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Abstract: Ports are important hubs that have positive impacts on the regions they serve, but they
also pose some challenges that need to be addressed. Many ports around the world have aligned
their development strategies with the concept of green growth; however, the green and efficient
performance of ports does not only depend on the port management itself; some elements need
to be negotiated and approved by local and national governments. One of such elements is road
port access. We investigated the impact of port gate location and port gate procedures on port’s
performance by examining the case of the Adriatic port of Koper, the only Slovenian international
cargo port. We found that significant external costs are incurred due to a non-optimized situation
caused by the lack of coordination and cooperation on all levels, although the port of Koper is
one of European core ports. Further, delayed digitalization of port gate procedures caused by port
management adds to degradation of port city relations.

Keywords: port gates; gate procedures; port-related truck traffic; external costs; port-city relation

1. Introduction

International trade, which has been largely liberalized for several decades, makes
it possible to alleviate a fundamental economic problem, namely, resource scarcity, but
only if it is efficient. It can be said to be efficient if the logistics chain between the point of
production and the point of consumption is cost-effective and time-efficient. Ports play an
important role in this regard, handling about 11 billion tons of cargo per year [1]. Ports are
complex systems, each with its own history and development path. On the one hand, they
directly support international trade, and thus the economic growth and development of
countries; on the other hand, they also employ many people, either directly or indirectly.

Ports compete in a free market where many factors contribute to their success, such as
port infrastructure and equipment, port efficiency, frequency of calls, port location, hin-
terland connectivity, port costs, port reputation, etc. (e.g., [2,3]). Among these, hinterland
accessibility has recently been recognized as the second most important factor, right after
port costs [4,5]. Notteboom and Rodrigue [6] see the development of hinterland networks
as a new dimension for competition between seaports. Hinterland transport links are a
matter for local, regional, and national authorities, while the port itself can partly influence
traffic flows around the port, for example, with appropriate design and capacity of port
gates, optimization of gate procedures, or the use of extended gates.

Increasing globalization, new technologies, and ever larger ships have added to the
pressure on ports. Ports that want to remain competitive have to adapt their offer to
the demand with technical-technological and organizational approaches and ensure high
productivity, low costs, and fast handling of ships. While for a long time the development
of ports was based solely on economic considerations, with the aim of getting back the
money invested as quickly as possible, more recently the importance of the environment
and relation with the local community have been emphasized. Ports require huge areas of
coastal land for their operation, which cannot then be used for other purposes. Moreover,
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their operation, i.e., cargo handling, ships calling at the port and traffic serving the port
hinterland, causes many negative impacts perceived as noise, emissions, water quality
degradation, soil pollution, waste production, biodiversity loss, land use impacts, traffic
impacts (congestion) and other impacts such as visual impacts, odor, or dust [7]. Therefore,
the traditionally strong link between ports and cities started to fade [7,8]. Ports that want
to prosper must therefore base their development on responsibility towards the environ-
ment and the local community. Many ports have thus developed social responsibility
strategies [9] that include environmental management systems (EMS) and energy manage-
ment systems (EnMS), and defined a list of Environmental Performance Indicators (EPIs)
supported by monitoring systems with real-time information for the interested public
(e.g., [10–13]).

The authors focus on port-related truck traffic in port cities resulting in increased
congestion, lower air quality, and deteriorating roads. Using the port of Koper as an
example, the authors attempt to define the external costs of freight traffic as a function of
port gate location and administrative port gate procedures.

The port of Koper presents a critical infrastructure for the Republic of Slovenia [14]
and important transport node for large part of Central Europe which was recognized
also by the European Commission that has classified it as one of 83 core Trans-European
Transport Network (TEN-T) ports and put it on two corridors, namely, Baltic-Adriatic and
Mediterranean corridor.

To remain competitive and able to provide smooth operations, ports need to undergo
constant development of all important port elements that is sea side, yard side, and land
side, in a harmonized manner. This includes also the capacitation and location of port
gates and adjustment of port gate procedures, which requires a systematic approach and
the inclusion of different stake-holders in decision-making. Particular care has to be given
when the ports are located close to the cities when port-related traffic interferes with regular
city traffic on daily basis and is further emphasized in small port cities like Koper is.

By presenting a thorough analysis of a selected case, we aimed to prove that complex
decisions must take into account different, often conflicting aspects and that external costs
should be included in the decision-making process. Local and national authorities did not
follow the progressive and environmentally friendly ideas of Luka Koper, the management
company of the Port of Koper, regarding port gates and road port access. Urban planning
and port planning were not coordinated, and compromises were not reached, resulting
in wasted resources, potentially reduced quality of port services, and leaving port-related
truck traffic on the city streets, which in turn affects the local community’s opinion on
port activities.

The paper is divided into seven sections. Section 2 provides a literature review on port-
related negative externalities and measures that can be taken by port authorities to reduce
port-related traffic. Section 3 briefly explains the methodology used. Section 4 presents the
port of Koper. Section 5 is devoted to the calculations of port related externalities. Section 6
brings the discussion and Section 7 the conclusions.

2. Literature Review

Ports need to develop their sea side (berths and quays), yard side (storage areas,
internal transport, and internal operations) and land side (gates, and delivery/receiving
procedures) synchronously; developing one and neglecting the other(s) may lead to irra-
tional use of resources while not optimising the overall throughput capacity of the port.
Typically, the development of a port is planned and overseen by the port authority, which
is usually a public corporation under a municipal, regional, or state authority. The gov-
ernance model influences the autonomy of port authorities in decision-making and their
funding options [15]. Port authorities invest mainly in port infrastructure and port facilities,
but have recently become active in the hinterland as well [16].

Nowadays, port authorities have to take care of the return on invested funds and
the development of the port as a whole, while maintaining a good relationship with the



Sustainability 2021, 13, 4884 3 of 22

local community and improving the port’s environmental performance. They need to look
for sustainable solutions and continuously balance environmental impacts and economic
interests [17]. There is much literature dealing with the greening of port activities; however,
little attention has been paid to the role of the port in reducing negative externalities in its
hinterland [18].

Moreover, research mainly focuses on ports or cities separately, rather than combining
the two [19], although many ports have remained close to cities, and with the growth of
port activities, the need to transport goods through urban zones often increases, negatively
affecting traffic and urban life, and creating an even wider gap between the concepts of
urban development and those of port development [20].

Market changes have led to the need for ports to be part of logistics networks [21],
where fast clearance of ships and fast distribution of cargo are crucial. The quality of
hinterland connections has therefore become one of the key aspects for port selection [22,23]
and the competitiveness of ports is increasingly influenced by the process of creating trade
corridors, where national involvement is clearly required [24]. However, port authorities,
together with local authorities, must try to reduce port-related truck traffic in port cities,
as the majority of goods handled in ports are still transported by road. In fact, even the
ports with the highest shares of non-truck hinterland traffic barely manage to achieve
more than half of their traffic by means other than trucks [24], resulting in many negative
impacts as can be seen in Table 1. This problem is further underscored by the fact that
there is a large fragmentation of road freight sector, leading to a large number of empty
trips and more congestion on the roads, as well as more emissions and ultimately higher
overall transportation costs and a less competitive supply chain [25]. For example, in a
well-developed Vancouver port, only about 18% of truck movements are part of a double
transaction [26].

Table 1. Negative impacts/externalities of truck traffic.

Author(s) Research Topic

[27] Road traffic is a dominant source of nitrogen dioxide (NO2) and a significant source of primary particulate matter
(PM10), but not of PM2.5.

[28–31] Alternative fuels for heavy trucks, like biodiesel blends, hydrogen or LNG, and the use of connected vehicle
technology or truck platooning can produce lower emissions.

[32–35] Emissions rates are a function of speed. Shifting trucks from daytime to night-time or from peak to off-peak period
can reduce traffic congestion and reduce air pollution (extreme and average concentrations).

[36–38]
PM, NO2, carbon monoxide (CO), black smoke, benzene, polycyclic aromatic hydrocarbons (PAHs), and metals
from heavy-duty trucks impact especially elderly and very young people and those living/working/attending
school close to main roads, with cardiopulmonary diseases.

[39]

The costs of urban congestion include five quantifiable elements, namely the price of the time lost, operating costs
(fuel and maintenance), the financial costs attributable to specific accidents due to congestion, price of noise
pollution, cost and damage from extra emissions, and non quantifiable elements like attractiveness of the city for
investments.

[40] Congestion affects costs and has important strategic impacts on inter-port and inter-route competition and is
especially important in the logistics for container shipping.

[41] Development of the instrument for uniform quantification of road congestion costs.

[42] Empty truck trips, caused by a lack of coordination among truckers, are responsible for a significant share of
port-related emissions.

[43,44]

Larger traffic volumes, higher speeds, greater numbers of trucks and their weight, or any faulty vehicle part (eq.
mufflers) increase the loudness of traffic related noise. Heavy vehicles generate between 80 and 110 dB of noise;
noise depends also on pavement structure and condition. Traffic noise affects greatly health and well-being of
people.

[45–47]
Many factors influence the impact of vehicles on the pavement. The dynamic load of heavy vehicles accelerates the
destruction of the pavement/roads. It is possible to develop a damage model for the determination of damage
caused by different vehicles.

Source: Authors.
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Digitalization and sustainability are the megatrends that will change the transport
and logistics industry in the future [30]. This also leads to a redefinition of the importance
of port gates in the logistics chain and their impact on port-city transport.

The problem of gate performance and port-related truck traffic can be addressed
in different ways, with measures ranging from operational and technological to layout
changes and changes in the way the port operates, as shown in Table 2. Not all measures
are appropriate or applicable to all ports. The types of measure that could be taken by the
port authority depend mainly on the physical characteristics of the port, which include
port turnover in terms of volume and structure, port layout and proximity to the city [48],
the financial situation and the position of the port in the broader context (e.g., regional,
national or TEN-T port).

Table 2. Measures that can be taken by port authorities to reduce port-related truck traffic in port cities.

Author(s) Research Topic

[49–52]

Truck appointment system (TAS) or Vehicle Booking System (VBS) based on static or dynamic methods can reduce
truck queuing time at the terminals gate or on the yard and optimize the appointment quota as well as trucking
company performance, especially when trucking companies and terminals collaboratively determine truck
schedules and appointments for truck arrivals.

[42,53] TAS to reduce empty rides and port related emissions.
[54] A multi-server queuing model to measure gate congestion and to quantify costs of congestion at the gates.

[7,55,56]
Longer gate opening hours need to be coordinated with other chain partners but can relieve city and port
congestion, although cases show that additional opening hours can be economically unfeasible and the upgrade in
the form of flexible opening hours seems more adequate

[53,57] Gate layout efficiency differences between pooled and non-pooled queuing strategies, and lane allocation methods
to relieve gate congestion.

[55,58–61]

Gate automation and the use of sensors/cameras can increase utilization of existing space and diminish the need for
new areas as well as reduce traffic emissions; e.g., driver identification system (DIS), License plate identification
system (LPIS), Container number recognition system (CNRS), RFID for real-time monitoring and RFID chips into
the seals.

[62–65]

Extended gates can generate substantial benefits in terms of modal shift, relieved traffic from the city roads and port
gates, increased capacity of the port, logistics performance and regional development, while port drayage can be
optimized by different scheduling and routing algorithms as well as with introduction and support of cleaner
vehicles.

[24,66] Peak pricing strategies to distribute traffic throughout the day.

[67] The elimination of Improper Documents that cause congestion at port gates by setting a compulsory pre-gate
system or applying early registration procedures.

[68] The use of tradable truck permits at multiterminal ports to improve TAS can yield the same efficiency as the perfect
colloboration (ie. all the terminals considered as a single company) would.

Source: Authors.

3. Data and Methods

The paper consists of a two-step research process.
First, we reviewed the literature on port authority actions to optimize port gate

operations and reduce congestion in port cities. Then, we examined research on congestion
costs and truck emissions. We used the following keywords: “port gates”, “port gate
procedures”, “port–city relationship”, “port related truck traffic”, “port access roads”,
“extended gates”, “truck appointment system”, “congestion costs estimation”, “truck
emissions” and “pavement damage”. We mainly used the Science Direct database and
Google Scholar.

We proceeded with the case study, which focused on the port of Koper. Although
case study methods can be perceived as controversial, especially single case studies as they
cannot provide generalized assumptions, they are widely accepted in social sciences. The
use of case studies is particularly present in the analysis of ports, as it allows for a detailed
examination of the area or problem under study.

The port of Koper has a specific location; it is surrounded on two sides by residential
areas and on the third side by a nature reserve. Normally, port authorities define the port’s
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development strategy and regulate the relationship between the port and the city, but in
Slovenia there is no port authority. The Port of Koper, the only Slovenian cargo port, has
a particular management structure that does not fit any of the existing port management
models; the Port of Koper is managed and operated by a single company Luka Koper
combining private and public capital. Accordingly, it is to be expected that private and
public interests may collide.

The research questions were formulated at the beginning of the study. The main
research question was “How do the location of the port gates and the operations at the
gates affect the relationship between the port and the city?” In addition, we wanted to
investigate what external costs are generated by port-related traffic on the streets of Koper.

Interviews and discussions with Luka Koper key persons as well as document review
were used to obtain the information that allowed a detailed analysis of the case study. We
adopted a simplified approach to estimating external costs related to port traffic. There is
no official data on the traffic structure on all road sections connecting the port of Koper,
so we estimated the number of port-related trucks on the city’s roads based on the port’s
throughput structure and land transport modal split for the period from 2008 to 2020.
Then, we approximated the level of congestion by observing the traffic on the main route
from the highways to the port gates and used this approximation throughout the analysis
period, although traffic conditions changed over time due to changes in the location of
port gates and port gates procedures. Finally, we calculated the values of congestion costs
and air pollution costs for Slovenia from the average values of marginal congestion and
air pollution costs for the EU-28, as suggested in Updated Handbook on External Costs of
Transport by Korzhenevych et al. [69].

4. Koper—The Port-City Relation
4.1. The Port of Koper

The port of Koper, the only Slovenian international cargo port, started its activity
in December 1958 as a single-berth port with 135 m of quay. Since then, the port has
developed into one of the most important North Adriatic ports; the port of Koper holds the
leading position in container traffic in the Adriatic Sea and is second among Mediterranean
ports in terms of car transhipment.

Today, this multipurpose port has twelve specialized terminals with 3300 m of quay
and 26 berths and handles about 20 million tons of cargo, and as such (if only throughput
is considered) can be considered a small port [70] or a medium-sized port [21]. Seventy
kilometers of roads and thirty kilometers of railways connect all terminals to the public
transport infrastructure.

Ports must align their operations with overall sustainability goals, i.e., ensure optimal
economic and social outcomes while causing minimal environmental damage [1]. Typically,
larger ports in developed countries pay more attention to achieving sustainable growth
and maintaining good relations with local communities (e.g., [71,72]). This also appears to
be true for ports located near dense urban areas (e.g., [73,74]).

Despite its relatively small size and the specificity of its organization, the port of Koper
is designed and operated according to sustainable principles. Luka Koper manages the
entire port area, which enables the implementation of an environmental protection system
at all terminals and in all activities. Luka Koper obtained ISO 14,001 in 2000, in May 2006
this standard was updated to ISO 14,001: 2004 and in 2017 to 14,001: 2015. Luka Koper
received EMAS certification in 2010, and recently Luka Koper updated its environmental
management system to meet the requirements of the energy efficiency standard ISO 50,001:
2018 [75]. In addition, Luka Koper has prepared its own environmental management
system and has an environmental policy that refers to the guidelines of European Seaports
Organization (ESPO).

Throughput of the port of Koper has in the analyzed period from 2008 to 2020 as can
be seen in Figure 1. In 2008, the average cargo volume per ship was 7207 tons, while in
2020 it grew to 13,624 tons, although throughput has fallen by more than 4.5 million tons
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since 2018. Such growth puts a strain on the port’s internal organization and work safety,
but also on the city’s traffic and, consequently, on the environment. Moreover, the structure
of transhipment has changed; the share of containers in total transhipment has more than
doubled and reached 47.5% in 2020.
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Figure 1. Total throughput in the port of Koper (in a million tons) in the period from 2008 to 2020. Source: authors, based
on [76].

The port of Koper serves a wide hinterland that includes Slovenia, Croatia, Austria,
northern Italy, Hungary, Switzerland, southern Germany, Czech Republic, Slovakia, Serbia,
and marginally some other countries. These countries have good economic potential,
which could be increased by moving the “blue banana” to the east. Moreover, the port of
Koper is located on the corridor Baltic-Adriatic, which is considered as one of the most
important trans-European road and railway axes. The North Adriatic Route represents the
most convenient and environmentally friendly trade route connecting Central Europe with
the Middle and Far East. Not surprisingly, Luka Koper has ambitious expansion plans
worth around EUR 700 million. Accordingly, throughput is expected to increase from 27.4
to 35.1 million tons of cargo in 2030 [77] and from 37.5 to 49.9 million tons in 2040 [78],
depending mainly on the quality and capacity of hinterland connections. Such growth
would bring positive economic effects; however, it would also mean additional pressure on
surrounding roads and habitat and lead to increased external costs of port-related traffic
and a deterioration of the quality of life in the vicinity of the port, especially if not planned
holistically [20].

4.1.1. Socio-Economic Profile of the Municipality of Koper

Some selected socio-economic indicators, presented in Table 3, suggest that living in
the municipality of Koper offers some advantages in relation to other municipalities in
Slovenia; mainly more employment opportunities and higher wages. This means that the
port of Koper still acts as a driver of socio-economic development in the municipality and
attracts new residents to the region.
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Table 3. The municipality of Koper shows better demographic and economic situation that the rest of Slovenia.

2012 2019

Koper Slovenia Koper Slovenia

Density of population (per km2) 171 101 173 103
Total increase (per 1000 population) 6 2 7.3 7.2
Net migration (per 1000 population) 3 2.5 8.6 7.8
Employment/population ratio (%) 59 57 67.8 66.0
Registered unemployment rate (%) 9.8 12.0 7.1 7.7
Registered unemployment rate for men (%) 10 12 6.5 7.2
Registered unemployment rate for women (%) 10 13 7.8 8.4
Average monthly gross earnings (index, SI = 100) 103 100 104.4 100
Average monthly net earnings (index, SI = 100) 103 100 103.8 100
Number of passenger cars (per 100 population) 57 52 58.9 55.6

Source: [79,80].

Each year, Luka Koper conducts an opinion survey on citizens’ perceptions of Luka
Koper’s attitudes toward environmental protection and the performance of its operations.
It includes men and women of all ages from all parts of the city that may be affected by
port operations. The overwhelming opinion (89.0%) is that Luka Koper is successful or
very successful as a business. Respondents believe that the biggest polluters of the local
environment are port activities (28.8%; 26.8% in 2018 and 14.3% in 2017), industry in Trieste
(20.9%; 26.7% in 2018 and 33.8% in 2017) and road traffic (27.5%; 26.1% in 2018 and 25.6%
in 2017). Nevertheless, only 10.2% (11.0% in 2018) of the respondents consider that Luka
Koper makes too little or hardly sufficient efforts to protect the environment [81,82].

4.1.2. Wider Economic Importance of the Port of Koper

The port of Koper is an important source of jobs; a generous estimate shows that every
million tons of cargo handled at the port generates 820 jobs and about EUR 60 million in
services and products in the Slovenian economy [83]. Luka Koper generated an average of
EUR 233 million in direct operating revenues and generated an average of EUR 735 million
in indirect and induced operating revenues for the Slovenian economy in the period from
2009 to 2018 [84]. This means that every euro in port revenues generates another EUR 3.3
in revenues in other economic activities in Slovenia [85].

Luka Koper has a growing importance for the Slovenian and regional economy as
well as for the transport-logistics sector itself. Port activities generated directly, indirectly
and implicitly 0.8% of all jobs in Slovenia and over 15% in the coastal region. They
generate 13.6% in the Slovenian transport-logistics sector [84]; indeed, more than 70 freight
forwarding and shipping agencies operate in the port area alone and many road transport
companies depend on port activities. There are several freight rail operators in Slovenia, but
the most important remains Slovenian Railways—Freight (Slovenske železnice—Tovorni
promet); more than half of the freight transported annually by Slovenian Railways trains is
related to the operation of the Port of Koper.

The activities of the Luka Koper contributed to about 1.4% to Slovenia’s GDP in 2018,
or about 1% of total value added in Slovenia; these figures were appropriately higher in
the coastal region, where value added from the port and port-related activities reached a
share of 17.6% (only 13.6% in 2009), and in the transport sector, where the share remained
at 15.4% [84]. However, it is important to understand that the activities of ports generate
multiplicative effects in trade, tourism, catering and financial services, etc. It is estimated
that each ton of cargo transported through Slovenia brings EUR 20–30 into the Slovenian
financial system [86].

4.2. Modal Split of the Port of Koper

About one-third of port of Koper’s throughput is for the Slovenian market, and all
the rest for foreign markets. The port is connected to the hinterland by a modern highway
system and by an out-dated rail system. The average speed for freight trains is about
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37 km/h [87] and freight trains have an average delay of 94.7 min per 100 km [88], yet about
60% (59% and 2019) of all goods from the port of Koper that are not transhipped (about
88% of the total) are transported by rail. This means that rail transported about 10.3 million
tons in 2020 (11.8 million tons in 2019) and trucks about 7 million tons (8.2 million tons
in 2019).

In 2020, 19,898 trains entered and exited the port, a decrease of 11% from 2019 and 14%
from the record year of 2018; 40% of these trains were container trains. In 2018, the modal
split for container land transport remained at 50:50, and in 2019, 52% of all containers
handled at the port were transported by rail. The port of Koper is connected to European
centers by approximately 140 container trains per week, each of which can carry up to
80 TEUs.

The normal capacity for freight traffic on the existing rail line increased by almost
5 million tons after the reconstruction works in 2010–2016 and is now around 14.0 million
tons per year; the averages for the Divača—Koper and Koper—Divača directions were 370
and 630 net tons per train, respectively [78].

In 2019, 337,940 trucks served the port. Slovenian highways have a nominal capacity
of 66,000 vehicles per day. In recent years, the structure of traffic flows has changed; the
share of trucks is higher, which has a negative impact on traffic flow and safety. However,
from the point of view of efficiency of logistic chains through the port of Koper, the highway
capacity is not (yet) questionable; the connection of the port to the highways and the traffic
on the roads of Koper are.

The Slovenian transport system is integrated into the European transport corridors,
which ensures the support and co-financing of missing sections and the provision of more
modern and efficient transport solutions. Since 2013, the port of Koper has been positioned
in two priority multimodal corridors: the Baltic-Adriatic and the Mediterranean corridor.
The Port of Koper is defined as a core port for the European transport network, which
qualifies it for co-financing of its hinterland access.

Forecasted Modal Split for the Port of Koper

The Slovenian railway network does not meet the requirements of TEN-T (train length
740 m, axle load 22.5 t and speed 100 km/h) even on corridor lines, which can be an
important limiting factor for the growth of transhipment in the port of Koper. Apart
from the single-track and heavily used Koper–Divača connection, the bottlenecks in the
Slovenian railway network are the Ljubljana railway junction and the single-track lines
Ljubljana–Jesenice and Maribor–Šentilj. The further development of the port of Koper is
therefore highly dependent on the construction of the second track Koper–Divača and in
general on the modernization of the Slovenian railway network.

If the second track is not built, rail freight traffic will not exceed 14 million net
tons per year due to capacity constraints (Figure 2), and consequently the growth of
the total throughput of the port of Koper will be slower, as the port will probably lose
competitiveness in relation to other North Adriatic ports. Nevertheless, road transport,
as the only substitute for rail, will initially experience somewhat faster growth. A sharp
increase in road freight, which has five times greater negative externalities than rail, would
lead to significant external costs in the long term. The total cumulative net negative
economic impact without additional rail capacity would range from EUR 400 to 1370 million
under different scenarios of throughput dynamics in the port of Koper [89].
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4.3. Port Gates

Many ports attempt to reduce a port’s landside congestion by increasing gate lanes
and flattening the peaks of incoming trailer traffic [67]. Luka Koper has moved its gates
several times throughout its history to avoid heavy truck traffic through the city. The port’s
current main gate, and the only port gate until May 2019, was built in the 1980s when
the port had a total throughput of about 3 million tons distributed between road and rail.
Today, about 250,000 trucks pass through this gate annually, carrying about 6 million tons
of cargo, as the new gate only accounts for about 25% of the traffic, or about 2 million tons
of cargo carried by road. The third gate is in the final stages of construction and is going
through the process of obtaining an operating permit. Once operational, this new gate
should accommodate about 50% of all trucks, which means that much of the truck traffic,
about 75%, will be off the city streets.

The main gate and the second gate have two lanes for entry and two lanes for exit
from the port. Under normal conditions, one lane is used for empty trucks and the second
for loaded trucks. Luka Koper has installed a separate gate at the container terminal, which
is used as a pre-gate system to avoid congestion at the port’s main gates.

The main gate is since recently opened 24 h a day, while the second gate (Sermin Gate)
is open from 6 a.m. to 10 p.m. Monday to Friday and 6 a.m. to 3 p.m. on Saturdays.

Both gates can handle any type of cargo, the second gate being mainly for the second
pier where dry bulk cargo is handled, while the main gate is mainly (but not only) used
for containers.

4.3.1. Road Port Access

The main connection between the port of Koper and Slovenian highway system is
through the Bertoki entrance, as can be seen from Figure 3.

The port can also be reached by a 2.5 km four-lane road (see Figure 5), but nowadays
this is only a secondary route that passes shopping and commercial areas and is only
used when the main access road is obstructed for some reason, such as an accident or
maintenance work. Until 2008 and the construction of the Bertoki entrance, it was the only
road connecting the port with the highways.
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4.3.2. Port Gate Procedures

One of the most important port-related traffic mitigation measures relates to reducing
idle trucks at port gates [24]. For this reason, Luka Koper has introduced longer opening
hours and the Vehicle Booking System (VBS), an online platform for making and processing
truck appointments, checking cargo status and schedules, recording truck entries into the
port, and checking the validity of annual permits to enter the port [90].

The use of VBS is mandatory since the end of November 2019 and the trucks without
VBS appointment are turned away. The conditions for entering the port are a confirmed
booking slot (the slot has a tolerance or “buffer” entry/exit time ± 1 h), arrival at the
agreed slot, a valid driver’s permit (annual or one-off) and a prior or one-off purchase of a
road charge [90].

Prior to entering the port, each truck must pay a toll at the truck terminal and obtain
the required documentation, unless the annual fee is covered or the truck is transporting
live livestock, in which case the vehicle is cleaned, washed, and disinfected immediately
prior to entering the port [90].

5. Port-Related Truck Traffic in Koper and Its Negative Externalities

The full marginal cost of additional truck traffic is: (a) private costs, which include
vehicle operating costs and own congestion costs; (b) infrastructure costs, which include
capital and maintenance costs; and (c) non-internalized external or social costs, which
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include congestion costs, accident costs, and environmental costs from noise and emis-
sions [91].

We focused on the external costs of emissions and congestion and roadway damage.
The roads studied do not pass residential areas, and we have no data on accidents on
these roads.

5.1. Estimation of Port-Related Traffic Flows on Local Roads

The number of trucks serving the port of Koper was estimated based on total port
throughput, truck capacity and land transport modal split, and provides a bit lower
numbers than the exact ones are when available. Our estimate of port-related truck traffic,
presented in the Figure 4, is highly correlated with traffic on the last section of highway
towards Koper (r = 0.882).
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Figure 4. Estimated number of trucks due to port activities. Source: Authors.

The current main access from the Slovenian highway system to the port is via the
1.5 km two-lane Bertoki entrance. A small roundabout with an inner radius of only 20 m
then diverts traffic towards the main gate, truck terminal or second gate, as shown in
Figure 5. Most of the route from the roundabout towards the main gate and truck terminal
is four lanes.
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Truck traffic has increased greatly on Slovenian roads over the past decade, and it
has also increased on the roads around the port as can be seen from Figure 6. It now
accounts to around 2.5 million km per year. The official traffic records do not allow to verify
the structure of traffic flows on different roads in Koper, but one of the sections towards
the main gate has already reached a share of heavy goods traffic of more than 30%. The
problem of port-related traffic is aggravated by empty runs as double transactions are very
rare in Koper.

We have approximated the volume of port-related traffic done on local roads each year.
We used three different scenarios regarding the second gate and truck permits, namely (1)
no trucks have annual permits, (2) half of the trucks have annual permits, and (3) all trucks
have annual permits. Opening of the second gate generates more total miles on local roads
in all cases except the situation where all trucks have annual permits; however, roads closer
to the city center are significantly relieved of port-related traffic with the opening of second
gate. We based all calculations on the Scenario 2.
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Figure 6. Estimated amount of port-related truck traffic on city roads. Source: Authors.

5.1.1. Congestion on the Roads of Koper

The 2015 study showed that the number of truck arrivals at the port of Koper was
almost evenly distributed from Monday to Friday; however, truck arrivals during the day
were very unevenly distributed with peaks in the morning between 6 and 8 a.m. and in the
early afternoon, between 2 and 5 p.m. [92]. With the 24/7 opening hours of the main gate
and the introduction of VBS, the distribution of truck arrivals throughout the day is almost
even, with traffic peaks still usually occurring between 12 noon and 3 p.m. The situation of
extreme congestion condition has not occurred since the introduction of VBS, while normal
congestion occurs on regular basis on short section of the access road during peak period.
These situations can be seen in the Figure 7.
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Highly congested roads are those on which the average annual daily traffic (AADT) is
more than 50% of the estimated capacity for a given road category; for major roads, the
estimated capacity is 30,000 vehicles per day [95]. Approximately 16,000 vehicles per day,
about 20% of which are heavy trucks, currently use the Bertoki entrance and connecting
roads. This means that it is possible to speak of an obstructed traffic flow, however, only in
peak periods.

Congestion affects both travel speed and reliability of travel conditions. The direct
costs of congestion include the cost of travel time delay imposed on users, the cost of
excessive fuel consumption in vehicle traffic and the associated cost of emissions due to
excessive fuel consumption.

We used the average EU marginal congestion costs on main urban roads for articulated
trucks and for personal cars for free flow and near capacity conditions as calculated in the
Update of the Handbook on External Costs of Transport [69]. The figures are presented in
the Table 4.

Table 4. Average EU marginal congestion costs in 2010 on main urban roads (EURct per vkm).

Free Flow Near Capacity Over Capacity

Articulated truck 1.2 141.1 219.9
Car 0.6 48.7 75.8

Source: [69].

We then adjusted the provided values to Slovenia and to the selected year by using
the following generalized Equation:

ExtC_Sloveniat = ExtC × GDPc_Sloveniat

24, 400
(1)

where ExtC_Sloveniat denotes any eternal costs calculated from the given figures ExtC
in [69] and transformed for Slovenia in particular year t; GDPc_Sloveniat is a value of GDP
per capita in Slovenia in the year t; EUR 24,400 was the average EU GDP per capita in 2010.

We approximated the congestion costs only for the road sections shared with private
cars, and based on the observations we defined periods with free traffic and near capacity
periods; we omitted the over capacity situations as they were always only occasional, and
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since 2019 have not occurred. Majority of daily traffic occurs in a span of 15 h, and most of
the route is a four lane road, meaning that the congestion of trucks in most cases does not
significantly affect the traffic of private cars. We used the average 90/10 free flow and near
capacity (Free flow: volume (v)/capacity (c) <0.25; 0.25 < v/c < 0.5; 0.5 < v/c < 0.75; Near
capacity: 0.75 < v/c < 1; Over capacity: v/c > 1 [67]) ratio for and 98/2 for private cars
while taking into account the distance and period of day. We used the following equations
to compute port-related congestion costs:

CC_truckst =
0.9×FF_truckst×trucks_kmt+0.1×NC_truckst×trucks_kmt

100
CC_carst =

0.02×NC_carst×cars_kmt
100

(2)

where CC_truckst and CC_carst denote the port-related congestion costs in the year t;
FF_truckst denotes value of free flow marginal costs for articulated trucks in Slovenia in
the selected year t; NC_truckst and NC_carst denote values of near capacity marginal costs
for articulated trucks and private cars in Slovenia in the selected year t; trucks_kmt and
cars_kmt denote amount of kilometers done on the shared road in the year t by a selected
group of vehicles; α, β and γ are the parameters of traffic flow, in our case α = 0.9, β = 0.1
and γ = 0.02.

We skipped to include the congestion costs of private cars in free flow as this is not
linked to port-related traffic.

The results are presented in the Table 5.

Table 5. Estimated port-related congestion costs.

Trucks Personal Cars Total

2008 193,918 262,359 456,278
2009 150,341 248,386 398,727
2010 175,741 248,260 424,002
2011 198,268 252,498 450,766
2012 203,005 248,492 451,497
2013 205,214 250,670 455,883
2014 222,979 253,395 476,374
2015 251,211 276,769 527,980
2016 277,724 289,980 567,704
2017 313,351 310,008 623,359
2018 342,877 344,310 687,187
2019 326,974 365,462 692,436
2020 259,036 347,304 606,340

Sum 3,120,639 3,697,893 6,818,532

Source: Authors.

5.1.2. Emissions from Port-Related Traffic

Although heavy trucks represent a small fraction of the total vehicle fleet, they have
been identified as one of the most important contributors to air pollution [96].

The cost of air pollution is estimated by multiplying the amount of pollutants emitted
by vehicles by the unit cost values of each pollutant. Air pollution from trucks is divided
into primary pollution (emitted directly into the atmosphere) and secondary pollution
(results from chemical reactions between pollutants in the atmosphere). Primary pollu-
tants include volatile organic compounds (VOC), carbon monoxide (CO), and nitrogen
oxides (NOx) as directly emitted pollutants and particulate matter (PM10) as an indirectly
produced pollutant. Emissions are related to the vehicle’s emission standard and fuel
consumption, which has been stagnant for heavy trucks for years; on average it is around
35 l/100 km [97], but depends also on load and on speed as can be seen in Figure 8.
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Traffic congestion increases fuel consumption and thus air emissions; however, our
understanding of the impact of air pollution from road congestion is limited [98]. Con-
gestion increases fuel consumption and emissions due to repeated stop and go activities,
while idling increases engine maintenance costs, shortens engine life, and affects driver
health and well-being through increased noise levels and reduced air quality [99].

We used the data on air pollution costs for heavy trucks as reported in Korzhenevych
et al. [69]. The publication [69] provides damage costs of main pollutants (PM2.5, NOx,
NMVOC and SO2) from transport, in EUR per tonne for single EU countries; however, this
is too demanding to apply in our case, as too many assumptions wold need to be used.
Thus we took a simplified approach by using average air pollution costs in EU expressed
in EURct/vkm for various types of vehicles on urban roads.

Since our period of interest is from 2008 to 2020, we used only heavy trucks with the
Euro IV standard (introduced in October 2005) or better and distinguished between loaded
and empty rides. Similarly, passenger cars with diesel and petrol engines with an engine
capacity of 1.4 to 2.0 l and EURO standard 3 or better were considered according to their
market entry and fleet structure in Slovenia.

The original figures used are presented in Table 6.

Table 6. EU average air pollution costs on urban roads in 2010 (EURct per vkm) for passenger cars
and heavy goods vehicles.

Personal Cars EURO3 EURO 4 EURO 5 EURO 6

Petrol (1.4–2.0 L) 0.4 0.4 0.4 0.4
Diesel (1.4–2.0 L) 2.6 1.8 0.9 0.7

Articulated Trucks EURO IV EURO V EURO VI

14–20 t 7.2 6.8 2.0
34–40 t 11.2 8.5 2.1

Source: [69].

We transformed the figures from Table 6 to Slovenian circumstances by applying
equation (1). We applied Scenario 2, and used the same free flow—near capacity ratio as
in the first calculation. We added emissions from personal cars that were in estimated
stop and go regime due to port-related truck traffic (2%), and used factor 4 to calculate
emissions for the near capacity and stop and go regime in comparison to normal free flow
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conditions for trucks and cars. We then averaged the values according to the approximated
fleet structure for trucks (EURO standard introduction) and private cars (EURO standard
introduction and engine type). The results are shown in Table 7.

Table 7. Estimated emissions from port-related truck traffic.

Trucks Personal Cars Total

2008 147,442 32,938 180,380
2009 101,470 30,555 132,025
2010 118,613 28,172 146,786
2011 133,817 25,789 159,606
2012 137,014 24,722 161,737
2013 138,505 23,557 162,062
2014 116,096 21,840 137,937
2015 130,796 21,798 152,594
2016 144,600 20,619 165,219
2017 163,150 19,099 182,249
2018 178,523 19,640 198,162
2019 175,934 17,390 193,324
2020 142,592 17,390 159,981

Sum 1,828,552 303,509 2,132,061

Source: Authors.

5.1.3. Pavement Deterioration

Pavement deterioration is a process that involves various deterioration phenomena.
Factors that influence pavement deterioration include vehicle mass, number of axles, axle
configurations, wheel assemblies, and tire characteristics [45]. Moreover, the dynamic
loading of heavy vehicles extremely accelerates pavement degradation [46].

The Bertoki entrance, built in 2008, was completely destroyed by heavy truck traffic
by 2018 (see Figure 9); paradoxically, this road was never planned for heavy trucks and
therefore was not built to accommodate them. The 3 km long two-lane road with three
roundabouts and an attached viaduct, which cost around EUR 31 million, was only cosmet-
ically repaired in 2018; the work lasted only around ten days and cost around EUR 180,000.
Road damage is already visible again, and the forecast is that the number of heavy trucks
on this road will double by 2030.
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In our approximation, we used simple static capacity of the vehicles and the number
of axles. A generous approximation (the average passenger car with mass of two tons)
suggests that if we convert port-related heavy traffic into passenger cars, we arrive at the
astonishing figure of more than 12 million cars per day.
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6. Discussion

The port of Koper’s throughput increased at an average annual growth rate (AAGR)
of 7.0% between 2009 and 2018. In 2019, for the first time in more than a decade, the
port’s throughput decreased by more than 5% (5.2%); general cargo decreased by 16% and
dry bulk by more than 17%, while container traffic (expressed in the number of TEUs)
decreased by 3%.

When throughput declined in 2009, it was a global phenomenon due to the global
economic crisis (similar to 2020), but the decline in 2019 was somewhat specific. The
decrease in total throughput was also recorded in other ports of the Northern Adriatic;
in Trieste by about 1% and in Rijeka by as much as 15%, but both ports recorded growth
in container traffic in terms of the number of units handled (Trieste by 8.9% and Rijeka
by 17.3%). Rijeka also recorded a 17.2% increase in general cargo handled, while Trieste
recorded a 3.1% increase in dry bulk. Although Koper continues to have the largest volume
of these three cargo types among all North Adriatic ports, events in 2019 may indicate a
reversal of the trend and it is necessary to determine the reasons for the shift of cargo to
other ports in the region.

It is common that when a corridor becomes less responsive due to congestion, traffic
moves to other end nodes [101]. Congestion can occur on any part of the corridor over
which the port authority has no control; however, in 2019, neither road nor rail connections
from the port of Koper were optimal. In such a case, the port authority plays an important
role, but cannot do much without the support of local and national authorities.

Luka Koper has been trying to build a second port gate since 2007 to remove port-
related traffic from the city center and has constructed necessary in-port road infrastructure
and reorganized port traffic adequately at the cost of around EUR 8 million. This gate had
to be coupled with the 1.4 km long and EUR 7 million worth dedicated road connecting
the port directly to the highway (Sermin entrance on Figure 3). However, due to various
complications beyond Luka Koper control, one gate did not become operational until
2019, while the second has yet to be opened, and no dedicated road was built due to the
archaeological remains found on the site, which would cost an estimated EUR 12 million
to excavate.

The Bertoki entrance, built in 2008, has become a bottleneck and was supposed to be
upgraded to a four-lane road in 2018; however, nothing has been done so far. According to
unofficial estimates, EUR 5–7 million per kilometer will be spent on two additional lanes
and the reconstruction of the existing lanes. Hopefully, it will be reconstructed in a way it
will be able to accommodate immense port-related truck traffic.

The new truck terminal is to be built at the Bertoki entrance and will cover more than
90,000 square meters. It will cost around EUR 5 million and will be co-financed by the
Connecting Europe Facility with 51%. At the suggestion of Luka Koper, the state already
approved a spatial plan for this terminal eleven years ago. Once completed, it will be able
to accommodate around 300 trucks, which is 120 more than the existing terminal. The
existing truck terminal needs to be relocated by 2023 as the municipality has new plans
with this area. Once new terminal is up and running, trucks will not have to go to city
center and most of the port’s truck traffic will go through the new port gates. The distances
to be covered will be shorter; however, without the construction of the Sermin entrance, all
traffic will continue to go through the Bertoki entrance.

Luka Koper is expanding its capacity for the expected increase of transhipment, taking
into account the environment and the local community by introducing various operational
measures, installing more environmentally friendly equipment and even considering the
use of renewable energy sources [102]. However, the fact is that this is not enough to ensure
the port’s competitiveness, which Luka Koper is aware of, but local and state authorities
are obviously not. Our very conservative estimation of external costs caused by port related
truck traffic including only two elements suggests that in the period from 2008 to 2020
around EUR 9 million of congestion and air pollution costs occurred.
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The construction of the improved railway connection between the port and the hinter-
land is delayed, and many other sections along the corridor are also unsatisfactory. For
almost 15 years, Luka Koper has been agitating for a different design of the port’s road
connection. It is clear that the existing main road connection will have to accommodate
larger cargo flows in the years until the railway is built, of course, if the port is to retain
an important position in the northern Adriatic. A dedicated road would reduce or even
eliminate congestion on the roads around the city, and consequently reduce congestion-
related emissions. Emissions from trucks would occur in any case, but within the port,
where Luka Koper could influence the optimization of flows. Last but not least, the Bertoki
entrance, a road that is constructed on soft terrain, would be used largely or exclusively for
passenger cars that currently count to more than 12,000 per day.

Reducing traffic congestion reduces mobile source emissions and can improve the
competitiveness and productivity of local economies [103]. Empty truck trips caused by a
lack of coordination between truck companies are responsible for a significant proportion
of air emissions [42]. Actually, the cooperation between truck carriers is seen as the greatest
opportunity to address the problem of empty rides; however, transport-logistic market
in Slovenia is very fragmented and also the majority of freight is for foreign markets and
the transport is organized by foreign companies. This fragmentation also reduces the
possibility of the utilization of truck platooning to reduce emissions. On the other hand,
Luka Koper can introduce more digitalized processes at its gates, to reduce the possibility
of errors and shorten the time to enter the port. Currently, no automatic identification
system are in use.

7. Conclusions

Today, ports must not only follow green growth strategies in developing port infras-
tructure and equipment, but also proactively work towards a cleaner and more efficient
supply chain.

For more than a decade, Luka Koper has stressed the importance of establishing
new port gates and building a suitable connecting road. However, due to complicated
ownership and archaeological legacies on site, all projects were cancelled, delayed, or
made more expensive. The consequences of non-strategic and non-coordinated planning,
inaccurate preliminary site reconnaissance, and/or legislative slowness are being felt most
acutely at Luka Koper; its development is inhibited and local residents are increasingly
critical of port-related traffic because it disrupts their daily lives. However, also Luka Koper
could have applied various digitalized solutions by now to ease and fasten gate procedures.

Urban congestion caused by port-related traffic originates at the interface between the
port and the countryside [7]. Koper is a small city and distances are short; therefore, with
over a thousand trucks per day to and from the port, congestion on the roads is inevitable.
The inconveniently located and relatively small truck terminal and the non-optimized gate
procedures only aggravate the congestion.

Zanne et al. [104] and Stojaković et al. [105] investigated whether hinterland connec-
tions could affect the operation of the Port of Koper, but the focus was mainly on rail. Now
we can ask whether the cargo loss in 2019 is not due to the unreliable operation of the
supply chain by road, which has its origin in insufficiently digitized and under capacitated
port gates and road port accesses. Further research will aim to answer this question and
will imply the use of discrete event simulations methods to port data.
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