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INTRODUCTION 

The concept of an internal combustion or electric drive of working machines 

refers to complete drive units, i.e. the obtaining of mechanical energy that can 

be used to propel the machine's undercarriage and its working systems. Both 

internal combustion engines and electric motors have been known and 

successfully used for years in stationary and mobile machines. However, 

electric motors do not consume oxygen and do not emit exhaust gases, which 

has a positive impact on the environment and human health (Fugiel et al., 2017). 

They do not generate as much noise, and at the same time, they are 

characterized by an efficiency of more than 90%, or even 98%, which means 

that they emit much less heat. In addition, the electric drive unit is less 

complicated (Bołoz, 2021). Therefore, wherever mains power can be used, the 

electric drive wins. In the case of vehicles, mobile machines or machines 

working far from a source of power supply, the internal combustion engine is 

commonly applied. However, if we want to use battery power, which is also 

referred to as battery drive, additional serious problems arise. The major 

drawback of battery power supply is the limited range or limited operating time 

of the machine, especially when we take into account the long charging time. 

The use of additional electrically powered systems, such as lighting, air 

conditioning or a mechatronic system, further shortens the working time. Hence, 

in the case of such machines, the key issue is the management and control of 

the battery condition as well as optimization of battery supervision systems (Guo 

et al., 2021) and braking energy recovery (Polnik et al., 2020). In the case of 

underground mining, the operating time reduction due to low temperatures is 

not the only problem. Apart from the technical aspects, economic considerations 

related to the cost of purchase and battery operation are also extremely 

important (Miao et al., 2019), (Wentker et al., 2019).  

Very important factors related to the underground mining of metal ores are the 

costs of workings ventilation, which is also designed to remove heat and 

eliminate the negative impact of substances produced in the process of liquid 
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fuels combustion on the health of the staff working. In order to reduce the costs 

and improve the working conditions of the crew, it is advisable to replace diesel 

engines with electric motors powered from the mains and batteries. Such a 

tendency is observed in many countries around the world, with Canada being 

the precursor (Bołoz, 2021), (Electric Mine, 2021). This applies in particular to 

self-propelled mining machines such as drilling and bolting rigs, LHD loaders 

and haul trucks. It should be emphasized, however, that the user expects 

electrically driven machines to have the same parameters and functional 

properties as the ones powered by internal combustion engines. This is a 

serious challenge, because battery power still remains a new issue despite the 

fact that the electric drive is known and widely used also in mining machines. In 

addition, it should be noted that the difficulty results, in particular, from the 

specific conditions of underground mining and related requirements. 

Designing machines for underground mining requires the use of modern 

methods that allow meeting the requirements of users, while taking into account 

extremely difficult working conditions (Bołoz and Castaneda, 2018), (Bołoz, 

2020a). Battery operation of machines poses an additional design and economic 

challenge (Burd et al., 2020). Challenges in the design of modern machines 

intended for underground work also involve aspects related to occupational 

safety and health, including the increasingly discussed problem of excessive 

noise (Biały et al., 2021), as well as problems related to the rapidly developing 

robotization, automation (Bołoz and Biały, 2020) and digitization (Kozłowski and 

Wojtas, 2017), (Wojtas et al., 2017). Self-propelled drilling and bolting rigs 

perform drilling and bolting, which belong to the basic processes applied in the 

room and pillar mining system. In the case of these machines, the above 

mentioned processes determine the working systems power demand. The 

bolting process is necessary and allows controlling the excavation stability 

(Skrzypowski, 2020), (Skrzypkowski et al., 2020). Drilling is carried out in the 

case of both drilling and bolting rigs. The energy consumption and efficiency of 

the drilling process depends on many factors, especially on the drilling method, 

hole diameter, type and condition of the tool as well as the physical and 

mechanical properties of the rock (Bołoz, 2020b), (Kotwica and Małkowski, 

2019), (Stopka, 2020), (Stopka et al., 2021). 

 

ARTISAN MACHINES 

Many manufacturers around the world offer battery-powered electric machines 

for underground mining. Currently, none of the manufacturers has the entire fleet 

of machines in the battery-operated version, but many of them already offer 

several models and types of machines. 

Artisan is now part of Sandvik. Artisan introduced a battery drive in 2011. 

Currently, it offers 3 models of machines: two LHD loaders identified as A4 and 

A10, and a Z50 haul truck (Fig. 1). 
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Fig. 1 Artisan battery-powered haul truck and LHD loaders 

 

The smallest Artisan A4 loader, with a capacity of 4 tons, has a 150 kW motor 

for the chassis and a 100 kW one for the hydraulic system. The machine is 

equipped with a 145 Ah battery, with an option of 220 Ah. The A4 loader is 1 

meter shorter than the competing combustion versions. In addition, it is very 

narrow – its width reaches 1.65m, and its own weight is less than 11 Mg. The 

A4 loader is optionally available in a two-speed version. As standard, it has 

braking energy recovery, and the batteries allow working on a single charge 

throughout the shift. 

The A10 loader is much larger; it has a load capacity of 10 Mg and is equipped 

with two motors with a power of 480 kW and 125 kW, respectively, for driving 

and the hydraulic system. The chassis motors drive the front and rear axles 

separately. The loader has two batteries with a capacity of 440 Ah and 70 Ah. 

From the very beginning, It was designed for battery operation. As a result, it 

weighs about 33 Mg – slightly more than the competing internal combustion 

loaders, but it is much smaller. The Z50 haul truck is currently the world's largest 

battery-operated truck with a capacity of 50 Mg. Its curb weight is over 48 Mg. It 

has four chassis motors, built in the wheel hubs, with a total power of 980 kW, 

as well as an auxiliary motor of 125 KW for the hydraulic system. Similarly to the 

A10 loader, it is equipped with two batteries: the main battery with a capacity of 

576 Ah and the auxiliary 72 Ah one. 

The two largest Artisan machines, i.e. the Z50 truck and the A10 loader, have a 

quick battery replacement system (Fig. 2). The entire journey to the place of 

battery storage does not exceed 7 minutes. Both machines have a built-in, 

integrated system for lowering, lifting and locking the battery. During battery 

replacement, the machines work on auxiliary batteries. Batteries can be charged 

with a fast charger from zero to at least 60% in 15 minutes. Artisan uses LiFeP04 

lithium-iron-phosphate batteries. 
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Fig. 2 Artisan quick battery replacement system - auto swap 

 

SANDVIK MACHINES 

Sandvik has been offering battery-powered machines for underground mining 

since 2016. The LH518B loader has a capacity of 18 Mg. The front axle is 

powered by two 180 kW motors, each, and the rear axle by one such motor. 

Additionally, the hydraulic system is driven by two motors, 100 kW each. 

Sandvik designs battery-powered machines from scratch, avoiding the 

adaptation of internal combustion machines to battery power. The own weight 

of the LH518B loader is 52 Mg, i.e. approximately 5 Mg more than the similar 

one with a combustion engine, but at the same time it is noticeably lower and 

narrower. 

In its earlier LH307B battery-operated loader, Sandvik used LTO lithium-titanium 

oxygen and fast charge batteries without battery replacement. However, in the 

current version, it applies Artisan batteries and their charging system, which, 

using a 2 x 180 kW charger, charges the battery from zero to 100% in 

approximately 60 minutes. The LH518B loader uses two main batteries and an 

auxiliary battery with a total capacity of 576 Ah. The auxiliary battery, like in 

Artisan machines, is used to power the machine during battery replacement. 

The battery replacement process for the LH518B loader does not exceed 5 

minutes (Fig. 3). 

 

  
Fig. 3 LH518B loader with a quick battery replacement system 

 

Another Sandvik battery-powered machine is the DD422iE drilling rig from 2016. 

The DD422iE rig has a double-boom design and covers up to 60 m2 (Fig. 4). It 

has fewer than half hydraulic hoses as compared to the combustion version. In 

total, the length of the hydraulic lines has been reduced from 240 to 100 metres. 
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The DD422iE machine uses NaNiCl2 sodium-nickel-chlorine batteries. The 

machine is recharged while drilling. The batter enables covering 24 km on a flat 

terrain, and in the case of the terrain slope reaching 8-steps, i.e. 14 percent, it 

covers nearly 4 km. 

Another Sandvik machine is an ultra-low, radio-controlled bulldozer, which fits 

in a one-metre high excavation (Fig. 4). With a power of 60 kW and a pressure 

force of 4 Mg, it can work on a single charge for up to 5 hours. The bulldozer is 

equipped with 230 Ah sodium-nickel-chlorine batteries. 

 

 
Fig. 4 DD422iE drilling rig and the LZ101LE ultra-low bulldozer produced by Sandvik 

 

EPIROC MACHINES 

Epiroc, or the former Atlas Copco, has a fairly wide range of battery-operated 

machines for underground mining (Fig. 5). Epiroc started its adventure with the 

battery drive in 2016 as Atlas Copco, offering the LHD ST7 loader with a 

capacity of 7 Mg. Epiroc has announced that by 2025 it will have offered all 

machines in battery-operated versions. Currently, Epiroc's offer for underground 

mining includes two drilling rigs, one haul truck, an LHD loader, two bolting rigs 

and four raiseboring rigs. All the machines are labelled with a model designation 

and the word "Battery", which dispels doubts about the power source. 

 

 
Fig. 5 Selected Epiroc battery-operated machines 

 

The Boomer drilling rigs have been on the market since 2018. They are available 

in a two-boom version with a chassis electric motor having a power of 150 kW. 
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The M series is designed for a face of up to 65 m2, and the E series – for a face 

reaching max. 112 m2. Both series are also available in combustion versions 

with a 120 kW diesel engine. According to Epiroc, the electric motor, despite 

being more powerful than the internal combustion engine, generates 80% less 

heat. The diesel versions are also available as single-boom trucks. The battery-

operated versions, apart from driving motors, are additionally equipped with two 

55 kW electric motors to propel other systems. The combustion and battery-

operated versions have the same key parameters, including dimensions, weight 

and turning radius. Both the E and M series are equipped with 280 Ah main 

batteries and built-in chargers. In 2018, the first versions had 88 kWh batteries, 

which allowed the largest machine weighing 40 Mg to cover 15 km on a flat road. 

The Botlec E and M bolting rigs differ in the maximum height of the excavation 

in which they can work and in the length of the bolts. The smaller M bolting rig 

installs 1.5 to 3.5 m-long bolts in workings of up to 9.5 m. The larger one – E 

bolting rig has bolts with a length ranging from 2.4 m to 6 m, and can be used in 

workings having a height of up to 13 m. These rigs are also available in diesel 

versions. The battery-powered units have 150 kW chassis motors and additional 

motors with a maximum power of 83 kW. Both series are equipped with main 

280 Ah batteries and built-in chargers. In the case of bolting rigs, the combustion 

versions have the same dimensions, but are 2 Mg lighter. 

The Scooptram ST14 loader has a load capacity of 14 Mg, a 200 kW engine and 

a 160 kW hydraulic system, whereas the haul truck has a load capacity of 42 

Mg, two chassis motors, 200 kW each, and a 160 kW hydraulic system motor. 

The weight of both machines is similar, reaching 42 and below 38 Mg, 

respectively. The manufacturer does not specify the power or capacity of the 

battery. In both machines, a battery replacement system has been applied (Fig. 

6). However, it requires external infrastructure as the machines do not have an 

appropriate mechanism or a backup power source. Both machines can be 

recharged with an external charger, without the necessity to remove the battery. 

NMC – nickel, manganese, cobalt lithium-ion batteries have been applied. 

Epiroc reports that the batteries used in the LHD loader can be charged from 

zero to 90% in 50 minutes, and in the case of the haul truck – in 120 minutes. 

 

  
Fig. 6 Epiroc battery replacement system 
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KOMATSU (JOY) MACHINES 

In the case of battery-operated machines, Komatsu uses technologies 

developed by Joy. Hence, the offer includes several battery-powered haul 

trucks. Since 2020, Komatsu companies have been announcing their plan to 

apply battery power in loaders as well as in drilling and bolting rigs. However, 

unit present, no specific information about it has been provided.  

Regardless of the battery drive, Komatsu is launching drilling rigs with the 

number of hydraulic hoses reduced to 6, and is also planning a version where 

all hoses will be routed inside the boom and guide frame. Fig. 7 shows the most 

advanced ZJ32Bi battery-operated drilling rig in the so-called hoseless version, 

i.e. without hydraulic hoses. In addition, Komatsu is intending to introduce far-

reaching modularity, where it is possible to configure two machines that differ 

only in the working element (bolting, drilling). Modularity will also apply to other 

components, such as cabins, control panels or drills. 

 

  
Fig. 7 Komatsu ZJ32Bi battery-operated drilling rig 

 

Joy battery-operated haul trucks are currently available for load capacities 

ranging from 8 Mg to 30 Mg for shuttle cars and from 11 Mg to 30 Mg in case of 

haulers. They are designed to work in low, medium and high workings. Battery 

haulers are available in versions powered by 128 V DC or 240 V AC. 

Joy uses a patented battery replacement system that does not require any extra 

infrastructure (Fig. 8). Additionally, Joy offers a battery pick-up and transport 

system as an attachment to be installed on an auxiliary machine in order to move 

and prepare the battery. The batteries are installed on a so-called battery 

carousel. The carousel holds 3 batteries and is electrically powered. Its size 

allows it to be left in a normal excavation. The operator disconnects the cable 

from the removed battery and connects it to the charged one. Data concerning 

the system or batteries themselves is not available. 
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Fig. 8 Komatsu battery replacement system (Joy) 

 

MACHINES PRODUCED BY OTHER COMPANIES 

Despite being the most famous in the world, the presented manufacturers are 

not the only companies producing battery-operated machines. Aramine 

developed the first L120B battery-operated loader in 2016. Its successor, the 

L140B loader, whose width is only 1.1 m, has been designed mainly for 

intrusion-related deposits. The Aramine loader is available with an integrated 

charger, and since 2020 – with a QRS system, which is a patented Quick 

Replacement System, allowing for battery replacement in less than 15 minutes. 

However, the QRS requires the use of appropriate additional infrastructure. 

Batteries are charged with external chargers. Aramine is currently working on 

the L350B loader, which will have a bucket capacity of approximately 5 m3. 

 

  
Fig. 9 Aramine L140B loader and QRS battery replacement system 

 

Another manufacturer - MacLean produces very many battery-powered electric 

machines: auxiliary machines, transporting, chipping, shotcreting machines, 

machines for crushing oversized lumps and others. MacLean launched the first 

battery-powered machines in 2015, and it has sold over 30 units on the 

Canadian market. MacLean machines have a 4-wheel drive, an independent 

drive on both axles and brake energy recovery. 

Normet company, similarly to MacLean, mainly offers auxiliary machines. 

Normet started working on battery power in 2015 and, based on the self-created 

SmartDrive, developed battery-powered auxiliary vehicles: for transporting 

shotcrete, for shortcreting, for preparing and transporting emulsion explosives, 

a multifunctional transport vehicle, an auxiliary truck with a raised platform and 

a shooting cart (Fig. 10). 
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Fig. 10 Selected battery-operated machines produced by Normet 

 

All Smart Drive machines have a four-wheel drive with braking energy recovery. 

A separate electric motor has been used for each axle. The Smart Drive system 

includes mobile and stationary chargers. The fast charge stationary versions are 

available in two variants, 150 kW and 300 kW. The chargers are adapted to the 

mine's power network. Instead of battery replacement, Normet applies fast 

charge with the possibility of recharging during work or breaks. The machines 

use LTO lithium-titanate batteries. Normet machines are equipped with built-in 

fast chargers that charge the battery from zero to 80% in 2.5 hours. When 

external chargers are used, this time can be shortened even to thirty minutes. 

Medatech, on the other hand, offers a complete AltDrive system as an option 

that allows changing the combustion-engine drive for a battery-powered one. 

This is a very interesting solution for the transition phase, when users have many 

fully operational combustion machines. Medatech is responsible for the effective 

introduction of the battery drive in MacLean machines. 

 

CONCLUSION 

Battery-powered mining machines do not have a very long history. They are still 

in development and there are still many problems to be solved. With hydrogen 

propulsion on the horizon, Komatsu has already announced the use of hydrogen 

in all its trucks in the near future. However, battery power in underground mining 

machines is still posing a problem. Braking energy recovery is applied in most 

machines. The standard versions of drilling and bolting rigs are equipped with 

built-in, integrated chargers that allow recharging the battery at the workstation, 

even during work. Fast charging systems are used for typical vehicles, such as 

LHD loaders and haul trucks. Most manufacturers of LHD loaders and haul 

trucks also offer battery replacement by means of independent lifting devices or 

with the use of built-in, integrated mechanisms, which during the main battery 

replacement are powered by the auxiliary battery. However, simulation tests 

carried out for a haul truck with a capacity of 40 Mg indicate the advantage of 

fast charging over battery replacement. In the analysed studies, fast charging 

generates 48% lower costs in a five-year perspective. The results depend on 
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specific conditions, i.e. the adopted assumptions, so these differences may vary 

from mine to mine (Rafi et al., 2020). 

The values of power of the electric motors used range from several dozen, 

usually from 100 kW, to a total of more than one megawatt. These machines 

use batteries with a capacity ranging from several dozen, usually around 200 

Ah, to a total of even 580 Ah. The battery energy for a typical voltage of 600 V 

to 700 V ranges between 100 kWh and 350 kWh. 

Companies such as Epiroc or Sandvik have recently extended their offer with 

the possibility of leasing or even purchasing batteries on a repair and 

maintenance  service basis, which is a novelty, but may become very popular 

among users due to the price of batteries. 

Machines designed from the outset with electric and battery operation in mind 

are slightly heavier, but smaller than the combustion versions. On the other 

hand, battery-powered machines based on the design of internal combustion 

machines are of a similar weight or heavier with the same dimensions. Until a 

few years ago, each manufacturer started their adventure with battery power 

from the smallest machines, whereas currently there are solutions with huge 

powers used in 50-ton haul trucks or 18-ton loaders. 

Recent years have seen an increased interest in electric battery drives, which 

are also applied in places where until present only internal combustion engines 

have been used. This is due to many reasons, but the most important ones are 

related to ecology and working conditions. The growing experience of producers 

and better batteries allow us to be optimistic about the further development of 

battery machines, also in underground mining. 

Polish company Mine Master also offers two battery-powered machines, the 

Roof Master RM 1.8KE bolting rig and the Face Master FM 1.7LE drilling rig. 

Both machines follow global trends, have built-in chargers, the possibility of 

recharging at the workstation and braking energy recovery. 
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Abstract: The growing requirements and needs of users as well as a strong 
emphasis on pro-ecological solutions cause an increasing interest in battery-powered 
electric mining machines. Internal combustion machines consume oxygen, generate 
noise, fumes and heat, which affects work in underground mines, and minimizing 
these factors is expensive. Battery solutions allow achieving the same operational 
parameters of machines with significantly higher safety, comfort and work culture. 
The problem, however, is their range or working time. The article presents global 
trends in the development of battery-operated machines for underground mining. 
Various machines in battery-powered versions have been presented. The applied 
solutions have been discussed, especially in the field of battery replacement or 
recharging and braking energy recovery. Manufacturers around the world offer more 
and more battery-powered machines. Some producers are announcing complete 
replacement of combustion solutions with electric ones within the next few years. 
There are also hydrogen machines on the horizon, which will probably be the next 
step on the road to a zero-emission industry. 
 
Keywords: self-propelled mining machines, battery power, battery drive, 
underground mining, braking energy recovery, battery replacement 

 


