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GJ ABSTRACT
- Emission sources associated with port operations are very different and ports are obliged to

This work is licensed develop adequate responses. After a general introduction, an overview on literature related
under a Creative to emissions to air in ports and summary of already implemented responses (solutions) on
Commons Attribution 4.0 port related emissions, the interdependency between the quantity of CO emitted by mobile
International License. harbour cranes during loading process of vessels is modelled, implementing the multiple
Publisher: regression model. Parameters of the model show that 88.53% of the variability of the
Faculty of Transport quantity of the emitted CO; to air per vessel depends on selected independent variables.
and Traffic Sciences, Results presented in this paper enable recognition of some directions of reduction of CO;

University of Zagreb emissions to air by the cargo handling equipment in a port. Furthermore, a planning tool

purposed for quantification and forecasting CO, emissions from cargo handling equipment
in a port, based on a group of relevant parameters, is proposed. In that context, the
influence of variations in productivity in the cargo handling process on the quantity of CO;
emitted to air is analysed. The proposed approach can be implemented in other ports where
the diesel-powered cargo handling equipment is in use. In addition, the presented results
can be a reliable base for further engagement of the author in this domain.
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1. INTRODUCTION

The role of the ports has been continuously evolving over the past years. From being multimodal hubs in
the supply chain, ports are developing into centres of sustainable energies, clusters of industry and circular
economy as well as crucially important pillars of geo-political and geo-economic resilience [1], contributing
to the development of the blue economy, too [2]. Ports have crucial importance for the global supply chain
[3] and have significant impact on economic activities, both in the country where belong and their wider
hinterland [4-9].

Port development frequently appears as a research problem in available references, where different
aspects of that topic are considered: modelling port development scenarios, correlation between port
development and various influential factors (port competitiveness, port connectivity, economic development
of the ports’ hinterland, etc.), port-city relations, port regionalisation, port digitalisation, development of a
“green port” (port sustainable development), etc. Elements of the development of a “green port” (port
sustainable development) researched through available literature are as follows: introducing energy
efficiency [10], circular economy transition of ports [11], development of a low-carbon port [12, 13],
sustainable development of a port located near the underexploited cultural and tourist capacities [14],
incorporating advanced technologies towards sustainable development of ports [15]. In general, the concept
called “green port” aims to balance economical and ecological aspects of a port functioning [16].
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Development directions/trends of ports are treated in different documents of global importance, too:
Sustainable and Smart Mobility Strategy — putting European transport on track for the future [17]: Ports have
a great potential to become energy hubs for integrated electricity systems, hydrogen and other low-carbon
fuels, and centres for waste reuse and the circular economy; The European Green Deal [18]: calls for a 90%
reduction in greenhouse gas (GHG) emissions from transport, in order for the European Union (EU) to
become a climate-neutral economy by 2050, working in parallel towards a zero-pollution ambition; The 2030
Agenda for Sustainable Development [19] — adopted by all United Nations Member States in 2015. At its
centre are 17 Sustainable Development Goals (SDGs). Some of the SDGs are directly connected with
reducing environmental impact of the port area, e.g. SDG13 — climate action, etc. [20].

The objective of this paper the has following principal components, all in accordance with the relevant
literature and verified methodology: — to identify, analyse and systematise categories of emissions to air in a
port; — to recognise key directions for mitigating risks caused by those emissions; — to define a model of
interdependency between the emitted quantity of CO; to air from diesel-powered cargo handling equipment
(mobile harbour cranes) during the loading/unloading process of a vessel and selected independent variables,
using the multiple regression method; — to define some directions of reducing CO; emissions to air from
cargo handling equipment, directly “generated” from the previously defined multiple regression model of the
guantity of the emitted CO;; — to propose a planning tool for quantification and forecasting CO, emissions
from cargo handling equipment in a port based on planned throughput structure, mean value of productivity
per cargo handling operations and cargo types, average fuel consumption per port machinery types, etc.; — to
analyse the influence of productivity in the cargo handling process on the quantity of CO, emitted to air from
cargo handling equipment;

Through considerations done in this paper all components of the previously mentioned objective are
reached. The summary of conclusions enabled by those considerations are as follows (their detailed
elaboration is given in the sections related to the discussion of the results and conclusions):

— Emissions from cargo handling equipment belongs to the group of the most critical port related emission
sources (mobile emissions sources);

— Adequate response of a port to the emission from cargo handling equipment requires, among other
things, appropriate planning and decision making bases (some of them are proposed in the further
sections of the paper);

— Pollutants sourced by the cargo handling equipment mainly include particulate matter (PM), NOx, HC,
COx, SOx, etc.;

—  Carbon dioxide (CO2) is the most well-known greenhouse gas;

— The defined multiple regression model of interdependency between the quantity of the emitted CO2 to
air from diesel-powered mobile harbour cranes (during loading process of a vessel) and selected
independent variables shows that (1) the quantity of the emitted CO2 to air is directly proportional with
guantity of cargo which is loaded to vessel; (2) the quantity of the emitted CO2 per vessel would be
reduced if the number of used mobile harbour cranes is decreased; (3) the quantity of the emitted CO2
per vessel is increasing when the duration of the loading process interruptions caused by internal factors
are increasing;

— The optimal option for the reduction of the CO2 quantity emitted to air in a port from diesel-powered
cargo handling equipment (mobile harbour cranes) during the loading/unloading process of vessels is a
combination of different actions: introduction of electrically-powered port machinery in the
loading/unloading process, followed by the optimal utilisation of the effective working time — optimal
level of productivity;

— An important guestion in the previous context is whether the total electrification of cargo handling
equipment is feasible (affordable), especially for smaller ports which are, very often, facing lower level
of investment capability;

— Implementation of the proposed planning tool for forecasting the quantity of the CO2 emitted from
cargo handling equipment in a port and measuring the influence of increased productivity on the emitted
CO2 quantity on a concrete case shows that increasing the productivity (quantity of the handled cargo
per shift), with the usage of the same resources, is followed by a decreasing of quantity of CO2 emitted
to air by the used diesel-powered cargo handling equipment;
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After this introduction, section 2 contains a literature overview regarding the emissions to air in ports.
Section 3 is related to the existing (already implemented) and planned solutions purposed to reduce
emissions to air from principal sources in a port. Results of the research of interdependency between the
emitted CO; to air from cargo handling equipment through the loading/unloading process of vessels
accompanied with discussion of the results are given in the section 4. Within this section a planning tool is
proposed for quantification and forecasting CO. emitted to air from cargo handling equipment, based on a
group of relevant input parameters. Furthermore, in section 4 the influence of variations in productivity in
the cargo handling process on quantity of CO, emitted to air from cargo handling equipment is analysed.
Conclusions are systematised in section 5.

2. EMISSIONS TO AIR - A LITERATURE OVERVIEW

Basically, there are two main categories of maritime polluting emissions: common air contaminants
(CAC) and greenhouse gases (GHG), plus an additional group related to other forms of less aggressive
pollutants such as dust, smoke, odours and noise [21]. Common air pollutants are [22]: particulate matter
(PM10 and PM2.5), ozone (03), nitrogen dioxide (NO2), carbon monoxide (CO), sulphur dioxide (S02).
The GHG inventory covers the seven direct GHGs under the Kyoto Protocol [23]: carbon dioxide (CO,),
methane (CH,), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur
hexafluoride (SFs), nitrogen trifluoride (NFs).

A greenhouse gas (GHG) is a gas that causes the atmosphere to warm by absorbing and emitting radiant
energy. Human-made emissions of GHGs from fossil fuels, industry and agriculture are the leading cause of
global climate change [24]. Seriousness of the climate changes can be clearly confirmed with the fact that
with seven record-breaking months and two record-breaking seasons, 2023 was the world’s warmest year in
recorded history. According to the EU’s Copernicus Climate Change Service, close to 50 % of the days in
2023 were more than 1.5 °C above the pre-industrial average (1850-1900) [25]. Extreme weather events and
climate-related natural hazards are becoming more frequent and severe with the rise in the global
temperatures [26].

The atmospheric concentrations of GHGs may negatively affect the life on the Earth. Global GHGs
emissions per capita, at the global level, have increased by 8.3% between 1990 and 2022 (from 6.24 t
COzeg/cap to 6.76 t CO-eq/cap) [27].

Freight transportation and logistics activities contribute 8-10% of global GHG emissions [28]. Breaking
down the EU’s transport sector emissions, 13.5% is attributed to the maritime sector, 14.4% to aviation and
71% to road transport [29].

In general, the maritime industry contributing to 2-3% of the world’s total GHG emissions, prompting
initiatives to decarbonise their energy systems and make seaports smarter and greener [30-32]. Emissions
from maritime industry can be considered as one of a central issues in reducing the carbon footprint of
international trade (along with other pollutants generated by human activities on the planet), which is getting
more critical every day [33, 34].

“Fit for 55” refers to the EU’s target of reducing net GHG emissions by at least 55% by 2030 compared
to 1990 levels. It is a legislative package involving the broad policy categories relevant to sustainable
mobility [29, 35].

Calculating and reporting emissions to air is a first step [28]. The Global Logistics Emissions Council
(GLEC) developed the GLEC Framework, to harmonise the calculation and reporting of the logistics GHG
emissions across the multi-modal supply chains [36]. It is the primary industry guideline to support the
implementation of the ISO 14083 [37], and can be implemented by shippers, carriers and logistics service
providers. The EU is widening and deepening the reporting requirements for the supply chain [38]. EN16258
is a widely internationally accepted CO, emission standard for transport and logistics, too [39]. Most of the
ports that report CO, emissions use their own methods and there is virtually no unified and complete method.
This makes comparing results among different ports a difficult task. In the study [34] a tool is proposed to
calculate GHG emissions in ports, based on the WPCI (World Ports Climate Initiative), the IPCC
(Intergovernmental Panel on Climate Change) guidelines and the GHG Protocol. Carbon dioxide (CO) is the
most well-known GHG. GHG emissions are often quantified in carbon dioxide equivalents (CO2eq) [24].
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Ports are facing different challenges/risks. Environmental risks can arise at all stages of the port and
terminal life cycle [40], including the following [41, 42, 43-45]: emissions from port operations, emissions
from ships, dust emissions, dredging, oil spills, chemical contaminants, ballast waters, noise pollution, huge
environmental sensitivities, etc.

Climate changes and air quality were the top two environmental priorities in ports in 2023 [46]. There is a
significant increase in risks of huge losses in ports due to direct and indirect consequences of the climate
changes such as extreme weather events (or some other form of their appearance, like the rise of sea level,
etc.). All components of the port, port infrastructure, port superstructure, cargo handling equipment, etc. are
threatened, and the consequences can be numerous, with an intense negative impact on the functioning of the
port, and the possibility of leading to the interruption of goods flows, which would have clear negative
consequences on the level of economic activities in the zone to which the port gravitates. Climate change and
the risks they generate make it imperative for ports to establish a management system for those risks with
appropriate organisational, technical and all other measures, along with the necessary financial investments,
in order to prevent their concretisation (through high additional costs) or to reduce the number of
occurrences of unwanted events to a minimum level. In the first European Climate Risk Assessment report
[47], carried out by the European Environment Agency (EEA) at the request of the European Commission,
the many different economic and social risks are identified that Europe will need to manage over the next
decade due to the climate crisis [48]. Managing climate risks is a necessary condition for improving the
living standards, fighting inequality and protecting people. For businesses, climate risks are well recognised
and are seen as the top four risks in a decade [49]. In general, environmental risks can shape financial
stability, impacting economies. Undisrupted environmental and health ecosystems constitute the foundation
of the economy [50].

As it was previously written, the European Green Deal [18] calls for a 90% reduction in GHG emissions
from transport, in order for the EU to become a climate-neutral economy by 2050, while also working
towards a zero-pollution ambition. The way of reaching the defined targets could be very complex. Just for
illustration, here is an example. Following the 80" session of the International Maritime Organisation’s
(IMO) Marine Environment Protection Committee (MEPC) in July 2023, the revised strategy to reduce GHG
emissions from ships includes a commitment to reach net zero “by or around” 2050. The previous target was
a 50% reduction in GHG emissions by 2050, compared to the 2008 levels [51]. The disruption in the Red Sea
and Suez Canal, combined with the factors linked to the Panama Canal and the Black Sea, and leading to
rerouting vessels through longer routes are causing vessel sailing speeds to increase [52], implying
increasing GHG emissions for a round trip.

When thinking of sustainability in shipping and ports, most of the focus tends to be on air pollution;
however, there are many other areas of importance for green ports such as noise, dust, waste, water pollution,
etc. [53].

Emission sources associated with port operations are very different [21, 54, 55] and can be organised into
two large groups: the first includes stationary sources such as warehouses, mechanical plants, offices,
portable or emergency generators, electricity consuming equipment, refrigeration/cooling equipment etc.,
and the second includes mobile sources such as ships, cargo handling equipment that is not designed to
operate on public roads, transport vehicles that move goods on public roads, smaller on-road vehicles that
transport people and supplies, such as cars and vans, railroad locomotives and so on.

Sources can be further divided into emission source categories within each source group. Another
emission source type related to port operations is referred to unpaved areas used for cargo or equipment
storage. Vehicles and equipment moving through these unpaved areas can disturb the soil surface with winds
lifting fine dirt particles into the air [54].

Pollutants sourced by cargo handling equipment (CHE) mainly include particulate matter (PM), NOX,
HC, COx, SOx, etc. [56].

In 2013, the European Commission adopted the Clean Air Programme for Europe, with specific measures
to achieve the existing air quality targets as soon as possible, and proposals for additional legislation to
reduce harmful emissions [57]. It is a clear fact that efforts to make maritime transport less polluting must
include ports [58].

Table 1 gives an overview on additional (besides previously mentioned) references related to emissions in
ports.
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Table 1 — A literature overview

Research problem Reference

Emissions from ships in ports
— pollution from ships as a factor that causes significant air and other forms of pollution [59]
—The int_ernational regulations on ship emissions and its influence on the level of the SO2 emissions from [60]
ocean going vessels
— Pollution of air from large ships in the hub ports [61]
— The influence of ship emissions of NO2, SOz, PM1o and PMz5 on air quality in the ports [62]
— Annex VI (of the MARPOL convention) issues [63, 64]
— Initial strategy on reduction of GHG emissions from ships in a port [65]
— Air quality management in some Mediterranean ports [66]
— Development of infrastructure, regulation and incentives that mitigate shipping emissions in ports [21]
— Calculation of air pollution inventory in ports [67]
— Estimation and analysis of ship exhaust emissions and their externalities [68]
— Estimation of air emissions (COz, NOx, SOx and PM) released by cruise vessels in ports [69]
— Initiatives and methodologies that have been undertaken to calculate and reduce emissions and climate
change effects in ports [32,70-74]
— Estimating trip-specific emissions [75]
H Developing a method to assess the possible decrease of the emissions from ships in ports, considering [76]

uman factor influence
— Monitoring and estimation of air pollutant emissions from ships [77,78]
Environmental efficiency of ports [78, 80]
Estimation of the carbon footprint in ports [81, 82]
Environmental performance indicators [83, 84]
Energy management systems in ports [85]

Source: the Author

In the analysed literature the following research methods are used: inseparable input-output slack-based
measure model [79, 80]; ship engines’ power method [67]; full bottom-up approach [69]; a meta-analyses
scoping review based on the PRISMA-ScR methodology [81]; activity based approach [72]; entropy
approach to analysis of environmental performances [84]; Gaussian-Plume dispersion approach [73]; etc. A
very wide geographical area is covered by the analysed literature: China [79, 82], Montenegro [67, 68],
Croatia [68], Spain [69, 81, 83], Bangladesh [71, 72], Brazil [32], South Korea [80], Thailand [84], USA
[74], etc.

3. RESPONSES TO EMISSIONS — SOME CONSIDERATIONS ON SOLUTIONS

There is a need for focused investment in innovative solutions to support the sector de-carbonisation [86],
which appears as a relevant driver of the investment projects in ports [1]. Despite the challenges, there are
also opportunities for industry to develop sustainable alternatives [87].

In essence, ports are obliged to develop responses to emissions caused by their operations at an
appropriate level [88]. It is recommended that ports consider the growing range of innovative systems and
technologies that provide integrated solutions to facilitate the reduction of emissions [88]. As modern
automated terminals usually achieve high handling efficiency with electric or hybrid equipment, terminal
automation is one of the tools to reduce emissions [89]. Many options for air reduction program are
available. The selection of the most feasible actions will depend on many factors, such as laws and
regulations, terminal set-up, the modal split of the port and the age of diesel engine equipment fleet, etc. [90].

There are already implemented solutions in ports purposed for reduction of GHG emissions.
Copenhagen’s container terminal has introduced new terminal tractors, rear loaders and industrial trucks
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within the program HVO100 (HVO — Hydro-treated Vegetable Qil, a type of fuel produced from waste,
residue oils and fats, such as used cooking oil). The move will reduce emission of 130t of CO2e/year [91].
HHLA Container Terminal Altenwerder (CTA) in the Port of Hamburg, introduced fully electric automated
guided vehicles (AGVs), having now a completely electrified container handling from ship to storage.
Exchanging diesel for battery AGVs will avoid the consumption of around three million litres of fossil fuel
per year, sparing the environment some 8.0kt/year of CO2 emissions [92].

As the whole industry works towards achieving the agreed upon IMO 2050 targets and having in mind
the importance of reduction of ship emissions for achieving those targets, the European Community
Shipowners’ Association has welcomed the final approval of the Net-Zero Industry Act (NZIA) by the
Parliament, the European net-zero emissions proposed in March 2023 by the European Commission to
strengthen the production of the technologies needed for decarbonisation [93, 94]. To achieve this, increased
emphasis should be put on making affordable clean and safe fuels available and on developing the capacity,
access to infrastructure for green maritime fuels [95]. Through the FuelEU Maritime Regulation, the
European Commission — with the assistance of the European Maritime Safety Agency (EMSA) — is aiming
to increase the use of sustainable alternative fuels in European shipping and ports by addressing market
barriers and uncertainty over which technical options are market-ready [96]. Among the multiple fuels and
technologies being considered, green methanol and green ammonia, as well as solid oxide fuel cells,
liquefied hydrogen, wind-assisted propulsion, air lubrication systems and on-board carbon capture are seen
as promising options for achieving the decarbonisation goals set forth by the IMO for the shipping sector
[97-99], all in order to achieve an objective of having “zero-emissions vessels” — vessels that emit no GHG
or pollutants during their operation [100]. On 12 April 2024, Damen Shipyards Group launched the second
of its fully electric RSD-E Tugs 2513, which is being built for the Port of Antwerp-Bruges, Belgium. It was
the first fully electric tug to operate in European waters [101].

Additional solutions were developed, which contribute to the better energy profile of a ship:
implementation of the schedule optimisation software to reduce shipping emissions by increasing the vessel
utilisation rate [102]; a hydrodynamic solution for preventing cavitation occurred during the ship operation
(as an influential factor of increased energy usage/reduced energy efficiency) [103];

Regardless of the previously mentioned obvious concrete results in reducing emissions from ships, it is
clear that conventional fuels will be around for many years and that shipowners must concentrate on energy
efficiency: burning less fuel by design and proper maintenance to maintain efficiency, etc. [104].

Within the port and maritime sector, one of the solutions to reduce emissions in ports is the installation of
shore-side electricity (SSE) solutions in ports. However, although the technology is available and fully
mature, European ports currently face difficulties in implementing these facilities due to the lack of a
harmonised framework on the SSE in the EU ports [105]. Main technical/operational/financial difficulties in
planning and implementing the SSE solutions are the cost of installations compared with cost of operation,
the cost of electrical power and economic viability of the service, the lack of pricing and taxing framework,
the status and capacity of the port electricity grid (power constraints, etc.), the funding sources used to carry
out the investments in the ports with the SSE, etc. [106].

Through the numerous EU programs, different projects aiming to achieve sustainable transport solutions
were financially supported. 'EfficientFlow’, a project co-funded by the European Cohesion Policy between 2018
and 2020, has helped all partners involved in the port call process to optimise their resources and reduce waiting
times [107]. The European Union will support 42 projects with more than EUR 424 million of funding for the
alternative fuels supply infrastructure. They have been selected under the Alternative Fuels Infrastructure
Facility (AFIF) of the Connecting Europe Facility (CEF) [108]. The project REDII Ports, financed under the
Interreg North Sea, aims to exploit resources for a technically feasible and economically affordable
generation, storage and consumption of cleaner energy and fuels with specific reference to five alternatives:
electricity (shore/hydro power/battery), wind//tide/solar, biodiesel, hydrogen, ammonia/methanol [109]. The
Norwegian government supported the GASS (Green Al for Sustainable Shipping) research project — a “data
driven approach to decarbonisation” enabling shipping companies to identify, analyse and address inefficient
energy use on any vessel, in any location, in any weather conditions, in real-time [110]. The EALING
project, funded under the Connecting Europe Facility (CEF) programme, aiming at examining and promoting
the utilisation of the Shore Side Electricity (SSE) in 16 maritime ports from the Trans-European Transport
Network (TEN-T) [111].

It is clear that the role which a port has in implementing the mentioned responses to emissions varies
within a wide range, starting from “fully responsible subject” (where a port has the leading role, followed
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with an obligation to finance related responses) — e.g. providing shore-side electricity solutions for ships in
ports; purchasing electric cargo handling equipment; etc. to a “subject who is promoting/initiating/supporting
actions* (a port can launch initiative for implementing a response, but with very limited role in further
concrete steps) — e.g. a port can promote (initiate/support related actions) importance of “green ships”, but
with no decisive role in fully achieving that objective.

4. QUANTITY OF CO2 EMITTED TO AIR FROM CARGO HANDLING EQUIPMENT:
MODELLING

Based on the results of previously made considerations, in this section, focus is on emissions from cargo
handling equipment, as one of the most important emission sources in a port.

It is a fact that in the available literature is not presented any approach which starts from “the bottom” —
which directs efforts to reduce GHG (CO,) emission to air in a port through reduction of emissions to air in
the basic working process: loading/unloading of a vessel. Having that as an initial motive, here the results of
an analysis of interdependency between the quantity of emitted CO, (kgCOeq/vessel) to air by diesel-
powered mobile harbour cranes (during the loading operation of a vessel) and the following independent
variables are presented: the quantity of cargo which is loaded in a vessel, the number of the used mobile
harbour cranes (MHCSs) per vessel and the duration of the loading process interruptions per vessel caused by
internal factors (changing positions of the cranes along a vessel, etc.).

In essence, the quantity of the emitted CO, during the loading (unloading) process of a vessel is a
function of the cargo handling equipment types (and the number of the used items in the process), as well as
the time of their effective work. By the type of the used cargo handling equipment, fuel consumption during
the time of its effective work is determined, and the length of that time is dominantly defined by the cargo
quantity loaded (unloaded) in/from a vessel and the level of productivity during the loading/unloading
process of a vessel (t/hour or t/shift or t/24 h or...). Selection of the independent variables is based on these
previously mentioned remarks.

Concrete data on which the analysis is based are related to the dry bulk cargo terminal in the Port of Bar
(Montenegro), a landlord port with several specialised terminals (besides the already mentioned dry bulk
cargo terminal): liquid cargo terminal, container terminal, general cargo terminal, ro-ro terminal and
passenger terminal [112].

Additional parameters that describe the object of the analysis are [112]: period — from 2017 to 2021;
number of vessels — 39; type of cargo — bauxite; cargo (bauxite) quantity loaded to vessels with diesel-
powered mobile harbour cranes — 1,275,058.34 t; cargo (bauxite) quantity loaded to vessels with electrically-
powered gantry cranes — 1,257,251.45 t; share of the total quantity of cargo (bauxite) in the total throughput
of dry bulks for the period 2017-2021 — 44.6%;

Based on the official data from the Port of Bar information system, the related data series are established,
as shown in Table 2.

Table 2 — Data series

y, kgCO2eq x1, cargo quz?mtity per vessel, | x2, number of MHCs per X3, interruptions caused by
loaded with MHCs (t) vessel internal factors per vessel (h)
1 9,144.28 52,705.90 1 0
2 4,302.92 30,409.12 1 0
3 5,439.42 34,177.94 1 11
4 3,583.17 30,196.93 1 8.33
5 7,260.26 44,497.85 1 0
39 4,788.24 31,305.14 2 0

Source: [112]
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4.1 Methodology

Correlation between the quantity of CO, emitted to air from diesel-powered mobile harbour cranes and
selected independent variables will be established using the multiple regression model.

Regression modelling is a tool for solving multidisciplinary problems with unknown interaction [113]. In
the available literature, it was used for carrying out different research: forecasting vessel turnaround time
[114], defining correlation between estimated and achieved construction time [115], defining correlations
between vessel performances [116], correlations between parameters in the decision making process [117],
modelling and assessment of transport services [118], etc.

If n is the number of observations of the “Quantity of emitted CO- to air” (y), which is a dependent
variable, there will be n times k number of independent-variable observations (xw). These observations can
be given in a form defined by the following equation [119]:

Vi = boi + baiXai + baiXai + ... + biXi 1)

wherei=1,2,3, ...... n and by, by, bs, ..., bk are the regression coefficients.

In the multiple linear regression, the value of the coefficient for each independent variable indicates the
size of the effect the variable is having on the dependent variable, and the sign on the coefficient (positive or
negative) indicates the direction of the effect [120]. The multiple linear regression model can be given with a
residual part as follows:

Yi = boi + D1iX1i + DaiXoi + ... + DiiXki + € &)

The residual part (e;) has to be minimal in order to have the best prediction model. It requires the sum of
squares of errors (SSE) to be minimal in the regression line. Parameters which describe a multiple linear
regression model [113, 117, 120-123] are systematised in Table 3.

Table 3 — Parameters which describe a multiple linear regression model

Parameter Explanation Equation
The coefficient of The portion of the variation in dependent variable |R? = SSR/SST
determination, R? that is a function of a set of independent variables

Where the SSR is the regression sum of squares and
the SST is the total of the SSR and the SSE (sum of
squares of errors). The SSR is equal to the sum of the
squared differences between the predicted value of y
and the mean value of y.

Adjusted R? Used for comparing two or more regression models [R?@g) = 1 — [(1 — R?)(n — 1)/(n — k — 1)]
that predicts the same dependent variable.

where R? = the coefficient of determination, k = the
number of variable, n = the number of data in sample.

Mean squared error Indicates the deviation of observations from the
(MSE) mean. The errors with respect to the mean can be
both positive and negative. Errors are squared to
remove the negative and then added together.

Standard error, s A measure of statistical accuracy of an estimate, s =[SSE/(n — k — 1)]¥2
equal to the standard deviation of the theoretical
distribution of a large population of such estimates. {Symbols have the meaning explained before.
If a coefficient is large compared to its standard
error, then it is probably different from 0

F-statistics The impact of the regression is examined through hypothesis testing: Ho: oo =b1 =h2=bz =... =0 —there is
no influence of the regression; Hi: 3Jj (bj = 0), j = 1, 2, ..., k — there is influence of the regression. For
passing, the model F-statistic has to be greater than Feritical. Standard (critical) value of the Fisher test,
Feritical, is defined for: the adopted significance level o = 0.95, the number of degrees of freedom equal to
the number of independent variables, the number that represents the difference between n (the number of
data in sample), k (the number of independent variables) and the number 1. Therefore, if the calculated
value of the F-test is greater than its table values, the null hypothesis is rejected, and the alternative
hypothesis that there is an influence of regression is accepted, which means that the analysed parameter b
is considered to be significant. If the F-test passes (i.e. the null hypothesis is rejected) in the multiple
regression, then it is necessary to proceed to do t-tests. Once it is known that at least one of the
independent variables is significant, t-tests can be used to determine which ones are significant.
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t-statistics The coefficient divided by its standard error. It is determined based on the student’s distribution tables for
the adopted significance level and number of degrees of freedom n — 2, where n is the sample size. The
calculated value of the t-statistics is compared with the value of the t-statistics from the student’s
distribution tables for the number of degrees of freedom equal to the number of data in the sample reduced
by 2 and the adopted significance threshold of 95%. If the estimated value of the t-statistic (its absolute
value) is greater than the table value, then the null hypothesis is rejected and the alternative hypothesis is
accepted with an error o < 0.05 and certainty 1 - o > 0.95 in relation to regression coefficients bi.
p-value It is a standard practice to use the coefficient p-values to decide whether to include variables in the final
model. If the p-value is greater than 0.05 (related to the significance level of 0.95), the coefficient is not
statistically significant and should be considered for removing. It can be said with a 95% probability of
being correct that the variable is having some effect, assuming the model is specified correctly.

Sources: [113, 117, 120-123]

Based on the values of the coefficient of multiple determination, the intensity of correlation between
dependent and independent variables in the regression model can be defined by following the Chaddock’s
scale [122].

The test of the adequacy of the mathematical model is performed on the basis of the ANOVA (Analysis
of Variance) technique, which represents the basic statistical technique in the analysis of experimental data
[117]. The ANOVA table is presented in Table 4.

Table 4 — ANOVA table

Source df ss MS F-statistic p-value
Regression k SSR MSR = SSR/(k— 1) MSR/MSE
Residual error n-k-1 SSE MSE = SSE/(n — k)
Total n-1 SSTO

Source: [117]

where k is the number of independent variables; n is the number of data in series; the rest of the parameters
have the previously explained meaning.

4.2 Results

The dependent variable, yi, is the “CO; quantity emitted” (by diesel-powered mobile harbour cranes,
during the loading of vessels); the independent variables, xi, are as follows: Xxi; is “cargo quantity” (loaded,
per vessel); X»i is the “number of used mobile harbour cranes” (per vessel), xs; is the “duration of the loading
process interruption” (caused by internal factors, per vessel).

The dependent variable — CO, quantity emitted, yi, can be defined as a function of influential factors, xi:

Yi = boi + D1iX1i + DaiXoi + D3iXai + €; ©)

where X; is the independent variable; e; is the coefficient which represents uncontrollable influences;
Based on the data series established (Table 2), the characteristic parameters in the general regression model
defined by relation (3) are defined using a statistical software. The mathematical model is as follows:
y =938.3169 + 0.146x: — 739.4414x, + 33.6735xX3 ()

Parameters of the mathematical model (4) are analysed and the related results are given in Tables 5-7.

Table 5 — An analysis of the model’s parameters

Predictor Coefficient Estimate Standard error t-statistics p-value
Constant bo 938.3169 640.0563 1.466 0.1516
X1 b1 0.146 0.0104 14.0364 0
X2 b2 -739.4414 505.3227 -1.4633 0.1523
X3 bs 33.6735 14,9143 2.2578 0.0303

Source: the Author
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The estimated values (absolute values) of all coefficients b; are bigger than their standard errors, which
indicates that their values could not be O (it indicates that the coefficients are significant).

The value of the t-statistics from the student’s distribution tables for 37 degrees of freedom and a
significance threshold of 95% is 2.021 [119]. The t-statistics absolute values corresponding to the
coefficients by and bs are greater than the table value and for them the null hypothesis is rejected, and the
alternative hypothesis with error a< 0.05 and certainty 1 - a > 0.95 is accepted. The null hypothesis cannot
be rejected for coefficients b, and b.

p-value of variable x, — the number of used mobile harbour cranes (0.1523) is bigger than 0.05 (the
adopted related significance level is 0.95), and through the following phase of statistical analysis, it will be
decided whether to remove them from the model or not [120].

Table 6 — Summary of model overall fit

R-squared r2 = 0.8853

Adjusted R-squared rZadj = 0.8754

Residual standard error | 831.9907 on 35 degrees of freedom

Overall F-statistic 90.0195 on 3 and 35 degrees of freedom

Overall p-value 0

Source: the Author

Based on the calculated value of r? (0.8853) and following the Chaddock’s scale [119], as that value is
within the range from 0.64 to 1, it can be concluded that correlations between dependent and independent
variables are very strong. Based on the calculated value of r?, it follows that with the regression model (4),
88.53% of the variability of the dependent variable is explained by the joint influence of the independent
variables. The rest of 11.47% shows the influence of those factors that are not included in the model (life
cycle of diesel-powered cranes, level of skills of operators, eventual usage of other diesel-powered cargo
handling equipment, etc.).

Table 7 — Analysis of variance table (ANOVA table)

Source df SS MS F-statistics p-value
Regression 3 186,936,748.3315 | 62,312,249.4438 90.0195 0
Residual error 35 24,227,297.4121 692,208.4975
Total 38 211,164,045.7436 | 5,556,948.5722

Source: the Author

The table value of the F-test, for the level of significance o= 0.95 and the number of degrees of freedom 3
(number of independent variables) and 35 (amount of data in the sample — number of independent variables —
1=39-3-1=235)is2.92[119]. The calculated value of the F-test is 90.0195 and it is greater than its table
value, so the null hypothesis is rejected and the alternative hypothesis that there is an influence of regression
is accepted.

Taking into consideration that the absolute values of the estimated values of all coefficients b; are bigger
than their standard errors, that the calculated value of the R-squared (0,8853) indicates a strong correlation
between dependent and independent variables, that the calculated value of the F-test (90.0195) is greater than
its table value (2.92) and that the overall p-value of the regression model (0) is under 0.05 (the related
significance level is 0.95), the multiple regression model defined by the relation (4) is adopted as the
adequate one and taken as a basis for further analysis.
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4.3 Discussion of results

Multiple regression model defined by the relation (4) indicates the following:

— The quantity of the emitted CO2 to air from diesel-powered mobile harbour cranes during the loading
process of a vessel is directly proportional with quantity of cargo which is loaded to a vessel if the
values of all other variables are kept unchanged:;

— The quantity of the emitted CO2 per vessel from diesel-powered mobile harbour cranes would be
reduced if the number of the used mobile harbour cranes is decreased (under condition of keeping
values of all other variables unchanged);

— The quantity of the emitted CO2 per vessel from diesel-powered mobile harbour cranes is increasing
when the duration of the loading process interruptions caused by internal factors are increasing. In a
specific way, this correlation suggest the importance of the optimisation of the time utilisation — the
reduction of interruptions;

The proposed approach can be generalised and implemented for modelling CO, emissions from cargo
handling equipment related to seaborne transport in a port, having in mind that total emission of CO, from
cargo handling equipment during the loading/unloading cargo to/from vessels in a certain period is a sum of
those emissions per vessels served in that period.

Based on the previously mentioned modelled correlations between the dependent and independent
variables, from the theoretical and practical points of view, some directions of reduction of the emitted
guantity of CO, from diesel-powered mobile harbour cranes (cargo handling equipment) during the
loading/unloading process of a vessel can be defined:

Direction 1: Reduction of cargo quantity loaded/unloaded to/from vessels.

Respecting the fact that the quantity of cargo handled in a port is one of the principal indicators of its
market position (the bigger the cargo volume, the better the position of a port on the market), of course, this
direction cannot be taken as any basis for reduction of CO; emissions to air. It means that permanent efforts
have to be made in order to increase the quantity of cargo loaded/unloaded to/from vessels thus improving
other indicators of a port’s successful functioning (especially port terminal operators): revenue, profit, etc. In
parallel, it is necessary to continuously look for acceptable manners of reduction of CO; emissions to air.
Since the quantity of the emitted CO- to air is a function of time — the duration of the loading/unloading
process of a vessel (effective time of work of diesel-powered mobile harbour cranes — cargo handling
equipment, which is mainly determining their fuel consumption), one of logical directions of action towards
reducing the emitted CO, quantity is the reduction of working time necessary for loading/unloading the
guantity of cargo to/from vessels, without introducing any additional port resources in the working process:
to increase productivity in the loading/unloading process of a vessel;

Direction 2: Reduction of the number of diesel-powered mobile harbour cranes used in the
loading/unloading process of a vessel.

A simple reduction of the number of used cranes, without a detailed analysis, is not possible for many
reasons, and one of the main ones is the necessity to keep the achieved level of productivity in the
loading/unloading process (which has to be in line with the contractual obligations accepted by a port).
Based on the considerations made in section 3 of this paper, an acceptable concretisation of the Direction 2
can be the replacement of diesel-powered mobile harbour cranes with electrically-powered cargo handling
equipment (without any reduction in the achieved level of productivity);

Direction 3: Reduction of the working process interruptions caused by internal factors (changing
positions of the cranes along a vessel, etc.).

As this direction considers optimisation of the working time utilisation, too, it is closely connected with
the Direction 1 of reduction of the CO, emitted to air from diesel-powered mobile harbour cranes (cargo
handling equipment), etc.

Summarising all previously mentioned, it is an obvious fact that the optimal option for the reduction of
CO, quantity emitted to air in a port from diesel-powered mobile harbour cranes (cargo handling equipment)
during loading/unloading process of a vessel is a combination of all directions: introduction of electrically-
powered cargo handling equipment in the working process, followed by the optimal utilisation of effective
working time (increased cargo quantity loaded/unloaded, minimised working process interruptions, etc.).
However, the initial question here is whether the total electrification of cargo handling equipment is feasible
(affordable), especially for smaller ports which are, very often, facing lower level of investment capability.
In this context, it is necessary to point out that the introduction of the electrically-powered cargo handling
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equipment correlates with higher purchasing costs (in comparison with the diesel-powered equipment with
the same capacity) and requires investments in supporting infrastructure. Due to the mentioned low
investment capability (caused by different reasons: unstable cargo flows, low revenues, etc.), the ,,greening*
of small ports is very challenging. Additional elements connected with electrification of the cargo handling
equipment contribute to the complexity of the process: changes in required qualifications of the maintenance
staff, changes in planning of the port resources (depending on the battery autonomy, etc.), etc. It is an
obvious fact that the introduction of the electrically-powered cargo handling equipment, especially in small
ports, has to be based on a carefully prepared plan with clearly defined dynamics od actions, defined real
financing sources, etc. with a recognised role of all subjects (port authority, port terminal operators, etc.).

Concretisation of the Direction 2 (introduction of the electrically-powered port machinery) would
definitely bring the biggest benefits from the aspect of the reduction of CO, emissions, but regardless of that,
it requires a previous detailed analysis of justification, having in mind, among other things, that the
investment costs related to the introduction of the electrically-powered cargo handling equipment
(purchasing costs, costs of supporting infrastructure, etc.) are significantly bigger than the costs characteristic
for the diesel-powered cargo handling equipment (in the concrete case, mobile harbour cranes). As already
mentioned, when considering elements connected with implementation of the Direction 2, it is necessary to
have in mind that the level of the productivity achieved by the diesel-powered cargo handling equipment
(mobile harbour cranes) does not have to be reduced in order to keep the achieved level of the port
competitiveness. Everything related to the electrification of the used cargo handling equipment, thus
reducing the quantity of the emitted CO; to air, has to be taken into detailed consideration from another
specific additional aspect: source of the electric energy used in a port, respecting the key principles of the
sustainable development. Namely, if the electric power supply system in a port is based on the non-
renewable energy sources, then the effects of replacing the diesel-powered cargo handling equipment with
electric items, from the general point of view, are very questionable, having in mind the overall objective of
de-carbonisation up to the year 2050 [18]. For example, the share of the electric energy produced from
renewable energy sources in Montenegro for the year 2023 was 62.32%, and the remaining 37.68% is from
non-renewable energy sources [124]. Respecting this favourable figures, it seems that introduction of the
electrically-powered port machinery in the Port of Bar would have positive effects on the fulfilment of the
defined national sustainable development goals. It is worthy to point out that the previous statements about
the effects of the electrification of the cargo handling equipment (mobile port cranes) are related to only one
phase of their life cycle — the phase of exploitation in a port. However, in order to analyse in a more
complete way the effects of the electrification of the cargo handling equipment (mobile harbour cranes) in
relation to CO, emissions (harmful gases) into the air, as well as in relation to other aspects of the
environment (waste, etc.), it is important to take into account the phases of the life cycle that precede the
phase of exploitation in a port (design, production, testing, etc.), as well as the phases that follow the
exclusion of the cargo handling equipment (mobile harbour cranes) from exploitation. If in any of the phases
of the life cycle of the cargo handling equipment (mobile harbour cranes) powered by electricity the
principle of reducing the emission of harmful gases into the air is not followed, then the overall effects of the
electrification are significantly reduced or even almost completely annulated. The mentioned elements
directly indicate the complexity of the issue of electrification of cargo handling equipment — from a general
level — and the necessity to ensure the optimal fulfilment of goals related to the reduction of harmful gas
emissions through the coordinated action of all involved entities (equipment manufacturers, port terminal
operators, etc.).

If the mentioned higher costs of concretising Direction 2 (introducing electric cargo handling equipment)
in order to reduce emissions to air are taken into consideration, than an approach focused on increasing
productivity in the working process through optimal usage of the existing resources could be a reasonable
first step with significant potential to result in very concrete effects.

Correlations between the GHG emissions and productivity have been analysed in the available literature,
from different aspects, as shown in Table 8.
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Table 8 — Influence of productivity on GHG emission

Research problem Reference
GENERAL CORRELATIONS BETWEEN PRODUCTIVITY AND GHG EMISSIONS
— Influence of productivity on GHG emissions to air; [125]
— Heat-related labour productivity losses against the costs of climate change mitigation at country and regional levels; [126]
— Productivity disparities between top and bottom GHG emitters within specific industries; [127]
— Progress in GHG emissions mitigation (by reducing the working time for employed persons); [128]
— To what extent cumulative CO2 emissions are linked to increased extreme heat exposure and resulting labour [129]
productivity loss across future climate change scenarios;
— Evaluation of socioeconomic impacts of changes in labour productivity due to heat stress under various climate [130]
change scenarios
— Relationship between weather variables, CO2, share of renewable energy sources, gross domestic product and total [131]
factor productivity
— The change in industrial structure and impacts of carbon emission efficiency on labour and energy inputs; [132]
— The relationship between a firm’s environmental, social and governance performance and labour productivity; [133]
— Policies that promote productivity growth and financial incentives to decrease emissions; [134]
— Effects of higher temperatures on the aggregate productivity of modern, diversified economies; [135]
— The relationship between labour productivity and per capita CO2 emission; [136]
— Influence of the greenhouse gas emissions on the productivity of the agricultural sector; [137]
— Reducing greenhouse gases and reducing other pollutants affecting human health and labour productivity; [138]
— Hot temperature impact on local labour product and effects in highly exposed industries such as construction, [139]
manufacturing and transportation;
— Effects of global warming on global welfare and economic productivity; [140]
— Economic and emission linkages and measures of the employment impacts (direct, indirect and induced) of reduced [141]
carbon emissions;
— The relationship between CO2 emissions, economic growth, available energy and employment; [142]
— The influence of the digital economy on labour productivity in agriculture; [143]
— Measure the labour, energy and greenhouse gas emissions footprints [144]
— The relationship between economic development and carbon dioxide emissions; [145]
CORRELATIONS BETWEEN THE PRODUCTIVITY AND GHG EMISSIONS IN PORTS
— The relationship between port productivity and carbon dioxide (CO2) emissions; [146]
— The relationship between Shanghai Port carbon emissions and container throughput, energy consumption, number of [147]
berths, total foreign trade import and export and net profit attributable to the parent company;
— Equipment, energy and operational measures for reducing emissions to air in ports; [148]

Source: the Author

It can be concluded that, among the available literature sources, there are no references that directly
examine the influence of increased productivity (with no changes in used resources) and quantity of CO;
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emitted to air from the diesel-powered cargo handling equipment during cargo loading/unloading to/from
vessel, which could be generalised on all other cargo handling operations where the diesel-powered cargo
handling equipment is in use. This is why the author of this paper was motivated to propose an approach for
measuring the influence of increased productivity in the cargo handling process in a port (with no changes in
used resources) on the quantity of CO, emitted to air from the cargo handling equipment.

In fact, a planning tool is proposed for forecasting the quantity of CO, emitted from cargo handling
equipment in a port and measuring the influence of increased productivity on the emitted CO; quantity. At
this stage, the proposed approach is structured as an “excel calculator”, whose principal elements, per
different productivity levels, are shown in the next tables (Table 9 and Table 10).

Productivity level Po (t/shift)

Table 9 — Elements of the proposed planning tool — productivity level Po (t/shift)

Cargo Group (dry bulk, liquid bulk, general, ro-ro, containers)

CTi | HGjj Qk (t) | Poj (t/shift) | Seoj PMm | Wheyj Nemi FCemi (I/h) | TFCpwmi (1)
(€] @) 3) 4 (5)=(3)/(4) | (6) @ ®) (10) (11)=G)x(7)x(8) x(10)
CT: | HOu Qu Po11 Spo11 PM1 Who11-pm1 Npm1 FCpm1 TFCpm1
PM:2 Whro11-Pm2 Npm2 FCpm2 TFCpm2
HO12 Q2 Po12 Spo12 PM1 Wro12-PM1 Npm1 FCpm1 TFCpm1
PM2 Weo12-pm1 Npmz2 FCpm2 TFCpm2
CT) | HOi Qxa Poiw Spoiz PM1 Whroi1-Pm1 Npmz1 FCpm1 TFCpm1
PM:2 Whroi1-Pm2 Npm2 FCpm2 TFCpm2
HO\2 Qx2 Poi2 Spoi2 PM1 Whoi2-Pm1 Npm1 FCpm1 TFCpm1
PM2 Weoi2-pm2 Npmz2 FCpm2 TFCpm2
TOTALro:

Source: the Author

where:

CTi=Cargotype(i=1,2,..1);

HO;; = Handling operation “§” (j =1, 2, ... J) with cargo type
Q«x (t) = Cargo quantity (t), per handling operation “j”(k = 1, 2, ... K);

Poj (t/shift) = Average productivity per shift (t/shift) in handling operation “j”, with cargo type “i” = basic
level (mean value, based on the history of data);

Sroj = Number of shifts, necessary for loading/unloading cargo quantity Qx (t) in handling operation “j”” with
cargo type “i” corresponding to the productivity level Py;;

Wheoj = Number of effective working hours per shift, corresponding to the productivity level Py (mean value,
based on the history of data);

PMm = Port machinery type used in the handling operation (m =1, 2, ... M);

Nemm = Number of port machinery of type “m” used in the handling operation “j” with cargo type “i”;
FCpmm (I/h) = Fuel consumption of the port machinery of type “m” per working hour;

TFCpmm (1) = Fuel consumption of port machinery of type “m” in handling operation “j” with cargo type “i”;

7331
1
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Productivity level P; (t/shift)

Table 10 — Elements of the proposed planning toll — productivity level P1 (t/shift)

Cargo Group (dry bulk, liquid bulk, general, ro-ro, containers)

CTi | HOj | Qk(t) (t/sl?hl{ft) Seroj PMm Whoj Nemi FCewmi (I/h) TFCrwmi (1)
(€] 2 (©)) 4 ®G)=3)4) | ) ™ ®) (10) (11)=G)X(7)x(8)x(10)
CT: | HOu Qu P11 Sp111 PM1 Wh111-PM1 Npm1 FCpm1 TFCpm1
PM:> Wei11-pm2 | Npm2 FCpm2 TFCpm2
HO12 Q12 P112 Spi12 PM1 Wheii2-pm1 | Npmi1 FCpm1 TFCpm1
PM: Whe112-pm1 Npmz2 FCpm2 TFCpm2
CTi | HOi Qx1 Pt Sp1i PM1 Whe1i1-pm1 Npm1 FCpm1 TFCpm1
PM: Whe1i1-pm2 Npmz2 FCpm2 TFCpm2
HO2 Qk2 P12 Spiiz PM1 Whe1i2-pm1 Npm1 FCpm1 TFCpm1
PM2> Whe1i2-Pm2 Npm2 FCpm2 TFCpm2
TOTALp1:

Source: the Author

Productivity level P, ... Productivity level P,

It is obvious that the proposed approach enables partial calculations (not inserted in the previous tables)
of the quantity of CO, emitted to air (per cargo type, per handling operations, per type of cargo handling
equipment, etc.), as well as overall (total) calculations of the quantity of the emitted CO, from cargo
handling equipment. In Table 11, the results of the implementation of the proposed approach are presented, for
different productivity levels (measured by t/shift) on a concrete example determined with following
parameters [112]:

— Planned throughput structure of the Port of Bar JSC (one out of two port terminal operators in the port
of Bar) in 2024;

— Al (planned) handling operations with the cargo appearing in the planned throughput structure in 2024;

— All diesel-powered cargo handling equipment used in handling operations with cargo, their fuel
consumption, etc.

Table 11 — Results of the implementation of the proposed approach

Annual fuel consumption per cargo handling equipment
Product. classes used in the cargo handling process (1) FC FCred. KgCOZred
level (Ilyear) | (l/year) eqlyear
MHC MH MC WL FL TR TT
(€} 2 (©)) @ () 6 M ® ) (10) (11)
Po (t/h) 346,371 | 158,096 | 2,390 190,008 | 36,265 33,449 143,823 | 910,402

P1 (t/h) - 329,877 | 150,568 | 2,276 | 180,960 | 34,538 31,856 136,974 | 867,050 | 43,352 99,493.97
+5%

P2 (t/h) - 314,883 | 143,724 | 2,173 | 172,735 | 32,968 30,408 130,748 | 827,638 | 82,764 189,943.04
+10%

P3 (t/h) - 301,192 | 137,475 | 2,078 | 165,225 | 31,534 29,086 125,063 | 791,654 | 118,748 | 272,526.96
+15%

Source: the Author
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where MHC is Mobile Harbour Crane; MH is Material Handler; MC is Mobile Crane; WL is Wheel Loader;
FL is Fork Lift; TR is Trailer; TT is Tipper Truck; FC is Fuel Consumption; FCrq. is reduction in fuel
consumption in line with variations in productivity; kgCOarq is reduction in the quantity of the emitted CO;
from cargo handling equipment;

Reduction of the CO; is calculated based on the values of the TTW emission factor (according to the
Global Logistics Emissions Council Framework [36]).

Results presented in Table 11 show that increasing the productivity (quantity of handled cargo per shift),
with the usage of the same resources by 5% is followed by a decrease in quantity of CO emitted to air by the
used diesel-powered cargo handling equipment by 4.76%, etc. The proposed “calculator” should be used as a
useful planning tool in the management of the cargo handling process and general efforts which a port is
obliged to make towards its de-carbonisation.

Previously discussed potential directions of reducing CO emission (GHG emission) in a port, as well as
other directions not mentioned in this paper, consider the existence of adequate working procedures which
can be recognised as one of the initial prerequisites for reducing GHG emissions. In general, optimal
procedures can be achieved through the Environmental Management Systems (EMS). The best-known
standards, establishing the criteria for an environmental management system (EMS) are ISO 14001 [149] and
the EMAS (recommended by European Parliament and the Council of the European Union, 2009) [150].
Standards provide a management framework for reducing environmental impacts and fulfilling legal and
other relevant requirements, thus establishing reliable bases for introducing necessary working procedures.

5. CONCLUSION

Considerations done in this paper indicate a level of criticality which emissions to air in a port have and
clearly confirm how challenging it can be to reach the related reduction targets especially for ports that are
facing s lack of resources and limited investment capability. Regardless on the highest possible criticality of
emissions to air, necessary efforts also have to be made in preventing risks connected with all other
environmental aspects (water contamination, soils contamination, noise, etc.) — all in order to act towards a
sustainable port.

Sources of emissions to air in ports are very different and all of them deserve specific attention, especially
emissions from cargo handling equipment which have a significant share in the total port emissions. Based
on parameters that characterise the defined multiple regression model of the CO, quantity emitted to air from
diesel-powered mobile harbour cranes during loading of vessels, some directions of reduction of those
emissions are recognised, with the focus on increasing productivity during the loading (unloading) process of
vessels through optimised utilisation of the existing resources — reduction of their effective working time,
which will be effectuated through reduction of fuel consumption of the engaged cargo handling equipment.
Having in mind that electrification is the optimal model and has to be set as a final objective of the efforts of
all ports on the way towards their greening, previous directions of actions should be understood as the initial
phase of the process with the high level of affordability. Results of considerations are connected with
loading/unloading of vessels (seaborne transport), but can be widened to all operations where diesel-powered
cargo handling equipment is used. In addition, in this paper a planning toll for forecasting CO, emissions
from the cargo handling equipment and measuring influence of increased productivity on the quantity of the
emitted CO: to air is proposed, which could be very helpful in creating a port’s emission reduction program
in accordance with general objectives defined at the international level (“Green Deal”, etc.), respecting all
relevant influential factors.

The proposed approach can be implemented (replicated) in all ports where diesel-powered cargo handling
equipment is used for loading/unloading vessels. The author plans to continue engagement in this domain
giving priority to the research of correlations between variations of productivity in the port working
processes where the diesel-powered cargo handling equipment is used and the quantity of CO. emitted to air
during realisation of those processes, and to further development of proposed “planning tool”. Furthermore,
the intention of the author is to work on a research related to climate changes as the consequences of the
GHG emissions, with the focus on one of their most visible form — adverse weather conditions and their
harmful influences on the ports.

825


https://www.iso.org/standard/60857.html

Promet —Traffic&Transportation. 2025;37(3):810-833. Sustainable Solutions

REFERENCES

[1]
[2]

[3]
[4]
[5]
[6]
[7]

[8]

[9]

[10]

[11]
[12]
[13]

[14]

[15]
[16]
[17]
[18]
[19]

[20]
[21]

[22]
[23]
[24]

ESPO. Port investment study 2024, The investment pipeline and challenges of European ports.
https://www.espo.be/media/ESPOPortInvestmentsStudy2024.pdf [Accessed 11th Jan. 2024].

Investor report - Unlocking the potential of the blue economy, European Union, 2023. https://blueinvest-
community.converve.io/upload/fck/file/Report_Blue_Invest FINAL_7march-compressed.pdf [Accessed 12 Jan.
2024].

Verschuur J, Koks EE, Hall JW. Ports’ criticality in international trade and global supply-chains. Nature
Communication. 2022;13. DOI: 10.1038/s41467-022-32070-0.

Mudronja G, Jugovi¢ A, Skalamera-Alilovi¢ D. Seaports and economic growth: panel data analysis of EU Port
Regions. Journal of Marine Science and Engineering. 2020;8(12), 1017. DOI: 10.3390/jmse8121017.

Munim ZH, Schramm HJ. The impacts of port infrastructure and logistics performance on economic growth: The
mediating role of seaborne trade. Journal of Shipping and Trade. 2018;3(1). DOI: 10.1186/s41072-018-0027-0.

Dwarakisha GS, Salima AM. Review on the role of ports in the development of a nation. Agautic Procedia.
2015;4:295 — 301. DOI:10.1016/j.agqpro.2015.02.040.

Somu R, et al. The role of seaports in regional development in the East Coast of Peninsular Malaysia: An
evaluation through an exploratory factor analysis. Journal of Transport and Supply Chain Management. 2022;16.
DOI: 10.4102/jtscm.v16i0.617.

Tareq AM, Shaikh MA, Sen S, Xuefeng W. Deep sea port and the national development: Perspective of
Bangladesh, International Journal of Engineering and Management Research. 2020;10(6):73-80.
http://dx.doi.org/10.2139/ssrn.3775408.

Caglak SB, Aydin G, Alkan G. The impact of seaports investments on regional economics and development.
International Journal of Business and Management Studies. 2011;3(2):333-339.
https://dergipark.org.tr/tr/download/article-file/255967 [Accessed 22nd Jan. 2024].

Uki¢ Boljat H, Vilke S, Grubisi¢ N, Magli¢ L. Application of multi-criteria analysis for the introduction of green
port management practices: an evaluation of energy efficient mobility in nautical ports. Scientific Journal of the
Maritime University. of Szczecin. 2021;65(137):72-12. https://bibliotekanauki.pl/articles/1818877 [Accessed 28th
Jan. 2024].

Haezendonck E. Port strategy for sustainable development. Sustainable — Special Issue. 2022. DOI:
10.3390/books978-3-0365-0091-1.

Zhang X. Port development model based on low-carbon economy. International Core Journal. of Engineering.
2020;6(10):160-170. DOI: 10.6919/ICJE.202010_6(10).0024.

Lloyd’s register. Global maritime trends 2050. 2023. https://www.Ir.org/en/knowledge/research-reports/global-
maritime-trends-research-programme/ [Accessed 22nd May 2024].

Ghennai A, Said Madani S, Hein C. Evaluating the sustainability of scenarios for port city development
with Boussole21 method. Environment Systems and Decisions. 2023;43:87-107. DOI: 10.1007/s10669-022-
09869-9.

Pham TY. A smart port development: Systematic literature and bibliometric analysis. The Asian Journal of
Shipping and Logistics. 2023;39:57-63. DOI: 10.1016/j.ajsl.2023.06.005.

Amrullah RA, et al. Waste pollution and pollution prevention in Tnajung Priok Port with Green Port Program,
Journal Maritim Malahayati. 2023;4(2). DOI: 10.70799/jumma.v4i2.57.

European Commission. COM/2020/789 final sustainable and smart mobility strategy. 2020. https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0789 [Accessed 22nd Feb. 2024].

European Commission. COM/2019/640 final European Green Deal. 2019.
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/transport-and-green-deal_en.
[Accessed 31st Jan. 2024].

https://sdgs.un.org/goals [Accessed 1st Feb. 2024].
www.epa.gov [Accessed 2nd Feb. 2024].

Merk O. Shipping Emissions in Ports. OECD, International transport forum, Paris, 2014.
https://dx.doi.org/10.1787/5jrwl1ktc83rl-en.

https://www.health.nsw.gov.au/environment/air/Pages/common-air-pollutants.aspx [Accessed 2nd Feb. 2024].
https://naei.beis.gov.uk/overview/ghg-overview [Accessed 2nd Mar. 2024].

Ritchie H, Roser M, Rosado P. Energy. https://ourworldindata.org/co2/country/montenegro [Accessed 3rd Mar.
2024].

826


https://www.espo.be/media/ESPOPortInvestmentsStudy2024.pdf
https://blueinvest-community.converve.io/upload/fck/file/Report_Blue_Invest_FINAL_7march-compressed.pdf
https://blueinvest-community.converve.io/upload/fck/file/Report_Blue_Invest_FINAL_7march-compressed.pdf
https://www.nature.com/articles/s41467-022-32070-0#auth-J_-Verschuur-Aff1
https://www.nature.com/articles/s41467-022-32070-0#auth-E__E_-Koks-Aff1-Aff2
../../../../../../../../../../../../../Downloads/Nature%20Communication.
../../../../../../../../../../../../../Downloads/Nature%20Communication.
https://sciprofiles.com/profile/1331730?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/1084056?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/1358113?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://doi.org/10.3390/jmse8121017
https://jshippingandtrade.springeropen.com/articles/10.1186/s41072-018-0027-0#auth-Ziaul_Haque-Munim-Aff1
https://jshippingandtrade.springeropen.com/articles/10.1186/s41072-018-0027-0#auth-Hans_Joachim-Schramm-Aff2-Aff3
https://jshippingandtrade.springeropen.com/
https://jshippingandtrade.springeropen.com/articles/10.1186/s41072-018-0027-0
http://dx.doi.org/10.1016/j.aqpro.2015.02.040
https://dx.doi.org/10.2139/ssrn.3775408
https://dergipark.org.tr/tr/download/article-file/255967
https://bibliotekanauki.pl/articles/1818877
javascript:;
https://www.lr.org/en/knowledge/research-reports/global-maritime-trends-research-programme/
https://www.lr.org/en/knowledge/research-reports/global-maritime-trends-research-programme/
https://doi.org/10.1007/s10669-022-09869-9
https://doi.org/10.1007/s10669-022-09869-9
../../../../../../../../../../../../../Downloads/The%20As.%20J.%20of%20Shipp.%20and%20Log.
../../../../../../../../../../../../../Downloads/The%20As.%20J.%20of%20Shipp.%20and%20Log.
https://doi.org/10.1016/j.ajsl.2023.06.005
https://doi.org/10.70799/jumma.v4i2.57
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0789
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0789
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/transport-and-green-deal_en
https://sdgs.un.org/goals
http://www.epa.gov/
https://www.health.nsw.gov.au/environment/air/Pages/common-air-pollutants.aspx
https://naei.beis.gov.uk/overview/ghg-overview
https://ourworldindata.org/co2/country/montenegro

Promet —Traffic&Transportation. 2025;37(3):810-833. Sustainable Solutions

[25]

[26]

[27]

[28]

[29]
[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

[43]
[44]

[45]

The EU in 2023 — General report on the activities of the European Union, European Commission, 2024,
https://op.europa.eu/en/publication-detail/-/publication/ea6b0987-dd66-11ee-b9d9-01aa75ed71al/language-en
[Accessed 21st Mar. 2024].

Barbaglia L, Fatica S, Rho C. Flooded credit markets: Physical climate risk and small business lending, JRC
Working Papers in Economics and Finance, 2023/14, European Commission, Joint Research Centre, 2023.
https://publications.jrc.ec.europa.eu/repository/handle/JRC136274 [Accessed 12th Mar. 2024].

Crippa M et al. GHG emissions of all world countries, Publications office of the European Union, Luxembourg,
2023, doi:10.2760/953322, JRC134504.

Greene S, Lewis A. Smart Freight Centre. Global Logistics Emissions Council Framework for Logistics
Emissions Accounting and Reporting, 2019. https://www.smartfreightcentre.org/en/our-programs/global-logistics-
emissions-council/calculate-report-glec-framework/ [Accessed 13th Mar. 2024].

Moss M, Eyton E, Shakeel H, Wan J. How the green deal call-funded projects are tackling mobility aspects of the
Fit for 55 proposals — Report Four, European Commission, 2024. DOI:10.2777/141100.

Decoding maritime emissions, a global container vessel emissions report, 2023. www.vesselbot.com [Accessed
18th Mar. 2024].

Alzahrani A, Petri I, Rezgui Y, Ghoroghi, A. Decarbonisation of seaports: A review and directions for future
research. Energy Strategy Review. 2021;38:100727. DOI: 10.1016/j.esr.2021.100727.

Marques KSdaS, Palmeira AdaS, Nascimento EGS, Moreira DM. Study of NOx and CO; emissions from
maritime transport in the Port of Salvador, Bahia, Brazil. VII International Symposium on Innovation and
Technology (SIINTEC) One Planet, one Ocean and one Health, 2021.
https://pdf.blucher.com.br/engineeringproceedings/siintec2021/208373.pdf [Accessed 15th Mar. 2024].

Sanchez RJ, Barleta EP, Di Domenico SS, Sabonge R. Towards the decontamination of maritime transport in
international trade: methodology and estimation of CO, emissions. Bulletin. 2019;373(5).
https://repositorio.cepal.org/handle/11362/45076 [Accessed 24th Mar. 2024].

Azarkamand S, Ferré G, Darbra RM. Calculating the carbon footprint in ports by using a standardized tool.
Journal Science of the Total Environment. 2020;734:139-407. DOI: 10.1016/j.scitotenv.2020.139407.

Erbach G, Jensen L. Fit for 55 package, EPRS | European Parliamentary Research Service, 2022.
https://www.europarl.europa.eu/RegData/etudes/BRIE/2022/733513/EPRS_BRI(2022)733513_EN.pdf [Accessed
29th Mar. 2024].

https://www.smartfreightcentre.org/en/our-programs/global-logistics-emissions-council/calculate-report-glec-
framework [Accessed 12th Mar. 2024].

https://www.iso.org/en/contents/news/2023/01/a-net-zero-logistics-sector.html [Accessed 24th Mar. 2024].

Hadwick A. The state of European supply chain, Reuters events, 2024. https://1.reutersevents.com/ [Accessed
24th Mar. 2024].

Wild P. Recommendations for a future global CO2-calculation standard for transport and logistics. Transportation
Research, Part D. 2021; 100:103024. https://www.sciencedirect.com/science/article/pii/S1361920921003229
[Accessed 11th Mar. 2024].

Janowicz K, Pauling J. Risk assessment, management, and mitigation for port and marine terminals projects,
2016. https://aapa.files.cms-plus.com/SeminarPresentations/2016Seminars/2016CargoOptimization/Kat%20J.pdf
[Accessed 31st Mar. 2024].

International association of ports and harbors (IAPH). Risk and Resilience Guidelines for Ports.
https://sustainableworldports.org/wp-content/uploads/l APH-Risk-and-Resilience-Guidelines-for-Ports-BD.pdf
[Accessed 30th Mar. 2024].

Alyami H, et al. An advanced risk analysis approach for container port safety evaluation, Maritime Policy &
Management, Journal of International Shipping and Port Research. 2014;41:634-650. DOI:
10.1080/03088839.2014.960498.

Sihem S, Robert N. Port risk assessment in container terminals: The case of Tunisia. International Journal of
Transport Development and Integration. 2020;4(1):42-50. DOI: 10.2495/TDI-V4-N1-42-50.

Pallis PL. Port risk management in container terminals, Transportation Research Procedia. 2017;25: 4411-4421.
DOI:10.1016/j.trpro.2017.05.337.

Hudson trident maritime security management, risk assessment factors in port security, 2019.
https://portalcip.org/wp-content/uploads/2019/08/9-Assessing-Risk-and-Port-Security-05062019.pdf [Accessed
1st Apr. 2024].

827


https://op.europa.eu/en/publication-detail/-/publication/ea6b0987-dd66-11ee-b9d9-01aa75ed71a1/language-en
https://publications.jrc.ec.europa.eu/repository/handle/JRC136274
https://doi.org/10.2760/953322
https://www.smartfreightcentre.org/en/our-programs/global-logistics-emissions-council/calculate-report-glec-framework/
https://www.smartfreightcentre.org/en/our-programs/global-logistics-emissions-council/calculate-report-glec-framework/
http://www.vesselbot.com/
https://doi.org/10.1016/j.esr.2021.100727
https://pdf.blucher.com.br/engineeringproceedings/siintec2021/208373.pdf
https://repositorio.cepal.org/handle/11362/45076
https://www.sciencedirect.com/author/6507396728/rosa-mari-darbra
https://doi.org/10.1016/j.scitotenv.2020.139407
https://www.europarl.europa.eu/RegData/etudes/BRIE/2022/733513/EPRS_BRI(2022)733513_EN.pdf
https://www.smartfreightcentre.org/en/our-programs/global-logistics-emissions-council/calculate-report-glec-framework
https://www.smartfreightcentre.org/en/our-programs/global-logistics-emissions-council/calculate-report-glec-framework
https://www.iso.org/en/contents/news/2023/01/a-net-zero-logistics-sector.html
https://1.reutersevents.com/
https://www.sciencedirect.com/science/article/pii/S1361920921003229
https://aapa.files.cms-plus.com/SeminarPresentations/2016Seminars/2016CargoOptimization/Kat%20J.pdf
https://sustainableworldports.org/wp-content/uploads/IAPH-Risk-and-Resilience-Guidelines-for-Ports-BD.pdf
https://www.tandfonline.com/author/Alyami%2C+Hani
https://doi.org/10.1080/03088839.2014.960498
https://doi.org/10.1080/03088839.2014.960498
http://dx.doi.org/10.1016/j.trpro.2017.05.337
https://portalcip.org/wp-content/uploads/2019/08/9-Assessing-Risk-and-Port-Security-05062019.pdf

Promet —Traffic&Transportation. 2025;37(3):810-833. Sustainable Solutions

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]
[60]
[61]
[62]

[63]

ESPO Environmental Report 2023, EcoPortsinSights2023, 2023.
https://www.espo.be/media/ESPO%20Environmental%20Report%202023.pdf [Accessed 25th Mar. 2024].

European climate risk assessment, chapter 1 (Contributing: Marc Zebisch (EURAC)), European Environment
Agency, 2024. https://www.eea.europa.eu/publications/european-climate-risk-assessment/european-climate-risk-
assessment-report-unedited/view [Accessed 5th Mar. 2024].

https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/climate-related-financial-risks-are-major-
challenge-2024-03-12_en?pk_source=ec_newsroom&pk_medium=email&pk_campaign=jrc_newsletter_march
[Accessed 30th Mar. 2024].

European Commission. COM(2024) 91 final, Communication from the Commission to the European Parliament,
The Council, The European Economic and Social Committee and the Committee of the Regions, Managing
climate risks - protecting people and prosperity, 2024. https://climate.ec.europa.eu/document/download/b04a5ed8-
83da-4007-9¢25-1323ca4f3c92_en?filename=communication_on_managing_climate_risks_en.pdf [Accessed 30th
Mar. 2024].

https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/decrypting-financial-risks-climate-change-and-
biodiversity-loss-2023-12-

18 _en?pk_source=ec_newsroom&pk_medium=email&pk_campaign=jrc_newsletter_december [Accessed 11st
Mar. 2024].

Panaro A, Buonfanti AA. The role of ports as energy hubs and their Impact on Mediterranean maritime relations,
p: 46-58. In Policy study: Infrastructures, Energy and Digitalization: Pillars for the Sustainble Development of
Transport in the Western Mediterranean. Centre for Transportation Studies for the Western Mediterranean
(CETMO) and European Institute of the Mediterranean (IEMed), 2024. https://www.iemed.org/wp-
content/uploads/2024/02/Policy-Study-8-CETMO-paper.pdf [Accessed 2nd Apr. 2024].

UNCTAD. UNCTAD Rapid assessment: Navigating troubled waters — Impact to global trade of disruption of
shipping routes in the Red Sea, Black Sea and Panama Canal, 2024. https://unctad.org/publication/navigating-
troubled-waters-impact-global-trade-disruption-shipping-routes-red-sea-black [Accessed 13th Apr. 2024].

Bergqvist R, Monios J. Green ports in theory and practice, In. Green Ports / Chapter 1., Elsevier Inc. 2019. DOI:
10.1016/B978-0-12-814054-3.00001-3 [Accessed 3rd Apr. 2024].

GEF-UNDP-IMO GIoMEEP Project and IAPH, Port Emissions Toolkit, Guide No.1, Assessment of port
emissions, 2018. https://greenvoyage2050.imo.org/wp-content/uploads/2021/01/PORT-EMISSIONS-TOOLKIT-
GUIDE-NO.1-ASSESSMENT-OF-PORT-EMISSIONS.pdf [Accessed 5th Apr. 2024].

Cozzi A. European territorial cooperation for green and smart ports the SUSPORT, EALING, DIGSEA AND
ACCESSMILE PROJECTS. https://ealingproject.eu/wp-content/uploads/2023/06/Cozzi_21.06.2023.pdf
[Accessed 5th Apr. 2024].

Zhang Y, et al. Air emission inventory of container ports’ cargo handling equipment with activity-based ‘‘bottom-
up’’ method, Advances in Mechanical Engineering. 2017;9(7):1-9. DOI: 10.1177/1687814017711389.

Cofala J et.al. The potential for cost-effective air emission reductions from international shipping through
designation of further emission control areas in EU waters with focus on the Mediterranean Sea —Final report,
IIASA, Austria. 2020. https://platformduurzamebiobrandstoffen.nl/wp-
content/uploads/2020/04/2018_11ASA_The-potential-for-cost-effective-air-emission-reduction-international-
shipping.pdf [Accessed 8th Apr. 2024].

Knezevi¢ V, Pavin Z, Culin J. Estimating shipping emissions — A case study for cargo Port of Zadar, Croatia, The
International Journal on Marine Navigation and Safety of Sea Transportation. 2021;15(3).
DOI: 10.12716/1001.15.03.16.

Kirchner S. Marine Pollution: B. Vessel source pollution. Yearbook of International Environmental Law. 2021;
32(1):69-72. DOI:10.1093/yiel/yvac011.

Roy WV et al. Assessment of the effect of international maritime regulations on air quality in the Southern North
Sea. Atmosphere. 2023;14(6):969. DOI: 10.3390/atmos14060969.

Wan Z, Zhu M, Chen S, Sperling D. Pollution: Three steps to a green shipping industry, Nature. 2016;530:275—
277. DOI:10.1038/530275a.

Toscano D. The impact of shipping on air quality in the port cities of the Mediterranean Area: A review.
Atmosphere. 2023;14(7):1180. DOI:10.3390/atmos14071180.

Wangari-Muriithi A. A case study of the implementation and enforcement of MARPOL Annex VI sulphur
regulations in Kenya, The Maritime Commons: Digital Repository of the World Maritime University World
Maritime University Dissertations, 2019.
https://commons.wmu.se/cgi/viewcontent.cgi?article=2121&context=all_dissertations [Accessed 18th Apr. 2024].

828


https://www.espo.be/media/ESPO%20Environmental%20Report%202023.pdf
https://www.eea.europa.eu/publications/european-climate-risk-assessment/european-climate-risk-assessment-report-unedited/view
https://www.eea.europa.eu/publications/european-climate-risk-assessment/european-climate-risk-assessment-report-unedited/view
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/climate-related-financial-risks-are-major-challenge-2024-03-12_en?pk_source=ec_newsroom&pk_medium=email&pk_campaign=jrc_newsletter_march
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/climate-related-financial-risks-are-major-challenge-2024-03-12_en?pk_source=ec_newsroom&pk_medium=email&pk_campaign=jrc_newsletter_march
https://climate.ec.europa.eu/document/download/b04a5ed8-83da-4007-9c25-1323ca4f3c92_en?filename=communication_on_managing_climate_risks_en.pdf
https://climate.ec.europa.eu/document/download/b04a5ed8-83da-4007-9c25-1323ca4f3c92_en?filename=communication_on_managing_climate_risks_en.pdf
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/decrypting-financial-risks-climate-change-and-biodiversity-loss-2023-12-18_en?pk_source=ec_newsroom&pk_medium=email&pk_campaign=jrc_newsletter_december
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/decrypting-financial-risks-climate-change-and-biodiversity-loss-2023-12-18_en?pk_source=ec_newsroom&pk_medium=email&pk_campaign=jrc_newsletter_december
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/decrypting-financial-risks-climate-change-and-biodiversity-loss-2023-12-18_en?pk_source=ec_newsroom&pk_medium=email&pk_campaign=jrc_newsletter_december
https://www.iemed.org/wp-content/uploads/2024/02/Policy-Study-8-CETMO-paper.pdf
https://www.iemed.org/wp-content/uploads/2024/02/Policy-Study-8-CETMO-paper.pdf
https://unctad.org/publication/navigating-troubled-waters-impact-global-trade-disruption-shipping-routes-red-sea-black
https://unctad.org/publication/navigating-troubled-waters-impact-global-trade-disruption-shipping-routes-red-sea-black
https://doi.org/10.1016/B978-0-12-814054-3.00001-3
https://doi.org/10.1016/B978-0-12-814054-3.00001-3
https://greenvoyage2050.imo.org/wp-content/uploads/2021/01/PORT-EMISSIONS-TOOLKIT-GUIDE-NO.1-ASSESSMENT-OF-PORT-EMISSIONS.pdf
https://greenvoyage2050.imo.org/wp-content/uploads/2021/01/PORT-EMISSIONS-TOOLKIT-GUIDE-NO.1-ASSESSMENT-OF-PORT-EMISSIONS.pdf
https://ealingproject.eu/wp-content/uploads/2023/06/Cozzi_21.06.2023.pdf
https://doi.org/10.1177/1687814017711389
https://platformduurzamebiobrandstoffen.nl/wp-content/uploads/2020/04/2018_IIASA_The-potential-for-cost-effective-air-emission-reduction-international-shipping.pdf
https://platformduurzamebiobrandstoffen.nl/wp-content/uploads/2020/04/2018_IIASA_The-potential-for-cost-effective-air-emission-reduction-international-shipping.pdf
https://platformduurzamebiobrandstoffen.nl/wp-content/uploads/2020/04/2018_IIASA_The-potential-for-cost-effective-air-emission-reduction-international-shipping.pdf
http://dx.doi.org/10.12716/1001.15.03.16
https://doi.org/10.1093/yiel/yvac011
https://sciprofiles.com/profile/2438728?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://doi.org/10.3390/atmos14060969
https://www.nature.com/articles/530275a#auth-Zheng-Wan-Aff1
https://www.nature.com/articles/530275a#auth-Mo-Zhu-Aff3
https://www.nature.com/articles/530275a#auth-Shun-Chen-Aff4
https://www.nature.com/articles/530275a#auth-Daniel-Sperling-Aff2
../../../../../../../../../../../../../Downloads/Nature
http://dx.doi.org/10.1038/530275a
https://sciprofiles.com/profile/1119144?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://doi.org/10.3390/atmos14071180
https://commons.wmu.se/cgi/viewcontent.cgi?article=2121&context=all_dissertations

Promet —Traffic&Transportation. 2025;37(3):810-833. Sustainable Solutions

[64]

[65]

[66]

[67]
[68]
[69]

[70]

[71]

[72]

[73]

[74]

[75]
[76]

[77]

[78]

[79]

[80]
[81]
[82]

[83]

Chettri A. The Influence of MARPOL Annex VI on global ship emission: A study based on the impact in the
ECAs, Master Thesis, University of South-Eastern Norway - Faculty of Technology, Natural Sciences, and
Maritime Sciences, 2019.https://openarchive.usn.no/usn-
xmlui/bitstream/handle/11250/2637942/Ashwin%20Chettri%20Master%20Thesis.pdf?sequence=1 [Accessed
10th Apr. 2024].

Khalikov S, Smailkhan A, Nukuyeva K. How can environmental pollution by ships be minimized at the New
Terminal of cargo offloading Facility of the Caspian Sea? Journal of Geoscience and Environment Protection.
2020;8(1). DOI:10.4236/gep.2020.81003.

Hoque R. Md Saiful Karim, Prevention of pollution of the marine environment from vessels - The potential and
limits of the International Maritime Organisation. Yearbook of International Environmental Law, 2014, 25(1):642-
645. DOI:10.1093/yiel/lyvv067.

Brati¢ K, Stazi¢ L, Vukicevi¢ M, Lali¢ B. Cruise vessels air pollution inventory for the Port of Kotor,
Transactions on Maritime Science. 2021;1:1-8. DOI: 10.7225/toms.v10.n01.016.

Dragovic B, et al. Ship emissions and their externalities in cruise ports, Transportation Research, Part D. 2015;
61(6). DOI:10.1016/j.trd.2015.11.007.

Rodriguez GdeM, Alcaldea EM, Murcia-Gonzalez JC, Sauri S. Evaluating air emission inventories and indicators
from cruise vessels at ports. WMU Journal of Maritime Affairs. 2017;16(3). DOI:10.1007/s13437-016-0122-8.

Azarkamand S, Wooldridge C, Darbra RM. Review of initiatives and methodologies to reduce CO2 emissions and
climate change effects in ports. International Journal of Environmental Research and Public Health.
2020;17:3858. DOI:10.3390/ijerph17113858.

Islam MR, Aziz MG, Khan MB. Strategies to reduce carbon footprint in port and terminal operations: evidence
from a developing country. Journal of Agroforestry and Environment. 2022;15(1). DOI:10.55706/jae.

Dey A, Amin MA, Akther A. Air emissions from in-land activities of Chittagong Port of Bangladesh. Journal of
Fundamental and Applied Science. 2020;12(1):434-448, https://www.jfas.info/index.php/JFAS/article/view/606
[Accessed 11th Apr. 2024].

Milosevi¢ T, et al. Air pollution dispersion modelling in port areas. Pomorski Zbornik, Posebno izdanje.
2020:157-170. DOI: 18048/2020.00.12.

Port of Oakland 2015. Seaport air emissions inventory, Final Report, Ramboll Environ, 2016,
https://www.portofoakland.com/files/PDF/Port%200f%200akland%202015%20Seaport%20Emissions%20Invent
ory%20Final-110ct2016.pdf [Accessed 21st Apr. 2024].

Simenc M. Overview and comparative analysis of emission calculators for inland shipping. International Journal
of Sustainable Transport. 2016;10:627-637. DOI: 10.1080/15568318.2015.1079753.

Paulauskas V, Filina-Dawidowicz L, Paulauskas D. The method to decrease emissions from ships in port areas.
Sustainability. 2020;12(11):4374. DOI:10.3390/su12114374.

Murena F, Prati MV, Quaranta F. Assessment of the impact of ship emissions on the air quality in Naples.
Maritime Transportation and Harvesting of Sea Resources — Guedes Soares & Teixeira, Taylor & Francis Group,
London, 2018. https://www.iris.unina.it/retrieve/e268a72e-d6f2-4c8f-e053-
1705fe0a812c/Murena%2C%20Prati%2C%20Quaranta%20-
%20Assessment%200f%20the%20impact%200f%20ship%20emissions%200n%20the%20air%20quality%20in%
20Naples.pdf [Accessed 25th Apr. 2024].

Trozzi C, Vaccaro R. Air pollutant emissions from ships: High Tyrrhenian Sea ports case study. Transaction on
the Built Environment. 1998;36:243-252.
https://www.witpress.com/Secure/elibrary/paperssMAR98/MAR98023FU.pdf [Accessed 27th Apr. 2024].

Na JH, Choi AY, Ji J, Zhang D. Environmental efficiency analysis of Chinese container ports with CO2
emissions: An inseparable input-output SBM model. Journal of Transport Geography. 2017;65(C):13-24. DOI:
10.1016/j.jtrange0.2017.10.001 [Accessed 17th Apr. 2024].

Chang YT. Environmental efficiency of ports: A data envelopment analysis approach. Maritime Policy and
Management. 2013;40:467-478. DOI:10.1080/03088839.2013.797119.

Issa Zadeh SB, et al. A framework for accurate carbon footprint calculation in seaports: Methodology
proposal. Journal of Marine Science and Engineering. 2023;11(5):1007. DOI:10.3390/jmse11051007.

Mamatok Y, Jin C. An integrated framework for carbon footprinting at container seaports: the case study of a
Chinese port. Maritime Policy and Management. 2017;44(2):208-226. DOI: 10.1080/03088839.2016.1262077.

Villalba G, Gemechu ED. Estimating GHG emissions of marine ports—the case of Barcelona. Journal Energy
Policy. 2011;31(3):1363 — 1368. DOI:10.1016/j.enpol.2010.12.008.

829


https://openarchive.usn.no/usn-xmlui/bitstream/handle/11250/2637942/Ashwin%20Chettri%20Master%20Thesis.pdf?sequence=1
https://openarchive.usn.no/usn-xmlui/bitstream/handle/11250/2637942/Ashwin%20Chettri%20Master%20Thesis.pdf?sequence=1
https://www.scirp.org/journal/articles.aspx?searchcode=Sarvar++Khalikov&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Altynbek++Smailkhan&searchfield=authors&page=1
https://www.scirp.org/journal/articles.aspx?searchcode=Kamila++Nukuyeva&searchfield=authors&page=1
https://www.scirp.org/journal/journalarticles.aspx?journalid=2432
../../../../../../../../../../../../../Downloads/8(1).
https://doi.org/10.4236/gep.2020.81003
https://www.researchgate.net/journal/Yearbook-of-International-Environmental-Law-2045-0052?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.1093/yiel/yvv067
http://dx.doi.org/10.1016/j.trd.2015.11.007
http://dx.doi.org/10.1007/s13437-016-0122-8
https://doi.org/10.55706/jae
https://www.jfas.info/index.php/JFAS/article/view/606
https://www.portofoakland.com/files/PDF/Port%20of%20Oakland%202015%20Seaport%20Emissions%20Inventory%20Final-11Oct2016.pdf
https://www.portofoakland.com/files/PDF/Port%20of%20Oakland%202015%20Seaport%20Emissions%20Inventory%20Final-11Oct2016.pdf
https://www.tandfonline.com/author/%C5%A0imenc%2C+Mitja
../../../../../../../../../../../../../Downloads/International%20J.%20of%20Sust.%20Trans.%202016, 
../../../../../../../../../../../../../Downloads/International%20J.%20of%20Sust.%20Trans.%202016, 
https://doi.org/10.1080/15568318.2015.1079753
https://sciprofiles.com/profile/903423
https://sciprofiles.com/profile/1085323
https://sciprofiles.com/profile/1813387
https://doi.org/10.3390/su12114374
https://www.iris.unina.it/retrieve/e268a72e-d6f2-4c8f-e053-1705fe0a812c/Murena%2C%20Prati%2C%20Quaranta%20-%20Assessment%20of%20the%20impact%20of%20ship%20emissions%20on%20the%20air%20quality%20in%20Naples.pdf
https://www.iris.unina.it/retrieve/e268a72e-d6f2-4c8f-e053-1705fe0a812c/Murena%2C%20Prati%2C%20Quaranta%20-%20Assessment%20of%20the%20impact%20of%20ship%20emissions%20on%20the%20air%20quality%20in%20Naples.pdf
https://www.iris.unina.it/retrieve/e268a72e-d6f2-4c8f-e053-1705fe0a812c/Murena%2C%20Prati%2C%20Quaranta%20-%20Assessment%20of%20the%20impact%20of%20ship%20emissions%20on%20the%20air%20quality%20in%20Naples.pdf
https://www.iris.unina.it/retrieve/e268a72e-d6f2-4c8f-e053-1705fe0a812c/Murena%2C%20Prati%2C%20Quaranta%20-%20Assessment%20of%20the%20impact%20of%20ship%20emissions%20on%20the%20air%20quality%20in%20Naples.pdf
https://www.witpress.com/Secure/elibrary/papers/MAR98/MAR98023FU.pdf
https://ideas.repec.org/a/eee/jotrge/v65y2017icp13-24.html
https://ideas.repec.org/a/eee/jotrge/v65y2017icp13-24.html
../../../../../../../../../../../../../Downloads/Journal%20of%20Transport%20Geography.
https://doi.org/10.1080/03088839.2013.797119
https://doi.org/10.3390/jmse11051007
https://doi.org/10.1080/03088839.2016.1262077
https://doi.org/10.1016/j.enpol.2010.12.008

Promet —Traffic&Transportation. 2025;37(3):810-833. Sustainable Solutions

[84] Teerawattana R, Yang YC. Environmental performance indicators for green port policy evaluation: Case study of
Laem Chabang Port. The Asian Journal of Shipping and Logistics. 2019;35(1):063-069.
https://www.sciencedirect.com/science/article/pii/S2092521219300094 [Accessed 5 Apr. 2024].

[85] Bui VD, Nguyen HP, Nguyen XP. Optimization of energy management systems in seaports as a potential strategy
for sustainable development. Journal of Mechanical Engineering Research and Development. 2021;44(8):19-30.
https://jmerd.net/Paper/VVol.44,N0.8(2021)/19-30.pdf [Accessed 18th Apr. 2024].

[86] Moss M, Eyton E, Shakeel H, Wan J. How the green deal call-funded projects are tackling mobility aspects of the
fit for 55 proposals — Report four, European Commission, 2024. DOI:10.2777/141100.87.

[87] https://sciencebusiness.net/viewpoint/green-technology/viewpoint-european-industry-needs-certainty-over-
forever-chemicals-ban?utm [Accessed 22nd Apr. 2024].

[88] Department for Transport. Port Air Quality Strategies, London, 2019. www.gov.uk/dft [Accessed 20th Apr. 2024].

[89] Narusu S. IAPH'S Initiatives to reduce emissions from ports. Multi-year Expert Meeting on Transport, Trade
Logistics and Trade Facilitation Sustainable Freight Transport Systems: Opportunities for Developing Countries,
International Association of Ports and Harbors (IAPH), 2015. https://unctad.org/system/files/non-official-
document/Susumu%20NARUSE.pdf [Accessed 20th Apr. 2024].

[90] Han CH. Air pollution reduction strategies of world major ports, The International Commerce & Law Review.
2010; 48.
https://www.researchgate.net/publication/267868466_Air_Pollution_Reduction_Strategies_of World_Major_Port
s [Accessed 30th Apr. 2024].

[91] https://baltictransportjournal.com/index.php?id=2987 [Accessed 1st June 2024].
[92] https://baltictransportjournal.com/index.php?id=2986 [Accessed 1st June 2024].

[93] https://www.informare.it/news/gennews/2024/20240612-ECSA-bene-obiettivo-UE-produzione-40pc-fuel-puliti-
shippinguk.asp [Accessed 6th May 2024].

[94] Gkonis K. Know the differences to make a difference. Baltic Transport Journal. 2024;1:44-45.
https://baltictransportjournal.com/index.php?id=3105 [Accessed 6th June 2024].

[95] Puccio L, Qvist L. ECSA priorities for 2024 — 2029, European community shipowners’ associations, 2024.
https://www.ecsa.eu/sites/default/files/publications/ECSA%20PRIORITIES%202024-2029_0.pdf [Accessed 7th
June 2024].

[96] European maritime safety agency, EMSA Outlook 2024, 2024.
https://mcusercontent.com/e792eb666c5525313f6a06f52/files/020acd3d-582a-5fh2-7fc2-
7c36bd7aca26/EMSA_Outlook 2024.pdf [Accessed 10th June 2024].

[97] Global maritime forum, Oceans of opportunity, Supplying green methanol and ammonia at ports, 2023.
https://cms.globalmaritimeforum.org/wp-content/uploads/2024/04/Oceans-of-opportunity _supplying-green-
methanol-and-ammonia-at-ports.pdf [Accessed 11th June 2024].

[98] DNV, Energy transition outlook 2023, Maritime forecast to 2050. 2024.
https://brandcentral.dnv.com/original/gallery/10651/files/original/ [Accessed 1st June 2024].

[99] International energy agency, Global hydrogen review 2023. 2024,
https://iea.blob.core.windows.net/assets/ecdfc3bb-d212-4a4c-9ff7-6cebblel9cef/GlobalHydrogenReview2023.pdf
[Accessed 3rd June 2024].

[100] https://seanergyproject.eu/news/what-are-zero-emissions-vessels/ [Accessed 26th May 2024].

[101] https://www.powerprogress.com/news/damen-launches-fully-electric-tug-for-belgium-port/8037096.article
[Accessed 16th May 2024].

[102] https://baltictransportjournal.com/index.php?id=3165 [Accessed 16th June 2024].

[103] Aktas B. The holy boss cap. Baltic Transport Journal. 2024;2:62-63.
https://baltictransportjournal.com/index.php?id=3172 [Accessed 22nd June 2024].

[104]Bulk carrier owners stressed by EU’s green deal, Hellas Maritime Report 2023, Seatrade Informa Group, 2023.
https://cloud.3dissue.net/41368/41155/42884/103314/Hellas23%20combined%20de-20231127155125.pdf
[Accessed 28th May 2024].

[105]Karimpour R, et al. EALING project, Deliverable D1.2 Report on final recommendations for a harmonised
framework on OPS in EU ports. https://ealingproject.eu/wp-content/uploads/2023/02/EALING_Deliverable-
D1.2.pdf [Accessed 31st May 2024].

[LO6]EALING - European flagship action for cold ironing in ports, Ports Questionnaire, 2022.
https://ealingproject.eu/wp-content/uploads/2022/05/Port-Questionnaires-Executive-Summary.pdf [Accessed 31st
May 2024].

830


https://www.sciencedirect.com/science/article/pii/S2092521219300094
https://jmerd.net/Paper/Vol.44,No.8(2021)/19-30.pdf
https://sciencebusiness.net/viewpoint/green-technology/viewpoint-european-industry-needs-certainty-over-forever-chemicals-ban?utm
https://sciencebusiness.net/viewpoint/green-technology/viewpoint-european-industry-needs-certainty-over-forever-chemicals-ban?utm
https://unctad.org/system/files/non-official-document/Susumu%20NARUSE.pdf
https://unctad.org/system/files/non-official-document/Susumu%20NARUSE.pdf
https://www.researchgate.net/publication/267868466_Air_Pollution_Reduction_Strategies_of_World_Major_Ports
https://www.researchgate.net/publication/267868466_Air_Pollution_Reduction_Strategies_of_World_Major_Ports
https://baltictransportjournal.com/index.php?id=2987
https://baltictransportjournal.com/index.php?id=2986
https://www.informare.it/news/gennews/2024/20240612-ECSA-bene-obiettivo-UE-produzione-40pc-fuel-puliti-shippinguk.asp
https://www.informare.it/news/gennews/2024/20240612-ECSA-bene-obiettivo-UE-produzione-40pc-fuel-puliti-shippinguk.asp
https://baltictransportjournal.com/index.php?id=3105
https://www.ecsa.eu/sites/default/files/publications/ECSA%20PRIORITIES%202024-2029_0.pdf
https://mcusercontent.com/e792eb666c5525313f6a06f52/files/020acd3d-582a-5fb2-7fc2-7c36bd7aca26/EMSA_Outlook_2024.pdf
https://mcusercontent.com/e792eb666c5525313f6a06f52/files/020acd3d-582a-5fb2-7fc2-7c36bd7aca26/EMSA_Outlook_2024.pdf
https://cms.globalmaritimeforum.org/wp-content/uploads/2024/04/Oceans-of-opportunity_supplying-green-methanol-and-ammonia-at-ports.pdf
https://cms.globalmaritimeforum.org/wp-content/uploads/2024/04/Oceans-of-opportunity_supplying-green-methanol-and-ammonia-at-ports.pdf
https://brandcentral.dnv.com/original/gallery/10651/files/original/
https://iea.blob.core.windows.net/assets/ecdfc3bb-d212-4a4c-9ff7-6ce5b1e19cef/GlobalHydrogenReview2023.pdf
https://seanergyproject.eu/news/what-are-zero-emissions-vessels/
https://www.powerprogress.com/news/damen-launches-fully-electric-tug-for-belgium-port/8037096.article
https://baltictransportjournal.com/index.php?id=3165
https://baltictransportjournal.com/index.php?id=3172
https://cloud.3dissue.net/41368/41155/42884/103314/Hellas23%20combined%20de-20231127155125.pdf
https://ealingproject.eu/wp-content/uploads/2023/02/EALING_Deliverable-D1.2.pdf
https://ealingproject.eu/wp-content/uploads/2023/02/EALING_Deliverable-D1.2.pdf
https://ealingproject.eu/wp-content/uploads/2022/05/Port-Questionnaires-Executive-Summary.pdf

Promet —Traffic&Transportation. 2025;37(3):810-833. Sustainable Solutions

[107] https://www.euronews.com/my-europe/2024/04/29/ports-in-baltic-sea-slash-co2-with-novel-maritime-traffic-
system [Accessed 30th Apr. 2024].

[108] https://cinea.ec.europa.eu/news-events/news/transport-infrastructure-over-eur-424-million-eu-funding-boost-zero-
emission-mobility-2024-04-10_en [Accessed 15th Apr. 2024].

[L09]1REDII Ports project, Interreg North Sea. https://www.interregnorthsea.eu/redii-ports [Accessed 20th May 2024].

[110]lvy A. Can a single maritime artificial intelligence (Al) research project cut 1% of total global emissions? Baltic
Transport Journal. 2024;1:79-80. https://baltictransportjournal.com/index.php?id=3105 [Accessed 6th June
2024].

[111]EALING project. Deliverable D2.2 Report on the identification of the relevant technical and regulatory elements
to facilitate adaptation and connectivity of ships to Shore Side Electricity (SSE). EALING is co-funded by the
European Commission, Connecting Europe Facility (CEF) programme under grant agreement No
INEA/CEF/TRAN/M2019/2089031. https://ealingproject.eu/wp-
content/uploads/2023/11/EALING_D2.2_Finalised.pdf [Accessed 29th May 2024].

[112] Port of Bar, Documentation of the Development Department, 2023.

[113]Awal ZI, Abdullah A. Multiple linear regression model for ship repair time estimation, Proceedings from the 12™
International conference on Marine Technology MARTEC. 2020. http://zobair.buet.ac.bd/ [Accessed 25th May
2024].

[114] Stepec D, et.al. Machine learning based system for vessel turnaround time prediction, Proceedings from the
Conference: 2020 21st IEEE International Conference on Mobile Data Management (MDM), 2020.
DOI:10.1109/MDM48529.2020.00060.

[115] Aiyetan AO, Smallwood JJ, Shakantu W. A linear regression modelling of the relationship between initial
estimated and final achieved construction time in South Africa. Journal Acta Structilia. 2012; 19(1). DOI:
10.38140/as.v19i1.121 [Accessed 25th Mar. 2024].

[116]Lee HT, Yang H, Cho IS. Data-Driven analysis for safe ship operation in ports using quantile regression based on
generalized additive models and deep neural network. Sensor. 2021;21(24): 8254; DOI:10.3390/521248254.

[117]Hlic Dj, Mijailovic S. Regression analysis of parameters in the improvement of decision making processes,
Business Trends. 2014;11(4):25-32. DOI:10.5937/TrendP0s14020251.

[118] Borucka A. Logistic regression in modelling and assessment of transport services. Open Engineering.
2020;10(1):26-34. DOI: 10.1515/eng-2020-0029.

[119]Popovic B, Popovic PM. Statististical modelling (in Serbian: Statisticko modeliranje), University of Nis, Nis,
2018. https://www.pmf.ni.ac.rs/download/IZDANJA-KNJIGA-PMF_2/matematika/knjigal-1.pdf [Accessed 1st
Apr. 2024].

[120] Interpreting Regression Output, Princeton University Library, 2007.
https://dss.princeton.edu/online_help/analysis/interpreting_regression.htm [Accessed 2nd Apr. 2024].

[121] https://www.dictionary.com/e/average-vs-mean-vs-median-vs-mode/ [Accessed 3rd Apr. 2024].

[122] Igushkin I, Shikhalev A, Vorontsov D. Student's t-table modification for the linear correlation coefficients
estimation in the small samples cases. https://ieeexplore.ieee.org/document/9848663 [Accessed 4th Apr. 2024].

[123] https://statisticshyjim.com/regression/interpret-coefficients-p-values-regression [Accessed 10th Apr. 2024].

[124] Government of Montenegro, Ministry of energy and mining. Report on realization of the energy production plan
for 2023 (in Montenegrin: Izvjestaj o realizaciji energetskog bilansa za 2023), Podgorica, 2023.
https://wapi.gov.me [Accessed 5th June 2024].

[125] Al-Jafari MK, Altaece HHA.The role of labor productivity in reducing carbon emission utilizing the Method of
Moments Quantile Regression: evidence from top 40 emitter countries. International Journal of Economics and
Finance. 2023;15(3). DOI:10.5539%/ijef.v15n3p1.

[126]Zhao M, et.al. Labour productivity and economic impacts of carbon mitigation: a modelling study and benefit—
cost analysis. Lancet Planet Health. 2022; 6:€941-48. doi: 10.1016/S2542-5196(22)00245-5.

[127]Bijnens G et.al. The impact of climate change and policies on productivity. European Central Bank, Occasional
Paper Series N0.340. https://www.ech.europa.eu/pub/pdf/scpops/ech.op340~0173592e52.en.pdf [Accesses 28th
May 2024].

[128]Simionescu M, et.al. GHG emissions mitigation in the European Union based on labor market changes.
Energies. 2021;14(2):465. DOI:10.3390/en14020465.

[129]Chavaillaz Y et.al. Exposure to excessive heat and impacts on labour productivity linked to cumulative CO2
emissions. Scinetific Reports. 2019;9:13711. DOI:10.1038/s41598-019-50047-w.

831


https://www.euronews.com/my-europe/2024/04/29/ports-in-baltic-sea-slash-co2-with-novel-maritime-traffic-system
https://www.euronews.com/my-europe/2024/04/29/ports-in-baltic-sea-slash-co2-with-novel-maritime-traffic-system
https://cinea.ec.europa.eu/news-events/news/transport-infrastructure-over-eur-424-million-eu-funding-boost-zero-emission-mobility-2024-04-10_en
https://cinea.ec.europa.eu/news-events/news/transport-infrastructure-over-eur-424-million-eu-funding-boost-zero-emission-mobility-2024-04-10_en
https://www.interregnorthsea.eu/redii-ports
https://baltictransportjournal.com/index.php?id=3105
https://ealingproject.eu/wp-content/uploads/2023/11/EALING_D2.2_Finalised.pdf
https://ealingproject.eu/wp-content/uploads/2023/11/EALING_D2.2_Finalised.pdf
http://zobair.buet.ac.bd/
https://arxiv.org/search/cs?searchtype=author&query=Stepec,+D
http://dx.doi.org/10.1109/MDM48529.2020.00060
https://doi.org/10.38140/as.v19i1.121
https://doi.org/10.38140/as.v19i1.121
https://doi.org/10.3390/s21248254
http://dx.doi.org/10.5937/TrendPos1402025I
https://doi.org/10.1515/eng-2020-0029
https://www.pmf.ni.ac.rs/download/IZDANJA-KNJIGA-PMF_2/matematika/knjiga1-1.pdf
https://dss.princeton.edu/online_help/analysis/interpreting_regression.htm
https://www.dictionary.com/e/average-vs-mean-vs-median-vs-mode/
https://ieeexplore.ieee.org/author/37089492969
https://ieeexplore.ieee.org/document/9848663
https://wapi.gov.me/
https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op340~0173592e52.en.pdf
https://doi.org/10.3390/en14020465
https://doi.org/10.1038/s41598-019-50047-w

Promet —Traffic&Transportation. 2025;37(3):810-833. Sustainable Solutions

[130]Matsumoto K, Tachiiri K, Su X. Heat stress, labour productivity, and economic impacts: analysis of climate
change impacts using two-way coupled modelling, Environmental Research Communication. 2021;3:125001.
DOI:10.1088/2515-7620/ac3el4.

[131]Rigas N, Kounetas KE. The impact of CO2 emissions and climate on economic growth and productivity:
International evidence, Review of Development Economics. 2024;28(2):719-740. DOI: 10.1111/rode.13075.

[132] Zhang S et al. Impact of labor and energy allocation imbalance on carbon emission efficiency in China's industrial
sectors. Renewable and Sustainble Energy Reviews. 2023;184:113586. DOI: 10.1016/j.rser.2023.113586.

[133]Barrymore N, Sampson RC. ESG performance and labor productivity: exploring whether and when ESG affects
firm performance, 2021. https://www.hbs.edu/faculty/Shared%20Documents/conferences/strategy-science-
2021/ESG-Labor%202-28-21.pdf [Accessed 22nd May 2024].

[134] Ville K. Labour productivity and development of carbon competitiveness industry-level evidence from Europe,
ETLA Report, No. 139, The Research Institute of the Finnish Economy (ETLA), Helsinki, 2023.
https://www.econstor.eu/bitstream/10419/274233/1/1854441922.pdf [Accessed 21st May 2024].

[135]Day E, et al. Upholding labour productivity under climate change: An assessment of adaptation options. Climate
Policy. 2019;19(3):367-385. DOI:10.1080/14693062.2018.1517640.

[136] Chen X, Ma W, Valdmanis V. Can labour productivity growth reduce carbon emission? Evidence from OECD
countries and China, Management of Environmental Quality. 2021;33(3). DOI:10.1108/MEQ-10-2021-0240.

[137]Mulusew A, Hong M. A dynamic linkage between greenhouse gas (GHG) emissions and agricultural productivity:
Evidence from Ethiopia. Humanities and Social Science Communication. 2024;11:52. DOI: 10.1057/s41599-023-
02437-9.

[138]Ostblom G, Samakovlis E. Costs of climate policy when pollution affects health and labour productivity. A
general equilibrium analysis applied to Sweden, Working Paper No. 93, The National Institute of Economic
Research, Stockholm, 2004.
https://www.konj.se/download/18.4ee9b512150ed5e093b906fe/1447246075392/Working-Paper-93-Costs-of-
Climate-Policy-when-Pollution-Affects-Health-and-Labour-Productivity.-A-General-Equilibrium-Analysis-
Applied-to-Sweden.pdf [Accessed 17th May 2024].

[139] Park J. Will we adapt? Labor productivity and adaptation to climate change. Discussion Paper 2017-73. Harvard
Environmental Economics Program, Harvard University, 2017.
https://heep.hks.harvard.edu/files/heep/files/dp73_park.pdf [Accessed 12th May 2024].

[140] Caldeira K, Brown PT. Reduced emissions through climate damage to the economy. PNAS. 2019;116(3):714-716.
DOI: 10.1073/pnas.1819605116.

[141]Bai S, Zhang B, Ning Y, Wang Y. Comprehensive analysis of carbon emissions, economic growth, and
employment from the perspective of industrial restructuring: a case study of China. Environmental Science and
Pollution Research. 2021;28:50767-50789. doi: 10.1007/s11356-021-14040-z.

[142] Miti¢ P, Fedajev A, Radulescu M, Rehman A. The relationship between CO; emissions, economic growth,
available energy, and employment in SEE countries, Environmental Science and Pollution Research.
2023;30:16140-16155. doi: 10.1007/s11356-022-23356-3.

[143] Varzaru AA. Assessing agricultural impact on greenhouse gases in the European Union: A climate-smart
agriculture perspective, Agronomy. 2024;14(4):821; DOI:10.3390/agronomy14040821.

[144]Simas SM, Wood R, Hertwich EG. Labour embodied in trade: the role of labour and energy productivity and
implications for Greenhouse Gas Emissions, Journal of Industrial Ecology. 2015;19(3):343-356.
DOI:10.1111/jiec.12187.

[145]Liu H, et al. Does economic development impact CO, emissions and energy efficiency performance? Fresh
Evidences From Europe. Frontiers in Energy Research. 2022; 10. DOI:10.3389/fenrg.2022.860427.

[146]Ding X, Choi YJ. The impact of port total factor productivity on carbon dioxide emissions in port cities: Evidence
from the Yangtze River Ports. AppliedScience. 2024;14(6):2406; DOI:10.3390/app14062406.

[147]1Zeng Y, Yuan X, Ho B. Analysis of carbon emission reduction at the port of integrated logistics: The port of
Shanghai case study. Sustainability. 2023;15(14):10914; DOI:10.3390/su151410914.

[148]zanne M, Twrdy E. The economic feasibility of port air emissions reduction measures: The case study of the port
of Koper. Economic and Business Review. 2021;23(3):141-151. DOI: 10.15458/2335-4216.1284.

[149] https://www.iso.org/standards/ [Accessed 7th Oct. 2024].

[150] Darbra RM, Journee H, Wooldridge CF. Environmental management tools for ports, 2012.
https://upcommons.upc.edu/bitstream/handle/2117/22622/Darbra%?20et%?20al..pdf [Accessed 5th Oct. 2024].

832


http://dx.doi.org/10.1088/2515-7620/ac3e14
../../../../../../../../../../../../AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/4M37L89S/28(2
../../../../../../../../../../../../../Downloads/Ren.%20and%20Sust.%20En.%20Rev.
../../../../../../../../../../../../AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/4M37L89S/184
https://www.hbs.edu/faculty/Shared%20Documents/conferences/strategy-science-2021/ESG-Labor%202-28-21.pdf
https://www.hbs.edu/faculty/Shared%20Documents/conferences/strategy-science-2021/ESG-Labor%202-28-21.pdf
https://www.econstor.eu/bitstream/10419/274233/1/1854441922.pdf
https://www.tandfonline.com/author/Day%2C+Ed
http://dx.doi.org/10.1080/14693062.2018.1517640
https://www.emerald.com/insight/search?q=Xueli%20Chen
https://www.emerald.com/insight/search?q=Xueli%20Chen
https://www.emerald.com/insight/search?q=Vivian%20Valdmanis
../../../../../../../../../../../../../Downloads/Man.%20of%20Env.%20Qual.
https://ui.adsabs.harvard.edu/link_gateway/2022MEnvQ..33..644C/doi:10.1108/MEQ-10-2021-0240
https://www.nature.com/articles/s41599-023-02437-9#auth-Asmamaw-Mulusew-Aff1
https://www.nature.com/articles/s41599-023-02437-9#auth-Mingyong-Hong-Aff1
../../../../../../../../../../../../../Downloads/Humanities%20and%20Social%20Science%20Communication.
https://www.konj.se/download/18.4ee9b512150ed5e093b906fe/1447246075392/Working-Paper-93-Costs-of-Climate-Policy-when-Pollution-Affects-Health-and-Labour-Productivity.-A-General-Equilibrium-Analysis-Applied-to-Sweden.pdf
https://www.konj.se/download/18.4ee9b512150ed5e093b906fe/1447246075392/Working-Paper-93-Costs-of-Climate-Policy-when-Pollution-Affects-Health-and-Labour-Productivity.-A-General-Equilibrium-Analysis-Applied-to-Sweden.pdf
https://www.konj.se/download/18.4ee9b512150ed5e093b906fe/1447246075392/Working-Paper-93-Costs-of-Climate-Policy-when-Pollution-Affects-Health-and-Labour-Productivity.-A-General-Equilibrium-Analysis-Applied-to-Sweden.pdf
https://heep.hks.harvard.edu/files/heep/files/dp73_park.pdf
../../../../../../../../../../../../../Downloads/Caldeira
../../../../../../../../../../../../../Downloads/Brown
https://doi.org/10.1073/pnas.1819605116
https://link.springer.com/article/10.1007/s11356-022-23356-3#auth-Petar-Miti_-Aff1
https://link.springer.com/article/10.1007/s11356-022-23356-3#auth-Aleksandra-Fedajev-Aff2
https://link.springer.com/article/10.1007/s11356-022-23356-3#auth-Magdalena-Radulescu-Aff3-Aff4
https://link.springer.com/article/10.1007/s11356-022-23356-3#auth-Abdul-Rehman-Aff5
https://doi.org/10.3390/agronomy14040821
https://ntnuopen.ntnu.no/ntnu-xmlui/browse?value=Silva%20Simas,%20Moana&type=author
https://ntnuopen.ntnu.no/ntnu-xmlui/browse?value=Wood,%20Richard&type=author
https://ntnuopen.ntnu.no/ntnu-xmlui/browse?value=Hertwich,%20Edgar%20G.&type=author
http://dx.doi.org/10.1111/jiec.12187
https://doi.org/10.3389/fenrg.2022.860427
https://doi.org/10.3390/app14062406
https://doi.org/10.3390/su151410914
https://www.iso.org/standards/
https://upcommons.upc.edu/bitstream/handle/2117/22622/Darbra%20et%20al..pdf

Promet —Traffic&Transportation. 2025;37(3):810-833. Sustainable Solutions

Emisije u vazduh u morskoj luci: pristup modeliranju, kvantifikaciji i redukciji
Deda DPelovi¢

Rezime:

Izvori emisije povezani sa radom luka su veoma razli¢iti i luke su u obavezi da razviju
adekvatne odgovore. Nakon ops$teg uvoda, pregleda literature koja se odnosi na emisije u
vazduh u lukama i rezimea ve¢ sprovedenih odgovora (rjeSenja) o luckim emisijama,
modelirana je meduzavisnost izmedu koli¢ine CO, koju emituju mobilne lucke dizalice
tokom procesa ukrcaja brodova, primjenom modela visestruke regresije. Parametri modela
pokazuju da se 88,53% promjena koli¢ine emitovanog CO> u vazduh po brodu zavisi od
izabranih nezavisnih varijabli. Rezultati prikazani u ovom radu omogucavaju definisanje
odredenih pravaca smanjenja emisije CO> u vazduh od lucke pretovarne mehanizacije.
Takode, predlozen je alat za kvantifikaciju i predvidanje emisija CO2 od lucke pretovarne
mehanizacije, na osnovu grupe relevantnih parametara. U tom kontekstu, analiziran je
uticaj varijacija u produktivnosti u procesu pretovara tereta na koli¢inu CO, emitovanog u
vazduh. PredloZeni pristup se moze primijeniti i u drugim lukama gde se koristi pretovarna
mehanizacija na dizel pogon. Takode, prikazani rezultati mogu biti pouzdana osnova za
dalja istraZivanja autora U ovoj oblasti

Kljucne rijeci:
luka; emisije; CO2; modeliranje; kvantifikacija; redukcija.
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