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The development of the Internet has accelerated the development of electronic commerce, which has led to changes
in the management of supply chains and logistics. Unlike traditional shopping trips, there is a need for home deliveries
and appropriate logistics systems for their implementation. To overcome new challenges and achieve process
efficiency and the quality of home delivery service, there is a need for individual or integrated application of various
Industry 4.0 technologies such as the internet of things, additive manufacturing, autonomous vehicles, blockchain,
big data, data mining, artificial intelligence, virtual and augmented reality, etc. Accordingly, this paper aims to provide
a comprehensive overview and description of the application of technological solutions of Industry 4.0 in home
delivery. This goal is achieved through a comprehensive literature review on the topic. The results indicate that
although a large number of studies in the literature dealt with the application of individual or integrated Industry 4.0
solutions in home delivery or last-mile logistics, a comprehensive review of the application of existing solutions in
home delivery has not been carried out so far. This is thereby the main contribution of this paper. Overview of the
technologies application provides a basis for identification of those that have the widest possibilities and generate
the most positive effects, and should thus be the focus of future studies and development plans.
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1 INTRODUCTION

History was marked by numerous revolutions, which changed its course in the political, social, economic, and cultural
context. Some of the most significant changes in the world in recent centuries were brought about by industrial
revolutions. The peak of industrial and technological innovations so far is the emergence of the Internet and,
subsequently, technological solutions of Industry 4.0, such as the Internet of Things (loT), additive manufacturing,
drones, etc. The appearance of these technologies greatly influenced everyday life, trade and logistics. The
development of the Internet has accelerated the development of electronic commerce, which has led to changes in
supply chain management and logistics. In fact, in contrast to traditional shopping trips, there is a need for home
deliveries and appropriate logistics systems for their implementation. The new challenges require the application of
adequate technologies, which will enable the efficient implementation of logistics processes and activities. It is
precisely in this context that Industry 4.0 technologies play an increasingly important role.

The efficiency of the process and the quality of the home delivery service could be achieved both individually and
through the integrated application of various logistics 4.0 technologies: e.g. 10T and Big data [1], IoT and blockchain
[2, 3], 0T, Global Positioning System (GPS) and Transport Management System (TMS) [4], IoT and cloud computing
(CC) [4] etc. Although a large number of papers deal with the application of individual or more integrated Industry 4.0
solutions in home delivery or last mile logistics, a comprehensive overview of the application of existing solutions in
home delivery has not been found in the literature.

This paper offers a thorough examination and explanation of how Industry 4.0 technologies are applied in home
delivery, thereby accomplishing the primary objective and contribution of the study. The paper is structured as follows.
An introduction is presented initially, followed by an explanation of the concepts of Industry 4.0 and Logistics 4.0 in
the second section. The third section delves into the application of Industry 4.0 technological solutions in home
delivery. Finally, concluding remarks are provided, along with suggestions for future research directions.

2 INDUSTRY 4.0 | LOGISTICS 4.0

The term "Industry 4.0" appeared in 2011 at the Hanover fair as the name of a joint initiative for business, science
and politics to promote the competitiveness of Germany's industry [5]. Nowadays, this term is commonly embraced
and has the same meaning as the term fourth industrial revolution. There are different definitions of Industry 4.0, but
they all have in common that it implies the integration of computing, networks and tangible physical processes, thus
creating a cyber-physical system that represents the foundation for the emergence of novel business models and
solutions [6].

Industry 4.0 consists of all the elements needed to facilitate smart production and logistics processes [7]. In this
context, the concept of Logistics 4.0 is gaining growing importance. Logistics 4.0 is considered an important
component of Industry 4.0 and encompasses the implementation of diverse technologies that embody the principles
of Industry 4.0 in the domain of logistics [8]. In the literature, this concept is frequently synonymous with the term
"smart logistics" [9].
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The significance of qualities such as adaptability, self-organization, proactivity, flexibility, and is growing in the field
of logistics, and their attainment relies on the integration of emerging advanced technologies [10]. They are especially
important in e-commerce, last mile and home delivery logistics. Namely, a divergent distribution structure, a large
number of smaller orders, heterogeneous and changing customer requirements represent major problems for
delivery service providers [11, 12, 13, 14, 15]. Technological solutions of industry 4.0, i.e. logistics 4.0, can play a
significant role in overcoming these challenges.

Industry 4.0 technologies are applied in various areas of logistics [9, 16, 17, 18] and contribute to the transformation
of logistics chains and systems. They are of increasing importance in reverse logistics [19, 20, 21], but also in the
development of modern logistics centers [22, 23, 24], smart city logistics [25, 26], etc. Many research studies examine
how these technologies contribute to the realization of a circular economy within the logistics sector. [27, 28, 29, 30,
31, 32]. Although the impact of certain Industry 4.0 solutions on last-mile deliveries has been discussed in many
studies, very few papers comprehensively consider the impacts of the development of Industry 4.0 technologies on
this part of logistics and supply chains [33, 34].

3 METHODOLOGY

The search for sources was performed using Google Scholar, by systematically entering combinations of two or more
terms from two or three groups shown in the table 1. Thus, some of the entries were: "last mile industry 4.0
technologies”, "last mile transport smart technologies", "home delivery internet of things" etc. Papers whose title
contains the mentioned combinations were analyzed, as well as those where they are not highlighted in the title, but
fully or partially deal with this topic. Apart from this way, the authors came to the source by searching the cited

sources (fig. 1). In both cases, a selection of relevant and useful sources for the given topic was made.

Table 1. Groups of search keywords

| group of keywords Il group of keywords Il group of keywords
home delivery, last mile, logistics, transport, technologies, new technologies, 4.0, industry 4.0, smart,
last-mile, last mile delivery, storage, warehouse, names of technologies and corresponding abbreviations
parcel delivery package, inventory, order | (Internet of things, 10T, automated guided vehicles etc.)
%“ﬁ;—?
5 f |l —

\

)
Iy
|

Y

/

Fig. 1. Divergence of research by searching cited sources

4 TECHNOLOGICAL SOLUTIONS OF LOGISTICS 4.0 IN HOME DELIVERY

The process of home delivery involves the transportation of goods to the user's residential address, by the retailer,
manufacturer or third party [15]. The complexity of the distribution of goods in the last mile requires the development
of modern technological solutions. By reviewing the literature, the following technological solutions have been
identified that are applied or have the potential to be applied in home delivery: internet of things, augmented reality
(AR), automated guided vehicles (AGVs), drones and AVs, Al, big data, data mining, management and control
support systems, CC, E-marketplace and M-marketplace, blockchain, additive manufacturing, advanced robotics.
The importance of these technologies for home delivery will be described below.

4.1 Internet of things

0T is a communication paradigm that implies that various objects are equipped with microcontrollers, transceivers
for digital communication and the appropriate protocol, which allows them to communicate with each other and with
users, becoming an integral part of the Internet [35, 36]. The advantages of IoT architecture are scalability,
extensibility and interoperability [37]. loT technology has been most widely applied in the logistics system [38, 39,
40, 41]. It enables the visibility, monitoring and management of goods throughout their entire life cycle [1], but also
to other entities (logistics units, transport means, manipulative equipment, etc.) in the entire supply chain, including
its last mile. The connection of vehicles (Internet of vehicles - 1oV) is particularly important. loV can provide real-time
various information (e.g. fuel consumption, tire wear, etc.) [4], as well as intelligent vehicle scheduling and
management [42].

929



http://www.engineeringscience.rs/

Journal of Applied Engineering Science

Vol. 21, No. 3, 2023 ;
www.engineeringscience.rs publishing

SneZana Tadic et al. - Application of industry 4.0
technologies in home delivery

IoT is applied in various home delivery models from the perspective of endpoint (customer address, collection or
delivery point - CDP), executor (logistics provider, shipper, crowd worker), delivery technology (different transport
means of different transport modes) etc. (table 2) A special contribution to the efficiency of the process and the quality
of the delivery service can be realized by integrating loT with other logistics 4.0 technologies: AVs, drones and
intelligent robots [42], Big data [1], blockchain [2, 3], GPS and TMS [4], Intelligent Transportation Systems (ITS) [42],
CC [4] etc.

Table 2. Fields of application of 10T in home delivery

Field of application Literature sources
real-time track and trace, collection of data about the vehicle [1], [4]
intelligent vehicle scheduling and management (integration with unmanned vehicles) [42]
collection of data about the goods and safety monitoring (in integration with blockchain) [2]
delivery assurance (in integration with blockchain) [3]

virtual user addressing [45]
connecting unmanned CDPs with the systems of delivery company [49]

Although there are different options in terms of the endpoint of delivery, most users prefer delivery to home address
[43, 44]. One of the main operational problems of this type of delivery is the impossibility of finding the user's address,
due to the lack or inadequate marking of street data, number, etc. and consequent delivery failure. This problem can
be solved by implementing an loT-based virtual user addressing system [45]. In addition to information about the
target location, this system could also provide information about the users who can receive the package, in case the
recipient is not at home. Also, the system can automatically update the address of the user in case of his relocation.

IoT can also be applied in deliveries to CDPs. CDPs form a network of sites where suppliers aggregate and deliver
requested products, while customers make payments, collect items, or initiate returns [46, 47]. There are two types
of CDPs: manned or unmanned [48]. The IoT is used to connect unmanned CDPs (automated stations, parcel
lockers) with the delivery systems of companies [49].

By applying 10T in home delivery, shippers or logistics providers ensure [4]: higher service quality for users (the user
is enabled to track the shipment in real time), and thus their satisfaction, a more efficient refund process and lower
insurance premiums in case of disputes and user dissatisfaction with goods, network optimization (costly bottlenecks
and places where certain incidents with goods occur can be easily identified and eliminated), decision support,
reduction of late deliveries, improved capacity planning and allocation, greater storage efficiency, etc. Also, the
application of loT can bring significant benefits in the case when the crowd worker performs the delivery [42].

IoT can be applied in various delivery models in terms of transportation technology. This technology contributes to
the efficiency of the process both in traditional (using passenger vehicles, light trucks, etc.) and in innovative delivery
models, which can also be performed without drivers (using autonomous vehicles, drones, intelligent robots, etc.) [42].

4.2 AGVs and AVs

AGVs and AVs offer potential for home delivery [50] (table 3). AGVs, whether self-driving or remotely controlled,
follow predetermined paths using technologies like magnets, lasers, cameras, radio waves, for guidance [51]. From
the aspect of delivery time, AGVs are adequate for various delivery models except for instant delivery [50, 52]. In
home delivery, AGVs with lockers can serve as mobile unmanned collection and delivery points (CDPs), transporting
goods from the initial location to nearby user destinations [53]. Drones, as AGV variants, can also be employed for
home delivery, carrying goods in mini-containers and depositing them near the user [54]. Drones can operate
independently or in conjunction with road transport [25, 50]. There are numerous advantages (avoidance of
congestion, faster delivery in urban areas, time and cost savings, efficiency of deliveries in rural areas, etc.), but also
disadvantages, problems and challenges of applying this technology (technical challenges: payload limitations,
battery power, interference, unreliable location data, access issues, etc.; security challenges: risk of injury and death
due to a drone accident, risk of privacy, terrorism, etc.; requirement for advanced IT systems and qualified workforce;
legal limitations of application; insufficient social acceptance, etc.) [9]. The utilization of drones for home delivery
holds significant importance for urban areas, i.e. city logistics [55, 56].

AVs are vehicles that can adapt and learn, enabling them to perceive their surroundings and navigate safely with
minimal human intervention [57]. They have the capability to autonomously execute entire home deliveries or assist
delivery personnel in the final leg of the delivery process [50]. AVs can improve efficiency, contribute to cost savings
and reduce negative environmental impacts [58]. In the foreseeable future, in technologically advanced nations,
AGVs, AVs, and drones have the potential to emerge as the primary transport technologies for home deliveries.
However, the timeline for their widespread implementation hinges upon factors such as cost, regulatory frameworks,
and public acceptance of these technologies [52]. Additionally, it is imperative to address various technical problems,
establish suitable infrastructure, and provide training to personnel responsible for overseeing the operation of AGVs [50].
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Table 3. Fields of application of AGVs and AVs in home delivery

Field of application Technology Literature sources
delivery and using as unmanned CDPs AGVs [52, 53]
complete delivery [50, 52]
- - drones

performing part of the delivery [25, 50, 55, 56]
complete delivery [50, 52]

: : : AVs
assistance to delivery person for last part of the delivery [50]

4.3 Artificial intelligence and augmented reality

Al represents the automation of activities associated with human thinking, such as learning, decision-making,
problem-solving etc. [59]. This technology has enabled a boost in productivity and provided support for economic
expansion [60].

There is growing number of examples of Al applications in logistics and supply chains, and the most immediate
impact is on the end of the supply chain [61] (table 4). Al enables precise management of even the most complex
data set, enables the use of systems to create data sets that are used to control patterns and various phenomena,
produces data models that focus on predictive analytics [60]. Therefore, in e-commerce, last mile and home delivery
logistics, it is applied in various fields: for delivery time forecasting [62], demand forecasting [63], inventory planning
[61], routing optimization and shipment tracking [60]. It is most often applied in city logistics, but also for planning the
distribution of electronically ordered goods in rural areas [64].

The advancement of Al has paved the way for the emergence of innovative technologies, one of which is AR. AR
represents a combination of the physical and digital world, i.e. the addition of virtual elements, objects or information
to the physical world in real time [65]. It is created using different types of AR-devices, most often smart glasses,
helmets, head-up displays and hand-held devices (tablet computers, smartphones, etc.). There are numerous
attempts to apply AR in last mile delivery and home delivery [66, 67] (table 4). AR can be applied in logistics,
distribution centers, as well as in the distribution process.

There are numerous potentials for the application of AR in operations related to logistics centers and warehouses:
receiving, storage, ordering, shipping [65], as well as warehouse planning [68]. Smart glasses, helmets and handheld
devices are mostly used in these operations. Trials of AR indicate a significant improvement in productivity in
warehouse operations. Thus, the integration of this technology with the Warehouse Management System (WMS)
enables the automatic updating of data on the inventory level and the reduction of picking errors by as much as 40%
[68]. Also, AR can play a significant role in replacing printed waybills and instructions for loading and unloading goods
and speeding up these processes.

AR can contribute to the efficiency of transportation and other distribution operations. The use of head-up displays is
particularly important for the execution of transport. These AR-devices are based on projecting information about the
movement (speed, time, navigation, etc.) on the windshield of the vehicle, thus ensuring the concentration of the
driver on the management of the means of transport, without directing his sight to its interior. One of the problems in
home delivery is finding the target building or entrance, especially when street names and house numbers are not
clearly visible or there is no well-structured network of streets and buildings. GPS (Global Positioning System)
devices that are most often used for navigation have interference in receiving signals when vehicles move through
densely built-up areas, and AR-devices can also be used for this purpose with appropriate adaptation [68].

Research shows that a significant part of the working time spent outside the distribution center is not spent by delivery
people driving, but rather searching the cargo space for a shipment intended for a specific user [68]. They perform
this procedure by recalling the loading process. In the future, AR-devices could provide suppliers with information
about each shipment (type of goods, weight, customer address, goods characteristics, specific logistics requirements,
etc.). Based on information about shipments and currently free space, the device will be able to determine where
they should be positioned during loading, taking into account the planned route. More efficient loading and virtual
marking of the required cargo unit with an AR-device will certainly speed up and facilitate home delivery. Also, drivers
will no longer have to drop the cargo units on the floor or hold them with one hand to close the vehicle doors when
extracting the desired shipment, thereby risking damage to the goods, but will give the instruction for automatic door
closing by voice or gestures [68].

Augmented reality technology can also be used for more secure user identification. During the delivery of the goods,
the AR-device takes a video which, based on facial recognition technology, compares it with the user's face, which
is saved in the database.
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Table 4. Fields of application of Al and AR in home delivery

Field of application Technology let;:?é:;e
dynamic data analysis and intelligent delivery scheduling and recommendation [61]
precise management of complex data set and producing data models that focus on [60]
predictive analytics

demand and delivery time forecasting Al [62, 63]
inventory planning [61]
distribution optimization and shipment tracking [60, 64]
in warehousing (receiving, storing, picking, shipping) and logistics (distribution) centers [65]
warehouse planning, automatic updating of data on the inventory level (integration with [68]
the WMS)

registering and tracking the parcels inside the truck and projecting the location in the AR [66, 67, 68]
user’s field of view B
projecting information about the movement on the windshield of the vehicle during [68]
transport

4.4

Big data techniques are used in home delivery in real-time optimization of delivery vehicle routing, as well as in the
planning and implementation processes of crowd delivery [69] (table 5). In the first case, fast processing of a large
amount of data enables more efficient routing of the delivery vehicle, optimization of the fleet operation, saving time
and costs, a higher level of service, etc. Namely, vehicle routing is continuously adjusted, taking into account
information about traffic conditions, geographical factors, and the user, which are updated in real time. Another area
of application of this technology is crowd deliveries, which are carried out by individuals, with the help of their own
resources (vehicles, walking, public transport, etc.) [70]. This delivery model allows the daily flows of employees,
students, pupils, taxi drivers and tourists to be used for home deliveries. The large amount of information about
supply and demand for crowd delivery services makes this area suitable for the application of big data techniques.

Big data and Data mining

Table 5. Fields of application of big data in home delivery

Literature sources
[69]
[69]

Field of application

real-time optimization of delivery vehicle routing

planning and implementation processes of crowd delivery

Process of examining extensive volumes of data to uncover concealed patterns and correlations is denoted as "Big
data analytics". These technologies serve as a means to discover, gather, transform, analyze, and visualize data,
making them applicable for efficient decision-making while optimizing resource consumption such as time, finances,
and energy [72]. Collectively, these technologies are often referred to as data mining and are applied in various areas
and subsystems of logistics [9, 73], so in the future they may play a significant role in home delivery.

4.5

Blockchain is a computer technology that represents a distributed database or ledger shared among a computer
network's nodes. Transactions are recorded in blocks, which form a linear, chronologically ordered chain. The
conceptual origins of blockchain technology can be traced back to the paper [74], but its practical implementation
and the name by which it is recognized today were established in 2008. During that time, a group of authors operating
under the pseudonym Satoshi Nakamoto [75] utilized this technology to develop the Bitcoin cryptocurrency.

Blockchain technology is most often used in home delivery in integration with other technologies (e.g. drones, loT,
CC) [76] (table 6). By itself, it is not an effective driver in solving last mile problems and improving performance, but
after implementing a strong last mile logistics management system, its performance can be strengthened by applying
this technology [77]. Using blockchain technology can increase sustainability and the speed of problem identification,
reduce waste, possibility of fraud, delays in paperwork [78], as well as overcome problems of mistrust in cooperation
and data exchange between courier, express and parcel services [79].

Blockchain

932



http://www.engineeringscience.rs/

Journal of Applied Engineering Science

Vol. 21, No. 3, 2023 -
www.engineeringscience.rs publishing

AR Snezana Tadic et al. - Application of industry 4.0
technologies in home delivery

Table 6. Fields of application of blockchain in home delivery

Field of application Literature sources
collection of data about the goods and safety monitoring (integration with 10T) [2, 77]
delivery assurance (integration with other technologies) [3,76, 77]
horizontal collaboration of carriers in the context of micro-hubs [79]

4.6 Management and control support systems and Cloud Computing

Management and control support systems encompass software designed to aid in overseeing and managing the
execution of diverse activities and processes across all logistics subsystems [9]. When it comes to home delivery,
several systems can be employed, including electronic data interchange (EDI) systems, enterprise resource planning
(ERP), TMS, inventory management systems (IMS), WMS, package management systems (PMS), ITS, telematics
systems and among others. The application of these software in last-mile logistics (table 7) can contribute to the
efficiency of logistics processes [80], but also to the achievement of sustainability and environmental protection goals
[81, 82, 83].

Table 7. Fields of application of management and control support systems in home delivery

Field of application Technology | Literature sources
digitalization and monitoring of all activities in the logistics system (in integration

. ) EDI [33]
with oher technologies)
optimization of the total delivery time and the distance traveled (in integration with

. S ) ERP [81]

an algorithm for the optimization and planning of fleet usage and routes)
crowd last mile delivery ITS [82]

While many of these solutions have been implemented long before the advent of the Industry 4.0 concept, they are
experiencing a resurgence in the Industry 4.0 environment, primarily due to their widespread availability and user-
friendly applications facilitated by the cloud computing (CC) paradigm [9]. CC entails broad and convenient network
access, enabling the utilization of shared computing resources (e.g. software, servers, applications, storage
capacities, services etc.) that can be swiftly provisioned and released with minimal reliance on service providers [9,
84]. The key characteristics of CC include on-demand service provision (where users independently select and
initiate computing resources as needed), widespread network access (enabling resource accessibility from any
location using various devices connected to the network), resource pooling (aggregating resources from multiple
providers and users across different locations), elasticity (allowing for swift and effortless adjustment of resources to
meet user requirements), and service metering (measuring resource utilization for billing and broader application
purposes).

4.7 E-Marketplace and M-Marketplace

E-marketplace and M-marketplace are platforms for electronic commerce, which has a direct impact on the
development of home delivery. In fact, although home delivery can be generated by different systems of ordering
goods (in person, by phone, mail, fax, interactive TV, etc.), it is most often preceded by ordering via the Internet [53].
E-marketplaces facilitate automated transactions, trade, or collaboration among partner companies [84]. These
platforms can vary based on a range of criteria [9]: mechanism of sales, ownership, number of owners, core business,
type of goods or services and method of organization, but the most important criterion is the participants, which can
be individual or legal entity. The most important models of electronic commerce are Business-to-Business (B2B) and
Business-to-Customer (B2C). Although there are other ways for goods ordered electronically to reach the user
(electronic delivery of intangible products, pick-up in a store), home delivery is the most common form of B2C
transaction. Moreover, it is most often an integral part of the online shopping service, which often decides customers
to use this service.

The development and mass use of smartphones and other mobile devices (tablets, portable computers, etc.), with
which electronic commerce can be carried out, led to the evolution of the e-market and the emergence of the m-
market. Mobile applications are especially often used for ordering goods that require instant delivery (most often
delivery of fast, prepared food).

In addition to e-commerce, the Internet and mobile applications play a significant role in the development of crowd
delivery. This concept implies that delivery to users is carried out by individuals, most often during daily trips
(shopping trips, trips to work, etc.). Delivery contracting is performed through applications and social media.

4.8 Additive manufacturing

Additive manufacturing, also known as 3D printing, encompasses the fabrication of three-dimensional objects by
layering materials in accordance with virtual models. Its origins can be traced back to the development of stereo-
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lithography in the mid-1980s [86]. The process of additive manufacturing relies on three key elements [87]: 3D printer,
materials used for printing and design/3D model of the product. According to some authors (e.g. [88]), this technology
heralds a new industrial revolution. There are examples of additive manufacturing in many fields (aviation,
automotive, construction, medicine, etc.) [89].

The development of additive manufacturing can also significantly affect supply chains and logistics, especially city
logistics, last mile delivery and home delivery (table 8). The impact on home delivery can be particularly pronounced
from the aspect of the starting point, i.e. the delivery organizer, the type of goods, freight or material and the
performing of return flows [53]. These delivery features depend on the location and additive manufacturing provider.

Additive manufacturing can be implemented in different places, from the aspect of the supply chain (at the
producer/seller or the user) or in the geographical sense (at locations that are at different distances from the user).
Manners-Bell and Lyon [90] state that the development of additive manufacturing can lead to significant changes in
the relationship between manufacturers, wholesalers and retailers. Hence, within specific sectors of retail, stores
have the potential to vanish entirely or undergo a metamorphosis into showrooms devoid of inventory or direct sales
of goods [9]. In this case, the manufacturer, in addition to production, would also carry out direct sales and delivery
of finished products to the user's home address.

One of the main expectations related to the development of additive manufacturing is the transition from centralized
to decentralized production and supply chains [87, 91], which would also significantly affect logistics. By
decentralizing and geographically bringing production closer to the user, an increase in the efficiency of logistics
systems and processes and a reduction in logistics costs can be achieved. In fact, in this case, the flows of raw
materials would have a greater importance and share in the total flows in the supply chain than the flows of finished
products, which can contribute to better utilization of means of transport, reduction of tonne-kilometers traveled,
reduction of packaging material, etc. Therefore, efforts are being made to make the location where additive
manufacturing takes place closer to the end users. In this context, the development of the concept of local "fab
shops", places for additive manufacturing in urban areas, from which finished products can be delivered to the user's
home address, is significant. Some companies have already developed this concept, but for now it is aimed at small
businesses and not end users [86].

Finally, additive manufacturing can be performed in the households of end users [14]. In this case, 3D printers and
printing materials are delivered to the home address, which the user uses for the production of goods, which can
optimize logistics processes in relation to the delivery of finished products. This concept contributes to the
optimization of transport processes, the reduction of inventories of finished products in stores and warehouses in
urban areas and the release of commercial space for other uses [92], because the storage of materials for additive
manufacturing takes up less space than conventionally produced finished products. Mass individualization,
intensification and diversification of consumption encourage the development of this concept. In fact, the user can
perform additive manufacturing of different goods based on their own needs, desires and affinities. In this way, the
percentage of goods returned due to customer dissatisfaction can be reduced, and thus the volume and frequency
of return flows. This concept is still very rarely applied [86], but its development and expansion is expected [87, 93].
However, Cutting et al. [94] indicate that only certain types of goods will be produced in this way, while other goods
will be purchased by customers in the usual way.

Expectations regarding the dynamics and effects of the development of additive manufacturing are twofold. Despite
the mentioned positive effects that it can bring, there are numerous challenges that affect the uncertainty of the
development and effects of the application of this technology (high costs, limited range and quality of products,
technical shortcomings and limitations, etc.) [86, 87, 94, 95].

Table 8. Fields of application of additive manufacturing in home delivery

Field of application Literature sources
development of local "fab shops", as places for additive manufacturing and delivering [86, 94]
manufacturing in the households of end users [14, 92, 93, 94]

4.9 Advanced robotics

Advanced robotics is applied both in home delivery itself, and in operations in logistics centers that are carried out
before or after it (table 9). Self-driving robots are of special importance in delivery, which are most often used in the
"last yard" of delivery, while the driver simultaneously serves other users nearby. The use of these robots can ensure
flexibility and timeliness of delivery, better protection of drivers and customers by minimizing contact, which is
especially important in the context of the current pandemic [96]. Currently, many companies are testing the
application of these robots in home delivery [97].

Within logistics centers, advanced robotics have predominantly been implemented for storage and warehouse
operations [69]. Prototypes exist for robots that handle the loading and unloading of transport units and assets, as
well as stationary and mobile robots that carry out a range of value-added logistics (VAL) services, including
processing, packing, repacking, palletizing, depalletizing, finishing, labeling and more [9, 69]. Furthermore,
conceptual solutions are being explored for fully automated systems in distribution centers and cross-docking
terminals [69].
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Table 9. Fields of application of advanced robotics in home delivery

Field of application Literature sources
operations in logistics (distribution) centers for delivery [69]
complete delivery [96, 97]
performing part of the delivery [98]

5 CONCLUSION

Industry 4.0, as the backbone of technological development in the first decades of the 21st century, has changed, is
changing and will change the way of production, work, communication, and life. Digitization, automation, robotization
and other transformations it brings are also evident in logistics and supply chains. Distribution in the last mile,
especially home delivery, as one of the most challenging logistics processes, can be an area for the implementation
of technological solutions of Industry 4.0. They can be applied individually or in combination both in home delivery
processes and in the operations that precede it (in previous stages of the supply chain, distribution centers, etc.) or
are performed after it (return flows). Their application contributes to the efficiency of logistics activities, the productivity
of logistics systems, and in some cases even to their aesthetic appeal.

In this paper, the technologies of Industry 4.0 and the possibilities of their application in home delivery are identified
and described. This achieved the main goal and contribution of the paper and created the basis for future research
in this area.

The selection of an appropriate Industry 4.0 technology for home delivery can be the subject of multi-criteria decision-
making in future research. In addition to home delivery, as a household supply model, other areas and subsystems
of household logistics (inventory management, storage, packaging, etc.) can be areas of application of Industry 4.0
technologies, which should be analyzed in future research. Finally, bearing in mind the evolution of technological
concepts and technological development trends, the focus of researchers' attention will inevitably be the
implementation of Industry 5.0 solutions. Therefore, it is necessary to analyze the possibilities of applying these
solutions in home delivery.

6 ACKNOWLEDGMENT

This paper was supported by the Ministry of Education, Science and Technological Development of the Republic of
Serbia.

7 REFERENCES

[1] Yaqgiong, L. V., Lei, T. U, Lee, C. K., & Xin, T. A. N. G. (2018). loT based omni-channel logistics service in
industry 4.0. 2018 IEEE International Conference on Service Operations and Logistics, and Informatics
(SOLI), p. 240-243.

[2] Markovi¢, M., Jacobs, N., Dryja, K., Edwards, P, & Strachan, N.J.C. (2020). Integrating Internet of Things,
Provenance, and Blockchain to Enhance Trust in Last Mile Food Deliveries. Frontiers in Sustainable Food
Systems, vol. 4, 563424, DOI: 10.3389/fsufs.2020.563424.

[3] Demir, M., Turetken, O., & Ferwom, A. (2019). Blockchain and loT for delivery assurance on supply chain
(BIDAS). 2019 IEEE International Conference on Big Data (Big Data), p. 5213-5222.

[4] Wanganoo, L., & Patil, A. (2020). Preparing for the smatrt cities: 0T enabled last-mile delivery. 2020
Advances in Science and Engineering Technology International Conferences (ASET), p. 1-6.

[5] Korczak, J., & Kijewska, K. (2019). Smart Logistics in the development of Smart Cities. Transportation
Research Procedia, vol. 39, 201-211, DOI: 10.1016/j.trpro.2019.06.022.

[6] Glistau, E., & Machado, N.I.C. (2019). Industry 4.0, Logistics 4.0 and Materials - Chances and Solutions.
Materials Science Forum, vol. 919, 307-314, DOI: 10.4028/www.scientific.net/MSF.919.307.

[7] Hoffmann, T., & Prause, G. (2018). On the Regulatory Framework for Last-Mile Delivery Robots. Machines,
vol. 6, no. 3, 33, DOI: 10.3390/machines6030033.

[8] Jeschke, S. (2016). Logistics 4.0—artificial Intelligence and other modern trends in transport and logistics.
Xl Forum of Polish Logistics Managers POLISH LOGISTICS.

[9] Krsti¢, M., Tadi¢, S., & Zecevi¢, S. (2021). Technological solutions in logistics 4.0. Ekonomika preduzeca, vol.
69, no. 6-7, 385-401, DOI: 10.5937/EKOPRE2106385K.

[10]Wang, K. (2016). Logistics 4.0 solution: new challenges and opportunities. 6th International Workshop of
Advanced Manufacturing and Automation, p. 68-74.

[11] Tadi¢, S. R. (2014). Modeling the performance of integrated city logistics systems, PhD thesis. Faculty of
transport and traffic engineering, University of Belgrade, Belgrade.

935


http://www.engineeringscience.rs/
https://doi.org/10.3389/fsufs.2020.563424
https://doi.org/10.1016/j.trpro.2019.06.022
https://doi.org/10.4028/www.scientific.net/MSF.919.307
https://doi.org/10.3390/machines6030033
https://doi.org/10.5937/EKOPRE2106385K

Journal of Applied Engineering Science

Vol. 21, No. 3, 2023 A
www.engineeringscience.rs publishing

SneZana Tadic et al. - Application of industry 4.0
technologies in home delivery

[12] Tadi¢, S., & Zecevi¢, S. (2016). Modeling concepts of city logistics. Faculty of transport and traffic
engineering, University of Belgrade, Belgrade.

[13] Tadi¢, S., Zecevic, S., & Krsti¢, M. (2015). City logistics - status and trends. International Journal for Traffic &
Transport Engineering— IJTTE, vol. 5, no. 3, 319-343, DOI: 10.7708/ijtte.2015.5(3).09.

[14] Tadi¢, S., ZeCevi¢, S., & Petrovi¢-Vujaci¢, J. (2013). Global trends and logistics development. Ekonomski
vidici, vol. 18, no. 4, 519-532.

[15] Tadi¢, S., & Veljovi¢, M. (2020). Home delivery: concept and characteristics. International journal for traffic
and transport engineering — IJTTE, vol. 10, no. 4, 519 — 533, DOI: 10.7708/ijtte.2020.10(4).10.

[16] Efthymiou, O. K., & Ponis, S. T. (2021). Industry 4.0 Technologies and Their Impact in Contemporary
Logistics: A Systematic Literature Review. Sustainability, vol. 13, no. 21, 11643, DOI: 10.3390/su132111643.

[17]Holubgik, M., Koman, G., & Soviar, J. (2021). Industry 4.0 in logistics operations. Transportation Research
Procedia, vol. 53, 282-288, DOI: 10.1016/j.trpro.2021.02.040.

[18] Barreto, L., Amaral, A., & Pereira, T. (2017). Industry 4.0 implications in logistics: an overview. Procedia
manufacturing, vol. 13, 1245-1252, DOI: 10.1016/j.promfg.2017.09.045.

[19] Pourmehdi, M., Paydar, M. M., Ghadimi, P., & Azadnia, A. H. (2022). Analysis and evaluation of challenges in
the integration of Industry 4.0 and sustainable steel reverse logistics network. Computers & Industrial
Engineering, vol. 163, 107808, DOI: 10.1016/j.cie.2021.107808.

[20] Dev, N. K., Shankar, R., & Swami, S. (2020). Diffusion of green products in industry 4.0: Reverse logistics
issues during design of inventory and production planning system. International Journal of Production
Economics, vol. 223, 107519, DOI: 10.1016/j.ijpe.2019.107519.

[21] Shah, S., Dikgang, G., & Menon, S. (2019). The global perception of industry 4.0 for reverse
logistics. International Journal of Economics and Management Systems, vol. 4.

[22] Yavas, V., & Ozkan-Ozen, Y. D. (2020). Logistics centers in the new industrial era: A proposed framework for
logistics center 4.0. Transportation Research Part E: Logistics and Transportation Review, vol. 135, 101864,
DOI: 10.1016/).tre.2020.101864.

[23] Kostrzewski, M., Varjan, P., & Gnap, J. (2020). Solutions dedicated to internal logistics 4.0. Grzybowska, K.,
Awasthi, A., Sawhney, R. (Eds.), Sustainable Logistics and Production in Industry 4.0, Springer, Cham, p.
243-262.

[24] Miski¢, S., Tadi¢, S., Stevi¢, Z., Krstié, M., & Roso, V. (2023). A Novel Hybrid Model for the Evaluation of
Industry 4.0 Technologies’ Applicability in Logistics Centers. Journal of Mathematics, 3532862, DOI:
10.1155/2023/3532862.

[25] Tadi¢, S., Krsti¢, M., Kovag, M., & Brnjac, N. (2021c). Smart solutions for the problems of city logistics,
European Green Deal Challenges and Solutions for Mobility and Logistics in Cities, p. 3-17.

[26] Tadi¢, S., Krsti¢, M., Kovag, M., & Brnjac, N. (2022a). Evaluation of Smart City Logistics Solutions. Promet-
Traffic &Transportation, vol. 34, no. 5, 725-738, DOI: 10.7307/ptt.v34i5.4122.

[27] Agnusdei, G. P., Gnoni, M. G., Sgarbossa, F., & Govindann, K. (2022). Challenges and perspectives of the
Industry 4.0 technologies within the last-mile and first-mile reverse logistics: A systematic literature
review. Research in Transportation Business & Management, 100896.

[28] Krsti¢, M., Agnusdei, G. P., Miglietta, P. P., & Tadi¢, S. (2022a). Logistics 4.0 toward circular economy in the
agri-food sector. Sustainable Futures, vol. 4, 100097, DOI: 10.1016/}.sftr.2022.100097.

[29] Krsti¢, M., Agnusdei, G. P., Miglietta, P. P., & Tadi¢, S. (2022b). Logistics 4.0 in the function of circular
economy in the agri-food sector. 5th Logistics international conference, LOGIC 2022, p. 199-209.

[30] Krsti¢, M., Agnusdei, G. P., Miglietta, P. P., Tadi¢, S., & Roso, V. (2022c). Applicability of Industry 4.0
Technologies in the Reverse Logistics: A Circular Economy Approach Based on COmprehensive Distance
Based RAnking (COBRA) Method. Sustainability, vol. 14, no. 9, 5632, DOI: 10.3390/su14095632.

[31]Rajput, S., & Singh, S. P. (2022). Industry 4.0 model for integrated circular economy-reverse logistics
network. International Journal of Logistics Research and Applications, vol. 25, no. 4-5, 837-877, DOI:
10.1080/13675567.2021.1926950.

[32]Khan, S. A., Laalaoui, W., Hokal, F., Tareq, M., & Ahmad, L. (2022). Connecting reverse logistics with circular
economy in the context of Industry 4.0. Kybernetes, (ahead-of-print).

[33] Sharma, V. P., Prakash, S., & Singh, R. (2022). What Prevents Sustainable Last-Mile Delivery in Industry
4.0? An Analysis and Decision Framework. Sustainability, vol. 14, no. 24, 16423, DOI:
10.3390/su142416423.

[34] Saraceni, A., Oleko, R., Guan, L., Bagaria, A., & Quintens, L. (2022). Autonomization and Digitalization: Index
of Last Mile 4.0 Inclusive Transition. Kim, D.Y., Von Cieminski, G., Romero D. (Eds.), Advances in Production
Management Systems. Smart Manufacturing and Logistics Systems: Turning Ideas into Action. APMS 2022.
IFIP Advances in Information and Communication Technology. Springer, Cham, p. 173-182.

936


http://www.engineeringscience.rs/
https://doi.org/10.3390/su132111643
https://doi.org/10.1016/j.trpro.2021.02.040
https://doi.org/10.1016/j.promfg.2017.09.045
https://doi.org/10.1016/j.cie.2021.107808
https://doi.org/10.1016/j.ijpe.2019.107519
https://doi.org/10.1016/j.tre.2020.101864
https://doi.org/10.1155/2023/3532862
https://doi.org/10.7307/ptt.v34i5.4122
https://doi.org/10.1016/j.sftr.2022.100097
https://doi.org/10.3390/su14095632

Journal of Applied Engineering Science

Vol. 21, No. 3, 2023 -
www.engineeringscience.rs publishing

AR Snezana Tadic et al. - Application of industry 4.0
technologies in home delivery

[35] Zanella, A., Bui, N., Castellani, A., Vangelista, L., & Zorzi, M. (2014). Internet of Things for Smart Cities. IEEE
Internet of Things Journal, vol. 1, no. 1, 22-32, DOI: 10.1109/J10T.2014.2306328.

[36] Atzori, L., lera, A., & Morabito, G. (2010). The internet of things: A survey. Computer Networks, vol. 54, no.
15, 2787-2805, DOI: 10.1016/j.comnet.2010.05.010.

[37]Yang, D. L., Liu, F., & Liang, Y. D. (2010). A survey of the internet of things. 1st International Conference on
E-Business Intelligence (ICEBI 2010), p. 524-532.

[38]Chow, H. K. H., K. L. Choy, W. B. Lee, & K. C. Lau. (2006). Design of a RFID Case-based Resource
Management System for Warehouse Operations. Expert Systems with Applications, vol. 30, no. 4, 561-576,
DOI: 10.1016/j.eswa.2005.07.023.

[39] Xiao, X., He, Q., Fu, Z., Xu, M., & Zhang, X. (2016). Applying CS and WSN methods for improving efficiency
of frozen and chilled aquatic products monitoring system in cold chain logistics. Food Control, vol. 60, 656-
666, DOI: 10.1016/j.foodcont.2015.09.012.

[40] Sharma, V., You, I., Pau, G., Collotta, M., Lim, J. D., & Kim, J. N. (2018). LoRaWAN-based energy-efficient
surveillance by drones for intelligent transportation systems. Energies, vol. 11, no. 3, 573, DOI:
10.3390/en11030573.

[41]Ding, Y., Jin, M., Li, S., & Feng, D. (2020). Smart logistics based on the internet of things technology: an
overview. International Journal of Logistics Research and Applications, vol. 24, no. 4, 1-23, DOI:
10.1080/13675567.2020.1757053.

[42]Wang, F., Wang, F., Ma, X., & Liu, J. (2019). Demystifying the Crowd Intelligence in Last Mile Parcel Delivery
for Smart Cities. IEEE Network, vol. 33, no. 2, 23-29, DOI: 10.1109/MNET.2019.1800228.

[43] Weltevreden, J. W. J., & Rotem-Mindali, O. (2009). Mobility effects of B2C and C2C e-commerce in the
Netherlands: a quantitative assessment. Journal of Transport Geography, vol. 17, no. 2, 83-92, DOI:
10.1016/j.jtrangeo.2008.11.005.

[44]Morganti, E., Seidel, S., Blanquart, C., Dablanc, L., & Lenz, B. (2014). The impact of e-commerce on final
deliveries: alternative parcel delivery services in France and Germany. Transportation Research Procedia.
vol. 4, 178-190, DOI: 10.1016/j.trpro.2014.11.014.

[45] Hiari, O., Abou-Tair, D. el D. I., & Abushaikha, I. (2017). An loT-Based Virtual Addressing Framework for
Intelligent Delivery Logistics. Lecture Notes in Electrical Engineering, vol. 424, 698-705, DOI: 10.1007/978-
981-10-4154-9_80.

[46] Yuen, K. F., Wang, X., Ng, L. T. W., & Wong, Y. D. (2018). An investigation of customers’ intention to use
self-collection services for last-mile delivery. Transport Policy, vol. 66, 1-8, DOI:
10.1016/j.tranpol.2018.03.001.

[47]Piplani, R., & Saraswat, A. (2012). Robust optimisation approach to the design of service networks for
reverse logistics. International Journal of Production Research, vol. 50, no. 5, 1424-1437, DOI:
10.1080/00207543.2011.571942.

[48] Tadi¢, S., Krsti¢, M., Veljovié, M., Ze€evi¢, S. (2022b). Households in the function of collection and delivery
points: location decision problem. 5th Logistics international conference, LOGIC 2022, p. 45 — 54.

[49] Faugere, L., & Montreuil, B. (2016). Hyperconnected City logistics: Smart Lockers Terminals and last mile
delivery networks. 3rd international physical internet conference.

[50] Tadi¢, S., Zecevi¢, S., Veljovi¢, M., & Krsti¢, M. (2021a). Home delivery technologies. VIII International
Symposium NEW HORIZONS 2021 of Transport and Communications, p. 370-377.

[51]Junemann, R., & Schmidt, T. (2000). MaterialfluRsysteme: systemtechnische Grundlagen. Springer, Berlin

[52] Joerss, M., Schroder, J., Neuhaus, F., Klink, C., & Mann, F. (2016). Parcel delivery: the future of last mile,
McKinsey&Company, from https://bdkep.deffiles/bdkep-dateien/pdf/2016_the future_of last _mile.pdf
[53]Tadi¢, S., & Veljovi¢, M. (2021). Home delivery: a framework for structuring. International journal for traffic
and transport engineering — IJTTE, vol. 11, no. 1, 30 — 74, DOI: 10.7708/ijtte.2021.11(1).03

[54]Murray, C. C., & Chu, A. G. (2015). The flying sidekick traveling salesman problem: Optimization of drone-
assisted parcel delivery. Transportation Research Part C: Emerging Technologies, vol. 54, 86—-109, DOI:
10.1016/j.trc.2015.03.005.

[55] Kovag, M., Tadi¢, S., Krsti¢, M., & Bouraima, M. B. (2021). Novel spherical fuzzy MARCOS method for
assessment of drone-based city logistics concepts. Complexity, 2021, 2374955, DOI: 10.1155/2021/2374955.

[56] Tadi¢, S., Kovag, M., & Cokorilo, O. (2021b). The application of drones in city logistics concepts. Promet-
Traffic&Transportation, vol. 33, no. 3, 451-462, DOI: 10.7307/ptt.v33i3.3721.

[57] Taeihagh, A., & Lim, H.S.M. (2019). Governing autonomous vehicles: emerging responses for safety, liability,
privacy, cybersecurity, and industry risks. Transport Reviews, vol. 39, no. 1, 103-128, DOI:
10.1080/01441647.2018.1494640.

[58] Taniguchi, E., Thompson, R. G., & Qureshi, A. G. (2020). Modelling city logistics using recent innovative
technologies. Transportation Research Procedia, vol. 46, 3-12, DOI: 10.1016/j.trpro.2020.03.157.

937


http://www.engineeringscience.rs/
https://doi.org/10.1109/JIOT.2014.2306328
https://doi.org/10.1016/j.comnet.2010.05.010
https://doi.org/10.1016/j.eswa.2005.07.023
https://doi.org/10.1016/j.foodcont.2015.09.012
https://doi.org/10.1016/j.jtrangeo.2008.11.005
https://doi.org/10.1016/j.trpro.2014.11.014
https://doi.org/10.1016/j.tranpol.2018.03.001
https://doi.org/10.1016/j.trc.2015.03.005
https://doi.org/10.1155/2021/2374955
https://doi.org/10.7307/ptt.v33i3.3721
https://doi.org/10.1080/01441647.2018.1494640
https://doi.org/10.1016/j.trpro.2020.03.157

Journal of Applied Engineering Science

Vol. 21, No. 3, 2023 -
www.engineeringscience.rs publishing

AR Snezana Tadic et al. - Application of industry 4.0
technologies in home delivery

[59] Bellman, R. E. (1978). An introduction to Artificial Intelligence: Can Computers Think? Boyd & Fraser
Publishing Company, San Francisco.

[60]Jucha, P. (2021). Use of artificial intelligence in last mile delivery. SHS Web of Conferences (Vol. 92, p.
04011). EDP Sciences.

[61] Song, X., Yang, S., Huang, Z., & Huang, T. (2019). The application of artificial intelligence in electronic
commerce. Journal of Physics: Conference Series (Vol. 1302, No. 3, p. 032030). IOP Publishing.

[62] Rosendorff, A., Hodes, A., & Fabian, B. (2021). Artificial intelligence for last-mile logistics - Procedures and
architecture. The Online Journal of Applied Knowledge Management (OJAKM), vol. 9, no. 1, 46-61, DOI:
10.36965/0JAKM.2021.9(1)46-61.

[63] Engelhardt, M., Seeck, S., & Geier, B. (2022). Artificial Intelligence in Urban Last Mile Logistics - Status Quo,
Potentials and Key Challenges. Dynamics in Logistics: Proceedings of the 8th International Conference LDIC
2022, p. 275-289.

[64] Feng, Z. (2020). Constructing rural e-commerce logistics model based on ant colony algorithm and artificial
intelligence method. Soft Computing, vol. 24, no. 11, 7937-7946, DOI: 10.1007/s00500-019-04046-8.

[65] Stoltz, M. H., Giannikas, V., McFarlane, D., Strachan, J., Um, J., & Srinivasan, R. (2017). Augmented reality
in warehouse operations: opportunities and barriers. IFAC-PapersOnLine, vol. 50, no. 1, 12979-12984, DOI:
10.1016/j.ifacol.2017.08.1807.

[66] Winkel, J. H., Datcu, D., & Buijs, P. (2020). Augmented Reality could transform last-mile logistics. SUI '20:
Symposium on Spatial User Interaction, p. 1-2.

[67] Tatasciore, D. (2018). DelivAR: An Augmented Reality Mobile Application to Expedite the Package
Identification Process for Last-mile Deliveries, thesis for: M. Sc. Digital Media, University of Bremen, Bremen.

[68] Glockner, H., Jannek, K., Mahn, J., & Theis, B. (2014). Augmented reality in logistics, from
https://www.dhl.com/

[69] DHL (2016). Robotics in Logistics: A DPDHL perspective on implications and use cases for the logistics
industry. from https://www.thehive-network.com/wp-content/uploads/2017/03/DHL_RoboticsInLogistics.pdf

[70]Carbone, V., Roquet, A., & Roussat, C. (2017). The Rise of Crowd Logistics: A New Way to Co-Create
Logistics Value. Journal of Business Logistics, vol. 38, no. 4, 238-252, DOI: 10.1111/jbl.12164.

[71] Sagiroglu, S., & Sinanc, D. (2013). Big data: A review. 2013 International Conference on Collaboration
Technologies and Systems (CTS), p. 42 — 47.

[72]Wu, X., Zhu, X., Wu, G., & Ding, W. (2014). Data mining with big data. IEEE Transactions on Knowledge and
Data Engineering, vol. 26, no. 1, 97-107, DOI:; 10.1109/TKDE.2013.109.

[73] Ghosh, D. (2015). Big Data in Logistics and Supply Chain Management - A rethinking step. International
Symposium on Advanced Computing and Communication (ISACC), p. 168-173.

[74]Haber, S. A., & Stornetta Jr, W. S. (1992). U.S. Patent No. 5,136,647. Washington, DC: U.S. Patent and
Trademark Office.

[75] Nakamoto, S. (2008). Bitcoin: A peer-to-peer electronic cash system, from: https://git.dhimmel.com/bitcoin-
whitepaper/

[76]Li, X., Gong, L., Liu, X., Jiang, F., Shi, W, Fan, L., Gao, H., Li, R., & Xu, J. (2022). Solving the last mile
problem in logistics: A mobile edge computing and blockchain based unmanned aerial vehicle delivery
system. Concurrency and Computation: Practice and Experience, vol. 34, no. 7, e6068, DOI:
10.1002/cpe.6068.

[77] Naclerio, A.G., & De Giovanni, P. (2022). Blockchain, logistics and omnichannel for last mile and
performance. The International Journal of Logistics Management, vol. 33, no. 2, 663-686, DOI: 10.1108/IJLM-
08-2021-0415.

[78]Issaoui, Y., Khiat, A., Bahnasse, A., & Ouajji, H. (2019). Smart logistics: Study of the application of blockchain
technology. Procedia Computer Science, vol. 160, 266-271, DOI: 10.1016/j.procs.2019.09.467.

[79] Hribernik, M., Zero, K., Kummer, S., & Herold, D. M. (2020). City logistics: Towards a blockchain decision
framework for collaborative parcel deliveries in micro-hubs. Transportation Research Interdisciplinary
Perspectives, vol. 8, 100274, DOI: 10.1016/j.trip.2020.100274.

[80] Nocera, S., Pungillo, G., & Bruzzone, F. (2021). How to evaluate and plan the freight-passengers first-last
mile. Transport policy, vol. 113, 56-66, DOI: 10.1016/j.tranpol.2020.01.007.

[81] Perboli, G., & Rosano, M. (2018). A decision support system for optimizing the last-mile by mixing traditional
and green logistics. Information Systems, Logistics, and Supply Chain: 6th International Conference, ILS
2016, Bordeaux, Revised Selected Papers 6, p. 28-46.

[82] Giret, A., Carrascosa, C., Julian, V., Rebollo, M., & Baotti, V. (2018). A crowdsourcing approach for
sustainable last mile delivery. Sustainability, vol. 10, no. 12, 4563, DOI: 10.3390/su10124563.

[83] Caggiani, L., Prencipe, L. P., Colovic, A., & Dell'Orco, M. (2020). An eco-friendly Decision Support System for
last-mile delivery using e-cargo bikes. 2020 IEEE International Conference on Environment and Electrical

938


http://www.engineeringscience.rs/
http://dx.doi.org/10.36965/OJAKM.2021.9(1)46-61
https://doi.org/10.1016/j.ifacol.2017.08.1807
https://doi.org/10.1111/jbl.12164
https://doi.org/10.1109/TKDE.2013.109
https://doi.org/10.1002/cpe.6068
https://www.emerald.com/insight/search?q=Alessandro%20Gaetano%20Naclerio
https://www.emerald.com/insight/search?q=Pietro%20De%20Giovanni
https://www.emerald.com/insight/publication/issn/0957-4093
https://doi.org/10.1016/j.procs.2019.09.467
https://doi.org/10.1016/j.trip.2020.100274
https://doi.org/10.1016/j.tranpol.2020.01.007
https://doi.org/10.3390/su10124563

Journal of Applied Engineering Science

Vol. 21, No. 3, 2023 -
www.engineeringscience.rs publishing

AR Snezana Tadic et al. - Application of industry 4.0
technologies in home delivery

Engineering and 2020 IEEE Industrial and Commercial Power Systems Europe (EEEIC / I&CPS Europe), p.
1-6.

[84]Mell, P., & Grance, T. (2011). The NIST Definition of Cloud Computing: Recommendations of the National
Institute of Standards and Technology. U.S. Department of Commerce, National Institute of Standards and
Technology, Gaithersburg, Maryland.

[85] Daniel, E.M., Hoxmeier, J., White, A., & Smart, A. (2004). A framework for the sustainability of
emarketplaces. Business Process Management Journal, vol. 10, no. 3, 277-290, DOI:
10.1108/14637150410539687.

[86] Mckinnon, A.C. (2016). The Possible Impact of 3D Printing and Drones on Last-Mile Logistics: An Exploratory
Study. Built Environment, vol. 42, no. 4, 617-629, DOI: 10.2148/benv.42.4.617.

[87]Boon, W., & van Wee, B. (2017). Influence of 3D printing on transport: a theory and experts judgment based
conceptual model. Transport Reviews, vol. 38, no. 5, 556-575, DOI: 10.1080/01441647.2017.1370036.

[88] Berman, B. (2012). 3-D printing: the new industrial revolution. Business Horizons, vol. 55, no. 2, 155— 162,
DOI: 10.1016/j.promfg.2017.09.045.

[89] Wieczorek, A. (2017). Impact of 3D printing on logistics. Research in Logistics and Production, vol. 7, no. 5,
443-450, DOI: 10.21008/j.2083-4950.2017.7.5.5.

[90] Manners-Bell, J., & Lyon, K. (2012). The implications of 3D printing for the global logistics industry. Bath:
Transport Intelligence Ltd, from http://www.logisticsexecutive.com/wp-content/uploads/2015/01/The-
Implications-of-3D-Printing-for-the-Global-Logistics-Industry.pdf

[91] Holmstrom, J., Partanen, J., Tuomi, J., & Walter, M. (2010). Rapid manufacturing in the spare parts supply
chain. Journal of Manufacturing Technology Management, vol. 21, no. 6, 687—697, DOI:
10.1108/17410381011063996.

[92] Waller, M.A. & Fawcett, S.E. (2014). Click here to print a maker movement supply chain: how invention and

entrepreneurship will disrupt supply chain design? Journal of Business Logistics, vol. 35, no. 2, 99-102, DOI:
10.1111/jbl.12045.

[93]Rayna, T., & Striukova, L. (2016). From rapid prototyping to home fabrication: How 3D printing is changing
business model innovation. Technological Forecasting and Social Change, vol. 102, 214-224, DOI:
10.1016/j.techfore.2015.07.023.

[94]Cutting, S. T., Meitzen, M. E., Wagner, B. P., Backley, C. W., Crum, C. L., & Switzky, B. (2014). Implications
of 3D printing for the United States postal service. Crew, M., Brennan, T. (Eds.), Postal and delivery
innovation in the digital economy. Springer International Publishing, Cham, p. 43-54.

[95] Huang, R., Riddle, M., Graziano, D., Warren, J., Das, S., Nimbalkar, S., Cresko, J., & Masanet, E. (2016).
Energy and emissions saving potential of additive manufacturing: The case of lightweight aircraft
components. Journal of Cleaner Production, vol. 135, 1559-1570, DOI: 10.1016/j.jclepro.2015.04.109.

[96] Chen, C., Demir, E., Huang, Y., & Qiu, R. (2021). The adoption of self-driving delivery robots in last mile
logistics. Transportation research part E: logistics and transportation review, vol. 146, 102214, DOI:
10.1016/j.tre.2020.102214.

[97] Alfandari, L., Ljubié¢, I., & da Silva, M. D. M. (2022). A tailored Benders decomposition approach for last-mile
delivery with autonomous robots. European Journal of Operational Research, vol. 299, no. 2, 510-525, DOI:
10.1016/j.ejor.2021.06.048.

[98] Simoni, M. D., Kutanoglu, E., & Claudel, C. G. (2020). Optimization and analysis of a robot-assisted last mile
delivery system. Transportation Research Part E: Logistics and Transportation Review, vol. 142, 102049.

Paper submitted: 24.05.2023.

Paper accepted: 21.08.2023.
This is an open access article distributed under the CC BY 4.0 terms and conditions

939


http://www.engineeringscience.rs/
https://doi.org/10.1108/14637150410539687
https://doi.org/10.2148/benv.42.4.617
https://doi.org/10.1016/j.promfg.2017.09.045
https://doi.org/10.1108/17410381011063996
https://doi.org/10.1111/jbl.12045
https://doi.org/10.1016/j.techfore.2015.07.023
https://doi.org/10.1016/j.jclepro.2015.04.109
https://doi.org/10.1016/j.tre.2020.102214

	1 INTRODUCTION
	2 Industry 4.0 i Logistics 4.0
	3 Methodology
	4 Technological solutions of logistics 4.0 in home delivery
	4.1 Internet of things
	4.2 AGVs and AVs
	4.3 Artificial intelligence and augmented reality
	4.4 Big data and Data mining
	4.5 Blockchain
	4.6 Management and control support systems and Cloud Computing
	4.7 E-Marketplace and M-Marketplace
	4.8 Additive manufacturing
	4.9 Advanced robotics

	5 Conclusion
	6 ACKNOWLEDGMENT
	7 References

