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ABSTRACT 

This article looks at the groundbreaking introduction of battery electric vehicles (BEVs) to the mining 
industry, with an in-depth look at their first use in Sweden. As the world continues its transition to 
more sustainable and environmentally friendly practices, the mining sector has begun to embrace 
BEV mining loaders and trucks as a potential game-changer. This article highlights key takeaways 
from Sweden's pioneering efforts to integrate BEV technology into mining operations in terms of 
sustainability, productivity, and overall operational excellence. 

The performance results and practical experience not only contribute to the growing body of 
knowledge on sustainable mining practices, but also provide valuable lessons for mining operations 
worldwide considering the adoption of BEV technology. Sweden's experience serves as an important 
reference point for the mining industry's journey towards a greener and more efficient future. 

Experiences from the first BEV deployments in the Swedish mining industry are shared by Boliden 
Mineral AB, LKAB and Sandvik Mining and Rock Solutions. 

1 INTRODUCTION 

There is a broad global consensus on the 
importance of reducing fossil fuel emissions and 
limiting global warming to 1.5°C above pre-
industrial levels. Under the Paris Agreement of 
2015, more than 190 countries have committed 
to reducing greenhouse gas emissions. 
Companies today face increasing pressure from 
customers, the financial sector, societal 
stakeholders, and regulators to act and 
demonstrate progress in reducing their climate 
impact. The mining industry is no exception.  

In October 2021, the International Council on 
Mining and Metals (ICMM) announced its 
commitment to achieve net zero greenhouse gas 
emissions by 2050 or earlier. This document 
(ICMM., 2021) has been signed by all members 
(including Boliden), which together represent 
one third of the global mining industry. Many 
major mining companies that are not members 

of ICMM have adopted similar or more 
ambitious targets, including LKAB, see Table 1 
below. 

Table 1 Boliden's and LKAB's climate 
targets 

Company 2030 (base line 
2021) 2045 2050 

Boliden 42% lower CO2 
(scope 1&2)   Net 

zero 

LKAB 

25% less CO2 in 
total 

30% lower (2026) 
for MUJ: 

Malmberget 
Underground 

Net 
zero  

As in most industries, the majority of a mine's 
emissions are directly or indirectly caused by 
energy use. The mining industry uses large 
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amounts of energy in its operations. Both 
electricity for mainly stationary equipment (such 
as crushers, elevators, pumps, ventilation, 
process equipment) and liquid fuel for vehicles 
and other machinery. Energy is not only a major 
CO2 emitter for mineral and metal extraction 
companies, but also a significant cost item. It 
often represents 10-15%, and in some cases even 
more, of the value added in production (Svemin. 
2023). 

The transition to fossil-free and renewable 
electricity use is well advanced and long lasting. 
Reducing the use of liquid fossil fuels has often 
proved more difficult and the transition has 
started later, but this is now changing rapidly 
thanks to technological developments. Various 
electric equipment will play an important role in 
this transition, such as battery-powered trucks 
and loaders. Their diesel versions are by far the 
largest consumers of diesel fuel in a typical mine. 

The use of BEVs in the mining industry has 
accelerated sharply in the last 2-3 years due to a 
�����������	�
	
������
 

• Industry drive to reduce emissions  
• The introduction of new machine models 

from suppliers such as Sandvik 
• Rapid developments in battery technology for 

higher capacity and lower cost 
• A BEV business case that makes sense for 

more and more companies 
• Government incentives and regulations to 

reduce emissions  

As many as one in three underground mines 
today can expect a lower operating cost per ton 
with BEVs compared to conventional machines, 
considering not only the initial cost but also 
productivity and indirect benefits such as 
reduced ventilation requirements. 

While the mining industry, like all other 
industries, will transition to fossil-free energy 
use in the long term, the speed of the transition 
will largely be determined by short-term 
business benefits. The business benefits of BEV 
for an underground mine can be grouped into 
three themes: 

 

A. Local working environment 
B. Mining economy 
C. Global sustainability 

The following section provides a brief overview 
of these issues based on Sandvik's global 
experience. This will then be illustrated locally 
in the Nordics/Sweden with experiences from 
LKAB and Boliden.  

2 BEV AND LOCAL HEALTH AND 
SAFETY 

No new technology or method that can reduce 
greenhouse gas emissions would be acceptable 
for implementation if it had a negative impact on 
local health and safety. An important element in 
the introduction of BEVs in mines is therefore to 
consider the impact on factors such as local air 
quality and the generation of heat, noise, and 
vibration from machinery. Modern BEV 
technology has shown a very high potential for 
improvement in these areas.  

The implementation of BEVs in mines is most 
advanced in North America, where a large 
number of machines have been in operation for 
up to a decade. Trials on Sandvik machines 
(Acuna., et al. 2022) have shown: 

• Reduced energy consumption per ton-
kilometer by 70-80%, most of it waste heat, 
thanks to a more energy-efficient drive train. 
Lower heat emissions improve the working 
environment and reduce the risk of fires 
during maintenance. It can provide 
opportunities for savings in ventilation (see 
next section). 

• Reduced levels of dust and silica in the air, as 
BEVs do not create an air stream with exhaust 
emissions that "stir up" particles from the 
ground. In some cases, over 70% reduction in 
respirable dust has been measured. 

• 100% reduction in diesel particulate 
emissions. 

• Reduced external noise from 120db to 100db, 
which is a 100 times reduction in sound 
intensity as the decibel scale is logarithmic. 

• Less vibration from the machine with a 
positive impact on perceived fatigue. 
Measured through operator surveys. 
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Overall, the move to BEV has great potential to 
improve the working environment for operators, 
technicians and others working with and around 
the machines. 

3 BEV AND MINING ECONOMICS 

An economic comparison between conventional 
and battery electric fleets can quickly become 
complex and must consider factors such as 
purchase price, operating costs, and productivity. 
There are also indirect cost impacts such as 
ventilation requirements and carbon taxes. There 
is not space here to provide an exhaustive 
overview, but the most important considerations 
are highlighted. 

Sandvik has conducted dozens of life cycle cost 
analyses for BEVs with customers around the 
world, and in many cases BEVs have already 
proven to be economically competitive. 
However, local factors such as electricity cost, 
diesel price, mining method, ore body geometry 
and possible policy instruments play an 
important role. 

In general, BEVs are significantly more 
powerful than conventional machines because 
the electric motors and batteries can provide 
better acceleration, higher speeds, and more 
torque. As a result, BEVs have the potential to 
increase productivity, often by as much as 20%, 
for mines and applications where speed and 
power are limiting factors. Typical examples are 
heavy trucks moving material up a ramp, where 
the diesel engine is the limiting factor in how fast 
the machine can go.  

Batteries for a BEV fleet represent a significant 
investment for a mine, and the economics of 
batteries are largely determined by the amount 
of fuel saved. In some markets, diesel fuel is 
heavily subsidized, and it can be difficult to pay 
for the batteries through fuel savings. Roughly 
speaking, a diesel price of SEK 12-14 per liter is 
required for the fuel savings to financially offset 
the investment in batteries. The price of 
electricity is often less important, as BEVs use 
around 80% less energy than an internal 
combustion engine for a given transport 
operation, and electricity costs are therefore only 
a small part of the total operating costs.  

Even in operations with low fuel costs or little 
opportunity to increase productivity, BEVs can 
be economically viable due to other operating 
costs. An electric powertrain is in many ways 
simpler than an internal combustion engine, with 
fewer moving parts, less maintenance, and fewer 
spare parts.  

However, these benefits can take time to realize, 
as new technologies often require more 
maintenance during the introduction phase as the 
organization is trained and learns how to 
optimize operations. Once BEV fleets have 
stabilized, it is not uncommon for maintenance 
costs to be as much as 20-30% lower than a 
conventional fleet. 

In terms of indirect cost impact, ventilation tends 
to be the most significant. Ventilation is a key 
factor in an underground mine and accounts for 
a large proportion of both capital investment and 
operating costs. Many mines move more air than 
metal to maintain a safe and comfortable 
working environment.  

A BEV fleet reduces the need for ventilation due 
to lower emissions of both heat and airborne 
particles. A conventional fleet of machines can 
account for 30-50% of the total heat generated in 
an underground mine. Switching to an electric 
fleet can reduce heat generation by up to 80-90%. 
Together with the reduction in particulate 
emissions, ventilation requirements can be 
significantly reduced. This can result in lower 
capital and operating costs. Lower capital costs, 
as less extensive ventilation infrastructure can be 
installed, and lower operating costs, as 
ventilation tends to be a large consumer of 
electrical energy. It often accounts for 40-50% of 
a mine's electricity consumption. 

Electric machines therefore not only reduce the 
size of the ventilation infrastructure required, 
but also the amount of airflow. You can move 
less air through the mine and still have the same 
effect on air quality. This means that even cold 
mines that need to heat air can save energy 
because less airflow means less air to heat. The 
greatest economic gain in ventilation is achieved 
in new mines or expansion projects where the 
entire ventilation system can be based on an 
electric fleet. There are mining projects where 
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as these batteries are key assets themselves for 
maintenance. Do LKAB envision on an 
improved monitoring system, where operator 
share the batteries between multiple trucks and 
the swap based on the information on where the 
higher power battery is.  

Another challenging but fortunate learning is 
that Sandvik TH550B does not have 
���������+��	��������	���	 �
	 
��	 
 � ��	 ��	���	
be quite challenging for mine operators to have 
diverse fleet set up requiring different charging 
equipment or cables.  

The tramming battery has been observed to be 
promising on flat surfaces and can be a potential 
aide in moving batteries for servicing like a 
forklift or relocating the machine in case of 
emergency.  

With new technology, one such challenge 
always comes is how current routines need to be 
adapted. Currently has been water ballasting 
tires for the machines and introducing that 
routine for a battery powered truck does need 
some rethinking. The tonnage capacity for the 
truck had to be reduced to support this routine 
and LKAB do anticipate that the energy 
consumed with excessive rolling resistance 
caused by the water ballasting was rather higher. 
But it is a work in progress, if we do not try, we 
never learn.  

6 CONCLUSION 

The future of mining must be socially, 
economically, and environmentally sustainable, 
which requires a gradual phase-out of fossil 
fuels. The introduction of BEVs will play a 
central role, along with fossil-free power 
generation and other solutions. Electrification of 
mobile machinery benefits the environment by 
reducing diesel use and the long-term 
sustainability and profitability of the mining 
industry. With BEV technology, mines can 
increase their competitiveness through increased 
performance and lower maintenance costs, while 
improving the working environment and 
minimizing negative impacts on the global 
environment.  

Swedish mines are important sources of metals 
and minerals that are crucial to produce 

renewable energy, electronics, batteries, and 
other technologies central to the transition to 
sustainability, including electric cars. The 
growth of rechargeable vehicles in Sweden will 
increase by 30% in 2023, and the number of pure 
electric cars will reach almost 300,000 in 
December 2023 (Marc. 2024). According to the 
forecast, the number of electric cars in Sweden 
will reach 1.7 million by 2030, an increase of 
1,600% compared to the beginning of 2022.  

It would be ironic if the mining industry 
provided all the iron, copper and other resources 
needed to expand renewable energy production, 
charging infrastructure, electric cars and 
batteries - but did so with fleets of fossil fuel-
powered machinery. The sustainable transition is 
enabled by the mine, and the transition must start 
at the mine. As this article shows, companies do 
not have to compromise on safety, the 
environment, or economics to be part of the 
solution. 
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