and overcome the
weakness of lacking human hospitality service experience,
more developed and innovative design is required based
on technology supporting. To decrease the probability of
failed delivery and increase the efficiency of logistics, not
only the customer density, delivery automation, delivery-
home distance, etc., but also last-mile service with reliabil-
ity and robustness needs more technic support.
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Table 6. Challenges of automation, robotization and intelligent systems in the last-mile delivery

Challenges

Autonomous/semi-autonomous
delivery transport

The use of UAVs, robots or
underground delivery systems is
contingent to the mindset of the
people in order to make flexible
hypes.

Overarching dimension

Technical Service
requirement | flexibility

Customer The use of UAVs, robots and
experience | underground delivery systems is
contingent on customer satisfaction.
Safety The use of UAVs and robots may
reliability trigger safety questions.
Societal Working Labour implications related to
concern opportunity | autonomous driving, etc.
Standard Legal constraints especially with

and drones impacts viability. Lacking of

permission | a clear instruction and permission
from government contribute to the
postponement of implementation.

On a different angle, the analysis reveals that the in-
novative solutions classified under the 1st cluster, namely
the autonomous/semi-autonomous delivery transport, are
the ones likely to trigger societal concern. The employment
of robotics is perceived as a challenge, on the basis that
their use will make redundant the human capital tradition-
ally performing the delivery of a parcel to the end-custom-
er. On the contrary, similar concerns are less likely to be
manifested less forcefully in relation to autonomous/semi-
autonomous final delivery destination location innovations,
or the application of software-based data processing sys-
tems. In a similar vein, the lack of standard and regulation
is perceived as a challenge, hindering the adoption of in-
novative solutions by companies as well as their accept-
ance by the public. The novel character of the technolo-
gies establishing an autonomous/semi-autonomous deliv-
ery transport might explain the absence of such standards.
Hence, even though further regulation is needed in order
to address deriving complexities such as traffic require-
ments or liability issues in the event of accidents, the situ-
ation is likely to improve in the future. Likewise, adequate
regulation is also needed in relation to big data applica-
tions. Given the likely involvement of 3rd parties, legisla-
tors must ascertain individual rights regarding access re-
quirements, as well as sound usage and manipulation.

In order to overcome the aforementioned societal chal-
lenges, increasing legitimacy is indispensable, given that
inadequate industry standards and regulation lead to
a more hesitant implementation of automation, robotiza-
tion and intelligent systems in last-mile delivery. Leading
companies are stepping in the new field of automation,
robotization and intelligent systems with various innova-
tive logistics solutions, however, the companies who are
following the top group are still in the attitude of watching

Autonomous/semi-autonomous
final delivery destination location

Further regulations and standard
should be explored to lead the
behaviour in industry.

Type

Automation prior to dispatch

The use of parcel lockers, reception | The employment of big data
boxes and customer car trunks is
contingent on the mindset of the
people in order to make flexible
hypes.

is contingent on the mindset
of the people in order to
make flexible hypes.

Redesigning parcel lockers,
reception boxes and customer car
trunks is contingent on customer
satisfaction.

The employment of big data
may raise customer data
privacy questions.

Less human labour is demanded,
which leads to a structural diminish
of labour market.

The employment of big data
is contingent upon existing
regulations and standards.

and waiting. Based on the experience of existing innova-
tion solutions, principles or standards by which behaviours
and operations would be judged or decided are strongly
demanded.

Research and evaluation of the social impact, especially
from labour market and efficiency development perspec-
tives, are considered equally important. Academic knowl-
edge should be considered in conjunction with practical
insights in order to achieve the best possible outcomes.
Lacking the research and evaluation of social impact of la-
bour marketing, is likely to reinforce panic feelings from
public, when it comes to automation, robotization and in-
telligent systems in last-mile delivery. Releasing human
capital is the opportunity that technology provides, but
should not be the problem that efficiency improvement
brings. Consequently, how to balance the transformation
of a structural change in labour market is a crucial ques-
tion, because of automation, robotization and informa-
tion technology, needs to take under consideration each
individual's welfare as well.

6. Conclusions

This research achieved the main purpose of propose
a roadmap regarding viable automation, robotization and
intelligent solutions to the last-mile delivery. By identifying
and assessing each solution's properties and characteris-
tics, we were able to assess their value for market imple-
mentation. Among the various innovative solutions found,
we discerned 3 main clusters based on the functional
characteristics of each solution, namely an Autonomous/
semi-autonomous delivery transport, solutions relevant to
the autonomous/semi-autonomous final delivery destina-
tion location, and automation prior to dispatch based on



big data processing systems; an insightful categorization
that enabled further evaluation. The reasoning of Assump-
tion 1 (automation, robotization and intelligent solutions
are viable in last-mile logistics) and Assumption 2 (mak-
ing automation, robotization and intelligent systems vi-
able in last-mile logistics is influenced by opportunities and
challenges related to the implementation) could them be
framed with answers.

Assumption 1: Are automation, robotization and intel-
ligent solutions are viable in last-mile logistics? The col-
laborative endeavour between representatives from the
logistics provider sector and members of academia sub-
stantiates the validity of Assumption 1. By pooling insights
and expertise, a comprehensive panorama emerges, illumi-
nating the feasibility of integrating automation, robotiza-
tion, and intelligent solutions within the intricate landscape
of last-mile logistics. This synthesis of viewpoints under-
scores the potential of these innovative technologies to re-
shape the delivery landscape, enhancing efficiency, speed,
and overall performance. The findings emanating from this
collaborative synthesis convincingly establish the viability
of implementing automation, robotization, and intelligent
systems in the context of last-mile logistics. The amalga-
mation of real-world operational experiences and scholarly
insights fortifies the notion that these solutions are not just
theoretical constructs, but practical tools that can signifi-
cantly elevate the final leg of the supply chain.

Assumption 2: Is viability of automation, robotization,
and intelligent systems in last-mile logistics influenced by
opportunities and challenges related to the implementa-
tion? The collaborative discourse, as encapsulated by the
dialogue between logistics provider representatives and
academia, articulates the nuanced interplay of opportuni-
ties and challenges inherent in Assumption 2. The collec-
tive exploration discerns that the journey toward rendering
automation, robotization, and intelligent systems practica-
ble within last-mile logistics is characterized by a dynamic
interplay between promising prospects and complex hin-
drances. The synthesis of perspectives brings to the fore
a multifaceted landscape where innovative solutions bear
the potential to revolutionize last-mile delivery. Simulta-
neously, the endeavour shines a spotlight on the intricate
network of challenges that must be negotiated for success-
ful implementation. The collaborative endeavour reveals
that these challenges vary significantly across different so-
lutions, manifesting in technical, operational, and even so-
cietal dimensions.

Hence, the joint inquiry underscores the imperative for
in-depth research that delves into the specific challenges
that each innovative solution within the realm of automa-
tion, robotization, and intelligent systems presents. This
dual focus on technical feasibility and societal implications
serves as the bedrock for a holistic comprehension of the
path forward. The collaborative dialogue paves the way for
an informed pursuit of these transformative technologies,
weaving together the opportunities and challenges into
a cohesive narrative that shapes the future of last-mile lo-
gistics.

A. Saraceni et al. Viability of automation, robotization and intelligent systems in the last-mile delivery: a roadmap for future research

By means of a collaborative process among logistics
provider representatives and members of the academia, we
provide a comprehensive synopsis of the relevant oppor-
tunities and challenges associated to the application of the
innovative solutions. We thus were able to answer the main
research question of "how to propose a roadmap of auto-
mation, robotization and intelligent systems associated to
viable implementation in the last-mile delivery?” (demon-
strated and analysed in Section 5). The results demonstrate
that although the beneficial impact of automation, roboti-
zation and intelligent systems in the last-mile delivery ap-
pears well-established, each particular solution identified
is tied to a different number of straining factors. Hence,
further research focusing on associated challenges is in-
dispensable, both regarding technical requirements of ap-
plication as well as regarding emanating societal concerns.

From a managerial perspective, this study presents not
only a comprehensive overview of viable innovative solu-
tions that may be implemented, but also insights on key
aspects likely to increase the effectiveness of their applica-
tion. Specifically, practitioners should focus on increasing
customers’ willingness to accept and use automation, ro-
botization and intelligent solutions, especially in cases that
involve direct human-robot interaction. Equally important,
companies should put an emphasis in securing and ensur-
ing customer safety expectations, in relation not only to
the selected autonomous and semi-autonomous robots,
but also in relation to big data applications.

It is vital to recognize that numerous aspects of the
aforementioned contributions extend beyond the con-
fines of last-mile delivery. They can be applicable to vari-
ous stages within the logistics chain that are undergoing
different degrees of automation, robotization, and intel-
ligent systems integration. Nevertheless, in the context of
this research, our methodological approach was intention-
ally concentrated on the realm of last-mile delivery. Al-
though the specific focus could be seen as a limitation, the
insights gained from our contribution hold the potential to
be advantageous for forthcoming studies not only within
the last-mile niche but also across 1st-mile logistics, SCM,
and broader logistic chain domains.

The results provide an overview of what has to be con-
sidered in the decision-making process by developers, lo-
gistic service providers and other companies interested in
implementing innovative solutions for automation, roboti-
zation and intelligent systems in the last-mile logistics. In-
vesting in R&D, establishing industry standards and regu-
lation as well as additional scientific insights on the iden-
tified challenges are considered as a prerequisite in order
to increase the societal acceptance of automation, robot-
ization and intelligent solutions and mitigate unforeseen
complexities of their use.
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