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Preface

The idea of organizing a logistics conference was in correlation with the Logistics
department alumni’s meeting, that is held traditionally every last Saturday in November.
During the 2012 alumni’s meeting, our colleagues and friends, most of which are now
distinguished professionals, scientists, managers or officials in logistics and related areas,
have given us a decisive impulse and

encouragement to run the conference in 2013.

Thanks to one of the youngest researchers at our department, the conference holds, I
believe, an impressible and penetrative acronym “LOGIC”, which is at the same time
associative and deeply tied with the essence of logistics.

This way, by organizing Logistics International conference we have made one step ahead
in further popularization and spreading of the ideas from this emerging area, while at the
same time reestablishing the practice of our department in organizing logistics
conferences, which goes back to the '80s.

The conference has tried to materialize the idea of becoming a forum and a meeting place
where participants from universities, institutes and companies from different logistics
related fields may have the opportunity to collaborate and exchange ideas.

Preface to the 5th LOGIC proceedings

5th LOGIC meeting was held under specific conditions caused by global COVID 19
pandemic which moved the conference from the regular schedule in year 2021 to the
year 2022. For the first time, meeting was organized as a hybrid, giving opportunity of
both in-person and on-line participation.

During the conference, 95 authors presented 39 papers in conference sessions, 27
presentations was in workshops oriented to the best practice, while 6 presentations
were in students’ workshop.

For the fifth LOGIC conference interest expressed people from 13 countries, while
speakers and discussants came from 9 countries. Through the academic sessions, best
practice sessions and workshops more than 300 people have taken active participation,
confirming again importance and actuality of logistics both in academic and practical
sense. The meeting showed again that LOGIC keeps it fundamental values, not only
discussing, but also generating and creating ideas.

We do hope that 5th LOGIC proceedings book may give insight into all those ideas and
thoughts on logistics have appeared during the meeting. As same as the logistics itself,
this book brings wide specter of different topics, from the modeling and methods to the
technologies and practice. Although the book primarily addresses problems in logistics,
we believe that the interdisciplinary nature of logistics could make it helpful for wider
auditorium as well.

To make this conference we have received immense help from the Ministry of Education,
science and technological development of Republic of Serbia and our traditional
partners: MilSped, Delhaize Serbia, Cargo partner, Gebruder Weiss, Geodis, Transfera,
Merkator S, Nelt, Delta transport system, Kuehne Nagel, Planet soft, Fercam, Coca

Cola, Sport Vision, Bosch, Schenker, Standard Logistics, Dragon Maritime - Cossco,
Rhenus logistics, LOGIT, Spica centar, Dunav insurance, Sava insurance, Logistar,
Express Global, NTS International, Rauch.
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Partners from media are Serbia's public broadcaster Radio Television of Serbia and
Pluton logistics.
To all of them we would like to express our sincere thanks and appreciation!

Belgrade, June 2022 Program committee chair
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DRY PORTS IN SWEDEN - ONE OF A KIND?

Alena Khaslavskaya? and Violeta Roso*

a Chalmers University of Technology, Department of Technology Management and
Economics, Division of Service Management and Logistics, Gothenburg, Sweden

Abstract: Swedish dry ports have been often used as cases in the transport research,
however there is no comprehensive study that identifies and categorizes Swedish freight
transport terminal facilities meeting the dry port definition “inland intermodal terminal
with direct rail connection to a seaport where customers can deliver/collect their containers
as if directly at the seaport”. This study aims to describe those facilities and to analyze them
focusing on several distinctive characteristic identified from the literature on dry port. The
study used primary and secondary sources of data. The findings show description and
analysis of identified dry ports in Sweden: not only the number of them grew from two in the
year 2009 to 12 in the year 2022, there are similarities but also differences when it comes to
their distance and location, functionality and services, direction of development, maturity
level, dedication, geography of operations. One characteristic they all have in common is
Inside-out directional development.

Keywords: Dry port, intermodal terminal, services, Sweden

1. INTRODUCTION

One of the roles of dry ports is to serve the seaports to release the pressure of growing
cargo volumes and to reduce COz emissions by modal shift from road to rail. Dry ports are
commonly described in the literature as important nodes of inland transportation system
benefiting multiple actors of the system from different perspectives. One of the benefits
is for the regions located in the hinterland of the seaports where dry ports are
implemented so that the availability of dry ports with the services offered attracts new
business and investments in the area (Bozicevi¢ et al., 2021). Previous research on dry
ports has been focusing on different thematic areas usually based on cases of dry ports,
often from different geographic regions, that are sometimes difficult to justify as
comparable (Khaslavslaya and Roso, 2020). Such research instances help to rather
underline differences than the similarities. However, there are country-specific studies
and even a global perspective on dry ports such as e.g. Monios and Wilmsmeier (2012),

* violeta.roso@chalmers.se
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where the authors make conclusions from several cases from across Europe and the USA
and point out the different strategies of ports and authorities regarding hinterland
infrastructure development. Swedish dry ports appear frequently in the research; one of
the studies with the similar focus identified only 2 dry ports in Sweden in 2009 (Roso,
2009). Since then, many things have changed in the transportation system in Sweden, and
the number of dry ports grew significantly. Therefore, the purpose of this study is to
qualitatively describe the facilities identified as dry ports and analyze them focusing on
significant characteristics identified from the summary of the relevant literature. The
contribution of the paper lies in the analysis of all dry ports in Sweden with respect to
their distance and location, functionality and services, direction of development, maturity
level, dedication, geography of operations, the paper provides an updated detailed
description and qualitative analysis of the dry ports in Sweden.

This introduction of the paper is followed by overview of dry port literature and Swedish
transport system. Method chapter concisely describes the research approach applied.
Findings are presented in the chapter four where all identified dry ports in Sweden are
briefly described. This is followed by analysis and discussion and finally, the paper
conclusions are presented in the chapter six.

2. DRY PORT CONCEPT AND SWEDISH PERSPECTIVE

Dry port concept emerged due to increasing need for efficient intermodal transportation
in the seaports’ hinterland (Wilmsmeier et al.,, 2011, Roso et al., 2009). On one hand,
seaports have been facing capacity issues due to rising volumes of international trade as
well as the increasing sizes of the vessels calling to the seaports. On the other hand, the
landlocked regions have been seeking development opportunities and have been
developing intermodal infrastructure to facilitate access to the seaports and their
transportation network. Together, it led to development of a dry port concept
(Wilmsmeier et al., 2011), defined as an inland intermodal terminal directly connected to
a seaport by rail, where customers can leave/pick up their standardized units, as if
directly at the seaport (Roso et al., 2009). The main idea behind the concept is to serve as
the seaport interface inland which implies a presence of infrastructure that allows
efficient transport of consolidated containerized cargo as well as frequent, scheduled, and
reliable high-capacity transportation (ibid). Often the research on dry ports highlights the
availability of rail infrastructure and rail shuttles as an element of dry port concept e.g.
Bergqvist and Woxenius (2007), Chang et al. (2018), Rodrigue and Notteboom (2012),
Roso (2008), and Roso and Russell (2018). Furthermore, dry port being a seaport’s
interface inland implies that the shippers/customers have an opportunity to handle their
cargo ata dry port in the same way as if they would do it in a seaport i.e. that the services
typical to a seaport are expected to be available at the dry port (Roso et al.,, 2009,
Khaslavskaya et al., 2021). Dry port concept has a positive effect on sustainability
components. Firstly, cost-efficient hinterland transportation by high-capacity transport
modes (rail, inland waterways) compared to business-as-usual alternatives (road) could
bring economic benefits to the whole supply chain (Khaslavskaya and Roso, 2019).
Secondly, intermodal setup (hinterland transportation through a dry port) has lower
environmental impact (especially if the rail is electrified) (Khaslavskaya and Roso, 2019,
Henttu and Hilmola, 2011, Roso, 2007).

Finally, development of dry ports could stimulate regional development since availability
of functional logistics solutions attracts new businesses to the area, which results in new
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job opportunities (Roso, 2009). The research on dry ports branched out in multiple focus
areas; among others, several scholars focused on identifying unique significant
characteristics of dry ports that distinguish them from other inland terminals and
classifying them. The summary of these is adapted from Khaslavskaya and Roso (2020),
see the table 1.

Sweden has been used as a case in many research papers focusing on dry ports; and the
researchers have focused on various aspects, starting with concept development (Roso et
al, 2009) to much more specific aspects e.g. evaluating of the concept from an
environmental perspective (Roso et al,, 2009, Henttu and Hilmola, 2011, Roso, 2007), dry
ports directional development (Bask et al., 2014), a potential of dry ports in Sweden to
mitigate supply-chain disturbances on the example of a labor conflict (Gonzalez-Aregall
and Bergqvist, 2019), role of dry ports in supply chains (Khaslavskaya and Roso, 2019).
All the aspects risen in the research include several actors that influence operations and
sustainability of the implemented concept. Those actors have been contributing to
sustainable development of inland freight transportation (Monios and Bergqvist, 2016,
Dooms, 2019) such as e.g. government authorities have required greener transportation.

Table 1. Dry port characteristics identified in literature

Criteria Dry port types Authors

Location and|Close, midrange, distant Roso et al. (2009)

function Seaport-based, city-based, border Beresford et al. (2012)

Development Outside-in, Inside-out; Wilmsmeier et al. (2011)

direction Bidirectional Bask etal. (2014)
Land-driven, sea-driven Monios (2011)

Maturity level Pre-, start-up, growth phase Bask et al. (2014)

Dedication Shared (public), dedicated to an|Ngand Cetin (2012)
enterprise or cargo

Geography of|Domestic, international Doetal. (2011)

operation

Transport mode Rail-based, barge-based Rodrigue and Notteboom

(2012)
Service portfolio Basic services; basic and value-added|Khaslavskaya et al. (2021)

services; basic, value-added and
customized services

The Port of Gothenburg, together with other major business actors, tried to significantly
reduce carbon emission associated with its business by 70% by 2030. So-called “The
Tranzero initiative” concerns electrification of large trucks and sea transport (Tranzero,
n.d.). Earlier, the port has also been focusing on efficient hinterland transportation
network under the “Railport Scandinavia” initiative, which implies electrification of rail
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lines and promotes a network of hinterland terminals connecting the hinterland with the
port [25]. In addition, regions in their development strategies have been driving
infrastructure construction to reach out to the seaport and their established international
transportation network (Khaslavskaya and Roso, 2019, Bergqvist and Monios, 2021).

3. METHOD

The data for this study has been collected from primary and secondary sources; by
interviewing representatives of the dry ports and other actors related to their business
but also from available reports/literature. In addition, student reports about intermodal
terminals in Sweden from the course Freight Transport Systems thought at Chalmers
University of Technology in the fall 2021 were used as an extra source of data. For each
dry port a document with a summary was written, which also included a list of open
questions when desired data was missing. The summaries were sent to the dry ports with
the request for verification. In most cases the verification was handled vie e-mail
correspondence, in few cases there were additional phone and Teams calls. Descriptive
analysis has been applied on the data collected. Finally, identified and analyzed dry ports
have been compared based on the criteria previously recognized and mentioned above.

The initial list of inland intermodal freight terminals was collected from sources of the
Port of Gothenburg, which is promoting hinterland network of so-called Railports. The list
was taken as a basis and then assessed together to the experts and limited to those that
fit into the definition of dry port. The main criteria to include an inland intermodal freight
terminal in the final list for the further research steps was an established regular train
connection to/from a seaport (i.e. existing volumes to handle) and extra services available
at the facility.

4. SWEDISH INLAND INTERMODAL TERMINALS IDENTIFIED AS DRY PORTS

This chapter briefly describes all identified dry ports in Sweden that are shown on the
map in Figure 1.

Eskilstuna Intermodal Terminal is fully owned by the municipality through Eskilstuna
Logistik och Etablering AB which initiated the development of the terminal which is a part
of the logistics center. The terminal has rail connection to seaports by Green Cargo, GDL
and TX-Logistics. It was established in 2003, first it was operated and managed by Green
Cargo, since 2004 the daily operations at the terminal are performed by M4 with their
own equipment and personnel - a consortium owned by 270 different transport and
construction equipment companies from the Malardalen region. The biggest customers
are H&M, BSH Home Appliances, ICA, Volvo and Coop.

Jonkoping Kombiterminal AB was inaugurated in December 2010. The land is owned by
the real estate company Catena and the terminal itself is initiated and owned by the
Municipality of Jonkoping. The operations are managed by Bring Linehaul AB that is
responsible for all the services available at the terminal. The largest customers are IKEA
and Elgiganten, while there are some smaller companies also using the service of
transporting their goods by train between Torsvik and Arsta, Stockholm.
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Figure 1. Dry ports in Sweden

Umea terminal was initiated due to Bothnia Line - rail link connecting the north and the
south of Sweden - which was introduced in 2010. The terminal is also connected to
Stambanan that allows access to the entire railway network of Sweden. Most inbound
goods are transported by train from terminals located in G6teborg, Malmo, Helsingborg
and Néassjo. Umed Combi terminal is established and owned by Trafikverket and then
leased to Infrastruktur i Umed AB (INAB). INAB in turn has hired Sandahls Goods & Parcel
(a private company) to handle the daily operations. The main customers are Volvo, IKEA,
Biltema and Carlsberg.

Hallsberg Terminal was built in 2003, actors that were involved in the implementation
were the Hallsberg municipality, Rail combi, Green Cargo and Euroshuttel. Logent AB took
over the operation of the company in 2012 and started to run rail shuttle to the port of
Gothenburg. The terminal is now owned by Catena AB a real estate company and has
around 40 different customers. The terminal is directly connected to the Nordic region's
largest marshaling yard is within a radius of 20 miles to over 50% of the country's
population and over 60% of businesses.

Vaggeryds terminal was initiated in 2009 by PGF Terminal AB and they started the rail
shuttle to and from the Port of Gothenburg. It began with signing an agreement between
a paper company, municipality, and themselves to test the concept of a dry port. By April
2010 the terminal was ready, and the first containers arrived. Initially the terminal
competitiveness was low due to risks of missing a time slot and thus delaying goods.
However, the industry was interested and over time the terminal gained competitive
advantage and reduced risks of delays. Now the terminal is owned by the municipality of
Vaggeryd and is leased and operated by PGF Terminal AB, a part of the PGF Group.
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Katrineholms Logistikcentrum is a development area of 1 000 000 square meters of land
for the establishment of logistic operations. The site is strategically placed in the crossing
of two of Sweden's main rail lines, the West and the South mainline. Its position also
reaches a third of Sweden’s population within a 15 miles radius. The terminal has been
operating partly since 2010 and fully since 2011. The terminal initially was owned by the
municipality, however, after obtaining municipal shares GDL became the major owner.
The terminal has only one customer, that is GDL and they manage the operations to their
own customers like e.g. Amazon Web Services, Bosab, Catena, Postnord AB.

Stockholm Arsta Kombiterminal is located six km from the Stockholm city center and
serves more than three million customers through rail and road combined. It is Arsta
Kombiterminal is owned by Jernhusen AB, and is since January 2017 operated by Vite
Trafik. The implementation of the terminal was initiated by Jernhusen since they wanted
to increase the value by developing the properties and the terminal. Jernhusen was also
the main investor of the implementation. Green Cargo is the main rail operator, the
terminal itself does not work with goods’ owners, only with the operator.

Kombiterminal Gammelstad (Luled) was inaugurated in 2003 and is owned by the Luled
municipality that together with Swedish transport administration works on the
development of the terminal. The municipality owns the ground and the Swedish
transport administration owns the tracks. The operator of the terminal is Sundahls Goods
& Parcel AB. Main customers are Polarbrod and Scania, but also the forest industry and
other companies established in Vasterbotten and Norrbotten.

Sundsvall Combi Terminal, the existing combi terminal in operation is located centrally
and is operating at the of the maximum capacity and the opportunity to expand is strongly
limited due to vicinity of residential area. Existing flow of goods consist of a large
proportion of hazardous goods that create heavy traffic through the city center.
Therefore, new combi terminal is planned to be completed in 2024, location is north of
the city close to the Tunadals port and with connection to the rail network. The process
of building this new terminal begun in 2008 when the municipally of Sundsvall created
the company Sundsvall Logistikpark AB and in year 2011 the zoning plan was adopted by
the City Council. Sundsvall combi terminal works with many customers such as DSV, DHL,
Noyroun, IKEA and Biltema.

Dry Port Falkdping - Skaraborg Logistic Center was initiated by Falkdéping municipality
in 2000. The terminal has a close collaboration with the Port of Gothenburg and has gone
through a bigimprovement and expansion during the last years. The terminal started with
operations in 2007 but had issues with volumes handled until Jula AB started to use the
terminal in 2013. After contracting Schenker AB, Jula AB purchased the terminal from the
municipality in 2018 and started to work on attracting more volumes to the terminal. Jula
logistics is now the Owner and operator of the dry port. Transports are contracted to
Schenker who are responsible for the transport by truck and Tagfrakt who are
responsible for the trains. Even though the ownership transferred from the municipality
to Jula there is still a close collaboration between the actors in the future plans of the dry
port.

Insjon Kombiterminal is located in Leksand municipality which plays an important role
for the large companies such as Clas Ohlson, Bergkvist Siljan AB, Tomokuhus and Ejendals.
The development of the dry port was initiated in 2002, when Bergkvist-Insjon AB wanted
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to secure their export of timber products to Asia. The terminal is operated by
Vanerexpressen that connects the port of Gavle and the port of Gothenburg.

5. ANALYSIS AND DISCUSSION
5.1 Distance and location

According to Roso et al. (2009), dry ports functionality to some extent correlates with
their location (or distance) in respect to the seaport that they serve; close, mid-range and
distant. Another way to classify dry ports based on location/distance is to distinguish
seaport-based, city-based, border-based dry ports (Beresford et al., 2012). In this study
in the respect of location and function the dry ports were analyzed based on their
functionality and distance from the port of Gothenburg. The distance from the Port of
Gothenburg by rail is taken from the port’s report, while the road distances are taken from
the Google maps and the same are shown in Figure 2. Only three dry ports are located
very far, more than 800km and those clearly benefit from use of rail. Five are on “medium”
distance of 200-600 km away from the port and three are closer than 200 km to the port
and therefore feasible for use of road but volumes and frequencies make the rail viable.
The dry port in Néssjo is located 230 km away by rail while just 190 km by road and thus
can be classified in different ways; it is classified to be close-range one in this paper which
is closely related to its functionality discussed in the next chapter.

Type of dry ports by distance to the seaport
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Figure 2. Distances to the seaport
5.2  Functionality and services

As per available services, the dry ports in Sweden have quite similar service portfolio
which always consists of basic services and different set of value-added and customized
ones. While if demanded, the dry ports are ready to add a requested service even if the
volumes are not very significant and there is a competition between the dry ports
especially located in relative proximity to each other. The most frequent services at dry
ports are depot, handling of dangerous goods, reefer plugs, stuffing, transhipment,
handling of empty and loaded containers, road haulage. Less frequent services are
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container consolidation, online booking, safe parking for trucks / trailers, customs
clearance, forwarding, warehousing, tracking and tracing, material control, subassembly,
kitting and sequencing cross-docking, repacking and relabeling, quarantine, quality and
inventory control, and repair. It is challenging to count exact frequency of services
because some of them are available by request but not listed online.

Figure 3 shows services importance evaluated by stakeholders (transport operators,
municipality, shippers, seaport). The importance is evaluated from 0 (not important) to 5
(very important), the graph allows to see the important per each stakeholder as well as it
indicates the common perception of the importance per each service.
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Figure 3. Dry ports services’ importance according to the stakeholders
5.3 Directional development

Dry ports in Sweden are initiated by a several stakeholders located in the hinterland. The
roles of actors change over the time together with the development of terminals. The
findings show that all dry ports included in this study have followed the Inside-out model
of the development, that means that the initiation of dry ports development came from
actors located in the hinterland. Moreover, there has mostly been a common interest of
the municipality to develop the region and at least of one large shipper with sufficient for
aregular train volume. For example, The Eskilstuna Intermodal Terminal was initiated by
the municipality when H&M in 2002 moved distribution center to the area. While the
development was possible due to initiative or a great support from municipality, the
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initial investments were financed jointly by municipalities, large shippers and in some
cases by external grants aiming to support low emitting transportation solutions. For
example, half of the finances for the dry port development in Luled came from the Swedish
Agency for Economic and Regional Growth. Vaggeryd dry port investments were financed
by the municipality, EU grants, Traffikvarket and many other smaller investors. Sundsvall
Combi Terminal obtained the investment from the Swedish Transport Administration,
Svenska Cellulosa AB (SCA) and the county administrative board.

The role of the municipality in dry ports development steadily decreases as the terminal
moves further along the developmental phases. It has been noted, a start-up stage of dry
ports development (Bask et al., 2014) has always involved a respective municipality, on
the later stages the municipality may have retreat in order to hand it over to the private
actors. It has happened with Katrineholms Logistikcentrum where GDL became the owner
of the terminal after obtaining municipal shares; Dry Port Falkoping was purchased from
the municipality by a large retailer company Jula AB who started to operate the terminal,
obtained own rolling stock as well as established close cooperation with the rail operator
Schenker AB. This being an exceptional case in Sweden, is also a case of success of a dry
port operations. In Vaggeryd the terminal is leased and operated by PGF Terminal AB; in
Umea while Trafikverket (public authority) owns the facility, it is operated by Sandahls
Goods & Parcel AB; M4 rents the terminal from the Eskilstuna municipality and owns
machines and has own employees.

Interesting, that while the role of the Port of Gothenburg in the initiation and development
of any dry ports in Sweden is minimal, the port is nevertheless promoting its “Railport
Scandinavia” concept that encompasses all the possible dry ports and established rail
network connecting to all of them. During interviews with other sea container terminals
in Sweden it became evident, that the other seaports are not agreeing with such position.
From the findings, a dry port in Sweden is a terminal with an established rail traffic. In
line with this, there is another viewpoint that seaports as operators do not conduct such
activities as hinterland distribution, while in fact the dry ports are part of the traffic
arrangements that the railway operators offer to the market on equal terms. It became
evident, that the biggest port enjoys its competitive advantage and perhaps to some extent
does not let others into the business that it does not directly possess. It echoes the
conclusions by Monios and Wilmsmeier (2012), where the authors point out only an
assisting role of seaports in dry ports development. Similarly, Bask et al. (2014) pointed
that the seaports’ role not going beyond marketing of the dry port concept with the
impalpable/unmeasurable positive effect on cargo flows and service demand at the dry
ports.

5.4 Maturity level

In some cases we could observe similar patterns to the ones identified by Bask et al.
(2014), that of the terminals are often initiated by an inland actor (municipality or an
entrepreneur-minded person or a group of people and by joining the effort and obtaining
(often municipal or private funds) the terminal is built constructed. For the current
moment, there were no identified cases of a start-up phase of constructing a brand-new
terminal, all the identified ones have passed the phase. It is fair to say that most terminals
are in the growth phase which is recognized by operations and infrastructure
development and capacity utilization of about 20-60% (where known). Many dry ports in
Sweden have plans of extending the territory, operational areas, tracks, some of them
have recently completed the same extension. There is also an interesting case which is not
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simple to classify in the same terms - the dry port in Sundsvall - which in a way is
undergoing a rebirth, or a metamorphose. The old intermodal terminal in Sundsvall was
built about 50 years ago and has been operating on the maximum of its capacity; for the
moment of this study there was an ongoing project of building a brand-new terminal to
be completed by 2024 which would substitute the old one in its function. Somewhat
similar phenomenon was observed in the case of Vaggeryd, where prior to the terminal
construction operations with minimal needed investments were conducted at the old
terminal adjusted for the needs of a dry port. After it had proved to be feasible the actual
dry port terminal was constructed. While the cases are not identical, they have a similarity
in their “metamorphosis”.

5.5 Dedication

Officially dry ports are not dedicated to any enterprise in Sweden regardless of
ownership: by a municipality or a private company. Most of them have contract with rail
transport operators, not directly with the cargo owners. Most of the dry ports, however,
poses information about the largest cargo owners and can name a few such as IKEA, Volvo,
Elgiganten. Despite not being dedicated to a single shipper, trains between Jonkdéping and
Gothenburg are popularly called “IKEA-pendeln (commuter train)” and between
Falkoping and Gothenburg - “Jula-pendeln” (commuter train). It does not mean that they
transport goods only of those companies, but they do mainly. Interestingly, after the
acquisition of the dry port by Jula AB in Falkdping, the new owner would allow the
containers of other companies to the train prior to their own to establish trustful and
reliable relationships with new clients in new business area. It is out of authors’
knowledge whether this is still the case of today.

5.6 Geography of operations

As it was previously mentioned, dry ports enjoy the benefits of the established rail
network of Swedish rail operators such as Green Cargo AB, GDL, Real Rail, Schenker AB,
Vanerexpressen AB. All the dry ports have rail traffic to/from the port of Gothenburg,
some of them work with the cargo originating from/destined to other container seaports
of Sweden i.e. Malmo, Trelleborg, Stockholm, Gavle, Helsingborg. There are international
trains going to/from Germany, Biebersheim. There is always a hard work involved in
assuring the backload of the trains, detailed information was not possible to obtain,
however, there was indication that a backload of 65% can be sometimes stably assured
and meets the expectations of the dry ports. The backload is easier to provide with the
trailers and sometimes reaches up to 100% in those cases.

6. CONCLUSION

According to the purpose of this study, detailed qualitative descriptive data about the dry
ports in Sweden were collected and analyzed with focus on distance and location,
functionality and services, direction of development, maturity level, dedication and
geography of operations. The results of the analysis indicate that the dry ports in Sweden
are homogeneous in many respects. All the dry ports in Sweden are initiated by the actors
in hinterland and thus are initially constructed to meet the goals of municipalities and
local businesses; and as such fit into Inside-out directional development model. Majority
of the dry ports are “mid-ranged” that means that they are located 200-600 km from the
Port of Gothenburg; yet there are close and distant dry ports as well. To defiantly state the
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dependance of the service offerings and location further study is needed, however, it is
evident that there are frequent services at dry ports all around the country including
depot, handling of dangerous goods, reefer plugs, stuffing, transshipment, handling of
empty and loaded containers, road haulage. As per development, there were no identified
cases of a start-up phase, most of the identified dry ports are in the growth phase which
is recognized by operations and infrastructure development and capacity utilization of
about 20-60% (where known). The analysis of the involvement of actors through the
developmental phases highlights minor role of a seaport in the beginning which increases
along the maturity of the dry port (from establishment to operations). Privately initiated
and owned dry ports may pursue otherwise not common strategies such as close
collaboration and integration of business with large shippers or rail operator. Further
research is needed to confidently state whether the dry ports in Sweden compete, are in
co-opetition with each other, or cooperate, however, it is evident that they depend on the
same established rail network and enjoy its benefits in terms of geographical coverage
and reach to the seaport terminals. One of the major issues is unbalanced flow of
containers which is addressed by the dry ports to different degrees. The conducted data
analysis contributes to the dry ports concept by elaborating on pre-existing classifications
of dry ports, discussing the classifications with regards to the case of dry ports in Sweden.
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Abstract: Nowadays life is becoming unpredictable regarding nature control and potential
ecological problems. In situations when a natural disaster overpowers the human
mechanism of defense, readiness for a fast reaction is the key. An extremely influential
alleviation factor of disaster consequences is an adequate realization of logistic activities
which in large depends on the location of the humanitarian logistic center. This task has
strategic proportions and represents a potential issue while providing first aid to threatened
parts if the solution is not optimal. Locating the humanitarian logistic center is a complex
issue and involves considering various alternatives and criteria for its valuation, therefore
multi-criteria decision-making methods are used. In this paper, the location of the
humanitarian logistic center in Serbia has been considered on the territory of Novi Sad,
Belgrade, Kragujevac, and Nis. Preference Ranking Organization Method for Enrichment
Evaluation (PROMETHEE) method is used for problem-solving. By processing the data and
comparing alternatives according to the relevant criteria, Belgrade has been determined as
the optimal location of the humanitarian logistic center for the case of Serbia.

Keywords: humanitarian logistics, logistics center location, multi-criteria decision-making,
PROMETHEE.

1. INTRODUCTION

Logistics is present in all economic and social activities, but it is also an integral part of
everyday life. Increased interest in logistics and its application has led to a myriad of
definitions and different interpretations of the concept of logistics. Most definitions of
logistics include that it is the process of planning, designing, modeling, projecting,
controlling, and managing processes and systems that enable the flow of materials,
products, energy, information, people, and money (Kilibarda, 2012). In short, logistics
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include all systems and processes which enable material and non-material flows (Zecevic,
2006). In logistics, the main goal is to provide required goods on the market at the right
time, at the right place, in the right quantity, with the highest level of service, and at the
lowest possible cost using the available resources and human resources. Thus, logistics is
a particularly important function in emergencies, where it is necessary to quickly provide
aid to the vulnerable and provide goods to prevent and mitigate the consequences.

In 2021, the Center for Research on the Epidemiology of Disasters (CRED) reported 432
catastrophes related to natural hazards worldwide (EM-DAT, 2022). There were 10,492
deaths, 101.8 million people were affected, and about $252.1 billion in economic losses.
Compared with the average of 357 catastrophes per year, for the period 2001-2020, the
number of recorded catastrophic events in 2021 is considerably higher. Floods dominated
these events, with 223 occurrences in comparison to an average of 163 per year during
the period 2001-2020. The number and impact of natural and man-made disasters
worldwide have significantly increased in the past decade, showing a growing trend.
Humanitarian logistics should suppress the effects of natural disasters, as well as
problems caused by human factors. A well-organized and efficient logistical support
system is essential when providing assistance in emergencies or after disasters. The
effectiveness of humanitarian aid largely depends on humanitarian logistics. Locating the
Humanitarian Logistics Center (HLC) stands out as one of the significant factors in
achieving the efficiency of humanitarian logistics.

This paper aims to emphasize the importance of appropriately locating the humanitarian
logistics center for the territory of Serbia and defining the methodology for that
procedure. After described characteristics of humanitarian logistics and the significance
of HLC locating, a description of the multi-criteria decision-making method PROMETHEE
(Preference Ranking Organization Method for Enrichment Evaluation) is given in chapter
2,and itis used for the selection of location for the humanitarian logistic center. In chapter
4, criteria are evaluated and the multi-criteria issue of HLC location selection for the
territory of Serbia is resolved. At the end of the paper, final conclusions and possible
directions for future research are given.

2. HUMANITARIAN LOGISTICS - BACKGROUND OF THE PROBLEM

Logistics is defined as the part of the supply chain process that deals with the planning,
implementation and control of efficient and effective flow and storage of goods, services
and information, from the point of origin to the point of consumption, to meet customer
needs (Council of Logistics Management, 1998). Humanitarian logistics is a special area
of logistics whose main goal is to provide aid to people in need during emergencies or
natural disasters and to prevent or mitigate their consequences. Although there are many
interpretations of the term humanitarian action, three widely accepted principles -
humanity, neutrality and impartiality - must be present for an action to be considered
humanitarian (Tomasini and Van Wassenhove, 2009). The principle of humanity indicates
that human suffering should be resolved wherever it is encountered. According to the
principle of neutrality, assistance should be given without bias or belonging to a particular
party to the conflict, while the principle of impartiality indicates that assistance should be
given without discrimination, with priority being given to those in greatest need. The term
humanitarian logistics refers to the planning, implementation and control of efficient and
economical movement and storage of goods, materials, and information from the place of
origin to the place of consumption, in order to alleviate the suffering of vulnerable people
(Tomas and Kopczak, 2005).
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There is a natural disaster in some parts of the world almost every single moment - fires,
floods, tornadoes, earthquakes, tsunamis, etc. However, human factors can also cause
catastrophes, such as war, terrorism, hazardous waste leaks, refugee crises, and so forth.
The purpose of humanitarian aid is to provide food, water, medicine, shelter, and supplies
to areas affected by large-scale emergencies (Beamon and Balcik, 2008). Logistics actually
serves as a link between disaster readiness and response (Thomas, 2003). Procurement
and transport in a logistical function are often one of the most expensive aspects of aid
operations (Thomas and Kopczak, 2005).

2.1 Characteristics of humanitarian logistics

Humanitarian organizations find it difficult to achieve their goals due to alack of customer
pressure (Tomasini and Van Wassenhove, 2009). As natural disasters are unpredictable,
the demand for goods is also unpredictable in terms of time, location, species, and size
(Cassidi, 2003; Murray, 2005; Roh, 2012). Therefore, it is difficult to rely on information
for humanitarian relief supply chains (Beamon and Balcik, 2008). The main
characteristics of humanitarian logistics are impudence and insecurity. It is possible to
predict some crises in advance, but many happen without warning. Technology is
becoming more advanced every day, which makes it easier to forecast natural disasters
more accurately. The next characteristic is timeliness and urgency. Losses and severity
after a disaster, are depended on the speed of humanitarian logistics (Kuster, 2021) Time
delays can lead to loss of life (Roh, 2012). Additional characteristic is poor economic
efficiency. In disasters, the safety of people and their property is the number one prioritiy,
while economic issues and costs are secondary. There are four phases of humanitarian
logistics: preparation, reaction, recovery, and mitigation (Kilibarda, 2012). The first phase
is the preparation phase which includes the procurement, allocation and storage of
supplies and the design of an efficient logistics structure. The location of the humanitarian
logistics center is characteristic of this phase. The reaction phase occurs after a crisis
event. In this phase, the activities are focused primarily on saving lives and preventing
major consequences. This phase is considered the most important as the speed of reaction
depends on the consequences of a catastrophe or an extraordinary event. The last phase
refers to providing the necessary aid in order to achieve the pre-accident state. The
characteristics that distinguish humanitarian logistics from traditional logistics are
unpredictability, uncertainty, and unconventionality. Furthermore, strategic goals, user
and demand characteristics, and environmental factors are distinguished as well (Balcik
and Beamon, 2008). Humanitarian logistics is funded by the public sector and charitable
donations, whereas traditional logistics derives its revenue from the sale of products and
services to customers. In humanitarian logistics, the motivation is not profit, and the goal
is not to reduce costs but to increase the efficiency of activities (Roh, 2012).

2.2 The importance of locating a humanitarian logistics center

When a disaster occurs, humanitarian organizations can procure aid supplies from three
main sources: local suppliers, global suppliers, and humanitarian logistics centers (Balcik
and Beamon, 2008). In the early phases of a disaster, most of the critical supplies arriving
in affected areas come from humanitarian logistics centers where supplies are pre-
positioned (Balcik and Beamon, 2008). Costs are the main reason for pre-positioning
supplies, as it is possible to purchase supplies at a reasonable price (Salisbury, 2007).
When disaster happens, demand for supplies increases dramatically, and suppliers will
often raise their prices as a response to that (Beamon and Balcik, 2008). Pre-positioning
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supplies is closely related to the preparation phase and provides a rapid response when
a disaster occurs (Tatham and Kovacs, 2007). The primary purpose for establishing
emergency supplies is to support life-saving operations during the first few days after a
sudden onset disaster, providing the almost immediate delivery of necessary relief items
(United Nations Humanitarian Response Depot - UNDHA, 1994).

The location of the humanitarian logistics center is of great importance since it
determines the success of the prompt response to the following disaster. Selecting
humanitarian logistic center location in humanitarian logistics has also attracted a great
deal of attention from humanitarian organizations in recent years. The world's largest
humanitarian aid organizations, such as the World Food Program (WFP), the
International Federation of Red Cross and Red Crescent Societies (IFRC) and Action
Against Action Against Hunger (AAH), have started deploying strategic pre-positioned
warehouses worldwide - humanitarian logistics centers (Bolturk et al., 2016).

There are several challenges that need to be overcome in order to ensure the smooth flow
of the relief logistics within humanitarian logistics centers. First, the difficulty in creating
an effective pre-positioning plan includes uncertainty whether disasters will occur or not
and, if they do, where they will occur and to what extent (Rawls and Turnquist, 2010).
Although pre-positioned stocks in humanitarian logistics centers may be useful in some
cases, their utility may be limited as they require significant financial investment (Chaikin,
2003). The challenge for logisticians consists of proposing the location of a humanitarian
logistics center out of reach of the potential disaster, while at the same time ensuring
sufficient disaster proximity to deliver aid quickly and efficiently (Balcik and Beamon,
2008). Therefore, locating a humanitarian relief logistics center is a complicated multi-
criteria problem.

3. PROMETHEE METHOD

Multi-criteria decision-making (MCDM) methods mainly consist of two parts. The first
part determines the weights of the criteria, and the second part evaluates the alternatives
in relation to them. In this paper, the criteria weights are determined by decision square
matrix. The importance of the criterion is assessed as follows: grade 1 is used when one
criterion is more important or dominant in relation to another (if the criterion ci is
dominant, it receives a grade of 1, and the criterion cjis a grade of 0); a score of 0.5 is used
when the criteria are of equal importance, i.e. when there is no more dominant criterion;
a grade of 0 is assigned to a criterion that is less important, i.e. which is inferior to the
other criterion (if the criterion ciis inferior, it receives a grade of 0, and the c¢j criterion
receives a grade of 1).

In this paper, the multi-criteria method PROMETHEE (Brans, 1982), more precisely
PROMETHEE 1], is used to solve the problem of selecting the best location. The essence of
the PROMETHEE method is in determining the preference of each alternative compared
to each other, according to each of the criteria, using the preference function in order to
acquire the rank of alternatives, either partial or complete (Dimitrijevi¢, 2017). One
alternative dominates the other if it performs as good as the other on all criteria, and
better than another by at least one criterion, which is expressed by the relation of
preference. The relation between two equally good alternatives by all criteria, i.e.
mutually equal alternatives, is expressed by the relation of indifference. When one
alternative performs better on a criterion cs and the other one is better on criterion cr, it
is impossible to decide which the best one without additional information is. Therefore
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both alternatives are incomparable. The characteristic of the PROMETHEE method is the
existence of six defined preference functions (Brans, 1982). It is used to reduce the
difference in values for each pair of alternatives from 0 to 1, according to each criterion.
Thus, it achieves both normalization of values in the matrix and obtaining information on
the preference (dominance) of each alternative in relation to each on all the criteria.
Further resolution procedure of multi-criteria task using the PROMETHEE method, is
presented in algorithmic form.

Step 1. - defining the mutual preference of alternatives, P(A1,Az2), for each pair of
alternatives from the set of alternatives A, in accordance with the selected types of
preference functions and the parameters of these functions.

Step 2. - forming the preference index for each pair of alternatives according to the formula:
w, &
(A, 4)= n ! Z(M/j'Pj(Al'AZ)) (1)
w7
J
j=1

This characteristic shows the preference of alternative A1 in relation to alternative Az,
though taking into account all the criteria at the same time, regardless Pj(A1,Az2), which
also shows the preference of A1 in relation to Az, but only by j-criterion.

Step 3. - forming the preference index matrix (Table 1):

Table 1. Preference index matrix

A1 Am
Aq 1(A1,Am)

Am n(Am,A1)

7(4) @ (4)

Step 4. - Calculating the positive characteristics for each

alternative from set A:

and negative

1
D(A)=——> 7(4,x)
! m_lxeA (2)

_ 1
D (A)= 2T(X,A))
m—1xea 3)
®'(4,) presents how much alternative A1 is better than all other alternatives from the set

of alternatives A, on all criteria from the set of criteria K. Logically, ® (4,), presents the
opposite information, i.e. how much all other alternatives are better than alternative A1.

Therefore, based on these characteristics, the final ranking of alternatives in relation to
the total preference of alternative A1 (®(A1)), can be calculated as follows:

D(4)=D"(4)-P (4). (4)

According to the PROMETHEE II method, alternative A1 is preferable to alternative Az if
the following is fulfilled:

A P! A, if D(4,)>D(4,) (5)
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Alternative A1 is indifferent to alternative Az if:

A" Ay If D(A)=D(4) (6)

4. CASE STUDY - LOCATION SELECTION OF HUMANITARIAN LOGISTIC CENTER IN
SERBIA

When it comes to catastrophes that happened in Serbia, floods have the largest part. The
last major floods in Serbia occurred in 2014. On that occasion, 22% of the population was
affected and damages of 1.7 billion euros were caused. In 2006, about 225,000 hectares
of fertile land were flooded, and the damage was estimated at 35.7 million euros. The
biggest flood in Serbia happened in 1965, when the river Danube overflowed, which
affected almost all river flows, and about 150,000 hectares of land, 16,000 houses and 214
kilometers of roads were under water. When it comes to earthquakes, the most
devastating earthquake happened in Kraljevo in 2010, when 200 people were injured,
while about 850 households were destroyed. Some of disasters that have impacted Serbia
in previous years are fires, storms, and landslides. However, as the floods have caused the
greatest damage so far, alternatives will be considered first in relation to the possibility
of rivers overflowing.

4.1 Problem structure, criteria, and alternatives

The proposed model is used for the selection of humanitarian logistic center locations for
the territory of Serbia. For HLC selection, the following criteria are selected: proximity to
disaster-prone areas - c1, availability of logistics experts - c2, geographical characteristics
- c3, transport connectivity - cs, availability of existing facilities and infrastructure - cs, land
price - cs, number of logistics providers - c7. In literature, proximity to disaster-prone
areas is the most dominant factor when it comes to the location selection of humanitarian
logistic centers (Roh, 2022). HLC location impacts directly the response time and costs of
providing aid (Balcik i Beamon, 2008). The availability of logistics experts is another
dominant factor that is related to the availability of trained and qualified staff. The quality
of HLC functioning directly depends on knowledge and experts’ qualifications.
Geographical characteristics refer to the physical characteristics that describe the natural
environment of the place (relief, rivers, climate, etc.). Transport connectivity implies the
availability of transport infrastructure between the potential location of the HLC and the
site of the disaster. It considers the existence and proximity of the airports and ports as
well. Since the aim of humanitarian aid is to deliver humanitarian supplies as soon as
possible to the users after the disaster, the availability of airports is an extremely
important factor for emergency operations. The criterion related to existing facilities and
infrastructure considers the existence of facilities that can be used for the purpose of
storing humanitarian aid supplies, facilities that provide electricity, water, and vehicle
maintenance services, and other facilities that support the work of HLC (Roh, 2022).
Before locating the humanitarian logistics center, it is necessary to consider the proximity
of regional logistics centers. Land price is one of the criteria that must be included in the
cost analysis. The criterion of the presence of logistics providers is significant not only
because of their existence but also because of the necessary cooperation between them.

The following cities in Serbia were chosen as potential locations of the humanitarian
logistics center: Novi Sad - HLC1, Belgrade - HLCz, Kragujevac - HLC3 and Ni$ - HLC4. Novi
Sad is extremely convenient from the aspect of transport connections, which is proved by
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the fact that it is one of the most important hubs in Serbia, next to Belgrade and Nis. There
is no airport in Novi Sad. The city is not risky in terms of environmental catastrophes, and
it is more protected from earthquakes compared to other alternatives, hence there is a
possibility of Danube overflowing. The largest hub of Serbia is Belgrade, which occupies
the best transit position. The "Nikola Tesla" Airport in Belgrade has a large capacity and
significantly affects the transport connections of this city. The buoyancy of rivers is
excellent, but there is a risk of river overflow. A large number of residents are present,
which is positively characterized. Thus, by locating a humanitarian logistics center in this
city, help can be provided to a large number of people. The availability of logistics experts
is advantageous in Novi Sad and Belgrade. The transport connection of Kragujevac does
notreach the levels of transport connections of other alternatives, there are no waterways
nor airport, but the airports in Belgrade, Kraljevo or Ni$ can be reached promptly.
According to the criteria of land prices, location in Kragujevac is optimal. Ni§ has an
excellent geoposition and is a great hub of Serbia. It has an airport that does not have a
large capacity, though it is very busy and has a positive impact from the aspect of
transport connections. From the aspect of proximity, it is favorable because it can cover
risk areas from floods due to problems around the Morava and its tributaries. In addition,
there is already a Serbian-Russian humanitarian center in Nis, which could provide the
necessary support in case of need.

4.2 Determining criteria and evaluation alternatives

The criteria weights were determined by using a square matrix (Table 2). According to
the results, the dominant criterion is the proximity of the area of susceptible catastrophes
(c1) due to the fact that the factor of rapid response is crucial when acting in crisis
situations. Furthermore, the most important criteria are the availability of logistics
experts (cz2), transport connectivity (c4) and the number of logistics providers (c7).

Table 2. Weight coefficients of criteria decision matrix

C1 C2 Cs Ca Cs Ce Cs z
Ci / 05 |1 05 |1 1 0.5 |45
Cz 05 |/ 1 05 |05 |1 05 |4
Cs3 0 0 / 0.5 0.5 0.5 0 1.5
Ca 05 |05 |05 |/ 1 1 05 |4
Cs 0 05 |05 |0 / 0.5 |05
Ce 0 0 05 |0 05 |/ 0
C7 05 |05 |1 05 [05 |1 /

INJTSN N

In relation to the criteria which the weights were obtained for, the alternatives are
evaluated according to the criteria using the linguistic terms given in Table 3, where each
term is assigned a numerical value, from 1 to 5.

Table 3. Criterion values and corresponding linguistic descriptions

Value Linguistic term

1 Most unfavourable
2 Unfavourable

3 Medium favourable
4 Favourable

5 Most favourable

The evaluation of potential locations of the humanitarian logistics center is given in Table
4.
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Table 4. Evaluation of potential HLC locations according to criteria

C1 C2 C3 Cq Cs Ce C7
max | max | max | max | max | min | max

L

HLC: | 4 4 5 4 5 5 5
HLC2 | 5 5 3 5 4 5 5
HLCz | 2 3 4 3 3 3 4
HLCs | 4 4 3 5 4 4 4

In order to solve the problem, the Visual PROMETHEE software tool was used, i.e. to
determine the rank of potential locations based on the displayed data. Aiming to
determine criteria for disaster-prone areas proximity, availability of logistics experts,
transport connectivity and number of logistics providers, a linear preference function (V-
shape) with parameter 2 was used, where preference is expressed in value between 0 and
1. Therefore, if the difference in the value of the HLCi - HLC; alternative is greater than 2,
according to this criterion, then we prefer the HLCi alternative (preference function equal
to 1). If the difference HLCi - HLCj is between 0 and 2, the preference function takes a
value between 0 and 1. Previously mentioned four criteria are the most important for the
analysis, the application of the linear preference function takes into account the smallest
deviation. For other criteria, a usual preference function is used, without parameters. For
these criteria, the higher (the less) value, that is better for choosing the appropriate
alternative for the maximization (minimization) type of criteria. The obtained results are
shown in Table 5.

Table 5. Ranking potential locations using the Visual PROMETHEE tool

Location Phi Phi+ Phi- Rank
HLC2 0,3529 0,4902 0,1373 | 1
HLC1 0,1716 0,3725 0,2010 | 2
HLCs 0,1225 0,3235 0,2010 | 3
HLC3 -0,6471 0,1176 0,1176 | 4

According to results, HLC2 - Belgrade was obtained as the best alternative, while HLC1 -
Novi Sad was in second place. In order to avoid subjectivity in the evaluation of variants,
it is necessary to do more iterations, i.e. to conduct sensitivity analysis. For this purpose,
three more iterations were made. In the first iteration, all functions of preference are
equalized, i.e. a simple preference function without parameters was chosen. In the second
iteration, the weight coefficients are equal for all criteria, i.e. value 1 was taken for the
weight of each criterion. In the last iteration, the preference functions and weight
coefficients are equalized. The results are presented below. The results obtained in these
iterations are shown in Tables 6, 7 and 8, respectively. It can be seen that in the first
iteration the best alternative was HLCz - Belgrade, while in the second place is HLC4 - NiS.
In the second iteration the best is the first alternative HLC1 - Novi Sad, while in the second
place is HLCz - Belgrade. Finally, in the last iteration the best alternative is HLCz -
Belgrade, and the other is alternative HLC1 - Novi Sad. Having in mind all three iterations,
the alternative HLC3 - Kragujevac is the worst positioned.

Table 6. Results of iteration 1 using the Visual PROMETHEE tool

Iteration 1 Phi Phi+ Phi- Rank
HLC2 0,5588 0,6961 0,1373 | 1
HLC4 0,1176 0,4020 0,2843 | 2
HLC1 0,0882 0,4510 0,3627 | 3
HLC3 -0,7647 0,1176 0,8824 | 4
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Table 7. Results of iteration 2 using the Visual PROMETHEE tool

Iteration 2 Phi Phi+ Phi- Rank
HLC1 0,2222 0,4444 0,2222 | 1
HLC2 0,0833 0,3611 0,2778 | 2
HLC4 0,0556 0,3333 0,2778 | 3
HLC3 -0,3611 0,2778 0,6389 | 4

Table 8. Results of iteration 3 using the Visual PROMETHEE tool

Iteration 3 Phi Phi+ Phi- Rank
HLC: 0,2222 0,5000 0,2778 | 1
HLC: 0,1667 0,5000 03333 | 2
HLC4 0,0556 0,3889 0,3333 | 3
HLC3 -0,4444 0,2778 0,7222 | 4

Based on the results, the conclusion is that in the case of Serbia, the best location for the
humanitarian logistics center would be in Belgrade. Novi Sad, as the best in the second
iteration and the second best in the third iteration, takes second place for the potential
location of the HLC. Belgrade and Novi Sad are suitable primarily from the aspect of
proximity to disaster-prone areas. Vojvodina is considered as one of the areas prone to
floods, where in 1965 the largest flood in Serbia took place, it is close enough to Belgrade
to react in case of new catastrophes. At the same time, Belgrade is far enough away from
potential disaster. However, for the micro-location of the logistics center that would be
located in Belgrade, it is necessary to take into account two large rivers - the Sava and the
Danube. The micro-location of the humanitarian logistics center should be far enough
distanced from the area that could be affected by the overflow of the previously
mentioned rivers. On the other hand, their potential can be used to deliver large quantities
of goods intended for humanitarian aid. Belgrade is interconnected with other Serbian
cities which allows access to all parts of Serbia where disasters could potentially occur.
The reason why Belgrade and Novi Sad stand out is the presence of logistics experts and
the number of logistics providers who, through cooperation and adequate coordination,
would be vitally important in providing humanitarian aid. The disadvantage is the price
of the land. Belgrade is considered to be a area with the highest land prices, but the price
in the case of providing assistance to the endangered is not the most relevant factor, but
speed and efficiency.

5. CONCLUSION

The problem of locating the humanitarian logistics center is substantial and complex. The
efficiency of providing humanitarian aid to a great extent depends on the location of the
humanitarian logistics center. Inmediate response in unexpected circumstances may be
aided by the HLC location. In this paper, the multicriteria PROMETHEE method was used
to rank and select the HLC location. The application of this method is presented in solving
the case of Serbia. Due to the complexity of solving the problem of locating and the present
uncertainty, it is necessary to consider several criteria and include expert opinion. Future
research could relate to considering the micro-location of the center, considering several
criteria, or involving more stakeholders in the decision-making process.

33



5t Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

REFERENCES

[1]
[2]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

Balcik, B., Beamon, B. M. (2008). Facility location in humanitarian
relief. International Journal of logistics, 11(2), 101-121.

Beamon, B.M. and Balcik, B. (2008). Performance measurement in humanitarian
relief chains. International Journal of Public Sector Management, 21(1), 4-25.
Boltiirk, E., Cevik Onar, S, Oztaysi, B., Kahraman, C., Goztepe, K. (2016). Multi-
attribute warehouse location selection in humanitarian logistics using hesitant
fuzzy AHP. International Journal of the Analytic Hierarchy Process, 8(2), 271-298.
Brans, ].P., (1982). L’ingénierie de la Décision: Elaborationd’instrumentsd’aide a la
Décision. La Méthode PROMETHEE (In French), Presses de I'Université Laval,
Université Laval, Faculté des sciences de l'administration: Québec, QC, Canada,
1982.

Cassidy, W.B. (2003). A Logistics Lifeline. Traffic World October, 27, 8-9.

Chaikin, D. (2003). Towards improved logistics: challenges and questions for
logisticians and managers. Forced Migration Review, 18(10), 10.

Council of Logistics Management 1998. Council of Logistics Management. Avaliable
online https://www.britannica.com/topic/logistics-business/Inventories, last
accessed on 06.05. 2022.

Dimitrijevi¢, B. (2017), Multi-attribute decision making - applications in traffic and
transport (In Serbian), Belgrade, University of Belgrade - Faculty of Transport and
Traffic Engineering, , Serbia.

EM-DAT - The international disasters database (2022). Disasters Year in Review
2021. Avaliable online https://www.emdat.be/, last accessed on 06.05.2022.
Kilibarda, M. (2012). Logistics is a key factor in economic and social development
(In Serbian). Contemporary concepts and challenges of social and technological
development in the era of globalization, 189 - 207.

Kus$ KusSter, L. (2021). Crisis logistics (In Croatian). Doctoral dissertation, University
North.

Murray, S. (2005). How to deliver on the promises supply chain logistics:
Huamanitarian agencies are learning lessons from business in brining essential
supplies to regions hit by the Tsunami. Financial Times, 7(5), 9.

Roh, S. (2012). The pre-positioning of humanitarian aid: the warehouse location
problem. Doctoral dissertation, Cardiff University.

Tatham, P. and Kovdcs, G. (2007). An initial investigation into the application of the
military sea-basing concept to the provision immediate relief in a rapid onset
disaster. POMS 18th Annual Conference, Dallas Texas, USA, May 4 - May 7.
Thomas, A. S., Kopczak, L. R. (2005). From logistics to supply chain management: the
path forward in the humanitarian sector. Fritz Institute, 15(1), 1-15.

Thomas, A.S. (2003). Why Logistics?. Forced Migration Review, 18 (4), 4-8.
Tomasini, R, Van Wassenhove, L., Van Wassenhove, L. (2009). Humanitarian
logistics, Springer.

UNDHA - United Nations Department of Humanitarian Affairs (1994). Study on
Emergency Stockpiles. Available online
http://cidbimena.desastres.hn/pdf/eng/doc9196/doc9196-f.pdf, last accessed on
10.05.2022.

Zecevi¢, S. (2006). Conceptual definition of logistics, logistics chains, optimality
criteria, logistics centers, city logistics, logistics providers (In Serbian), Invited
lecture, Symposium: Logistics - success factor, Belgrade, Serbia, 20

34



5% Logistics International Conference
LOGIC Belgrade, Serbia
26 - 27 May 2022

STOCHASTIC FINANCIAL EVALUATION OF INTERMODAL
TERMINAL DEVELOPMENT

Milovan Kovac¢ 2%, SneZana Tadi¢ 2, Mladen Krstic 2

aUniversity of Belgrade, Faculty of Transport and Traffic Engineering, Serbia

Abstract: Intermodal terminals (IMTs) have significant importance in logistics networks
whose development enables the implementation of intermodal transportation technologies
and participation in international goods flows. This article analyzes the financial risks of
investing into an IMT in Belgrade (Republic of Serbia). The scientific contribution of the
article is in being the first to use a stochastic financial evaluation model for assessing the
development of an IMT. The article analyzes the financial risk probability over real-world
data, considering the stochastic nature of container flow volumes and the prices of logistics
services. The risk probability, as an output result of the used simulation model, is derived
from the probability distribution of three distinct financial parameters - net present value
(NPV), internal rate of return (IRR), and the benefit-cost ratio (B/C). The results of the
analysis indicate that the development of the IMT is financially justified, with relatively low
investment risk.

Keywords: intermodal transportation, intermodal terminal, stochastic analysis, net present
value, internal rate of return, benefit-cost ratio

1. INTRODUCTION

In the countries of the European Union (EU), the growth rate of logistics industry, the key
area that supports economic development, is higher than the average economic growth
rate of those countries (EC 2009). The development of logistics systems is the key for
achieving regional competitiveness, economic prosperity, and sustainable development
(Tadi¢ et al. 2021).

The growth of living standards and the individualization of customer demands caused the
need for developing and managing efficient logistics systems. Furthermore, the ongoing
global trend is to strive towards the reduction of road transportation involvement in the
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overall freight transport by a modal shift towards more eco-friendly transportation
modes - such as rail and inland waterway transportation modes. Obviously, intermodal
transportation stands out as a sustainable development direction of regional, European,
and global logistics networks.

To ensure the sustainability of intermodal systems, it is necessary to develop appropriate
infrastructure, whose key elements are intermodal terminals (IMTs) (Lizbetin 2019).
Determining the location, subsystem structure, and the role of IMTs represent some
fundamental problems that require attention while modelling intermodal networks
(Caris et al. 2008) and their solving should be executed in the context of financial and
economic assessment.

This article uses a stochastic financial evaluation model for assessing the development of
an IMT in Belgrade. The analysis is performed through three different financial
parameters — net present value (NPV), internal rate of return (IRR), and the benefit-cost
ratio. By applying the simulation-analytical model the probability distributions of
observed parameters are derived. Based on those distributions, the investment risk of the
IMT is determined. The main contribution of this article is in being the first one to
financially assess IMT development in a stochastic environment for real-world terminal
development data.

The article is organized into five sections. The next section presents a short literature
review of intermodal transportation, the funding of intermodal transportation projects,
and the stochastic approach to solving problems in that area. Section 3 explains the
stochastic approach used for the analysis. Section 4 presents the case study for which the
financial assessment is performed. Section 5 presents the result analysis. At the end, the
concluding section is presented.

2. LITERATURE REVIEW

Intermodal transportation represents the movement of goods in one and the same loading
unit or road vehicle, which uses successively two or more modes of transport without
handling the goods themselves in changing modes (ECMT 2001). Positive effects that
follow the application of intermodal transportation are reflected by the reduction of
energy use, time, costs and negative environmental effects of transport. Obviously,
intermodal transportation stands out as one of the key factors for achieving sustainable
development.

In developed countries of the European Union (EU), intermodal transportation has an
institutionalized character and clearly defined models for funding its development exist
(Tadi¢ et al. 2017). Having in mind that the majority of developed European intermodal
networks are concentrated in its western parts, southern and southeastern Europe falls
back greatly (Tadi¢ et al. 2021). The integration of countries into the European logistics
and transportation system, as well as in the realization of international goods flows, is not
possible without the application of intermodal technologies.

IMTs, as one of the main subsystems of intermodal transportation, represent facilities
where intermodal units’ storage and transshipment between different transportation
modes takes place. IMTs are vital nodes of every intermodal network and they stand out
as important catalysts of regional economic development.
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Logistics networks are systems composed of nodes and connections between those nodes.
In general, the nodes of a logistics network represent the origins and final destinations of
goods flows, and they can be facilities, warehouses, logistics centres, IMTs, ports, etc.
(Janic 2007). The links between network nodes are established with road or rail
infrastructure, or via inland waterways. IMTs represent complex systems which can differ
in their function, role, subsystems, users, applied technologies, etc. (Krsti¢ 2019).

Regions that do not possess appropriate logistics infrastructure and which are not
included in an intermodal network become uncompetitive in the logistics service market.
The trade of these regions is penalized, which leads to the dislocation of goods and
services into better-serviced regions (Monios 2015). Infrastructural investments are of
vital importance for the development of logistics infrastructure and so for the economic
activity of a state/country/region as well.

The development of IMTs is followed by high investments and long construction periods,
as well as a low return rate of the investments. Having this in mind, it is obvious that
individual engagement of the private sector in this area is rare. During the development
of intermodal systems, large amounts of funding and subsidies are required before any
profits begin to happen, therefore state intervention is required when developing
intermodal networks (Wiegmans and Behdani 2017). High investments and potential
investment risks stimulate public-private partnerships (PPP) in funding the projects of
intermodal transportation.

PPP refers to different collaboration forms of public authorities and the private sector
with the goal of funding, construction, restoration, management, and maintenance of
infrastructure or providing services (EC 2004). The forming of PPP is a result of
recognizing the gains from joining financial assets, knowledge, and skills with the goal of
improving certain activities or services. Through PPP, the public and private sectors share
costs, risks, responsibilities, and benefits (Ittmann 2017). The main motive for the private
sector for joining a PPP for the projects of intermodal transportation is better
opportunities for offering a wider set of logistics services and a larger profit, while the
state gains modal shift (from road to rail/inland waterway modes) and stimulates
regional sustainable development.

Defining an appropriate PPP model is a complex task when developing IMTs. The public
sector has to define the partnership model in a way to minimize uncertainties and risks,
but at the same time, to make it attractive for the private sector (Nguyen and Notteboom
2017). Defining a PPP represents a serious challenge for developing countries because
they lack collaboration experience between the public and private sectors in the projects
of intermodal transportation.

Alarge number of external factors that influence the realization of intermodal chains and
their complexity give the problems of intermodal transportation stochastic traits,
therefore simulation stands out as an appropriate tool for their solving (Crainic et al.
2018). In the existing literature, simulation has been used for solving various problems in
the field of intermodal transportation, such as locating IMTs (Vidovi¢ et al. 2011),
modelling intermodal networks (Yang et al. 2016), allocating resources in intermodal
systems (Wang et al. 2017), container flow volumes prediction (Meng and Wang 2011),
terminal capacity dimensioning (Ozkan et al. 2016), etc.

The article (Tadi¢ et al. 2020) conducts a financial analysis of developing an IMT in
Belgrade but in a deterministic environment. It is concluded that the development of an
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IMT is financially justified, but the authors point out that analysis in a stochastic
environment is necessary in order to determine the investment risks in such a project.
The article has shown that the financial justification of developing an IMT is more
sensitive to the changes in container flow volumes than to the changes in terminal service
charges. The article (Raicu et al. 2012) analyzes different development scenarios of an
IMT in Bucharest, where the scenarios differ in the terminal services.

This article uses a simulation model to determine the investment risks of an IMT in
Belgrade from the aspect of three financial parameters - NPV, IRR, and B/C. In contrast
with the article (Raicu et al. 2012) where only terminal service prices are a variable, this
article considers also variable container flow volumes. Based on the container flow
volumes and terminal service prices, the financial flows of the terminal are determined
and so are the probability distributions of the observed parameters as well.

3.STOCHASTIC APPROACH IN THE FINANCIAL ANALYSIS OF AN IMT DEVELOPMENT

When designing logistics systems, stochastic factors that mostly have an impact on the
system are demand characteristics which refer to the type, assortment, and the quantity
of goods, demanded delivery time, the service itself, etc. It is not unusual for a logistics
system to be unable to serve all the demands because of the lack of capacities or to have
wasted capital due to underutilized capacities. These situations are mostly the
consequence of inadequate understanding of factors that impact the development and
exploitation of a logistics system.

In the context of intermodal transportation, container flows volume on a certain relation
is a probabilistic variable. Despite that a trend line for container throughput could be
identified and predicted, it is common for the volumes to deviate significantly from the
predicted values. Considering the complexity of all the factors that influence these
deviations, there is no model that could precisely determine the container flow nature
over a longer time period. Furthermore, logistics service prices are also a variable
category. Service prices of an IMT are tightly bound to the global and local state of the
economy, and political circumstances, but also to the competition in the logistics services
market.

The traditional approach to calculating financial parameters does not take into account
the stochastic nature of all the factors that impact their value. Therefore, a simulation is
recognized as a suitable method for calculating the financial parameters’ value in a
stochastic environment. The stochastic approach to determining financial parameter
value enables the decision-maker better insights into the investment risks of a project
(Shaffie and Jaaman 2016). In stochastic approaches for determining financial
parameters, with probability distributions as input data, the output results (financial
parameters) are also in the form of probability distributions (Tziralis et al. 2009). Three
financial parameters are considered in this article - NPV, IRR, and B/C.

NPV is one of the standardized project evaluation and selection parameters and it takes
into consideration the time value of assets. The calculation of NPV includes the discount
of all future asset inflows and outflows. A project will be accepted if the NPV is positive,
or refused if NPV is negative. IRR represents the discount rate for which the NPV of the
project equals zero. When the value of IRR is greater than the actual interest rate, the
observed project is financially acceptable. By comparing the discounted values of benefits
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and costs the benefit/cost ratio (B/C) is calculated. In other words, B/C represents the
relation of present values of benefits and costs. An investment project is accepted if the
value of B/C equals/is greater than 1 (Petrovi¢-Vujaci¢ et al. 2019).

Considering the stochastic nature of all the factors that influence the costs and profits of
an IMT, the input parameters and data are probability functions and therefore NPV, IRR,
and B/C, as output parameters, are in the shape of probability distributions as well. Based
on the probability distributions of the output parameters, the financial risks of the project
can be easily determined.

For the financial evaluation of the IMT development a simulation model, based on the
article (Zaman et al. 2017), is developed. The model simulates the stochastic nature of all
input parameters and determines the probability distributions for NSV, IRR, and B/C.
From these probability distributions, IMT development investment risks can be
determined. From the aspect of NPV, the risk is represented as the probability that the
project NPV value would be negative or equal to zero, while from the aspect of IRR, the
risk is represented as the probability that the IRR value would be lesser than the project
discount rate. According to B/C, the risk is represented as the probability that the B/C
would take values below 1.

4.IMT IN BELGRADE AND INPUT DATA

The IMT in Belgrade (Batajnica, 15 km away from the city centre) is in the focus of this
article analysis. The analysis is performed in the context of the data from (Tadi¢ et al.
2020, EC 2012) but in a stochastic environment. The predicted terminal container flow
throughput volumes are presented in Table 1.

Table 1. Predicted container flow volume over time (Tadi¢ et al. 2020, EC 2012)

Container Container
Year throughput (TEUs) Growth (%) |  Year throughput (TEUs) Growth (%)
2013 0 0 2028 54880 2.3
2014 3200 0 2029 61040 11.2
2015 15960 398.8 2030 65520 7.3
2016 21000 31.6 2031 70611 7.8
2017 27300 30 2032 74055 4.9
2018 30660 12.3 2033 77499 4.7
2019 33460 9.1 2034 80943 4.4
2020 34580 3.3 2035 84387 4.3
2021 38080 10.1 2036 87831 4.1
2022 44240 16.2 2037 91275 3.9
2023 46480 5.1 2038 94719 3.8
2024 47320 1.8 2039 98163 3.6
2025 51100 8 2040 101607 3.5
2026 53620 4.9 2041 105051 3.4
2027 53620 0 2042 108495 3.3

When designing any logistics centre, a wrong assumption regarding the goods flows
throughput volumes can lead to catastrophic consequences. The acceptance of any
logistics-related project has to be accompanied by appropriate risk and sensitivity
analyses. Considering the stochastic nature of goods flows through time, project financial
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analysis should also include possible parameter deviations from the predicted values. In
this article, it is assumed that the expert predictions of container flow volumes would vary
between -50% and +50%. Three container flow volumes deviation scenarios are
considered: pessimistic, realistic, and optimistic (Figure 1). For every scenario, a
probability distribution of the flow volume deviation is defined. The occurrence
probability for the realistic scenario is 0.4, while the occurrence probability for the other
two scenarios is 0.3 for both.
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Figure 1. Container flows volume deviation scenarios

The development of the IMT in Belgrade is planned to be executed through two
operational phases (EC 2012). Both phases refer to specific type of construction works
and require specific investments. Since the construction and development expenses of an
IMT are extremely high, it is assumed that the private investor would take loans. All the
data regarding the development phases, their dynamics, required investments, loan
repayment, and other assumptions are taken from (EC 2012) and are explained in detail
in the article (Tadi¢ et al. 2020).

Table 2. IMT services prices (EC 2012)

Service Price Service Price
In the
Manipulation . . boundaries [On . thelOutside
. 39 €/manipulation of the|territory oflof
with ITUs _—
logistics Belgrade Belgrade
zone
First three days Road
for importing| transportation
containers and| planning
one day for For For
exporting containers | EITUs 80 € 144 € 190€
containers s
this service free
ITU storage of charge
Storage for the 16 €/day 29 First two After the first two hours
next 5 days €/day . hours
Parking
Storage for the| 34€/da 68 Free of 7.5€/h
next 2 days Y €/day charge )
i:;azgzal;?g the 57 €/day €/9(;)ay Cancelling fees 85 €/cancellation
Specialised  |Additional 30% on the prices for|Container 17 €/container
ITU storage _ |standard ITUs inspection fees
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Terminal service prices directly impact the amount of profits during its exploitation cycle.
Having in mind that all the factors that dictate terminal service prices are variable, it is
assumed that the prices may vary over time as well. Basic terminal service prices are
shown in Table 2. Inadequate assumption of future terminal service prices might form an
unrealistic picture of expected profits. In this article, the terminal service prices might
vary from the basic values in a predefined range. The probability distribution of terminal
service prices deviation is presented in Figure 2.

e transshipment =====warehousing and storage === other
0,1
0,08
0,06
0,04

probability

0,02

0
-30,0 -20,0 -10,0 0,0 10,0 20,0 30,0
terminal tariffs deviation (%)

Figure 2. Probability distribution of possible terminal service prices deviation

Annual IMT expenses can be divided into fixed and variable expenses (Table 3). All
terminal exploitation profits and expenses are evaluated according to real-life and the (EC
2012) project data.

Table 3. IMT fixed and variable expenses (Tadic¢ et al. 2020; EC 2012)

Fixed expenses Expenses Variable expenses Expenses
Energy, .
telecommunications, | 30000 €/year Sjrztr]]z:sel salaries and €/e1r311I15(;5 ce
Internet p ploy

, Manager salaries and 32740
Office equipment 22500 €/year expenses €/employee

i i ini 0,
Service  insurance 57500 €/year x.élnnual.trammg, control and | 10 % of employee
and taxes inspection costs costs
Fixed maintenance 333000 ITU manipulation electricity 1.45 €/ITU
costs €/year expenses
Freight village 160000 Road ' transportation 100 €/truck
developer fees €/year planning expenses
5. RESULT ANALYSIS

According to the simulation model, the NPV values range between -7 and 18 million € for
a period of 30 years (Figure 3). The most probable NPV (with a probability of 0.12) is 5
million €. The investment risk according to NPV is 11.3%.
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Figure 3. NPV probability distribution

According to IRR, the results differ from those of NPV, but from the perspective of
investment risks, they are the same since IRR and NPV are mathematically
complementary parameters. The values of IRR are in the range between 1% and 18%,

where the most probable value is 8% (with a probability of 0.22). As is the case with NPV,
the investment risk is 11.3% (Figure 4).
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Figure 4. IRR probability distribution

The values of B/C are in the range between 0.9 and 1.3, while the most probable value is
1.1 (with a probability of 0.39). According to the probability distribution of B/C, the
investment risk is 6.81% (Figure 5).
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Figure 5. B/C probability distribution
6. CONCLUSION

This article presented a stochastic financial analysis of an IMT in Belgrade. The analysis is
performed in the context of three parameters - NPV, IRR, and B/C. A stochastic approach
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is applied in determining the values of the parameters. Considering the dynamic and
stochastic nature of the input parameters and data, the output results are in the shape of
probability distributions.

The analysis of the results shows that the development of an IMT in Belgrade is financially
justified. The investment risk, according to NPV and IRR is 11.3%, while according to B/C,
the investment risk is 6.81%. The most probable NPV is 5 million €, while the most
probable IRR is 8%. The value of B/C with the greatest probability is 1.1.

Considering the results, it can be stated that the development of an IMT in Belgrade is
financially justified, with relatively low investment risk. The direction of future research
could be in the analysis of the effects that the development of an intermodal system would
result in, especially on the economic growth of a country/region. Of course, that should
be preceded by a more detailed analysis of the required number of terminals, their
location, structure, etc. One of the directions could also be in the analysis of intermodal
technologies that justify its system development and application in developing countries
and regions.
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Abstract: One of the home delivery models that have become increasingly important in
recent decades is delivery to the collection and delivery point (CDP). This can be a
commercial facility with staff (trade, catering, service facilities) or without staff (automated
packing stations, parcel lockers). This paper discusses the idea that the role of CDPs is
performed by households of customers, in order to reduce flows, distance traveled, costs and
other negative effects, and presents the procedure of household selection, i.e. locating CDPs
using the median location problem. The problem was solved on a hypothetical example for
the City of Belgrade. Two strategies have been defined, locating the median in each zone of
the service area and locating one median for the entire service area. The location of one
median was done in two ways. In the first case, real distances between potential locations
were used, medians in each zone were used as potential locations for CDPs, a linear
programming task was defined, and a solution was obtained using a solver. In the second
case, Euclidean distances and an algorithm for determining a single median were used. In
both cases, the same solution was obtained.

Keywords: home delivery, collection and delivery point, household, location problem,
median.

1. INTRODUCTION

In recent decades, under the influence of Internet ordering and e-commerce, the home
delivery service, i.e. delivery of goods to customers, has been intensively developed. This
segment of the supply chain is often called last mile delivery. Given the territorial
dispersion of customers, complex requirements in terms of delivery time, small orders,
high percentage of unsuccessful deliveries and return flows, the last mile is the most
inefficient and expensive part of the supply chain (Gevaers et al, 2009). In addition,
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deliveries can lead to an increase in freight transport and the accompanying negative
effects (congestion, emissions, noise, etc.).

In order to overcome these challenges and (or) improve the level of service, different
models of home delivery are being developed from the aspect of (Tadi¢ & Veljovi¢, 2021):
need for ordering, frequency, ordering and payment system, starting and end point,
executors, reception method, security, delivery area, speed and time of realization,
characteristics of return flows, applied technology, etc. The classification of the delivery
models from the aspect of the end point is especially interesting. Although the name of the
service indicates that the goods are most often delivered to the home address, many
authors (Visser et al., 2014; Punakivi, 2003; Browne et al., 2001) under the term "home
delivery" include deliveries to other locations at the customer's request, such as (Tadi¢ &
Veljovi¢, 2021): household of neighbors, friends, relatives, customer's place of work,
collection and delivery points, drop-off company, trunk of the customer's car (in this case
the location is variable), etc. These locations are used as a targeted (first) or alternative
delivery destination (after a failed home delivery).

Collection and delivery point (CDP) is one of the most commonly used solutions for
delivering goods to customers. Selecting appropriate facilities and locating CDPs is a very
important task and strategic decision for their efficiency (Morganti et al., 2014a), given
that the selected location should reduce flows and costs, for the benefit of all stakeholders.
Purpose-built or existing facilities with staff (e.g. post offices, shops, restaurants, etc.) or
without staff (automated packing stations, parcel lockers) are used as CDPs. On the other
hand, the role of CDPs can be played by the customers themselves, i.e. their households
(Tadi¢ etal., 2022). Locating CDPs can be done using different location models, e.g. center,
median, coverage, etc. Mislocation can lead to overloading of some CDPs and
underutilization of others.

Numerous authors have dealt with the concept of CDPs in recent years. Morganti et al.
(2014b) analyzed the application of attended and unattended CDPs in Germany and
France. Weltevreden (2008) investigated how customers in the Netherlands accept CDPs
and what are the effects of their application from the aspect of mobility, as well as the
business of trading companies. Zenezini et al. (2018) analyzed the possibilities and
obstacles for more mass application of CDPs from the perspective of courier, express and
parcel services. Song et al. (2009) investigated the effects of the introduction of various
CDPs (post offices, railway stations, retail stores) as alternative destinations after
unsuccessful deliveries on the distance traveled, harmful emissions and transport costs
and found that their use can bring significant benefits compared to traditional delivery.
Wu et al. (2015) used public transport data and historical delivery data to locate
unattended CDPs, estimating patterns of population mobility. Wang et al. (2017)
developed a location covering model in order to define the optimal network of CDPs so
that the scope of covered demand is maximized. Lin et al. (2020a; 2020b) addressed the
problem of CDP location and developed a multinomial logit model and Threshold Luce
model to assess customer choice in using CDP services.

This paper will present the procedure for selecting a household as a location for CDP in
the part of the City of Belgrade, using the p-median location problem, which is the main
goal and contribution of the paper. Two strategies will be defined: locating the median in
each zone of the service area and locating one median for the entire service area. Locating
one median will be done in two ways: as a task of linear programming and with algorithm
for determining one median. The paper is organized as follows. After the introduction, the
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second section describes the concept of CDP. In the third section, the CDP(s) is located in
the service area. Finally, concluding remarks and directions of future research are given.

2. COLLECTION AND DELIVERY POINTS

CDPs are a network of locations where suppliers/operators pick up and deliver ordered
goods, and customers or consignees pay, collect or return goods (Yuen et al.,, 2018; Piplani
& Sarasvat, 2012). These places are also called: collection points, cluster points, pick-up
points, pick-own-parcel points, reception points, etc. (Tadi¢ & Veljovi¢, 2021). There are
two variants of CDP, attended (with staff) and unattended (without staff). In the first case,
the persons employed in the CDP receive and hand over the goods to the customers, while
in the second case the customers pick up the goods themselves, most often from lockers
or containers, using the order reference code.

There are numerous advantages of applying CDPs for all stakeholders (Tadi¢ & Veljovic,
2021): delivery organizers (minimized number of failed deliveries, enabled consolidation
of goods, reduced mileage, number of employees and vehicles, number of vehicle starts,
energy consumption, etc.), customers (eliminated need to wait for delivery at home, lower
delivery costs, the delivery of goods from the CDP to the home address is most often
performed by customers during everyday business trips, shopping, etc., so there are no
additional costs, etc.), community and environment (reduced number of flows and thus
congestion, demand for parking in residential areas, emissions, customers often deliver
from CDP to their home address on foot or by bicycle, which has positive social, health
and environmental effects, etc.).

3. LOCATING CDP USING P-MEDIAN LOCATION PROBLEM

As already mentioned, the selection of appropriate facilities and the location of CDPs are
strategic decisions for their efficiency, and the wrong location can lead to overloading or
underutilization of CDPs. Therefore, locating should be done in accordance with many
factors, especially population density, i.e. the density of customers/requests. Accordingly,
more CDPs are located in densely populated, urban areas than in rural ones, so their
location is closer to the customers. Thus, in some parts of France, the population is 1.6 km
from the nearest CDP in urban areas and 6 km in rural areas, which makes customers in
rural areas largely dependent on cars (Morganti et al., 2014a). There are also differences
in the choice of object type for CDP. In urban areas, CDPs near traffic hubs are most often
used as CDPs, while due to the small number of such facilities, unattended CDPs
(automated packing stations, parcel locker) are more often located in rural areas (Hiibner
etal.,, 2016). The exceptions are post offices, which also often serve as CDPs in rural areas
(Browne et al., 2001). Households are a suitable facility for CDPs, both in urban and rural
areas for a number of reasons. They are present in both urban and rural areas. There is
no need to build additional infrastructure, which requires investment and space, which is
particularly congested and expensive in urban areas. Finally, this may be a chance to use
the underutilized capacity of households, as well as employment and additional earnings
for its members. An informal form of this practice has existed for along time. For example,
there are examples of one tenant receiving and temporarily storing goods for multiple
customers from a residential building or a particular neighborhood, or one resident
receiving and temporarily storing goods for multiple customers from a rural settlement.
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In this paper, the location problem of p-median was used to solve the problem of locating
CDP, and its applicability was tested on a hypothetical example for a company in the City
of Belgrade. The hypothetical company delivers the goods to the home address of the
permanent customers located in 7 zones (Figure 1). The company plans to introduce a
new delivery model - delivery to CDP, in order to reduce flows, the number of employees
and vehicles, energy consumption and costs, as well as to attract customers with a service
that is cheaper than home delivery. The company wants to use the households of its
customers as CDPs, with appropriate monetary or other compensation (e.g. reduced price
of goods, free delivery, etc.), in order to avoid the cost of investing in CDPs. The company
is considering two strategies, the introduction of one CDP for each zone and the
introduction of one CDP for the entire service area.

Figure 1. Service zones and locations of customers

CDP was located using the p-median (p = 1) location problem. This problem was first
formulated by Hakimi (1964). It involves locating a predetermined number of objects on
the network, so as to minimize the average distance, travel time or transport costs from
the object to the customer or vice versa. This problem and its extensions are useful for
modeling in many situations, such as locating industrial plants, warehouses, public
institutions, etc. (Mladenovi¢ et al., 2007), as well as distribution systems (Teodorovic,
2016).

First, by applying the p-median location problem (p = 1), the location of the CDP, i.e. one
household that can have this role, within each zone was defined, thus defining the first
strategy. Thus, the model was applied to each of the 7 zones. Then, in order to define
another strategy, using the same location model, one site was selected for the CDP, with
potential sites now being pre-selected sites (medians) within each zone.

It is assumed that households, as potential locations for CDP, have adequate access
infrastructure (parking, elevator, etc.), storage space and information and communication
systems (which enable communication with suppliers and customers) and voluntarily
accept the role of CDP. There is at least one person present in the household in the period
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from 8 am to 8 pm who can receive or hand over the goods to the customer. The model is
defined as follows (Teodorovi¢, 2007):

Minimize
n n
F= Z Zfidij Xij €Y)
i
Subject to:
n
inj=1' i=1,2,...,n (2)
j=1
n
j=1
X” = xl']', l,] = 1, 2, ,Tl;i ;t] (4')
xl-j € {0,1}, l,] = 1, 2, e, n (5)

In the case of the first strategy, i.e. the application of the CDP selection model in each zone,
the notation has the following meaning:

n - number of customers in the zone
= {l, if the goods for customer 7 are delivered to user
u- 0, otherwise

d;; - distance from customer i to customer j

f; -number of customer requests for delivery in the observed period.

Constraint (2) ensures that each customer is served by the CDP, i.e. in the selected
household. Constraint (3) indicates that one CDP should be located in the zone. Constraint
(4) indicates that customer whose household is selected for CDP receive their orders in
their own household. Constraint (5) reflects the binary nature of the variablex;;. In order
to solve the set task, data on the number of deliveries to each customer in each zone
during 20 days were simulated, according to the uniform distribution U(0,10). The total
number of deliveries during this period is 190. These data, together with the
distancesd;jare shown in Table 1. Using the defined model in the Microsoft Excel solver
for each zone, the solutions, i.e. CDP locations, shown in Figure 2, were obtained.

Table 1. Distances d;; from customer i to customer j (in meters) (values taken from the
Google maps application service)

zone zone 1 zone 2
customer 1 2 3 4 5 customer 1 2 3 4 5
1 0 160 400 450 | 400 1 0 1500 | 2400 2600 2600
2 160 0 230 300 | 220 2 500 0 350 550 600
3 400 | 230 0 280 | 190 3 1000 | 1900 0 190 210
4 450 | 300 280 0 130 4 1000 | 1800 | 1000 0 140
5 400 | 220 190 130 0 5 850 1600 900 450 0
num. of 3 8 10 8 3 num. of 8 7 0 7 9
requests requests
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zone zone 3 zone 4
customer 1 2 3 4 5 customer 1 2 3 4 5
1 0 180 500 350 | 450 1 0 100 92 2400 3900
2 180 0 300 400 | 270 2 2200 0 2300 2300 3800
3 400 | 230 0 350 | 210 3 2200 9 0 2400 3800
4 550 | 400 150 0 120 4 1200 | 1300 | 1300 0 1600
5 450 | 270 30 120 0 5 800 900 900 950 0
num. of 4 4 7 5 8 num. of 5 9 2 1 6
requests requests
zone zone 5 zone 6
customer 1 2 3 4 5 customer 1 2 3 4 5
1 0 750 350 500 | 550 1 0 400 300 280 450
2 800 0 500 300 | 350 2 500 0 600 750 400
3 300 | 1000 0 750 | 800 3 650 300 0 450 160
4 600 | 300 350 0 160 4 850 500 300 0 400
5 450 | 700 180 500 0 5 800 400 160 550 0
num. of 3 2 5 4 7 num. of 6 3 3 3 5
requests requests
zone zone 7
customer 1 2 3 4 5
1 0 140 280 350 | 400
2 750 0 1000 | 500 | 700
3 400 | 550 0 170 | 110
4 250 | 400 450 0 170
num. of 3 5 6 2 4
requests

Figure 2. Locations of CDPs in all service zones

An identical model was applied to select the location of one CDP for the entire service
area. In this case, the notation used in the model has the following meaning:

n - number of zones,

= {1, if customers from zone 7are served in zone j
Y 0, otherwise

d;; - the distance from the potential location (median of customers) in zone i to the
potential location (median of customers) in zone j,

f; — number of delivery requests in the zone i in the observed period.
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Constraint (2) ensures that customers from each zone are served by the CDP. Constraint
(3) provides the selection of one zone in which the CDP will be located. Constraint (4)
ensures that goods for customers from the zone in which it is located are also delivered
to the CDP. Constraint (5) reflects the binary nature of the variable x;;. Table 2 shows the
distances d;; and the number of requests (deliveries) in each zone. By applying the
defined model in the solver of Microsoft Excel, the location of the CDP, shown in Figure 3,
was obtained.

Table 2. Distances d;; from the potential location in the zone i to the potential location in
zone j (in meters) (values taken from the application service Google maps) and the
number of requests of zones in the observed period

zone 1 2 3 4 5 6 7
1 0 650 400 900 1500 | 1100 | 1500
2 1900 0 1700 250 3100 | 1500 | 800
3 500 850 0 1100 1700 | 750 1700
4 1700 2100 1400 0 2900 | 1200 550
5 1400 1000 1400 1300 0 2200 | 1900
6 650 1000 400 1300 1800 0 1800
7 2600 2200 2600 2400 2000 | 2800 0
num. of requests 32 31 28 23 26 25 25

Figure 3. CDP location for the entire service area

The problem can be solved in other ways. Hakimi (1965) proposed a simple algorithm for
determining a single median of network:

dij = J(xl- %)+ (- ¥)’ Vij=1,2,...m, (6)
vy = dij* fi, ViL,j=12,..n )
Sj = p v, Vj=12,..,n, (8)
s* = mins;, )
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Where x; is the latitude of location of customer i, and y;is longitude of that location.

First, a square matrix of the shortest distances between nodes d;; is formed, where I are
customers and j are the potential locations for the median (6). It is important to note that,
unlike the previous model, where the actual distances between customers were used, in
this case Euclidean, i.e. distances by "air line" were used. Then, the i-th row is multiplied
by the number of deliveries for the customer i (7). Summarization is performed on the
columns of the newly obtained matrix (8). In this way, the total "weighted" distances s;
from all customers to node j where CDP is located are obtained. Node with the minimum
of the obtained values (s*) (9) is median, i.e. CDP location.

Given the large number of nodes, the input data and the procedure for obtaining the
solution will not be fully presented, but only the first quadrant of input data (matrix
dimensions 5x5), which refers to zone 1, and intermediate results related to this zone will
be shown (Table 3).

Table 3. Part of input data and intermediate results of algorithm application

customer 1 2 3 4 5
x coordinate 44.786901 44.785431 44.786467 44.786695 44.785487
y coordinate 20.460414 20.460468 20.461862 20.46345 20.463141
customer 1 2 3 4 5
1 0.00000 0.00147 0.00151 0.00304 0.00307
2 0.00147 0.00000 0.00174 0.00324 0.00267
3 0.00151 0.00174 0.00000 0.00160 0.00161
4 0.00304 0.00324 0.00160 0.00000 0.00125
5 0.00307 0.00267 0.00161 0.00125 0.00000
num. of requests 3 8 10 8 3
vy = dij*x fi
customer 1 2 3 4 5
1 0 0.00441 0.00453 0.00913 0.00922
2 0.01177 0 0.01389 0.02591 0.02139
3 0.01512 0.01737 0 0.01604 0.01611
4 0.02434 0.02591 0.01283 0 0.00998
5 0.00922 0.00802 0.00483 0.00374 0

Vector of total "weighted" distances s;, starting from the value of the sum of the distances
of all customer to customer 1 in zone 1 to the sum of the distances of all customers to
customer 5 in zone 7, is [1.2918; 1.1888; 1.0681; 0.9568; 0.8916; 0.8813; 0.8153; 0.9354;
0.9849; 1.1268; 1.1401; 1.0903; 0.9209; 0.8671; 0.8604; 0.7931; 0.7786; 0.7784; 0.8696;
0.9883; 1.3508; 1.3346; 1.5813; 1.737; 1.8563; 1.3954; 0.8959; 1.109; 1.327; 1.1554;
0.856; 0.898; 1.0569; 1.0716; 1.2136]. For the CDP, the household of customer 3 in zone
4 should be chosen, because this node corresponds to a minimum total “weighted”
distance, which is 0.7784. The obtained solution is identical to the solution shown in
Figure 3, obtained by applying the previously defined model.

4. CONCLUSION

The development of e-commerce also influences the development of different home
delivery models. Thus, in recent years, delivery to CDPs has become increasingly
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important. The introduction of this delivery model aims to reduce flows, the number of
engaged workers and vehicles, the number of vehicle deployment, energy consumption
and costs, as well as the other economic, social and environmental benefits. CDPs can be
a variety of purpose-built or existing facilities in traffic-friendly locations, including
customer households.

This paper presents the procedure of locating CDPs, i.e. the selection of the customer
household that will perform this function in the area of the City of Belgrade, using the p-
median location problem. This achieved the basic goal and contribution of the paper. The
paper provides an opportunity for future research. Comparative analysis of delivery
parameters (mileage, operating time, vehicle utilization, costs, etc.) before and after the
introduction of CDPs, as well as cases of introduction of one or more CDPs, should be the
focus of future research to determine the effects of the introduction of these solutions.
The possibility of applying the model to a real problem of larger dimensions (a larger
number of service zones, customers, deliveries and CDPs) is also one of the directions of
future research. In this context, the possibility of applying other problem-solving methods
(e.g. heuristic and metaheuristic algorithms) should be explored.
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Abstract: COVID-19 reduced demand for passenger flights but boosted air freight demand
due to the need for timely delivery of critical products such as pharmaceuticals, medical
supplies and personal protective equipment and other products that are vital to the
functioning of sensitive supply chains. Therefore, one of the consequences of the outbreak of
the COVID-19 pandemic is the global lack of air cargo capacity and the consequent increase
in passenger-to-freighter conversions and use of aircraft passenger cabins for cargo loading,
which allows air carriers an essential source of revenue as demand for passengers remained
declining due to travel restrictions related to Covid-19 and ruined passenger revenues. This
paper provides insight into current regulatory requirements, risk assessment and guidelines
for best operational practice regarding the transport of cargo on the main deck of passenger
aircraft. Operational and regulatory aspects for P2F conversion that needs to be approved
by the state aircraft registration to ensure an acceptable level of safety, regardless of
whether the seats and other passenger service provisions are completely removed or not, are
elaborated in the paper.

Keywords: conversion of aircraft passenger cabin, air cargo demand, COVID-19 pandemic,
safety risk assessment

1. INTRODUCTION

The COVID-19 pandemic severely and unprecedentedly set back the business of airlines,
airports, and air navigation service providers. It has caused a sharp and sudden drop in
air traffic, and the air transport industry is one of the hardest hit industries in this context,
with the uncertain prospects for its return to pre-COVID-19 levels (Albers and
Rundshagen, 2020). The air cargo sector has suffered comparatively less than the
passenger sector, which is more sensitive to external influences (Li, 2020, Sun et al.,
2021). Wang et al. (2021) have found that GDP and inflation directly influence passenger
and cargo volume, while fuel prices directly influence only cargo volume with the cargo
network being less sensitive to GDP and inflation changes than the passenger network.

“rskurla@fpz.hr
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With the collapse of passenger air travel demand due to the coronavirus crisis and the
closure of borders, many carriers have cancelled most of their routes, leaving passenger
planes grounded at airports around the world. This caused a significant reduction in cargo
capacity for the part that belonged to the belly of passenger aircraft.

The pandemic has forced some airlines to modify their passenger aircraft to make room
for cargo in their passenger compartments, in addition to their cargo holds. Among first
to do so were Lufthansa which removed seats from four of its A330s for cargo carriage,
Finnair which modified two Airbus A330 for cargo use and Air Canada which reconfigured
the cabins of three of its Boeing 777aircraft to make extra space for cargo.

Since passenger aircraft are not certified to carry cargo in the passenger cabin, any aircraft
reconfiguration in this manner requires a formal authorisation from the national aviation
authority (NAA) of the State of the Operator as well as thorough evaluation of cargo
limitations to ensure that structural loads meet design limits.

The paper clarifies regulatory and operational requirements for the:

transport of cargo in existing approved cabin areas,
transport of medical supply on passengers’ seats,

transport of non-medical supply cargo on passengers’ seats,
transport of cargo after seat removal.

B wn e

2. THE IMPACT OF COVID-19 PANDEMIC ON AIR CARGO TRAFFIC OUTCOMES

After decades of continued growth in global passenger traffic, the pandemic has halted
almost all air traffic operations in the second quarter of 2020. As a result, the total number
of passengers for the year has dropped dramatically from 2019, to levels recorded in the
1990s. As for cargo traffic, it started to recover rapidly around May 2020 when lockdowns
began to ease, leading to a V-shaped recovery for the rest of the year. At the end of the
year, global air cargo traffic measured in revenue tonne-kilometres had returned close to
pre-crisis values.

The International Air Transport Association (IATA) data for global air freight markets
(IATA, 2022) shows that full-year demand for air cargo increased 6.9% in 2021, compared
with 2019 (pre-covid levels) and 18.7% compared with 2020. Regional differences in
international air cargo performance in 2021 compared to 2019 are shown in table 1.
North American, Middle East and African carriers were the strongest performers, Asia-
Pacific and European carriers recorded small rise while Latin American carriers were the
only ones to record a decrease.

Table 1. International air cargo developments (% change 2021 vs. 2019)

RCTK* (% Change) ACTK* (% Change)

Total market 7.6 -19.4
Africa 11.3 -14.6
Asia Pacific 3.6 -17.1
Europe 3.6 -17.4
Latin America -15.2 -30.2
Middle East 10.6 -10.1
North America 20.2 0.2
* RCTK: revenue cargo tonne-kilometres

ACTK: available cargo tonne-kilometres

56



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

At the same time, global passenger traffic fell by 58.4% in 2021 compared to the full year
of 2019. This represented an improvement compared to 2020, when full year revenue
passenger kilometres were down 65.8% versus 2019. International passenger demand in
2021 was 75.5% below 2019 levels, while domestic demand in 2021 was down 28.2%
compared to 2019. Capacity in 2021 was 65.3% and 9.3% lower than in 2019 for
international and domestic travel respectively.

Figure 1 (IATA, 2022b) illustrates the different traffic results on key international
passenger and freight routes in 2021. The recovery of passenger traffic was much slower
than the recovery of cargo traffic, with significant differences on routes.

Routes to, from and especially within Asia experienced the largest decrease in 2021
mainly because of the policy of strict border closures pursued by the Asia-Pacific
governments. On the other hand, traffic on routes that were subjected to more relaxed
travel recovered much faster, especially tourism-intensive North and Central America.
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Figure 1. International CTKs and RPKs, % change 2021 vs. 2019

As for the cargo traffic, traffic results were varying across key international markets.
Middle East-North America, Asia-Africa and Asia-North America routes increased by
almost one third versus 2019. However, some markets showed a significant decline, for
example within South America it amounted for 38%. The differences can be at least in
partattributed to the availability of dedicated freighters. Routes with a high share of cargo
capacity on belly-hold aircraft capacity of passenger aircraft have been left without that
capacity due to the cancellation of international wide-body passenger flights.

Gudmundsson et al. (2021) predicted that the cargo sector in Europe and the Asia Pacific
will recover in about 2.2 years, and in North America in about 1.5 years. Figure 2
(Gudmundsson et al., 2021) highlights the difference between passengers (a) and freight
(b) in terms of average recovery time and the 5th and 95th percentile confidence levels.

Evidently, there is a longer duration of the decline in passenger than cargo traffic. The
reduction in the number of passengers in air transport averages about 60% compared to
10% for cargo. Overall, the simulation analysis indicates that air transport recovery will
take on average 2.4 for passengers and 2.2 years for freight. Despite faster recovery of
freight than passenger transport, passenger transport appears to be recovering more
strongly after major economic shocks.
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Figure 2. Distribution of recovery times for air passenger and air freight

3. WAYS OF INCREASING AIR CARGO CAPACITY DURING THE PANDEMIC

Since the COVID-19 pandemic caused the sharp decrease in passenger travel, many
airlines turned to transport of freight to provide alternative revenues and reduce losses.
Prior the pandemic, most of the world’s air cargo was normally transported in the belly
of passenger planes rather than the cargo aircraft, rising as high as 80% on transatlantic
routes (Thorn, 2020). With the cancellation of many passenger flights and the consequent
loss of their belly hold capacity, existing dedicated freighter aircraft were insufficient to
meet demand, and the price for air cargo increased.

Moreover, re-opening of supply chains in late February 2020 was accompanied with a
strong impact on airfreight rates due to lack of belly hold space. TAC Index figures from
March 17, 2020, show that average airfreight rates on services from Shanghai to the US
increased by 29.7% on the prior week to reach $4.71 per kg. On services from Shanghai
to Europe there was a 17.7% week on week increase to $3.19 per kg (Brett, 2021).

Aircraft operators considered two possible solutions:

1. to convert passenger to freight aircraft, or
2. to carry cargo in the main cabins of passenger aircraft.

Converting passenger into cargo aircraft is a complex engineering process, and every
aircraft and aircraft type is unique. It can take several months and involves the elements
shown in Table 2 (Spells and Tan, 2022).

Table 2. Main elements of passenger to freight aircraft conversion process

CONVERSION ELEMENT DESCRIPTION

Galleys, seats, overhead lockers, toilets, in-flight entertainment
facilities, etc....

The door is usually cut at the front of the fuselage, after which new
reinforced frames are installed.

Reinforced floor that is strong enough to withstand cargo loads and
ensure the maximum utilisation of the floor space is installed.

A series of tests, and inspections are required throughout the
conversion process prior to certification.

Removal out of the cabin

New loading door

New higher strength cabin floor

Testing
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Boeing’s World Air Cargo Forecast released in November 2020 covering the 2020-2039
period predicts the cargo market will grow at an annual rate of 4 percent over the next 20
years, demanding 60 percent larger freighter fleet. Boeing predicts than one-third of these
deliveries will be new widebody freighters while nearly two-thirds of the deliveries
(1,980 aircraft) will be conversions, 72 percent of which will be 737-sized freighters
(Boeing, 2020b).

The demand for passenger-to-freighter conversions, previously largely driven by the need
of express parcel carriers to expand their fleets of smaller freighters was increased by the
pandemic. However, it is time consuming and very expensive process. Longney and
Standen (2022) in the Reed Smith's report titled Global Air Freight’s Future, cited IBA data
to say a narrowbody conversion could cost about $4.2 million for a 737-800 and $6.1
million for an A321-200. A widebody conversion could cost $14.7 million for a 767-300ER
and $18.4 million for an A330-300.

All the above has led to the launch of so called preighter’s flights to make up for the
shortfall in belly hold capacity. Many airline operators begun to modify their passenger
aircraft to transport cargo on passenger seats or even stowed on cabin floor after
removing passenger seats. Moreover, to fit and transport as much cargo as possible, they
have removed passenger “luxuries” (inflight entertainment facilities, and even some of
the catering facilities) out of their cabins (Soni, 2022). Preighters have played important
role on some markets, for example more than one fifth of cargo was carried by preighters
on top Middle East routes as shown in the Figure 3 (IATA, 2021).

Apr-Dec: m Freighter u Preighter m Passenger
2020 43% 22% 35% Asia - Middle East
segment
2019 31% 69%
2020 B0 o o Europe - Middle East
2020 sev NI Middle East - N America
2019 46% 54% segment
0.0 20 40 6.0 8.0 10.0 120

CTK (billions)
Figure 3. Scheduled cargo tonne-kilometres by type of operation
According to Cirium (Mellon et al., 2021) 200 aircraft were reconfigured to preighters

until May 2021. The largest part refers to wide-body aircraft (81.5%), among them 63
Airbus A330 and 68 Boeing 777.

4. TRANSPORT OF CARGO IN THE AIRCRAFT PASSENGER CABIN

Since passenger aircraft are not certified to carry cargo in the passenger cabin, any aircraft
reconfiguration in this manner requires a formal authorisation from the national aviation
authority (NAA) of the State of the operator as well as thorough evaluation of cargo
limitations to ensure that structural loads meet design limits.

Aviation authorities of different countries and main professional air transport
organisations have prepared and published guidelines and technical instructions to
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support and help airlines with the repurposing of aircraft passenger cabin for the
transport of cargo. Also, aircraft manufacturers and design approval holders such as
Airbus and Boeing have published specific guidelines to support the repurposing of
aircraft passenger cabin for the transport of cargo (Boeing, 2020a and Airbus, 2020).

4.1. Regulatory requirements

There are many potential problems that arise in the air transport of cargo and mail,
especially in the passenger cabin of aircraft, and the current regulations are dynamic and
inconsistent in terms of testing and quarantine. For example, a 14-day quarantine at the
destination not only for the entire crew, but also for cargo implied 14-day delay and posed
serious problem for airline operations. Because of this unsustainable situation, airlines
have been vigorously lobbying and asking governments to allow exemptions from these
regulations, such as exempting flight crew who do not communicate with the public from
quarantine rules.

Loading of verified cargo and mail in the cabin of passenger aircraft is permitted subject
to defined conditions and specific regulator authorisation. According to ICAO
(International Civil Aviation Organisation) Annex 8, the repurposing of a passenger
aircraft not certified for the transport of cargo needs to be approved by the State of
aircraft registry to ensure the continuing airworthiness of the aircraft after modification.
Cargo loaded in the passenger cabin must not include any dangerous goods or live
animals. The passenger cabin should be considered as a Class A cargo compartment, i.e.,
one in which the presence of a fire would be easily detected by a crew member and each
part of the compartment is easily accessible in flight (ICAO, 2021). ICAO has provided
information (ICAO, 2020) on the guidelines published by ICAO Member States and other
organisations concerning the transportation of cargo in a cabin certified to carry
passengers and conditions for the issuance of an exception/exemption to operators.

Basic regulations relating to the carriage of cargo in the passenger compartments of
aircraft are contained in:

a. Regulation (EU) No 965/2012, CAT.OP.MPA.160 Stowage of baggage and cargo
(Commission Regulation (EU), 2012)

b. FAA (US Federal Aviation Administration): Title 14 Code of Federal Regulation (14
CFR) part 121 (FAA, 2022).

According to CAT.OP.MPA.160 operator shall establish procedures to ensure that:

a. only hand baggage that can be adequately and securely stowed is taken into the
passenger compartment; and

b. all baggage and cargo on board that might cause injury or damage, or obstruct aisles
and exits if displaced, is stowed to prevent movement (Commission Regulation (EU),
2012).

Following the decline in air traffic caused by the COVID-19 pandemic, airlines urged IATA
to produce instructions on how to use passenger cabins in the aircraft for safe transport
of cargo. IATA has issued Guidance for the transport of cargo and mail on aircraft
configured for the carriage of passengers (IATA, 2020) with detailed instructions for
airlines and a prescribed risk assessment procedure. The IATA guidelines emphasize the
importance of interested operators being familiar with cargo transport before even
considering carrying cargo in aircraft passenger cabin. Also, a detailed risk assessment to
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identify hazards and mitigate possible risks is strongly recommended. Most common
hazards and consequences in the worst-case scenario, risks and mitigation actions are
detailed in these guidelines. Table 3 (IATA, 2020) shows the possible cargo configurations
for diverse types of cargo.

Table 3. Applicable cargo configurations with regards to the type of cargo

Cargo Type Passenger cabin Cargo CMPRT
Overhead On the seats On the cabin
bin/coat | Under | In cargo seat With floor (no seats,

cupboard | seat bags nets/straps | With nets/ straps)

Humanitarian

supplies/Medicines VES VES A A AxC YES
General cargo YES YES A A A+C A
Dangerous Goods NO NO NO NO NO B
CAO DG* NO NO NO NO NO D

*Cargo Aircraft Only Dangerous Goods

A: require NAA (national aviation authority) approval; B: operators holding a NAA approval to carry dangerous goods as cargo;

C: require acceptance by aircraft manufacturer; D: operators holding a NAA approval to carry dangerous goods. CAO dangerous
goods must be loaded into a Class C cargo compartment (no passengers on the aircraft)

Very soon, EASA (European Union Aviation Safety Agency) has issued Guidelines for the
Transport of Cargo in Passenger Compartment, as a special exemption in terms of
Regulation (EU) 2018/1139 of the European Parliament and of the Council, pursuant to
which operators are required to request time-limited airworthiness approval for an
aircraft whose configuration does not meet the classifications prescribed for cargo
transport. For transport of cargo other than medical supplies as well as in case of seats'
removal, a STC (Supplemental Type Certificate) application is required and promised to
be processed by EASA with priority (EASA, 2020).

In case of transporting medical supplies provided they are not classified as dangerous
goods and after having demonstrated an urgent need, an operator may exceptionally
consider applying for an exemption pursuant Article 71 of the Regulation (EU)
2018/1139 (EASA, 2022). Exceptionally, national regulators may also grant approval for
aircraft that do not have the necessary modifications to enable the transportation of
supplies essential for COVID-19 response (Vasilj et al, 2021). US Federal Aviation
Administration (FAA) also gave a one-year approval for the transport of goods in the
passenger cabin (FAA, 2021).

According to current regulations, verified cargo may be carried in:

— Approved locations within the passenger cabin: overhead stowage bins, closets not
dedicated to emergency equipment, floor mounted stowage (e.g., doghouses) and
under seat stowage areas,

— Non-approved locations within the passenger cabin: passenger seats and passenger
cabin floor (seats removed).

If cargo is carried in approved locations within the passenger cabin no additional approval
is needed, but the following restrictions and rules must still be applied (IATA, 2020):

a. The volume and the mass of cargo shall not exceed stowage maximum capacity and
the structural loading limits of the floor or seats prescribed in the manufacturer's
Weight and Balance Manual;
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Cargo should be stowed only in a location that enable its restraining. Restraint
devices and their attachment points shall restrain the cargo in accordance with
applicable certification specifications;

The loading of the cargo under the seat place should not exceed 9 kg (20 lbs). The
seat must be equipped with a restraint bar system to prevent forward and sideward
movement and the cargo placed fully underneath the seat;

[tems stowed in lavatories or against bulkheads should be restrained against any
movement and the bulkheads should carry a label stating the maximum capacity;
Cargo should be located where it will not impede access to emergency equipment or
hinder egress in case of an emergency evacuation;

Dimensions of cargo items placed in enclosed stowage areas shall enable latched
doors to be closed securely;

Checks should be made before take-off, before landing and whenever the fasten seat
belt signs are illuminated and under orders of pilot in command to ensure that cargo
is properly stowed.

When transporting cargo in non-approved locations operators should obtain prior
approval from their NAA, which may require the issuance of a STC (supplemental type
certificate). For carriage of cargo on passenger seats, the following limitations are to be
considered (IATA, 2020):

d.

Mass of cargo loaded on the seats must be within the certification limits of the seat
(typically, it amounts 77 kg/170 lbs) and should be evenly distributed across the
seat row;

Actual weight of cargo and even load distribution shall be in accordance with the
limitations in the aircraft flight manual (AFM), aircraft Weight and Balance Manual
and minimum flight weight limits;

Flight envelope used for regular passenger flights shall be applied; alternatively,
curtailments can be re-assessed but only within applicable parameter limitations;
The number and type of restraint devices and their attachment points shall ensure
adequate restraining of the cargo in accordance with applicable certification
requirements;

Vertical centre of gravity (CG) of the cargo should be equal to or lower than the
passenger CG shown in the envelope drawing of the seats in use;

Mass of cargo should be appropriately accounted for in the weight and balance
system and any aircraft operational limit is respected.

Operator may opt to remove passenger seats and load cargo on the passenger cabin floor.
In this case the cargo restraints are connected directly to the seat tracks and the following
restrictions are to be applied (IATA, 2020):

a.

b.

One complete row of seats at both ends of the tie down area should be unoccupied
(free of passengers and cargo);

Maximum cargo weight for any given tie down scenario is recommended by the
aircraft manufacturer and should be respected;

Cargo should be evenly distributed across the tie down area and shall not exceed the
area load limits recommended by manufacturer or the floor limits defined in the
weight and balance manual;

The cargo CG height as well as the lateral and longitudinal CG of the cargo shall not
exceed the value provided by the aircraft manufacturer;
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e. Cargo shall not extend or overhang into the aisles, doorways and galleys and shall
not be loaded in exit rows;

f. Cargo must be adequately restrained to avoid movement during flight or emergency
landing conditions;

g. Nets used to restrain cargo items should be TSO/ETSO (FAA Technical Standard
Order/EASA European Technical Standard Order) approved and any load limitations
of these nets including their attachment means should be adhered to. Any
deformation of these nets should be assessed for contact with other facilities in the
cabin and be demonstrated not to block emergency evacuation exits nor access to
emergency equipment.

h. The maximum weights that can be restrained as per forward, aft, lateral and vertical
limits shall remain within the limits specified by the aircraft manufacturer;

i. The number of tie down points for a given weight and type of cargo, number of stud
tie down fittings and strap assemblies should be applied according to aircraft
manufacturer's recommendation. TSO certified nets and straps should be used;

j.  Attention must be given to avoid load share of restrained cargo into any galleys,
lavatories, partitions, or other fixed structures.

4.2, Operational aspects

Operators should select cargo that is going to be loaded in the passenger cabin on the
basis of suitability for manual handling and loading and availability of restraint devices
bearing in mind the following (IATA, 2020):

a. The content of cargo items should be verified to ensure that there are no dangerous
goods, especially if dealing with medical supplies which might be classified as
dangerous goods, moreover, wet cargo should not be loaded;

b. The weight of individual packages should be such as to minimise injury during
manual handling and they should be free of sharp edges;

a. The volume of packages should comply with the dimensions of overhead bins, coat
cupboards or under the seats space while weight of the packages should comply with
load limitations of available bins, bags, etc.;

b. The weight distribution throughout the aircraft should be in accordance with the
load master’s instructions;

c. CG of the cargo should be equal to or lower than the CG height recommended by the
aircraft manufacturer;

d. Availability of loading, unloading, shoring, load spreading and restraint equipment
should be considered.

For carriage of cargo in non-approved locations the operator should also consider the
loading limitations and restraint capability of the seats or floor. To identify the cargo that
is going to be loaded in passenger cabin the special handling code “CIC” (cargo loaded in
passenger cabin) should be used to facilitate resource planning for loading/ unloading,
load preparation and load control.

Since most of the departure control systems (DCS) are set to calculate the passenger
weights only, appropriate solutions for allocating “extra” weight in each cabin section
should be investigated and applied to avoid CG error in final calculation. While planning
the stowage of cargo items, care should be taken to ensure that the cabin depressurization
relief vents shall remain unobstructed. Also, Loading Instruction Report forms do not
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include the passenger compartment so all relevant information should be given in the
“Special instructions” box. These reports should contain detailed instruction on load
quantity and maximum loads per each cabin section, overhead bin and coat cupboard as
well as loading/unloading sequence.

Equipment that is used to access aircraft passenger cabin doors is not intended to be used
for cargo loading. Elevating equipment, typically used for boarding and loading PRM
passengers or catering, may be used for cargo loading safely through the passenger door.
When using passenger stairs to load cargo into the cabin, it is recommended to evenly
distribute loading personnel on the stairs and move the packages from the ramp upwards
by passing the packages from one person to the next.

When cargo is to be loaded in passenger cabin with seats installed, in addition to the above
considerations, the following should be considered (IATA, 2020):

a. Covering all seats with a protective material;

b. All aisles, and access to emergency equipment shall always remain unobstructed;

c. For widebody aircraft, cargo must be loaded in such a way as to provide for each
section of the cabin a means to cross from one aisle to the other (for example, an
empty seat row);

d. The cargo load shall not exceed the maximum height of the passenger seat in the

fully upright position;

Seatbacks should be in the upright position and seat belts behind the seat cushions;

The inner arm rests should be folded if possible;

Cargo in each seat row should be secured with straps, rope or nets;

Heavier boxes should be loaded as low as possible to keep the vertical CG within the

limits and towards the centroid to limit the horizontal CG shift;

The load should be distributed in such a manner to reduce the lateral load imbalance

If cargo is carried in cargo seat bags installation instructions provided by

manufacturer should be followed.

g oo

—r e

Moreover, IATA strongly recommends the use of qualified cabin crew familiarized with
the correct methods of restraint and trained on cabin fire watch/fighting activities to
accompany cargo operations in the passenger cabin.

5. CONCLUSION

Very soon after the outbreak of the COVID-19 pandemic, airlines began to seek the ways
to meet increased demand for air cargo operations and cope with the logistical challenges
related to COVID-19 while cargo capacity was significantly contracted due to the
suspension of passenger aircraft flights that accounted for about half of the world's cargo
transported in the belly holds of passenger aircraft.

Thus, they began to assess the possibility of converting aircraft passenger cabins into a
space for safe transport of cargo and/or mail to increase cargo capacity. Aircraft that were
converted to carry cargo on the main deck were mostly wide-bodied and they accounted
for more than one fifth of cargo traffic on some top Middle East routes. Regulatory
requirements differ depending on whether the cargo is carried in existing approved cabin
areas or on passengers’ seats or stowed on the cabin floor after seats being removed. In
the first case, no approval is required, while other situations require appropriate
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airworthiness approvals from the State of registry. Only exemptions could be granted for
the carriage of medical supplies on passengers’ seats.

There are many considerations to be made when loading cargo into the passenger cabin
and carriers should comply with the effective regulations of the competent authorities as
well as adhere to IATA guidelines and instructions of the aircraft manufacturers. When
passenger cabin is used for transport of cargo the following goals are identified as most
important: timely fire protection and suppression, restraining of cargo to avoid its
movement and changes of aircraft centre of gravity during all flight phases and emergency
landing conditions, complying of cargo mass and volume with maximum capacity
limitations and structural loading limits of the aircraft and all its stowing areas. Sufficient
and qualified cabin crew to accompany cargo operations and monitor all areas of the
passenger cabin during the flight and address any possible risk of fire, leakage or other
unforeseen circumstances that may occur in the aircraft passenger cabin during the flight
should be engaged.

The COVID-19 pandemic has severely disrupted the air cargo industry, but cargo markets
have recovered to pre pandemic levels with significant differences among regions
testifying the vital role of air cargo in delivering critical products like medical supplies
and personal protective equipment as well as enabling e-commerce during the lockdown
periods. The COVID-19 pandemic has led airlines to see the possibility of using their
transport capacities differently and generate revenue in a way that has been unusual so
far.
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Abstract: Transport has a linking function between all economic activities, enabling their
existence and development. At the same time, it is an economic sector that generates a
significant part of the national income and directly or indirectly employs a large part of the
labor force. Road transport is crucial for the development of the European economy and
society, and despite the recommendations of the European transport policy, the volume of
road transport is increasing, both in terms of passenger and freight traffic. The authors focus
on the extent to which road freight transport sector in Slovenia contributes to GDP and
employability, comparing Slovenia's results with the European average. Finally, they
attempt to estimate the loss in selected macroeconomic indicators in Slovenia due to the
involvement of foreign carriers in the provision of transport services related to the Slovenian
economy.

Keywords: road freight transport, macroeconomic indicators, Slovenia, EU, shift-share
analysis

1. INTRODUCTION

Transport, whether passenger or freight, is a critical factor in the development and
existence of modern economies and societies. Transport has a linking function between
all economic activities, enabling their existence and development. At the same time, it is
an economic sector that generates a significant part of the national income and directly or
indirectly employs a large part of the labor force.

The volume of traffic flows, including the volume of freight flows has increased in recent
decades, and the rough forecast for the EU is that there will be about 60% more freight
flows in 2050 than in 2010 (Krause, et al., 2020), despite the long-standing tendency in
the EU to decouple transport flows from economic development. Most of this growth will
be by road, and the question is which carriers will benefit most from it as in recent years,
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we have seen carriers operating throughout the EU, regardless of whether freight flows
are in any way linked to the economies of the countries from which they originate.

In the article, the authors focus on the extent to which the road freight sector in Slovenia
contributes to GDP and employability, comparing Slovenia's results with European
averages. In the second phase, they attempt to estimate the loss of selected
macroeconomic indicators in Slovenia due to the involvement of foreign carriers in the
provision of transport services related to the Slovenian economy.

The paper is divided into five sections. The introduction in section one is followed by a
brief theoretical background on freight flows prediction and an overview of road freight
transport in the EU. Section three describes the data and methodology used to conduct
the study, while section four is the core of the paper and includes the analysis of the
Slovenian and the EU road freight sector and its macroeconomic impact. Section five is
devoted to the conclusions.

2. BACKGROUND

The studies show that freight flows respond quickly to economic and political changes,
with road transport being the most responsive mode. The relationship between the
volume of freight flows and the volume of economic activity has long been a method for
predicting future flows of goods. As early as 1962, Tinbergen established a gravity model
that predicted the flow of goods between two countries based on their GDP and the
distance between them. In the following decades, a number of studies have demonstrated
a strong correlation between GDP growth and the volume of freight flows, measured in
ton kilometers (Brunel, 2005; van de Riet, de Jong, & Walker, 2007). However, some
authors point out that forecasting freight flows is challenging and should not be based on
GDP data alone (McKinnon in Woodburn, 1996). Instead, the volume of freight flows is
related to demographic change, economic structure, transportation costs, globalization of
the economy, environmental awareness, logistics concepts used, and characteristics of
potential modes (Koorey et al. al, 2000; Holguin-Veras et al., 2011; Meersman & Van de
Voorde, 2013).

Commerecial Taxes
transport Employment

I Trade

Figure 1: Relation between commercial transport services and GDP

GDP

In, 2019, European road freight operators transported about 13.5 billion tons of cargo,
covering nearly 160 billion kilometers. The majority of this was provided by German,
French, Spanish and Polish carriers (Eurostat, 2022a). These ratios are changing as the
international road freight transport in the European Union (EU) is fully open to
competition, while domestic transport remains fairly well protected. As a result, cabotage
accounts for only a small part of domestic transport in EU Member States; most cabotage
takes place in Germany, and almost half of total cabotage in EU is carried out by carriers
from Poland. The overall average in Member States is that cabotage accounted for 4.9%
of national road haulage for hire or reward in 2020 (Eurostat, 2021).
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3. DATA AND METHODS

The key research question of this study was: “Does road freight transport sector in
Slovenia contribute to macroeconomic indicators in line with EU averages?”.

To answer this question, we used different data from Statistical Office of the Republic of
Slovenia, and Structural Business Statistics data from Eurostat.

First, we provided a general overview of road freight sector in EU-27, to determine the
competitive position of Slovenian carriers. For this purpose, we first calculated the
Herfindahl-Hirschman Index (HHI), then provided the shift share analysis and calculated
the market instability index.

HHI is used to determine to determine market concentration, while shift-share analysis
was originally a technique for analyzing a region's economic growth patterns, but, we
have used it to examine changes in the road freight transport sector in European
countries, using number of employed people* as the economic variable studied.

HHI =10,000% Y s (1

i=1
where s is the percent market share (of each country i in our case).

HHI ranges from close to 0 to 10,000. A market with the HHI of less than 1,500 is
considered a competitive, with the HHI from 1,500 to 2,500 moderately concentrated, and
with HHI 2,500 or greater is considered highly concentrated market.

Shift-share analysis helps understand changes in market by decomposing them into two
parts, where share reflects the expected growth (in our case of employment in road freight
sector) to maintain the market share, and shift reflects the number of employees that a
country got or lost in relation to expected growth. Shift-share analysis does not explain
causes for economic changes.

Sharei,t = AGR, x -1 — (Qt -0, )Xsi,t—l (2)

where AGR is annual growth rate (of total) observed variable, Q denotes sum of the
quantity observed, i denotes the single observation (country), while t and t-1 denote the
time of observation.

shift,, = (Si,t “Sim ) x0,=0,, -0, ,—share, (3)

The same data can be used to calculate absolute market share instability (AMSI), which is
the measure of market mobility.

n > st
st =3, s, | = = — @)
i=1 t

At the end we created a linear regression model to predict production value of Slovenian
road freight transport sector.

* Number of persons employed refers to the total number of persons who work in the observation unit (employees receiving
remuneration, working proprietors and unpaid family workers) as well as outside working persons who belong to the unit and are
paid by it. It includes all persons who are on the payroll of the enterprise, whether they are temporarily absent (excluding long-term
absences), part-time, seasonal or home workers, apprentices, etc. (OECD, 2003)
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4. THE MACROECONOMIC IMPACTS OF ROAD FREIGHT TRANSPORT SECTOR IN
SLOVENIA

4.1. EU road freight transport sector

The transport and storage industry directly employs around 11 million people in EU-27
and accounts for about 5% of GDP (EC, 2017).1n 2019, there were 1.25 million companies
operating in the transport and storage sector in the EU-27, most of them, more than 540
thousand, in road freight transport. Road freight sector alone employs around 3.3 million
workers, which is around 1.7% of total employment of people aged from 15 to 64 in EU-
27 (Eurostat, 2022b; Eurostat, 2022c).

The five largest European countries employ just over 60% of all workers in the road
freight sector in EU-27; however, the Herfindahl-Hirschman Index (HHI), which is the
index of market concentration, has the value of about 950 and shows that the market is
rather competitive.

In the Table 1 we present the results of the shift-share analysis.

Table 1: Shift share analysis of road freight sector in Europe for the period from 2016 to

2016
State Share| Shift| Total| State Share | Shift| Total | State Share| Shift| Total
Belgi 6,949 | -3,049| 3,900 | France 41,691 [ -11,091 | 30,600 [ Netherlands | 14,049| -3,378| 10,671
Bulgaria 8,283 | -3,245| 5,038 Croatia 2,658| 1,235| 3,893 | Austria 7,343 | -6,100| 1,243
Czechia 15,093 | -9,397| 5,696 | Italy 38,558 | -10,382 | 28,176 | Poland 42,941 | 80,418 123,359
Denmark 3,457 | -2,182 1,275 | Cyprus 224 98 322 | Portugal 8,051 703 8,754
Germany 50,009 | -26,369 | 23,640 | Latvia 3,044 | -2,192 852 | Romania 17,615| -1,429| 16,186
Estonia 1,919 -1,401 518 | Lithuania 7,639 | 22,774 | 30,413 | Slovenia 2,870 | 2,656] 5526
Ireland 2,546 657| 3,203 | Luxembourg 876| -476 400 | Slovakia 5478| 1,349| 6,827
Greece 4,283 | -2,856| 1,427 | Hungary 9,196 | -1,798| 7,398 |Finland 5293 | -5997| -704
Spain 38,274 | -9,987| 28,287 Malta 129 36 165 | Sweden 9,459| -8596 863

Source: Authors, based on (Eurostat, 2022b)

As said, shift-share analysis does not directly explain causes for economic changes,
nevertheless, many of countries showing strong competitive effect (shift) on the
employment in road freight sector, also have (relatively) low salaries in road freight
sector (in comparison to EU-27 average) or (relatively) low share of personnel costs in
total purchases of goods and services, and vice versa.

4.2. The road freight sector in Slovenia

As we could see in Table 1, road freight transport sector in Slovenia is competitive, but
compared to others, the Slovenian transport sector is relatively small, so it does not have
as big an impact on the European transport market as the fast-growing road transport
sectors of Lithuania and Poland.

According to Slovenian Statistical Office (SURS, 2022) and Eurostat (2022b) there are
about 5,700 trucking companies in Slovenia, which together employ around 29,300
people or around 3.0% of all employed people in Slovenia. Although the share of people
employed in road freight sector in Slovenia is higher than the average in EU is, Slovenian
transport companies are still relatively small, employing on average 5.1 people (only 3.6
until 2010), while the current average on European level is 5.9. On the other hand, the
production value of road freight transport in Slovenia as compared to Slovenian GDP was
around 6.4% in 2019, while the EU-27 average stopped at 2.3%; interestingly two most
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prominent countries in European road freight transport sector had similar numbers to
Slovenia, in particular Poland with 6.4% in 2019 and 5.5% in 2016, while Lithuania is
registering record numbers with 13.3% in 2019, a significant growth from 9.5% in 2016.
Also, the gross operating rate, which is the measure of profitability that provides the ratio
between gross operating surplus* and turnovert is relatively high in Slovenia (12.7%),
higher than EU-27 average (10.6%), which indicates that the Slovenian trucking
companies are efficient in their operation and are good at turning sales into profits.

Slovenia has an open economy; in 2020, Slovenia exported 17.6 and imported 20.8 million
tons of goods. As shown in Table 2, Slovenia conducts most of its trade with neighboring
countries. The five most important trading partners account for almost 75% of exports
(around 13.2. million tons) and 58% of imports (12.1 million tons).

Table 2: Slovenia’s main trading partners

Export (tons) Import (tons)
Country Volume | Country Volume
Italy 6,268,386 | Austria 3,599,182
Austria 2,324,830 | Italy 3,038,646
Croatia 2,201,896 | Croatia 2,866,629
Germany 1,607,177 | Germany 1,401,812
Hungary 751,478 | Hungary 1,101,110
All partners | 17.560.899 | All partners | 20.821.848

Source: Authors, based on (SiStat, 2022)

Slovenian road freight carriers have achieved record figures from 2007 and 2008 in
recent years, but in the following figure (Figure 2) we can see that the work structure of
Slovenian road freight carriers has changed; there is less domestic transport and more
integration with foreign markets. If we look at Table 2, we can assume that most trade
flows with Austria, Italy and Germany are handled by Slovenian carriers, because they are
more competitive than carriers from these countries. Some of the exports to Croatia and
Hungary are also handled by Slovenian carriers (perhaps about 1 million tons), while the
import flows are probably handled mainly by carriers from Hungary and Croatia.
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Figure 1: The structure of services provided by Slovenian road freight

The corona pandemic crippled also the Slovenian economy (but only in 2020), but we can
assume that the needs of the domestic market were not lower than until 2008, at least in

* Gross operating surplus is defined as value added at factor costs minus personnel costs (OECD, 2003).

+ Turnover is defined as total value of market sales of goods and services to third parties, excluded VAT (OECD, 2003).
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normal circumastances. Slovenian carriers transported a similar amount of goods in 2008
and 2019, more than 91 million tons, but the difference in domestic market was almost
16.5 million tons (we don't have data on cabotage in Slovenia;- however 16.5 million are
much more than 5% overall average for cabotage in EU-27). The question is who is
carrying out these transports instead of Slovenian carriers and how much the Slovenian
GDP is losing as a result.

We created a linear regression in which the output variable was the production value (PV)
of road freight sector in Slovenia. The input variables were the amount of goods
transported domestically (Qdomestic), the amount of goods loaded in Slovenia (Qloaded),
the amount of goods unloaded in Slovenia (Qunloaded), and the amount of goods
transported by Slovenian carriers in international transport or cabotage (Qinternational);
all given in thousand tons. The following model had a very high coefficient of
determination (0.983), but all variables except one, the amount of goods carried in
international traffic and cabotage, were found to be statistically insignificant.

PV, =14.2501+0.00560,,, .. +0.04430, .., +0.10920, ..., +0.07570

nloaded nternational

So, every million tons of goods carried for the Slovenian economy in domestic transport
by carriers from other countries would mean a loss of 5.6 million and a production value
or about 90 million euros in 2019, which is about 3% of the total production value of the
Slovenian road transport sector in that particular year. But if there was no shift to other
markets (same market structure as in 2008), the loss would be much greater, around 1
billion EUR or almost a third of the achieved production value in 2019, as according to our
model, goods unloaded in Slovenia contribute to production value of Slovenian road
freight transport sector almost 20 times more than domestic traffic, and goods
transported in international transport about 13.5 times more than domestic traffic.

5. CONCLUSIONS

Road freight transport is very important as it is the only mode that allows door-to-door
service, so it often has no competition with other land transport modes, but competition
between carriers from different European countries is very present. This is made possible
by EU legislation, and carriers from the new member states, i.e. carriers from Eastern
European countries, are generally more competitive due to lower personnel costs.

Slovenian carriers have recognized their competitiveness on the European market and
are directing their capacities to more profitable markets. We estimate that foreign
carriers in Slovenia caried about 16 million tons of cargo in 2019. If these were
transported by Slovenian carriers, this would mean an additional production value of
about 90 million euros (or 3% more production value). Since the capacities of Slovenian
carriers are exhausted, focusing on foreign markets is a good solution, as it affects the
growth of production value and directly increases the GDP; however, in doing so
Slovenian carriers do not directly support Slovenian production.
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MODELLING TRANSPORT ACTIVITIES FROM INVENTORY
REPLENISHMENTS IN SUPPLY CHAINS BY USE OF NUMERICAL
SIMULATIONS AND MACHINE LEARNING ALGORITHMS
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Abstract: A periodic review inventory policy represents a standard inventory management
model in modern supply chains due to its many advantages. This paper studies its logistic
aspects coming from the number and size of transport activities related to inventory
replenishments resulting from normally distributed market demand. Due to the stochastic
nature of market demand, no simple procedures or algorithms for determining the optimal
values of the characteristic variables of the periodic review inventory policy exists, so
extensive numerical simulations and symbolic regression analysis of a supply chain echelon
are used in this paper. Equations for average order size and required number of orders
related to inventory replenishments are developed with R? Goodness of Fit and Correlation
Coefficient higher than 0.99 tested on 139.500 simulation experiments of a supply chain.

Keywords: supply chain management, periodic review, inventories, logistics, symbolic
regression

1. INTRODUCTION

Supply chains (SC) are dynamic systems of high complexity, operating under numerous
influential factors. As one of the key elements of supply chain management, the goal of
inventory control is to ensure the maximum possible fulfilment of market demand while
achieving inventory levels and cost reduction in a highly competitive business
environment. As freight transport mainly relies on conventional energy carriers like
diesel, kerosene and heavy fuel oil, it significantly contributes to major challenges of the
21st century: pollution and climate change.

This research aims to establish relationships arising from logistical aspects of inventory
replenishments in a periodic review inventory policy of a modern supply chain and offer
findings to academia and practitioners. Specifically, our research analyses a minimal

" samir.zic@riteh.hr
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required number of transportation activities and their size required to fulfil normally
distributed market demand for products under varying SCs working conditions. This
research aims to determine the relations needed for optimisation of transport activities
related to inventory replenishments in periodic review inventory policy by the use of
advanced techniques of simulation modelling and machine learning. Relevant literature
recognises the lack of quantitative models required to examine the possibilities of optimal
solutions in terms of operative, economic, and more environmentally suitable
approaches. This study aims at contributing to that direction.

1.1. Period review inventory management

Inventory management represents one of the critical processes of supply chain
management to balance production and meet the market demand while keeping costs as
low as possible. In this context, supply chain managers aim to reach the essential target
of an efficient supply chain - having the correct quantity at the right time and in the right
place (Longo F., 2011).

A well-known control policy in stochastic inventory control is the (R, s, S) policy, in which
inventory is raised to an order-up-to-level S at a review instant R whenever it falls below
reorder-level s. Such policies offer several practical advantages and are considered
optimal by industry and academia. They facilitate optimal planning and coordination of
ordering decisions in multiproduct environments.

One of the essential inventory management strategies is how the company approaches
the excess demand and the occurrence of temporary stockouts - it can either be back-
ordered or treated as lost sales. Although back-ordering is predominantly present in the
relevant literature, according to the research of (Gruen, Corsten, & Bharadwaj, 2002), only
15 % of the customers will, in a real-life setting in an out-of-stock situation, postpone the
purchase and wait for the product to be available again. The lost sales environment, which
is analysed in this research paper, is prevalent in highly competitive sectors like retail,
service, machinery spare parts and online sales (Gruen, Corsten, & Bharadwaj, 2002),
(Breugelmans, Campo, & Gijsbrechts, 2006), (Babiloni & Guijarro, 2020). Additionally, the
works of (Bashyam & Fu, 1998), (Bijvank, 2014) and (Bijvank & Vis, 2012) indicate that,
since the customer satisfaction is often being a differentiation strategy among
competitors, and with shortage costs particularly hard to evaluate in practice correctly,
service-based requirements are more common in the real-life business sector. As
recognised by (Kapalka, Katircioglu, & Puterman, 1999), adding a service-based
constraint to an inventory model with lost sales makes the model more realistic but makes
computation and analysis more difficult, which results in fewer publications studying this
problem. There are no simple procedures or algorithms for determining the optimal
values of (R, s, S) characteristic variables in real-world conditions (Babai MZ et al., 2020),
(Kiesmiiller GP et al., 2011). Consequently, controlling inventories by the subjective
assessment, without an algorithmic basis, can result in suboptimal inventory
management, increased costs, holding an inadequate amount of inventories and negative
consequences such as the bullwhip effect (Zic, S. et al., 2015).

1.2. Logistics

Modern supply chains are recognised as complex systems operating in a global
environment, characterised by flexibility in business operations, quick reactions to
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market demands and changes, the use of technological innovations such as data science,
machine learning, artificial intelligence, optimisation of inventories together with the
implementation of a green or sustainable approach. Transportation activities are often
neglected in the research even though transportation costs can form more than 50% of
the total logistics costs of a product (Swenseth S.R. and Godfrey M.R., 2002). Additionally,
with uncertainty in the demand patterns, which is the usual case in real-life production
and distribution situations, inventory situation gets significantly more complicated (L.
Tiacci, S. Saetta, 2009). In logistics, shipment frequency is positively related to fuel
consumption and carbon emissions; however, fewer but larger shipments could lead to
undesirable higher inventory levels and additional costs (Tang et al, 2015).
Unfortunately, many studies (Lee et al. (2005), Van Norden and Van de Velde (2005))
assume that demand data, though variable and non-stationary, must be known. When
demand is no longer assumed to be deterministic, as in many production and distribution
situations, the introduction of uncertainty in the demand pattern significantly
complicates the inventory situation.

In logistics, transportation should provide the most room for cutting carbon emissions
since it involves heavy fuel consumption (Andress et al, 2011). The amount of carbon
emissions in transportation is determined mainly by transportation frequency and fuel
efficiency. Shipment frequency is positively related to fuel consumption as well as carbon
emissions. Subsequently, higher-order quantity and less frequent transportation would
allow firms to utilise their vehicle capacity better or employ a vehicle with greater
transport capacity to save total fuel consumption and reduce carbon emissions. However,
fewer but larger shipments lead to undesirable higher inventory levels and additional
costs. Therefore, it is natural to ponder whether this approach can reduce emissions
effectively and economically and what factors impact the additional cost.

1.3. Machine learning and symbolic regression

Data modelling involves using a limited number of observations of systems variables for
inferring relationships among these variables. A number of control parameters
characterise the system under study. Empirical modelling attempts to express these
critical control variables via other controllable variables that are easier to monitor and
can be measured more accurately or timely. Control variables are referred to as outputs.
Variables, or properties, used for expressing the response are called inputs or input
variables. A combination of values of all input variables and the associated values of the
output variables is called a scenario. The modelling task is to detect the driving input
variables that cause the change in the observed response variables and formulate the
relationship in the form of an accurate model. The quality of this model is assessed by the
resemblance of the predicted output to the observed output based on a number of data
points. For many industrial applications, the resulting relationships between the input
variables and the output variables of a physical system can be found implicitly (Kleijnen,
2005; Kleijnen et al., 2005). Genetic programming (GP) for symbolic regression was first
proposed by (Koza 1992) as one of several different applications of genetic programming.
Since then, symbolic regression has been widely applied in many engineering sectors,
such as industrial data analysis (e.g., Luo et al., 2015; Li et al., 2017), circuits analysis and
design (e.g., Ceperic et al,, 2014; Shokouhifar & Jalali, 2015; Zarifi et al., 2015), signal
processing (e.g., Yang et al,, 2005), empirical modelling (e.g., Gusel & Brezocnik, 2011;
Mehr & Nourani, 2017), system identification (e.g., Guo & Li, 2012; Wong et al., 2008) and
materials analysis (Mu He, Lei Zhang, 2021).

78



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

The fact that symbolic regression via GP does not impose any assumptions on the
structure of the input-output models means that data determine the model structure. On
the other hand, the absence of constraints on the model structure is the greatest challenge
for symbolic regression since it vastly increases the search space of possibilities, which is
already inherently large. Larger data sets with more input variables and more records
make symbolic regression even harder. The rationale of doing the 'evolutionary' search
in a vast space of alternatives is to balance the exploitation of the good solutions found so
far with exploring the new areas of the search space, where even better solutions may be
hiding. At least two or possibly more criteria are used for selecting' good' individuals for
further propagation. Often these criteria are prediction error and model expressional
complexity. Since these optimisation objectives are competing, the performance of
individuals is compared concerning the Pareto-dominance relation in the objective space
of model complexity and model error. In Pareto GP, model development happens parallel
with automatic identification and exploitation of driving inputs that influence the
observed output (Smits et al.,, 2005). Theoretically, GP can obtain an optimal solution if
the computation time is sufficiently long.

2. EXPERIMENT DESIGN
2.1. Market demand simulation

Our model assumes stochastic demand with targeted fill rate as a service-based constraint
and the lost sales environment, in which partial deliveries or backlogging is not allowed.
Simulation models usually represent a suitable approach when the relations among
components do not conform to simple equations or the equation is unknown (Taylor,
2003). Simulation modelling as a tool for analysing various aspects of periodic review
inventory policy is present in numerous works.

This study aims to test a wide range of inventory model setup parameters to gather high
accountability results. Our research model consists of an inventory simulation model
operating under (R, s, S) policy whose output results represent the input information for
the symbolic regression model. A general outline of this research is presented in Fig 1.

SIMULATION MODEL
OUTPUTS

lowest inventory
order-up-to level S and
reoreder points s, number and
size of required inventory
replenishments

INVENTORY
SIMULATION MODEL

broad spectre of mean
market demands, market
demand oscillations, review
periods and lead times

SYMBOLIC
REGRESSION

define equations between

SC parameters and number
and size of required

inventory replenishments

brute force
search

symbolic
regression

Figure 2. Research framework

The experimental design of our inventory simulation model includes normally distributed
market demand with five levels of mean daily demand, three levels of demand oscillations,
ten replicas of demand per each combination of mean demand and standard deviation of
demand (in total, 150 simulated market demands), 30 levels of the review period, 31 level
of lead time and one fill rate of 100% resulting in a total of 139.500 simulation scenarios
as presented in Table 1.
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Table 1. Inventory model experimental design

Mean market demand () unit/day | 10, 70, 130, 190, 250
Coefficient of variation of market demand (CV) 0.1,0.2,0.3

Inventory service performance measures fill rate (B-service level)
Service levels % 100

Delivery lead time (LT) day 0,1,2,..30

Review period (R) day 1,2,3,..30

The minimal value of CV=0.1 for each value of p represents the market demand with
minimal oscillations. As the oscillations of market demand increase, minimal values of
daily market demand get closer to 0, increasing the range between minimal and maximal
values of p to twice the average values. Such high oscillations will result in a significant
increase of s and S inventory levels to fulfil the same fill rate compared to the same p with
lower oscillations. Market demand and order size are of non-negative integer values.
Market demand is observed for 365 days and can be of value 0 due to the stochastically
modelled normally distributed demand. For uniformity of simulation experiments,
simulation experiments (SE) start on Monday with inventory levels set to order up to level
S. Deliveries executed within the same working day on which the order was launched are
referred to as replenishments with zero lead time. Generation of market demands is done
in Python and analysis in Prism for Windows, version 9.0.0. Results are visible in table 2,
in which each column represents average values of 10 market demands.

Table 2. Descriptive statistics of 150 simulated market demands

Mean 10 70 130 190 250

Std. Deviation 1 2 3 7 14 21 13 26 39 19 38 57 25 50 75
Std. Error of Mean 01101102 04 | 07 10 | 07 10 | 20 10 [ 20 | 30 10 | 30 | 40
Minimum 72 | 44 | 1,6 |496303 109|922 | 557|248 130,8| 83 27 11759(107,4| 27,7
25% Percentile 9 9 8 65,2 | 60,2 | 55,6 |121,3| 113 [103,2{176,9|165,4|152,4[233,3]216,7|198,1
Medi 10 10 10 70 17011695 | 130 {129,9| 130 |190,3[189,5]|189,6(250,1|249,8|250,3
75% Percentile 11 11 12 | 748 (793 | 84,2 | 139 | 148 |156,9]202,8| 216 |228,1|267,2|283,3[300,6
Maximum 13 | 15,6 [ 19,2 | 90,6 |109,5|129,5[168,5|207,4|246,8 | 246,6 | 308,3|359,9|321,8399,8|476,5
Range 58 [ 112|176 | 41 | 792 |118,6| 76,3 |151,7| 222 |115,8|225,3|332,9|145,9|292,4|448,8

LLower 95% Cl of mean| 10 10 10 69 69 68 | 129 | 127 | 126 | 188 | 186 | 184 | 247 | 245 | 242
Upper 95% Cl of mean| 10 10 10 71 71 72 | 131 | 133 | 134 | 192 | 194 | 196 | 253 | 255 | 258
Coefficient of variation| 0,1 | 02 | 0,3 01 | 02 03 | 01 02 | 03 01 | 02 03 | 01 02 | 03

Geometric mean 10 10 9,1 70 69 66 | 129 | 127 |123,1| 189 | 186 |179,9| 249 | 245 |236,9
Harmonic mean 10 10 9 69 67 | 61,4 | 129 |124,1| 114 | 188 |181,7|166,2| 247 | 239 [217,5
Skewness 00 | 00 | 00 | 0000100 O00]O00]O1 00 | 00 | 00 | 00 | 00 | 00
Kurtosis -01]-01]001]007]-02)-02]00] 00| 00 01 | 01 00 | -01] 00 | 00

Table 3 shows that all 150 simulated marked demands have passed the normality test
according to D'Agostino-Pearson omnibus test from the same Prism software.

Table 3. D'Agostino-Pearson omnibus test of 150 simulated market demands

Mean 10 70 130 190 250

Std. Deviation 1 2 3 7 14 | 21 | 13 | 26 | 39 | 19 | 38 | 57 | 25 | 50 | 75
K2 3,621170)033[047|247 (127018 |2,13|1,88|504|0910,18|1,97 | 0,24 | 2,09
P value 0,16 {043 )0,85(0,79]0,29(0,53)0,91]0,34{0,39|0,08]|0,64|091]|0,37|0,89] 0,35
Passed normality test (a=0.05)? Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes

80



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

2.2. Brute force search for lowest characteristic inventory levels s and S

The model uses brute force search to determine the lowest values of s and S, which fulfil
the targeted fill rate and satisfy the operating conditions in a total observed period of 365
days. Inventory model outputs represent the basis for the extensive search by symbolic
regression method, which results in modelling equations for average order size and
required number of inventory replenishments in an observed period.

Fill rate (B) is a quantity-oriented measure, representing the quantity of demand in the
observed period which is satisfied from inventory on the stock without back-ordering.
This form of service performance measure is relevant for practitioners since it provides a
fraction of demand which is turned into sales (Tempelmeier, 2007), (Chopra & Meind],
2013), (Luo, Bai, Zhang, & Gill, 2014), (Silver, Pyke, & Thomas, 2016). This paper will use
fill rate as a service performance measure, calculated according to Eq. 1.

B= (1

For this paper, the authors extensively analysed a unique group of 3=100%, which is
realistic and welcomed in business practice, but theoretical research of such operating
conditions of inventory systems is not significantly present. This is so because it was
impossible to calculate z value (related to the service level) of normally distributed
market demand for which 100% corresponds to an infinitely high value. A schematic view
of the data matrix of a simulated supply chain is visible in figure 2.

number of units supplied from the stock

total demand

Input variables Responses
X1 X2 X3 X4 X5 X6 yi y2 y3 ya
. average replenishments
No K SD replica R LT B s order size count
” 1 . ) . . ) . ) . ) .
E 2 . 0 . . . . . . 0 .
S
e
8
= . . . . . . . . . . .
139.500 . . . . . . . o . .

Figure 3. Schematic view of data matrix of the simulated supply chain where each line
corresponds to a specific scenario; adopted according to (Vladislavleva, 2008)

In order to determine specific s and S values of simulation experiments with the brute
force search, it is needed to test Z simulation experiments according to equation 2. Two
HP DL580 G8 servers were used for this highly numerically intensive problem. Each
server was equipped with 4 Intel Xeon processors with 30 logical cores and 256 GB RAM.
In total, 3,33-1012 simulation experiments of (R, s, S) inventory control policy were tested
to determine 139.500 simulation experiments with the lowest characteristic values for
operating conditions. The total computational time for the two above mentioned servers
with 120 logical cores each was 4 days, 16 hours and 9 minutes.

_ g2
Z=1+s-"- (2)

Lowest number of required tested simulation experiments, 84 of them were required for
u =10, SD=1, LT=0 and (R, s, S) = (1, 5, 13), which occurred twice. On the other side, the
highest number of tested scenarios, 272.732.526 of them, was needed for p =250, SD=50,
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LT=30and (R, s, S) = (30, 16190, 23355), resulting in 3.28 million times more simulation
experiments needed for solving one inventory setup with long delivery time, rare review
period and high mean values. Results of 139.500 simulation experiments were tested, and
characteristic values of (R, s, S) inventory policy were extracted for further analysis.
Double-precision values were used since precision, and an adequate number of
simulation experiments are of utmost importance for modelling equations by machine
learning and symbolic regression processes.

2.3. Modelling responses of (R, s, S) inventory policy with symbolic regression

We used Eureqa demo version 1.24 (Nutonian, 2015) for the modelling part, a software
package based on symbolic regression to determine the relationship between the
independent and dependent variables. The software searches the fitting parameters and
the form of the equations simultaneously (Schmidt and Lipson, 2009). Eureqa's genetic
algorithm is multi-objective; two objectives are complexity and error, regardless of the
error metric chosen. Eureqa searches for a formula by combining mathematical building
blocks, which were: add, subtract, multiply, divide, modulo, square root, min and max.
Authors intentionally left out usually used building blocks constants and integer values
because they tend to overfit developed models to specific values of input variables and
reduce practitioners and academia adaptability of proposed models.

Training and validation data were split equally among 139.500 records and shuffled. As
in many industrial and engineering applications recommended, the error metric used was
mean squared error (MSE). MSE is the metric that assesses the quality of the forecasting
model or predictor. MSE also incorporates both the variance and bias (the distance of
predicted value from its actual value). This metric penalises large errors or outliers more
than minor errors. Model generation and searches for Pareto optimal equations lasted for
12h on the HP DL580 G8 server for each of the two models. In that time, approximately
3-1013 formulas and 1,9-10¢ generations were tested.

3. MODELS

The best model selection compromises the minimum acceptable coefficient of
determination R? and maximum complexity. Equation 3 presents a newly modelled
equation for average order size (AOS) for echelon working under normally distributed
market demand under (R, s, S) inventory policy and equation 4 required number of
inventory replenishments in an observed period N depending on a review period and lead
time (RC). It is understood that observed period N must be several times longer than the
maximal value of R+LT in order for characteristic inventory values to stabilise. Also, R, LT
and N should be in the same time units.

A0S = (R + LT — mod=)) (3)
N

C=——7 )

R+LT-mod=

As it can be seen from Table 4, statistics of proposed models show high values of R2
Goodness of Fit and Correlation Coefficient. The equation for average order size shows
minimal values for R? of 0.997231 and the equation for correlation coefficient of
0.999034. Mentioned values show that proposed equations, albeit simple and tested on
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an extensive data set of 139.500 simulation experiments, not using integer or decimal
constants and not considering SD, are precise even for experimental setups and models.

Table 4. Models statistics

Average Order
order size count
Mean Absolute Error 52.838 0.420916
Mean Square Error 17663.5 0.626786
R2 Goodness of Fit 0.997231 0.998439
Correlation Coefficient 0.999034 0.999449
Rank Correlation 0.999 0.996
Maximum Error 1369.83 58
Inter-quartile Absolute Error| 7.080 0.338
Signed Difference Error -43.091 -0.349
Hybrid Correlation Error 0.024 0.022
JAIC Error 1.364e+06 -65147.5

Based on the proposed equation, Figure 3 shows an increase in average order size for all
tested scenarios based on the mean market demand of 1 product/day. These values can
be used for linear scaling to specific mean marked demand in supply chains with periodic
review policy. From figure 3 it is visible that if the lead time is multiple of the review
period, an increase in average order size will be most significant.

Based on the proposed equation, Figure 4 shows a reduction in the required number of
inventory replenishments in an observed period for all tested scenarios. These values are
not sensitive to mean market demand or standard deviation of it. From figure 4 it is visible
that if the lead time is multiple of the review period, a reduction in the required number
of inventory replenishments will be most significant.

4. CONCLUSION

In this paper, authors have analysed (R, s, S) periodic review inventory policy for working
conditions of lead time and review period up to 30 days, normally distributed mean
market demand between 10 and 250 products daily, CV between 0.1 and 0.3. In total,
139.500 simulation experiments were used for machine learning algorithms to model
new equations for average order size and required number of inventory replenishments
in an observed period. Proposed equations with values of RZ Goodness of Fit and
Correlation Coefficient higher than 0,99 allow scientists and practitioners to model
logistic aspects of the supply chain working under (R, s, S) inventory policy for fulfilling
100% of market demand, reduce SC costs and GHG emissions and optimally plan
inventory replenishment activities without reducing the percentage of market demand
fulfilment. Proposed equations are simple and do not require the calculation of standard
deviation, making them even more useful for supply chain practitioners.
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Figure 4. Average order size for review period and lead time up to 30 days for mean
market demand of 1 product/day under (R, s, S) inventory policy according to Eq. 3
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Figure 5. Rounded values of the required number of inventory replenishments in an
observed period of 365 days for review and lead time up to 30 days under (R, s, S)
inventory policy according to Eq. 4
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ROUTING OF VEHICLES FOR AID DELIVERY IN DISASTER
RESPONSE

Dragana Drenovac?*
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Abstract: Due to limited resources and response times, logistics has played a crucial role in
managing events that require humanitarian assistance. One of the major actions in the
response stage of relief logistics is distribution of supplies in order to meet the basic
subsistence needs of affected people. In this paper, a vehicle routing problem in
humanitarian aid distribution in the event of a humanitarian disaster is solved. In the
response stage, first-aid resources have to be provided for affected people in large
geographical areas. Different service points are selected where users can be served. Each
beneficiary has access to at least one service point. A mixed integer linear programming
model of team orienteering problem with overlaps is presented to determine efficient vehicle
routes, subjected to maximum duration constraints, miximizing the number of beneficiaries
served. To solve the problem, a population-based simulated annealing algorithm (PBSA) is
developed. This PBSA algorithm is compared with simulated annealing (SA) algorithm. The
population-based solution approach outperforms the SA for all instances.

Keywords: disaster response, vehicle routing, simulated annealing, first-aid resources.

1. INTRODUCTION

The term disaster represents an event with the most severe consequences for people,
nature, facilities, economy and society. Natural disasters, such as earthquakes, floods, fires
etc, are an integral part of human history. In the first two decades of the 21st century
humanity was hit by natural disasters of a massive scale (e.g. an earthquake and tsunami
in the Indian Ocean (2004), an earthquake in Haiti (2010), a typhoon in the Philippines
(2013)).

The numbers of deaths and injuries involved, displaced people or otherwise affected by
these natural disasters are mind-numbing. In managing these events logistics has played
a crucial role. Limited resources and response times, high degrees of uncertainty and a

* drenovac@sfbg.ac.rs
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lack of reliable data, make logistics decisive in carrying out the relief operations. Thus,
logistical efforts account for 80% of disaster relief operations (Trunick 2005).

The disaster stage of relief logistics consists of four phases: mitigation, preparedness,
response, and recovery (McLoughlin 1985). Response includes the actions taken directly
before, during, and immediately after a disaster in order to save lives, reduce health
impacts, ensure public safety and meet the basic subsistence needs of affected people.
Limited resources result in difficulties in responding to the needs of the affected
population quickly and effectively.

In this paper, routing of vehicles carrying humanitarian aid in the event of a humanitarian
disaster is solved. In the response stage, first-aid resources (food, drugs, other supplies)
and services have to be provided for affected people in large geographical areas. Different
service points are selected where users can be served. Each beneficiary has access to at
least one service point. A set of vehicles provides the service points with first-aid
resources within a given time period. On days immediately after a disaster, resources such
as vehicles are in short supply. The problem is to decide which service point to supply to
maximize the number of beneficiaries that have access to service points. This problem is
modeled with a mixed integer linear programming model of team orienteering problem
with overlaps.

The team orienteering problem (TOP) is a decision-making problem of the class of the
vehicle routing problem with profits (Archetti et al. 2014). Given a set of vehicles and a
set of customers, each one with an associated profit, the goal of the TOP is to design a set
of routes (one for each vehicle) that maximizes the total profit collected by visiting (some
of) the customers without exceeding a maximum duration constraint for each route.

There is an analogy between customers and profits in the team orienteering problem and
service points and beneficiaries in the problem considered in this paper. In both cases it
is necessary to collect as much profit or supply with humanitarian aid as many people as
possible after natural disaster. In real-life, some beneficiaries may use more than one
service point, which causes overlaps of the service regions. It introduces a new type of
orienteering problem known as a team orienteering problem with overlaps (TOPO). The
TOPO is inspired by a problem in charge of providing cash collection, counting, and
distribution in the group of three banks in Netherlands (Orlis et al. 2020). One of the main
challenges is to decide which automated teller machines to replenish by using a set of
vehicles, subjected to working hours, to maximize the number of bank account holders
that have access to these cash machines. It is assumed that bank account holders
(identified by the postal code of residence) have access to cash if there exists a replenished
automated teller machine within five kilometers from the residence postal code. Usually,
there are users who have access to multiple cash machines, which causes overlaps. The
next application of the TOPO is the real-life distribution problem with the decision on
which stores to replenish given that beneficiaries can be served from one or several
nearby stores.

Figure 1 shows an example of an instance with 4 service points and 10 beneficiaries and
a feasible solution for the instance. Two vehicles are used. The first serves service points
1 and 2, whereas the other serves just point 4. This solution serves nine beneficiaries.
Notice that beneficiaries 3 and 4 can access both service points, but they do not count
twice in the total number of beneficiaries served.
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LEGEND
O Service points
A Beneficiaries

Depot

—--=> Vehicle 1

=== Vehicle 2

Figure 1. Example of a TOPO instance and a corresponding feasible solution

The main contributions of this paper are the following. A real-life problem of designing
routes for vehicles for first-aid delivery in disaster response is modeled as a TOPO and a
population-based simulated annealing (PBSA) algorithm that is able to find high-quality
solutions of instances with 200 service points and more than 50000 beneficiaries, as well
as those with 400 service points and almost 300000 beneficiaries within short
computation times is proposed for the problem.

The rest of this paper is organized as follows. In Section 2 the main contributions from the
literature on delivery of humanitarian aid are reviewed, while the TOPO is introduced in
Section 3. The PBSA algorithm is described in Section 4. The computational results
obtained by applying the PBSA and SA algorithms on a set of instances are discussed in
Section 5. Finally, conclusions and future research directions are outlined in Section 6.

2. LITERATURE REVIEW

Many studies were conducted using operations research techniques to facilitate the
delivery of humanitarian aid. Some of them deal with inventory systems for disaster relief,
facility location to site warehouses or routing of vehicles after disaster.

Based on data collected from warehouse operations in Kenya, Beamon and Kotleba (2006)
developed a stochastic inventory control model that determines optimal order quantities
and reorder points for a long-term emergency relief response. Oh and Haghani (1996)
formulate a multicommodity, multi-modal network flow model for a generic disaster
relief operation and solve with two heuristics. 0zdamar et al. (2004) developed a dynamic
time-dependent transportation problem that needs to be solved repetitively at given time
intervals during ongoing aid delivery. New plans are obtained based on new requests for
aid materials, new supplies and transportation means and they contain the optimal mixed
pick up and delivery vehicle schedules within the considered planning period, as well as
the optimal quantities and types of loads picked up and delivered on these routes.
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Oruc and Kara (2018) propose a post-disaster assessment strategy as part of response
operations in which effective and fast relief routing are of utmost importance. In
particular, the road segments and the population points to perform assessment activities
are selected based on the value they add to the consecutive response operations. A bi-
objective mathematical model that provides damage information in the affected region by
considering both the importance of population centers and road segments on the
transportation network is developed. The first objective aims to maximize the total value
added by the assessment of the road segments whereas the second maximizes the total
profit generated by assessing points of interests.

Pérez-Rodriguez and Holguin-Veras (2015) developed mathematical models that
maximize the benefits derived from the distribution of critical supplies to populations in
need after a disaster. An inventory-allocation-routing model for the optimal assignment
of critical supplies that minimizes social costs is developed in the paper. Also, heuristic
methods are provided along with numerical experiments to assess their performance. The
formulations are based on welfare economics and the use of social costs, which are
incurred by the segments of society involved in and impacted by the relief distribution
strategy.

Eisenhandler and Tzur (2018) dealed with logistic aspect of a food bank that on a daily
basis uses vehicles of limited capacity to distribute food collected from suppliers, under
an imposed maximal traveling time. The problem is model as a routing resource allocation
problem, with the aim of maintaining equitable allocations to the different agencies while
delivering overall as much food as possible. An exact solution method, a heuristic
approach and numerical experiments on several real-life and randomly generated data
sets, are presented.

The routing of vehicles carrying critical supplies can greatly impact the arrival times to
those in need. There are articles which discuss both the classic cost-minimizing routing
problems and problems with alternative objective functions. Because deliveries should be
fast but fair too, Campbell et al. (2008) solve the traveling salesman problem (TSP) and
the vehicle routing problem (VRP) with two alternative objective functions: one that
minimizes the maximum arrival time and one that minimizes the average arrival time. As
a research on alternate objectives for vehicle routing the following papers can be
mentioned. Franca et al. (1995) solved m-TSP where the length of the longest tour is
minimized. Averbakh and Berman (1996) consider the two-TSP, where two salesmen
must together visit all of the nodes on a tree. The objective is to minimize the length of the
longest of the two tours while Applegate et al. (2002) dealed with VRP where the length
of the longest of four routes is minimized.

3. MATHEMATICAL MODEL

The TOPO can be formally described as follows (Orlis et al. 2020). A set of beneficiaries B
is given. Beneficiaries are served via a set of service points S={1,2,..,n}; in particular, each
beneficiary b € B can be served by a subset of service points Sc € S. Similarly, the subset
of beneficiaries that can be served by service point i € S is indicated by Bi < B.
Beneficiariers can be served via the service points by routing a set of homogeneous
vehicles K located at a depot, indicated by 0. Each vehicle can perform a route that starts
from the depot, visits some service points, and returns to the depot. Each route cannot
exceed a maximum route duration denoted by Tmax. The travel time between each pair
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of depot/service point locations i and j (i, j € V=S U {0}) is indicated by tij. Travel times
can be asymmetric and, without loss of generality, are assumed to be strictly positive and
to satisfy the triangle inequality (i.e., tij < tik + tkj for each |, j, k € V). The TOPO aims at
finding a set of routes, each one not exceeding the maximum route duration, that visit each
service point at most once and maximize the number of beneficiariers served.

The TOPO can be defined on a directed graph G(V,A), where the arc set is defined as
A={(i,j)|i,jeV,i#j}. Let us define the following three sets of variables: xije{0,1}, a binary
variable equal to 1 ifarc (i,j) €A is traversed by one of the vehicles (0 otherwise); ybe{0,1},
a binary variable equal to 1 if beneficiary beB is served (0 otherwise); and zieR+, a

continuous variable indicating the arrival time at service point i€S. Then, the TOPO can
be formulated as follows:

z' =maxy, €]
(0,j)€A
(i,j)eA

xl-]-= Zxﬁ', i€eS (4)

(i,j)EA (j,i)eA
zi + (Tmax + t;;)x; <z +Tmax, (i,j) €EA:i,j€ES (5)
tOi Z xij < Z; < (Tmax - tiO) z xi}' ) ieSs (6)
(i))eA (ij)€eA
xj =yp, bEB ™7
(i,j)EA:ES)
x; €{0,1} (i,))€A y,€{01} beEB z €R?, i€S (8)

The objective function (1) asks for maximizing the number of beneficiaries served.
Constraint (2) ensures that no more than [K/ routes are designed. Constraints (3)
guarantee that each service point is visited at most once. Constraints (4) are flow
conservation constraints for the service points. Constraints (5) link x and z variables to
set the arrival time at each service point based on the traversed arcs and also prevent
subtours in the designed routes. Constraints (6) guarantee that if service point i &S is
visited, the arrival time of the vehicle visiting it is not less than the travel time from the
depot to i and not greater than Tmax - tio. Constraints (7) ensure that each beneficiary b eB
is served only if at least one of the service points of the set Sp is visited. Constraints (8)
define the range of the decision variables.
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4.SOLUTION METHODS

Simulated annealing (SA) is a discrete optimization technique of combining the principle
of deterministic descends strategy with Monte Carlo approach. Kirkpatrick et al. (1983)
and Cherny (1985) independently pointed out the analogy between the activities of the
thermodynamic system and the search for the global minimum in the problems of discrete
optimization. In searching for the optimal solution, the SA utilizes a stochastic approach.
Local optima are avoided through accepting non-improving solutions with a certain
probability in each temperature. Different applications of the SA can be found in the
literature for solving many non-polynomial hard optimization and operation research
problems.

In this paper, a population-based simulated annealing (PBSA) is applied which has a
similar structure to SA though had been developed by varying in number of initial
solutions in order to achieve more accurate solutions by diversification. Some of the
applications of the PBSA can be found in papers of Jolai et al. (2012), Shaabani and
Kamalabadi (2016).

A solution is encoded as a permutation of integers which represent service points to be
visited. Based on an example of an area with 10 service points (Figure 2) each vehicle in
the solution is assigned a sequence of service points to be visited during the planning
period (minimum route duration).

7 2 3 10 1 5 6 9 4 8
Vehicle 1 Vehicle 2 Vehicle 3 | unassigned

Figure 2. An example of solution representation

In the example solution (Figure 2), there are three vehicles. Vehicle 1 and 2 are assigned
three service points each, while the thirth vehicle visits two service points. In this solution,
service points 4 and 8 are not assigned.

The fitness function of the solution corresponds to the negative equivalent of objective
function (2) which represents the total number of beneficiaries “collected” from all
service points in the order of the visits given by the solution.

The SA (also the PBSA) is basically a simulation of the recrystallisation of atoms in metal
during its annealing. It begins with a starting temperature denoted by = which decreases
until it reaches its final number of iterations (It) using an annealing schedule to define
how the temperature has changed during the annealing process. In this paper the
geometric cooling approach is adopted and the temperature is decreased according to the
scheme 7,,, =ar,, where « represents a positive constant number less than one named

cooling factor, after L moves of stage length.

Algorithm proceeds by creating feasible initial solution x, wich is repeated npop times to
form a primary population (of size npop).

The feasible initial solution x, is obtained in a few steps. First, the service points are

sorted in decreasing order of number of beneficiaries associated with them. The service
points are assigned to the vehicle until constraint related to the maximum route duration
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of the vehicle is not violated. On that way, algorithm obtains subsets of service points
assigned to the vehicles, as well as subset of service points which will not be visited.

According to the fitness of the problem, the cost of each candidate is calculated in order
to determine the best solution at each temperature. These best solutions are used to
generate the next candidates using an approach such as neighbourhood generation.

For the neighbourhood procedure three cases are applied: swap, reversion and insertion.
The swap rule implies the replacement of two randomly selected service points from the
current solution. Reversion rule means alter of the order of all service points between two
arbitrarily selected service points, including them as well, so that the first becomes the
last one, etc. Insert rule interpolates the arbitrary service point in a randomly selected
position, omitting the service point on its previous position. The neighborhood relation is
defined as the movement of a service point to a new position in the sequence. The
movement of an assigned service point to the subset of unassigned service points is
forbidden.

The algorithm accepts candidates if there is improvement in the fitness but, to avoid local

optimum solutions, the algorithm also allows others to be kept with a probability obtained
-Af

from Boltzman distribution which equals € “ where Af is the difference in fitness

between the old and new states and t denotes the temperature of the process and k is a

constant parameter of the process.

The current temperature t is decreased after running L iterations (maximum iteration per
temperature) according to a cooling schedule.

In the PBSA, if each member of the current population (of size npop) generates nmove
neighbors at each iteration, npop - nmove new solutions will be created. All the generated
neighbors are placed in a set. Members of this set will be compared with each other, and
npop number of best members will be selected. This procedure guarantees that each
member of the population will interact with all generated neighbors, rather than just its
own neighbors. In accordance with the previous procedure, again nmove neighbors should
be generated for each of npop best selected members, and the entire process repeated until
the termination condition is fulfilled.

5. NUMERICAL EXPERIMENTS

The computational results obtained by applying the proposed PBSA and SA algorithms on
the set of problem instances are presented in this section.

The possibilities of the developed metaheuristics are presented on a set of 18 numerical
examples which are created in the following way. First, two networks were simulated,
with 200 and 400 nodes representing service points, respectively. For the first network
(n=200 nodes and the depot), coordinates (x, y) of service points are simulated according
to the uniform distribution U[0, 45], while the number of beneficiaries (profit in service
point) is simulated by the uniform distribution U[100, 900]. The set of the maximum route
duration values is {90, 100, 110}, while the set of the numbers of vehicles is {14, 15, 16},
which makes 9 examples in total. For the other network (n=400 nodes and the depot)
coordinates (x, y) are simulated according to the uniform distribution U[0, 150], while the
number of beneficiaries is simulated according to the uniform distribution U[100, 4000].
The set of the maximum route duration values is {250, 260, 270}, while the set of the
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numbers of vehicles is {55, 56, 57}, which makes 9 examples, 18 in total. It is assumed that
the coordinates of the nodes and the route duration are of the same dimensions. The total
number of beneficiaries are 50825 and 291838 for the first and the second network,
respectively.

Than, similar to the procedure presented in Orlis et al. (2020), a service radius p defining
the maximum distance between a service point and the beneficiaries it can serve is
computed as p = 0.5-min{tij| i,j €S, i#}. The service radius p subsequently is used to define
nonoverlapping circular service regions centered around each service point. Then, for
every service point, within its service region, as many beneficiaries as the profit of the
associated service point are allocated. In the end, the smallest value of p such that
Yies|Ci|>(1+y)-|C]| is computed, where vy is degree of overlap.

The value of the parameters m, L and « are determined according to the suggestion
proposed in Johnson et al. (1989). The parameter L is given to be 3 times the number of
the vehicles, w=25, @=0.95, probability distribution p=[0.3, 0.4 0.3], the number of
iterations 1t=2000. Specially, for the PBSA, the population size is 5, while the number of
moves is 3. Degree of overlap y equals 10%.

The developed PBSA and SA algorithms were implemented in MATLAB 7.6.0. on a 3.20
GHz Intel Core i5-3470 64-bit computer with 8 GB of RAM.

Table 1 summarizes the computational results of the PBSA and the SA algorithms applied
on 18 created instances. Columns report the following information: the ordinal number
of instances along with the number of the service points n and the number of beneficiaries
|B|, the maximum route duration (Tmax), the number of vehicles (|K]|), the number of
served beneficiaries obtain by the PBSA and the SA algorithm (BPBSA and BSA,
respectively), running time of the algorithms (tPBSA and tSA), relative difference between
the number of served beneficiaries obtain by the PBSA and the SA algorithm (BPBSA -
BSA)/ BPBSA ).

Table 1 indicates that the SA algorithm based on population (PBSA) has a better
performance than the classical SA algorithm. Columns 4 and 6 show that the values of the
number of beneficiaries served obtained by the PBSA is greater than those obtained by
the SA for all instances. The superiority is shown in column 8, too, where the relative
differences between the total beneficiaries served obtained by the PBSA and the SA are
given. For the first set of 9 instances (n=200) the average value of relative differences
between the total beneficiaries served is 1.47%, while for the second set of 9 instances
(n=400) itis 2.25%.

In addition to the values of relative differences, run times of the algorithms are presented
in Table 1. It can be seen that the average run times of both algorithms are very
reasonable. For the set of 9 instances and 200 service points run times are in average
515.17 sec. and 282.85 sec. for the PBSA and the SA, respectively, while for the set of 9
instances and 400 service points the average execution times equals 1512.56 sec and
864.48 sec., respectively. It takes longer to solve the instances by the PBSA, but not
significantly. Both algorithms are appropriate for application in real time.

It can be observed that for all maximum route duration, the greater the number of vehicles
the greater the number of beneficiaries served on all instances.

Generally, the proposed PBSA algorithm has respectable potentials for a practical
application.
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Table 1. Comparison of the results obtained by the PBSA and the SA

n=200 (Bpasa - Bsa)/
|B]=50825 Tmax K| Bpasa tresa Bsa tsa Beesa (%)

1 14 43888 462.95 43261 21347 1.43

2 90 15 45732 484.45 45138 219.89 13

3 16 47011 494.24 46474 268.90 1.14

4 14 47161 500.46 46242 263.02 1.81

5 100 15 47352 524.80 46497 301.29 1.94

6 16 48241 554.59 47586 338.76 1.36

7 14 49672 547.28 49048 274.21 1.26

8 110 15 50262 503.79 49585 303.56 1.35

9 16 50825 563.98 50002 362.57 1.62

n=400

|B|=291838 | average | 15 | 47793.78 | 515.17 | 47092.56 | 282.85 147
10 55 | 272843 1277.83 266506 758.96 2.32
11 250 56 | 275784 1367.61 267888 797.26 2.86
12 57 | 278042 1556.14 271119 796.03 2.49
13 55 | 281399 1399.80 274077 802.35 2.6
14 260 56 | 283841 1558.39 280072 844.63 2.34
15 57 | 287848 1634.70 281105 937.42 1.33
16 55 | 290987 1486.89 284865 924.84 211
17 270 56 | 291350 1567.50 285241 984.16 2.09
18 57 | 291838 1764.22 285675 934.63 2.12
average | 56 | 283777.22 | 1512.56 | 277394.22 | 864.48 2.25

6. CONCLUSION

The delivery of first-aid resources is one of the main components of an operational
emergency logistics system after a disaster. This paper deals with a problem of routing of
vehicles for first-aid distribution in the event of a humanitarian disaster.

The problem considered here is to determine vehicle routes, subjected to maximum
duration constraints, which maximize the number of served beneficiaries who has access
to at least one service point. This optimization problem is modeled as a mixed integer
linear programming model of the team orienteering problem with overlaps.

To solve the problem, the PBSA and the SA algorithms are developed and tested on a set
of numerical examples.

The efficiency and superiority of the PBSA is proven by the number of beneficiaries served
for a given set of vehicles subjected to maximum duration constraints. Computing time of
both algorithms is reasonable and each of them is acceptable for solving the problem in
real time.

Another research direction is a comparison between the algorithms according to
parameters different than those considered in this paper, such as the impact of different
values of degree of overlaps among service regions. Additional research opportunity is
the usage of real data set with larger number of instances.
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Abstract: Since the day e-commerce has appeared, products can be ordered from home,
people don’t have to go to shopping centre or wait in a queue, they can simply wait for the
moment of home delivery. As information technology improves, customers’ needs become
greater and more miscellaneous daily and they accept advantages that digital technology
brings, for example the experiences of other customers, comparison of product prices, wide
assortment etc. The process of shopping starts with the choice of the products, then the
product will be delivered and it is accepted or sent back in the end in some cases. In order to
satisfy customers’ needs, it is necessary to coordinate the realization of order, product
demand and the time of delivery. Since logistic service is considered to be the main dimension
of quality of business service in the e-commerce, this paper is about solutions and models of
the last mile delivery.

Keywords: city logistics, last mile, e-commerce, delivery models

1. INTRODUCTION

Nowadays when needs and demands of all of the products on the market are greater,
bigger need for fulfilling of the customers’ wants and needs appeared proportionally. With
development of technology, the traditional way of purchase became insufficient for
customers. Nowadays customers prefer simpler ways to get the products. The invention
of the internet changed their awareness about convenience, speed, price and information
about purchase and they count more on the home delivery. Due to enlargement of the
urban areas and the number of citizens there, the delivery in the last mile is a huge
problem in the cities, for the government and also for the citizens. The delivery to the end
user very often represents the shortest phase in the system of the goods, material and
cargo distribution, but it is the most complex, the most challenging and the most
expensive task considering managing and functioning of supply chains of e-commerce
(Gevaers et al.,, 2009). That is the reason of drawing significant attention in the last

*valentinamaksimovic6 @gmail.com
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decades. According to Goodman (2005), the final delivery of the goods from the
distribution centres to the customers is up to 28% of total transport costs. It is in the
interest of the user and the service provider that the delivery is as fast, efficient and with
minimal costs as possible. Home delivery, same day deliveries, time windows, on-time
deliveries, alternative pickup locations and real-time tracking are just some of the
challenges facing last mile delivery providers. As last mile delivery is one of the main tools
of the company for gaining customer loyalty, but also one of the higher costs in the total
value of the product, it is necessary to invest effort and conduct research to find adequate
solutions and models for this part of the supply chain.

The aim of this paper is to consider the basic characteristics of the realization of the last
mile in the logistics of e-commerce and to describe the basic solutions and models of last
mile delivery realization. The paper is organized as follows. After the introduction, the the
second section describes the basic characteristics of city logistics and last mile delivery in
the city area. The third section describes the organization of last mile delivery through
four main aspects: location, way, time and speed of delivery and points of
consolidation/deconsolidation and transshipment. The fourth section is dedicated to the
solutions and models of the realization of the last mile. Finally, concluding remarks and
directions of future research are given.

2. BASIC CHARACTERISTICS OF THE LAST MILE DELIVERY

Logistics can be defined as a multidisciplinary science that deals with the tasks of
planning, organizing, managing and controlling the flow of goods, materials, cargo,
energy, information and persons. One of the most complex logistics systems is related to
the supply of urban areas, which deals with city logistics. City logistics includes all
movements of goods, materials and cargo to, from and within a certain urban area, all
modes and means of transport that pick up or deliver goods, as well as accompanying
logistics processes and activities (warehousing, inventory management, packaging,
information exchange, routing, reverse logistics, etc.) (Hicks, 1977; Lu & Borbon-Galvez,
2012).In doing so, it is necessary to take into account the traffic environment, congestion,
safety, energy saving and environmental protection. City logistics is an area that connects
end users and logistics systems, including tasks and decisions at the macro level, across
the meso level (urban distribution), to the micro level (last mile logistics) (Figure 1). At
the macro level, city logistics refers to the overall flow of vehicles and goods in the city
area, encompassing all participants, resources, standards and city policy. At the meso
level, city logistics is focused on distribution within urban areas, organization of the city
network, infrastructure and logistics services, and includes the inflow of freight traffic
into the city and consolidation of cargo. The micro level is the last mile logistics that
represents the final stage of urban distribution and thus connects the distribution
network with end consumers (Cardenas et al., 2017).
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Macro level
Logistics as a system in the urban
City Logistics context - policies, actors, norms,
resources, performance, etc.

Meso level
Network design, logistics services
UDrlls)tarl;b?l‘t)i(:)‘:ls and infrastructure alternatives

Micro level
Logistics operations and
optimisation

Last
Mile

Figure 1. Hierarchical structure of urban freight (Ewedairo, 2019; Cardenas et al., 2017)

Last mile logistics encompasses the processes and activities during delivery from the last
transit point of to the final consumer in the supply chain (Lindner, 2011). It also includes
the consolidation of cargo as well as the reduction of transport units. Last mile logistics
includes delivery, i.e. transport, storage, consolidation, inventory management, sorting,
planning, etc. Last mile logistics is characterized by high-frequency distribution of small
quantities of goods to end users, usually over short distances. (Anderson et al., 1996). Last
mile delivery takes place not only in cities, but also in smaller towns or rural areas, but it
is still predominantly developed in urban areas. The last mile is the most inefficient and
expensive part of the supply chain and represents a significant problem of urban planning.
It is necessary to efficiently and wisely plan the delivery of the last mile, because delays
and inefficiency of this part of the supply chain can lead to economic losses for suppliers
and end users, but also to traffic congestion and environmental pollution in the urban
area.

The distances covered in the last mile can be from a few to a hundred kilometers, with the
goal of delivering as quickly, efficiently and cheaply as possible. A special problem is the
realization of the last mile in the Central Business District, where various factors must be
taken into account - traffic restrictions, permitted types of vehicles, existing
infrastructure, traffic organization, time intervals for receiving goods and the like.

The following are the types of last mile delivery systems (Figure 2) (Ewedairo, 2019):

e D2B (Distribution Center to Business) - Delivery of goods from the distribution
center/warehouse to the company;

e B2B (Business to Business) - Delivery of goods between companies includes
delivery of goods between two logistics centers/warehouses. Deliveries often
involve greater distances and the use of larger vans;

e B2C (Business to Consumer) - Delivery of goods from the company to the end
users is a delivery that involves the delivery of small quantities of goods but at
high frequencies. It can include both larger and smaller distances;

e (C2C (Consumer to Consumer) - Delivery of goods between end users is usually
transaction of a smaller volume of goods between consumers;

e (2B Consumer to Business) - Delivery of goods from the end user to the
companies includes the return of products from the end users to the companies.
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Figure 2. A typology of Last Mile Delivery system (Ewedairo, 2019)

As the significance and complexity of last mile delivery cannot be seen through definition
only, several perspectives need to be considered (Ewedairo, 2019):

Supply chain perspective - one of the key parts of the supply chain is last mile
delivery. The supply chain cannot be completed until the goods have been
delivered to the end user who started it. In order to maintain the level of
customer demand, it is necessary to meet his expectations of both the product
and the logistics service. Customer expectations will be met only by coordination
of processes and activities in the entire supply chain and cooperation of all
participants.

Cost perspective - The goal of end users as well as distributors in last mile
delivery is to minimize costs. Delivery is characterized by: restrictions (city
government, infrastructure, transport network, location) that create a certain
level of uncertainty for delivery, different levels of interest to be met (city
government, end consumer and distributor), frequency of delivery in the last
mile, which is so high that all the resources invested in delivering actually are
long-term investments. All this is associated with high delivery costs and affects
the importance of choosing criteria to minimize costs.

Spatial perspective - considers last mile delivery as a service within the
constraints imposed by the geographical characteristics of pick-up and delivery
locations. Some of the spatial factors that can affect delivery are population
density, availability and distance of locations, infrastructure system and
connectivity. Each of the factors directly affects the time, reliability, flexibility and
cost of delivery.

The perspective of urban planning views the last mile delivery as an essential
part of the development and design of urban infrastructure. Effective planning
and design of future construction facilitates the process of movement of people,
information and goods.
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3. ORGANIZATION OF THE LAST MILE IN E-COMMERCE

In order to understand and present the importance of logistics service for customers in e-
commerce supply chains, it is necessary to first define e-commerce. Just as there is no
universal definition for city logistics and last mile delivery, it is impossible to view e-
commerce in just one definition. From the perspective of communications, e-commerce is
the exchange of information, products or services and means of payment via telephone
lines, computers or the Internet. From the point of view of end users, e-commerce
provides the ability to easily purchase and deliver desired products or services, while
from a business process perspective, e-commerce is a tool to increase revenue, sell
products and services, while reducing costs and advertising material (Kalakota &
Whinston, 1997).

E-commerce makes it much easier to reach the global market for different types of goods
and services with flexible communication between manufacturers, suppliers and
customers. E-commerce can cover any of the delivery types from Section 2 (D2B, B2B,
B2C, C2C, C2B). Advanced Internet-based information technologies have enabled e-
commerce users to sell or buy a wide range of products and services. E-commerce has
other advantages such as the possibility of purchasing goods that are not sold locally,
better price comparison, etc. The main challenge of e-commerce is how to deliver the
ordered product to the end user, where there is usually a request for same or next day
delivery. In addition, e-commerce has a higher number of product returns compared to
traditional commerce (Tadi¢ & Veljovi¢, 2020).

In order to meet the expectations and demand of the end user, adequate last mile delivery
is required, which requires complex planning. Due to the demanding nature of last mile
delivery, companies usually leave delivery to logistics providers (3PL). A 3PL provider
can be defined as a company that manages, controls and performs part or all of a logistics
service from shipper to receiver (Hertz & Alfredsson, 2003). Logistics service is not just a
product delivery service, but a complex concept that refers to the complete process of e-
order realization, and includes activities such as: information, receipt and processing of
orders, product packaging, warehousing and inventory, flow consolidation, transport,
handling operations, mediation, customs procedures, shipment tracking, last mile
delivery, product return from the market, processing and issuance of documents,
complaints, etc. The organization of the last mile delivery can be seen through four basic
aspects, location, way, time and speed of delivery and points of
consolidation/deconsolidation and transshipment.

3.1. Delivery locations

The delivery location does not have to be just a home address. To reduce congestion and
increased the efficiency of delivery, numerous contactless delivery solutions have been
designed (Marcucci et al., 2020; Lal Das et al.,, 2018):

e Parcel lockers - Automatic lockers, located near public places (gas stations, bus
stations, parking lots, supermarkets) where distributors leave products for
storage, then final users pick up them using specific codes. During online
shopping, end users choose the location of the locker where they will pick up
products, and receive a confirmation by e-mail. This type of delivery became
widely used during the Covid-19 pandemic.
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Pickup points - usually are stored authorized to receive packages from e-retailers
and deliver them to the consumer. Similarly to parcel lockers, they based on
principle of the consolidation goods, and goal of minimizing missed deliveries.
These can be gas stations, clothing stores, grocery stores, etc. who rent part of
their space to an e-retailers. Pickup points can be gas station, clothing stores
which lend their space to e-retailers.

Reception boxes - locations to pick up packages in front of retailers’ stores and
warehouses. During online ordering, the end user receives a code with which he
can download his order.

3.2. Way of delivery

Some of the most commonly used last-mile delivery methods are (Marcucci et al., 2020;
Lal Das et al,, 2018):

Click & Collect concept involves purchasing online and then picking up the goods
by the end user at one of the pick-up locations. This distribution channel is used
by customers to buy products online and download them in stores when they
want. The mentioned sales channel offers customers more flexibility, as they do
not have to stay at home and wait for the product to be delivered to their home
address.

Reserve & Collect concept is very similar to the previously described model. The
only difference is that customers pay for the products in the store, i.e. when they
come to pick up the products they have booked online.

Try & Buy concept involves ordering goods online, the ability to test the product
in one of the stores and then pick up. This model is designed to reduce the return
flow of goods. Also, if the end user enters the store, there is a possibility that he
will buy more products.

Crowdshipping concept involves the use of technology to organize a large group
of people for the purpose of delivery. In other words, the platform involves hiring
ordinary people who are already traveling from point A to point B and who on
that occasion pick up the package to deliver to the end user.

Order online & have the product home delivered is a concept where the customer
orders the product online and waits for it to be delivered to the home address.
Home delivery is usually the most expensive option. Products can be delivered to
end users from logistics centers/warehouses or from stores.

3.3. Delivery time and speed

Deliveries can be performed during the day or night. Deliveries during the day are
frequent, but include long delays due to traffic congestion and inability to access shops
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and customers, but often also due to insufficient demand, which must be aggregated,
which is why deliveries are delayed. For these reasons, night deliveries can be performed.
Night delivery is most often used together with parcel lockers (Gatta et al., 2019). Night
deliveries can reduce mileage, traffic congestion, shorten delivery times and reduce costs.
The main disadvantage of night delivery is vehicle noise and unloading operations, so
quiet vehicles and staff vigilance during unloading are necessary.

From the aspect of speed, deliveries differ multi-day, next-day, the same-day and instant
delivery (Tadi¢ & Veljovi¢, 2021). The speed of delivery depends on a number of factors,
but the type of goods and costs are crucial for users (Joerss et al., 2016). Thus, food and
time-sensitive goods usually require high speed of delivery, while long-term goods
usually do not require.

3.4. Points of consolidation and transshipment

The performing of the last mile delivery may include various intermediate points, i.e.
facilities in which the consolidation/deconsolidation of flows or transshipment between
different transport modes or means of transport is performed. Various forms of
consolidation centers, transshipment terminals, mobile warehouses, etc. can be used for
this purpose.

Consolidation centers, managed by a 3PL provider, provide logistics services, including
transportation, material handling, warehousing, distribution and order picking.
Consolidation centers are facilities in which a certain amount of goods from several
suppliers is stored, then sorted, packed to order and delivered to end users, by vehicles
intended for urban traffic. The area served by the consolidation center is divided into
zones to maximize vehicle capacity utilization and minimize transportation costs and
delivery times (Mckinnon et al., 2010).

Transshipment terminals are used to transship goods from one vehicle to another, or from
one mode of transport to another, in order to reduce total transport costs, transport unit
and optimize the delivery route. The main advantage of using transshipment terminals is
that there is no need to store goods, which directly reduces costs. The disadvantage of this
solution is the time synchronization between vehicles (Cortes et al., 2010).

The use of mobile warehouses implies the introduction of areas in the central part of the
city intended for parking vans and trucks, where they would remain parked, while
deliveries to the area are made on foot, handcarts, bicycles, scooters or other alternative
vehicles (Munuzuri et al,, 2004). The idea stems from the fact that delivery vehicles do not
move along congested areas during the peak hour of traffic.

4. LAST MILE REALIZATION MODELS

Authors Winkenbach and Janjevic (2018) defined 10 last mile realization models used by
e-retailers based on 5 variables - order lead time (delivery speed), place of order
preparation, route organization, intermediate transshipment and product exchange point
(place of delivery). These models are described below.

Direct last mile realization to home address, near home or to workplace - This is the
most common model of last mile delivery. Orders are prepared in a warehouse or
distribution center, or redirected through regional consolidation centers from where they
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are delivered directly to customers' homes or workplaces. Warehousing operations are
managed by an e-retailer or 3PL provider, while the distribution itself can be performed
by postal operators, courier, express or parcel services (CEP services). Delivery time may
vary from one day to one month depending on product availability.

Last mile realization using automatic lockers - In this model, the delivery process is
managed by postal operators, CEP services or the e-retailer himself, but customer orders
are not delivered to the home address but to automatic lockers. Amazon and DHL are
some of the most well-known companies that use this delivery model.

Last mile realization using pick-up locations - The delivery process is managed by the
postal operator or the e-retailer himself, but orders are not delivered to customers' homes
or workplaces, but to pick-up points in the city, which are usually found in stores. Package
suppliers can enter into cooperation agreements with local stores. In some cases, these
agreements include exclusivity clauses, i.e. local stores can receive packages from only
one supplier (Winkenbach & Janjevic, 2018). Retail facilities accept agreements, because
this type of delivery can provide new customers for them. These locations can also offer
additional home delivery at the customer's request.

Last mile realization using consolidation center - In this delivery model, customer
orders are routed through a consolidation center managed by a 3PL provider or the e-
retailer itself. One example is La Petite Reine in Paris, which manages three consolidation
centers, from where last mile delivery is done by electric tricycles (Winkenbach &
Janjevic, 2018).

Last mile realization using mobile warehouse - In this delivery model, the city part of
the transport is performed with additional reloading in the mobile warehouse. One
example of this model is Yamato transport in Japan, which uses a stationary truck as a
mobile warehouse near an urban zone, then packages are delivered by hand or electric
scooters to end users (Rodrigue, 2015).

Last mile realization using an intermediary transshipment point - This delivery
model includes additional transshipment of goods from one mode of transport to another.
An example of such a delivery is the concept of “Espace de Livrasion de Prokimite” in
France (Gonzales-Feliu et al,, 2013). An area near the city has been designated where
trucks and delivery vehicles can be parked, and then electric bicycles are delivered to the
end users.

Last mile realization with the consolidation and by local provider - This model of
delivery involves consolidation in the logistics center of the provider, where stocks of
products are kept. Delivery is made by the local provider on the same day as the ordering.
One example is Colizen in Paris, which owns consolidation centers where it stores
Nespresso machines and then, after an online order, delivers them to the end user on the
same day using electric scooters or bicycles (Winkenbach & Janjevic, 2018).

Last mile realization on the same day by optimizing the process - E-retailers offer
same-day delivery services, reducing time of delivery. This system includes twenty-four-
hour operations with automatic machines for sorting and processing orders in facilities
in the immediate vicinity of the user. It does not mean keeping stocks, but optimizing
existing capacities and traffic networks.

Last mile realization by pick-up by the user in e-fulfillment logistics
centers/warehouses - This delivery model involves personal pick-up of goods by the
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user, on the same day in e-fulfillment logistics centers. These centers are specialized
warehouses near the urban area where e-commerce customer orders are prepared
immediately after online ordering, then on the same day the customer comes for the
purchased product. They are also called cybermarkets because the products are bought
online, but picked up in a warehouse.

Last mile realization using CEP services or crowdshipping network - This model
involves delivery to the end user via CEP services or crowdshipping network. As CEP
services are often not large enough to make all home deliveries during peak periods, e-
retailers organize a group of non-professionals across the platform to deliver goods. For
example, in Kenya, taxi drivers can apply to make a delivery for an e-retailer when needed.

5. CONCLUSION

Satisfied users, as the last part in supply chain, are the measure of business success of
every company. The biggest challenge of the last mile delivery realization is the increase
of online trading. With the rapid development of the cities, considering the present state
in the world with the appearance of COVID-19, internet trading has drastically increased.
The need of the users for special product assortments, which should be home delivered
in the appropriate time has been appeared. Process organization and the realization of
delivery to the end user must consider different limits (existing infrastructure, allowed
vehicles, time intervals for reception, etc.) in order to plan optimal delivery strategy. In
order to perform delivery effectively with the small expenses and the big level of
satisfaction and reliability, it is necessary to introduce the particular solutions and models
of the last mile delivery.

In this paper the possible solutions of the location, ways, delivery time and speed and
points of consolidation/ deconsolidation and transshipment of the goods have been
described, as well as ten primary models of last mile delivery. The future research should
be referred to an advancement of these models in the order to save the environment, to
minimize the use of the vehicles and the traffic congestion with the increase of satisfaction
of the end users.
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Abstract: Last-Mile Delivery (LMD) is the final and one of the most demanding steps in
urban logistics distribution. In a modern, information society, e-commerce is one of the most
significant generators of LMD volumes. Having in mind its exponential growth in recent
years, the task to organize efficient LMD is more and more demanding. This paper aims at
solving the LMD mode selection problem. Since there are several possibilities considering the
LMD in cities around the world, there is a question about which mode to choose in a concrete
case. In this paper, a Combined Compromise Solution Method (CoCoSo) is used to select the
most appropriate LMD mode in the capital of Serbia - Belgrade. Five possible LMD modes
are considered such as Traditional, Cargo Bikes, Public Transport, Electric Vehicles, and
Drones. The applicability of the CoCoSo method is demonstrated in an illustrative example,
and the experts' opinions are included. The result of the CoCoSo method ranks the
alternatives from best to worst.

Keywords: last-mile delivery, CoCoSo, transport mode.

1. INTRODUCTION

Last-Mile Delivery (LMD) is an essential part of city logistics and postal processes. The
main aim of the city logistics is organizing, managing, and monitoring the delivery of
shipments to the final users in the territory of the city. According to Dablanc (2017), the
notion of city logistics is specified as any delivery of services contributing to effectively
managing the circulation of goods in cities and providing inventive reactions to customer
requirements. Since the customers’ demands and expectations are increasing over time,
especially in urban areas, the managers of the distribution companies face constantly new
problems related to LMD. In addition, globalization, as well as the rapid development of

* m.dobrodolac@sf.bg.ac.rs

108



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

e-commerce, have caused increased transport, especially in urban areas. According to
Ranieri et al. (2018), due to globalization and the increased e-commerce activities,
products can be acquired everywhere, shipments travel all over the globe and the vast
majority of the shipments are delivered in cities. World Economic Forum estimates that
by 2030 last-mile service in urban areas will increase by 78% (WEF, 2020).

The rapid development of the Internet, as well as online shopping, allows people in both
rural and urban areas to move as little as possible and to simply receive their shipments
to their address. Here is the need for the organization of logistics activities in the city,
which is not an easy task for shipment companies. The reason is simple, cities suffer from
traffic congestion, there are too many shipments, different user requirements and
expectations, etc. It can also be pointed out that the companies that distribute shipments
to end-users are under enormous pressure. Good organization, as well as coordination of
all distribution activities, can greatly increase the percentage of satisfied customers,
reduce costs, save time and thus be ahead of the competition.

The organization of LMD can be also affected by some other factors, such as pandemic
circumstances. For example, when the COVID-19 pandemic started, due to reduced access
to physical shops and the lower mobility of consumers, the e-commerce market
significantly increased (Figure 1). The year-on-year (YoY) change in the number of online
orders illustrates a marked growth with respect to the year 2019. Such huge changes
represent a demanding task for postal and logistic companies to deliver the ordered retail
goods to customers.
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Figure 1. YoY evolution of global e-commerce orders (Source: UPU, 2021)

Previously explained forces managers of the postal and logistics companies to constantly
improve the technological process in their companies. One of these issues relates to
transport mode selection. In this paper, we consider the LMD mode selection problem in
the context of Belgrade, Serbia. We used a Combined Compromise Solution - CoCoSo
method (Yazdani and Chatterjee, 2018; Yazdani et al., 2019). The added value of CoCoSo
is in combining compromise perspectives with the aim to reconcile conflicting evaluation
criteria. At the same time, a selection of LMD mode includes multiple, and often
conflicting, performance criteria like time (deprivation), cost, coverage, equity, and
security (Ferrer et al., 2018). The five alternatives as possible solutions are considered:
Traditional, Cargo Bikes, Public Transport, Electric Vehicles, and Drones. These five
alternatives are compared according to six evaluation criteria.

This paper is structured in the following way: Section 2 is the review of the literature
based on CoCoSo applications. Section 3 is the description of the methodology. Section 4
is the application of the methodology, an illustrative example in the context of Belgrade,
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the capital of Serbia. Section 5 offers the managerial implications, while Section 6 gives
some concluding remarks.

2. LITERATURE REVIEW

This section presents a summary of the available applications of the CoCoSo method and
its extension in various fields. CoCoSo is a relatively new MCDM method with growing
popularity among researchers (Figure 2). Since it was introduced by Yazdani and
Chatterjee (2018) it has been applied in various fields dealing with the selection of the
best alternative under numerous conflicting criteria.

Publications
suopay

T
2018 2020 2022

B rublications Il citations

Figure 2. Number of publications and citations of the CoCoSo method (Source: WoS)

For example, Yazdani and Chatterjee (2018) applied this method in the technology
selection in the manufacturing industry. Biswas et al. (2019) evaluated and selected
electric vehicles. Ecer and Pamucar (2020) evaluated and selected sustainable suppliers.
Hashemkhani Zolfani et al. (2020) investigated a temporary hospital location. Ulutas et al.
(2020) searched for the best logistics center location. Peng and Smarandache (2020)
evaluated China’s rare earth industry security by the CoCoSo. Recently, Popovi¢ (2021)
applied the CoCoSo in the personnel selection process. Mandal et al. (2022) used the
CoCoSo to select a cloud service provider. Turskis et al. (2022) applied the method in the
civil engineering industry. The CoCoSo method is also used for LMD mode selection in the
case of Pardubice, Czech Republic (Svadlenka et al., 2020).

As may be noticed from the literature review, the application of the CoCoSo method can
be found in various fields such as manufacturing, automotive industry, logistics, human
resources, civil engineering, etc. Following the recent application for the LMD mode
selection problem (Svadlenka et al., 2020), in this paper, the CoCoSo method is used in the
case of Belgrade, Serbia. The next section is the elaboration of the CoCoSo method.

3. METHODOLOGY - COMBINED COMPROMISE SOLUTION (COCOSO) METHOD

This section presents a step-by-step method used to solve the Last-Mile Delivery (LMD)
mode selection problem. A Combined Compromise Solution (CoCoSo) method is utilized
to solve the LMD mode selection problem. This method is proposed by Yazdani and
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Chatterjee (2018) and belongs to multi-criteria decision-making methods. The CoCoSo
method is based on an integrated Simple Additive Weighting (SAW) method and
Exponentially Weighted Product (EWP) model. Yazdani et al. (2019) described the
CoCoSo method through the following steps:

Step 1. The initial decision-making matrix with the input data

[xn vt X1z xln'l
=[*21 v X2z v Xomfi=12,..,m,j=12,..,10; (1)
xml e xm] cee xmn

Step 2. Normalize the input data

The normalization depends on the type of criteria. if the criterion is a beneficial (B), the

following equation for normalization is applied:
xij—miinxij

YU maxx;j-minx;j’
L L

i=12,...,mj=12..,n; (2)

If the criterion is a non-beneficial i.e., cost (C), the following equation for normalization is
applied:
_ mlaxxij—xij

rij— )
maxxij—minx;;
i i

i=12,...,mj=12,..,n 3)

Step 3. Obtain the Weighted Sequences S; and P, for all alternatives
S = Z};l(wj 1) i =12, .,m; 4)
P = }Ll(rij)wi, i=12,..,m; (5)
Step 4. Compute the three Total Utility Strategies for all alternatives

The first strategy of total utility (K;,) is the arithmetic mean of the sum of S; and P; values:
_ Pi+S; . )

K, = 72?;1@#50,1 =12,...m; (6)

The second strategy of total utility (K;;) is the sum of the relative relations S; and P; with

their worst values:
Si P;

minS; = minP;’
L 13

K, = i=12,..,m (7
The third strategy of total utility (K;.) is a balanced compromise of S; and P; values:

ASi+(1-A)P;
(Amax Si+(1-)max P;)’
L L

K, = 0<sAs1; (8)

Step 5. Obtain the final ranking of alternatives
The final ranking of the alternatives K; is calculated by applying Equation (9):

11
Ki = (Kiq * Kip - Kic)3+5 (Kia + Kip +Kic); )
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4. CASE STUDY

The previously described CoCoSo method is demonstrated in the case of Belgrade, the
capital of Serbia. Its position, as well as relief, are illustrated in Figure 3 and Figure 4.

MUNICIPALITIES OF BELGRADE

Figure 3. Position of the capital city of Serbia

[_~70m [ I i ~500m |

Figure 4. Relief of Belgrade

The city is divided into 17 municipalities. Most of them are located on the southern side
of the Danube and Sava rivers. Three municipalities (Zemun, Novi Beograd, and Sur¢in),
are on the northern bank of the Sava. A recent report (Popovi¢, 2020) classifies the air
quality in Belgrade as a level III category - excessively polluted air; therefore, certain
improvements in the field of transport would be very welcome.

The general formulation of the considered problem of LMD mode selection is presented
in Figure 5.
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Figure 5. Formulation of the Last-Mile Delivery Problem

In this study, six criteria are taken to determine the best last-mile delivery (LMD) mode.
The criteria that are used in this paper belong to the Economic (total investment cost and
maintenance cost), Environmental (air pollution and noise pollution), and Technical
(flexibility and security) pillars. The criteria are drawn from the previous research on
LMD mode selection problem (Ferrer et al., 2018; Svadlenka et al., 2020). The description
of each criterion is presented below:

Total Investment Cost (C1) - the total cost that is necessary to launch the exact last-mile
delivery mode. This type of criterion should be minimized. The total investment cost is
expressed in Euros, per unit (per car, per drone, etc.)

Maintenance Cost (C2) - the total cost that is necessary to maintain a possible last-mile
delivery mode. This criterion also involves the cost of exploitation, and it's a type of
criterion that also should be minimized.

Air Pollution (C3) - the level of air pollution that should be affected by the determined
last-mile delivery mode. This criterion is expressed on a scale from 1 to 10, where 1 means
worst, while 10 means best air pollution.

Noise Pollution (C4) - the level of noise that should be emitted by a particular last-mile
delivery mode. This one is also expressed on a scale from 1 to 10, where 1 means low,
while 10 means high pollution. This criterion should be minimized.

Flexibility (Cs) - the ability of a particular last-mile delivery mode to adapt to possible
changes and contingencies. This criterion is expressed on a scale from 1 to 10, where 1
means a low level of flexibility, while 10 means a high level of flexibility. This criterion
should be a max type.

Security (Ce) - the level of the last-mile delivery mode protection in terms of shipments
security. This criterion is expressed on a scale from 1 to 10, where 1 means a low-security
level, while 10 means a high-security level. This criterion should be a max type.

Five alternatives should be considered to find the best last-mile delivery mode solution.

Alternative 1 (A1) - Traditional Last-Mile Delivery mode - This is the current LMD mode
that is already being used in the territory of Belgrade.
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Alternative 2 (Az2) - Cargo Bikes - Cargo Bikes are a relatively new solution for the LMD
mode, and this mode should be suitable especially in urban areas since it is easier not only
to ride into the city center but also to park, without any air pollution and noise emissions
for the environment.

Alternative 3 (As) - Public Transport - The idea of including public transport as an LMD
solution came from the experts the authors discussed regarding the topic. Public
transport should be used as an LMD solution only to deliver items to inner-city hubs in
the city since there are not any frequencies of travelers during the night hours.

Alternative 4 (A4) - Electric Vehicles - This LMD solution is considered the possible one
since there are no emissions on a large scale, air and noise pollution are minimized and
the effect should be positive according to experts.

Alternative 5 (As) - Drones - This alternative is also considered as a possible LMD
solution.

To evaluate the alternatives according to the established criteria, the expert’s opinions
are included in a decision-making process. The initial decision-making matrix is fulfilled
by the experts. The information about experts is given in Table 1.

Table 1. The information about the experts

Expert Gender Qualifications Experience

Associate professor at the Postal Traffic Department with

Expert 1 Female Ph.D. 15 years of experience

Associate professor at the Postal Traffic Department with

Expert 2 Male Ph.D. 16 years of experience

Full professor at the Postal and Logistics Department with
19 years of experience

Expert 3 Male Ph.D.

The initial decision-making matrix is formulated and presented in Table 2.

Table 2. Initial decision-making matrix

C1 C2 Cs3 Cy Cs Cs
A1 0 1500 10 9 0 5
Az 900 60 0 2 9 10
Az 0 500 8 8 7 4
Aq 33000 50 0 8 9 10
As 3000 110 0 9 3 2

The normalization of the input data is given in Table 3. The obtained Weighted Sequences
Si and Pi for each alternative, the total utility strategies and the final rank are presented
respectively in Table 4, Table 5, and Figure 6.

When the CoCoSo method is applied, the following rank is obtained: the highest
preference is assigned to Cargo Bikes (0.9529), followed by Public Transport (0.7903),
Electric Vehicles (0.7247), Drones (0.6127), and Traditional one (0.3131), respectively.
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Table 3. Normalization of the Input Data

C1 C:z C3 Cs Cs Cs
A1 1.0000 0.0000 0.0000 0.0000 0.0000 0.3750
Az 09727 0.9931 1.0000 1.0000 1.0000 1.0000
Az 1.0000 0.6897 0.2000 0.1429 0.7778 0.2500
As 0.0000 1.0000 1.0000 0.1429 1.0000 1.0000
As 0.9091 0.9586 1.0000 0.0000 0.3333 0.0000
Weights 0.3500 0.1700 0.1000 0.0900 0.0400 0.2500

Table 4. Obtained Weighted Sequences Si and Pi for each alternative

C1 C2 C3 Cs Cs Cs Si Pi SiPi

A1 | 0.3500 | 0.0000 | 0.0000 | 0.0000 | 0.0000 0.0938 0.4438 1.7825 2.2263
Az | 0.3405 | 0.1688 | 0.1000 | 0.0900 | 0.0400 0.2500 0.9893 5.9892 6.9785
Az | 03500 | 0.1172 | 0.0200 | 0.0129 | 0.0311 0.0625 0.5937 5.3266 59203
A+ | 0.0000 | 0.1700 | 0.1000 | 0.0129 | 0.0400 0.2500 0.5729 4.8393 54122
As | 03182 | 0.1630 | 0.1000 | 0.0000 | 0.0133 0.0000 0.5945 3.9170 4.5115
min 0.4438 1.7825 | 25.0488
max 0.9893 5.9892

Table 5. Total Utility Strategies for each alternative and final rank

Kia Kib Kic Rank Kib norm
0.0889 2.0000 0.3190 0.3131 0.1028
0.2786 5.5893 1.0000 0.9529 0.2872
0.2364 4.3261 0.8484 0.7903 0.2223
0.2161 4.0058 0.7756 0.7247 0.2059
0.1801 3.5371 0.6465 0.6127 0.1818

0,9529
0,7903 0,7247 0.6127
1.0000
0,8000 0,3131
0,6000
0,4000
0,2000
0.0000
Traditional Cargo Bikes Public Electric Drones
Last-Mile Transport Vehicles
Delivery mode
O Traditional Last-Mile Delivery mode B Cargo Bikes OPublic Transport BElectric Vehicles O Drones

Figure 6. Final Ranking Alternatives

5. MANAGERIAL IMPLICATIONS

In city logistics, the last-mile delivery should be one of the most essential factors to
achieve a high level of customer satisfaction. The quality of the last-mile delivery in cities
depends on the appropriate LMD mode. In this regard, the municipalities should carefully
monitor and assess the best last-mile delivery solutions, having this business more
effective and sustainable in this way. Since there are numerous new LMD solutions in the
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market, it is essential to apply the best one. Without using some of the multi-criteria
decision-making techniques, the problem of last-mile delivery mode selection can be
considered harder and more uncertain to solve. It may badly affect not only the postal
companies but also the final customers who are the most essential part of the last-mile
delivery chain. This paper presented a possible approach for ranking the LMD solutions,
and the results indicate the cargo bikes as the best solution for the Belgrade case.

6. CONCLUSION

This paper solved the LMD mode selection in Belgrade by applying the CoCoSo method.
The five alternatives as possible solutions were considered and were compared according
to six evaluation criteria. The results of the CoCoSo method indicate that the Cargo bikes
are identified as the best possible alternative for Belgrade with a preference of 0.9529,
followed by Public Transport (0.7903), Electric Vehicles (0.7247), Drones (0.6127), and
Traditional mode (0.3131), respectively.

Cargo Bikes are becoming more and more popular in the city logistics field and have the
potential for the future development of the postal traffic (Ali et al., 2022). The Bikes are
flexible, without emissions, and can serve the city centers of urban areas more easily
(Svadlenka et al., 2020). Public transport and electric vehicles should be considered in the
future as a good choice for the LMD in urban areas, therefore special attention should be
placed on those modes (Lazarevi¢ and Dobrodolac, 2020). When it comes to drones
operating in Belgrade, there is still space to prepare the infrastructure and policies on a
national level to be adopted to this model, according to experts' opinions. As a direction
for future research, a more comprehensive methodological approach can be applied
providing more insightful managerial implications.
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Abstract: In this paper, we consider the vehicle routing problem with heterogeneous
vehicles. For this problem, we propose the Bee Colony Optimization metaheuristic. We
tested our method on one benchmark example. Obtained results show that the
metaheuristic significantly outperforms previous solutions given in the literature.

Keywords: Vehicle routing problem, heterogeneous vehicles, Bee Colony Optimization

1. INTRODUCTION

The vehicle routing problem (VRP) is one of the most studied combinatorial optimization
problems. The main goal is to find the best vehicle routes in the network while minimizing
one or more criteria. This problem was set up for a first time by Dantzig and Ramser
(1959), while the first algorithm for solving the routing problems was posted by Clarke
and Wright (1964). Till today many papers have been written dealing with the vehicle
routing problem. During the time, the VRP has received numerous extensions. Some of
these modifications are: the VRP with time windows (VRPTW), the VRP with
simultaneous pickup and delivery (VRPSPD), the electric vehicle routing problem (E-
VRP), etc.

This paper is considering a variant of the VRP problem which refers to routing the vehicles
with different load capacity and volume. This variant is known as the vehicle routing
problem with heterogeneous vehicles or as the heterogeneous fleet vehicle routing
problem (HFVRP). The HFVRP problem was first defined and solved in the paper Golden
etal. (1984). Lietal. (2007) developed a new variant of algorithm called record-to-record
travel algorithm. This algorithm solves the standard VRP that considers a heterogeneous
fleet. After Golden et al. (1984), the mentioned problem was solved by applying Tabu
search metaheuristic in the papers Semet and Taillard (1993),Rochat and Semet (1994),
Brandao (2011), etc. Prins (2002) developed a heuristic algorithm for solving the HFVRP

* m.nikolic@sf.bg.ac.rs
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problem. Primary goal of this algorithm was minimizing costs and the secondary goal was
the minimizing of number of vehicles used. This heuristic can easily face with various
limitations and provides good starting solutions for using Tabu search metaheuristic.

Belmecheri et al. (2009) solved the problem called Heterogeneous Fleet VRPMB with time
windows. They suggested the formula of integer linear programming and the Ant colony
optimization algorithm (ACO). In the paper Ky Phuc and Phuong Thao (2021) the Ant
colony optimization algorithm was proposed for solving the problem of routing multiple
trucks and multiple delivery vehicles with a time frame and heterogeneous fleets. The
problem of profitable heterogeneous vehicle routing problem with cross-docking was
solving in the paper Baniamerian et al. (2019). They proposed a new hybrid metaheuristic
algorithm based on a modified Variable neighborhood search with four shaking and two
neighborhood structures and a Genetic algorithm was introduced to solve major
problems.

By reviewing the literature, it can be concluded that the Bee Colony Optimization (BCO)
metaheuristics has not been used to solve the VRP with heterogeneous fleet. So, this paper
presents for the first time BCO metaheuristics for solving mentioned problem, the
algorithm was tested and the obtained results are compared with the results from the
paper of Sanz and Gomez (2013) who used Tabu search metaheuristic.

2. PROBLEM DESCRIPTION

We consider the vehicle routing problem where the customers have demands that are
characterized by weight and volume. A company’s fleet consists of the heterogeneous
vehicles. Each vehicle has weight and volume capacities, and these capacities cannot be
exceeded. There is just one depot at the transport network. All routes have to begin and
end in that depot. Each customer should be served by just one vehicle. The aim is to find
a set of routes in the way to minimize the total cost.

In this paper we calculate the total cost in the objective function in the same way as Sanz
and Gomez (2013):

F =3 Y1 Xket Cij Xijie = D=1 D=1 Dke1 €Vk dijXiji 1)
where are:

n - the total number of nodes (the depot is the node 0 and the customers are the nodes
from 1 to n),

¢;j- the cost for traveling from the node (customer or depot) i to the node j,

X;ji.- the binary decision that takes 1 if vehicle k after node i goes to the node j, and 0
otherwise,

d;;- the distance from the node i to the node j,

evk — cost efficiency coefficient of the vehicle k.

3. BEE COLONY OPTIMIZATION

Bee Colony Optimization (BCO) is a metaheuristic proposed by Luci¢ and Teodorovié
(2001). This algorithm is based on the way how bees collect the nectar in the nature. The
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artificial bees try in a similar way to search the solution space of the considered
combinatorial optimization problem. Up to now, this approach was used as the solution
technique for many problems. Teodorovic¢ et al. (2021) gave a broad survey of the BCO
applications in transport and traffic engineering.

There are two versions of this algorithm: the constructive (BCOc) and improvement
version (BCOi). In the constructive version of the algorithm bees in each iteration start
with the empty solution. During the iteration bees build their solutions. In the
improvement version of the algorithm at the beginning of iterations bees have the same
complete solution. Within iteration the bees try to improve that solution making small
modifications.

In this paper, we have used the constructive version of the algorithm. The pseudo-code of
this version of the algorithm can be given in the following way:

1. do

2. An empty solution is assigned to each bee.

3. fori = 1 to the number of passes

4. forj = 1 to the number of moves

5. forb = 1 to the number of bees

6. Evaluate all possible moves of the bee b.

7. Choose one move of the bee b using the roulette wheel.

8. nextb

9. nextj

10. forb = 1 to the number of bees

11. Evaluate partial solution of the bee b.

12. nextb

13. Normalize quality of generated partial solutions.

14. For each bee determine will it stay loyal to generated
solution or not.

15. forb = 1 to the number of bees

16. If the bee b is not loyal to its solution, determine one loyal

bee that the bee b will follow.

17. nextb

18. nexti

19. Evaluate solutions of all bees.

20. while stopping criteria is not satisfied
21. Select the best generated solution.

An iteration of the algorithm consists of the steps 2 - 20 of the pseudo-code. Mainly the
stopping criteria of the algorithm are the number of iterations and CPU time. The
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parameters of the BCO algorithm are: B - the number of the bees, NP - the number of
passes and NM - the number of moves.

Steps 4 - 9 of the pseudo-code are known as forward pass, while steps 10 - 17 are the
backward pass. Within the forward pass bees build their solutions, while in the backward
pass bees compare their solutions and make loyalty decisions. When the bee is loyal to its
solution, it continues to build that solution. Otherwise, if the bee is not loyal to its solution,
it will select one of the loyal bees in order to follow it. That means, the bee, which is not
loyal to its solution, will accept partial solution of the selected bee (which is loyal to its
solution). Generally, in that way the bees with poor solutions most probably will decide
to follow the other bees with better solutions.

In the considered problem we define that the number of moves in one forward pass
should be determined at the beginning of each iteration. We define that the number of
moves (NM) should be selected in the random manner between 1 and 5 (NM =
random|[1,5]).

Taking into consideration the total number of customers/nodes (let us denote this with
n) and the number of move (NM) we can calculate the number of forward and backward
passes (NP) in the following way:

NP =[] (2)

In each forward pass, from 1stto (NP — 1)th, the bees have to make NM moves, and in the
last forward pass they have to make n — NM - (NP — 1) moves.

In one move a bee must assign one customer to the one of the available vehicles. The
customer could be assigned to the vehicle so as not to exceed the capacity constraints.
When the customer is assigned to the vehicle, it will be put at the end of the vehicle’s route.
For example, if the vehicle has the current route (depot - 3 - 5 - 2), and the customer 7 is
assigned to it, then the new route will be (depot-3-5-2-7).

The customer j will be assigned to the vehicle k with the probability:
1
vk din(k),j
= 3
Yieny, Zsek; (3)

Djk

evs din(s)

where are:

evk - the efficiency coefficient of the vehicle k,
In(k) - the last node in the route of the vehicle k,

din),j — the distance between the last node (customer) in the route of the vehicle k and the
customer j,

N» - the set of customers (nodes) that is not yet assigned to any vehicles,

Ki - the set of vehicles to which customer i could be assign (taking into consideration
vehicle capacity constraint)

evs - the efficiency coefficient of the vehicle s,
In(s) - the last node in the route of the vehicle s,
din(s)i — the distance between the last node (customer) in the route of the vehicle s and the

customer i.
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When all bees perform a predefined number of the forward passes and moves, all
customers should be assigned to the vehicles. Taking into consideration that all vehicles
have to return at the depot, when they finish last delivery, we have to add the depot at the
end of each vehicle route.

In the considered problem we have to minimize the objective function (1). According to
that, in the 13t step of the backward pass, we normalize the quality of partial solution of
the bee b in the following way:

Ob _ Fmax_Fb (4)

- Fmax=Fmin
where are:
Fb - a quality of the partial solution generated by the bee b,

Fmax — a maximal value of all Fv : F,,,, = br_nlaxB{Fb},
Fmin — a minimal value of all Fv: F,,,;, = bzqinB{Fb}.

The probability that the bee b will stay loyal to its solution can be calculated in the
following way:

—(Omax—0p)

ppb=e€e (5)
where are:

Omax - a maximal normalized value: 0,4, = bmaxB{Ob}
=1,

u - a current number of the forward pass.
Another very popular equation for the probability pb is:
Dp = e—(omax_ob) (6)

To make a decision will bee b stay loyal to its solution, or not, we generate a random
number,y. The loyalty decision will be made in the following way: if y < p, then the bee
will stay loyal to its solution, otherwise it will not. The bees who’s decided to stay loyal to
its solutions are recruiters.

The bees who's decided not to stay loyal to its solution, have to make a decision to follow
one of the recruiter bees. The probability that the bee, which decided not to stay loyal to
its solution, will follow the recruiter bee r calculates in the following way:
___Or

" YkerOk

where are:

Pr (7)

Or - a normalized value of the bee’s r partial solution quality,
R - a set of the recruiter bees.
4. RESULTS

This chapter presents the comparison of the results of solving the HVRP given in Sanz and
Gomez (2013) using Tabu search metaheuristic and using our BCO metaheuristic. A
company that distributes foods in Querétaro, Mexico was used as study case. The
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company distributes a variety of foods in terms of weight and volume, and in addition,
some types of food require a temperature regime. The company has a fleet of 3 vehicles,
which differ in load capacity, volume and efficiency. The characteristics of each of the
vehicles are shown in Table 1. Vehicle efficiency is a characteristic that can take values
between 0 and 1, and is measured in relation to the energy consumption of that vehicle
and maintenance costs. Vehicles with efficiency of 1 represent vehicles with ideal
efficiency.

Table 1. Vehicle’s efficiency, weight and volume capacity (Sanz and Gomez (2013))

Vehicle
1 2 3
Weights capacity (kg) | 500 | 200 | 75
Volume capacity (m3) 25 | 08 | 0.2
Efficiency 0.55 | 0.65 | 0.95

Concept

Table 2 shows the location of customers and their demands in terms of weight and volume
of required food. The location of the clients is presented in the form of x and y coordinates,
where it should be noted that all vehicles start from the depot with coordinates (0,0). We
denote the depot as the node 0.

It should also be noted that the distance between two nodes is calculated using the
Manhattan distance equation:d(i, j) = |xi - x]-| + |yi - yj|.

Table 2. Customer’s location, orders weight and volume (Sanz and Gomez (2013))

Customer i Xi- Yi- Order weight Order volume

coordinate coordinate [kg] [m3]
1 -2.1 -5.2 2.2 0.06
2 -3.1 -6.2 4.5 0.11
3 -8.8 -18.6 10.9 0.14
4 2.6 -25.2 12.2 0.19
5 0.8 -13.5 2.5 0.05
6 -1.1 -10.5 14.3 0.22
7 -1.2 -32.3 3.8 0.08
8 -8.5 -18.8 5.8 0.06
9 1.7 -21.2 4.4 0.09
10 0.5 -13.3 1.5 0.02
11 -3 -6.5 8.5 0.23
12 -0.9 -35.2 19.7 0.29
13 -8.3 -18.2 9.7 0.18
14 1.5 -20.7 4 0.19
15 10.3 -30.5 5.5 0.14
16 0.7 -14.6 6.2 0.12
17 -0.8 -30.2 4.9 0.6
18 -0.5 -12.8 12.5 0.29
19 2.8 -24.3 3.2 0.06
20 -0.3 -6.5 5.5 0.19
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The existing routes used by the company for each vehicle in the fleet are generated using
a typical assignment problem. These routes are shown in Table 3 as typical solution (Sanz
and Gomez, 2013). The table also shows the set of routes obtained by Tabu search
algorithm (Sanz and Gomez, 2013). The qualities of both solutions are given in the last
column of the table.

Table 3. The vehicle routes proposed by Sanz and Gomez (2013)

Solution Vehicl Routing assignment Ob]ec'_ave
e function
1 0-16-10-18-13-3-14-9-19-4-17-7-12-15-0

Typical 2 0-11-2-20-6-0 142.33
3 0-1-5-8-0

Tabu 1 0-18-16-14-19-4-17-7-12-15-8-3-13-0

search 2 0-9-5-10-6-11-2-1-0 111.4

3 0-20-0

We applied the BCOc algorithm on the same example. The algorithm was implemented in
Java programming language, using Appach NetBeans 13 editor. All tests were made in the
desktop computer with the following performances: AMD Ryzen 7 3800 X with 32 GB of
RAM memory, operating system: Ubuntu 21.10.

We made two tests of the BCOc algorithm. The difference between them is in the
expression how the probability for the loyalty decision is calculated. In the first test we
used the equation (5), and in the second test we used the equation (6).

In both tests we used the CPU time as the stopping criteria. We provided results for three
different values of the CPU time (0.5, 1 and 2 minutes), and for three values of the number
of bees (10, 15 and 20 bees). For each of these 9 options we did 5 runs of the algorithm.
The obtained results are given in Tables 4 and 5.

In the first test the best solution has the objective function value 93.96. This solution was
obtained with 15 bees and 1 minute of the allowed CPU time. The worst solution has the
objective function value 98.27 (obtained with 15 bees and 0.5 minute of the CPU time).
The best average objective function value, 95.19, was obtained with 10 bees and 2
minutes.

Table 4. The BCOc algorithm results when equation (5) is used

10 bees 15 bees 20 beeswhen equation (5)

is used
Run CPU time CPU time CPU time
0.5min| 1 min | 2 min 1?11?1 1 min 2min [0.5min| 1 min | 2 min

97.65 | 9594 | 944 |96.66| 95.61 | 96.38 | 96.61 | 94.64 | 96.95

97.1 | 97.22 | 9548 |98.27 | 95.61 | 94.73 | 95.83 | 96.88 | 94.88

95.15 | 96.6 95.43 |97.15| 97.82 96.42 | 94.62 | 96.9 95.19

95.81 | 95.72 | 94.86 |97.69 | 97.08 | 96.95 | 98.16 | 97.15 | 96.18

Ul W [N =

94.73 | 97.22 | 95.78 |96.22 | 93.96 | 96.03 | 94.99 | 96.31 | 96.16
Min | 94.73 | 95.72 94.4 196.22]93.96 | 94.73 | 94.62 | 94.64 | 94.88
Max | 97.65 | 97.22 | 95.78 [98.27| 97.82 | 96.95 | 98.16 | 97.15 | 96.95

Average| 96.09 | 96.54 | 95.19 |97.20 | 96.02 96.10 | 96.04 | 96.38 | 95.87
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According to the results obtained with the BCOc algorithm when equation (6) is used, it
can be noticed that the best solution has the objective function value 92.75. This solution
was obtained for the two set of the parameters (20 bees and 1 minute of the CPU time, 20
bees and 2 minutes of the CPU time). The worst solution has the objective function value
95.54 and it was obtained for 20 bees and 0.5 minute of the CPU time. The best average
objective function value, 93.34, was obtained for 10 bees and 2 minutes of the CPU time.

Table 5. The BCOc algorithm results when equation (6) is used

10 bees 15 bees 20 bees
Run CPU time CPU time CPU time
0.5min| 1 min | 2min |0.5min| 1 min | 2min [0.5 min| 1 min 2 min

94.75 | 92.97 | 93.41 | 94.75| 94.99 | 9341 | 95.54 | 94.71 93.3

94.69 | 93.69 | 93.47 |93.85| 93.36 | 93.14 | 94.53 | 93.74 93.74

93.41 | 93.3 | 93.41 |94.25| 94.88 | 94.18 | 93.36 | 94.07 93.3

94.69 | 93.69 | 93.47 |93.69| 93.8 | 92.97 | 94.73 | 92.75 92.75

G| W N =

94.77 | 94.31 | 9292 |94.82| 9396 | 93.3 | 94.44 | 93.85 93.96

Min | 93.41 | 92.97 | 9292 |93.69 | 93.36 | 92.97 | 93.36 | 92.75 | 92.75

Max | 94.77 | 94.31 | 93.47 |94.82 | 94.99 | 94.18 | 95.54 | 94.71 93.96

Average| 94.46 | 93.59 | 93.34 | 94.27 | 94.20 | 93.40 | 94.52 | 93.82 93.41

Among all generated solution the best one is with the objective function value 92.75. This
solution is given in Table 6. The weight of the goods on the first route is 106.8 kg and the
volume is 2.5 m3. The second route has the total weight of the goods 29.5 kg and the
volume 0.62 m3. The third route has 5.5 kg and 0.19 m3 of the goods. It can be noticed that
this solution has much better objective function value than the best solutions given by
Sanz and Gomez (2013). The relative differences are:

142.33-92.75

— from the typical solution: a3z 100% = 34.83 %
— from the Tabu search solution: %- 100 % = 16.74 %.

Table 6. The best obtained solution using BCOc
Routel |0-10-5-16-13-3-8-14-9-19-4-15-7-12-17-18-0
Route 2 0-6-11-2-1-0
Route 3 0-20-0

5. CONCLUSION

The vehicle routing problem is very important transportation engineering problem. This
problem belongs to the group of hard combinatorial optimization problems. To solve this
problem researcher mainly use heuristic and metaheuristic algorithms.

In this paper we considered the vehicle routing problem with the heterogeneous vehicles.
We applied the constructive version of the Bee Colony Optimization (BCOc)
metaheuristic. The developed algorithm was tested on the example given by Sanz and
Gomez (2013). This example is from the Querétaro, city in Mexico, and it includes 20
customers. The best obtained solution by the BCOc algorithm is significantly better than
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the solutions given by Sanz and Gomez (2013). In the future research, the proposed
algorithmshould be tested on more examples and compared with other approaches.
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Abstract: The traveling salesman problem (TSP) is a well-known combinatorial
optimization problem. To address TSP, many exact, heuristic, and metaheuristic algorithms
have been developed. In this paper, we have proposed a discrete symbiotic organisms search
(DSOS) based 2-OPT algorithm for TSP, named DSOS+2-OPT. The proposed DSOS+2-OPT
algorithm is implemented in Matlab environment and tested on symmetric instances from
TSPLIB. The overall results demonstrate that the proposed DSOS+2-OPT algorithm offer
promising results, with the potential for further improvement, particularly in local search
domain.

Keywords: discrete symbiotic organisms search algorithm, 2-OPT algorithm, traveling
salesman problem.

1. INTRODUCTION

The traveling salesman problem (TSP) is a combinatorial optimization problem in the
fields of computer sciences, operation research, and logistics and transportation. The
problem is to find the shortest tour that passes through a set of n vertices so that each
vertex is visited exactly once. In logistics and transportation, the vertices are represented
as cities (Ilin et al., 2020). TSP belongs to the class of NP-hard problems, in which optimal
solution to the problem cannot be obtained within a reasonable computational time for
large size problems. To address TSP, many exact, heuristic, and metaheuristic algorithms
have been developed. In this paper, we have explored the use of a recently proposed
metaheuristic algorithm for TSP, named symbiotic organisms search (SOS) algorithm.

The SOS algorithm simulates the interactive behavior noticed between organisms in
nature. Symbiosis is derived from the Greek word for “living together”. De Bary first used
the term in 1878 to describe the cohabitation behavior of different organisms (Sapp,
1994). The most common symbiotic relationships found in nature are mutualism,
commensalism, and parasitism. Mutualism denotes a symbiotic relationship between two

*v.ilin@uns.ac.rs
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different species in which both benefit. Commensalism is a symbiotic relationship
between two different species in which one benefits and the other is unaffected or neutral.
Parasitism is a symbiotic relationship between two different species in which one benefits
and the other is actively harmed (Cheng and Prayogo, 2014). Initially, the SOS algorithm
has been developed to solve numerical optimization over a continuous search space.
However, the SOS algorithm can be adapted for discrete optimization problems as well.
Several recent papers have developed different discrete symbiotic organisms search
(DSOS) algorithms for solving the TSP (Ezugwu and Adewumi, 2017; Wang et al., 2019).
In this paper, we have developed and implemented basic version of DSOS algorithm in
Matlab environment. In order to improve the search capabilities, the 2-OPT algorithm is
used each time an improved organism is found during the search.

The rest of the paper is organized in the following way. Section 2 explains the SOS
algorithm in detail and Section 3 explains the main steps in the DSOS+2-OPT algorithm.
Experimental results and discussion are presented in Section 4, and finally, Section 5
provides concluding remarks.

2. A SYMBIOTIC ORGANISMS SEARCH ALGORITHM

The SOS algorithm is a new metaheuristic algorithm that was inspired by the symbiosis
commonly found between organisms in nature (Figure 1). Symbiotic relationships may
help organisms to adapt to changes in their environment. The adaptation is reflected
through increased fitness and probability of survival. Therefore, organisms should benefit
from symbiosis in the long run.

parasitism
relationship

(i}\

mutualism
relationship

¢ ."

Sl e commensalism

ralationship g ~

Figure 1. An example of symbiotic relationships in nature (Cheng and Prayogo, 2014)

The SOS algorithm belongs to the group of population-based metaheuristic algorithms.
The algorithm has the following characteristics: (1) the SOS uses a population of
organisms, which consist of many candidate solutions, examined by the algorithm in a
step by step sequence of solutions vector with the hope to approach the global solution
over the problem search space; (2) the SOS is also equipped with some kind of special
operators that uses the candidate solutions to guide the search process; (3) a selection
mechanism is adopted by the algorithm to preserve improved solutions in each iteration;
(4) the performance of the algorithm is somewhat dependents on the proper setting of
the algorithm’s control parameters such as the organisms population size and maximum
number of evaluations (Cheng et al.,, 2015).
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The basic steps of SOS algorithm are presented in Figure 2. The main steps are: (1)
initialization, (2) symbiotic phase (mutualism, commensalism, and parasitism), and (3)
identification of the best solution found. The main parameters in the SOS are termination
criteria, named MaxIter and number of organisms, named eco_size. The computational
results are highly dependent on those two parameters.

2. Symbiotic phase
1. Ecosystem > Mutualism, > 3. Return best

initialization Commensalism, solution found
Parasitism

* Number of organisms (eco_size) + Identify Xbest
* Initial ecosystem ¢ Update Xbest
* Termination criteria (MaxIter)

Figure 2. Basic steps of SOS algorithm

In all population-based metaheuristic algorithms specific operations are performed with
the objective to generate new organisms in each population. For example, a genetic
algorithm has two operations, named crossover and mutation. Harmony search algorithm
proposes three rules to improvise a new harmony, named memory considering, pitch
adjusting, and random choosing. Artificial bee colony algorithm also proposes three
phases, named employed bee, onlooker bee, and scout bee phases. In SOS, these are
mutualism phase, commensalism phase, and parasitism phase.

3. ADISCRETE SYMBIOTIC ORGANISMS SEARCH BASED 2-OPT ALGORITHM

The main steps of the DSOS algorithm include mutualism phase, commensalism phase,
and parasitism phase. The initial ecosystem is produced randomly with the condition that
all solutions need to be feasible.

3.1 Mutualism phase

In mutualism phase, X; is an organism matched to the ith member of the ecosystem.
Another organism X; is then selected randomly from the ecosystem to interact with X;.
Both organisms engage in a mutualistic relationship with the goal of increasing mutual
survival advantage in the ecosystem. New candidate solutions for X; and X; are calculated
based on the mutualistic symbiosis between organisms X; and X;, which is modeled in
Egs. (1) and (2).

Xinew = X; + rand(0,1) * (Xpesr — Mutual_Vector * BF;) €8]

Xinew = Xj + rand(0,1) * (Xpese — Mutual_Vector * BF,) (2)

where Mutual_Vector = % rand(0,1) generates a value between 0 and 1, and BF; and
BF, are determined randomly using the expression BF; = BF, = 1 + round[rand(0,1)].
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The new candidate solutions X;,.,, and Xy, are accepted only if they provide better
fitness values than X; and X;, respectively. If an improved solution is found, the 2-OPT
algorithm is applied on that solution before it is inserted back into ecosystem.

3.2 Commensalism phase

In commensalism phase, once again, an organism X; is selected randomly from the
ecosystem to interact with X;. In this interaction, an organism X; aims to benefit. The new
candidate solution of X; is calculated based on the commensal symbiosis between
organisms X; and X;, which is modeled in Eq. (3).

Xinew = Xi + rand(=1,1) * (Xpesr — Xj) (3)

where (Xps: — X;) represents a benefit provided by X; to help X; increase a likelihood of
survival. The new candidate solution X;,.,, is accepted only if it provides better fitness
value than X;. If the new and improved solution is found, the 2-OPT algorithm is applied
on that solution before it is inserted back into ecosystem.

3.3 Parasitism phase

In parasitism phase, an organism X; is mutated and the parasite organism, labelled as X,,,,,
is created. The organism X; is selected randomly from the ecosystem for comparison. In
this interaction, if the fitness value of the X, is better than the fitness value of the X;, then
the X; will be replaced with the X,,,. In addition, the 2-OPT algorithm is applied on the X,,,.
In opposite, an organism X; will develop immunity from the parasite organism X,,,, and
the parasite organism will be removed.

The operators, named insertion, inversion, and swap are used to generate the parasite
organism. These operators are proposed by Wang, Lin, Zhong, and Zhang (2015). Only
one of the three operators is used for computation of the parasite organism based on a
random value.

3.4 A 2-OPT algorithm for TSP

The 2-OPT algorithm for TSP was proposed by Lin (1965). In this algorithm, a path is
constructed as follows:

Step 1. Find an initial tour randomly or by applying some other algorithm.
Step 2. Try to improve the tour using the two-branch exchange method.

Step 3. Continue Step 2 for all combinations and return the improved tour or the tour that
is already 2-optimal.

4. EXPERIMENTAL RESULTS AND ANALYSIS
In this section, we have presented experimental results to analyze the performance of the

DS0S+2-0PT algorithm for TSP. The parameters used for the proposed DSOS+2-OPT are
selected to be to be consistent with the parameters of DSOS (Ezugwu and Adewumi, 2017)
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in order to make an appropriate comparison. Therefore, MaxIter is 1000, eco_size is 50,
and each experiment was executed 10 times independently.

The algorithm is implemented in Matlab and the experiments are run on a desktop
computer with an Intel Core i5-2400, 3.1 GHz processor. The authors conducted the
experiments on 14 symmetric benchmark instances from TSPLIB (Reinelt, 2022). The
obtained experimental results from the proposed DSOS+2-OPT algorithm are compared
with the results from the first proposed version of the DSOS (Ezugwu and Adewumi,
2017).

Table 1. Comparison results between the proposed DSOS+2-OPT algorithm and the

DSOS algorithm
DSOS
. DSO0S+2-0OPT
(Ezugwu and Adewumi, 2017)
Instance Best Mean PDav Time Best Mean PDav Time
Opt. val. (s) (s)
E4112561 426 427.90 0.45 62.5 428 431.3 1.24 16.28
S6t77é) 675 679.20 0.62 82.58 676 681.7 0.99 16.98
E512786 542 547.40 1.75 93.86 548 554.80 3.12 17.22
K;(;IZ);ZO 21294 21493.10 0.94 139.70 21464 21686.80 1.84 18.25
Eil101
629 640 650.60 343 171.75 649 655.10 4.15 18.16
g;éé?) 59030  59429.10 0.68 235.57 59076 59497.20 0.79 19.20
52;37’2 97437 97673.20 0.93 448.08 97755 99290.90 2.60 19.54
S;égi 74013 74785.70 1.50 516.68 74020 74575.70 1.21 20.45
Z;ig‘; 50424 52798.90 7.46 622.90 50855 51778.90 5.38 28.25
Zgzlg(i 49162 50335.20 4.45 705.27 50109 51132.90 6.10 31.65
Lin318
42029 42201 42972.42 2.24 925.47 43955 44213 5.20 34.06
R§;57§5 7030 7117.32 5.08 973.86 7312 7382.60 9.00 88.52
Rgéé? 9045 9102.67 3.37 1043.61 9556 9685.40 9.99 212.89
gg})g?é 271381 278381.51 7.46 1843.34 278425 279903.30 8.05 518.06
Average 2.88 561.80 4.49 75.68

In Table 1, if we compare the computed average percentage of the deviation (PDav), the
proposed DSOS+2-OPT algorithm is performing slightly worse than the DSOS (Ezugwu
and Adewumi, 2017) for 12 out of 14 tested instances. However, if we compare CPU time,
the proposed DSOS+2-OPT algorithm is performing significantly better on average basis,
than the DSOS (Ezugwu and Adewumi, 2017) for all tested instances. In terms of the
quality of the best solution found the DSOS (Ezugwu and Adewumi, 2017) outperforms
the proposed DSOS+2-0OPT for all tested instances.

Based on the relatively poor quality of the average solution found and high computational
time of both compared algorithms we can conclude that both algorithms have relatively

131



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

poor local search mechanisms. The DSOS (Ezugwu and Adewumi, 2017) algorithm fills
that gap with the extensive search which reflects the long execution time. The proposed
DSOS+2-0PT can be further improved with some other local search approaches.

5. FINAL REMARKS AND CONCLUSION

In this study, we have presented the basic version of the DSOS algorithm which is
additionally improved with the 2-OPT algorithm. The proposed DSOS+2-OPT algorithm is
easy to implement, with acceptable execution efficiency, that is, satisfactory CPU times for
all tested instances. The algorithm has good global search, but relatively poor local search.

The future work could focus on extending the research on different strategies of how to
prevent premature convergence of the proposed DSOS+2-OPT algorithm. The use of some
other tour construction and tour improvement algorithms can be investigated. Also, the
hybridization with some other metaheuristic algorithms should be explored.
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Abstract: In this paper, an estimation model of fuel consumption and exhaust emissions of
commercial vehicles in different operating conditions is developed. Depending on vehicle’s
average speed, road slope and vehicle’s load/capacity utilization, the model determines the
fuel consumption and emissions of harmful gases for the observed vehicle type and category.
In order to validate the model, recordings on actual commercial vehicles were made in real
operating conditions on two urban public transport bus lines in Belgrade. Obtained fuel
consumption in real operating conditions and estimated fuel consumption by the developed
model were compared. Deviations of the estimation model from the real consumption values
are on average about 5%. After a successful fuel consumption validation, the emissions of
the most common harmful gases by the model are estimated.

Keywords: estimation model, validation, fuel consumption, GHG emissions

1. INTRODUCTION

If a transport operator wishes to become sustainable, it has to operate efficiently by
reducing transport costs, maintenance costs and/or by increasing the fleet energy
efficiency (Kamakaté and Schipper, 2009; Ruzzenenti and Basosi, 2009; Vujanovi¢ et. al.,
2018). Since fuel consumption represents a major operating cost for transport companies
(Gohari et. al., 2018; Kot, 2015; Kovacs, 2017) and they mostly operate heterogeneous
vehicle fleets (Hoff et. al., 2010), adequate vehicle selection for existing transport volumes
represents one of fleet management’s key activities. By selecting a more fuel-efficient
vehicle, lower fuel costs and greater vehicle autonomy will be achieved (Lin et. al., 2009).
Additionally, one of the parameters that represents sustainable fleet management is the
reduction of harmful gas emissions (Ansaripoor et. al., 2014). Reduction of fleet’s harmful
gas emissions and increase of its energy efficiency can be achieved through the selection
of vehicles of appropriate type and category (Liimatainen and P6llanen, 2010), as well as
through increasing their load/capacity utilization index (Vujanovic¢ et. al., 2010).
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Based on all previously mentioned, this paper presents a model allowing fuel
consumption and harmful gases emissions estimation on the observed transport routes
depending on following vehicle and road characteristics:

e commercial vehicle category,

e commercial vehicle emission standard,
e speed profile,

e road slope and

e load/capacity utilization index.

The aim of this paper is to develop an estimation model which will make it possible to
quickly and easily determine the fuel consumption and GHG emissions for different
commercial vehicles in dominant actual operating conditions. The model was developed
in Matlab 2018, and its validation was performed on data obtained by recordings in real-
world operating conditions of standard buses deployed on lines 53 and 83 of urban public
transport in Belgrade, Serbia.

The paper is structured as follows. In the second section, one of the most commonly used
models for determining fuel consumption and exhaust emissions is described, after which
the third chapter provides a step-by-step overview of the developed model for fuel
consumption and exhaust emissions estimation. Afterwards, in the fourth chapter, the
model validation was performed on buses operating on two urban public transport lines
in both directions, at different measured speeds, road slopes and capacity utilization
indices. Finally, in the fifth chapter, some concluding remarks, as well as main directions
for future research are suggested.

2. MODELS FOR FUEL CONSUMPTION AND EXHAUST EMISSIONS DETERMINATION

By conducting a literature review the authors found that EMEP/EEA air pollutant
emission inventory guidebook represents the referent source for determining fuel
consumption and emission factors for various exhaust gases (European Environment
Agency, 2019). Its “road transport appendix 4 emission factors” (Ntziachristos and
Samaras, 2021) is the database that shows the average fuel consumption and exhaust
emissions expressed in grams per kilometer (g/km), which allows determining the
exhaust emissions before reaching the regular engine operating temperature (i.e., cold
emissions) as well as after (i.e., hot emissions). The exhaust emissions are determined for
different: speed profiles, gear shifting strategies, vehicle capacity utilization indices, road
slopes, vehicle characteristics, etc. Exhaust emissions data contained in the model were
obtained on the basis of a large number of measurements performed both in laboratory
conditions and in real operating conditions using a Portable Emission Measurement
System (PEMS). (ERMES - European Research on Mobile Emission Sources, 2020;
Hausberger et al., 2019)

The reference database of road transport related emission factors contains a very large
set of data on fuel consumption and exhaust emissions for each vehicle type and category.
These values were obtained based on vehicle measurements at different segmented
load/capacity utilizations (0%, 50% and 100%), road slopes (-6%, -4%, -2%, 0 %, 2%, 4%
and 6%), as well as at different speeds. The main disadvantage of this database is that it
does not provide values of fuel consumption and exhaust emissions for other
load/capacity utilization indices and road slopes that are in-between intervals of
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predefined and previously shown values (e.g., capacity utilization of 37% and road slope
of 2.42%).

In that sense, the following chapter gives a brief explanation of the model developed in
Matlab, which estimates fuel consumption and emissions for different vehicle types and
categories, for any value of vehicle speed, road slope and vehicle capacity utilization index.

3. ESTIMATION MODEL DEVELOPMENT

Within this chapter, the steps of the model for fuel consumption and exhaust emissions
estimation for different vehicle types and categories are presented. The proposed model
is supplied with data from the reference database of fuel consumption and exhaust
emissions for different vehicle types and categories.

Within the first step, all necessary technical characteristics of the vehicle are defined, such
as type (e.g. heavy duty vehicle or bus) and vehicle category (e.g. heavy rigid vehicle 7.5 -
12 t, heavy articulated vehicle 20 - 28 t, urban bus articulated >18 t, urban bus standard
15-18 t, urban bus midi <15 t, etc.), as well as vehicle Euro standard (Conventional, Euro
[ - Euro VI).

In the second step the following operating conditions are defined: average speed (km/h),
vehicle load/capacity utilization (%), longitudinal road slope (%) and trip distance (m).

After the vehicle technical characteristics and operating conditions are defined, in the
third step, presented model estimates output parameters: fuel consumption (FC) and
emissions of carbon monoxide (CO), nitrogen oxides (NOx), hydrocarbon (HC), and
particulate matter (PM). The model compares imported values with existing discretized
data from reference database and estimates output values based on bilinear interpolation
(Press et. al, 1992). The model is designed to take any value of vehicle speed,
load/capacity utilization and road slope, and based on bilinear (repeated linear)
interpolation of existing discretized values estimates desired output parameters. For
example, if the observed speed is 15 km/h, the road slope is 2.8% and the vehicle
load/capacity utilization is 75%, the model takes left and right boundary values of
reference database discretized data. These four values for vehicle speed of 15 km/h, are
denoted as follows (Figure 1):

1) Qi1 - value when the road slope is 2%, the vehicle load/capacity utilization is
50%;

2) Qiz - value when the road slope is 2%, the vehicle load/capacity utilization is
100%;

3) Q21 - value when the road slope is 4%, the vehicle load/capacity utilization is
50%; and

4) Q22 - value when the road slope is 4%, the vehicle load/capacity utilization is
100%.

The R1 value is found by first linear interpolation of the values Q11 and Q21 in the road
slope axis direction, and Rz from Q12 and Qzz. After obtaining the values of R1 and Rz,
repeated linear interpolation is performed to obtain the point P (Figure 1) which
represents the final result of the observed parameter for road slope of 2.8% and vehicle
load/capacity utilization of 75%.
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As the values of fuel consumption and exhaust emissions from the reference database are
presented in g/km, the total trip distance is calculated in order to determine the total fuel
consumption/exhaust emissions at the observed bus line. When calculating fuel
consumption, it is necessary to take into account the specific density of the observed fuel
to obtain the consumption in liters. In this paper, the average density of diesel used in
calculations is 830 g/I.

Presented model is validated in real-world operation conditions on public transport buses
in Belgrade.
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Figure 1. Schematic representation of the model
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4. MODEL VALIDATION

The model validation was performed on recorded data of buses’ operation on lines 53 and
83 of Belgrade public transport, in both directions. Data were recorded on a HIGER
standard diesel bus, type KLQ6129GQ2 manufactured by Chariot Motors, shown on
Figure 2. The observed buses meet the emission norms set by Euro VI standard. The
maximum capacity of the buses is 100 seats (29 seats and 71 standing places).

Figure 2. Diesel bus Higer KLQ6129GQ2

Data recording on line 83 was performed on February 14, 2020 from 9 AM to 11.45 AM,
while data recording on line 53 was performed six days later (February 20, 2020) from 9
AM to 10.45 AM. Each data recording was preceded by equipment mounting and testing.
Data on actual vehicle speed and current fuel consumption were collected using PCAN-
USB Pro - PEAK (Figure 3 - left), while Garmin GPSMAP 62s (Figure 3 - right) was used to
collect altitude data used for average road slope determination. The percentage of bus
capacity utilization was determined by systematic passenger counting.

Figure 3. The Appearance of PEAK (left) and GARMIN (right) devices

Line 83 is a moderately difficult diametrical line connecting two peripheral settlements
(Crveni krst) and (Zemun) through the central city core. The length of the line in the
direction from Crveni krst to Zemun (direction A) is 12,914 m, while in the opposite
direction (B), the length is 13,624 m. Unlike line 83, 53 is moderately heavy radial line
connecting the central city zone (Zeleni venac) with the peripheral settlement
(Vidikovac). The length of this line in both directions (A and B) is about 12,925 m. The
position of these bus lines, as well as the start and end terminal stations are shown in
Figure 4.
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Figure 4. Position of bus lines and start and end terminal stations

The longitudinal road slope of the observed lines in the direction A is given in Figure 5.
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Figure 5. Recorded road slope on line 83 (left) and line 53 (right) in direction A

Urban driving conditions can be observed through speed profile recorded in real-world
operating conditions for each bus line. From Figure 6 it can be seen that the speed profile
is characteristic for urban driving conditions due to lower speeds (below 50 km/h),
frequent speed oscillations (acceleration and deceleration) and stops.
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Figure 6. Recorded speed profile on line 83 (left) and line 53 (right) in direction A
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After the average values of vehicle capacity utilization, trip distance and fuel
consumptions are determined in real-world operating conditions, the developed model
estimates output values and validate them. In Table 1 are given the values of all mentioned
parameters which are used in model. Furthermore, in the same table, the recorded values
of fuel consumption in real operating conditions, as well as estimated fuel consumption
values are presented. It can be seen that estimated fuel consumption by the model is
approximately 5% lower than fuel consumption in real operating conditions. The biggest
deviation (-7.81%) is obtained on line 83 in direction A, while the smallest deviation is on
line 53 in direction from Zeleni Venac to Vidikovac (-3.23%). Based on the obtained
deviations, the model is validated and it can be used for determination of fuel
consumption and GHG emissions.

It is important to emphasize that reference data used are not obtained for the observed
vehicle and same operating conditions. Additionally, the data recording was conducted in
winter conditions, with heating turned on, leading to increased fuel consumption.

Table 1. Values of the observed parameters used for model validation

Average  Average Average Line Recorded Model Difference between
Bus Direction speed load slope length fuel cons.  FC FC in model and
line [A/B] [km/h] [%] [%] [m] 11 11 recorded FC [%)]
53 A 18.59 9.2 0.62 12,925 5.56 5.38 -3.23
53 B 18.65 30.3 -0.62 12,927 4.86 4.61 -5.14
83 A 14.75 14.9 -0.47 12,914 5.53 5.08 -7.81
83 B 14.43 19.3 0.53 13,624 6.59 6.34 -3.79

After successful validation of the model in terms of fuel consumption, the emissions of
GHG such as carbon monoxide (CO), nitrogen oxides (NOx), hydrocarbons (HC), and
particulate matter (PM) are determined. The emitted quantities of these gases on the
observed lines are presented in Table 2.

Table 2. The emitted values of CO, NOx, HC and PM on line 53 and 83 in both directions

Bus Direction CO NOx HC PM Bus Direction co NOx HC PM

line [A/B] [g] [g] [g] [g] line [A/B] [g] ] [g]l [gl

53 A 20.77 11.75 0.51 0.08 83 A 23.04 20.79 0.55 0.07
B 18.79 15.02 0.46 0.07 B 26.78 17.74 0.63 0.09

5. CONCLUSION

This paper presents a developed model for estimating fuel consumption and exhaust
emissions in road transport. The model is based on the EMEP/EEA air pollutant emission
reference database on fuel consumption and emission factors for different types and
categories of commercial vehicles’ speeds, load/capacity utilizations and road slopes. The
contribution of this paper is reflected in the developed model for bilinear interpolation to
estimate more precisely fuel consumption and exhaust emissions than those given in the
observed database. Additionally, the contribution of the paper is the successful validation
of the model on urban bus lines in Belgrade. The average deviation of the obtained fuel
consumption in the model and the actual fuel consumption in real operating conditions is
about 5%.
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The modeled fuel consumptions and exhaust emissions in real operating conditions are
important to logistics and transport operators in view of their carbon footprint, economic
and environmental sustainability. Further benefits can be achieved by model application
in selecting the most efficient vehicle category on actual transport routes. The model can
also support decision making in heavy duty vehicle procurement by estimating the fuel
consumption of new vehicle types and categories for existing transport demands and
operating conditions.

Directions of future research is in the application of the model on other vehicle categories.
Also, the model can be used for commercial vehicle fleet carbon footprint estimation in
different areas of operation.
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Abstract: E-waste represents one of the fastest-growing waste streams due to rapid
scientific and technological development which contains both valuable and dangerous
substances. So, this waste stream requires an adequate logistics network for collection,
transport, and treatment. This paper presents an approach for e-waste logistics network
design which is tested on a real-scale example.

Keywords: e-waste, logistics network, facility location.

1. INTRODUCTION

Electrical and electronic devices such as mobile phones, laptops, air-conditioners, etc.
have become an essential part of modern everyday life. At the end of use, end-users
discard electrical and electronic devices, in that way, generating an e-waste stream. In
2019, 53.6 million metric tons of e-waste were generated globally (Forti et al., 2020). The
problem with e-waste, besides the generated quantities, is in its composition. Namely, e-
waste contains toxic or hazardous substances, such as mercury, cadmium, brominated
flame retardants (BFR), etc. On the other hand, e-waste contains precious and other
metals such as iron, copper, gold, silver, etc. So, e-waste represents a valuable resource
for secondary materials, if those materials are properly extracted (Figure 1).

$10 billion USD

Figure 1. Global e-waste in 2019 (Forti et al., 2020)
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Another characteristic of e-waste is its reusability, that is electronic and electrical devices
can be reused and sold on the secondary markets. Legislation like WEEE Directive in
European Union (2002/96/EC) forces original equipment manufacturers (OEM) to take
over their products, once they are discarded by users, regardless of the reason. On the
other hand, the reuse of returned products, components, and reusable materials is very
cost-effective for OEMs, especially with products that have a longer lifespan.

An adequate collection, transport, and treatment of e-waste creates additional flow in
traditional logistics networks, and that is reverse flow of goods from end-user to OEMs
(Figure 2). Logistics networks for the treatment of e-waste have additional facilities
compared to traditional logistics networks, new activities, new involved parties, etc.

Raw material input

- End-of-life / -
Production —# Sales » Consumption —# oo (% Treatment % Disposal

A4
Resale/ Reepair, x
T + ~J Landfill

Reuse Rcturbish

Figure 1. Life cycle of an e-product (Bhagat-Ganguly, 2022)

Many authors addressed the problem of logistics network design for e-waste. Safdar et al.
(2020) proposed a multi-objective model to develop the economic, social, and
environmental strategies for managing reverse logistic activities of collection, evaluation,
reprocessing, and transportation of the returned electrical products. The authors used a
neutrosophic optimization approach for the optimization of multi-objective networks.
Kilic et al. (2015) proposed a mixed-integer linear programming model for reverse
logistics network design for electronic waste in Turkey. The optimum locations of storage
and recycling facilities are obtained for each of the defined scenarios. John et al. (2018)
proposed an integer linear programming model which determines the optimal number
and location of different facilities on the network. Mobile phones and digital cameras are
considered for validation of the model. Alshamsi and Diabat (2015) proposed a mixed-
integer linear program to address the complex network configuration of a reverse
logistics system. The proposed model determines the optimal selection of sites, the
capacities of inspection centers, and remanufacturing facilities. In this paper, we used the
modified mathematical formulation for integrated logistics network design for e-waste,
published in Lee and Dong (2008), and tested on a real-scale numerical example.

The paper is organized as follows. In Section 2, a description of the problem, and a
mathematical formulation for logistics network design is described as well as a numerical
example. Concluding remarks are given in Section 3.

2. PROBLEM DESCRIPTION

Computer equipment represents part of electric and electronic equipment that primarily
does not have to be bought, that is companies can lease computer equipment from
distributors or OEMs. By leasing computer equipment, companies have different benefits
such as keeping the equipment up to date, and in this way, they are provided with newer

144



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

equipment. Also, companies that lease computer equipment provide various services
relating to repairs, proper permanent removal of data, etc. Companies that provide
computer equipment lease services, in addition to the service of delivery of new products,
also perform services of collecting products at the end of the lease, which results in
complex logistics networks and activities. Namely, there is a need for additional facilities
on the network, like collection centers for returned products or warehouses for new
products. Forward and reverse flows of products can be observed separately or an
integrated logistics network can be established in which forward and reverse flows are
considered simultaneously.

In this paper, we used the modified mathematical model for integrated logistics network
design published in Lee and Dong (2008) and tested it on a real-scale example. A company
that leases computer equipment (in this paper this company will be noted as OEM)
delivers it to customers (end-users). Parts or whole products of computer equipment are
returned to OEM for treatment or safe disposal. In this integrated logistics network, in
which forward and reverse flows of products are considered, a hybrid processing facility
(HPF) is located. That is, HPF is a facility in which flows of new and returned products
ones take place, and in that way OEM achieves cost savings. The aim of designing an
integrated network is to choose locations of OEMs and HPFs, as well as determine the
quantities of products to be shipped and return through the network in order to minimize
total costs. The following notation was used in order to formulate a mathematical model:

M - a big number

CD - set of potential locations for OEMs

RD - set of potential locations for HPFs

D =CD U RD - set of all potential facility locations

C - set of all customers

E = CURD - set of customers and potential locations for HPFs

N=D U C - set of all nodes on the network

SE - quantity of the supply of new products at node k, Yk € D

DF - quantity of the demand for new products at node n, ¥n € C

DF - quantity of the demand of returned products at node k, Yk € D

SR — quantity of the supply of returned products at node n, vn € C

CS - transport costs per unit of new products shipped along arc a(i, j), Vi,j € N
Cﬁ - transport costs per unit of returned products shipped along arc a(j, i), Vj,i € N
F1 - fixed costs of establishing HPF;, VI € RD

Ft - fixed costs of establishing OEM¢, Vt € CD

Xij — quantity of new products transported fromitoj, Vi,j € N

Yji - quantity of new products transported from jto i, Vi,j € N

Zk- 1, if the facility is located, 0 otherwise, V k €D

Ui - capacity of HPF;, VI € RD
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q - number of HFPs to be located
t - number of OEMs to be located

The mathematical formulation of the problem is:

Min Yierp Fy 21 + Ypecn Fp 2p + Dien Djen Cij Xij + Xjen Lien Cf Vi 1)
s.t.

Ymes Xkm = Lien Xik = Sk Z, VK€D (2)
Yien Xin = Zime Xnm = Dy, VneC (3)
YieN Yni = Zmer Ymn = Sk, YneC (4)
Ymee Ymk — Nien Vi = D zx, VkeD (5)
Yomek Xiem < My, VkeD (6)
2imek Ymk < Mgy, VkeD (7)
YnecYm < Uy, VIERD )]
YpecpZp =t 9
ZiernZ1 = q (10)
Z1={0,1}, VkeD (11)
Xi= 0,y > 0, Vi, jeN (12)

The objective function (1) minimizes the total costs of establishing an integrated logistics
network: the costs of establishing HPFs, the costs of establishing OEMs, the transportation
costs of shipping new products from OEM locations to customers directly or via HPFs, as
well as transportation costs of collecting returned products from customers to OEM
directly or via HPFs. Constraints sets (2) - (5) are flow conservation constraints.
Constraints (6) and (7) enable the flow of new and returned products being transferred
through HPFs only if the locations for HPFs are selected by the model. Constraints (8) are
the capacity constraints for HPFs. Constraints (9) and (10) define the numbers of OEMs
and HPFs to be established. Constraints (11) and (12) define the nature of the variables.

2.1 Numerical example

The described model was tested on a real-scale example for Vojvodina, the northern part
of the Republic of Serbia. Vojvodina consists of 45 municipalities divided into 7 districts.
In this example, we assumed that there are 4 potential locations for OEMs, 12 potential
locations for HPFs, and the rest 29 municipalities are customers (end-users). Those
locations for OEMs, HPFs, and customers are presented in Figure 3.
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il oEM
sz HPF

Figure 3. Potential locations for OEMs and HPFs

Input parameters for modeling are presented in tables 1 and 2. Capacities for all potential
locations are sufficient. Quantities of supply and demand for new and returned products
are expressed in the number of IT equipment units. This number is obtained on the basis
of the number of inhabitants of each municipality and data on the number of IT equipment
units placed on the market in 2020. Unit transportation costs for delivery of new products
on the route OEM-end-user are set to 0.01€, OEM-HPF 0.0025€, and between HPF and
end-user is set to 0.005€. Unit transportation costs for collection of returned products on
the route OEM-end-user are set to 0.016€, OEM-HPF 0.004€, and between HPF and end-
user is set to 0.008€. Fixed costs of opening HPFs are set to 100€, while fixed costs of
opening OEMs are set to 500 €. All input parameters are normalized to a daily level.

Table 1. Input parameters for OEMs and HPFs locations

Potential locations for OEMs and HPFs Sk Df
Subotica (OEM1) 451 369
Novi Sad(OEM2) 1206 987
Zrenjanin(OEM3) 382 312
Pancevo(OEM4) 396 324
Backa Topola(HPF1) 101 83
Sombor (HPF2) 258 211
Kula(HPF3) 129 106
Backa palanka(HPF4) 171 140
Becej(HP5) 116 95
Kikinda(HPF6) 178 146
Kanjiza(HPF7) 78 64
Vr$ac(HPF8) 162 132
Kovacica(HP9) 79 64
Sremska Mitrovica(HPF10) 248 203
Stara Pazova(HPF11) 215 176
Novi Becej(HPF12) 74 61
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Table 2. Input parameters for end-users

End-user DF SR End-user DF SR
Mali Ido$ 37 31 Ada 52 43
Apatin 87 71 | Coka 34 28
Odzaci 89 73 | Zitiste 49 40
Bac 43 36 Nova Crnja 31 25
Backi Petrovac 42 35 Secanj 39 32
Beocin 50 41 Alibunar 61 50
Vrbas 129 106 | Bela Crkva 53 43
Zabalj 83 68 Kovin 103 84
Srbobran 51 42 Opovo 32 26
Temerin 92 76 Plandiste 34 28
Titel 50 41 Indija 151 124
Sremski Karlovci 28 23 Irig 33 27
Novi KneZevac 34 28 Pecinci 64 52
Senta 72 59 Ruma 170 139

Sid 102 84

The model was developed by Python programming language and solved by open-source
software LP Solve IDE. We tested the proposed model for different values of parameters t
and q. Parameter tis set to 1, 2 and 3, while parameter q takes values from range [1, 12].
The obtained results are presented in tables 3, 4, and 5.

Table 3. Numerical results for t =1 and g = [1, 12]

Objective
Parameter|Parameter function Opened Opened HPFs
tvalue q value OEM
value
1 257297 | OEM2 HPF5
2 2285.05 OEM2 HPF11 HPF5
3 2174.7 OEM2 HPF3 | HPF11 | HPF5
4 2106.28 | OEM2 HP3 HPF11 | HPF5
5 2065.89 | OEM3 HPF2 HPF5 | HPF8 | HPF10 | HPF11
1
6 2078.01 | OEM3 HPF2 HPF8 | HPF5 | HPF8 | HPF14 |HPF11
7 2098.9 OEM3 HPF2 HPF8 HPF5 HPF8 HPF14 |HPF11| HPF9
8 2136.31 | OEM3 HPF2 HPF3 | HPF8 | HPF5 HPF8 |HPF10/HPF11|HPF9
9 2182.38 | OEM3 HPF2 HPF3 | HPF8 | HPF5 HPF8 |HPF10|HPF11{HPF9|HPF7
10 2283.51 | OEM3 HPF2 HPF3 | HPF8 | HPF5 HPF8 |HPF10|HPF11{HPF9|HPF7 [HPF12
Table 4. Numerical results for t =2 and g = [1, 12]
Objective
Parameter | Parameter function Opened Opened HPFs
tvalue q value OEMs
value
OEM3
1 2836.2 OEM4 HPF3
OEM3
i 2 2686.29 OEM4 HPF5 | HPF11
OEM3
3 2579.23 OEM4 HPF5 | HPF11 | HPF2
OEM3
4 2560.03 OEM4 HPF5 | HPF11 | HPF2 | HPF1
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Objective

Parameter | Parameter function Opened Opened HPFs
tvalue q value OEMs
value
OEM3
5 2514.5 OEM4 HPF5 | HPF11 | HPF2 | HPF5 | HPF10
OEM3
6 2558.45 OEM4 HPF5 | HPF11 | HPF2 | HPF4 | HPF10 | HPF9
OEM3
7 2637.05 OEM4 HPF5 | HPF2 | HPF5 | HPF7 HPF9 | HPF10 | HPF11
8 2735.88 8Emi HPF5 | HPF7 | HPF9 | HPF10 | HPF11 | HPF3 HPF4 | HPF12
9 3166.72 8Emi HPF5 | HPF7 | HPF9 | HPF3 | HPF4 | HPF12 | HPF1 | HPF6 | HPF8

Table 5. Numerical results for t = 3 and g = [1, 12]

Parameter Parameter Objective Opened
tvalue q value function value OEMs
OEM1
1 3551.84 OEM3 HPF3
OEM4
OEM1
2 315229 OEM3 HPF1 HPF11
OEM4

Opened HPFs

3 3103.15 OEM3 HPF1 HPF11 HPF10

4 3076.167 OEM3 HPF3 HPF11 HPF7 HPF8

5 3132.35 OEM3 HPF3 HPF11 HPF7 HPF8 HPF12

6 3318.52 OEM3 HPF1 HPF5 HPF9 HPF7 HPF11 HPF12

In case when only one OEM is located, a maximum of 10 HPFs can be opened. The model
hasn’t feasible solutions for locating 11 and 12 HPFs, due to input data. Minimal costs of
2065.59€ are achieved for locating 5 HPFs (HPF2, HPF8, HPF11, HPF10, HPF5) (Table 3).
In case when 2 OEMs are located, a maximum of 9 HPFs can be opened. The model hasn’t
feasible solutions for locating 10, 11, and 12 HPFs, due to input data. Minimal costs of
2514.5€ are achieved for locating 5 HPFs (HPF2, HPF8, HPF11, HPF10, HPF5) (Table 4).
In case when 3 OEMs are located, a maximum of 6 HPFs can be opened. The model hasn’t
feasible solutions when number of HPFs is larger than 7, due to input data. Minimal costs
of 3076.17€ are achieved for locating 4 HPFs (HPF7, HPF11, HPF12, HPF15) (Table 5).

Allocation of direct and reverse flows of products are presented in tables 6, 7 and 8, for
different values of parameters t and q and minimal values of objective functions. In case
when one location for OEM is determined (Table 6), allocation of direct and reverse flows
of products is done through five HPFs.

Table 6. Allocation of product flows for t =1 and g = [1, 12]

Direct flows/Reverse flows Zrenjanin | Sombor | VrSac Stara Pazova Becej Sremska Mitrovica
(OEM3) (HPF2) | (HPF8) (HPF11) (HPF5) (HPF10)

Mali Ido$ 37/31

Apatin 87/71

Odzaci 89/73

Bac 43/36

Backi Petrovac 39/31 3/2

Beocin 50/41

Vrbas 129/106

Zabalj 83/68
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Zrenjanin | Sombor | Vrsac Stara Pazova Becej Sremska Mitrovica
(OEM3) (HPF2) | (HPF8) (HPF11) (HPF5) (HPF10)

Srbobran 51/42
Temerin 92/76
Titel 50/41
Sremski Karlovci 23/23
Novi Knezevac 34/28
Senta 72/59
Ada 52/43
Coka 34/28
Zitiste 49/40
Nova Crnja 31/25
Secanj 39/32
Alibunar 61/50
Bela Crkva 53/43
Kovin 103/84
Opovo 32/26
Plandiste 34/28
Indija 151/124
Irig 33/27

Pecinci 64/52

Ruma 24/20 146/119
Sid 102/84

Direct flows/Reverse flows

Table 7. Allocation of product flows for t = 2 and g = [1, 12]

Direct flows/ Zrenjanin | Pancevo | Sombor Becej Stara Pazova Vrsac Sremska Mitrovica
Reverse flows (OEM3) (OEM4) (HPF2) (HPF5) (HPF11) (HPF8) (HPF10)

Mali Idos 37/31
Apatin 87/71
Odzaci 89/73
Bac¢ 43/36
Backi Petrovac 42/35
Beotin 50/41
Vrbas 127/106
Zabalj 83/68
Srbobran 51/42
Temerin 92/76
Titel 50/41
Sremski Karlovci 28/23
Novi KneZevac 34/28
Senta 72/59
Ada 52/43
Coka 34/28
Zitiste 49/40
Nova Crnja 31/25
Secanj 39/32
Alibunar 53/50
Bela Crkva 61/43
Kovin 103/84
Opovo 32/26
Plandiste 34/28
Indija 151/124
Irig 33/27
Pecinci 64/52
Ruma 66/55 104/84
Sid 102/84

In case when two locations for OEMs are opened, allocation of direct and reverse flows of
products is done through five HPFs, where flow allocation for HPF8, HPF11 HPF10 is done
through OEM4, while flow allocation for HPF2 and HPF5 is done through OEM3 (Table 7).
The number of HPFs is the same as in the scenario for opening only one location for OEM,
but since more objects are opened in this scenario total costs are higher.
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Table 8. Allocation of product flows for t =3 and g = [1, 12]

Direct flows/ Zrenjanin Pancevo Kula Vrsac Stara Pazova Kanjiza
Reverse flows (OEM3) (OEM4) (HPF3) (HPF8) (HPF11) (HPF7)
Mali Idos 37/31
Apatin 87/71
Odzaci 89/73
Ba¢ 43/36
Backi Petrovac 42/35
Beocin 50/41
Vrbas 129/106
Zabalj 83/68
Srbobran 51/42
Temerin 92/76
Titel 50/41
Sremski Karlovci 28/23
Novi KneZevac 34/28
Senta 72/59
Ada 52/43
Coka 34/28
Zitiste 49/40
Nova Crnja 31/25
Secanj 25/21 14/11
Alibunar 61/50
Bela Crkva 53/43
Kovin 103/84
Opovo 32/26
Plandiste 34/28
Indija 151/124
Irig 33/27

Pedinci 64/52

Ruma 170/139
Sid 102/84

In case when three locations for OEMs are determined, allocation of direct and reverse
flows of products is done through four HPFs, where flow allocation for HPF8 is done
through OEM3, while flow allocation for HPF15 is done through OEM4 (Table 8). Also,
since OEM1 supplies only HPF7 (349/288) and HPF3 (114/98) flows from and to OEM1
aren’t presented in table 8. The total number of objects that are opened in this scenario is
the same as in scenario 2, but since the opening of OEMs is more costly than HPFs, total
costs are higher. It should be noted that one of the main characteristics of return flows is
uncertainty in quantities of return products, while in this model those quantities are
considered deterministic. In terms of total system costs, as expected, opening a larger
number of objects on the network contributes to higher costs. However, the increase in
costs is not so significant, compared to the number of opened objects in all scenarios of
model testing.

3. CONCLUSION

This paper presents an approach for logistics network design in which forward and
reverse flows of electronic products are considered. The proposed mathematical model
can be applied to design an integrated logistics network with delivery and return flows of
products, in which the same facility serves as a distribution center and collection center.
The proposed model is tested on a real-scale example and the decision-maker is presented
with different network configurations. Results of model testing showed that the model is
dependent on input parameters, especially quantities of returned products and fixed costs
of opening facilities. Hence, future research will focus on model upgrading to include
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consideration of uncertainty in determining model parameters (quantities of return
products), different fixed costs per potential location, different capacities of located
objects, involving different approaches for problem solving, etc.
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Abstract: Health-care waste represents, generally speaking, all the waste generated by
healthcare facilities, laboratories, biomedical research facilities, etc. If health-care waste
isn’t properly treated and safely disposed of, it poses a serious risk for disease transmission
among all involved actors in health-care waste management as well as the population in the
vicinity of locations where health-care waste is inadequately disposed of. This paper presents
an approach for health-care waste logistics network design. The aim of the proposed model
is to determine the locations of collection and treatment centers for health-care waste, which
is tested on a real-scale example for Belgrade city.

Keywords: health-care waste, logistics network, facility location.

1. INTRODUCTION

Health-care waste (HCW) represents waste generated in healthcare institutions such as
hospitals, dental practices, veterinary clinics, laboratories, etc., regardless of its
composition, characteristics and/or origin. About 85% of the HCW produced is non-
hazardous generated from the administrative, kitchen and housekeeping functions of
health-care facilities, while the remaining 15% of HCW is hazardous and can pose a
number of health and environmental risks (WHO, 2017). Hazardous HCW includes
infectious waste, pathological waste, sharps waste, chemical waste, pharmaceutical
waste, cytotoxic waste and radioactive waste. If non-hazardous waste is not segregated at
the point of generation, it must be classified and treated as hazardous waste, meaning that
the quantity of waste categorized as hazardous is unnecessarily much higher than it needs
to be - increasing not only the environmental impacts of disposal methods, but also the
financial costs of disposal and treatment (HCWHE, 2022). For example, the number of new
infections of hepatitis B, hepatitis C, and HIV caused by contaminated syringes have been
21 million, 2 million, and 260,000, representing almost 32%, 40%, and 5% of all new
infections, respectively (WHO, 2018). Hence, it is necessary to establish a system for
proper management and treatment of HCW, in order to minimize risk for involved parties

* b.ratkovic@sf.bg.ac.rs
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(health-care workers, waste handlers, etc.). The risk associated with inadequate
management of HCW usually regards exposure to infections, toxic effects and injuries.
Also, the response to the COVID-19 pandemic has accelerated the demand, use, and
disposal of HCW, especially discarded personal protective equipment (PPE) and single-
use plastics (Singh et al, 2022).

The first activity in HCW management is the segregation of HCW based on its
characteristics. The segregation of HCW at the point of generation through appropriate
waste containers reduces the risk associated with HCW. WHO recommended a
segregation and collection scheme based on a uniform color coding system (Table 1)
which provides a visual indication of the potential risk posed by the HCW in the container
and makes it easier to put waste items into the correct container and maintain segregation
during transport, storage, treatment and disposal (WHO, 2017).

Table 1. A uniform color coding system for HCW (WHO, 2017)

Waste categories

Markings and container
color

Container type

Collection frequency

Infectious waste

Yellow with biohazard
symbol (highly infectious

waste should be | container (bags for highly | day

additionally marked | infectious waste should be

HIGHLY INFECTIOUS capable of being
autoclaved)

Leak-proof strong
plastic bag placed in a

When three-quarters filled
or at least once a

Sharp waste

Yellow, marked
SHARPS with
biohazard symbol

Puncture-proof container

When filled to the line or
three-quarters filled

Pathological waste

Yellow with biohazard
symbol

Leak-proof strong
plastic bag placed in a

When three-quarters filled
or at least once a

container day
Chemical and | Brown, labeled  with | Plastic bag or rigid On-demand
pharmaceutical waste appropriate hazard | container
symbol
Radioactive waste Labeled with a radiation | Lead box On-demand
symbol
General waste Black Plastic bag inside a When three-quarter

container or container
which is disinfected
after use

filled or at least once a day

Choice of treatment method depends on local conditions and involves consideration of
available resources including technical expertise, relevant national regulations and
requirements, waste characteristics and volume, technical requirements for installation,
operation and maintenance of the treatment system, safety and environmental factors
and cost considerations (WHO, 2017). Treatment methods for HCW are presented in
Table 2.
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Table 2. HCW categories and treatment methods (The Global Fund, 2020)

Waste categories Treatment methods

Infectious waste Infectious waste can be incinerated or can be treated using thermal, chemical,
biological and/or irradiative techniques. Treated wastes can then be disposed of in a
sanitary landfill. Autoclaving is the most widely practiced method of infectious waste
treatment where it is available. Other thermal waste treatment options include
microwaving, electrothermal disinfection, frictional heating, and dry heating.

Sharp waste This waste stream requires the use of secure, rigid, and impenetrable storage bins
(ideally color-coded, with a secure one-way needle deposition system).
Pathological waste Wastes of this type must be either buried or incinerated. Lab cultured pathological

wastes should be autoclaved in the lab before disposal. Pathological wastes are often
disposed of using the same channels as dead bodies (either incinerated, or buried), and
in a health care setting are often handled by the same contractor/department
responsible for those. Local culture also has an impact on disposal. In some areas of the
world, certain pathological waste, such as placentas must be treated in a culturally
appropriate fashion (for instance, placentas being taken home by the mother for home-
burial). Some pathological wastes have been bio digested using Anaerobic Digestion

(AD) technology.
Chemical and | The health care implications of chemical waste depend on its nature. Less hazardous
pharmaceutical waste chemical wastes may be diluted and disposed of using sewage/wastewater drains in

countries where there is adequate infrastructure (if allowed by local legislation).
Where possible, chemical wastes should be returned to the supplier, or passed on to a
licensed contractor, or suitable government body for disposal. Hazardous chemical
wastes of different compositions should be stored separately to avoid unwanted
chemical reactions. As with chemical waste, the properties of pharmaceutical waste
can vary significantly. Ideally, hospitals should avoid allowing pharmaceutical
products to expire, by using “just in time” procurement.

Radioactive waste The treatment and disposal of radioactive waste are generally under the jurisdiction of
a nuclear regulatory agency.
General waste Typically, MSW may be incinerated, landfilled, or sent to a materials recovery facility

to have any recyclable content sorted from it.

In the HCW management system, storage areas must have enough capacity to hold the
waste generated until it can be disposed of properly which depends on generated
quantities as well as the frequency of collection and disposal (The Global Fund, 2020). So,
a proper HCW management system should include facilities for storage, transport and
treatment of HCW in a safe and sound manner.

Many authors addressed the problem of logistics network design for HCW. Budak and
Ustundag (2017) proposed mixed-integer programming model in order to make location-
allocation decisions for transport, collection and treatment of HCW. Proposed model was
tested on real-scale example in Turkey. Torkayesh et al. (2021) proposed a planning
framework for HCW by minimizing the total cost of the system (establishment cost,
operational cost, transportation cost) and its environmental pollutants as well as
maximizing job creation opportunities. The proposed model was tested on an illustrative
example. Yu et al. (2020) proposed a multi-objective mixed-integer linear programming
model for reverse logistics network design in case oan f epidemic outbreak. The main goal
of the proposed model was to locate temporary warehouses for HCW storage as well as
define transportation routes for effective HCW management. The proposed model was
tested for a pandemic outbreak of COVID-19 in Wuhan, China. Shi et al. (2009) developed
a mixed-integer linear programming model to minimize the total logistics costs of the
reverse network for HCW using the genetic algorithm. The subject of this paper is HCW
and its disposal, while the aim of this paper is to design a logistics network for the
collection, transport and treatment of HCW. The proposed model was tested on real-scale
example for the city of Belgrade.
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The paper is organized as follows. In Section 2, a description of the problem, as well as a
mathematical formulation for logistics network design is described. Section 3 presents
the numerical example while concluding remarks are given in Section 4.

2. PROBLEM DESCRIPTION

In this paper, we considered a problem of logistics network design for HCW. The proposed
model determines the locations of two types of facilities: HCW collection centers
(HCWCCs) and HCW treatment centers (HCWTCs). So, on the first, lowest level of the
network, there are generators of HCW such as hospitals, medical centers, dental practices,
etc. On the second level of the network, there are HCWCCs while on the third level there
are HCWTCs. HCWCCs are facilities with a smaller capacity than HCWTCs in which
sterilization of HCW (autoclaving) is performed. Some quantities of HCW from HCWCCs
end up in HCWTCs, where the incineration process takes place. In our paper, there are 17
municipalities of Belgrade city as HCW generators, 10 potential locations for HCWCCs and
3 potential locations for HCWTCs. If there are no data for HCW quantities, then usually the
quantity of generated HCW can be calculated in two ways. The first one is based on the
number of hospital beds and their occupancy, and the second one, which is used in this
paper, is based on the average quantity of waste generated per capita and the number of
residents of 17 Belgrade municipalities. The following notation was used in order to
formulate a mathematical model:

Sets:

I={(1,., |Ij} - set of candidate locations for HCWCCs;

J={1,.., ]I} - set of demand centers;

K={1,.. K|} - set of candidate locations for HCWTCs;

Parameters:

P - an estimated fraction of HCW that can be sent to the HCWTCS;

fi - fixed costs foran HCWCCS at location i [;

fk _ fixed costs fora HCWTCS at a location I I;

bi- capacity (tonnes) of HCWCCS established at location i [;

dj - tonnes of HCW generated in demand centerj]

hi - capacity (tonnes) of HCWTCs kil K

Cij - transportation cost per tonne of HCW from demand centerj ] o HCWCCs i@ [

ik - transportation cost per tonne of HCW from HCWCCs i@ [ to HCWTCs k@ K

Decision variables:

i - binary variable taking the value of 1 ifa HCWCCs is located at location i, and 0 otherwise
S; - tonnes of HCW transported from the demand center jB ] to the HCWTCs located at i [
Wi - tonnes of HCW transported from the HCWCCs located at i I to the HCWTCs located at kil K

zk - binary variable taking the value of 1 if an HCWTCs is located at location k@ K, and 0 otherwise
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The mathematical formulation of the problem is:

Min Y; fiyi + Xk fieZi + 2 2 CijSij + Xi 2k QWi

Yjes Sij < by, Viel
Yiet Wik < hyzy, VkeK

Yiet Wik =D Xjej Sij, Viel

Yier Sij = d;,Vje]
y; € {0,1}, Viel

sij € {0,1}, Viel, Vje]

wi, € {0,1},Viel, VkeK

Zy € {0,1}, VkeK

(1
(2
(3)
4)
(5)
(6
(7
(8)
9

The objective function (1) minimizes the total costs of the system. Constraint sets (2) and
(3) are capacity constraints for HCWCCs and HCWTCs, respectively. Constraint set (4)
ensures that an estimated fraction of HCW is transported from HCWCCs to HCWTCs for
further treatment. Constraint set (5) ensures that all generated HCW quantities are
collected from HCW generators. Finally, constraint sets (6), (7), (8) and (9) define the

nature of the variables.

3. NUMERICAL RESULTS

The model has been tested on a case study of the city of Belgrade and its 17 municipalities
as HCW generators (Table 1). Fixed costs for HCWCCs are 500 €/day while fixed costs for
HCWTCs are 1000 €/day. Capacities for HCWCCs and HCWTCs are sufficient and set to
10000 kg/day. In order to test the proposed model, the parameter p has three values (0.4,

0.8 and 1).
Table 1. Quantities of generated HCW
Generators HCW quantity (kg) Potential locations for HCWCCs and HCWTCs
1 Zemun 2501.72 HCwCC
2 Novi Beograd 2463.98
3 Stari grad 553.03
4 Palilula 2072.16 HCWCC
5 Savski venac 450.17 HCWCC
6 Vracar 661.45
7 Zvezdara 1956.16 HCwCC
8 Vozdovac 1851.64
9 Cukarica 2048.32 HCWCC (2 locations)
10 | Surcin 528.01 HCWTC/HCWCC
11 | Rakovica 1380.82
12 | Obrenovac 831.32
13 | Grocka 990.73 HCWTC/ HCWCC
14 | Barajevo 310.96 HCWCC

157



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

Generators HCW quantity (kg) Potential locations for HCWCCs and HCWTCs
15 | Sopot 230.16 HCWCC
16 | Mladenovac 602.84 HCwWCC
17 | Lazarevac 661.00 HCWTC

The model has been solved using the software tool LPSolve IDE 5.5.2.5. Results of the
model testing for given input data are presented in table 2. The allocation of HCW

generators to opened HCWCCs is given in table 3.

Table 2. Results of model testing

p=0.4 p=0.8 p=1
Objective Objective
function Opened Opened Objective Opened Opened function Opened Opened
value HCWTTc | HCWCCs function value | HCWTTc | HCWCCs value HCWTTc HCWCCs
Zemun Sur¢in Surcin Surcin
Suréin Cukarical Sur¢in Cukarical Zvezdara
- - Grocka
Cukarica2 Cukarica2 Grocka
145407.30 € 22234740 € 257087.5€
Mladenovac Zvezdara
Grocka Zvezdara Grocka Lazarevac | Sopot
Grocka
Grocka

Table 3. Allocation of HCW generators to HCWCCs

| p=08

p=0.4 p=1
HCW generators HCWCCs
Zemun Zemun Surcin Surcin
Novi Beograd Zemun Surcin Surcin
Stari grad Zvezdara Zvezdara | Zvezdara
Palilula Zvezdara Zvezdara | Zvezdara
Savski venac Zvezdara Zvezdara | Zvezdara
Vracar Zvezdara Zvezdara | Zvezdara
Zvezdara Zvezdara Zvezdara | Zvezdara
Vozdovac Zvezdara Zvezdara | Zvezdara
Cukarica Cukarical Cukarical | Surgin
Surcin Zemun Surcin Surcin
Rakovica Cukarical | Cukarical | Zyezdara
Obrenovac Cukarica2 | Cukarica2 | Syur¢in
Grocka Grocka Grocka Grocka
Barajevo Cukarica2 Cukarica2 Sopot
Sopot Mladenovac | Grocka Sopot
Mladenovac Mladenovac | Grocka Sopot
Lazarevac Cukarica2 Cukarica2 Sopot
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As can be seen from the results, for p=0.4 two HCWTCs and six HCWCCs are opened, while
for p=0.8, two HCWTCs and five HCWCCs are opened. Although the number of opened
facilities in scenario 2 is smaller than in scenario 1, the total costs of the system are higher.
Namely, quantities of transported HCW on the network differ due to different values of
parameter p, so the objective function value is higher for p=0.8. In case when p=1, when
all generated HCW quantities are transported from HCWCCs to HCWTCs, the number of
opened HCWCCs is smaller but all three locations for HCWTCs are opened. In this
scenario, HCW isn’t treated in HCWCCs, meaning that HCWCCs serve only as collection
points for HCW. Also, since the fixed costs of opening HCWTCs are higher than HCWCCs,
total system costs are the largest for all observed scenarios. It can be concluded that input
parameters, especially generated HCW quantities and fixed costs of opening facilities, play
a significant role in model testing, hence considerable attention must be given to their
definition.

3. CONCLUSION

Health-care waste management has become very important, from an economic,
environmental and protection point of view for all involved actors in health-care
management. In this paper, an approach for designing a logistics network for the HCW
was tested on a real-scale example for the city of Belgrade. Test results showed that the
model is dependent on the input parameters, especially fixed costs of opening facilities as
well as generated HCW quantities. Future directions of model development may include
HCWCCs and HCWTCs capacity constraints, different approaches for determining HCW
generated quantities, but most importantly treating the uncertainties present in obtaining
input data for modeling, etc.
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Abstract: We investigated the export containers delivery process to a port container
terminal (PCT) by external trucks for the purpose of loading onto container ships. Containers
randomly arrive by trucks to a PCT, while they are shipped according to a predefined
schedule of container ships. We analyzed the arrival and service processes of trucks at the
entrance gate, inspection and unloading points. In addition, we analyzed the differences
between various truck service scenarios, determined the total waiting time of trucks for each
scenario and observed the impact of each scenario to the levels of emissions of exhaust gases
produced by these trucks.

Keywords: port container terminal, truck turnaround time, emission reduction.

1. INTRODUCTION

In recent years, we are witnessing the growth of traffic at port container terminals (PCTs),
as well as the higher costs of transportation, material handling equipment and labor
(Vukicevi¢ Bisevac et al. 2021). The increase in the carrying capacity of container ships is
affecting the phenomenon ,peaks in truck arrivals for delivering or picking up a
container” discussed by Lange etal. (2017).

In recent literature, little attention has been paid to the problem of congestion at PCTs, as
well as the problems of pollution and long truck turnaround times that arise as a result.
In recent years, a number of measures have been proposed in order to reduce queues at
the entrance/exit gate and congestion within a PCT.

*i.vukicevic@sf.bg.ac.rs
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Previous research can be divided into two groups. The first group consists of research
addressing measures to increase the number of gate lanes and the number of yard cranes.

The second research group considers measures related to the development of a system
for TAM (truck arrival management) in order to smooth the peaks in truck arrivals. These
systems are most often based on tariff/toll pricing policies (TTPP), terminal appointment
system (TAS) and vessel dependent time windows (VDTWs) (Ma et al. 2019).

2. PROBLEM DESCRIPTION

The paper analyzes the flow of export containers that are delivered to the PCT by external
trucks and shipped out by container ships. There are often queues, both in front of the
entrance gate and inside the PCT. The queues at the entrance gate impact the queues
inside the terminal, which leads to congestion. Congestion affects the increase in waiting
times for trucks and the consequent increase in truck turnaround times at the PCT. While
waiting to be unloaded, trucks emit exhaust gases that contain numerous pollutants (CO,
NOx, CO2, CH4, N20, PM, etc.) (Jin etal. 2021; Ma et al. 2019).

Trucks arrive at the entrance gate and wait for the first free entrance ramp to enter the
PCT. Once they enter, they wait for the inspection of cargo/containers. After the cargo
control/inspection is completed, the truck arrives at the beginning of the container yard,
which is a designated storage area for export containers in a PCT before they are loaded
to the ships. The truck waits for the first available yard crane to unload the container, and
then leaves empty toward the exit gate. The time from the truck’s arrival (or joining the
queue) at the entrance gate to leaving the PCT is called the truck turnaround time at the
PCT. Figure 1 shows the flow of export containers.

Gate

Yard
Container

| | I inspection
External truck arrival point
| I -
HETE e e e I B || |
H| ’
|

==

Landside Seaside

Figure 1. Schematic representation of the flow of export containers at a PCT

The PCT operator has a goal to shorten the total service time within the terminal for all
users (Vukicevi¢ BiSevac et al. 2021), including the truck turnaround times, and thus to
reduce the pollution that occurs as a result of waiting for service.

The following chapter analyzes the impact of different arrival /service rates or intensities
at the entrance gate, inspection point and unloading by yard cranes on trucks waiting
times. Based on the obtained waiting times of trucks, we calculated (quantified) the
corresponding pollution quantities/levels.

162



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

3. SERVICE OF EXTERNAL TRUCKS WITHIN THE 3- STAGE SERIES QUEUING SYSTEM

We implemented a discrete event simulation to study the performance of the described
queuing systems at the PCT. The arrivals of trucks carrying export containers are
determined by the schedule of container ships. We focused our analysis to the arrival of
trucks with containers that are bound to one ship.

Ma et al. (2019) stated that the arrival of the external trucks is a non-homogeneous
Poisson process that can be transformed into a piecewise-constant non-homogeneous
Poisson process in time periods that are sufficiently short. loannou et al. (2001) stated
that some ports use cutoff times for each ship, after which cargo bound to the one ship is
no longer received, in order to meet ship departure schedules and operate efficiently.
Ioannou etal. (2001) observed and simulated trucks’ arrivals during the three days before
the cutoff time. As a design consideration, loannou et al. (2001) used arrivals of external
trucks with export containers: 0.2, 0.5 and 0.3, meaning 20% of trucks arrived during the
first day, 50% arrived during the second day, and 30% during the third day.

In this paper we assumed that trucks bound to one ship arrive during the five days period.
We assumed that the PCT operates for 24 hours, 7 days a week. We also assumed that the
service of trucks is performed within a queuing system as FIFO (first in first out) service
discipline, i.e., the first truck that arrived would be the first one served.

We assumed trucks’ arrivals of 0.1, 0.15, 0.45, 0.25 and 0.05 for the five days. We assumed
that trucks interarrival times were modeled by Exponential distribution (Poisson
arrivals) with parameters: A1 = 5 trucks per hour during the first day, A2 = 7 trucks per
hour during the second day, A3 = 20 trucks per hour during the third day, A4 = 10 trucks
per hour during the fourth day, As = 2 trucks per hour during the fifth day. Using these
values of arrival rates allowed us to achieve cumulative arrivals like the S-shaped curve,
presented by Daganzo (2003). The PCT operator can serve approximately 1000 trucks
during the five days interval, as Chang et al. (2012) stated to be the average number of
containers loaded on one ship in a PCT.

Service times at three stages (phases) in the PCT were modeled as follows:

¢ Phase | is a service performed at an entrance gate. We assumed that the service time at
an entrance gate is exponentially distributed with the parameter p1.

¢ Phase Il is a service performed at an inspection point. Yoon (2007) analyzed service time
at the PCT inspection point and stated that it is exponentially distributed. Service time at
phase Il is exponentially distributed with the parameter p2.

¢ Phase Il is a service performed by a yard crane. According to Petering et al. (2008) the
time taken by a yard crane to handle a single container can be modeled by a triangular
distribution. The service time of a yard crane is modeled by a triangular distribution with
parameters (u3a, t3b, Usc), where psa equals the smallest, pus» equals the most often (mode)
and psc equals the largest service rate.

3.1 Simulation results

The simulation was performed using Microsoft Excel with trucks' daily arrival rates A1, Az,
A3, A4 and As (as described in the previous section) and the total of 1036 trucks arrived
during the simulated five days period. Using the same arrival rates we simulated trucks’
service within the PCT with different service rates in individual phases of service p1, pz,
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U3a, u3b and psc (the values are given in Table 1 below). Values for varying u2 correlate with
service rates at inspection point given by Yoon (2007).

We recorded the following: the arrival times of trucks at the entrance gate, the waiting
time in front of the entrance gate, the moments of entrance and waiting times for each
phase of service, as well as the moments of exit from the last phase of service.

The average trucks waiting times Wq; in individual phases of service depending on the
service rates u;, 1 = 1, 2, 3 are shown in Table 1. From the obtained results it can be noticed
that when the service rates are increased, the waiting times Wy: and Wy are decreased,
and the waiting time Wjgs is increased. Also, it is interesting to notice the results of the
scenarios 7, 7a and 7b. In these scenarios only the service rate pz increases. Comparing
the scenarios 7 and 7a we can see that Wy is the same, W2 decreases and Wys increases.
The similar conclusions can be done comparing the scenarios 7a and 7b, as well as 8 and
8a.

Table 1. Average waiting time per truck

Scenario i uz U3a Usb Use Wa1 Waqz Was

[truck/h] | [truck/h] | [truck/h] | [truck/h] | [truck/h] [h] [h] [h]
1 12 12 5.4737 | 2.9216 | 0.01046
2 15 15 1.7421 | 2.0360 | 0.0136
3 16 16 1.1144 | 1.5841 | 0.01516
4 17 17 0.6665 | 1.1906 | 0.01628
5 18 18 0.3468 | 0.9500 | 0.01738
6 19 19 0.1823 | 0.6820 | 0.01885
7 20 17.6 30 >0 0.4143 | 0.0211
7a 20 21 0.1093 | 0.2819 | 0.02291
7b 22 0.1927 | 0.02536
8 22 0.1936 | 0.02516
8a 2 23 0-0832 0.1337 | 0.02675
9 22 23 0.0680 | 0.1308 | 0.02665

Figure 2 shows the cumulative diagrams of arrival and service of external trucks at the
PCT. We can observe the formation of queues before the first and the second service
phases; we do not observe large queues in front of the third phase.
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Figure 2. Arrivals and service within three phases for various scenarios

4. COST OF CARBON EMISSIONS GENERATED BY TRUCKS AT THE PCT

During the five simulated days the total of 1036 trucks delivered export containers. The
total waiting time (W) for all 1036 trucks is calculated as given in (1) and presented in
Table 2.

W =W;+W,+W; =1036 (W1 + Wgy + Wy3) (1

Jin etal. (2021) calcualted carbon emissions generated by one truck in each second based
on the data recorded in container ports in Southern China for 83582 trucks (as given in

(2)).

e = sp + (wav + 0,5C;Apv3 + wgC,cosOv + wgvsinfv) /en (2)
where:

s — specific fuel consumption, p — engine power, v — average speed, w — average
weight, a — acceleration , p — air density, 8 — angle of slope, A — frontal surface area of
the truck, g — gravity, C, — coefficient of rolling resistance, C; — coefficient of drag, € —
truck drivetrain efficiency, n — efficiency of engine.

165



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

Then, based on the calculated carbon emissions generated by trucks in each second and
the price of carbon per Kg (estimaed by Ricke et al. 2018), they obtained an average
carbon emissions cost per hour (C), which equals USD 1,348 per hour for external trucks.

Based on the total waiting time (W) obtained by the simulation and the average carbon
emission cost (C), we calculated the total cost of carbon emissions (EC = W - C) for all
scenarios. These costs are given in the last column of Table 2. Comparing the scenarios 1
and 2 we can notice that when p1 and uz are increased from 12 to 15 trucks per hour the

11738.88-5295.22
————F 100 %).
11738.88

Also, comparing the scenarios 2 and 3 we can see that the total cost is decreased for
28.4%. The trend of decreasing of the total cost continues to the last scenario, which has
the total cost of 314.85$.

total cost of carbon emissions decreased for more than 50% (

Table 2. Total cost of carbon emissions for each scenario

Scenario W, W Ws w Ec
[h] [h] [h] [h] [USD]
1 5670.75 | 3026.78 | 10.84 | 8708.37 | 11738.88
2 1804.82 | 2109.30 | 14.09 | 3928.20 | 5295.22
3 1154.52 | 1641.13 | 15.71 | 2811.35| 3789.70
4 690.49 | 1233.46 16.87 1940.82 | 2616.23
5 359.28 984.20 18.01 1361.49 | 1835.29
6 188.86 | 706.55 19.53 914.94 | 1233.34
7 429.21 21.86 564.31 760.69
7a 113.23 292.05 23.73 429.02 578.32
7b 199.64 26.27 339.14 457.17
8 86.20 200.57 26.07 312.83 421.70
8a ) 138.51 27.71 252.42 340.26
9 70.45 135.51 27.61 233.57 314.85

5. CONCLUSIONS

We analyzed the impact of different service rates or intensities of entrance gate,
inspection point and yard cranes on waiting times of trucks, as well as on pollution that
occurs as a result of waiting.

Based on the obtained results, we can conclude that even with a small increase in the
intensity of service at the entrance gate and the inspection point, the emission of harmful
gases from external trucks can be significantly reduced. Large investments are not
required in order to shorten the service and waiting times of trucks. Increasing the
intensity of service is also possible by changing some procedures at the entrance gate or
by implementing new technologies at the inspection point.

In this paper, we only analyzed the incoming flow of trucks/containers to the PCT. The
congestion at the PCT can as well be influenced by the trucks transporting import
containers from the PCT. Our future research will include both directions, as well as
congestion due to the flow of trucks within the PCT.
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APPENDIX A

[s=70g/kw.h,p =220 kw,v =5 km/h,a = 0m/s?, p = 1,293kg/m3, 6 = 0°,
A=4m? g =09788m?/s,C, = 0,012,Cy = 0,9, & = 0,9, = 0,45]
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Abstract: The outbreak of the COVID-19 pandemic caused major disruptions in all parts of
the supply chain. Due to the increased vulnerability at all levels of business, it is necessary to
suggest appropriate supply chain management strategies. As the pandemic is expected to
end, identifying the main obstacles to the recovery of the supply chain is necessary for its
survival and competitiveness in the market. The goal is to ensure the efficient functioning of
the supply chain in the post-COVID-19 period. This research aims to examine some specifics
of supply chain management to mitigate the consequences of disruptions caused by the
current pandemic. This paper analyzes some of the challenges in supply chain management
recovery, including how some companies have responded to disruptions during the
pandemic. Some of the supply chain models that would further contribute to improving its
sustainability after the pandemic were also discussed.

Keywords: SCM, recovery, post COVID-19 era, challenges.

1. INTRODUCTION

The global spread of the COVID-19 pandemic, which began in late 2019, has brought the
problem of supply chain (SC) resilience into the focus of much research. SC represents a
network of interdependent business entities, i.e., a set of relationships between suppliers,
manufacturers, and distributors that are organized to achieve the flow of materials,
finished products, information, and money (Ivanov, 2020). Increasing SC resilience can be
achieved by implementing appropriate management strategies. Supply Chain
Management (SCM) is the organization and coordination of goods and service flows and
encompasses all processes that transform raw materials and semi-finished products into
finished commodities (Ivanov, 2020; Sabouhi et al., 2021). It includes the rationalization
of a company's operations to meet customer requirements, gain a competitive advantage
in the market, and enable a continuous flow of all goods.

The outbreak of the pandemic significantly affected the resistance to SC. Under the
current conditions, many negative consequences have occurred in terms of finances,

*mladen.bozic@sf.bg.ac.rs
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goods delivery, customer service, production performance, and so on. Effective SCM
solutions are required to limit these consequences. The COVID-19 pandemic has caused
significant disruptions in the SCM. Moritz (2020) points out a few key characteristics of
the current crisis that set it apart from other common disorders in SC. So far, most of the
disruptions are very restricted in their impact, extending largely through one region of
the world. However, the pandemic has spread worldwide. When industrial plants were
forced to close due to the pandemic, it had a significant impact not only on the availability
of these commodities but also on the entire SCM. It also had an impact on demand as many
retailers, restaurants, and other service providers were forced to close for some time until
stricter precautions were put in place. The pandemic's length and scope are unknown,
which distinguishes it from other disruptions that have had a substantial impact on SCM
and almost all SC entities (Sabouhi et al., 2021; Moritz, 2020). In order to gain insight into
the disruptions caused by the COVID-19 pandemic, Figure 1 shows the consequences of
some of them that occurred in previous years.

e @ @

Global electronics Global computer Global
manufacturer maker automaker
Disruption Japan’s Kumamoto US-China trade war Thailand floods (2011)
earthquake (April 2016) (2018 onwards)

16% 66% 15% $1B 5%  $5B

Impad drop in drop in net drop in lost market reduction in lost sales
revenue income share price cap global output

Recovery 1year < 3 months 6 months

time ENEEEEEEEEEE umn ENEEEE

Figure 1. Characteristics of past years' disruptions (Sabouhi et al., 2021)

The earthquake that occurred in Japan in 2016 led to a drop in total revenue of 16% and
a 66% reduction in net income in electronics manufacturing. The period needed for Japan
to recover from this crisis is one year. When it comes to the crisis in the trade of computer
equipment between the US and China, there was a drop in the value of shares by 15% and
a loss of 1 billion dollars in the Chinese market. In these conditions, it took China a little
less than 3 months to overcome this crisis. The flood in Thailand caused a crisis in the
automotive industry. The consequences were: 5 billion dollars lost due to unrealized sales
and a 5% drop in car exports in the global market. In this crisis, it took the economy 6
months to recover from all the disturbances. The presented data on individual crises that
occurred earlier is aimed at showing that in the COVID-19 crisis, the consequences for the
market and SC will be significantly greater than before. As the pandemic has been going
on for 2 years, the time required for the entire global economy and the SC to completely
recover will be significantly longer than it was during the previously described
disruptions (Sabouhi et al., 2021).

In order to maintain the business continuity of companies and the competitiveness of SCs
in strict market conditions, the imposed challenges must be treated as current obstacles,
by overcoming which SCM becomes more resilient. This paper analyzes some of the
solutions implemented by certain companies to make the associated SC sustainable.
Clearly, the COVID-19 pandemic has created a new business environment. As current
challenges will be present in the post-COVID-19 era, the purpose of this paper is to point
out some of the many trends of current SCM models.

170



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

2. CHALLENGES IN COVID-19 PANDEMIC RECOVERY

Some of the numerous recent studies have highlighted actual problems for SC in
recovering from the COVID-19 pandemic, either directly or indirectly. According to
analyzed studies, the COVID-19 pandemic might have detrimental and long-term
consequences for companies and the global economy (Ivanov, 2020; Lalon, 2020;
Majumdar et al,, 2020). For a long time, it was believed that the financial crisis would
cause significant changes in the SCs' companies. This crisis will have an impact on end-
user demand for some products, such as clothing, electronics, and luxury goods (Lalon,
2020; Majumdar et al., 2020). During the recovery phase, manufacturers of these products
will experience order cancellations and delayed payments from customers. As a result, it
will take longer for these SCs to recover from the pandemic. Furthermore, because of the
severity of the crisis, companies are likely to be impacted for a long period of time. Also,
many companies may go bankrupt due to the impact of COVID-19, which will cause
difficulties in allocating resources to implement SCM recovery strategies (Majumdar et al.,
2020; Choi, 2020).

Numerous research studies on the current COVID-19 pandemic have identified the effects
and challenges that significant pandemics have on SC operations. For example, Ivanov
(2020) discusses the impact of a pandemic on demand, production, supply, and other
processes in the SCM at the same time. Given the numerous consequences of the COVID-
19 pandemic, SCM recovery models must address all of them simultaneously. The
complexity of SC activities is expected to rise as a result of careful consideration when
developing recovery solutions (Ivanov, 2020; Choi, 2020). For SC and SCM, increasing
entities’ capacity and continuous flows of materials, energy, and information are key
challenges in the post-pandemic period. Comprehensive and effective strategies need to
be introduced, as coordination and horizontal cooperation between producers at the
national level within the SC are needed. Companies are also facing threats of closure due
to temporary blockades in the countries where their key partners in the SC operate.

SC and SCM in the post-COVID-19 era characterize companies that have faced an economic
crisis, reducing production capacity, limiting institutional support and other societal
challenges in the medium or long term. Moreover, some SC partners may suspend their
activities if they are unable to absorb the loss from disruption (Lalon, 2020). This will
present many challenges in the recovery phase. For example, companies could be forced
to purchase materials at higher prices because of a shortage of suppliers. As a result, new
partnerships in the SC should be developed, which will affect the current cooperation and
partnerships (Paul et al.,, 2021).

Recovery decisions making SCM are a major challenge that has been discussed in the
literature (Ivanov, 2020; Lalon, 2020; Majumdar et al., 2020; Choi, 2020). Even though
companies have encountered several major outbreaks in the past, the current COVID-19
pandemic is far more severe than prior outages. As a result, there has been a lack of
capacity to deal with such a pandemic, which will cause delays in decision-making (Van
Der Hoek et al,, 2020). SCs are expected to have difficulty implementing quick recovery
plans and strategies because of weaknesses in infrastructure, digital technologies, and
resources. Many issues suggest that recovering from the COVID-19 pandemic will be
challenging, requiring comprehensive research into all potential problems while
respecting the economic, ecological, and social pillars of SCM (Gurbuz & Ozkan, 2020;
Leite et al,, 2020; Sharma et al., 2021).
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Table 1. SCM challenges in the post-COVID-19 period

Authors Challenges
Choi (2020) The bankruptcy of partners in SC.
Garbuz et al.(2020) Layoffs in the industry, the renewal of SC
networks, and difficulties in maintaining
relationships.
Leite et al. (2020) Lack of resources to implement a rapid

recovery plan and difficulties in
increasing production capacity.

Sharma et al. (2021) Low level of preparedness, inadequate
infrastructure, and resources.

Sharma et al. (2021) Demand disruption, implementation of
dynamic response and the latest
technologies, SCM reconfiguration, and
synchronization process.

Van Der Hoek et al.(2020) Flexibility and the possibility of the
adoption of new distribution models and
digital technologies are limited.

Table 1. summarizes many important challenges in SCM's recovery from the COVID-19
outbreak. Based on Table 1, which lists only some of the key challenges, it is concluded
that their list is not complete. The possibilities of company bankruptcy, lack of resources
and disruptions in demand, as well as layoffs, clearly indicate that the current conditions
will maintain the status quo and cause other challenges that must be effectively addressed
in order to succeed and sustain the sustainability of SCM.

3.SCM - EXAMPLES OF GOOD PRACTICE AT THE TIME OF COVID-19

The efficiency of SCM plays a key role in improving the financial performance of
companies, which is directly related to meeting customer requirements through the
delivery of products and services. It is also a crucial factor in lowering procurement,
transportation, and delivery costs. Costs incurred as a result of unfulfilled deliveries were
unavoidable during the pandemic. However, some companies have established
sustainable strategies to mitigate losses incurred as a result of the new business
environment. Amazon and Johnson & Johnson are just two examples that will be discussed
below (Van Der Hoek et al., 2020; Leite et al., 2020).

3.1 Flexibility in Amazon delivery

Amazon is an American multinational technology company based in Seattle, Washington
that has a focus on e-commerce, cloud computing, and artificial intelligence, as well as
other Industry 4.0 solutions. Specifically, Amazon is the largest electronic marketplace
and cloud computing platform in the world, measured by revenue and market
capitalization. This major world trade network faced incredible obstacles in early 2020,
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partly due to growing global demand and partly as a result of quarantine due to the
COVID-19 pandemic. Despite many challenges in a short period of time, Amazon's SCM
has been successful in solving a number of problems at all levels of customer service. At
the moment when the countries were locked down, i.e., the borders were closed, the
transport stopped and many deliveries were not delivered on time (Ivanov, 2021).
Amazon then showed its strongest link, and that is flexibility. At that moment, their SCM
had to adapt to the new situation to find a way to fulfill their goal, which was to satisfy the
end-user. Amazon's SCM has taken over the cost of delayed delivery. The company has
made changes to its business model to prioritize the storage and delivery of all deliveries
that were delayed during the pandemic, including those related to the delivery of medical
care and household necessities, as well as basic foodstuffs. Adjustment measures have
enabled the distribution of goods, allowing Amazon to meet its primary goal of meeting
customer requirements (Ivanov, 2020; Ivanov, 2021). Another strategy used by the
corporation to avoid supply delays during the pandemic was to go entirely online. During
the current pandemic, Amazon also opened plants dedicated solely to internet commerce.
As a result, the company was able to increase its delivery capacity. By modifying its
business model, Amazon nearly doubled the capacity of its grocery delivery service from
March to September 2020, resulting in increased profits (Figure 2).

Amazon's financial performance in 2020
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Figure 2. Amazon's sales and profits grow in 2020 (Ivanov, 2021)

Furthermore, to protect employees and customers, health and safety measures against
the COVID-19 pandemic have been developed at their physical collection sites. To adapt
to current conditions, many stores have also adopted a new manner of working. For
example, during certain parts of the day, they provided services to the elderly and users
with special needs, as well as high-risk groups (Ivanov, 2021). These conditions affected
the increase in Amazon sales that continued in 2021, as shown in Figure 3.

Amazon's financial performanse 2020-2021

150
Net Sales

100

o Growth in sales 2020/2021
2020 m2021

billion $

w
o

Figure 3. Amazon's growth in sales for 2020-2021 (Ivanov, 2021)
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Based on Figure 3, it was observed that there was an increase in sales volume of 6.5% to
more than 8% in the first and second quarters, respectively. This increase was about 9.5%
higher in the third quarter of 2021, which indicates the effectiveness of Amazon's SCM in
post-COVID-19 conditions. Furthermore, accepting costs for delivery delays at the start of
the pandemic resulted in a revenue boost during the COVID-19 pandemic (Ivanov, 2021).

3.2  Flexibility in supply - Johnson & Johnson

Johnson & Johnson is a leading international company engaged in the production of drugs,
medical devices, and related products. As a result of its response to the COVID-19
pandemic, Johnson & Johnson has provided SCM sustainability. This SC has been
disrupted due to demand for a quick response from its SC in the past, giving SCM valuable
expertise in circumstances like pandemics (Ivanov, 2021).

Thanks to the activities of Jonson & Jonson, the increase in demand for its paracetamol-
based painkiller has doubled, and Tylenol. Although there was a temporary scarcity of this
medicine, the SC worked promptly to increase product supply, allowing manufacturing
and other sectors to expand their capacity. Following the pandemic's spread in Italy, SCM
responded to many challenges related to customer satisfaction. Besides, Johnson &
Johnson modeled possible scenarios based on actual data on the number of employees
and regular production volume to protect itself from production delays due to staffing
issues.

Based on the outcomes of applied quantitative models, company management was able
to estimate the impact of disruption and identify potential SCM areas for modification.
The company was able to use risk simulation technologies to determine the appropriate
quantity of raw material orders and avoid the implications of ordering greater or smaller
quantities (Ivanov, 2020; Ivanov, 2021).

Visibility of the situation of inventory in the SC is always critical for the supplier of crucial
drugs, especially during the pandemic. To track common order patterns and discover
major discrepancies, Johnson & Johnson deployed digital technologies and advanced
algorithms. As a result, the deliveries had track and trace sensors attached, which could
also measure the temperature and product quality (Lalon, 2020; Majumdar et al., 2020).
This continual visibility into the whereabouts of the package also aided the company in
coordinating delivery, particularly during the pandemic when numerous bans and
limitations were in effect. For example, smart glasses technology enables employees to
see and access information through the glasses of another person on the spot and also
extract data (Majumdar et al., 2020; Paul et al,, 2021; Van Der Hoek et al,, 2020).

Thanks to those and similar technologies, the company can continue functioning without
interruption. Some of the company's product lines are also included in other locations
around the world. The company also produced hand sanitizers for its staff as well as for
the health centers in these facilities (Ivanov, 2021).

Of the many performances, Jonson & Jonson and Amazon focus more than half of their
efforts on flexibility, inventory, and customer service. Customer requirements cannot be
met unless products are available in warehouses. In addition, when the SCM is not flexible,
it cannot respond to user requests. Due to the high level of internal flexibility, Amazon and
Jonson & Jonson were able to provide a sustainable SCM to meet stochastic user
requirements. In that way, these companies have also become more resilient, especially
in terms of the conditions of the current pandemic (Sabouhi et al., 2021; Ivanov, 2021).
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4. SCM SPECIFICS AFTER COVID-19 CONDITIONS

Before the COVID-19 crisis, trade tensions rose due to rising import duties between
Washington and Beijing (Remko, 2020). Rising costs and the emergence of other financial
barriers bring with them many challenges for SC. The main goals of almost every SCM are
to minimize delivery time and provide service at the lowest price. However, political
developments and now the global pandemic have revealed the weakness of the current
production models. The hidden costs related to dependence on a single source and the
lack of flexibility in adapting to real-time disturbances has come to the fore. As a result,
the change that has already begun in the SCM towards greater flexibility will be
significantly accelerated. In the coming years, a reconfiguration of the SCM is predicted
based on three dimensions, discussed below (Buatois & Cordon, 2020; Remko, 2020).

4.1 From globalization to regionalization

The regionalization of logistics hubs is one of the goals of flexible and sustainable SCM in
post-COVID-19 conditions. The problem is that China is almost the only source of material
supply, which was a condition for increasing the costs of all new SCs. The difference in
labor costs between Asia and Europe, which used to be a great attraction for companies,
has narrowed significantly in recent years. However, China's developed network of
suppliers continues to attract global interest from many companies (Ivanov, 2020;
Remko, 2020).

The world's major electronic equipment manufacturers procure about 40% of their parts
from China (Remko, 2020). Returning to regional SCs is a major challenge in terms of
procuring the necessary parts. Given the incredibly large number of required parts of
electronic equipment, each of them needs different delivery time. However, this challenge
might be worth accepting in the world after COVID-19. An example that justifies the
transition from a global to a regional SC is the high share of global procurement in the
pharmaceutical industry in Europe. During the pandemic, Europe imported 80% of the
active components of drugs from China and India. In the future, more precisely in the post-
COVID-19 era, it is quite expected that European governments will ensure that these
supplies can be drawn from their region. This would lead to a meaningful shift to regional
sources of supply (Buatois & Cordon, 2020).

4.2 Supply chain as a new protagonist

Due to the economic crisis of 2008, the balance sheets of financial institutions around the
world were analyzed from the aspect of their readiness for recession. Companies have
been obliged to assess their cybersecurity systems after a series of big cyber-attacks over
the last 10 years. SC resistance evaluation will become the new standard across the globe
following COVID-19. In the post-COVID-19 period, the current global business model,
which is optimized for low costs, will not be used. New business situations necessitate
new optimization priorities. SCM activities have taken the lead in all aspects of the
company's operations (Remko, 2020).

Due to the consistency of production volume, SC has traditionally been able to provide a
high level of customer service while reducing delivery costs and maintaining acceptable
quality. SC, SCM, and production facilities provide limited flexibility in volume. As a result,
production changes have a notable impact on the entire SC. As expected, the largest
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suppliers and logistics operators must have such a SCM that will ensure the smooth
implementation of all activities in the service of customers in disaster conditions such as
fires, floods, tsunamis, pandemics, strikes, civil unrest, etc. (Buatois & Cordon, 2020).

4.3 Human resources

The human factor is back in focus again and it will be a critical pillar in rebalancing the
global SC during and after this crisis. Statistical models are rendered ineffective by
significant and unexpected changes in production volume. They categorize events like the
pandemic as "unusual" and, therefore, exclude them from being generators of valuable
information. Although visibility is required for SC entities to make choices, the majority
of decisions must be made manually. In conclusion, the human factor is critical. The
"autonomy"” idea (automation with personal interaction) pioneered by Toyota has proven
to be the most adaptive. This comprises automation of around 80-90% of the system
while allowing 10-20% of human experience to improve system performance (Ivanov,
2020; Remko, 2020).

As the world's unemployment rate raises, the health and agricultural industries, as well
as grocery stores and other key areas of "core business," are facing labor shortages.
Amazon has announced 100,000 new positions in manufacturing centers, many of them
in China. The return of quarantined employees to manufacturing plants and factories has
brought relief to the West. Similarly, despite the positive impact of artificial intelligence
on efficient e-commerce, the "last mile" of delivery from the distribution center to the
doorstep still requires a human driver or drone operator. Working should be controlled
as a fundamental mode of adjustment that is integral to the crisis response strategy. For
example, to accommodate the demand for N95 masks, new manufacturing facilities are
required. A larger workforce is required to start a new production line or modify an
existing one. COVID-19 has exposed the flaws in the global manufacturing system,
demanding a revision of the SC to respond to market demands. Post-COVID-19 goals of
companies would make SC regional, change the existing SCM as a significant driver of
business and strengthen the social pillar of sustainable SCM so that employees will be the
key to its competitiveness (Sharma et al., 2021).

5. CONCLUSION

The COVID-19 pandemic has caused disruptions at all levels of business and society.
Based on the conclusions of the paper, the great complexity of the functioning of the SCM
in the conditions of a pandemic can be noticed. In addition, it can be concluded that the
consequences and time required for the recovery of SC and SCM will be significantly
longer than the interruptions that occurred in previous years (such as earthquakes in
Japan, floods in Thailand, etc.). As the pandemic made new business conditions,
companies had to find a way to adapt to the new situation. Examples are Amazon and
Johnson & Johnson. The mentioned companies managed to adapt their businesses to the
conditions of the pandemic thanks to their flexibility, which was discussed in the paper.
To meet customer requirements, Amazon had to bear the cost of delayed deliveries. It
should be noted that the COVID-19 pandemic significantly affected changes in consumer
behavior and global economic conditions.

Continuous monitoring of trends in ordering enables the identification of potential
generators of distortions in customer requirements. Therefore, Johnson & Johnson
applied digital technology and sophisticated algorithms to make the delivery location
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transparent to all entities in the SC. In this way, the company provided conditions for the
coordination of participants in the delivery of goods, especially during the pandemic.

The paper analyzed some typical potential obstacles and challenges in the recovery of
SCM from the current crisis. The literature review identified the main obstacles, namely
the bankruptcy of SC partners, inadequate infrastructure and resources, a lack of
resources to implement a short-term recovery plan, and a low level of readiness for digital
technology implementations. Future SCM trends are mainly driven by the return of SC
from the global level to the regional level and the return of employers to the main role in
the management of all processes. These are the only basic conclusions that this research
provided as directions for future research. It should be noted that the real picture will
only be clearer when the pandemic is completely over. The conclusion is that the approach
to SCM will be completely different than before the pandemic. It is ungrateful to predict
how long it will take for the SC to fully recover, which will result in significant changes at
all levels of the SCM.
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Abstract: Uncertainties, vulnerabilities, breaks, supply and delivery problems, etc., are some
of the characteristics of today's supply chains. Appropriate management, with special
emphasis on risk, is required for the success of the supply chain. Risk management is a
particular segment of supply chain management that aims to reduce vulnerability and
increase the resilience of all its entities. The COVID-19 pandemic has significantly
contributed to an increase in the number, types, and volume of risks in supply chains. To
ensure the sustainable functioning of the supply chain, it is necessary to formulate
appropriate risk management strategies in the current pandemic. This paper aims to
identify and recapitulate some of the key risks in the pandemic and to suggest ways to
manage them to increase the resilience of all entities in the supply chain. Special attention
is paid to the analysis of these risks to mitigate the consequences of their outbreak.

Keywords: COVID-19 pandemic, SCRM, breaks, vulnerable, risks.

1. INTRODUCTION

Stochastic requirements of users and markets, the establishment of strategic partnerships
between providers of logistics and other activities, economic, energy, and information
transactions, and shorter product life are just some of the causes of the company's
exposure to supply chain risks (SCR). These risks can be the result of man-made
disruptions or natural disasters and can have major consequences for the company.
Lately, within the SCR literature, supply chain risk management (SCRM) has become a key
area of interest. SCRM aims to develop a strategy for identifying, assessing, treating, and
monitoring SCR. Risk management can be defined as a complex function that aims to
identify, assess, and manage them in such a way that the risks related to their realization
are minimal. As time goes on, SCRM practice is based on reducing the vulnerability of SC
and mitigating the impact of the disorder (Wijaya, 2021; Ivanov, 2018).

The emergence of risks due to the COVID-19 pandemic affects companies and government
institutions that are equally responsible for resolving disruptions. It is undeniable that
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strict societal constraints in dealing with the transmission of COVID-19 significantly affect
consumer behavior and purchasing power. As a result, a significant number of companies
have difficulty due to reduced traffic, which is associated with lower customer demand.
Similarly, COVID-19 has caused significant uncertainty in the realization of financial
activities in tourism, travel, catering, supply chains, consumption, production, etc.
Furthermore, the COVID-19 crisis has had an impact on all product prices, including fossil
fuels and renewable energy sources.

Many companies have temporarily stopped functioning due to bankruptcy and a lack of
capital flexibility to face uncertainty during the pandemic. During the COVID-19 crisis,
consumers behaved in a similar way as during historical crises, such as the 2002-04 SARS
outbreak, the 2011 Christchurch earthquake, and Hurricane Irma 2017. COVID-19
significantly affects changes in user behavior, affecting global economic conditions too.
This results in significant economic downturns, company and industry failures, as well as
increased unemployment and flooding, especially in undeveloped economies (Wijaya,
2021).

In a competitive market environment, effective SCRM is a critical issue for a company's
growth and survival. Therefore, the primary goal is to consider the possibilities for SCRM
recovery in context, defining necessary measures and recommendations for overcoming
the negative effects caused by the pandemic. After identifying the risk, it is desirable to
consider and define a strategy that will best manage the disturbances and build greater
resilience for the entire SC. Various SCRM methods and strategies can be used to increase
SC resilience, as can modern tools, methods, and modern technologies (e.g., Blockchain,
Big Data, Digital Twin) (Wijaya, 2021; Ivanov, 2018).

The concept of SCRM and the impact of the COVID-19 pandemic will be explained at the
start of the paper. The importance of risks for SCs, their classification, and some common
issues within SCRM will also be discussed. The risks to which SCs were vulnerable during
the pandemic are detailed below, with a focus on risks related to supply and demand and
coordination of activities in customer service. The processes of implementing these
procedures and techniques, including future research directions in the context of risk
management strategies, will be analyzed due to the complexity of SCRM.

2. SUPPLY CHAIN RISK MANAGEMENT

An SCR is an activity that can disturb the flow of information, materials, or finished
products from producers to consumers. In essence, there are several dimensions to risk.
According to some researchers, risks in SC can be categorized as operational risks and
risks of disruption (Ivanov, 2018). Operational risks relate to common disruptions in SC
activities, such as delivery times and fluctuations in demand. Risks of disruption mainly
relate to road phenomena that have a major impact on companies (Hosseini et al., 2019).
Pandemics are a special type of risk in SC since they are long-term, unpredictable, and
have a wide distribution (Ivanov, 2020). Disturbances caused by pandemics can endanger
the resilience of the SC and affect its recovery. SC recovery is essential for SCRM and the
sustainability of SC (Son etal., 2013). Sustainability refers to "the ability of an SC to sustain
and survive in a changing environment for the company."

Some of the current studies indicate that SCRM is becoming an increasingly important
topic in research. Also, SCRM is a concept that encompasses all strategies, benchmarks,
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knowledge, processes, and technologies that can be used at both operational and strategic
levels to minimize SCR. A review of the literature on this topic concludes that the authors
most often apply proactive and reactive measurements for effective SCRM. Proactive
measurements are used to reduce the likelihood of risky events occurring (Chen et al,
2015; Chowdhury et al,, 2019). Reactive are established to reduce the impact of risks and
ensure a rapid recovery of SC. Reactive measurements can be used to respond to
disturbances caused by disease outbreaks, earthquakes, and terrorist attacks because
their occurrence is unpredictable and beyond the control of business entities (Ali et al.,
2019).

Sourcing/supply

Manufacturing
flexibility

Figure 1. Implementation of proactive and reactive policies (Chen et al., 2015)

As indicated in figure 1, the implementation of proactive and reactive measurements has
a direct impact on the flexibility of the entire SC. Their application is inextricably linked
to operational flexibility. Through the operational level, further connection extends to the
flexibility of the distribution process, i.e., product delivery. Flexibility at this level was
critical in the SC during the pandemic. As significant limits were imposed by the crisis,
distribution had a significant effect on meeting customer demands (Chowdhury et al.,
2019; Ali et al,, 2019).

The results of some previous research indicate that 80% of companies within two years
of the interruption failed to formulate and implement recovery strategies due to SC
disruptions during the pandemic. Based on analyzed statistics, the incidence of such major
disorders in SC has increased in recent years. The development of strategies for the
recovery from major pandemics has become a key factor for the long-term survival of SC.
The available literature on major epidemics mainly addresses SC issues of providing
humanitarian assistance in the event of outbreaks of such disturbances or other natural
disasters. There is a lack of studies on how traditional SCs can recover from natural
disasters. Most studies to date have focused on the development of a recovery model after
an SC break. These recovery models focus on supply, production, demand, and
transportation disruptions. Although the development of a recovery model is necessary,
identifying potential challenges in recovering from a breakup is vital to properly planning
to overcome the pandemic challenges (Huber et al., 2019; Li & Zobel, 2020).

Companies face many challenges in formulating SC recovery strategies. Resource limits
are one of the challenges, especially for small and medium-sized companies. Efficient
allocation of scarce resources is essential as companies struggle to decide on investment
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priorities for rapid recovery. Major disturbances in SC also affect broader socio-economic
factors and the purchasing power of consumers (Huber et al.,, 2019). As a result of SC
disruptions, companies have challenges at various levels of their operations, pointing to
the prominence of the bullwhip effect. The bullwhip effect further reduces SC resilience
and the ability to design and implement a recovery strategy (Li & Zobel, 2020). Recovery
from disruption requires the formulation of flexible recovery strategies that take into
account different scenarios and challenges (Wang & Yu, 2020). Flexibility is necessary
because the effects of the pandemic-induced disorders on SC will vary. Therefore,
different combinations of recovery strategies need to be considered, which is a common
challenge for many companies. Recovery strategies to return to normal or better
operational conditions after catastrophic events are vital for the rapid recovery and
survival of SC. The conclusion is that the goal of the SCRM process is to limit the effects of
SC disturbances that interfere with the continuity of material and information flows
within the SC.

3. RISKS IN SC DURING THE COVID-19 CRISIS

Natural disasters, such as the COVID-19 pandemic, represent a special case of SCR in
terms of duration (long-term), high uncertainty of consequences, and effects of spread.
Disorders of SC caused by pandemics can threaten the resilience and reliability of SC, as
shown in several studies (research by Kumar & Chandra (2010) on the impact of bird flu
on US companies). The outbreak of the COVID-19 pandemic has affected the operations of
global SCs by causing disruptions. The effects of the COVID-19 disruption have affected
the global economy and temporarily stopped many industries. Statistics show that more
than 94% of the largest companies have been negatively affected by this pandemic.
Additionally, COVID-19 directly causes supply and demand disruptions at the global and
local levels (Ivanov, 2020; Chowdhury et al,, 2019). The field of SCRM is very broad and
the need to control the negative impacts that inevitably occur is great. Therefore, the
authors gave several definitions and categorizations of disorders that lead to adverse
events. According to some studies, there are three main types of SCRs (Ivanov, 2020; Chen
etal, 2015; Kumar & Chandra, 2010):

1. Internal company risks: control risk and process risk

2. Company external risks or internal SCR: supply risk and demand risk

3. External SCR: risk to the environment

The following is a brief description of control, supply, and demand risks (Figure 2). Special
attention is paid to these risks because the pandemic has drastically affected their nature.
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Figure 2. Types of SCR (Ivanov, 2020)

In the context of the pandemic business, the following is a short summary of control,
supply, and demand risks. COVID-19 conditions have had a significant impact on the
nature of these disturbances, so increased attention is being paid to them.

3.1 Supplyrisk

Supply risk includes all disturbances that occur between producers and suppliers. More
precisely, this is related to the risk of delivery of raw materials of poor quality, at the
wrong time, in the wrong quantity, etc. The consequences, such as delays in the
production or delivery of finished products of poor quality, can lead to huge costs for the
company during a pandemic. One of them was goods delivery stopped at the border due
to the closure of countries in order to prevent the spread of the pandemic (Ali et al., 2019;
Remko, 2020; E1 Baz & Ruel, 2021).

SC entities reported several different forms of supply disruptions and extended delivery
times. Due to the stopped production in factories, the delivery time for certain products
has been extended from day to week and from week to month. The company could have
lasted during that period if there had been inventory, but there were major disruptions
after that, resulting in the companies' inability to meet demand. Supply disruptions have
occurred primarily due to the closure of some countries due to the pandemic. This
prevented the uninterrupted supply of raw materials, semi-finished products, and
finished products (Wijaya, 2021; Hosseini et al., 2019; Remko, 2020; Ivanov, 2021).

The effects of supply disruptions have led to delays in delivery when delivery requests
increase again, i.e., return to the old level before the pandemic. This will have long-term
consequences for the SC because the companies will need some time to return to
"normal", i.e., to recover from the impact of the pandemic. The following discussion
supports this. The factories resumed operations in China in 2020, but it took some time
for them to reach full productivity again. The reason for this was partly because their
supply sources were also exposed to disturbances, and they had to start working before
the production volume increased. The implication of this is that, without changes in the
design of the SC, supply disruptions due to COVID-19 will have long-term consequences
after closure and quarantine if deals are done as they were before the pandemic (Remko,
2020).
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In the period of the pandemic, there was a certain bottleneck in the implementation of
logistics activities. Some deliveries can be transported by air, but this generates high costs.
Reopening the plant will result in a high demand for transport capacity. The conclusion is
that SC was not able to respond to supply disruptions. The insufficient applicability of the
existing SC strategies for responding to emergencies caused by the COVID-19 pandemic
must also be mentioned (Li & Zobel, 2020; Remko, 2020).

3.2 Demand risk

Demand risks are related to any type of disturbance in the flow of goods, information, or
money. This risk often causes a discrepancy between the production plan and actual
demand and occurs when demand significantly exceeds supply, or the other way around
(Diabat, 2012).

According to SC management involved in reporting on the demand situation, there is an
increase in demand for certain products, while others are facing a rapid decline. While
demand for food, beverages, and necessities increased by 50% in 2020, demand for
clothing decreased by 20%. Also, demand in the automotive industry has decreased
significantly. The reason for that is the closure of factories at the beginning of the
pandemic and the loss of jobs of many employees (Wang & Yu, 2020; Remko, 2020).

For example, in March 2020, there was a significant increase in demand for transportation
services. Fear of people due to the outbreak of the pandemic relates to the need to order
all the necessities on time. Some changes in demand are causing changes in ways and
delivery methods, and they are stimulating a greater focus on digitization and visibility.
The pandemic has led to a huge shift towards digital delivery, e-commerce, and online
shopping services. Because they have invested a lot of money and energy in building e-
businesses to survive during the epidemic, many corporations expect to keep their online
enterprises even after the pandemic is over (Son et al,, 2013; Wang & Yu, 2020; Remko,
2020).

3.3  Control risk

This risk category consists of the external risks to SC, which refers to all disturbances in
the environment. These negative events can be the cause of economic, socio-political, or
market changes and can both directly and indirectly affect the company. This type of event
is very difficult to predict and control because it takes place in the very environment of
the company, over which it has no influence. It is very important to emphasize that all
these disorders are interconnected, and most often the occurrence of one risk causes
another, which complicates the problem of SCRM even more (Son et al., 2013; Chowdhury
etal,, 2019, Lai et al., 2009).

The COVID-19 pandemic had a special impact on this segment, primarily during the
introduction of various measures to prevent the spread of the infection. The measures
that have contributed to the development of these risks are the ban on crossing borders,
i.e,, the locking of countries. This led to delays and non-realization of deliveries, which
generated large costs for companies. It has also caused a large drop in good demand and
declining revenues (Ali et al., 2019; Remko, 2020).
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4.SUPPLY CHAIN RISK MANAGEMENT - SIGNIFICANCE IN COVID 19

Different industry trends, such as pronounced outsourcing, supply base reduction, just-
in-time delivery, and shorter product life cycles, increased SCR exposure. The causes of
riskin SC are different, and some of the key ones are related to human factors, information
technology, natural disasters, etc. Within the available SC literature, SCRM has become a
key area of interest (Fan & Stevenson, 2018). SCRM is a relatively complex process, as it
involves understanding the risks and applying appropriate methods to reduce the
consequences of their realization. In addition, it should be borne in mind that the
consequences of risk can be intangible (reputation, credibility, authority). The risks in one
part of the SC affect all its entities, which further complicates the SCRM process. Although
much analysis has been done on SCRM, there are still areas that need further study (Fan
& Stevenson, 2018; Remko, 2020).

Risk management in the SC has become particularly significant in the COVID-19 pandemic
era. Due to the global disruption, SC has become significantly more vulnerable and
sensitive at all levels. SCRM has never appeared more important than it is today when
global SC has been heavily punched by the COVID-19 pandemic. One of the key questions
is (Yang et al,, 2021)?

According to El-Baz &Ruel (2021) and Ivanov (2021), the resource-based view and
organizational information processing theory have a high impact on mitigating the role of
SCRM practices during and after the COVID-19 pandemic. SCRM aims to reduce SC
vulnerabilities. Previous SCRM studies have discussed various risk management
strategies. Some of them include strategies for risk management within the company
(investing in inventories, increasing flexibility, risk management culture), supplier
management (supplier sustainability, flexible sources, alternative suppliers), and demand
management (dynamic pricing, multiple modes of transport), etc. (Yang et al., 2021; El
Baz & Ruel, 2021).

There are generally three steps in SCRM: identification, analysis, and treatment, i.e., risk
response. Risk identification is the result of forming a list of all risks or only key ones. In
this step, various qualitative and/or quantitative methods are used, and some of them are
the checklist, interviews and group meetings, the Delphi method, what-if analysis, the
Ishikawa diagram, etc. Risk analysis is performed from the aspect of impact on SC project
management, i.e., analysis of the magnitude of consequences if the risk event is realized.
Since the risk response is directly related to the type and magnitude of risk consequences,
different risk treatments are present in SCRM. Five basic risk treatments stand out in the
literature: acceptance, sharing, risk avoidance, transfer, and mitigation (Ivanov, 2020;
Diabatetal, 2012).

4.1 Risk acceptance

Many companies agree to do business with risks. This does not mean that risks should be
ignored. There are also clear principles on which risks a company should accept. A
company should continue to monitor risks to ensure that accepted consequences do not
escalate. If the consequences of a risk exceed a certain threshold, companies should
consider how to avoid, transfer, share, or mitigate the risk. In the context of the post-
COVID-19 pandemic, risk acceptance cannot be avoided. Each entity in the SC is faced with
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the fact that it is exposed to certain risks, so it undertakes certain activities in advance to
limit the consequences (Son et al., 2013; Chen et al,, 2015; Diabat et al., 2012).

4.2 Risk sharing

Risk sharing involves entities sharing some or all of the risks. It is known that the risk of
one entity in the SC affects all others. Therefore, risk-sharing means sharing the
consequences. Risk-sharing seems appropriate for dealing with risks that have a low
probability and high impact to reduce the associated costs and increase customer service
levels. In the context of a post-COVID-19 pandemic, the risks are shared to ensure fast and
efficient customer service, but also to ensure continuous functioning in the SC (Diabat et
al,, 2012; Lai et al,, 2009).

4.3 Risk avoidance

Risk avoidance is the attempt to eliminate the types of events that could result in a risk. If
supply is unreliable, the company could discontinue flows of specific products, suppliers'
activities, or the functioning of a geographic market if supply is unreliable, thus
eliminating the root cause of the risk. In post-COVID-19 conditions, risk avoidance can
mean removing a company from volatile markets. However, as the new conditions
indicate that all entities in the SC are exposed to risk, avoiding the risk may also mean a
break in the SC, which may result in the temporary closure of some companies (Diabat et
al,, 2012; Lai et al,, 2009).

4.4 Risk transfer

Risk transfer implies that all responsibility is on “the other side”. The risk is transferred
to the more resilient entity so that the consequences are fewer, which has a positive
impact on the entire SC. In the context of the current pandemic, there are no clear
guidelines for transferring risk. In this case, if the risk cannot be avoided, then it is
transferred to the strongest link in the SC, i.e,, to the entity that is currently most resistant
to risk (Ivanov, 2020; Son et al,, 2013; Lai et al., 2009).

4.5 Risk mitigation

Risk mitigation means taking all measures and actions to limit and/or possibly eliminate
the consequences. It applies both to the reduction of the probability of a risk event and its
consequences. Companies in the SC should consider sharing, accepting risk avoidance,
and selecting appropriate risk mitigation strategies. The choice of a risk reduction
strategy also depends on the type of risk and the company's budget. As risks are often
interrelated, mitigating one risk can worsen or mitigate the others. In post-COVID-19
conditions, any risk-mitigating response is acceptable, provided that it does not endanger
other entities and activities in the SC, especially not customer service (Chowdhury et al.,
2019; Alietal., 2019; Lai et al.,, 2009).
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5. CONCLUSION

Supply chain risk management is a complex process because SCs generally function
globally. Production may be in one nation, but product consumption may be in another,
including reverse logistical flows that come from developed economies. In the SCRM, the
pandemic has prompted new methods. Some initiatives to inhibit the virus's transmission
have resulted in the identification of disasters or disturbances connected with the
placement and use of specific goods. Changes in user behavior have been strongly
influenced by current circumstances. Consumer behavior and purchasing power have
been significantly influenced by measures adopted to curb COVID-19 transmission. As a
result, businesses have struggled due to lower turnover as a result of lower customer
demand. Furthermore, the COVID-19 challenges have an impact on all product prices,
with a focus on fossil fuels as a promising future propulsion (Hosseini et al., 2019; Li &
Zobel, 2020).

Due to the increasing importance of outbreak risks to the entire SC in COVID-19
conditions, this paper discussed commonly utilized proactive and reactive strategies that
are utilized in practice that aim to limit the consequences of their realization. These
techniques have a direct impact on increasing SC flexibility, which was a significant trump
card for SC during the pandemic. It is important to note that there is still a scarcity of
research on SCR. Previous research on SCR has been focused on the study of SC food,
medication, and consumer items. It was concluded that there is a paucity of risk analysis
and the design of treatment strategies in SC related to the COVID-19 impact on customer
satisfaction. Only a small portion of the SCRM issues in pandemic situations were
examined in this paper. The paper highlights some of the SCRM techniques, such as risk
acceptance, sharing, risk avoidance, and mitigation, due to the complexity and longevity
of SCRM. The study analyzes important risks faced by companies during the pandemic,
such as supply and demand and control concerns. The above-mentioned pandemic risks
can negatively impact the SC's resilience and hinder its recovery. SC recovery is necessary
for SCRM and SC's long-term viability, so future research in this area will only become
more attractive.

REFERENCES

[1] Al S. M,, Moktadir, M. A,, Kabir, G., Chakma, J., Rumi, M. ]. U., & Islam, M. T. (2019).
Framework for evaluating risks in the food supply chain: Implications in food
wastage reduction. Journal of cleaner production, 228, 786-800.

[2] Chen,], Zhao, X., & Shen, Z.]. (2015). Risk mitigation benefits from backup suppliers
in the presence of the horizontal fairness concern. Decision Sciences, 46(4), 663-696.

[3] Chowdhury, P, Lau, K. H,, & Pittayachawan, S. (2019). Operational supply risk
mitigation of SME and its impact on operational performance: a social capital
perspective. International Journal of Operations & Production Management.

[4] Diabat, A, Govindan, K. & Panicker, V.V. (2012). Supply chain risk management and
its mitigation in the food industry. International Journal of Production Research, Vol.
50 No. 11, pp. 3039-3050

[5] ElBaz]., &Ruel, S. (2021). Can supply chain risk management practices mitigate the
disruption impacts on supply chains’ resilience and robustness? Evidence from an
empirical survey in a COVID-19 outbreak era. International Journal of Production
Economics, 233, 107972.

187



[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

Fan, Y., & Stevenson, M. (2018). A review of supply chain risk management:
definition, theory, and research agenda.International Journal of Physical
Distribution & Logistics Management.

Hosseini, S., Ivanov, D., & Dolgui, A. (2019). Review of quantitative methods for
supply chain resilience analysis. Transportation Research Part E: Logistics and
Transportation Review, 125, 285-307.

Huber, C, Finellj, L., & Stevens, W. (2018). The economic and social burden of the
2014 Ebola outbreak in West Africa. The Journal of infectious
diseases, 218(Supplement_5), S698-S704.

Ivanov, D. (2018). Structural dynamics and resilience in supply chain risk
management (Vol. 265). Berlin, Germany: Springer International Publishing.
Ivanov, D. (2020). Predicting the impacts of epidemic outbreaks on global supply
chains: A simulation-based analysis on the coronavirus outbreak (COVID-19/SARS-
CoV-2) case. Transportation Research Part E: Logistics and Transportation
Review, 136, 101922.

Ivanov, D. (2021). Supply chain viability and the COVID-19 pandemic: A conceptual
and formal generalization of four major adaptation strategies. International Journal
of Production Research, 59(12), 3535-3552.

Kumar, S., & Chandra, C. (2010). Supply chain disruption by avian flu pandemic for
US companies: a case study. Transportation Journal, 49(4), 61-73.

Lai, G.M,, Debo, L.G. & Sycara, K. (2009). Sharing inventory risk in the supply chain:
the implication of financial constraint. Omega: The International Journal of
Management Science, Vol. 37 No. 4, pp. 811-825.

Li, Y, & Zobel, C. W. (2020). Exploring supply chain network resilience in the
presence of the ripple effect. International Journal of Production Economics, 228,
107693.

Remko, V. H. (2020). Research opportunities for a more resilient post-COVID-19
supply chain-closing the gap between research findings and industry
practice. International Journal of Operations & Production Management, 40(4), 341-
355.

Son, J. Y, & Orchard, R. K. (2013). Effectiveness of policies for mitigating supply
disruptions. International Journal of Physical Distribution & Logistics Management.
Wang, Y., & Yu, Y. (2020). Flexible strategies under supply disruption: the interplay
between contingent sourcing and responsive pricing. International Journal of
Production Research, 58(16), 4829-4850.

Wijaya, O. Y. A. (2021). Risk Management Mitigation in the New Normal
Era. Budapest International Research and Critics Institute-Journal (BIRCI-Journal)
Vol, 4(1), 1088-1097.

Yang, J., Xie, H,, Yu, G., & Liu, M. (2021). Antecedents and consequences of supply
chain risk management capabilities: An investigation in the post-coronavirus
crisis. International Journal of Production Research, 59(5), 1573-1585.

188



5% Logistics International Conference
LOGIC Belgrade, Serbia
26 - 27 May 2022

LOGISTICS PROCESS OPTIMIZATION TROUGH
DIGITALIZATION USING PROCESS APPROACH

Milena Kajba 2, Borut Jereb 2

aUniversity of Maribor, Faculty of Logistics, Slovenia

Abstract: Companies must invest in quality - whether in the quality of services, products,
processes, or the way of doing business. Hence the goal that all companies should strive for:
to produce quality products or services, which enable the maximum fulfillment of customers’
needs and requirements. The ability to achieve this, however, lies in the company’s processes
optimization. With process approach, control over processes is enabled and it can be used
for their optimization. A case study of a selected boutique production company’s processes
was perpetrated. Based on existing process approach snapshot and review of current state
of operations digitalization in the company, critical analysis was carried out. For the
intention of improving business and competitiveness, we introduced an improved process
approach based on ISO 9001:2015 standard. For the purposes of this paper, we will present
the current state of one process and its proposed optimization through digitalization.

Keywords: logistics processes, process approach, operations planning, business
optimization.

1. INTRODUCTION

Optimized supply chain is very important for smooth business operations, for meeting the
requirements and exceeding expectations of the company's customers. If the company's
supply chain is managed properly, it can lower costs and accelerate production cycle.
However, in the event of inefficient supply chain management, the company may risk
losing customers or customers number reduction and consequently losing its competitive
advantage within the industry (Grimshaw, 2020).

The supply chain includes: “life cycle processes that include physical, informational,
financial and knowledge flows designed to meet the end users’ needs with the products
and services of several related suppliers” (Ayers, 2001). According to this definition, the
supply chain includes those processes that cover a wide range of activities, including the
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supply, production, transport and sale of physical products and services, whereas life
cycle refers to both the market life cycle and the life cycle of use (Ayers, 2001).

In connection with the supply chain, we must also mention logistics. There are many ways
to define logistics, as Christopher (2005) provides a definition of the logistics basic
concept: “Logistics is the process of strategically managing the procurement, movement
and storage of materials, parts, and final inventory (and related information flows)
through a company and its marketing channels in such a way that current and future
profitability is maximized through efficient order fulfillment.” Logistics is a planning
orientation and framework that seeks to create a unified plan for the flow of products and
information through business. Supply chain management is based on this framework and
seeks to link and coordinate the other stakeholders’ processes in the channel - customer
suppliers and the company itself. Thus, for example, one of the supply chain management
objectives could be to reduce or eliminate the buffer stocks that exist between companies
in the chain by exchanging information on demand and current stock levels. (Christopher,
2005)

Due to the volume of work in companies, it is very important that we try to optimize
internal processes as much as possible. Such optimization enables the company to
produce products more efficiently, which will reach customers in a timely manner at
lower costs. However, since logistics takes place everywhere, it is correct to present a few
types of logistics, that are divided into five types by field (Logistics Glossary, b. d.):

e Procurement logistics, which manages raw materials and parts flow.

e Production logistics, which manages material flow within the company.

e Sales logistics, which manages products flow from manufacturer to customer.
e Recovery logistics, which manages customers return flow and waste returns.
e Recycling logistics, which manages recyclable materials flow.

Procurement logistics refers to the movement of goods when the raw materials and parts
needed for production are supplied by suppliers. Many companies are actively involved
in production, so that in appropriate times they procure the necessary materials in only
the necessary quantities, because it is directly related to reducing the inventory costs.
(Logistics Glossary, b. d.) As seen, the procurement function is a logistic function, which is
immediately associated with supplies. In-depth studies reveal that its consequences are
well beyond just supplies, and that the procurement logistics influences the whole logistic
and supply chain. The procurement function can be defined “as the logistic function that
handles the management of materials, equipment, spares, and services which must be
received by the company, in the demanded conditions for the latter to perform its
operations in an adequate manner, with the final objective of delivering the services
required by its customers”. (Hernandez & Garcia, 2006) Successful supply chain
management and quality operations are thus essential for the competitiveness of any
company, and the first step to achieve this is the effective management of the company's
internal processes, especially procurement process.

A process can be defined as “a set of interconnected or interacting activities that convert
inputs into outputs”, with activities requiring the necessary resources allocation (ISO
9000:2008). The generic process consists of defined input requirements that amongst
other include resources and raw materials. These are interconnected through various
activities and control methods, which then provide the met output requirements or the
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process result (ISO 9000:2008). The outputs of one process are often the inputs of other
processes and are interconnected throughout the system (ISO 9001:2015). Inputs and
intended outputs can be tangible (for example: materials or components) or intangible
(for example: energy or information). As a result of the procedure, in addition to the
intentional product, unintended consequences may occur (for example: waste or
pollution). Each process has customers and other stakeholders (which can be internal or
external to the company), with needs and expectations that, based on the latter, define the
required process results. (ISO 9000:2008). Each process also has specific control and
measurement control points (CP) that are necessary for management and vary according
to the risks associated with the process (ISO 9001:2015).

The ISO 9001:2015 standard is based on seven quality management principles: customer
focus, leadership, engagement of people, process approach, improvement, evidence-
based decision making and relationship management. Based on the standard, a process
approach can be defined as “the use of the system of processes in the company, together
with the identification and interaction of these processes and their management to
achieve the desired result” (ISO 9001:2015). The process approach helps the company
plan its processes and their interaction. The ISO 9001:2015 standard encourages the
adoption of process approach in developing, implementing, and improving the
performance of the quality management system to increase customer satisfaction by
meeting customer requirements. Understanding and managing interrelated and
interconnected processes as a system contributes to the company’s success and efficiency
in achieving the intended results. The approach helps with management of the processes’
interconnections and interdependencies in the system so that the overall effects of the
company's operations can be improved.

The process approach includes systematic identification and management of processes
and their interactions, which is why one of the process approach objectives is to help plan
processes to achieve the intended results in accordance with the company's quality policy
and strategic direction. (ISO 9001:2015) The use of process approach in a quality
management system thus allows: understanding of requirements and their consistent
fulfillment, addressing processes in terms of added value, achieving successful process
implementation, and improving processes based on data and information evaluation.
Therefore, the company must establish, document, implement and maintain a quality
management system and continuously improve its efficiency in accordance with the
requirements of ISO 9001:2015. Thus, the company must (ISO 9000:2008):

e Identify the necessary processes and their use for quality management system.

e Determine the sequence and interaction of the processes.

e Determine the necessary criteria and methods to ensure the effectiveness of
operation and control of the processes.

e Ensure resources and information availability to support process management.

e Monitor, measure (where appropriate) and analyze the processes.

e Implement the necessary measures to achieve results and improve the processes.

Based on the above, each company must determine the number and type of processes
required to meet its business objectives. The number and type of processes vary from
company to company, but typical processes can still be identified as: business
management processes; resource management processes; realization processes; and
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measurement, analysis, and improvement processes (ISO 9000:2008). The procurement
can be found in two of the typical division processes: resource management processes
and measurement, analysis, and improvement processes. The first include all the
processes necessary to provide the resources needed to achieve the company's quality
objectives and set results. And the latter include measurement, monitoring, auditing,
performance analysis and improvement processes. Measurement processes are often
documented as an integral part of process, resource, and implementation management.

Within the production company, as part of the types of logistics by fields, we know various
business processes that may differ from company to company, but the basic business
processes are in principle: procurement process, stock or inventory process, production
process, sales and marketing process, the administration process and in general, and
accounting and finance process. The procurement process is a business process related to
the procurement of materials, raw materials, spare parts, goods, components, and other
needs that are the foundation of the company's business. This process requires perfection,
efficiency, and effectiveness in selecting all the listed elements. (KNIC, 2019) The process
of stock or inventory control is a business process that regulates the entry and exit of
elements such as materials, raw materials, semi-finished products, and the key is to
control the flow of these elements (KNIC, 2019). Inventories are extremely important for
enabling the continuous operation of all manufacturing companies. All companies
operating through inventories have a large financial investment in the latter (Rusjan,
1999), as material costs can represent about from 20% to 60% of total production costs
(Wilting & Hanemaaijer, 2014), thus each head of company or operations must devote a
lot of time and attention to the procurement process. The good side of inventories is that
they enable shortened products delivery times, reduction of congestion in the production
process and risks reduction related to delays in delivery and incorrect forecast of demand.
(Rusjan, 1999).

Procurement appears in various literature: as types of logistics by fields (procurement
logistics), as typical processes (resource management processes) or as business
processes within the production company (procurement process and stock or inventory
process), which only confirms the importance of procurement. In each case, the
interpretation of procurement is various and differ, but the essential components are the
same everywhere, whether it is part of a process or a type.

2. METHODOLOGY

The research began with the current state of the studied boutique manufacturing
company of plexiglass products. We divided the current state into a snapshot, which
covers all company’s’ fundamental processes; a critical analysis, which we performed
based on the snapshot and an interview with an employee. The snapshot of the current
state primarily enables obtaining an objective picture of company's operations, based on
which we get to know the actual business situation, which enables the creation of optimal
plan and structure and operations organization of the company. The snapshot thus
includes:

e Identification of critical points, their causes, and consequences.
e Obtaining basic decision-making information.
e A quick search for potential solutions that can be implemented immediately.
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e Elimination of redundant or unnecessary activities.

This paper studies only company’s fundamental processes, thus it was limited to the
internal company’s processes. Researching external company’s processes would require
the cooperation of business partners, stakeholders, and customers, which represents a
more complex acquisition and processing of data.

The snapshot is presented as flowchart, that shows the selected process execution using
the flowchart widgets, which are graphic symbols. The latter are describing: the beginning
or end; an activity, process, or sequence of activities; decision or CP; and direction of
activities or processes implementation order. With the selected charting software, a
custom legend was created to facilitate the flowcharts understanding, showing the used
symbols and their meanings. The following symbols were used:

e An ellipse, indicating the process beginning and end.

e Anarrow, indicating the entry or exit into or out of the activity or process.
e Arectangle, indicating the activity or process taking place.

e Arhombus, indicating the CP where decisions are made.

The existing procurement process flowchart is well understood and fairly simple - it
covers all important activities and clearly indicates the interaction between them, which
makes it well-designed. Critical analysis of the procurement process is presented on an
overview basis of individual activities, employee’s interviews, and cooperation with the
CEO, which has been obtained during the snapshot performance. Critical analysis
provides insight into individual internal procurement activities and reveals potential
problems and obstacles within the process. The primary purpose of critical analysis is to
determine how the procurement process can be optimized through digitalization.

An integral part of the company's existing process approach is the large number of simple
as well as complex processes within which various activities take place. Thus, the current
process approach has been divided into five fundamental processes. The first
fundamental process of studied company, that crucially underpin the company’s business,
is procurement. The latter is a basic condition for starting a manufacturing company, as it
includes activities such as inspection and inventory review, review of suppliers and
selection of suitable partners, ordering new and necessary materials, checking the
quantity and quality of supplied materials, and much more. Due to the importance of
procurement, we decided to analyze the selected company’s procurement process, which
is the foundation of any production company. The remaining fundamental processes were
demand and supply; custom product production; retail product production; product
handover and sale. In the following chapter, an overview and a diagram of current
procurement process will be presented with all its activities.

3. RESULTS AND ANALYSIS

As already mentioned, procurement is of key importance for manufacturing company’s
operation and is also the first process that begins to take place in this studied process
approach. The following sub-chapter describes the current procurement process and its
critical analysis. A renewed, improved procurement process is then presented as
proposed solution of optimized process through digitalization.
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3.1 Current procurement process and critical analysis

Figure 1 shows procurement process, which begins with an inspection of warehouse stock
of materials, which requires a blank document with a table for the materials inventory,
which was created by the CEO. An employee reviews and counts the material in stock and
writes it in the table. The completed table represents the starting point for the necessary
material orders, as it shows material shortage. The employee then hands over the
completed table to the CEO, who reviews the suppliers' offers for the necessary materials,
based on the table, and selects the appropriate one. The latter is sent the necessary
material order, for which the order confirmation by supplier is needed. The waiting
period for the ordered material delivery begins. When the supplier delivers the ordered
material, an employee must first check the purchase order issued by the CEO. It states the
material type, its quantity and price. This is followed by checking the material - whether
the material type, quantity, quality, and price are correct. It has already happened that the
supplier delivered the wrong material or that one ordered material type was not
delivered. In this case, the reviewing employee must immediately notify the CEO and
report the defect to the supplier. The material ordering activities are then repeated - if all
the material has arrived and met the criteria (material type, quantity, quality, and price),
the reviewing employee must sign the delivery note and accept the invoice from the
supplier. The invoice is then submitted to the CEO, who forwards it to the accounting
department for payment transfer. The material is then transferred to warehouse room,
where it awaits production.

From the sole beginning, it was possible to observe the long-term and redundant activity,
where employees inspect material warehouse stocks on hand. The employee needs a
warehouse inventory table, which must be completed whilst inspecting the material
stocks and upon completion delivered to the CEO. This activity is ineffective since a lot of
valuable time could be used more optimally. Overall, the company takes the procurement
process very seriously. They are aware that without good procurement they cannot
maintain a competitive position in the market, so they spend a lot of time reviewing the
supply market for plexiglass material. Although the company does business with a few
regular suppliers, they are constantly reviewing other suppliers offers. In the past, one of
the regular suppliers had higher prices of plexiglass material than the others - one might
think it was because of better material quality. After the comparison, a conclusion was
made that both suppliers have the same quality material, except that the permanent
supplier raised prices due to the higher demand caused by the COVID-19 pandemic. Thus,
the company changed one of its permanent suppliers, by which they reduced purchasing
costs and maintained the same quality.

Delivered material on request is inspected every time it is received. If damaged panels of
plexiglass material arrive, they will be rejected, and new ones are ordered immediately.
In this case, the cost of damaged material is paid by the supplier, and the delivery time of
new material is shorter since the error was made on the supplier’s side. The same
procedure occurs in the case of wrong material delivery or forgotten delivery of a specific
material type. As described, an employee must sign the delivery note upon material
receipt - if the material was not suitable, the delivery note is not signed. After material
receipt, the latter is transported to the warehouse room of the company's premises, where
the material stand is installed. The stand has sorted drawers for different plexiglass
material types, which differ in thickness and color. The company does not own a large
storage facility, which could be a big advantage.
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Figure 1. Current procurement process flowchart

3.2 Proposed solution of optimized procurement process through digitalization

An improved and optimized procurement process flowchart eliminates ineffective and
redundant activities whilst including optimized activities, which would help whit
efficiency of company’s business. The procurement process may seem more complex and
extensive, but it includes basic procedures to improve the process.

Proposed optimized procurement process is shown in Figure 2 and begins in the same
way as the current process - with an overview of material stocks. For the first activity
(inspection of materials warehouse stock), employees no longer need a document with
inventory table, as the first improvement would be the implementation of material
recording by a computer system. The procedure would take place when the material is
taken directly from the warehouse and / or by issuing an invoice to the customer. As part
of this improvement, the implementation of a computerized invoicing system is
suggested, which would record the amount of plexiglass material used for a product. The
amount of produced waste material would also be recorded in the program - this would
not be visible on the customer's invoice. Currently, the company is issuing delivers notes
upon products receipt by customers. Such recording would update the material stocks
quantity on an ongoing basis, which eliminates the need to manually review materials
stock, enables real-time data and employees time optimization.
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Figure 2. Proposed procurement process flowchart

Computerized invoicing system implementation would save space used to store delivery
notes, annihilate search time for old invoices and stock inspection (since it would already
be in the system). The system would also increase company’s transparency and reduce
environmental impact of paper consumption. For system’s optimized use, it is
recommended to purchase at least one tablet which would prevent running around the
company's premises, as employees cannot carry around stationary computers. Thus, all
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the necessary data would be at the grasp of hand and entered directly into the system
through the tablet, which should support such a system.

Next proposed solution would be the implementation of the Kanban system, which
manages lean Just-in-Time production. It was developed to improve production efficiency
through the main advantage of the system - setting a permissible stock limit to avoid low
or high stock levels (Wallace & Spearman, 2004). The CEO would specify and determine
the allowed minimum and maximum materials stock limit as, for example, for transparent
plexiglass material at 40% (this material type is used on daily basis), and for non-regular
plexiglass material at 10%. When the stock of transparent plexiglass material would reach
40% or less, the system itself would report a shortage through the computer system. An
upgrade would be for the system to communicate the material shortage directly to the
supplier, which saves time in placing the order.

As third proposed improvement, but primarily necessary, demand forecasting was
suggested. The demand forecast can be calculated based on past sales data. An example
of such calculations model is ARIMA, which allows various settings based on the
company’s needs. The most up-to-date information for future demand can be obtained
from large amounts of data. The more values entered, the more accurate the calculation
will be - data for consecutive years, where monthly, weekly, or daily data are entered.
Thus, the company would avoid in-bulk purchases and the material shortage challenges.

In case of non-implementation of material recording computer system, the materials
stock reviewing and demand forecasting would be assigned to the CEO, who regulates the
necessary materials purchase. Despite the non-implementation of the computer system,
implementation of demand forecasting is strongly recommended. Obtained past sales
data represent the foundation to prepare and create a purchasing plan, which is one of
the most important parts of the company's business plan. The latter specifies the exact
material requirement quantities, the calculation of orders number and their cost. At this
point, the CEO decides whether a material order is necessary. If not, the procurement
process ends here. In the case of an affirmative answer, a review of suppliers' offer on e-
public procurement website follows. This activity is not imperative with every order, but
itisrecommended to execute it every few months, since it checks various suppliers offers,
which change with time. The use of e-public procurement or e-purchasing is similar
process to using consumer goods (Collins, 2012). It starts with browsing the suppliers’
websites of the selected material. The comparison and purchase website can be visited to
compare prices. The company’s material requirements are specified to suppliers on the
website, and the process ends with a transaction via electronic payment. This option
provides the benefits for managers by helping them communicate with suppliers and
potential suppliers, reducing the time of e-mails, costs of purchased goods, and the
administrative costs associated with transactions. The process is faster and at the same
time encourages better communication.

After the order is placed, the delivery waiting period begins. Upon delivery, the material
is inspected as before (or with the help of material recording computer system). If the
wrong materials have been delivered, the activity continues in the reclamation process -
the CEO and the supplier are informed of the error and re-delivery is needed. If all the
material is suitable, the delivery note is signed, the invoice is accepted, and the material
is warehoused until use.
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4. CONCLUSION

Up-to-date and detailed procurement planning enables inventory and procurement costs
reduction with efficient production process. Thus, through optimized procurement
planning, it is possible to coordinate purchasing activities with production. The main
advantage of process approach, compared to others, is in the processes and activities’
management and interactions control. For the most possible business optimization, it is
necessary to harmonize all processes with the company’s objectives, scope, complexity,
and design them to add value. Using a process approach can improve a company’s
performance. Processes are managed as a system defined by a network of processes and
their interactions, which creates a better understanding and transparency of the entire
system, which allows its optimization and consequent increase in added value.

Every company has the need to be competitive in the business market, especially today,
when facing the consequences of the COVID-19 pandemic. For this purpose, the current
procurement process of the selected company was reviewed. Based on the latter, a
proposed solution of optimized procurement process was made through digitalization.
Despite the increased workload, the company has implemented demand forecasting this
year, which allows yearly finance planning, that has been divided into materials,
equipment, machinery, employees and other. Although the optimized procurement
process has not been fully implemented, the partial implementation has made it possible
to plan financial investments into new employment, purchase of a tablet and machinery.
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Abstract: By applying the solutions and technologies of Industry 4.0 in the field of logistics,
the concept of Logistics 4.0 was developed. On the other hand Circular Economy (CE) is a
model of production and consumption that ensures sustainable growth over time. The
subject of this paper is to rank the main Logistics 4.0 based CE interest areas within the agri-
food sector. The aim is to determine the areas which has the greatest potential for further
development and should thus be in focus of the future planning. This is a multi-criteria
decision making (MCDM) problem. For solving it a hybrid MCDM model combining the
Analytical Hierarchy Proces (AHP) method for establishing the criteria weights, and the
Comprehensive distance-Based RAnking (COBRA) method for the final ranking of the
alternatives, is proposed. The results indicate that the most important CE interest areas are
Reuse/Remanufacturing/Recycle, Supply Chain Management and Product Lifecycle
Management.

Keywords: logistics, Industry 4.0, circular economy, agri-food, MCDM, AHP, COBRA.

1. INTRODUCTION

In the broadest sense, logistics encompasses all systems and processes that enable the
movement of material and non-material flows (Zecevi¢, 2006). Processes that include the
movement of these flows can be grouped from the aspect of direction and identified with
the terms of forward logistics (flows from the place of origin to the place of consumption)
and reverse logistics (flows from the place of consumption to the place of disposal,
destruction, reuse, remanufacturing, recycling, etc.). However, both are covered by the
term closed loop supply chain (CLSP) (Kumar & Kumar, 2013), which is often identified
with the circular economy (CE) concept (Farooque et al., 2019).

* giulio.agnusdei@unisalento.it

199



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

The main goals of the CE are the optimization of resources, reduction of raw materials
consumption, and waste recovery by recycling or giving a product or some of its parts a
second life. Therefore, CE is seen as a new production and consumption model that
ensures sustainable growth over time. Hawing in mind the increasing importance of
sustainability, it is clear why CE is becoming an important research topic, and especially
the optimization of logistics processes that enable its efficient functioning. A significant
contribution to the optimization of these processes is made by modern technologies
developed within the paradigms known as Industry 4.0 (14.0). The application of these
technologies and their mutual networking for the realization of logistics activities has led
to the creation of the concept of Logistics 4.0.

4.0 represents a revolution that has initiated significant changes in all areas of human
activity, including the agri-food sector as one of the primary, if not the most important
economic sectors. Since it is fundamental to face the challenge of food security in the
coming years, the agri-food sector cannot allow itself to lose the opportunities offered by
modern trends brought by the concepts of CE and Logistics 4.0. Accordingly, the aim of
this paper is to consider the possibilities of applying 14.0 technologies for the
implementation of logistics activities in the CE interest areas within the agri-food sector
and to rank these Logistics 4.0 based CE interest areas in order to identify those which
have the greatest potential for further development and should thus be in the focus of
future planning and development of strategies. Since this is a multi-criteria decision-
making (MCDM) problem, a hybrid model which combines Analytical Hierarchy Process
(AHP) method and the Comprehensive distance-Based RAnking (COBRA) method is
proposed for solving it.

The paper is organized as follows. The next section deals with the establishment of the
Logistics 4.0 based CE interest areas in the agri-food sector. The third section provides
the methodology for prioritizing the CE interest areas, while the following section
provides the obtained results. Final section provides main conclusions.

2. LOGISTICS 4.0 BASED CIRCULAR ECONOMY IN THE AGRI-FOOD SECTOR

Logistics 4.0 is defined as the application of the 14.0 technologies in logistics (Krsti¢ et al.,
2021). I4.0 technologies that found the widest application in logistics so far are Internet
of Things (IoT), Autonomous Vehicles (AV), Automated Guided Vehicles (AGV), Artificial
Intelligence (Al), Dig Data and Data Mining (BD&DM), Blockchain (BC), Cloud Computing
(CC), Augmented Reality (AR), Additive Manufacturing (AM), Progressive Robotics (PR)
and Electronic/Mobile Markeplace (EMM) (Krsti¢ et al,, 2021; 2022).

The CE is “a model of production and consumption, which involves sharing, leasing, reusing,
repairing, refurbishing and recycling existing materials and products as long as possible,
thus extending the life cycle of products” (EP, 2021). CE is mostly related to reverse logistics
(e.g. Julianelli et al., 2020). However, if one carefully analyzes one of the main objectives
of CE, which is to plan the product life cycle to minimize or avoid any waste in the first
place (EMF, 2012), it is clear that CE encompasses the entire supply chain and that in
addition to return logistics includes forward logistics. Rosa et al. (2020) identified supply
chain management (SCM), circular business model (CBM), product lifecycle management
(PLM), digital transformation (DT), resource efficiency (RE), smart services (SS), reuse
(RU), remanufacturing (RM) and recycling (RC) as the main CE interest areas. CE is very
much influenced by the new business paradigm brought by the development of 14.0

200



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

through the application of modern technologies in its main interest areas. Of course, this
paradigm shift is present in all economic sectors, including the agri-food sector, which will
be further investigated in the following.

2.1 Supply chain management

SCM as one of the broadest interest areas of CE provides most opportunities for the
application of various 14.0 technologies for performing logistics activities. IoT is used in
almost all phases of the agri-food supply chain and all logistics subsystems. It can be used
for managing and processing orders, information between different participants in the
chain, transport operations, vehicle fleet (locating, routing), warehousing operations,
inventory levels, automatic packaging and labeling, smart packages that have the ability
to monitor various parameters of goods, etc. AV could be applied as a replacement for
retail facilities which would lead to a change in business and distribution models. AGV
technology is widely used in various parts of the agri-food supply chain, primarily for the
implementation of internal transport and transshipment processes in various nodes of
the logistics network. Al-based systems in agri-food SCM contribute to maintaining the
quality of agri-food products through testing and monitoring of food at each stage of the
supply chain, enable sorting of products against a number of criteria in a short time,
provide and improve hygiene standards by accelerating the sanitation of vehicles and
equipment, enable the preparation of food and beverages according to the specific
requirements of users, etc. The application of BD&DM technology facilitates SCM in the
agri-food sector by supporting the management of various segments of the supply chain,
such as order processing, transport, storage, inventories, packaging, available resources
planning, last mile optimization, customer loyalty management, supply chain risk
management, valorization of returns, etc. BC technology enables the creation of
transparent, reliable, unchangeable and verifiable records that are the basis for the
development of the agri-food traceability system. CC technology provides the flexibility
needed to cope with the unpredictable variations in supply quality and quantity that
characterize agri-food supply chains. CC enables more efficient application of various
systems that are integral parts of SCM. AR technology can be used to improve the
efficiency of agri-food product processing, product advertising, quality assessment, etc.
AM technology supports personalized mechanisms for nutritional control and
development of food products in accordance with the specific requirements of users. PR
technology is used in agri-food supply chains in the stages of providing raw materials (for
sowing crops, harvesting, etc.), in the production phase to perform various operations of
processing, production, packaging, etc., as well as in the distribution stages to perform
various storage operations (loading, unloading, sorting, etc.). EMM facilitates participants
in the agri-food supply chains to procure, trade and cooperate with partners, diversify
business opportunities, improve profitability and access the new markets that were
previously inaccessible due to the geographical barriers.

2.2 Circular business model

In the agri-food sector, 14.0 technologies can be applied for the realization of numerous
processes in the field of logistics. IoT can be applied to establish a flow control system
based on Kanban management method to visualize the locations, times and quantities of
goods and materials collection/delivery, which is especially important for the agri-food
products that have a limited expiration date. [oT can also be used to collect large amounts
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of data, whose adequate structuring and analysis using BD&DM technologies can improve
the overall circularity of the system. In addition, BD&DM can be used to establish strategic
and tactical decision support systems, to plan agri-food logistics network by identifying
locations for delivery and collection of agri-food products and ways to connect them,
manage customer loyalty, as well as to assess innovative business models. Al can be
applied to simulate the CE system with the aim of auditing cooperative agri-food
networks, assessing the impact of changing business models, as well as to forecast the
potential for redistribution of production. BC technology can enable better business
cooperation between network participants by ensuring the security and confidentiality of
data and information exchange, which is especially important for the logistics of agri-food
sector whose flows are accompanied by a large number of documents. EMM has high
potential in the agri-food sectors, especially in recent years in the circumstances of the
COVID-19 pandemic. EMM enables the creation of new business models and logistics
markets through supply expansion and services improvement.

2.3 Product lifecycle management

In the agri-food sector, various 14.0 technologies can support performance of forward and
reverse logistics operations encompassed by the PLM as one of the interest areas of the
CE. IoT can be applied for establishing a platform for animal/food product information
sharing, track of raw materials and finished products, their surveillance during
consumption in the consumers’ households and undertaking the proactive corrective
actions before the corruption of the products, e.g. food spoilage due to the inadequate
storage, expiration, etc. Al in combination with other 4.0 technology can be applied to
support various logistics-related operations in the agri-food sector. With the support of
BD&DM technology for market analysis, identification of target users and their
requirements, Al can be applied to agri-food product design, rapid concept development
based on existing products, improving the quality of innovation and efficiency of product
design, providing accurate, high quality and personalized services of sales, product
deliveries, product returns and other related services, etc. In combination with AR
technology, Al can be used for personalized and collaborative product design, especially
packaging, that can have a crucial impact on the agri-food product attractiveness, testing
and inspection, visualization and planning of warehousing operations, etc. BC technology
can be applied for PLM in the agri-food sector to manage customer relationships and
product data, quality, origin tracking, counterfeiting prevention, etc. CC facilitates the
development of a PLM system that integrates various individual systems to control
internal operations, as well as the creation of a cloud production system. AM strengthens
PLM competencies by improving the performance of agri-food products, such as faster
production, reduced product development costs, improved product quality, better
material control, etc.

2.4 Digital transformation

Most of the technologies related to 14.0 have a significant impact on the DT in the agri-
food sector through the implementation of various logistics activities. IoT enables
digitalization of relations between participants in logistics chains through the
establishment of systems for collecting, exchanging and managing information on various
chain processes quickly and accurately in order to overcome problems arising from the
great diversity of agri-food products and specific requirements for the logistics processes.
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These systems have the ability to collect, monitor and analyze data in real time, thus
creating databases that can be used in decision-making processes. CC technology enables
wider and more efficient application of various systems, such as Enterprise Resource
Planning (ERP), Electronic Data Interchange (EDI), telematics, etc., in the cloud. With the
support of BD&DM technology, these systems support responsible business management,
which enables the valorization of agri-food products, obtaining of timely warnings,
anticipating the adverse situations, planning the actions to eliminate the consequences,
etc. Al enables digitalization of monitoring the status of goods and means of transport,
and with the support of AR technology facilitates the implementation of logistics
activities, primarily those related to transport. EMMs are closely related to DT because
they are the main drivers of digitalization of the market, which enables the realization of
very fast electronic transactions, which is of particular importance in agri-food supply
chains. As these electronic transactions are subject to abuse, the required level of security
is provided by the BC technology, which enables the creation of digital contracts, digital
bill of lading, etc. AM as a new production technology leads to the digitalization of food
design and production processes thus enabling product characteristics to be adapted to
individual requirements of consumers in relation to their health and physical activity. PR
technology contributes to the digitalization of the process of storage/warehousing,
sorting, internal transport and other activities which support the production process.

2.5 Resource efficiency

Logistics operations provide additional margins for achieving RE in the context of CE
which by definition already implies resource saving and does not leave much room for
further improvements. These improvements in the agri-food sector can be achieved by
applying various 14.0 technologies. IoT can be used to develop a system that improves
productivity based on the collection of data on the engagement of resources, both natural
and other, in real time and making adequate decisions based on them. The system enables
monitoring and identification of processes that are less efficient and suggests actions for
their optimization. AVs, which often include electric drive, which automatically select and
follow optimal routes and do not require the involvement of drivers, contribute to the
reduction of natural resources, primarily fuel, but also other resources, primarily
monetary, time and human. Al technology, supported by BD&DM technologies for data
collection and analysis, can be used to identify potential places for resource
rationalization, as well as resource savings through better planning of logistics
operations, primarily transport and inventory, but also ordering and warehousing.
Optimal planning of logistics operations reduces the consumption of energy and other
resources through better allocation and capacity planning. BC technology provides
savings in time and human resources through checking, controlling and ensuring the
accuracy and reliability of information and data on transport documents, inventories
status, customer requirements, providers and other participants in the chain. CC
technology through sharing enables savings in the purchase and use of hardware and
software resources used in all phases of the logistics chain, as well as the people needed
to install and maintain them. Through the visualization of production and logistics
operations, primarily transport, storage and transshipment, AR technology enables better
preparation, planning and optimization of processes in the agri-food sector. AM enables
the reduction of energy consumption, primarily fuel, due to the reduction of transport
activities since the raw materials can be found closer to the place of production.
Additionally supported by PR technology, AM also enables the reduction of manpower
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that has been replaced by machines, as well as costs and time of performing production
and logistics processes, primarily transshipment and warehousing, but also AGV
supported internal transport processes. EMM enables the allocation of resources,
primarily monetary, time and human, which would initially be used for the
implementation of traditional trade operations, to other activities, primarily logistics.

2.6 Smart services

In the agri-food sector, most 4.0 technologies are applied to the development of SS in all
phases of the supply chain. [oT can be used for procurement of raw materials to provide
crop performance assessment services. [IoT can also be used to develop systems that
identify shortages or expiration of certain agri-food products, and automatically initiate
procurement and distribution or reverse logistics processes. Combined with CC and BC
technologies, IoT enables the development of advanced product tracking services. CC in
combination with EMM technology can be used to develop a smart online shopping
platform that can provide essential information to both buyers and sellers that can
ultimately lead to higher sales and higher profitability, improved marketing and pricing
strategies, etc. Furthermore, EMM in combination with AR technology can be used to
improve the experience of online retail shopping by providing potential customers not
only to review the product to the smallest detail, but also to suggest modifications that
can be implemented using AM technology (e.g. product or packaging customization,
installation of various sensors, etc.). AV can be used for smart agriculture, for the
processing like sowing, fertilizing and harvesting agricultural products, i.e. for the
processes of providing raw materials in the supply chain. They can also be used in the
phases of agri-food supply chains in charge of distributing and delivering products to the
end users, as well as collecting and returning them in reverse logistics processes. AGV
vehicles can replace the work of people in harsh environments that prevail in the nodes
of agri-food supply chain networks that arise as a result of requirements for certain
temperature regimes. In combination with PR and Al technologies, they can be used for
automatic collection, sorting and packing of eggs, milking and feeding cows, automatic
cleaning, reloading, transshipment, etc. In addition, BC technology enables reliable
product traceability, which is especially important in the agri-food sector. BD&DM
technology can be applied for forecasting, benchmarking and creating risk management
models.

2.7 Reuse/Remanufacturing/Recycling

RU, RM and RC are the main processes that drive the return logistics activities. RU in the
agri-food sector mostly refers to the redistribution of products in order to reduce the
volume of surplus products generated. RM also referred to as the refurbishment or
reconditioning, in the agri-food sector implies the return of the damaged or faulty
packaged products, misshaped products, wrong weighted products, broken products, etc.,
with the aim of eliminating these shortcomings and re-producing the same products in
accordance with the expected and designed characteristics. RC in the agri-food sector
refers to the use of raw materials obtained from processing the returned or waste
products to produce other products, such as animal food, biomasses for fertilization,
energy sources (bio-fuels), etc. Almost all 14.0 technologies used in this interest area of CE
are used in order to form a single waste and returnable management system consisting of
four basic modules: collection, transport, redistribution, and processing. In the collection
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and redistribution modules, [oT technology can be used to communicate objects such as
waste collection bins, vehicles and retail shops, which ensure efficient and fast waste
collection, distribution, better utilization of vehicles, better route planning, etc. In this
module, as well as in the transport module, there is a wide scope for application of the AV
technology. With the support of BD&DM technologies, which collect, store and process
large amounts of data, and Al technology, which allows automatic decision making, these
vehicles reach their full potential and can completely independently perform processes of
collection, distribution and transport. AGV technology can be used in the processing
module to perform the internal transport process. Other technologies such as IoT,
BD&DM, Al and PR are used in this module to implement the processes of sampling,
classification, sorting, monitoring, as well as for data statistical analysis. AM technology
through promoting in-situ recycling affects all three modules since it enables local
sourcing, which simplifies collection processes, reduces transport distances and thus
makes it cheaper, and combines processing with production activities. BC technology
allows tracking of materials with unique codes or digital badges from the moment of
collection to the moment of processing. With CC technology, the entire waste and return
management system can function fully in the cloud, reducing the required hardware and
software resources.

3. METHODOLOGY

To solve the MCDM problem in this paper, a hybrid model is defined that combines AHP
(Saaty, 1980) and COBRA (Krsti¢ et al., 2022) methods. The AHP method was used to
obtain criteria weights, while the COBRA method was used to rank the alternatives.
Application steps of the proposed hybrid MCDM model are described below.

First it is necessary to define the problem structure, i.e. the objective, alternatives and the
criteria for their prioritization. Afterwards, it is necessary to define the evaluation scale
for prioritization. This paper used the standardized nine-point Saaty scale in which 1
represents “Equal importance” and 9 represents “Extreme importance” (Saaty, 1980).

Application of the AHP method for obtaining the criteria weights begins with the
establishment of pair wise comparison matrices:

P:lpijjoxo'pijzl;pﬁ =1/pi]._pl.j¢0 i

elements of which are pij (ij=1,2,..,0) and denote the importance of element (criterion,
sub-criterion) i in relation to element j. Afterwards, it is necessary to obtain the element
weights based on the eigenvector. First, it is necessary to set up a matrix equation:

PW = A, W (2)

where W is the element weights matrix elements of which are w;, (Zw,. =1), and Amax is
i=1

the eigenvalue of the matrix A. In order to control the results of the method it is necessary

to calculate the Consistency Ratio (CR) for each matrix and the overall inconsistency of
the hierarchical structure. CR is calculated as (Saaty, 1980):

CR=CI/RI, (3)

where CI denotes the Consistency Index and can be calculated as:
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max 4
] 4)
RI denotes the Random Index, CR is used for checking the consistency of pair wise
comparisons and must be less than 0.10. Only then it can be said that the comparisons are
acceptable.

For ranking the alternatives using the COBRA method (Krsti¢ et al., 2022) it is necessary
to form the decision matrix A by evaluating the alternatives in relation to criteria using
the Saaty scale.

A= l"i;‘Jm (%)

where aii is the preference value of alternative j (j=1,..,m) in relation to criterion i (i=1,...,0).
Afterwards it is necessary to obtain the normalized the decision matrix:

A= [aif]rnxo' @ Sy (6)

= ’
max; a;

as well as the weighted normalized decision matrix:
A, = lWi x O‘iijmxo' (7)
where wi is the relative weight of criterion i.

For each criterion function it is necessary to determine the positive ideal (PISi), negative
ideal (NISi) and average solution (AS:) in the following way:

PIS; =max (W, x ;) Vi =1,..,0 for i € B, PIS, =min (w, xat; ) Vi =1,..,0 fori €C (8)
NIS, =min, (w, xa,) Vi =1,..,0 fori B, NIS, =max, (w, x ¢, ) Vi =1,..,0 fori eC, 9)
Z(Wi Xaij)
AS, =L vi=1,.,0forieB,C, (10)
o

where B is the set of benefit and C the set of cost criteria.

For each alternative it is necessary to determine the distances from the positive ideal
(d(PI1Si)) and negative ideal (d(NISi)) solutions, as well as the positive (d(ASi*)) and
negative (d(ASi)) distances from the average solution in the following way:

d(S,)=dE(S,)+ o xdE(S,)xdT(S,),Vi=1,.,0 (11)
where Sirepresents any solution (PISi, NISi or ASi), ¢ is the correction coefficient obtained
in the following way:

O':maxjdE(Si)j—minjdE(S,-)]. (12)

dE(Si); and dT(Si); denote the Euclidian and Taxicab distances, respectively, which are for
the positive/negative ideal solution obtained as follows:

dE(PIS /NIS, ), = \/i(ms INIS, ~w,xat; f ¥j=1,im, Vi =1,.,0 (13)

i=1

206



5th Logistics International Conference, Belgrade, Serbia, 26 - 27 May 2022

dT(PIS / NIS,),= 20:\1315 /NIS; —w, xa,

i=1

Vj=1,m,Vi=1,.,0 (14)

and for the positive/negative distance from the average solution obtained as follows:

dE(AS,)! = \/Zr*/ (4, -w, xa, f Vi =1,,m,¥i=1,.,0 (15)
i=1
dr(As,);” = " |NIS; ~w; x|, Vj =1,.,m,Vi=1,.,0 (16)
i=1
where

Lif AS, <w, xa; 1if AS, >w, xa;
+: ..f 1 IXal], - _ ..f- 1 IXalj (17)

0if AS; >w,; xa; 0if AS; <w; xa;

Final ranking of the alternatives is established according to the increasing values of the
comprehensive distances (dCi) obtained in the following way:

d(PIS;),—d(NIS;), - d(AS,); +d(AS,), ietom (18)

/ 4

4. PRIORITIZING CE INTEREST AREAS IN THE AGRI-FOOD SECTOR

Prioritizing the CE interest areas is the MCDM problem which is solved by applying the
established model. The first step of the model implies the definition of the problem
structure (objective, alternatives, criteria and sub-criteria). The objective is clear, to
identify the CE interest areas that contribute most to the sustainability of the CE system
in the agri-food sector. Alternatives are thus the CE interest areas explained in section 3.
The only elements remaining for the establishment of the problem structure are the
criteria and sub-criteria for the evaluation of the CE interest areas.

Since CE is a systematic approach to economic development designed to benefit
businesses, society, and the environment, three main criteria are defined: Economic (Ec.),
Social (So.) and Environmental (En.). Economic criterion further includes sub-criteria:
Implementation costs (Ec.1), Operational costs (Ec.2), and Material value
preservation (Ec.3); social criterion includes: Health (So.1), Safety (So.2), and Labor
market (So.3); and Environmental criterion includes: Waste reduction (En.1), Emissions
reduction (En.2), and Energy resource preservation (En.3).

The following steps of the proposed model imply the establishment of the criteria and
sub-criteria weights using the AHP method. The pair wise comparisons of the criteria and
sub-criteria are established and pair wise matrices are obtained according to the equation
(1). By applying the equation (2) the criteria and sub-criteria weights are obtained. Pair
wise matrices and the obtained weights are presented in Table 1. By applying the
equations (3) and (4) the consistencies of the evaluations are checked and all values were
less than 0.1, which means that all comparisons are acceptable.
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Table 1. Pair wise comparison of criteria/sub-criteria and obtained weights

Criteria Sub-criteria
Ec. So. En. Ec.1 | Ec.2 | Ec.3 So.1 | So.2 | So.3 En.1 | En.2 | En.3
Ec. / 1.00 | 2.00 | Ec.1 / 2.00 | 0.50 | So.1 / 1.00 | 2.00 | En.1 / 2.00 | 2.00
So. | 1.00 / 1.00 | Ec.2 | 0.50 / 0.33 | So.2 | 1.00 / 1.00 | En.2 | 0.50 / 1.00
En. | 0.50 | 1.00 / Ec.3 | 2.00 | 3.00 / So0.3 | 0.50 | 1.00 / En3 | 0.50 | 1.00 /
w | 0.54 ] 030 ] 0.16 0.30 | 0.16 | 0.54 0.54 | 0.30 | 0.16 0.50 | 0.25 | 0.25

The final sub-criteria weights are obtained by multiplying the weights of sub-criteria with
the weights of the corresponding criteria. The obtained sub-criteria weights are w(Ec.1)=
0.160, w(Ec.2)= 0.088, w(Ec.3)=0.292, w(S0.1)=0.160, w(S0.2)=0.088, w(So0.3)= 0.048,
w(En.1)=0.082, w(En.2)= 0.041, w(En.3)= 0.041.

The next step was to evaluate the CE interest areas in relation to the established sets of
sub-criteria and rank them using the COBRA method. Decision matrix is obtained
according to the equation (5) (Table 2).

Table 2 Evaluations of the CE interest areas in relation to sub-criteria

Ec.1 | Ec.2 | Ec.3 | So.1 | So.2 | So.3 | En.1 | En.2 | En3

SCM 5 9 7 9 9 8 8 9 8
CBM 9 8 6 5 4 5 6 4 7
PLM 8 4 8 6 3 4 7 3 6
DT 6 3 4 3 7 7 4 6 4

RE 4 6 3 7 2 3 2 2 9

SS 3 5 5 4 6 9 3 7 5
RU/RM/RC 7 7 9 8 8 6 9 8 3

Decision matrix is then normalized using the equations (6) and (7), and weighted using
the equation (8). For each criterion function PIS;, NISi and ASi are obtained using the
equations (9), (10) and (11), respectively. By applying the equations (12) - (17) d(PISi),
d(NISi)), d(ASi*) and d(ASr) distances are obtained for each alternative. By applying the
equation (26) dCi distances are obtained and by arranging them in the increasing order
the final ranking of CE interest areas is established. Values based on which the ranking is
established, as well as the ranking itself are presented in Table 3. It can be concluded from
the results that the most important CE interest area is RU/RM/RC, followed by the SCM
and PLM.

Table 3. Final ranking of the CE interest areas

d(PIS) | d(NIS) | d(AS*) | d(AS) dC__ | Rank
SCM -0.244 | 0508 | 0.234 | -0209 | -0.048 | 2
CBM -0.044 | 0123 | 0029 | -0.168 | -0.015 | 4
PLM -0.218 | 0392 | 0160 | -0.103 | -0.034 | 3
DT 0441 | -0491 | -0278 | 0247 | 0.056 6
RE 0596 | -0518 | -0.225 | 0411 | 0.069 7
ss 0355 | -0.460 | -0.258 | 0.148 | 0.047 5
RU/RM/RC | -0.887 | 0447 | 0338 | -0.326 | -0.079 1

5.CONCLUSION
The goal of this paper was to identify the CE interest areas which are most affected by the

application of the 14.0 technologies for performing the logistics activities within the agri-
food sector. After establishing the alternatives, they were evaluated in relation to the
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defined set of criteria and ranked. For obtaining the criteria weights the AHP method is
used, while the COBRA method is used for obtaining the final rank of the alternatives.
Results indicated that the RU/RM/RC, SCM and PLM are the interest areas that contribute
most to the sustainability of the CE system in the agri-food sector and to which the
greatest attention should be paid in the future plans and actions. One of the main
contributions of this paper is the investigation of the wider application of 14.0
technologies for performing the logistics activities within the individual areas of the CE in
the agri-food sector. Another one is the establishment of a framework for the evaluation
and identification of the main interest areas which will be in focus of future plans, actions
and development strategies aiming at achieving the sustainable CE in the agri-food sector.
Future researches could investigate the applicability of the 14.0 based logistics activities
in the main CE interest areas for some other sector. Since CE is a concept that influences
multiple stakeholders, future researches could also investigate main CE interest areas
priority in relation to the individual aims and goals of the various stakeholders, as well as
the compromise priorities in relation to all of their goals.
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Abstract: Public procurement is an important component of public finances in the E.U. and
the Member States. Therefore, their management is a challenge for the trustworthy
relationship of citizens with the public sector authorities. Existing electronic public
procurement optimization tools in the E.U., such as T.E.D., electronic forms, e-invoices, and
electronic portals of Member States, are systematically attempting to standardize
procedures by improving access to information and transparency in its management.
Nevertheless, the next day requires the enlightenment of the transition roadmap to modern
tools and technologies of the fourth industrial revolution. According to the E.U. objectives
achievement degree, the comparison between the existing e-procurement tools 3.0 and the
expectations from the possible uses of the emerging technologies 4.0 will indicate the
appropriate points where strategic priority should be given through the implementation of
the digital transformation process. The study presents this comparative analysis of empirical
data based on the relevant literature in e-P.P. 3.0 and current case studies in e-P.P. 4.0 in a
summary figure whose logic originated from the Balanced Scorecard and Hoshin Kanri
matrix.

Keywords: e-public procurement; industry 4.0; emerging technologies

1. INTRODUCTION

As a critical governmental function, public procurement has the basic goal of supplying
products and services in a timely, cost-effective, and efficient way to achieve its missions.
The study of public procurement is a field that greatly influences public finances and
business activity. Over 250 000 public bodies in the European Union spend roughly 14%
oftheir G.D.P. on services, works, and supplies(European Commission 2019). Rational and
transparent management of public finances strengthens citizens' faith in governance.
Public procurement is an important part of public finances in E.U. and the Member States,
and therefore their management is a challenge for the relationship of citizens with the
public sector authorities. The Recovery and Resilience Facility (R.R.F.), €723,8 billion in
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current prices, the political priorities of the 2021-2027 period, and the COVID-19
pandemic crisis reset the framework of public procurement challenges Industry 4.0
revolution progress. There is a necessity for more transparency and efficiency to manage
the spending of R.R.F. and E.U. Strategic Framework 2021-2027 funds at the national level.

E-Public Procurement (e-P.P.) increased transactional efficiency for both providers and
governments. Transparency in government procurement reduces government expenses,
improves value for money, and reduces corruption. e-P.P. may result in high cost and
administrative savings and increased market access and accountability. In this way, e-P.P.
contributes to economic growth. In the E.U,, it is necessary to forecast how the time and
means will be required for the transition from technologies 3.0 to 4.0 to meet the E.U.'s
public procurement objectives effectively. The research aims to set the proper priorities
in the digital transition from e public procurement 3.0 to e public procurement 4.0. The
resources of a digital transition are not unlimited; therefore, strategic priorities should be
set. The contribution of this study is to provide the Technology Forecasting as a
framework for a debate among experts to design the strategic transition through a
Technology Roadmap.

2. SUPPORTING THEORIES AND RELEVANT LITERATURE
2.1 The E.U.'s e-Public Procurement 3.0 goals and tools.

European Commission as the administrative supervisor of the supranational institution
seeking to gain a granular view of procurement practices by its member states, thereby
enforcing best practice compliance to specific policy axes. The vital role of Public
Procurement in the E.U. and its Member States stems from their significant influence on
the G.D.P. of Approximately 2 trillion euros and 13% of the E.U.'s G.D.P(Panayiotou,
Gayialis, and Tatsiopoulos 2004) and their potential for dynamic integration of strategic
parameters into the implementation of public policy. They set critical political objectives
such as a) improving the efficiency of public resources by improving business
competition, b) ensuring transparency -accountability, and open data. Also, using the
procurement framework for defining the needs, specifications, and award criteria,
strategic objectives serving social responsibility, environmental protection, and the
innovative development of the competitiveness of enterprises. The Directive
2014/24/E.U. is an example that has set new rules in e public procurement about
electronic delivery of notifications, electronic access of procurement documents,
electronic filing of requests for participation, and tenders. Electronic advertising has been
done by e-submission of notices in the Official Journal of the European Union (0.J.E.U.).
Tenders are listed on Tenders Electronic Daily (T.E.D.). The Publications Office plays an
essential role with two modules: in the reception of notices, a) e-Notification (e-Notices,
e-Sentool, and T.E.D.) and b)e-Access refers to electronic access to procurement papers
(TED-e Tendering). T.E.D. uses e-Forms, an E.U. legal standard for procurement data, to
issue announcements on Tenders Electronic Daily. European Single Procurement
Document (E.S.P.D.) makes the public procurement process more accessible. It is a self-
declaration of a company's eligibility, financial position, and capabilities used as
preliminary evidence in all public procurement procedures over the E.U. threshold. E-
Certis is the mapping application that assists participants in public procurement
operations in identifying and comparing various certifications required in procurement
procedures across the E.U. It is integrated with E.S.P.D. Open e-PRIOR is a free, open-
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source e-Procurement platform that enables government agencies to build interoperable
electronic services. E-Invoicing Directive established a European standard for e-invoicing
to solve the issue of e-invoice format diversity. E-invoicing is quite mature but not entirely
implemented and monitored by the member states.

2.2 The emerging Technologies in e-P.P. 4.0.

The Study of the Directorate-General for Internal Market, Industry, Entrepreneurship, and
S.M.E.s about emerging technologies in public procurement worldwide is an important
base for our research (Deloitte and European Commission 2020). Emerging technologies
have the potential to revolutionize public procurement. New technology can allow
smarter decisions, save costs, and promote transparency by automating repetitive
administrative tasks and providing remarkable data analysis on spending patterns and
supply project execution. Big Data Analytics (B.D.A.), Business Intelligence (B.1.), Machine
Learning (M.L.) and Artificial Intelligence (A.I), Blockchain, Internet of Things (IoT),
Robotics Process Automation(R.P.A.), Augment Reality and Virtual Reality, 3D Printing
are the Industry 4.0 (1.D 4.0) emerging technologies that there are current cases studies
(Accenture 2019; World Bank 2021).

2.3 Innovation diffusion Theory (Model)

Many studies have found that key perceptions of technological traits, referred to as
innovation, impact technology adoption choices. The objective of innovation diffusion
theory is to comprehend the mechanism through which inventions spread within a social
system(Rogers 1995). Rogers (1995) lists five criteria of an invention generic to the
degree of adoption in a social system. Relative advantage, compatibility, complexity,
observability, and trialability are some of these critical variables. Relative advantage can
be operationalized or assessed regarding the innovation's utility in achieving work goals,
the quality of work results, increased convenience, and social prestige. To measure
relative advantage, we selected E.U.'s public procurement goals. So, in this way, we can
find the level to which the emerging technologies of ID 4.0 are superior to the current e-
P.P E.U.s tools.

3. METHODOLOGY, RESEARCH DESIGN

In order to facilitate the forming of the study, we focus our study on the public
procurement area of the Member States of the European Union and define as a criterion
for comparing efficiency the objectives set by the Commission itself regarding public
procurement. The Technology Forecasting (T.F.)(Quinn 1967) about emerging
technologies and e-P.P. must eventually anticipate whether technical systems will be able
to attain or exceed important performance levels or parameters by a specific date in the
future. The selection and prediction of these characteristics are thus at the heart of the
forecasting process. The chosen criteria to check technological potentials and the
diffusion of the emerging technologies in e-PP are a)the relative advantage of e-P.P. 4.0
technologies in satisfying the main public procurement goals. The chosen criteria
(variables) are based on the Innovation Diffusion Theory (Model)(Rogers 1995). The
tools of the existing technologies that were examined concerning the implementation of
the above objectives were applied or have been launched to be applied shortly.
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The comparative theoretical analysis of the influence of existing e-procurement tools on
those of emerging technologies has two sources.A)The ontological potentials are derived
by definition from the previous studies' theoretical approaches of the previous
studies.B)The empirical findings come from relevant case studies. The combination of the
two above results is summarized in an estimation comparative evaluation scale
representing the degree of influence in achieving the goals between -1 and 2. With -1 the
specific tool or technology has no influence or correlation with the specific goal. With 0
the correlation will be neutral. With 1 the additional influence is small, and with 2 the
additional influence is large and immediate in achieving the goal. If we do not have
sufficient data, we place the letter x. The sum grade shows the relative priority by
examining the potential relative advantage of emerging technologies compared to current
e-P.P. 3.0 EU’s tools.

The main research question of this study is:

The evaluation of the impact of applicable e-public procurement technologies based on
current cases in Industry 4.0 according to:

[.  E.U. public procurement goals. (relative advantage)

The outcome is a summary figure representing the estimation conducted by literature
review and case studies. The study results are presented in a summary figure, a hybrid
construction of the Balanced Scorecard and Hoshin Kanri matrix (Dias and Tenera
2020).This is the proper base to reach Technology Roadmapping (T.R.M.) through
Technology Forecasting (T.F.).Martino defines it as: “A prediction of the future
characteristics of useful machines, procedures or techniques”(Martino 2003). The
necessity for technology forecasting is critical for successful technology transfer.

A Future-oriented technology analysis method based on expert opinion(Delphi) of this
study’s estimation figure could support a proper Technology Roadmapping (T.R.M.)
(Porter 2010). A technological roadmap will outline when the previous system will be
phased out and when the new one will be put in place. A technological roadmap will assist
policymakers in determining which technologies to advance and how to put them into
practice (Harold A. Linstone and Murray Turoff 2008).

Emerging technologies 4.0

burpose: /\

Need for strategic e public procurement Literature review Case studies

planning in EU \ /

Data collection
il

A \ Innovation Diffusion Theory
Technology Foresight /

Technology forecasting -

Make Forecast:
Discussion

~
<

S

o Evaluate-Expert Opinion (Delphi) Survey item
5 Adoption Criteria Variables -E.U.'se-P.P 3.0
5 Perceived Relative E.U.'s e public tools

e Technology Road mapping Advantage procurement goals -Emerging

technologies 4.0

Figure 1. Current and Future research concept map.
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4. DATA DISCUSSION

The concluding analysis of the literature results and the recording of case studies follow
at this point in the study. Its visual representation is summarized in Figure 2. The given
model will be accepted, challenged, or completed at a future research stage using the
Delphi method(Harold A. Linstone and Murray Turoff 2008).

6.Social
4.Removelegal | 5.Green | Procure 71 i
and Procure | (Social |°" l;nw; ezl Total S B.Strategic goals in Public Procurement 2014-
administrative | (Greener | and marter | Total 5COr¢| 5 020_Policy Priorities/Objectives 2021-2027
. . Europe)
barries Economy) | Inclusive
Europe)

1.Trasparency/ 2.Equal
security/accou |treatment/opportuni | 3.Reduce
ntability ties for SMEs/cross Fraud
(Europe closer border trade Corruption
to citizens) | (Competive Europe)

A.e- public Procure 4.0

Y 2 2 2 1 1 1 11 1.Blockchain

2 2 2 1 2 2 2 13, 2.Big Data

2| 2| 2 2] 2| 2| 2] 14| 3.Business Intelligence

1 1 1 1 2, 2 2 10 4.Artificial i -Machine Learning
Yi 0 1 0 2 0 2 7 S.Internet of Things (IoT)

1 0 2 2 1 1 1 8 6.Robotic process automation

1 1 1 1] 1] 0 2 7 7. d Reality and Virtual Reality
1 1] 0 0] 1] 1 1 5] 8.3D printing

corellation/contribution/impact
-1 negative
0 neutral
1 indirect/low/relatively positive
2 direct/high/positive
X no evidence more research needed

Figure 2 . Summary of visualized comparative analysis between e public procurement
technologies 3.0 E.U. and 4.0., according to E.U.'s objectives

4.1 Blockchain and E.U.’s goals.

A1.B{1-4} A blockchain is a form of digital trust(Bertrand Maltaverne 2018). Blockchain
has a critical impact on transparency, equal treatment, reducing fraud, and removing
bureaucratic barriers because when blockchain technology is used in procurement
creates a "data backbone."(Deloitte and European Commission 2020; Iansiti and Lakhani
2017).As a "data backbone" that can be used to foster interoperability, paving the way for
increased automation and "interconnections" between physical and financial supply
chains(Bertrand Maltaverne 2018).

A1.B {5-7}The green social and innovative criteria could be satisfied if we examine, for
instance, the case of Digipolis as an "experimental procurement"” in Uyarra and Flanagan's
four-fold typology. This means that it involves the procurement of adapted technical
(software) solutions, where the supply of inputs comes from a "community of specialists"
(i.e., the startup community) and the clients' demands are precise and heterogeneous (i.e.,
the Antwerp public sector)(De Coninck, Viaene, and Leysen 2018).

4.2 Big Data Analytics and E.U.’s goals.
A2.B1 Big data visualizations contribute to the complete understanding of data content

easily and comprehensively, adding value to transparency as critical information comes
to the shareholders(Auditors 2019)
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A2.B2 Market research is more reliable and quicker because it is not dependent on
suppliers but the contracts. This accurate market research supports economic efficiency,
equal treatment, and the improvement of procurement planning (World Bank 2021).

A2.B3. It is possible with big data analytics to flag high-risk sections for more
investigation or suspicious transactions for audit or additional analysis (Mihaly Fazekas
etal. 2018).

A2.B{5-7} The methodology of preparing the big data before they are analyzed helps
prevent distortion of data from various sources. Big data analytics facilitate benchmark
quick and trustworthy participation requirements, award criteria, subcontracting
conditions, and contract modifications, so there is a positive relation between green social
and innovative procurement (Babica, Sceulovs, and Rustenova 2019).

4.3 Business Intelligence and E.U.’s goals.

A3.B{1-4} Business Intelligence contributes to the availability of information in the form
of understandable graphs, diagrams, and charts that appears to be more precise and
opens up more opportunities for deep and significant understanding to all stakeholders.
Bidders, for example, may monitor how much their governments spend (transparency),
what they spend it on, how long the procurement process takes, where the bottlenecks
are, and how projects and services are procured and delivered using B.I. (OCDEX 2020).
Obtaining these patterns and insights gives suppliers, contractors, and locators a strategic
edge in planning bids or determining whether to invest in a certain local government
depending on the procurement trends(Williams 2016).

A3.B{5-7) B.I. can transform data into useful, real-time, fact-based information that aids
and simplifies decision-making. This capacity can assist Public Authorities and businesses
in resolving some long-standing information-related issues. It also informs suppliers
about the criteria used to evaluate themselves and their competitors, fostering
competitiveness. These criteria could be green social, or innovative as key metrics
(Williams 2016). For instance, the BI Prozorro module may filter, classify, and analyze
data using dozens of criteria in each part(Bugay, Yuriy 2016).

4.4 Artificial Intelligence, Machine Learning and E.U.’s goals.

A4.B{1-2} Suppose we avoid getting caught up in algorithms that lead to "black boxes"
and promote our request to suppliers in a clear and explanatory way. In that case, we
certainly have a practice that directly contributes to transparency and fair distribution of
opportunities (Acemoglu and Restrepo 2018). The predictive information that a system
creates by collecting data, e.g., Tender documents, and organizing them in patterns
increases transparency in public procurement (Ash, Galletta, and Giommoni 2020).
Technical and procedural explainability are the critical parameters to ensure
transparency and equal opportunities.

A4.B3. Using machine learning algorithms, A.I. as a risk analysis selector can monitor vast
amounts of public tender data and detect any irregularities, such as unexpected changes
in purchase prices and fraud complaints. A.I. can gather and analyze millions of various
data sources to create a clearer picture of procuring entities' and bidders' characteristics
and habits, allowing them to determine and forecast whether or not a certain partner is
trustworthy(Ilain Batty and Veronika Kovacs 2020).
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A4.B{3-4} Although the empirical research is limited; algorithmic governance can
produce predictions or risk scores and help through decision support the elimination of
bureaucratic barriers (Goldenfein 2019). Another practical case refers to extracting data
from contracts and invoices with A.l. Moreover, for example, an advanced chatbot has the
potential to become the single point of contact for internal and external queries. In this
way, A.l. can reduce both fraud and bureaucracy (Deloitte 2020; Surya 2019)

A4.B{5-7} There are records where machine learning can help support procurement
decisions in public bodies using multi-criteria methods. So this means that it is possible
to integrate environmentally innovative and community-based criteria into public
procurement (Goldenfein 2019). A.l. may assist public purchasers in finding the green or
sustainable public procurement criteria that will produce the greatest improvements
assessed against any key performance indicator, such as CO2 footprint (Gailhofer et al.,
2021). Generally, A.l. overcomes human information processing limitations and helps
generate innovations in public procurement (Haefner et al. 2021).

4.5 Internet of Thinks (IoT) and E.U.’s goals.

A5.B1 IoT provides real-time access to public procurement information and increases
efficiencies and transparency (Micheli, M etal. 2019; Wirtz, Weyerer, and Schichtel 2019).

A5.B3 Tracking the inventory items' position and receiving low-stock alerts or
notifications if a product is missing by introducing linked sensors and data storage
systems. Allowing the rapid and precise acquire product data across the supply chain
reduces the fraud possibilities in setting a need for purchase (Micheli, M et al. 2019; Wirtz,
Weyerer, and Schichtel 2019).

A5.B5 Discerning circular economies and green procurement because IoT could confirm
purchasing criteria while using the product (Legenvre, Henke, and Ruile 2020).

A5.B7 Augmented reality cases potentially help plan a project as well as we can collect,
analyze and visualize data and interact with them by making several scenarios. The
progress of complex and dynamic ecosystems between IoT big data analytics and A.L
support strategic partnerships and contribute to innovation (Alam, Vats, and Kashyap
2017; Micheli, M et al. 2019)

4.6 Automation R.P.A. and E.U.’s goals.

A6.B1. Subjective feelings do not affect bots, which provide an objective and transparent
output based on predetermined criteria. R.P.A. adopters and consultancies agreed that the
rate of process mistakes lowers dramatically and tends to zero if the bot is properly
programmed (Flechsig, Anslinger, and Lasch 2021).

A6.B2. R.P.A. tendering standardization; increased openness(Flechsig, Anslinger, and
Lasch 2021; R. Uskenbayeva et al. 2019) and allows S.M.E.s for fair participation in e-P.P.

A6.B3. R.P.A. bots can perform data processing, transfer, and administration activities,
preventing unauthorized access to sensitive information, applying anti-fraud checks and
special filtering award criteria (Flechsig, Anslinger, and Lasch 2021; R. Uskenbayeva et al.
2019).

A6.B{5-7} R.P.A. could help public sector enterprises with service specifications, i.e., bots
would create predetermined parts of the description and process standard tenderer
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requests. These predetermined criteria in tendering and supplier evaluation phase could
be green, social, or innovative (Flechsig, Anslinger, and Lasch 2021; R. Uskenbayeva et al.
2019).

A6.B7 R.P.A. accelerates the continuous digital transformation and shift of e-PP from its
traditional operational position to a more strategically oriented and involved business
function by facilitating an innovative corporate culture(Van Poucke et al., 2019).

4.7 Augmented -Virtual reality and E.U.’s goals.

A7.B{1-3}. Augmented reality can contribute to transparency and the fight against
corruption in public procurement as the simulation of public projects can involve citizens
in some planning choices. They are checking the correct execution of the terms of a
contract afterward during the implementation of a public project (Bakken 2018).

A7.B{2,4}. The contribution of augmented reality to creating business opportunities and
removing administrative barriers may not be directly demonstrated through specific
projects. Still, there is a possibility that potential suppliers will be able to have better
information, even though from a distance, on the specifications and the distinct nature of
a public contract project(Gregory Curtin 2017).

A7.B{5-7} AR. is, by definition, green technology as it reduces the environmental
footprint that would create some wrong choices in public works or goods procurement
and optimizes the final decisions through scenarios by choosing the most innovative
solutions. Augmented reality cases potentially help plan a project as well as we can collect,
analyze and visualize data and interact with them by making several scenarios endorsing
several criteria green, social, and innovative (Accenture 2019; Deloitte and European
Commission 2020; Gregory Curtin 2017).

4.8 3D Printing and E.U.’s goals.

A8.B1 At Deutsche Bahn Group, critical printing spares now have a viable 