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Abstract 

This work sets out the methodology and presents the calculation results of the amount of car-

bon dioxide emitted into the atmosphere of the BelAz dump truck at the Open Pit "Turija" BCM 

Banovići d.d., based on the fuel consumption monitoring data. Properly determined fuel consump-

tion enables the calculation of the amount of carbon dioxide emitted and preventive measures, as 

well as the choice of its reduction strategy. Data collection took six months, then the data were 

analyzed, and thus the results were given for all dump trucks by months. 
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1 INTRODUCTION  

The main activity of the Brown Coal 

Mine "Banovići" d.d. Banovići is the pro-

duction, processing and trade of brown 

coal, which is based on the balance re-

serves of about 165,249,697 million tons 

of brown coal. Most of these reserves are 

intended for excavation by the under-

grouns pit exploitation (about 95 million 

tons), and the rest (of about 70 million 

tons) by the open pit exploitation. Coal is 

produced by the open pit and underground 

exploitation in two mines that operate 

within this company, namely: the Mine 

"Open Pit exploitation of coal" (with two 

open pits) and the Mine "Underground 

exploitation" (with one pit "Omazići"). 

After the period of delayed exploita-

tion, the reactivation was started at the 

open pit "Turija", while at the open pit 

"Grivice", from the day of opening, a con-

 

 

 

tinuous exploitation is carried out starting 

from the northern outcrop to the deepest 

coal reserves on the south side. 

The open pit "Turija" was selected for 

the subject research. A total of 14 dump 

trucks are used for transport at the open 

pit Turija, namely: 12 diesel-electric dump 

trucks BelAz 75131 with a capacity of  

136 t and 2 diesel-electric dump trucks 

BelAz 75137 with a capacity of 136 t. The 

BelAz dump trucks are with a diesel-

electric DC traction 5. 

A comprehensive research and collec-

tion of data on truck transport parameters 

at a specific location made it necessary to 

conclude which parameters most affect the 

fuel consumption, and thus the amount of 

carbon dioxide emitted into the atmos-

phere, with a constant load when driving 

useful and useless minerals. In order to 
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perform the subject analysis, it was neces-

sary to first determine the average fuel 

consumption (l/h) for each considered 

transport unit (dump truck). For dump 

trucks in the conditions of work at the 

open pit "Turija" BCM Banovići, taking 

into account all relevant influencing fac-

tors, the average fuel consumption can be 

defined as well as the amount of carbon 

dioxide emitted into the atmosphere, and 

measures for its reduction. Reduction of 

the fuel consumption results into reduction 

of carbon dioxide emitted into the atmos-

phere and increase of energy efficiency. 

2 METHODS OF DATA  

COLLECTION AND PROCESSING   

2.1 Methods of data collection 

In the long-term practice of the BCM 

"Banovići", the method of data collection 

on the work and downtime of dump trucks 

has become established. The mode of op-

eration in the production facilities of the 

BCM Banovići is a three-shift eight-hour 

system in the I, II and III shift. The data 

used in the preparation of this paper were 

taken from the database of the Department 

of Mining Technical and Operational 

Preparation of the Mine "Open Pit Coal 

Exploitation". The data were processed 

using the Microsoft Excel licensed by the 

BCM "Banovići". 
 

 

  

Figure 1 Layout of a Microsoft Excel Sheet with inserted data for processing   

 

2.2 Methods of data processing 

2.2.1 Determining of fuel consumption 

The most accurate method for deter-

mining a truck fuel consumption is to ob-

tain data from the actual mining opera-

tions. However, if such a possibility does 

not exist, various equations and data pub-

lished by the original equipment manufac-

turer for trucks can be used for estimation 

purposes. 

For a specific example, the fuel con-

sumption can be obtained on the basis of 

 
 

 
 

 

data collected by the Department of Min-

ing Technical and Operational Preparation 

of the "Open Pit Coal Exploitation" Mine. 

2.2.2 Determining the amount of carbon 

dioxide emitted into the atmosphere 

CO2 emission from burned fuel can be 

determined by an on-site measurement. 

However, the on-site measuring devices 
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(units) that continuously monitor emission 

equipment can be expensive and require 

permanent maintenance (Mining Envi-

ronmental Management, 2008). Another 

possibility is to determine CO2 emission 

using the mathematical equations 1. 

CO2 emission from diesel fuel in (t/h) 

can be written as: 

CO2 = FC × CF  

where FC is diesel consumption (l /h) and 

CF is the conversion factor. CO2 emission 

conversion factors for diesel fuel can be 

calculated as: 

CF = CC × 10
-6

 × 0.99 × (44/12)  

where CC is the carbon content of diesel 

fuel (g/l) and 0.99 is the oxidation factor. 

According to the Environmental Pro-

tection Agency (EPA, 2005), the conver-

sion factor for CF diesel fuel is 0.00268. 

This factor is calculated on the basis of 

carbon residues in one liter of diesel. The 

carbon content of diesel is CC = 733 g/l 

(EPA, 2005). The oxidation factor for all 

oil and its products is 0.99. This practical-

ly means that 99% of the fuel burns, while 

1% remains unoxidized 1. 

3 DIESEL FUEL CONSUMPTION 

AND QUANTITY OF CARBON  

DIOXIDE 

Based on the data of the Operational 

Technical Preparation Service, the operating 

parameters of the BelAz dump truck with 

internal markings B-1 were calculated; B-2; 

B-4; B-5; B-6; B-7; B-8; B-9; B-10; B-11; 

B-15; B-16; B-17 and B-21. The BelAz 

dump trucks on the OP "Turija" transport 

both waste and coal during their work. The 

average volumetric mass of waste in the 

solid state is čmj=2.25 (t/m
3
), the average 

volumetric mass of waste in the loose state is 

rmj=1,5 (t/m
3
), and the average looseness 

coefficient for waste is krj=1.5. 

Table 1 and Figures 1 and 2 show for  

illustration the data of calculated operating 

parameters of the BelAz internal code B-1 

2. 

 

Table 1 Operating parameters of the BelAz internal code B-1 
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Figure 2 Total diesel fuel consumption (l) in the IV, V, VI, VII, VIII and IX month 

 

 

In the six months of monitoring, the 

dump trucks run a total of 443692 (km). 

In order to determine the amount of 

carbon dioxide emission into the atmos-

phere, it is necessary to consider the con-

sumption of diesel fuel in liters per hour. 

For each individual BelAz, diesel fuel 

consumption and CO2 emission into the 

atmosphere were calculated.  

Table 2 and Figure 3 give an illustra-

tive presentation of the results obtained 

for the BelAz internal designation B-1. 

 

 

Table 2 Diesel fuel consumption (l/h) and CO2 emission into the atmosphere of  

the BelAz dump truck 

BelAz B-1 

Month 
Diesel fuel  

consumption (l/h) 

Emission CO2 

(t/h) 

Average monthly 

working hours (h) 
CO2 (t) 

IV 170.02 0.46 230.01 104.8049 

V 185.39 0.50 178.245 88.56017 

VI 171.12 0.46 188.7 86.53812 

VII 178.14 0.48 192.78 92.0361 

VIII 181.36 0.49 155.295 75.48033 

IX 154.44 0.41 176.46 73.03665 
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Figure 3 Diesel fuel consumption (l/h) and CO2 emission (t/h) of  

he BelAz dump truck internal code B-1 

 

Figures 4 and 5 show the consumption 

of diesel fuel (l/h) and the average amount 

of CO2 in (t/h) that the dump trucks at the 

OP "Turija" emitted into the atmosphere 

during each month of monitoring. 

 

Table 3 Diesel fuel consumption (l/h), average monthly working hours (h) and CO2 

emission into the atmosphere of the BelAz dump truck 

 

Diesel fuel consumption  



No. 1, 2022  Mining & Metallurgy Engineering Bor 14 

 

 

Figure 4 Diesel fuel consumption (l/h) in the IV, V, VI, VII, VIII and IX month 

 

 

Figure 5 Emission of CO2 (l/h) in the IV, V, VI, VII, VIII and IX month 

 

In the IV month, the BelAz dump 

truck with the internal code B-4 was left 

out of consideration because it was not in 

operation. The B-5 dump truck had the 

highest amount of CO2 emission (t/h) and 

the highest fuel consumption (l/h) this 

month, and the lowest B-15. 

In the V month, the largest amount of 

CO2 (t/h) was emitted into the atmosphere 

by the B-4 dump truck, which had the high-

est fuel consumption (l/h) in this month, and 

the lowest B-8. 

In the VI month, the BelAz dump 

truck with the internal code B-10 was left 

out of consideration because it was not in 

operation. The highest amount of CO2 

(t/h) was emitted into the atmosphere by 

the B-9 dump truck, which had the highest 

fuel consumption (l/h) this month, and the 

lowest B-4. 

In the VII month, the largest amount of 

CO2 (t/h) was emitted into the atmosphere 

by the B-6 dump truck, which had the 

highest fuel consumption (l/h) in this 

month, and the lowest B-10. 

In the VIII month, the largest amount 

of CO2 (t/h) was emitted into the atmos-

phere by the B-1 dump truck, which had 
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the highest fuel consumption (l/h) in this 

month, and the lowest B-8. 

In the IX month, the largest amount of 

CO2 (t/h) was emitted into the atmosphere 

by the B-2 dump truck, which had the 

highest fuel consumption (l/h) in this 

month, and the lowest B-7. 

 
 

 

Figure 6 Total amount of emitted CO2 (t) in the IV, V, VI, VII, VIII and IX month 

 

In the IV month, the highest amount of 

CO2 (t) was emitted into the atmosphere 

by the BelAz with internal code B-15 and 

B-16, which had the highest effective op-

erating time in that month, and although 

the BelAz B-5 emitted the highest amount 

of CO2 per hour. 

In the V month, the highest amount of 

CO2 (t) was emitted into the atmosphere 

by the BelAz with the internal code B-21, 

which had the highest effective operating 

time in that month, and although the 

BelAz B-4 emitted the highest amount of 

CO2 per hour. 

In the VI month, the highest amount of 

CO2 (t) was emitted into the atmosphere 

by the BelAz with the internal codes B-15 

and B-16 which had the highest effective 

operating time in that month, and although 

the BelAz B-10 emitted the highest 

amount of CO2 per hour. 

In the VII month, the highest amount 

of CO2 (t) was emitted into the atmos-

phere by the BelAz with the internal code 

B-9, which had the highest effective ope-

rating time in that month, and although the 

BelAz B-6 emitted the highest amount of 

CO2 per hour. 

In the VIII month, the highest amount 

of CO2 (t) was emitted into the atmos-

phere by the BelAz with the internal code 

B-17, which had the highest effective op-

erating time in that month, and although 

the BelAz B-1 emitted the highest amount 

of CO2 per hour. 

In the IX month, the highest amount of 

CO2 (t) was emitted into the atmosphere 

by the BelAz with the internal code B-21, 

which had the highest effective operating 

time in that month, and although the 

BelAz B-2 emitted the highest amount of 

CO2 per hour. 

The amount of carbon dioxide emitted 

into the atmosphere during a given month 

depends on the effective operating hours 

of the dump truck in that month. The ave-
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rage maximum amount of CO2 (t) emitted 

during the six months ranged from 107.69 

to 122.38 (t) During the two months when 

all the dump trucks were operating, it ave-

raged from 112.86 to 112.86 (t). 

4 PREVENTIVE MEASURES AND 

CHOICE OF MAINTENANCE 

STRATEGY TO REDUCE THE 

CARBON DIOXIDE EMISSIONS 

Based on the findings after research, the 

suggestions can be made to improve and 

reduce fuel consumption, which directly 

affects the amount of carbon dioxide emis-

sions released into the atmosphere. Fuel 

consumption is affected by the adequate 

maintenance and servicing of the BelAz 

dump trucks, so it is necessary to do it on 

time. Simplify access to the points for regu-

lar service, because this simplifies service 

and reduces the amount of time spent on 

regular maintenance procedures. Continue to 

check the tire pressure regularly as too low 

tire pressure impairs the lateral guidance of 

the tires, prolongs the braking distance and 

thus reduces driving safety. Also, a low tire 

pressure increases the rolling resistance, 

thereby increasing the fuel consumption. 

Checking the condition of tires and 

pressure in them is very important for 

safety and consumption. A tire is the only 

contact surface between a vehicle and 

ground, and has the task of withstanding 

carrying, movement, shock absorption, 

braking and acceleration, while rolling 

resistance has a direct impact on fuel con-

sumption. Maintaining and improving the 

road surface can significantly reduce the 

fuel consumption. When designing, take 

into account the lengths of routes intended 

for transport and their slopes. Reducing 

the length of route and its slope allows for 

a shorter dump truck cycle and transport 

of larger quantities of cargo with lower 

fuel consumption. Provide a sufficient 

number of auxiliary machinery and 

equipment, and regular maintenance of the 

route. If possible, maintain a constant 

speed during transport. Apply an adequate 

organization of technological process, 

because it has a significant impact on the 

fuel consumption. 

CONCLUSION 

Many parameters, such as the age and 

vehicle maintenance, load, speed, cycle 

time, mine layout, work schedule, idle 

time, tire wear, rolling resistance, engine 

operating parameters and gear change 

patterns can affect the fuel consumption in 

the open pit exploitation. The fuel con-

sumption of BelAz dump truck with the 

internal code B-1 was considered at the 

OP "Turija"; B-2; B-4; B-5; B-6; B-7; B-

8; B-9; B-10; B-11; B-15; B-16; B-17 and 

B-21 during six months of observation. 

The amount of carbon dioxide emitted 

into the atmosphere during a given month 

depends on the effective operating hours 

of a dump truck in that month. The aver-

age maximum amount of CO2 (t) emitted 

during the six months ranged from 107.69 

to 122.38 (t). During the two months when 

all the dump trucks were operating, it av-

eraged from 112.86 to 112.86 (t). 

The average amount of CO2 emitted 

per BelAz into the atmosphere over six 

months ranged from 0.17 to 0.29 (t/h). In 

the months when not all trucks were work-

ing, the total amount of CO2 emitted 

ranged from 2.78 to 3.58 (t/h) on average. 

During the two months when all the 

dumpers were working, it averaged 3.45 

to 3.73 (t/h). For difficult working condi-

tions and the length and background of the 

route, and slopes, we can expect the ob-

tained average CO2 emissions in irregular 

months, except for the winter period when 

diesel fuel consumption increases by 20%, 

and thus CO2 emissions. Also, the con-

sumption and emission of CO2 is affected 

by adequate maintenance and servicing of 

the BelAz dump trucks, so it is necessary 

to do it on time. 
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Analyzing the results of the processed 

data, it was found that the fuel consump-

tion in some months is directly propor-

tional to the amount of transported cargo 

and amount of carbon dioxide emitted. 

Analyzing the relationship between the 

transported cargo and diesel fuel con-

sumption, it can be concluded that a high-

er consumption of diesel fuel and carbon 

dioxide emissions and vice versa. For the 

same amount of transported cargo, chang-

es in the working conditions affect the fuel 

consumption. A lack of auxiliary equip-

ment and climatic conditions (precipita-

tion, storm) cause production to be diffi-

cult. In the months when the technological 

process was difficult due to a lack of aux-

iliary machinery and equipment, the ad-

verse weather conditions (storms or heavy 

rainfall), the fuel consumption was in-

creased compared to a consumption in the 

stable operating conditions, as well as the 

carbon dioxide emissions. In such condi-

tions, and in the case of an increase in the 

number of effective hours achieved for 

transport the same amount of cargo, the 

fuel consumption was higher for transport 

of less cargo. 

Changes in the length of route as a re-

sult of moving the excavator to a new posi-

tion and changes in the slope of route af-

fected the change in fuel consumption and 

CO2 emissions. Due to the increased length 

of transport route and inadequate organiza-

tion of the technological process, poor 

working conditions, some dump trucks 

recorded higher fuel consumption when 

transporting smaller amounts of cargo.  

Based on the collected and processed 

data of hourly fuel consumption for en-

gines of 1193 (kW) and 1176 (kW), it can 

be concluded that the dump truck at the 

OP "Turija" worked in difficult working 

conditions. The highest CO2 emissions 

from freight transport were in older 

BelAz, with over 70,000 engine hours, 

served by less experienced drivers, while 

relatively newer BelAz emitted less CO2. 

With the BelAz B-8, the replacement of 

engine showed a reduction in diesel fuel 

consumption, which was expected. The 

greatest impact on fuel consumption has 

the quality of the road surface, weather 

conditions, and operation of auxiliary ma-

chinery. 

It can be concluded that the dump truck 

at the OP "Turija" worked in difficult 

working conditions. -and relatively newer 

generations emit less CO2. With the BelAz 

B-8, the replacement of the engine showed 

a reduction in diesel fuel consumption, 

which was to be expected. The greatest 

impact on fuel consumption has the quality 

of the road surface, weather conditions, and 

the work of auxiliary machinery. 

Analyzing the data, it can be generally 

concluded that the ratio of the amount of 

transported tailings to the amount of coal 

does not significantly affect 

the consumption of diesel fuel (l/t r.m.) 

and the emission of CO2  of a damper 

truck BelAz at the OP "Turija". The rea-

son lies in the fact that the sections for 

waste and coal transport were approxi-

mately the same, and the road surfaces 

were approximately the same quality. 

The presented method of processing, 

analysis and extraction of important in-

formation on operating parameters and 

carbon dioxide emissions in this way was 

done for the first time in our area and can 

be repeated at the other open pits that use 

the dump trucks to transport cargo. The 

contribution of this paper to the profes-

sional literature is that for the first time a 

certain amount of CO2 emitted by the 

BeLAZ at the open pit on the basis of col-

lected data and method used. Determining 

the fuel consumption is used to determine 

the preventive measures and strategies for 

maintaining the transport system in order 

to reduce it, as well as the emission of 

exhaust gases into the atmosphere. 
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