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 Open-cut mining is the main way to extract minerals. Up to 80 % of the rock mass produced by that is transported by dump 
trucks with diesel engines. Atmospheric gas pollution is an essential disadvantage of using diesel vehicles, especially in
deep formations. Exhaust gases from diesel vehicles have a detrimental effect on human health and the environment.
Constant exposure of exhaust gases on the body can cause immune deficiency, bronchitis, cerebral vessels and nervous
system suffer. The higher the depth of mining the higher the concentration of machinery on formations and the worse the
conditions of natural ventilation of the working space. At the depth of quarries over 200-250 m air pollution by harmful 
substances at the workplace leads to a gradual increase of the maximum permissible concentrations. That affects both 
people and economy of the enterprise since it entails the necessity to shut the career down, deteriorate visibility on the
highway, which also causes a partial or total suspension of equipment operation. Transfer of dump trucks to electricity is a 
prospect way to solve the problem. Together, all the positive qualities of trolley trucks reduce the maintenance costs of
transportation of rock mass by 15-20 %, as well as exclude the gassing of the quarry and formation of smoke. Need for 
power from the contact network is the most serious drawback of trolley truck. Today, thanks to modern technologies,
eliminating most of the drawbacks of trolley trucks is not difficult. Quarry trolley trucks are better used only for long-term 
development, since the content of the trolley line contact requires attendance and maintenance. The payback period can be
2-4 years.  

Ключевые слова: 
карьерные самосвалы, экология, 
открытые горные работы, 
выбросы, дизельное топливо, 
троллейвоз, энергосбережение, 
самосвал. 

 Основным способом добычи полезных ископаемых являются открытые горные работы. До 80 % горной массы, 
получаемой при этом, перевозится карьерными самосвалами с дизельными двигателями. Существенным
недостатком использования дизельного автотранспорта является загазованность атмосферы, особенно на глубоких
горизонтах. Выхлопные газы дизельного автотранспорта оказывают вредное влияние на здоровье человека и
окружающую среду. При постоянном воздействии выхлопных газов на организм могут развиваться 
иммунодефицит, бронхиты, страдают сосуды головного мозга, нервная система. С ростом глубины горных работ
возрастает концентрация техники на горизонтах, ухудшаются условия естественного проветривания рабочего
пространства карьеров. На глубине карьеров более 200–250 м загрязнение воздуха вредными веществами на 
рабочих местах приводит к постепенному превышению предельно допустимых концентраций. Это сказывается не
только на людях, но и на экономике предприятия, так как влечет за собой необходимость остановки карьера, 
ухудшение видимости на трассе, что также обусловливает частично или полностью приостановку работы
оборудования. Перспективным направлением решения проблемы является перевод карьерных самосвалов на
электроэнергию. В совокупности все положительные качества троллейвоза понижают эксплуатационные расходы
на транспортирование горной массы на 15–20 %, а также исключают загазованность карьера и образование дыма. 
Самым серьёзным недостатком троллейвоза является необходимость в питании от контактной сети. В настоящее 
время, благодаря современным технологиям, устранение большинства недостатков троллейвоза не представляет
сложности. Карьерные троллейвозы лучше использовать только на долгосрочных разработках, поскольку
содержание контактной сети троллейных линий требует ухода и обслуживания. Срок окупаемости затрат может
составить 2–4 года.  
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Introduction 

A typical feature of the present period of time 
is that more deep fields are being developed and 
their geological conditions become more worse. 
Transportation is the most complex, labor-
consuming and costly link in development of 
mineral deposits by the open method. That's share 
in production costs is 60-75 %, especiallyin deep 
quarries [1]. Automobile transportation is the main 
type of technological transportation when 
extracting minerals by the open method. That is 
used to transport approximately 80 % of the entire 
rock mass. At the same time, the world mining 
industry annually consumes billions of liters of 
diesel fuel, with 70-80 % of the total volume of 
fuel consumed by loaded dumpers on uphills. 

The impact of diesel engine emissions  
on human health and the environment 

According to Parker Bay, the number of 
dumpers in use in the world for 2014 increased 
from 38.5 to 43.0 thousand units. In 2012, 1725 
quarry dumpers operated in Russia's quarries. Only 
BelAZ annually sells about 800 dumpers in Russia, 
and this number increases constantly. In January-
February 2018, 40 units of quarry dumpers were 
delivered to the Russian market more than last year 
for the same period [2].  

All modern automobiles used in quarries  
are equipped with diesel engines with capacity of 
150-2600 kW with a turbocharging and working 
volume of 10 to 117 l [3]. There are certain 
shortcomings along with numerous advantages of 
road transport. One of the significant shortcomings 
of the use of diesel vehicles of the modern type is 
the release of a significant amount of exhaust gas, 
which leads to atmosphere pollution by gases, 
especially in deep formations. 

Exhaust gases represent an inhomogeneous 
mixture of various gaseous substances with diverse 
chemical and physical properties, consisting of 
products of complete and incomplete combustion 
of fuel, excess air, aerosols and various 
microimpurities (both gaseous and liquid and solid 
particles) coming from cylinder engines into its 
exhaust system. They are composed of about  

300 substances, most of which are toxic, which 
negatively affects human health and the 
environment. Carbon, nitrogen and hydrocarbon 
oxides are the main regulated toxic components of 
engine exhaust. In addition, with exhaust gases, 
limiting and unsaturated hydrocarbons, aldehydes, 
carcinogens, soot and other components enter the 
atmosphere (Table 1).  

Table 1  

Exemplary composition of exhaust gases  
of a diesel engine 

Component of exhaust gas Content by volume, %  Toxicity 
Nitrogen 76.0-78.0 No 
Oxygen 2.0-18.0 No 
Water vapor 0.5-4.0 No 
Carbon dioxide 1.0-10.0 No 
Carbon monoxide 0.01-0.2 Yes 
Hydrocarbons  
are non-carcinogenic 

0.009-0.5 Yes 

Aldehydes 0.001-0.009 Yes 
Sulfur oxide 0-0.03 Yes 
Soot, g/m3 0.01-1.1 Yes 
Benzpyren, mg/m3  up tо 0.01 Yes 

 

Nitric oxides cause headache, loss of 
consciousness and irritation of the respiratory tract 
as well.  

Sulfur dioxide is a corrosive gas causes acute 
irritation of eyes, nose and throat. 

Hydrocarbons (CnHm – ethane, methane, 
ethylene, benzene etc.) are toxic substances. The 
content of CnHm in an exhaust gas increases with 
throttling, when the engine is running in the 
forced idling mode, for example, when braking. 
They play an active role in formation of 
biologically active substances that irritate the 
eyes, throat, nose and their disease and damage 
the plant and animal life. Hydrocarbon 
compounds have a narcotic effect on the central 
nervous system, can cause chronic diseases. 
Hydrocarbons (olefins) and nitrogen oxides 
under certain meteorological conditions actively 
contribute to smog formation. 

Diesel particles (Particulate Matter, PM) are a 
complex set of solid and liquid materials that 
agglomerate carcinogens – polycyclic aromatic 
hydrocarbons. Particles have a very complex 
composition and can contain up to 43 % soot, up 
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to 5 % insoluble oil fractions, up to 10 % soluble 
fuel fractions and up to 13 % sulfates and water 
vapor [4, 5]. 

The greatest danger is represented by 
nanoparticles with a diameter of less than 50 nm 
which deeply penetrate into the human lungs and 
promote development of cardiovascular and cancer 
diseases. Moreover, new more modern models of 
diesel engines produce more fine particles than 
diesel engines manufactured using the old 
technology [5]. 

In addition, diesel engines emmits more 
smoke. The smokiness of diesel engines, or smog 
from exhaust gases, is a toxic fog formed in the 
lower atmosphere, contaminated with exhaust 
fumes from vehicles under adverse weather 
conditions. That is an aerosol consisting of 
smoke, fog, dust, particles of soot, and droplets of 
liquid (in a humid atmosphere). That occurs in the 
atmosphere under certain meteorological 
conditions. Harmful gases entering the 
atmosphere react with each other and form new, 
including toxic compounds. As a result of 
complex photochemical processes in the 
atmosphere, stimulated by ultraviolet solar 
radiation, photoxidants (oxidants) are formed 
from oxides of nitrogen, hydrocarbons, aldehydes 
and other substances. Low concentrations of NO2 
can create a large amount of atomic oxygen, 
which in turn forms ozone and reacts again with 
substances that pollute the atmospheric air. 
Formaldehyde, higher aldehydes and other 
hydrocarbon compounds presented in the 
atmosphere, as ozone, contribute to formation of 
new peroxide compounds. Dissociation products 
react with olefins, forming toxic nitroperoxy 
compounds. If their concentration is more than 
0.2 mg/m3 there is condensation of water vapor in 
the form of the smallest droplets of fog with toxic 
properties. Their number depends on the season 
of the year, time of day and other factors. If the 
weather is hot and dry that is observed in the form 
of a yellow veil (color is given by NO2, a droplet 
of yellow liquid present in the air). Smog causes 
irritation of mucous membranes, especially the 
eye, can cause headache, swelling, hemorrhage, 
complications of respiratory diseases. It worsens 

visibility on roads, thereby increasing the number 
of road accidents.  

With constant exposure to exhaust gases, the 
body can develop immunodeficiency, bronchitis, 
brain vessels, nervous system and other organs. 
Formaldehydes and other hydrocarbons in the 
exhaust gases of diesel engines may cause cancer 
in humans when exposed during the year. Lung 
cancer was also detected in miners who were 
exposed to the exhaust gases of diesel engines for 
10-20 years [4, 6]. 

In June 2012, the World Health Organization 
(WHO) classified emissions from diesel engines as 
carcinogenic. According to WHO findings, the 
impact of PM2.5 reduces the life expectancy of 
people by an average of 8.6 months [6, 7]. 

When the depth of mining operations is high 
the amount of equipment in formations increases, 
the conditions for natural ventilation of the 
working space of quarries deteriorate. Air 
pollution by harmful substances in workplaces at 
the depth of quarries more than 200-250 m leads 
to a gradual excess of the maximum permissible 
concentrations: 3-5 times by dustiness of air in 
workplaces, in 1.5-3.0 times for carbon oxides, in 
5-7 times for nitrogen oxides [8-11] – and does 
not meet the requirements of GOST 12.1.005-88 
“Air working area”. That emerge occupational 
diseases, decrease labor productivity and 
industrial injuries. 

 

The impact of diesel engine emissions 
on the economy of an enterprise 

An increase in standards affects both human 
factor and economy of an enterprise, since it 
entails the need to stop the quarry, the deterioration 
of visibility on the track, which also causes partial 
or complete suspension of the equipment.  

Under adverse weather conditions (AWC – 
combination of calm and inversions), the 
environmental situation only worsens, but in 
accordance with the requirements of uniform 
safety rules there is a need to stop mining 
operations only. Duration of AWC for quarries in 
Yakutia, Eastern Siberia, north-west and the Urals 
is 3500, 2720, 1650 and 1220 hours per year, 
respectively. 
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For example, according to Alrosa, the 
“Udachny” quarry due to gas pollution in 1988 
stood for 145 hours, in 1989 – 1108, in 1990 – 
1529, in 1991 – 1894, in 1992 – 2340, in 1993 – 
1958, in 1994 – 1985, in 1995 – 2116, in 1996 – 
1286, in 1997 – 1479, in 1998 – 1302 hours (with 
the average height of the of rock mass lifting of 
200-450 m). 

This problem is especially urgent for the 
Yubileiny mine (AK Alrosa), whose depth in 1999 
reached 110 m. Possibilities of natural air 
ventillation are very limited due to low average 
annual wind speed (3.5 m/s) and considerable 
duration calm period (11 %). Downtime of 
quarries due to gas contamination sometimes 
reaches 1500 hours per year. An increase in quarry 
depth of 300-500 m increases the length of the 
route along the serpentine to 5 km, which further 
exacerbates the problem of gas contamination and 
increases idleness. At the same time huge energy 
resources are being spent on lifting ore by dump 
trucks, since the power of diesel generators of 
dump trucks reaches 2000 kW and more. All this 
causes a loss of productivity and, as a result, 
economic damage [11]. 

Study of working conditions for drivers of 
quarry dump trucks at the Navoi Mining and 
Metallurgical Combine, ore mining plants 
“Aikhalsky”, “Yubileiny”, “Udachny”, and 
“Kovdor” has shown that it is necessary to reduce 
emissions of exhaust gases when the engines are 
idling and at low loads [11-13]. 

Therefore, even in spite of the use of local and 
individual means of protection for operators of 
machinery operating in a quarry, the process often 
stops precisely because of lack of visibility and 
inability to safely conduct work in a quarry. As a 
consequence, issues of the ecology of the 
atmosphere of quarries are the most important. 

Ways to reduce the environmental pressure 

Reducing the environmental pressure on the 
environment is extremely important in 
development of mineral deposits. Increasing 
environmental standards in many countries require 
a radical reduction in volume and toxicity of 
exhaust emissions. Emission reduction is also 

important for municipalities adjacent to 
enterprises, because emissions of diesel equipment, 
including soot particles, or so-called “black 
carbon” (Black Carbon, VS), have a negative 
impact on public health. Using more “clean” 
engines, companies avoid significant environmental 
payments, in addition, real working conditions in 
quarries are substantially improved, visibility is 
improved, risks and the number of accidents are 
reduced [14]. 

In October 2014 the European Commission 
adopted the “Directive on Fuel Quality”, requiring 
distributors of fuel for road transport to reduce the 
intensity of exhaust emissions by 6 % 2020 [15]. 

First of all, when you solve the problems of 
normalizing the ecological situation in quarries, 
you need to know how many harmful substances 
are released into the atmosphere when dumper 
operate. According to stidues [11, 16, 17], the 
number of dumpers depends on many factors: 
specific fuel consumption per unit of transport 
work, operating mode of a diesel engine, load-
carrying capacity of dumpers, time of year etc. The 
statistics of specific emissions of harmful 
substances is given for example of BelAZ 
automobile (Table 2). 

Normalization of the atmosphere in quarries 
with automobile transport can be achieved in 
several ways: 

– ventilation with air by natural (mainly on 
uphill quarries) and artificial with the help of 
stationary and mobile fan units; 

– operation of low-toxic diesel engines; 
– development of new, environmentally cleaner 

engine designs; 
– reduction of fuel consumption for 

transportation of rock mass; 
– use of special additives to fuel, reducing 

emissions of soot in the atmosphere; 
– use of waste gas neutralizers installed on 

automobiles directly behind the diesel engine; 
– use of alternative fuels and energy. 
Extensive research conducted in the direction 

of normalization of the atmosphere of open pits 
[19-22], showed that the costs of ventilating 
quarries are significant, require to create 
technically complex and costly ventilating plants,
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Table 2  

Specific emissions of harmful substances by a diesel engine of the BelAZ automobile [18] 

Dumper Tonnage, t Engine 
Engine 

power, kW 
Component 

Specific emissions of harmful substances  
by diesel engines of automobiles, g/h 

idling 50 % of power maximum power 

BelAZ 75213 170 
YaMZ 

240PM2 
1691 

CO 874 1413 1961 
NOx 642 4706 8605 
CH 214 427 804 
C 69 139 255 

Benzpyren 0.001 0.001 0.002 

BelAZ 7519 110 8DM-21A 956 

CO 494 1081 1108 
NOx 363 2660 4876 
CH 121 242 443 
C 23 79 144 

Benzpyren 0.002 0.002 0.002 

BelAZ 7549 80 6DM21A 772 

CO 370 488 895 
NOx 254 2148 3938 
CH 98 195 358 
C 17 53 116 

Benzpyren 0.002 0.002 0.002 

Diesel Trolley 
Truck on the 
basis of BelAZ 
7519 

110 6DM-21A 603 

CO 350 834 1053 
NOx 239 2280 3914 
CH 114 213 330 
C 13 60 104 

Benzpyren 0.002 0.002 0.002 

 
significant energy costs and usually economically 
unjustified. Costs of injecting clean air into a 
quarry necessary for airing often overlap the fuel 
consumption of mine dumpers even if the 
excavators in the bottom are powered from a 
cable-an AC or DC network.  

In recent years, various studies have been 
carried out to improve the combustion process 
and fuel economy of diesel engines for quarry 
dumpers. An advanced temperature control 
system of the engine allows to reduce fuel 
consumption, pollutant emissions, warm-up time, 
and also to increase the overall performance of an 
engine. Nevertheless, up to 30 % of the fuel is 
consumed by the energy scattered in the 
surrounding space [23].  

Use of devices and systems for neutralization 
of exhaust gases, including neutralizers is the other 
way to reduce emissions of toxic substances. At 
the same time, it should be noted that quarry 
dumpers used in open pit mining are not equipped 
with neutralizers. In case neutralizers are installed 
on diesel engines, they effectively work only at 
temperature of exhaust gases above 300 °C. In 

winter conditions, especially in northern regions, 
exhaust gases are rapidly cooled, which drastically 
reduces the degree of their purification [24]. The 
level of exhaust gas released by BelAZ dumpers in 
coal mines of Kuzbass (Kedrovskiy, Bachatskiy, 
Listvyanskiy, Olzherasskiy and Tomusinskiy) was 
studied. It is established [24] that reducing 
catalysts using rhodium have a low service life. If 
the fuel equipment and engine are faulty, the 
neutralizers fail after a few hours of operation. At 
the same time, the high temperature of the carrier 
unit leads to transition of NOx to higher oxides, 
which means an even greater danger to humans 
and the environment when such gases are released 
into the atmosphere. In addition, neutralizers create 
increased resistance to the movement of exhaust 
gases and reduce engine power. So the driver often 
has to accelerate the diesel engine, thereby 
increasing the consumption of diesel fuel, and, 
therefore, release of hazardous substances into the 
atmosphere. 

Development of fundamentally new fumeless 
types of engines and fuels is one of the main tasks 
of further development of automobile quarry 
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transport that should be considered. Major modern 
developments are focused on improving the 
reliability of aggregates, implementation of more 
progressive power plants, including electric motors 
with frequency and pulse control, more economical 
and environmentally cleaner diesel engines. 

Today, a large share of quarries is represented 
by imported dumpers, fuel equipment of which is 
equipped according to European standards. That 
allows them to have less negative impact on the 
region ecology. For example, the CAT-785C 
dumpers commissioned by JSC Lebedinskiy GOK 
in 2006 from the first months showed advantages 
in working before the BelAZ 7513 dumpers, which 
has almost the same lifting capacity. The cargo 
turnover exceeded the same indicator by 32 %, 
specific fuel consumption was lower by 25 % 
under the same conditions. Reliability indicators, 
coefficient of technical readiness, durability and 
environmental characteristics are above those 
parameters. [25]. 

However, for the moment BelAZ dumpers are 
equipped with imported engines and, according to 
their environmental characteristics, in fact do not 
differ from foreign analogues [26] (Table 3). 

An engine certified in accordance with the 
requirements of the newest environmental standard 
US EPA Tier 4 Final is the main feature of the  
new Caterpillar Cat 773G and Cat 775G quarry 
dump trucks, compared to the earlier models. 
Those are the first quarry dumpers with such high 
ecological characteristics. Both models are 
equipped with a technology of increasing the 

efficiency of combustion of fuel ACERT, 
neutralization system for nitrogen oxides, catalytic 
converter of exhaust gases and multistage filters 
are introduced. For Russia dumpers are equipped 
with a Tier 2 or EU Stage II engine. Each of them 
is equipped with a transmission control system 
(APES), which reduces fuel consumption in 
various driving modes [27]. 

Application of advanced diesel engines with 
low-toxic work processes, as well as expansion of 
the energy resource base as one of the ways to 
reduce the technogenic impact on the environment 
is a simple and effective solution to the problem of 
reducing emissions of toxic components in waste 
engine gases. 

One of the options for increasing the efficiency 
and environmental friendliness of automobile 
transport in quarries is an application of dump 
trucks as part of career automoblie trains [28]. 

Field experience shows that one of the 
promising directions for solving the problem of 
expanding the energy resource base for vehicles is 
the use of gaseous fuels (natural, compressed, 
liquefied). Emissions of pollutants from engines 
using natural gas as a fuel for the most harmful 
components are 2-5 times less dangerous than for 
diesel engines. Application of the fuel made from 
natural gas allows reducing the smokiness of 
exhaust gases in almost 10 times, reducing specific 
emissions (per dump truck) in 2-3 times, NOx – in 
1.3-1.4 times, in solid particles – in 4-5 times. 
There is no soot formed inherent in diesel engines 
[17, 29-31]. 

Table 3 

Environmental characteristics of quarry dumpers  

Dumper Tonnage, t Engine 
Engine 

power, kW

Specific emissions of harmful substances by diesel 
engines of automobiles, g/h 

CO NMHC + NOх NOх soot 
Howo ZZ5707S3840AJ 50 WD615.47T2 271 3.5 6.6 – 0.20 
BelAZ-7555F 55 Cummins QSК 19-С 522 3.5 6.4 – 0.20 
BelAZ-7555Е 60 Cummins QSК 19-С 559 11.4 1.3 9.2 0.54 
BelAZ-7555I 60 Liebherr D 9512 565 3.5 6.4 – 0.20 
Komatsu HD785-5 91 SA12V140 753 3.5 6.4 – 0.20 
Caterpillar Cat 773G 96.4 Cat C27 ACERT  547 3.5 6.4 – 0.20 
Komatsu HD1500-7 141.1 Komatsu SDA12V160  1048 11.4 7.4 9.2 0.50 
Hitachi EH3500AC-3 181 Cummins QSKTA50-CE  1491 14.1 8.4 9.2 0.50 
Liebherr T262 218 Cummins QSK60  1492 14.1 8.4 – 0.50 
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Application of engines of different 
fundamental solutions and types (gas turbine or 
electric motors with autonomous power supply 
from special sources) is the other promising 
direction. 

 

Trolley truck is the other eco-friendly  
quarry transport 

The share of air pollution is largely determined 
by the type of transport used (Fig. 1) and operation 
mode [32, 33]. 

Energy required for mining and processing of 
mineral ores is one of the biggest expense items in 
mining operations. This demand for energy is 

usually met by diesel fuel or electricity. Up to 70-
80 % of the total volume of fuel is consumed by 
loaded dump trucks on uphills. Taking into 
account the constantly increasing cost of diesel 
fuel (Fig. 2) used by quarry dump trucks, it can be 
predicted that in near future the share of fuel costs 
in the prime cost of transportation of rock mass 
will be increased in average in 1.5-2.0 times.  

Ususally, the speed of the dump truck on a 
slope is limited by the power of a diesel engine. If 
the same dump truck can get more power, then it 
can support a higher speed. In this regard, the 
possibility of diesel-trolley and trolley transport 
should be noted [1, 9, 10, 32–35]. 

 

Fig. 1. Change in concentration of harmful matter in a working area  
of a quarry to their threshold limit values for various  

types of transport vehicles with a change in quarry depth [9]:  
1 – diesel automobile transport; 2 – diesel-trolley transport;  

3 – conveyor transport; 4 – threshold limit concentration 

 
Fig. 2. Dynamics of the cost of diesel fuel (1)  

and electricity (2) in Russia (according to Rosstat) 
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When using electric drives, the large power 
supplied to the wheeled engines allows the dump 
trucks to move faster on uphills, which leads to a 
reduction in the working cycle time and increase in 
production capacity during the extraction of 
minerals. 

If the truck is used in a trolley mode, the engine 
is idling and fuel consumption is significantly 
reduced (Table 4), which reduces noise and 
emissions to the environment.  

Table 4 

Comparison of the Komatsu 730E dumper 
with a lifting capacity of 190 tonnes 

operating in different modes [36] 

Parameter 
Diesel 
mode 

Trolley 
mode 

Speed, km/h 12.2 23.7 
Fuel consumption, l/h 367 37.4 
Electricity use, kW 0 1930 
The cost of fuel (1.05 USD/l) 385.35 39.27 
The cost of electricity (0.07 USD/(kw/h)) – 135.10 
Total cost (USD/h) 385.35 174.37 

 
A significant progress has been made in 

production of electric dumpers over the past  
20 years. Drive systems of dumpers consist  
of two electric motors, which are integrated  
via gears into the rear wheels of dumpers,  
electric generator and powerful diesel engine. 
Electricity can be obtained from an electric 
generator of a diesel engine on a dump truck  
or from a dedicated substation and through  
a pendant contact network directly to the engine  
of a mining dump truck.  

Dumpers with electric drive equipped with 
current collectors can receive energy from the air 
contact network. Trolley systems, which replace 
diesel fuel for electricity, can offer another way for 
the further development of a career transport.  

Currently, the total number of implemented 
trolley projects for quarry transport is relatively 
small and, unfortunately, most of them is  
abroad [1]. 

A transport system using diesel-trolley trucks 
has long been successfully operated in Africa, 
Brazil, the USA and Europe. There are 55 trolley 
trucks operating in a 2 km section 

There are 55 trolley trucks operating in a 2 km 
section in Sishen (South Africa) quarries since 
January 1981. The Unit Rig Lectra Haul M200eT 
trolley truck serves 8 km was launched in 
Phalaborwa in October 1981. Since 1986 trolley 
trucks in mines and quarries have been used in 
Congo (Lubembashi quarry), Namibia (Rossing 
basin – Namib Desert), Gega copper mines near 
Lubumbashi in Zaire. The example of the Betze 
gold mine (the USA, Nevada), where a fleet  
of 73 diesel-trolley trucks with a carrying  
capacity of 170 tonnes is used for transportation  
of 410 thousand tonnes of rock per day,  
is particularly indicative.  

Trolley trucks operate successfully on the 
Grootegeluk coal mines in South Africa [36] and 
Grivice in RMU Banovici in Bosnia and 
Herzegovina [37]. Quarry dump trucks-trolley 
trucks with carrying capacity of 254 tonnes of type 
Euclid-Hitachi EH4500 AC are used for coal 
transportation. 

The trolley system can be installed at any part 
of the lift between the loading platform (quarry) 
and unloading points (a dump or process unit). 

When extracting minerals following requirements 
similar to traction drives on light rail infrastructure 
have to be met: mechanical stability, reliability  
in operation and low operating costs. The 
infrastructure of the trolley-carrying complex 
includes a system of contact networks, traction 
substations, masts of high voltage lines, lighting of 
sagging system and current collector of a quarry 
dump truck [34-39]. Safety in operation and 
maintenance of electrified wheeled utility vehicles 
and railroad quarry vehicles is similar.  

A possibility of recuperation into the network 
of kinetic energy released during braking, and 
potential energy when moving on a slope is the 
main energy advantage of a trolley truck in 
comparison with a dump truck having a traditional 
electromechanical transmission. In this case, one 
trolley line is used in the cargo direction. An 
energy accumulator is used for driving the trolley 
truck in the empty direction. That accumulates 
energy by recuperation of braking energy in the 
empty direction and can additionally be recharged 
from the trolley line. 
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Recuperation of braking energy is one of the 
most promising sources of energy saving. A 
principal condition for implementation of energy 
recovery is the possibility of changing the direction 
of the energy flow between the supply network and 
traction engines. This can be achieved only with 
certain design features of the converter unit 
feeding the traction engines. The main advantages 
of reversible substations are [34-39]:  

– recuperation of braking energy at any time 
while maintaining the priority of the natural energy 
exchange between dump trucks;  

– DC output voltage regulation; 
– reducing the level of harmonics and 

increasing the power factor on the AC side.  
It was noted based on the analysis of operation 

of diesel-trolley trucks [34-39] that a loaded dump 
truck on a 1 km path, descending along a slope, 
recovers about 7900 kWh of energy per day  
(work – 20 hours, 5 minutes of loading). If the 
energy cost is $ 0.077 per kWh then the cost of 
energy recovery per day on a truck is $608. When 
an empty dump truck moves in a similar profile, 
the cost of energy recovery for one dumper per day 
is $ 262. The longer the uphill and larger the fleet 
size the greater savings will be.  

At the same time, diesel-trolleys have inherent 
disadvantages: 

– strong requirements for the construction and 
quality of the road surface; 

– a need for additional costs to create and 
maintain a branched contact network; 

– an increase in the cost of a diesel-trolley 
truck by 5-10 % in comparison with standard 
dump trucks with an electric drive; 

– an increase in mass of the diesel-trolley truck 
in comparison with diesel-electric dump truck due 
to the installation of trolley equipment. 

Initially, the task of creating electrified 
transport was solved by installing an additional 
electric engine for a mining dump truck, i.e. the 
experimental samples were built on the basis of 
machines designed with use of a diesel engine as 
the power unit, for example BelAZ 75195 and 
other later models. Therefore, an electric engine 
was not able to demonstrate all the advantages 

over diesel one. Today, the automobile is designed 
based on selected electric power unit in order to 
take all the advantages of electric motor [40].  

Trolley-truck (or trolley-battery dump truck) 
has additional advantages: 

– much higher efficiency of the electric engine 
in comparison with diesel one;  

– thermal energy loss is 3 times less than in a 
diesel engine of the same power; 

– no diesel exhaust and, consequently, gas 
contamination of the quarry and formation of fog, 
i.e. significant improvement in the environmental 
situation; 

– no spend for purchase, storage and 
transportation of diesel fuel; 

– reduction of the cost of a dump truck with no 
diesel engine; 

– reduction in tire costs due to the smaller mass 
of the trolley truck, especially in cases where 
trolley trucks are used almost on a horizontal road; 

– easy to maintenance the power unit; 
– no effect of frost on an electric engine, which 

is particularly advantageous from the diesel in the 
northern regions (strong negative temperatures 
have a negative effect mainly on batteries). 

Long distances and steeper slopes provide an 
opportunity to approve all the advantages of a 
trolley truck in transportation of goods.  

At the same time, the trolley automobile has 
shortcomings as common with diesel-trolley 
trucks, and their own [41]: 

– engine supply from the air contact network; 
– a need for additional spend to create and 

maintain a branched contact network; 
– increased requirements for construction and 

quality of the road surface; 
– low maneuverability; 
– difficulty of loading and unloading processes. 
The need for power from the contact network is 

the most serious shortcoming of the trolley. In 
order to ensure a trolley truck to work it is required 
to build a trolley track. Besides, since a quarry 
developes due to the mined mineral a route will 
need to be moved and supplemented by new 
sections sometimes. The route should be provided 
with the necessary number of traction substations 
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and main power source of a network. A route 
should also be removed from the place of 
production of explosions at 300-600 m. In 
addition, high-voltage wires during the loading and 
unloading of the trolley truck are close enough and 
dangerous to touch. 

In order to increase the maneuverability of a 
dumper an additional power unit such as diesel or 
gas-diesel can be applied. Installation of an 
additional power unit such as a diesel engine, can 
cause an increase in mass of an automobile, 
maintenance cost, emissions of fuel combustion 
products into the atmosphere. In case of a gas-
diesel, a release of toxic fuel combustion products 
is much less.  

Contact-battery dump trucks are the last resort, 
movement of which in deep part of quarries and at 
faces will be carried out with help of storage 
batteries and with help of a contact network when 
leaving the quarry. Batteries are insignificant 
increase the weight of the truck in comparison with 
internal combustion engines.  

For example, the Chinese concern BYD Co. 
has developed a new dump truck BYD V60 with 
the wheel formula 6×4. Three-axle quarry dump 
truck with total weight of 60 tonnes and overall 
width of 3.2 m is designed for operation in coal 
mines, as well as poorly blown quarries. The 
tonnage of a machine is 30 tonnes only because of 
the huge curb weight of 30 tons, 10 tonnes of 
which loads the car battery and traction motors. 
The useful volume of the body is 30 m3. The 
Komatsu HD 605-7 dump truck (Fig. 3) is the best 
option with lifting capacity of 65 tonnes, electric 
motors of which are powered by accumulator 
batteries with a total capacity of 700 kWh, and 
weight of 4.5 tonnes. The dump truck is equipped 
with a regenerative braking system, which for a 
short trip can recharge the battery at 40 kWh. 
These electric dump trucks are working on a 
cement mine near the mountain Chasseral in 
Switzerland since the end of 2017. 

The drawbacks of batteries are: short life of a 
small power reserve in comparison with an internal 
combustion engine and high cost of the battery 
cells themselves. 

 
Fig. 3. Trolley truck (battery electric dumper)  

Komatsu HD 605-7 

A possibility of using more power allows the 
trolley to move faster and overcome steep 
gradients (up to 100-120 ‰), which provides an 
increase in productivity. 

An increase in effictiveness of the mining 
company can be achieved through significant fuel 
economy, increased productivity of the process of 
transporting rock mass, reducing the fleet, 
reducing operating and maintenance costs. 

For example, if the duty cycle time is reduced 
by 20 % as a result of the increase in speed on 
uphills, the fleet of 32 dump trucks is capable of 
delivering the same results as 40 diesel-powered 
dump trucks [36-39].  

Costs of operating and maintaining the engine are 
directly related to the hours of operation of the dump 
trucks. Use of an electric motor powered from an 
overhead contact network while driving on an ascent 
reduces the operating time of the diesel engine, 
thereby increasing the overhauls. When moving 
down the hill the cost of consumed energy is reduced 
by regenerating and returning it to the grid.  

Diesel-trolley trucks reduce the time of travel 
by 16 %, the fuel economy is 60-85 % with each 
cycle up and down, the volume of harmful 
emissions in the atmosphere is reduced by 1.7-2.0 
times, and only the dust content remains the same 
[36-40, 42]. 

A decisive role in assessing the effectiveness of 
diesel-trolley trucks is played by the ratio of prices 
for diesel fuel and electricity (see Fig. 2). 
Calculations, feasibility studies and practice show 
that the trolley system payd off for 2-4 years  
[1, 36-39, 42].  
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Analysis of experience of using diesel-trolley 
trucks in North America, Africa and Europe shows 
the prospects of this type of quarry transport.  
So, for example, BelAZ JSC plans to produce 
diesel-trolley trucks with the carrying capacity of 
220-240 and 320-360 tonnes [40].  

Conclusion 

The ecological situation in quarries largely 
depends on the design perfection of transport 
vehicles, especially diesel engines. The increase  
in production also contributes to increased  
energy consumption and exhaust emissions.  
Due to the big amount and high toxicity exhaust 
gases of diesel engines exert extremely dangerous 
effects on human healthand the environment.  
Due to the fact that energy efficiency of enterprises 
increases, environmental requirements to reduce 
the toxicity of exhaust gases increase constantly 

there is a need to transfer quarry vehicles to other 
types of energy.  

Diesel-trolley automobiles are faster than 
dumpers on horizontal sections and on uphills 
when powered by a contact network. When diesel-
trolley trucks are used, fuel consumption is 
reduced by 50-60 %, the volume of harmful 
emissions to the atmosphere is reduced by 1.7-2.0 
times, vehicle productivity is increased by 40-50 % 
and operating costs are reduced by 15-20 % with 
diesel dump trucks. In addition, energy is 
recovered when the dump truck moves downhill. 

Trolley trucks are beneficial for mining 
enterprises geographically located in areas with a 
big difference between the cost of diesel fuel and 
cost of electricity. Quarry trolley trucks are best 
used only on long-term developments, as the 
maintenance of the trolley line contact network 
requires care and maintenance. 
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