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Abstract: After general theoretical introduction referred on port related emissions, in this paper, special focus is given to emission to air in a 

seaport caused by dispersion of cargo through handling operation with dry bulk cargoes (and their storing on open storage area). In that 

context, on the concrete object of research – handling operations with dry bulk cargoes in the Port of Bar (Montenegro) – are analyzed 

elements which determine quantities of dispersed cargoes by handling operations types and their phases, considered intensity of emissions to 

air caused by cargo dispersion and recognized principal direction of action in order to reduce that dispersion (and consequent emissions to 

air). 
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1. Introduction 

Sustainable development of ports has to be based on reliable 

bases, officially adopted and widely recognized. In that sense, here 

are systematized some of the principal elements of strategic 

documents at the European Union level where port sustainable 

development goals and directions related to emissions to air can be 

recognized/are defined [1]. 

Sustainable and Smart Mobility Strategy – putting European 

transport on track for the future [2]: - the most serious challenge 

facing the transport sector is to significantly reduce its emissions 

and become more sustainable; - ports should become multimodal 

mobility and transport hubs, linking all the relevant modes. This 

will improve air quality locally thereby contributing to improved 

health of nearby residents.  

The European Green Deal [3]: - The European Green Deal calls 

for a 90% reduction in greenhouse gas emissions from transport, in 

order for the EU to become a climate-neutral economy by 2050. 

The 2030 Agenda for Sustainable Development [4] - adopted by 

all United Nations Member States in 2015: at its center are the 17 

Sustainable Development Goals (SDGs), which are an urgent call 

for action by all countries. Following SDGs are directly connected 

with reducing environmental impact of the port area: SDG3- good 

health and wellbeing, SDG7 – affordable and clean energy, SDG8 – 

decent work and economic growth, SDG9 – industry, innovation 

and infrastructure, SDG11 – sustainable cities and communities, 

SDG12 – responsible consumption and production, SDG13 – 

climate action, SDG14 – life below water, SDG15 – life on land, 

SDG17 – partnership for the goal; 

The environmental priorities in the European Union ports were 

changing over the previous years. If the period from 2017 to 2021. 

is considered [5], than following principal conclusions are clear: - 

Air quality (AQ) was constantly the first priority; - the biggest 

advancement (+8) is related to priority Climate changes (CC), from 

the rank ―10‖ in 2017 to the rank ―2‖ in 2021; - priority 

Garbage/Port waste fall from the rank ―6‖ in the 2017 to the rank 

―10‖ in 2021. 

As a result of the rapid growth of international trade, 

atmospheric pollution from transportation has been more topical 

than ever, especially in dense hub port-cities [6]. Approximately 

230 million people are directly exposed to the emissions in the top 

100 world ports in terms of shipping emissions [7]. The higher is 

the correlated risk of pollution due to higher traffics and related 

operations [8]. The severity of air quality degradation is all the more 

serious when taking into account the fact that 90% of European 

ports are spatially connected to cities [9]. The port emissions can 

significantly contribute to air quality degradation of urban areas 

[10]. 

A typical port layout includes areas dedicated to diverse 

functions. All of port facilities can be seen as potential sources of 

pollution, considering elements such as emissions from ships, cars, 

and other means of transport and correlate with port geographical 

location, fuel types, energy consumption, road traffic related to the 

port, and so on [8]. Air pollution emitted from port-related activities 

can  adversely affect the health of port workers, as well as residents 

of nearby port area, and contribute significantly to regional air 

pollution problems [11]. 

 

2. Categories of pollutant emissions 
 

There are two main categories of maritime polluting emissions: 

Common Air Contaminants (CAC) and Greenhouse Gases (GHG), 

plus an additional group if we want to consider other forms of less 

aggressive pollutants such as dust, smoke, odors, and even noise 

[7].  

There are broad and diverse emissions sources associated with 

port operations, but not all source types may be found in every port 

[12].  

Emission sources can be organized into two large groups: the 

first including stationary sources such as warehouses, mechanical 

plants, offices, portable or emergency generators, electricity 

consuming equipment, refrigeration/cooling equipment etc., and the 

latter including 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 [7, 12]. 

Sources can be further divided into emissions source categories 

within each source group. Another emissions source type related to 

port operations is 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. These areas are classified as ‗area sources‘ and 

are usually not included in a port emissions assessment as they are 

highly variable and difficult to quantify [12]. 

Cargo handling equipment (CHE) produce more particulate 

matter (PM) and hydro carbons (HC) emissions than any other 

emission source in the port. Pollutants from CHE mainly include 

PM, NOx, HC, COx, SOx, and other emissions that are harmful  

[13]. Fine particles are a concern because their very tiny size allows 

them to travel more deeply into lungs and enter the blood stream, 

increasing the potential for health risks [12].  

Dust, in general, can constitute a hazard threatening human 

health and the environment [8] 

 

3. Reducing emissions to air 
 

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 [14].  

The establishment of a balance between economical and 

ecological interests will be the most important issue for the next 

decade for all modes of transport, including waterborne transport 

[15]. 

Efforts to make maritime transport less polluting must include 

ports [10]. There is growing pressure at ports around the world to 

address air pollution generated by cargo movement operations to 

minimize its impacts on human health and the environment. As 
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well, there is an increased focus on ports and the maritime industry 

to reduce emissions to protect public health and the environment 

[12].  

In essence, ports should understand the emissions that arise 

from their core operations, have an appreciation of the emissions 

that arise from other maritime activity (such as shipping and cargo 

operations) in areas under their jurisdiction, and develop responses 

to these emissions at an appropriate level that reflects their ability to 

influence the emissions source [16]. 

There are three key variables that should be considered when 

designing action – the level of influence a port can have, the time 

period for the intervention to have effect, and the impact. It is 

recommended that ports consider the growing range of innovative 

systems and technologies that provide integrated solutions to 

facilitate the reduction of emissions, for example use of wind, solar 

and tidal energy [16]. 

As modern automated terminals usually achieve high handling 

efficiency with electric or hybrid equipment, terminal automation is 

one of the tools to reduce emissions [17]. 

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.[11]. 

Literature overview on port`s clean air strategies is given in 

reference [11]. 

In order to establish bases for adequate implementation of an 

emissions reductions program, it is necessary to monitor and 

estimate pollutant emissions in a port. An illustrative example of 

monitoring campaign conducted is elaborated in details in the 

reference [18]. Methodology of estimation of air pollutant 

emissions from ships in port environment and in navigation is 

developed in the reference [19].  

 

4. A research of emissions to air through handling 

operations with dry bulks 
 

In this segment of the paper are presented elements of a 

research conducted in the Port of Bar (Montenegro) related to 

emissions to air during handling operations with dry bulks, with 

special focus on emissions to air caused by dispersion of dry bulks 

through those handling operations. 

Principal classes of factors, Fjk, which generate emissions to air 

in the handling operations with dry bulks are (based on [1]): 

- F1k - Human factors (improper operating, opening grab at 

the bigger heights than recommended, ...);  

- F2k – Factors related to port infrastructure (problems with 

power supply, ...); 

- F3k – Factors related to port machinery: technical and 

exploitation performances of port machinery (energy 

consumption per hour, etc.); port machinery technological 

adequacy; port machinery downtime frequency; port 

machinery life cycle phase; etc.; 

- F4k – Cargo characteristics (cargo quantity dispersed 

during the handling operations, ...); 

- F5k – Factors related to port warehouses (open and 

closed); 

- F6k – Factors related to system of dust reduction/ 

elimination; etc. 

 

4.1 Object of research 

 

It is a fact that in the available references are not analyzed 

enough ―area emissions sources‖ (large open paved areas, dirty 

roads, unpaved areas) justifying it with their variability and 

difficulties in their quantification.  

Also, results of analyses presented in available references show 

that intensity of emissions to air in handling operations with dry 

bulk cargoes is determined by numerous factors, where quantity of 

dispersed cargo during that handling operations can be recognized 

as very important. 

Dispersed dry bulk cargoes during handling operations is 

distributed in different directions and, among others, can reach 

mentioned open areas (open paved areas, roads, unpaved areas) and 

under influence of port machinery and/or vehicle movements and 

winds can be emitted to air.  

Having all previously mentioned in mind, through this research 

are investigated elements which the quantity of dispersed dry bulk 

cargo during handling operations is depending on – all in order to 

establish bases for assessing emissions caused by dispersed cargo. 

Directions of reducing quantity of dispersed cargo are defined, too.  

Research is done in the cargo handling system in the Port of Bar 

(Montenegro). Importance rank of the research can be based on 

throughput structure data for the period from 2017 to 2021 (Table 

1), where dry bulk cargoes have the biggest share in overall 

throughput. 

 
Table 1: Overall throughput for the period from 2017 to 2021,  

per cargo groups 

Year Overall 

throughput (t) 

Dry bulk cargoes 

quantity (t) share (%) 

2017 1,700,204.86 1,349,415.40 79.37 

2018 1,382,563.42 1,035,112.00 74.87 

2019 1,562,003.91 1,223,176.54 78.31 

2020 1,645,542.36 1,380,555.21 83.90 

2021 1,457,244.89 1,142,953.56 78.43 

Table 1 - continuation 
Ro-Ro and general cargoes Liquid bulk cargoes 

quantity (t) share (%) quantity (t) share (%) 

83,181.86 4.89% 267,607.59 15.74 

67,280.94 4.87% 280,170.48 20.26 

69,688.55 4.46% 269,138.82 17.23 

40,834.98 2.48% 224,152.18 13.62 

49,692.87 3.41% 264,598.46 18.16 

(source: Port of Bar, 2022). 

 

In order to complete object of research, with the Table 2 are 

shown results of an analysis of dry bulk cargoes throughput 

structure for the period from 2017 to 2021. 

  
Table 2: Dry bulk cargoes throughput structure for the period  
from 2017 to 2021 

Dry bulk cargo type Quantity (t) Share (%) 

Bauxite 2,735,344.30 44.6 

Cement 1,070,527.07 17.5 

Stone 692,154.75 11.3 

Copper concentrate 392,849.36 6.4 

Petro-coke 396,724.65 6.4 

Iron ore 150,427.00 2.5 

Other 693,210.25 11.3 

Total 6,131,237.38 100 

(source: Port of Bar, 2022). 

 

Finally, object of research can be defined as follows: quantity of 

dispersed cargo during the handling operations (and storing period 

on open storage area)  with bauxite in the Port of Bar (Montenegro) 

for the period from 2017 to 2021. 

 

4.2 Objectives of research 

 

Objective of research has following components: defining 

principal relations for calculating quantities - from the aspects of 

emissions to air - during the phases of the cargo handling (and 

storing) process; defining parameters which can be used as bases for 

estimating emissions intensity during the different phases of the 

cargo handling (and storing process); identifying factors which 

intensity of emissions to air during handling operations with bauxite 

are depending on; calculating quantity of dispersed cargo through 

the cargo handling (and storing process); identifying directions of 

reducing dispersed cargo quantity; 
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4.3 Research methodology 

 

Research is realized using methodology, adjusted to the 

research object, whose key elements are presented with the Table 3. 

 
Table 3: Elements of the methodology 

Phase, PHi Expected result, Rj 

PH1: An analysis of parameters 

which characterize handling 

operations with bauxite wagon to 
open storage area and open storage 

area to ship: quantity of cargo 

unloaded, quantity of dispersed 
cargo, quantity of cargo stored, 

quantity of cargo loaded to ship, 

cargo quantity emitted to air from 
wagon, cargo quantity emitted to air 

from cargo piles (stored cargo), 

cargo quantity emitted to air from 
ship holds. 

R1: correlations between 

parameters. 

PH2: An analysis of time intervals 

and characteristic time moments in 

the handling operations with 
bauxite, ranking time intervals as 

per their duration, estimation of 

intensity of emissions per operation 
phases and identifying subjects 

participating in the logistic chain 
with dominant influence on 

recognized time intervals duration, 

identification of factors which 
determine intensity of emissions to 

air. 

R2: characteristic time intervals and 

time moments in the handling 

process relevant for assessing 
emissions to air; - ranks of time 

intervals as per their duration; -

identified/estimated intensity level 
of emissions per handling process 

phases (operations); - recognized 
subjects participating in the logistic 

chain with dominant influence on 

time interval duration; - defined 
factors which determine emissions 

intensity; 

PH3: Data systematization on 

bauxite quantities handled per 
operations and in total by months 

from the period from January 2017 

to December 2021.  

R3: quantities of bauxite handled per 

operations and in total by months 
from the period from January 2017 

to December 2021. 

PH4: Calculation of dispersed 

quantities of bauxite through 

handling operations by months from 
the period from January 2017 to 

December 2021.  

R4: dispersed quantities of bauxite 

through handling operations by 

months from the period from 
January 2017 to December 2021. 

PH5: Defining directions of 

reducing dispersed cargo quantities 
during handling operations with 

bauxite (dry bulks). 

R5: directions of reducing dispersed 

cargo quantities through handling 
operations with bauxite (dry bulks). 

PH6: Creation of a simulation model 
for assessing emissions intensity to 

air caused by dispersed cargo 

through handling operations with 
dry bulks. 

R6: simulation model for assessing 
emissions intensity to air caused by 

dispersed cargo through handling 

operations with dry bulks. 

 

4.4 Research results 

 

Result 1 -  Correlations between parameters 

 

In the Table 4 are defined parameters which calculation of dispersed 

cargo quantity is based on. 

 
Table 4: Characteristic parameters 

Wagon Handling operation 

CARGO QUANTITY, QW1 

CARGO UNLOADED, QH1 

Cargo emitted to air from wagon, qw1 

 
Cargo dispersed, qd1 

CARGO QUANTITY, QW2 

CARGO UNLOADED, QH2 
Cargo emitted to air from wagon, qw2 

 

Cargo dispersed, qd2 

.. ... 

CARGO QUANTITY, QWn 

CARGO UNLOADED, QHn 

Cargo emitted to air from wagon, qwn 

 

Cargo dispersed, qdn 

 

 

 

 

 

Table 4 - continuation 

Open storage area Handling 

operation 

ship 

CARGO STORED, QS1 

Cargo emitted to air 
from cargo piles, qs1 

Cargo dispersed, 

qD1 

CARGO LOADED, QL1 

Cargo emitted to air 
from ship holds, qS1 

CARGO STORED, QS2 

Cargo emitted to air 
from cargo piles, qs2 

Cargo dispersed, 

qD2 

CARGO LOADED, QL2 

Cargo emitted to air 
from ship holds, qS2 

 ...  

CARGO STORED, QSn 

Cargo emitted to air 
from cargo piles, qsn 

Cargo dispersed, 

qDn 

CARGO LOADED, QLm 

Cargo emitted to air 
from ship holds, qSm 

(source: author) 

 

Principal relations which characterize cargo handling process on 

the relation wagon-open storage are-ship are as follow: 

 

[CARGO QUANTITY (transported to the port with a train), 

QWi] = [CARGO UNLOADED (on the relation wagon to open 

storage area), QHi ] + [Cargo emitted to air from wagons, qwi (from 

the moment when the train is positioned for unloading to its 

unloading)]  (1) 

 

[CARGO STORED (on the open storage area), QSi] = [CARGO 

UNLOADED (on the relation wagon to open storage area), QHi ] – 

[Cargo dispersed (through the handling operation wagon to open 

storage area), qdi]  (2) 

 

[CARGO LOADED (in the ship holds), QLj] = [CARGO 

STORED (on the open storage area), QSj] – [Cargo emitted to air 

from cargo piles, qsi] – [Cargo dispersed (through the handling 

operation open storage area to ship), qDj] – [Cargo emitted to air 

from ship holds, qSj] (3) 

 

Cargo dispersed, qdisp.k = [Cargo dispersed (through the 

handling operation wagon to open storage area), qdi] 

 + [Cargo dispersed (through the handling operation open 

storage area to ship), qDj] +  [Cargo emitted to air from wagon, qwi] 

+ [Cargo emitted to air from cargo piles, qsj] + [Cargo emitted to air 

from ship holds, qSk]   (4) 

 

Quantity of dispersed cargo can be expressed in following way, 

too: 

 

Cargo dispersed, qdisp.k = quantity emitted to air, qeak +  quantity 

released to water, qrwk + quantity released to soil, qrsk + quantity 

becoming waste, qwk (5) 

 

Result 2 - characteristic time intervals and time moments in the 

handling process relevant for assessing emissions to air; ranks of 

time intervals as per their duration; identified/estimated intensity 

level of emissions per handling process phases (operations); 

recognized subjects participating in the logistic chain with dominant 

influence on time interval duration; defined factors which determine 

emissions intensity; 

 

In the Table 5 are systematized components of the Result 2. 

 
Table 5: Components of the Result 2 

Period 
of time 

(PoT) 

PoT from 
the moment 

loaded 

wagons 
enter port 

zone, t1, to 

their  

positioning 

at the cargo 

terminal for 
unloading, 

t2 

PoT from 
the moment 

of 

positioning 
loaded 

wagons at 

the cargo 

terminal for 

unloading 

t2, to 
beginning 

of 
unloading, 

t3 

PoT from 
beginning 

of loaded 

wagons 
unloading, 

t3, to 

unloading 

finishing, t4 

PoT from 
finishing 

unloading of 

wagons, t4, to the 
moment of 

finishing   

repairing of 

eventually 

damaged wagons 

and hand over of 
empty wagons 

between port and  
railway operator, 

t5  
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Table 5 - continuation 

Time 

intervals 

T1 = t2 – t1 T2 = t3 – t2 T3 = t4 – t3 T4 = t5 – t4 

Ranking 

of time 
intervals 

as per 

their 
duration 

7 6 3 4 

Quantity 

of cargo   

Average 

quantity per 
train 

Average 

quantity per 
train 

Average 

quantity per 
train 

Cargo 

residues in 
wagons 

(after their 

unloading) 

Estimated 

intensity 

of 
emissions 

Low Low Medium Very low 

Subject 

with the 

dominant 

influence 

on 

duration 

-Railway 

operator 

-Port 

operator 

-Custom 

forwarder 

-Port 

operator 

-Port  

operator 

-Railway 

operator 

Table 5 - continuation 

Period of 

staying 

empty 
wagons at the 

cargo 

terminal – 
time between 

the moment 

of hand over 
of the empty 

wagons to 

the moment 
of their 

hauling  out 
of the port 

zone is 

beginning, t6 

Period of 

time from 

the moment 
of wagons 

hauling  out 

of the port 
zone is 

beginning 

to the 
moment 

empty 

wagons 
leaved port 

zone,  t7  

Period of time 

from 

finishing 
unloading 

wagons, t4, to 

the moment 
of cargo 

loading to 

ship begun, t8 
- Cargo 

storing time 

on the open 
storage area 

Period of time from the 

moment loading of ship 

started, t8 to the moment 
of loading process 

finishing, t9 

T5 = t6 – t5 T6 = t7 – t6 T7 = t8 – t4 T8 = t9 – t8 

5 7 1 2 

Cargo 

residues in 

wagons (after 
their 

unloading) 

Cargo 

residues in 

wagons 
(after their 

unloading) 

Average 

stored 

quantity  

Average quantity per 

ship 

Very low Very low High Medium 

-Custom 
forwarder 

-Railway 

operator 

-Railway 
operator 

-Exporter 
-Custom 

forwarder 

-Port operator 

-Port operator 
-Harbor master office 

-Shipping agent 

-Custom Forwarder 

(source: author) 

 

Intensity of emissions to air through operations with bauxite 

(dry bulk cargoes) are depending on: 

- cargo characteristics; 

- quantity for a period (handled); 

- quantity dispersed through handling operations; 

- type of cargo handling operations; 

- period of exposure (storing period, ...); 

- climate characteristics (wind rose, ...); 

- implemented handling technology (port machinery, port 

machinery operaters, stevedores, etc.); 

- level of the environmental protection system development 

(existence of physical barriers, etc.); 

- characteristics of the transport means (wagons, trucks, 

ships); etc. 

 

Result 3 - quantities of bauxite handled per operations and in total 

by months from the period from January 2017 to December 2021. 

 

In the Table 6 are systematized data on quantities of bauxite 

handled per operations and in total by months from the period from 

January 2017 to December 2021. 

Table 6: Quantities of bauxite handled 

year/ 

month 

wagon- open 

storage (t) 

open 

storage-

ship (t) 

difference: 

stored – 

delivered (t) 

quantity 

handled (t) 

2017/1 72,964.00 19,852.44 53,111.56 92,816.44 

2017/2 65,946.00 159,725.78 -93,779.78 225,671.78 

2017/3 81,142.00 76,397.36 4,744.64 157,539.36 

2017/4 77,024.00 66,076.00 10,948.00 143,100.00 

2017/5 69,774.00 97,369.48 -27,595.48 167,143.48 

2017/6 70,354.00 0.00 70,354.00 70,354.00 

2017/7 49,010.00 94,951.96 -45,941.96 143,961.96 

2017/8 69,774.00 74,677.35 -4,903.35 144,451.35 

2017/9 66,990.00 75,032.34 -8,042.34 142,022.34 

2017/10 82,070.00 98,440.38 -16,370.38 180,510.38 

2017/11 66,584.00 21,679.30 44,904.70 88,263.30 

2017/12 76,792.00 126,838.55 -50,046.55 203,630.55 

 
 

   
2018/1 72,993.80 62,680.00 10,313.80 135,673.80 

2018/2 42,960.85 17,394.65 25,566.20 60,355.49 

2018/3 32,125.04 80,925.93 -48,800.89 113,050.97 

2018/4 18,564.71 0.00 18,564.71 18,564.71 

2018/5 26,079.34 0.00 26,079.34 26,079.34 

2018/6 7,948.29 63,938.52 -55,990.23 71,886.81 

2018/7 14,898.62 0.00 14,898.62 14,898.62 

2018/8 10,929.92 0.00 10,929.92 10,929.92 

2018/9 16,544.17 0.00 16,544.17 16,544.17 

2018/10 29,986.47 77,002.17 -47,015.71 106,988.64 

2018/11 19,812.50 0.00 19,812.50 19,812.50 

2018/12 45,520.11 66,294.30 -20,774.19 111,814.41 
     

2019/1 29,124.29 0.00 29,124.29 29,124.29 

2019/2 25,433.91 0.00 25,433.91 25,433.91 

2019/3 42,467.60 74,646.36 -32,178.76 117,113.95 

2019/4 46,808.17 0.00 46,808.17 46,808.17 

2019/5 45,584.91 64,521.54 -18,936.64 110,106.45 

2019/6 47,599.15 76,700.20 -29,101.06 124,299.35 

2019/7 41,612.16 0.00 41,612.16 41,612.16 

2019/8 38,658.60 28,967.84 9,690.76 67,626.44 

2019/9 51,722.16 117,343.58 -65,621.43 169,065.74 

2019/10 72,438.94 69,220.61 3,218.33 141,659.54 

2019/11 80,671.71 0.00 80,671.71 80,671.71 

2019/12 60,784.97 89,501.54 -28,716.58 150,286.51 
     

2020/1 53,862.44 73,847.81 -19,985.37 127,710.24 

2020/2 74,294.47 31,454.88 42,839.59 105,749.35 

2020/3 79,460.61 62,852.46 16,608.15 142,313.07 

2020/4 53,838.41 110,000.00 -56,161.59 163,838.41 

2020/5 64,196.19 0.00 64,196.19 64,196.19 

2020/6 58,838.23 80,309.43 -21,471.20 139,147.66 

2020/7 53,738.88 49,107.58 4,631.30 102,846.46 

2020/8 74,105.74 120,044.02 -45,938.28 194,149.76 

2020/9 58,828.17 0.00 58,828.17 58,828.17 

2020/10 45,358.85 95,718.45 -50,359.60 141,077.30 

2020/11 54,075.99 6,966.77 47,109.22 61,042.76 

2020/12 46,800.35 88,905.52 -42,105.17 135,705.87 
     

2021/1 28,129.05 4,840.99 23,288.06 32,970.04 

2021/2 51,693.81 6,999.08 44,694.73 58,692.89 

2021/3 38,734.51 6,100.21 32,634.30 44,834.72 

2021/4 3,543.83 46,922.06 -43,378.23 50,465.89 

2021/5 31,292.38 47,582.50 -16,290.12 78,874.88 

2021/6 35,896.77 45,727.50 -9,830.73 81,624.27 

2021/7 25,242.44 0.00 25,242.44 25,242.44 
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Table 6 - continuation 

2021/8 4,660.59 0.00 4,660.59 4,660.59 

2021/9 11,224.33 0.00 11,224.33 11,224.33 

2021/10 6,283.94 0.00 6,283.94 6,283.94 

2021/11 16,444.26 47,434.08 -30,989.82 63,878.34 

2021/12 16,431.50 0.00 16,431.50 16,431.50 
          

(source: author based on data from the Port of Bar, 2022). 

 

Result 4 - dispersed cargo quantities of bauxite through handling 

operations by months from the period from January 2017 to 

December 2021. 

 

Based on criteria defined in [20] and data given with the Table 6, in 

the next table (Table 7) are calculated quantities of dispersed cargo 

through handling operations with bauxite, taking as an initial 

assumption that dispersed cargo (MC) would be: 0.25%, 0.50%, 

0.75% and 1.00% of handled cargo. 

 
Table 7: Calculation of dispersed cargo 

year/ 

month 

quantity 

handled (t) 

MC-

0.0025 

MC-

0,0050 

MC-

0.0075 

MC-

0.01 

2017/1 92,816.44 232.04 464.08 696.12 928.16 

2017/2 225,671.78 564.18 1,128.36 1,692.54 2,256.72 

2017/3 157,539.36 393.85 787.70 1,181.55 1,575.39 

2017/4 143,100.00 357.75 715.50 1,073.25 1,431.00 

2017/5 167,143.48 417.86 835.72 1,253.58 1,671.43 

2017/6 70,354.00 175.89 351.77 527.66 703.54 

2017/7 143,961.96 359.90 719.81 1,079.71 1,439.62 

2017/8 144,451.35 361.13 722.26 1,083.39 1,444.51 

2017/9 142,022.34 355.06 710.11 1,065.17 1,420.22 

2017/10 180,510.38 451.28 902.55 1,353.83 1,805.10 

2017/11 88,263.30 220.66 441.32 661.97 882.63 

2017/12 203,630.55 509.08 1,018.15 1,527.23 2,036.31 
      

2018/1 135,673.80 339.18 678.37 1,017.55 1,356.74 

2018/2 60,355.49 150.89 301.78 452.67 603.55 

2018/3 113,050.97 282.63 565.25 847.88 1,130.51 

2018/4 18,564.71 46.41 92.82 139.24 185.65 

2018/5 26,079.34 65.20 130.40 195.60 260.79 

2018/6 71,886.81 179.72 359.43 539.15 718.87 

2018/7 14,898.62 37.25 74.49 111.74 148.99 

2018/8 10,929.92 27.32 54.65 81.97 109.30 

2018/9 16,544.17 41.36 82.72 124.08 165.44 

2018/10 106,988.64 267.47 534.94 802.41 1,069.89 

2018/11 19,812.50 49.53 99.06 148.59 198.12 

2018/12 111,814.41 279.54 559.07 838.61 1,118.14 
           

2019/1 29,124.29 72.81 145.62 218.43 291.24 

2019/2 25,433.91 63.58 127.17 190.75 254.34 

2019/3 117,113.95 292.78 585.57 878.35 1,171.14 

2019/4 46,808.17 117.02 234.04 351.06 468.08 

2019/5 110,106.45 275.27 550.53 825.80 1,101.06 

2019/6 124,299.35 310.75 621.50 932.25 1,242.99 

2019/7 41,612.16 104.03 208.06 312.09 416.12 

2019/8 67,626.44 169.07 338.13 507.20 676.26 

2019/9 169,065.74 422.66 845.33 1,267.99 1,690.66 

2019/10 141,659.54 354.15 708.30 1,062.45 1,416.60 

2019/11 80,671.71 201.68 403.36 605.04 806.72 

2019/12 150,286.51 375.72 751.43 1,127.15 1,502.87 
           

2020/1 127,710.24 319.28 638.55 957.83 1,277.10 

2020/2 105,749.35 264.37 528.75 793.12 1,057.49 

2020/3 142,313.07 355.78 711.57 1,067.35 1,423.13 

2020/4 163,838.41 409.60 819.19 1,228.79 1,638.38 

2020/5 64,196.19 160.49 320.98 481.47 641.96 

2020/6 139,147.66 347.87 695.74 1,043.61 1,391.48 

Table 7 - continuation 

2020/7 102,846.46 257.12 514.23 771.35 1,028.46 

2020/8 194,149.76 485.37 970.75 1,456.12 1,941.50 

2020/9 58,828.17 147.07 294.14 441.21 588.28 

2020/10 141,077.30 352.69 705.39 1,058.08 1,410.77 

2020/11 61,042.76 152.61 305.21 457.82 610.43 

2020/12 135,705.87 339.26 678.53 1,017.79 1,357.06 
           

2021/1 32,970.04 82.43 164.85 247.28 329.70 

2021/2 58,692.89 146.73 293.46 440.20 586.93 

2021/3 44,834.72 112.09 224.17 336.26 448.35 

2021/4 50,465.89 126.16 252.33 378.49 504.66 

2021/5 78,874.88 197.19 394.37 591.56 788.75 

2021/6 81,624.27 204.06 408.12 612.18 816.24 

2021/7 25,242.44 63.11 126.21 189.32 252.42 

2021/8 4,660.59 11.65 23.30 34.95 46.61 

2021/9 11,224.33 28.06 56.12 84.18 112.24 

2021/10 6,283.94 15.71 31.42 47.13 62.84 

2021/11 63,878.34 159.70 319.39 479.09 638.78 

2021/12 16,431.50 41.08 82.16 123.24 164.32 

(source: author). 

 

Result 5 - directions of reducing dispersed cargo quantities through 

handling operations with bauxite (dry bulks) 

 

Having in mind character of classes of factors which generate 

emissions to air through handling operations with dry bulks, as well 

as, influential factors which the emissions intensity through 

handling operations with dry bulks is depending on, principal 

directions of reducing dispersed cargo quantities are: 

- optimizing level of used port machinery technological adequacy 

level, fully respecting demands of the safety on works and 

environmental protection and results of economical justification of 

investments needed; 

- continuous training of port workers, port machinery operaters and 

all involved staff to carry out activities fully respecting demand to 

have minimized quantity of dispersed cargo – warnings on 

influences which that dispersed cargo cause in domains of health 

and safety on work, environmental pollution, negative impact on 

financial parameters, etc.; 

- improving system of prevention against dispersing cargo through 

handling operations with dry bulks: continuous collecting dispersed 

cargo-cleaning operational area in order to eliminate its further 

spreading through the port area-forced by winds, movements of 

vehicles, port machinery, etc.; 

 

4.5 Discussion of results 

 

Dispersion of dry bulk cargo appeared through the operation 

wagon to open storage area and open storage are to ship as well as  

a consequence of emissions from wagon, from cargo stored piles 

and from ship holds. Dispersion of cargo occurs and through other 

operations with cargo within the port, depending on concrete 

customer demands, cargo characteristics, disposition of the port 

facility, etc. 

Estimated intensity of emissions per characteristic phases of 

handling operations wagon – open storage area – ship with dry 

bulks vary from very law (during the period of staying empty 

wagons after unloading is finished – from cargo residues in wagons) 

to high (during the storing period). 

Characteristic periods of time during handling operations 

(wagon – open storage are – ship) depend on different actors 

participating in the port business (logistic chain). 

Quantity of bauxite handled on the relation wagon – open 

storage area – ship per month ranges from 4,660.99 t (2021/8) to 

203,630.55 (2017/12). Respecting a fact that cargo quantity handled 

is one of the factors with direct influence on emissions to air, it is 

clear that intensity of emissions is proportional to cargo quantity 

handled. 
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Under assumption that percentage of dispersed cargo is 0.25% 

of quantity handled per month, than estimated dispersed cargo 

quantity ranges from 11.65 t to 509.08 t. When the assumed 

percentage of dispersed cargo is 0.50% of handled cargo, than 

quantities of dispersed cargo per month vary from 23 t to 1,018.15 t, 

if the percentage of dispersed cargo is 0.75% of total quantity 

handled, than estimated quantities are within the range from 34.95 t 

to 1,527.21 t and for the variant of 1.00%, quantities of dispersed 

cargo are from 46.62 t to 2,036.31 t. Calculated values of dispersed 

cargo quantity per month clearly confirm a need for adequate 

treating this issue and for having an adequate management system 

in this domain in order to carry out all preventive and corrective 

actions on time, thus avoiding potential negative impacts. At the 

same time, by the approach proposed in this paper are established 

bases for assessing emissions caused by dispersed cargo through 

handling operations with dry bulk cargoes. 

5. Conclusions

In general, considerations (and related research) given in this 

paper are more relevant for the ports with variations in cargo 

throughput structure over the period and in situation when 

investments in specialized facilities for handling operations with dry 

bulks are not justified from the aspect of cargo volume or financial 

parameters (investment capability of a port, …). 

All issues treated by the paper became more critical in case of 

powder cargo handled by port machinery with grabs and in case 

when more handling operations are needed, transport paths within 

the port are longer, etc. 

Author intend to continue work related to the topic treated with 

this paper, having as an objective to come to the simulation model 

for assessing emissions intensity to air caused by dispersed cargo 

through handling operations with dry bulks. 
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