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Abstract 
Load, haul and dump machines (LHDs) are commonly used in underground mines around 
the world. The machines are used to transport fragmented ore after blasting in the ore body. 
The main propellant used is diesel which accounts for a large part of the diesel consumed in 
mines today. This master thesis is a pilot study for further work to be done by LTU and Atlas 
Copco in a project called SIMS or Sustainable Intelligent Mining Systems, where the aim is to 
physically demonstrate diesel free LHDs doing productive work in mines.  
 
The objective of the thesis was to assess if the integration of battery-powered LHD machines 
is plausible in today’s underground mines. The aims were to map the current state of the 
production and to perform risk and job analysis of the new technology in the current systems. 
 
A theoretical framework was constructed with focus on safety, risk, hazards and change in 
work content. Social acceptance was then researched to be able to analyze how the new 
technology is received. 
 
Data gathering was done through interviews, observations, a focus group and reviewing 
documents while visiting Atlas Copco and two underground mines in Sweden. Diesel and 
electric-powered LHDs were studied in the mines and battery-powered LHDs were studied 
at Atlas Copco.  
 
The results present the current state of diesel, electric and battery-powered LHDs. How the 
machines are used in the visited mines and the identified risks with the work is presented 
along with the mapping of the battery system being developed by Atlas Copco. New risks that 
the battery system will bring to the work environment were identified using energy and 
deviation analyzes. The change in work content was discussed using the information from the 
visits and identifying what tasks will change, disappear and be added with the new 
technology.  
 
A large part of the thesis was analyzing the results with support from the theoretical 
framework. The analysis showed that a switch from diesel to battery-power would improve 
the overall health and safety inside the mines. A switch does not change the skill needed to 
operate the machines but can increase the qualifications for the service personnel.  The main 
obstacles, in terms of social acceptance, with implementing the battery systems in the current 
state are that the need for constant battery exchange would cause problems in the production, 
the prejudice that the batteries would increase the consequences of a fire and the initial cost of 
making the switch.  
 
Recommendations for Atlas Copco going forward in the SIMS project were made. They need 
to emphasizing the safety of the technology to the users, developing the battery exchange so 
it can be done closer to the stopes and involve the operators in the projects of SIMS to help 
them understand the benefits it will have on them directly. 
 
KEYWORDS: LHD, Wheel loader, Sustainable Intelligent Mining Systems, Atlas Copco, 
Social License to Operate, Risk analysis, Change in work content, Battery power  



	

	

Sammanfattning 
Gruvlastmaskiner (LHD) används ofta i gruvor runt om i världen. Maskinerna används för 
transportera fragmenterade malm efter malmen sprängts. Det huvudsakliga drivmedlet som 
används är diesel, som står för en stor del av den diesel som förbrukas i gruvor idag. Detta 
examensarbete är en pilotstudie för ytterligare arbete som ska utföras av LTU och Atlas Copco 
i ett projekt som heter SIMS eller Sustainable Intelligent Mining Systems. Syftet är att fysiskt 
demonstrera dieselfria LHD-maskiner göra produktivt arbete i gruvor. 
 
Syftet med examensarbetet var att bedöma om integrationen av batteridrivna LHD-maskiner 
är möjligt i dagens underjordiska gruvor. Målet var att kartlägga den aktuella 
produktionssituationen och att utföra risk- och arbetsanalyser av den nya tekniken i 
nuvarande system. 
 
En teoretisk referensram konstruerades med fokus på säkerhet, risk och förändring i 
arbetsinnehåll. Social acceptans undersöktes sedan för att kunna analysera hur den nya 
tekniken tas emot. 
 
Datainsamlingen gjordes genom intervjuer, observationer, en fokusgrupp och granskning av 
dokument givna vid besök på Atlas Copco och två underjordiska gruvor i Sverige. Diesel- och 
el-drivna maskiner studerades i gruvorna och batteridrivna studerades hos Atlas Copco. 
 
Resultaten presenterar det nuvarande läget för diesel, elektriska och batteridrivna LHD-
maskiner. Hur maskinerna används i de besökta gruvorna och de identifierade riskerna med 
arbetet presenteras tillsammans med kartläggningen av batterisystemet som utvecklas av 
Atlas Copco. Nya risker med batterisystemet identifierades med hjälp av energi- och 
avvikelsesanalyser. Ändringarna i arbetsinnehåll diskuterades med hjälp av informationen 
från besöken och klargör vilka uppgifter som ska förändras, försvinnas och läggas till med den 
nya tekniken. 
 
En stor del av arbetet var att analysera resultaten med stöd från den teoretiska referensramen. 
Analysen visade att bytet från diesel till batterier skulle förbättra hälsan och säkerheten i 
gruvorna. Teknologibytet förändrar inte den färdighet som krävs för att kunna manövrera 
maskinerna men kan öka kvalifikationerna för servicepersonalen. De viktigaste hindren när 
det gäller social acceptans med att implementera batterisystemen i det nuvarande tillståndet 
är att behovet av konstant batteribyte skulle orsaka problem i produktionen, fördomarna om 
att batterierna skulle öka konsekvenserna av en brand och de initiala kostnaderna att göra ett 
byte. 
 
Rekommendationer för Atlas Copco för fortsatt arbete i SIMS-projektet gjordes. De behöver 
klargöra säkerheten hos den nya teknik för användarna, utveckla batteribytet så att det kan 
göras närmare produktionen och involvera operatörerna i SIMS-projekten för att hjälpa dem 
att förstå de fördelar som det kommer att ha på dem direkt. 
 
NYCKELORD: LHD, Hjulastare, Sustainable Intelligent Mining Systems, Atlas Copco, 
Social License to Operate, Riskanalys, Förändring i arbetsinnehåll, Batteridrift 
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Abbreviations and Terms 
 
ABBREVIATIONS: 

§ BMS:  Battery management system  
§ dB: Decibel 
§ EU:  European union 
§ IEC: International electrotechnical commission 
§ LHD or wheel loaders: Machines used to transport fragmented ore 
§ LTU:  Luleå university of technology  
§ SIMS:  Sustainable intelligent mining systems  

TERMS: 
§ Bolting:  Bolts are drilled into the tunnel which prevents shifts in the rock. 
§ Bucket heels: Blocks placed between the LHDs bucket and the lifting arms that 

prevents the bucket from damaging the machine. 
§ Cable lock: A metal holder that the LHDs power cable goes through. It makes sure the 

cable does not detach from the electricity central. 
§ Scaling: The process of removing loss rock from the tunnel walls, before reinforcement 

is done. 
§ Chute: Loading arrangement that utilizes gravity to move material from a higher level 

to a lower level 
§ Mucking: Transporting fragmented ore to drop chute 
§ Stope:  Underground excavation made by removing ore from surrounding rock, the 

area of the mine where the product is being extracted. 
 

 
 



	

	 1	

1 Introduction 
This is a master thesis in industrial design engineering with the profile production design at 
Luleå university of technology. The thesis focuses on the evaluation of new technology in 
mines and its effects on the work environment, the environment and the sustainability of 
underground mining. 
 
 
1.1 BACKGROUND 

This thesis is a pilot study in a part of an 
EU-funded project called SIMS or 
Sustainable intelligent mining systems 
which is a collaboration between leading 
mining companies, technology providers 
and universities (SIMS, n.d.). The 
underground mining industry cannot, as 
before, rely on geometrical upscaling of 
production to increase competitiveness. 
The collaborators instead have the 
combined vision to strengthen European 
competitiveness by contributing to lower 
production cost, minimized environmental 
impact, minimized mining waste, 
maximizing automation and making mines 
a safer and more attractive workplace. 
 
The SIMS-project has a number of so called 
work packages that each have different 
constellations of collaborators and a 
number of predefined tasks. This thesis is 
involved in task 6.1 and 8.1. Task 6.1 aims 
to physically demonstrate battery-powered 
wheel loaders doing productive work in 
the mine. Task 8.1 aims to analyze how the 
switch from diesel to battery power will 
affect the work environment, how the work 
content will change and what health effects 
that can be expected. 
 
Wheel loaders or LHD machines (Load, 
Haul, Dump machines) are front loading 
trucks that transport the fragmented ore to 
ore chutes and account for a large part of 
the diesel consumed in mines today. 
Switching from diesel to battery power is a 

large step towards diesel free mines which 
is a combined goal for the involved 
partners in SIMS. 
 
By switching from diesel to battery power 
several aspects are expected to improve in 
the mines: Less maintenance, a better and 
cleaner working environment and reduced 
ventilation needs. 
 
When using battery-driven machines there 
will be a new problem with battery 
charging and battery exchanging. New 
tasks and new risks will arise. This needs to 
be compared with the production system 
that is used in the current state. 
 
1.2 STAKEHOLDERS 

In this thesis, the stakeholders are defined 
as those who will use the system directly or 
indirectly and who will be involved in 
developing the system (Newman and 
Lamming 1995). 
 
This thesis provides a basis for further 
work to be done by the researchers at LTU. 
They will expand the work into a baseline 
report that will assist Atlas Copco to 
demonstrate the battery-powered 
machines in the mines. LTU and Atlas 
Copco are therefore the stakeholders that 
will be involved in developing the system.  
 
The mining companies that will be using 
battery-driven wheel loaders are also 
stakeholders. The operators of the 
machines that will be using the machines 
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are directly affected and the surrounding 
society will indirectly be affected by the 
effects on infrastructure and the 
environment following a switch. 
 
1.3 OBJECTIVE AND AIM 

The objective of this thesis is to assess if the 
integration of battery-powered LHDs into 
the current work environment is plausible 
by analyzing what would happen if the 
new technology is introduced into the 
current production.  
 
The aim of this thesis is to map the current 
state of the production and the 
technologies. To perform work and risk 
analysis of the battery-driven wheel 
loaders in the current production systems 
and evaluate the potential effect on 
employees, the work environment, the 
environment and the sustainability of 
mining. 
 
The research questions that are to be 
answered are the following: 
 
§ Risk analysis: What Health effects can 

be expected? How will the new 
technology affect the risk for accidents 
and injuries? 
 

§ Job analysis: How will the work content 
change?  

 
§ Sustainability: Will the new technology 

make the work more attractive and 
what effects will the technology have 
on the social license to operate? 

 
1.4 PROJECT SCOPE 

This thesis focuses on the switch from 
diesel to battery power of LHD machines 
only. Lithium-ion batteries in general and 
more specifically lithium iron phosphate 
batteries were studied since this is the 

battery type that the stakeholders Atlas 
Copco are using and is the only type 
involved in the SIMS project scope.  This is 
a pilot study for further work to later be 
done by LTU so no concrete solutions for 
the implementation of the new technology 
are developed in this thesis. The results and 
findings were instead analyzed using 
relevant theories which led to 
recommendations to Atlas Copco, LTU and 
the stakeholder mines for further work to 
be done. 
 
1.5 THESIS OUTLINE 

This thesis consists of the following 
chapters. 
 
Chapter 1 starts with the background to the 
project and who the stakeholders are. What 
the project objective and aims are, as well 
as the defined research questions are 
followed by the project scope. 
 
Chapter 2 is the contextual framework. 
Principles of underground mining are 
explained to give the reader understanding 
of where LHDs come into the bigger 
picture. What the common and general 
risks are in underground mines is 
explained and lastly future expected 
challenges for the industry are described. 
 
Chapter 3 contains the theoretical 
framework which serves a basis for the 
analysis of the results. The studied subjects 
are risk and safety, change in work content, 
battery science, hazards related to batteries, 
hazards related to diesel and social 
acceptance.  
 
Chapter 4 explains the course of action 
through the project. What methods were 
used, theories about the methods and how 
they were used. 
Chapter 5 is the results starting with the 
mapping of the current state of the 
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technologies and productions followed by 
results from the remaining methods. 
Chapter 6 analyzes the results from the 
project with the support of the theoretical 
framework.  
 
Chapter 7 is the discussion. Conclusions of 
the results are drawn, how the objectives 

and aims have been met and how the 
research questions have been answered. 
The thesis is then concluded with 
recommendations for Atlas Copco and the 
stakeholder mines, what needs to be done 
to realize the switch from diesel to battery 
power.  
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2 Contextual Framework 
To properly understand what LHDs do in mines and how their operations are connected to 
the broader concept of underground mining, how mines are operated and what problems exist 
need to be understood. This section explains what underground mining is, some relevant 
methods of how it is done and what the general risks and hazards are. Then what the literature 
says about the future problems with mining in general is described. 
 
 
2.1 MINING METHODS 

Underground mining is the action of 
accessing and excavating metals and 
minerals from ore bodies located under the 
surface (Hamrin, 2001).  There are many 
different methods in underground mining. 
According to Hamrin (2001) the dimension 
and shape of the ore body determines 
which method is best suited for extracting 
the ore but regardless of method, there are 
still some things that are common for all the 

methods in the production in underground 
mines. 
 
First of all, tunneling, reinforcement of 
tunnels and roads connecting every part of 
the mine needs to be done to assure the 
flow of people and product through the 
mine (Atlas Copco, 2007). Usually there are 
declining tunnels that spiral down to the 
different levels to transport people, 
supplies and machines and a deep vertical 
shaft is used to hoist ore to the surface 
(Atlas Copco, 2007). Before the work of 
extracting the ore can begin electricity, 
ventilation, water and other things crucial 
to maintaining the infrastructure need to be 
installed. 
 
For some mining methods, the production 
and infrastructure are completed before 
extraction begins. For others, it is a 
continuous development of levels and 
exploration of the ore body. Regardless 
there are operations that are shared for all 
types of methods (Company X, production 
manager for loading, personal 
communication, February 17, 2017). The 
method used in Figure 1 is sub level caving 
and is a common method. To explain the 
operations this mining method and the cut 
and fill method will be used as examples 
since they are the two methods used in the 
mines studied in this thesis.  
 
Sub level caving is typical for large scale 
ore bodies, especially for vertical slice-

Figure	 1:	 Illustration	 of	 sub	 level	 caving	 (Atlas	 Copco	
,2007.	Used	with	permission) 
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shaped bodies (Atlas Copco, 2016). The 
extraction in sub level caving starts at the 
top of the ore body. Production levels are 
excavated and reinforced through and 
along the ore body. The tunnels in each 
new level are placed as shown in Figure 2 
so that upwards drilling and blasting will 
ensure good fragmentation and flow of the 
caving rock mass to get as little waste as 
possible (Atlas Copco, 2016),. Several levels 
are active simultaneously to maintain a 
good process in the mine.  
 

 
Figure	2:	Sub	level	and	upward	drilling	patterns.	

 
Upward blasting starts at the back of the 
tunnel and every time a blast is completed 
the LHDs can muck the fragmented ore to 
the ore pass or chute as shown in Figure 3 

or onto a truck depending on the mine 
(Atlas Copco, 2007; Company X, 
production manager for loading, personal 
communication, February 17, 2017). The 
mucking is often a bottleneck in the 
underground production since a very large 
amount of ore can be fragmented in one 
blast and only a fraction can be removed in 
one scoop (Company X, production 
manager for loading, personal 
communication, February 17, 2017). Once 
the ore is dumped it goes either directly to 
the crusher or via the haulage level where 
haulage trucks transport ore to the crusher. 
Here the ore is made finer and is then 
hoisted to the surface (Atlas Copco, 2007).  
 
Cut and fill is common for smaller 
production mines and suitable for ore 
bodies with irregular shapes (Atlas Copco, 
2007; Hamrin, 2001). The principles of the 
method are described by Hamrin (2001) in 
the following way.  Ore is removed in 
horizontal slices starting from the bottom 
of the ore body and advances upwards. 
Once the slice is mined out, the void that 
has been created is backfilled with either 
hydraulic sand or waste rock which creates 
support, serving as a working platform for 

Figure	3:	LHD	machine		mucking	ore	from	cave	front	to	the	ore	pass	(Atlas	Copco	Underground,	2016.	Used	with	permission) 
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the next slice and minimizes the effects on 
the surface.  An illustration of the cut and 
fill procedure cycle can be seen in Figure 4. 
 

To mine the ore in one of the slices, create 
the stopes in sub level caving and when 
making tunnel in almost any mining 
method there is a certain procedure. First 
blast holes need to be drilled in the back 
wall. Next, these holes need to be charged 
with explosives and eventually blasted. 
Before the LHD can start mucking the 
fragmented ore, the area needs to be 
ventilated from toxic fumes from the blast. 
Ones the LHD is finished loading the 
fragmented ore on to trucks or dumped 
into shafts, the tunnel needs to be 
reinforced. Specifics on how this is done 
can wary but scaling, concrete spraying 
and bolting is a common series of activities.  

There are several different types of vehicles 
and machines in mines today for all the 
operations mentioned. There are different 
types of heavy machines used in the day to 
day productions to extract ore in mines 
besides the LHDs. These are drilling 
machines, explosive charging machines, 
rock reinforcement machines and vehicles 
to transport personnel around the 
infrastructure underground (Company X, 
production manager for loading, personal 
communication, February 17, 2017). All of 
the mentioned use diesel in some way in 
the majority of the cases but for the 
machines that do most of their value 
adding work standing still, like the drilling, 
explosive loading and rock reinforcement 
machines, there is a solution for reducing 
the fossil fuel used (Company X, 
production manager for loading, personal 
communication, February 17, 2017). 
Modern mines have, installed on every 
level, a network of power sources that the 
machines can connect to so that when 
connected the machines can reach virtually 
every corner of the mine (Company X, 
production manager for loading, personal 
communication, February 17, 2017). The 
machine simply stops at the nearest power 
source to where they are going to work and 
connect the machine to it and then drive on 
electric power and works using electric 
power.  
 
2.2 HEALTH AND SAFETY IN 
MINES 

Underground mining is considered a 
hazardous activity. Mines are commonly 
referred to as dark, dirty, wet and cramped. 
All though there are endless hazards and 
safety risks in mines, linked to different 
operations, there are some general 
workplace risks in mines. According to 
Saleh and Cummings (2011), there are 
general health issues and safety issues in 
mining which are to be separated. First of 

Figure	4:	Excavation	process	in	cut	and	fill	mining	(From	Atlas	
copco	underground,	2015.	Used	with	permission) 
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all, they mean that safety and health issues 
impact can differ in severity and in time. 
Safety issues are short term and the most 
common issues with adverse effect is 
slipping and falling and this is a problem in 
all operations in an underground mine. An 
example of more sever or even fatal safety 
issue is rock fall or tunnel collapse. Health 
issues are long term and here too can be 
adverse or fatal. Adverse health issues are 
healing loss and fatal issues are black lung 
(Saleh and Cumming, 2011) or cancer 
(Coble et al, 2010). 
 
2.3 FUTURE PROBLEMS OF 
MINING   

Since mines always expand deeper and 
grow larger in total size the distance 
machines need to travel in mines increase 
all the time. The risk for accidents and air 
pollution will increase along with the 
growing size of the mine (Johansson and 
Johansson, 2014). Also when digging 
deeper the bedrock temperature rises about 
25 degrees Celsius every 1000 meters 
(Fridleifsson et al., 2008). With today's 
deepest mines reaching a depth of about 4 
km and in warm countries like South Africa 
temperatures inside the mines reaching up 
to 55 degrees’ Celsius due to the bedrock 
heating up the air (Kamyar et al., 2016), the 
need to develop the cooling systems and 
reducing the heat emission from 
equipment is a near future problem. 
 
Making underground mines a more 
attractive workplace for the next 
generation of workers is an issue that is 

being addressed. Making the mines safer is 
believed to make mines more attractive as 
a workplace. Zero entry mines are the long-
term goal for the future om mines. The 
need for extensive automation, technology 
development and highly educated and 
skilled workers will be the result of the zero 
entry mines so it is important to strive 
towards this vision since it is far from being 
reality (Johansson and Johansson, 2014). 
 
New restrictions regarding limits for 
emissions and pollution in the air emerge 
continuously and recently Svemin (2017) 
noted that the European Commission has 
decided that the limit for NO, NO2 and CO 
need to be lowered, gases which are related 
to diesel emissions, in all industries 
including underground mines. Mines have 
until 2023 to realize the new limit. SveMin 
(2017) responded to the European 
Commission's future emission limits by 
setting up meetings and workshops for 
their members to find solutions to this 
problem. In an initial article about it, some 
examples they give of how to solve the 
problems are to develop better measuring 
instruments to better understand the 
current emission levels, develop electric-
powered machines, remote-controlled 
machines and developing the ventilation 
systems 
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3 Theoretical Framework 
The following is the theoretical framework for this thesis which is within the bounds of 
industrial design engineering and more specifically the domain of work science. Key concepts 
relevant to the research subject are explained through literary reviews. To properly evaluate 
and analyze the work environment it is important to have an understanding of the effects of 
new and current technology on the work environment. Hazards and risks of batteries and 
diesel are therefore identified. Theories about safety and risk assessment are also studied along 
with the concept of social acceptance of new technology. 
 
 
3.1 INDUSTRIAL DESIGN 
ENGINEERING 

Industrial design engineering is the 
profession of how to develop justifiable 
and sustainable products and production 
systems. It is about optimizing the 
function, value and appearance of products 
and systems for the benefit of the user and 
manufacturer. Industrial design 
engineering is looking at existing products 
and production systems, seeing a need for 
improvement and making them better 
(Industrial designers society of America, 
2016). Industrial designers are skilled in 
drawing by hand, computer-aided design 
tools, the design processes and 
presentation techniques. To ensure that the 
design is technically and commercially 
expedient an industrial designer needs to 
have a substantial understanding of the 
manufacturing process and work 
environment of the future product (Tovey, 
1989).  
 
Work science is a part of industrial design 
engineering and is in focus in this thesis. 
Work science, or ergonomics as it is usually 
referred to as, is designing productive, safe 
and healthy workplaces (Bohgard, 2010). 
Work science is understanding the 
interaction between humans and other 
parts of a system. The discipline of work 
science and ergonomics can be described 

by the areas physical ergonomics, cognitive 
ergonomics and organizational ergonomics 
according to the International Ergonomics 
Association (2017). Physical ergonomics 
involves the physical environment and 
how it affects the human body, safety and 
health risks in the workplace along with the 
direct physical load from performing a 
task. Cognitive ergonomics is how human-
system interactions are affected by the 
mental processes. Stress, mental workload, 
work content, decision-making and 
human- system interaction are central 
subjects. The organizational ergonomics is 
concerned with the interaction between the 
individual and the situation at work, how 
the organizational structure affects the 
work. 
 
3.2 SAFETY AND RISK 

Occupational risks and accidents have 
always been a serious problem in the 
society. This has led to the need for accident 
prevention and safety tools to manage the 
risk and contribute to a safer work 
environment (Harms-Ringdahl, 2001). 
Knowledge of how risks occur, are 
identified, analyzed and eliminated is 
central to this thesis. The aim of performing 
safety analysis is to prevent accidents from 
happening according to Harms-Ringdahl 
(2001) and there are many different 
methods of doing so along with models of 
looking at the workplace. This section 
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covers the theories related to the methods 
and models later used to analyze the safety 
of the current and new LHD technologies. 

3.2.1 Safety and risk terms 

Two important terms to understand and 
separate in safety and risk according to 
Akselsson (2010) are accident and incident. 
An accident is when an undesired and 
unfortunate event occurs unintentionally 
that results in harm, injury or damage to a 
person, environment or object. An incident 
is a sudden, unintentional and threatening 
event, that easily could have developed 
into an accident. 
 
Other important terms are occupational 
injury, hazard, risk, safety and safety 
analysis and are described by Harms-
Ringdahl (2001). An occupational injury is 
a results of an accident occurring in the 
workplace. Occupational injuries can be 
results of long-term exposure to strain on 
the body due to overexertion, allergies, 
noise, vibrations and exhaust. Commuting 
accidents, accidents occurring on the way 
to or from work are not to be overlooked. 
The term hazard is used to represent a 
source or cause of an accident, a source of 
risk. The word risk is in turn used to 
describe the possibility of an undesired 
consequence to happen and also how 
extensive the consequence is. If something 
is safe, it usually means that it is free from 
harm or risk. That is not possible to obtain 
in practice. Instead when talking about 
workplace safety something is safe if the 
risks are considered acceptable or 
manageable. Safety analysis is the 
systematic procedure of analyzing systems 
to identify and evaluate hazards and safety 
characteristics. 
 
The aim and result of doing a safety 
analysis of a workplace can vary. It can be 

some or all of the following according to 
Harms-Ringdahl (2013).  
 

§ To get an overview of the risks in 
the workplace 

§ A list of all the hazards in the 
workplace, where each hazard is 
evaluated. 

§ Suggestions for necessary safety 
measures.  

§ Descriptions of how accidents can 
occur, how likely they are to 
happen and how severe the 
consequences are. 

§ Investigation of what contributed to 
the accident, if it was technical, 
human or organizational factors. 

§ Evaluation of safety features and 
how efficient they are. 

§ Understanding among workers 
how safety features function. 

 
Consequences of an accident are not 
exclusive to injury to persons according to 
Harms-Ringdahl (2013). First of all, the 
injury to a person doesn’t have to be a 
physical injury, it can be mental effects as 
well. A consequence can also be negative 
effects on the environment, disruption of 
infrastructure in the society, insufficient 
quantity or quality in the production, 
damage to machines and property and a 
decline in trust from authorities, the society 
and customers. Lastly, all the things 
mentioned will also have consequences on 
the economy of the company and the 
society.  
 
Two important approaches according to 
Harms-Ringdahl (2001) are the human 
approach and the system approach. They 
determine how accidents are analyzed and 
also determine which of the mentioned 
models are used and later what methods 
for analyzing are suitable. The human or 
person approach implies that human error 
nearly always lies behind an accident. It 



	

	 10	

focuses on individual causes of error rather 
than errors in the system, that the 
responsibility to prevent accidents from 
happening lies with the worker’s actions 
and choices. Different types of human 
errors as defined by Reason (1990) are slips 
and mistakes. Slips are skill based and are 
errors that result from a failure in the 
execution of a task. Mistakes are either rule 
or knowledge-based and are failures in the 
process of making judgments. Human 
errors can further be explained by decision-
making in form of violations and risk-
taking. A violation is an intentional action 
that contradicts written or spoken rules 
(Harms-Ringdahl, 2001). The intention of a 
violation is not to sabotage, the reason for 
violating is usually that the person did not 
know it was a violation, the person forgets 
the regulation being violated, the harm 
from ignoring the regulation is not known 
or that the regulation contradicts other 
regulations and rules. Risk taking is when 
actions are taken that are known to have 
dangerous outcomes. The simple 
explanation to why risk taking exists is that 
hazardous ways of working can be faster 
and less strenuous. 
 
A system approach takes all parts of the 
system into account when analyzing 
(Harms-Ringdahl, 2001). A system can be 
seen as a number of elements that interact 
and that the interaction between them can 
cause an accident. Elements in a system are 
technical equipment and physical 
conditions, individuals within the 
company, the organization and activities 
and surroundings including the society.  

3.2.2 Accident models 

There are different accident models when 
analyzing accidents and incidents and 
different models focus on different factors. 
Some models are deemed more suitable for 
different situations but to have a 

understanding of the different models can 
be essential to not miss anything when 
analyzing a system. The following are 
suitable models mentioned by Akselsson 
(2010). These are just a handful of the many 
models out there but these are useful to 
understand when analyzing the work 
environment in mines. 
 
Active errors are done by humans in direct 
contact with a technology which results in 
a direct negative outcome. It is an action 
done by an operator and can be either a 
human error or a conscious overstepping. 
There are also so called latent conditions 
and this is where something ulterior is the 
cause of the accident or incident like bad 
human-machine interaction design, stress 
or bad ergonomics. It can also be laws and 
regulations that contradict how one usually 
works. 
 
The energy model requires defining things 
in the work environment as either an 
energy, a barrier or vulnerable target 
object. Energies can be potential energy, 
kinetic energy, chemical energy and 
thermal energy. Something that may harm 
the vulnerable target object, which are 
machines, equipment, the environment 
and humans. Barriers are the 
countermeasures to prevent the energies 
from harming the target objects. 
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3.3 WORK CONTENT 

Change in work content can be discussed in 
terms of the qualification level of the tasks. 
Helgeson, Johansson, Karlsson, Lindberg 
and Westerlind (1979) present different 
approaches to analyze the change in 
technology and qualifications in the 
workplace. Methods and models 
mentioned in this report that are deemed 
relevant to the project are presented in this 
section. 
 
Kern and Schumann’s method to describe 
and classify industrial production 
technology is presented by Helgeson et al 
(1979). They developed a model that 
describes how the qualification changes 
with the level of mechanization and give 
examples of work types linked to the 
different mechanization grades. 
Qualification is the level of human skill 
needed to successfully perform the work 
task. The highest level of qualification is 
craftsmanship which has low 
mechanization and the lowest qualification 
is for assembly line work and repetitive 
single operation assembly which has a 
slightly higher mechanization level. The 
qualification level rises slightly if the 
mechanization level rises to 
multifunctional assemblies. Here we have 
work types like machine operating. If the 
mechanization level again rises to partially 
automated assemblies, the qualification is 
low for automation control work and high 
for control room operating. 
   
The concept of qualification consists of 
many different components. Kern and 
Schumann make the following 
categorization. Qualification can be 
craftsmanship skills, technical 
qualifications and process independent 
qualifications. Craftsmanship skills can be 
material knowledge and skill. Technical 
qualification is either knowledge of the 

anatomy of the technical equipment or 
knowledge of how devices or machines 
work and are to be operated. Examples of 
process independent qualifications are 
technical sensibility, flexibility and 
responsibility. 
 
Different Job evaluation instruments are 
discussed by Helgeson et al (1979) that are 
used to estimate the difficulty of the job and 
give a score on different factors. They 
present different instruments and some 
factors used in them are here lifted out that 
are considered relevant and visualized in 
Table 1. The factors are skill, responsibility, 
work effort and work environment. Skill 
describes how much expertise and 
thoroughness is needed to perform a task. 
The responsibility determines how much 
the result of the task reflects on the 
economic winnings. Responsibility also 
increases if the task puts the worker in a 
position where the actions taken can cause 

Table	 1:	 Job	 evaluation	 factors	 with	 examples	
(Modified	from	Helgeson	et	al,	1979) 

Skill:
Theoretical	or	applied
Judgement	and	initiatives
Thoroughness

Responsibility:
Economic	responsibility
• Risk	of	economic	loss
• Risk	of	damaging	company	reputation			
Responsibility	of	injuring	one	self	or	
other
Managerial	functions

Work	effort:
Physical	effort
• Workload
• Weight
• Heat	load
• Work	posture
Monotony

Work	environment:
Temperature
Noise
Illumination
Dirt	and	air
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harm to people or equipment. Work effort 
is the physical efforts needed to perform 
the tasks, in terms of workload and work 
posture. The work environment describes 
external work environment factors. 
 
3.4 BATTERY SCIENCE 

A battery is a power generating device 
which has the ability to store chemical 
energy and to convert that energy into 
work. Petrucci et al (2011) describe 
different types of batteries and the 
principle of how they work in the following 
way. There are non-rechargeable and 
rechargeable batteries. In the first case, the 
stored energy is naturally present in the 
chemical substance used. In a rechargeable 
battery, it is induced by applying external 
work energy. The most elementary version 
of a battery consists of two electrically 
connected electrodes, an anode and a 
cathode that are in contact with an 
ionically-conducting electrolyte. The anode 
oxidizes which means it loses electrons that 
are gained by the ions in the chemical 
solution or electrolyte, this is called 
reduction. This process creates a flow of 
electrons between the electrodes and an 
electric-powered device will gain power if 
it is connected in between the two  
 
Lithium-ion batteries are the battery type 
most commonly used in modern 
technology like cell phones, laptops and 
even electric cars. The cathode is a lithium 
compound, the anode is some form of 
carbon and the electrolyte is an organic 
solvent. In these types of batteries, as Wang 
(2012) explains it, the lithium ions move 
from the negative to the positive electrodes 
through the electrolytes when discharging 
and back when charging which make the 
battery rechargeable. During the reaction, 
the electrodes convert chemical energy to 
electrical energy and emanate heat and gas 
(Wang, 2012; Doughty & Roth, 2012). 

3.5 HAZARDS AND RISKS 
WITH BATTERY POWER 

Battery power in vehicles and machines is 
a relatively new technology. Although 
there is enough knowledge to develop and 
manufacture battery-powered machines 
there are still questions of how to 
effectively manage battery charging, 
recycling, reusing and identifying hazards 
related to battery power. This topic is 
interesting to the thesis because the 
aforementioned are things that will bring 
new risks into the workplace. The risks will 
need to be identified to assure the 
sustainability of the new technology. 

3.5.1 Designing safe batteries 

When designing battery-powered vehicles, 
it is important to identify and assess the 
risks that come with it to properly be able 
to manage these risks. The risk assessment 
of a battery-driven vehicle can be divided 
into several levels as shown in Figure 5 
according to Hollmotz (2013) based on the 
methodology of the IEC 61511 standard. 
The battery system consists of one or many 
cells which have a certain chemistry, this 
battery system is placed in and used to 
power a vehicle. This vehicle is used in an 
application or in an environment. The last 
level is the external resources that 
counteract, actively prevents hazards and 
are used in case an incident evidently 
occurs. The risks for each level is separately 
identified and evaluated. Each unique 
situation has a unique combination of these 
six levels and therefore, it is important to 
separate the levels. 
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Hollmotz (2013) further explains the 
meaning of each level. The battery 
chemistry determines the thermal stability, 
lifetime, charging- and discharging 
characteristics of the battery so the choice 
of chemistry will determine how safe the 
battery is in use and what hazards that can 
be expected and are known. When 
analyzing at the cell level the form of the 
cells and the housing form and design is 
important because it is what protects 
against external influences and intrusions. 
The battery system is about monitoring and 
maintaining the performance of the battery 
to prevent failures. The vehicle level covers 
the risks regarding the machine itself, what 
risks are there related to operating it, the 
positioning of the battery on the vehicle is 
important here in regard to if something 
like a fire in the battery were to occur and 
how easy it is to access for firefighting units 
and how safe the operator is in that 
incident. The environment level identifies 
the external risks in the workplace like 
falling objects and hazardous particles. The 

last level is analyzing the work 
environment in terms of how accessible it is 
to emergency response and if they are 
informed about the vehicle and the 
workplace.  

3.5.2 Battery hazards 

The factors that can cause a lithium-ion 
battery to fail are thermal runaway, 
physical damage, charge- and discharge 
failures. How these phenomenon’s work is 
described by Doughty & Roth (2012) in the 
following way.  When a lithium-ion battery 
is in use it generates heat and the batteries 
internal temperature will rise successively 
throughout continuous use. Battery 
heating can be split up into 3 stages and the 
first, referred to as onset temperature, is the 
optimal stage and where the temperature 
needs to be. Here the temperature rises at a 
very low rate and in a normal battery the 
heat rise is accommodated by with cooling 
systems and the battery is safe. The second 
stage is acceleration. When the battery 
reaches a certain temperature the heat 

Chemistry

Cell

Battery system

Vehicle

Environment	/	Infrastructure

Rescue /	Fire fighters	/	First responders

Figure	5:	Safety	levels	in	battery-driven	vehicles	(Modified	from	Hollmotz	,	2013) 
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release will accelerate more and more 
rapidly until stage three is reached which is 
thermal runaway. When thermal runaway 
occurs the temperature increase per minute 
is so great that no external cooling 
measures can be taken to prevent the 
acceleration and may result in fire or 
explosion. During a thermal event in a 
lithium ion battery, there is a large gas 
development which can be toxic depending 
on the chemistry. Physical damage 
meaning vibrations, shocks and punctures 
can lead to internal short-circuiting in the 
cells and cause unwanted flow of current in 
the battery pack also the containment of the 
internal materials in the battery can be 
compromised which can lead to premature 
thermal runaway. Charging and 
discharging failures like overcharging and 
over discharging can lead to an increase in 
heat generation. All things discussed here 
are common factors for all lithium-ion type 
batteries but to what extent they are 
susceptive to these things depends on what 
chemistries that are used, how the batteries 
are designed and the size of the cells. 
 
An important part of battery-driven vehicle 
safety is the battery management system or 
BMS. The BMS is according to Opitz (2017) 
the technology that monitors the 
performance of the battery. It monitors the 
state of charge, state of health and the 
driving range of the battery. If a short 
circuit or thermal runaway is detected the 
BMS must automatically shut down the 
battery to prevent an accident and is crucial 
for reassuring the battery is performing 
inside the tolerance conditions. 

3.5.3 Other problems 

Neubauer and Pesaran (2011) state that in 
the power industry electricity distributors 
are trying to match the power generation 
with the demand and this can be 
problematic. With peaks in demand during 

the day and over the year making the 
demand higher than the average power 
demand during a couple of hours each day 
the distributors have to design to meet the 
peaks which is wasteful. Neubauer and 
Pesaran (2011) further explain that batteries 
from electric vehicles can be used in this 
scenario to store energy that can be used to 
support the grid during peak hours. It is 
not yet widely adopted due to the lack of 
second life lithium batteries on the market, 
fully electric cars are still a new technology 
and not a lot of batteries have been taken 
out of use in their first car. To reuse electric 
vehicle batteries in second-life applications 
when the battery no longer is usable for its 
primary intended application in the vehicle 
is a solution to reduce the overall lifetime 
costs of the battery. This would make them 
cheaper both for the car buyers and the 
electricity distributors.  
 
Electricity can have a relatively high impact 
on the environment due to emission if it is 
produced in certain ways. When producing 
electric power through coal the emissions is 
somewhere between 0,9 and 1,3 kg CO2 per 
kWh, this is directly from burning the coal 
and indirectly from its life cycle. Other 
energy sources generally emanate fewer 
greenhouse gases. Natural gas generates 
between 0,4 and 0,7 kg CO2 per kWh, 
hydro generates between 0,004 and 0,2 kg 
per kWh, solar power generates between 
0,1 and 0,3, wind generates between 0,01 
and 0,05 and nuclear power generates 
between 0,009 and 0,02. All the mentioned 
numbers according to the World nuclear 
association (2012). 
 
3.6 HAZARDS AND RISKS 
WITH DIESEL POWER 

Diesel emission is a health hazard and 
especially in mines. Diesel exhaust in 
underground mines means emission in 
enclosed areas with limited ventilation 
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leading to a much larger concentration in 
underground mines than in other 
industries. This section studies the 
documented and presumed health effects 
from diesel emission and the hazards 
associated with diesel-powered vehicles. 
 
Diesel engine exhaust is classified as 
probably carcinogenic to humans by the 
International Agency for Research on 
Cancer. Classified as likely to pose a lung 
cancer hazard to humans by the US 
Environmental Protection Agency and as a 
potential human carcinogen by the US 
National Institute for Occupational Safety 
and Health (Coble et al, 2010). Known 
short-term health effects of exposure to 
diesel exhaust are eye, throat and lung 
irritation along with causing cough, 
phlegm and symptoms to the functions of 
the nervous system (Pronk, 2009).   
 
Nitrogen is released during fuel 
combustion and when reacting with 
oxygen atoms nitric oxide (NO) is created. 
When combined further with oxygen it 
creates nitrogen dioxide (NO2). Nitric 
oxide is not considered to be hazardous to 
health at typical ambient concentrations, 
but nitrogen dioxide can be. Nitrogen oxide 
gases are linked to smog and acid rain, the 
formation of fine particles and ground-

level ozone which are associated with 
unfavorable health effects. (Icopal, 2011). 
  
Diesel exhaust contributes to the negative 
effects on the environment. When diesel is 
burned the emission of CO2 is on average 
2,7 kg per liter (U.S Energy Information 
Administration, 2016).  
 
3.7 SOCIAL ACCEPTANCE AND 
ATTRACTIVENESS 

How new technology is received by the 
adopting companies, operators of the 
machines and external parties is interesting 
to this thesis. Some relevant theories about 
social acceptance and attractive work are 
presented here.  

3.7.1 S-curve 

The evolution of a new technology from its 
invention to a fully mature and widespread 
technology can be described using the s-
curved which was first developed by 
Richard Foster (1986).  The model shows 
how accomplished efforts in the 
development of a new technology increases 
over time as funds in terms of money and 
man-hours are put in (Nieto et al. 1998), 
illustrated in Figure 6. 
 

New	technology Make	it	work

Maximise performance

Maximise efficiency

Maximise reliability

Minimise cost

Mature technology
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Time,	effort and	funds

Figure	6:	S-curve	(Modified	from	Nieto	et	al.	1998) 
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The s-curve theory demonstrates the speed 
at which innovations in a given technology 
are produced. As illustrated, there are 
certain actions that can be linked to where 
on the curve the technology is according to 
Mann (1999). First, the technology is 
invented and the progress is slow. Once the 
new technology starts to work as wished 
the s-curve begins to take shape and the 
productivity of the invested funds increase. 
During the growth period focus lays on 
maximizing the performance, reliability, 
efficiency of the technology. Once this is 
done focus is on minimizing the cost of the 
technology and the technology then 
reaches maturity causing the curve to 
subside.   
 
Also following an s-shaped curve 
according to Nieto, Lopéz and Cruz (1998) 
is the relation between time and the percent 
of firms adopting a technology or in other 
words, customers buying a new type of 
product. If plotted as a function of percent 
of adopters and time it will form an s-curve 
as shown in Figure 7. This is commonly 
referred to as the diffusion of innovation 
theory. Diffusion is the process of an 
invention being communicated throughout 
the members of a social society over time 
(Rogers, 2010). The adopters fall into one of 

five groups depending on how early they 
adopt the innovation. The first group is the 
innovators and they stand for 2.5% of the 
target group. The second group is called 
early adopters which is 12.5% of the target 
group. Once these two groups have 
adopted the innovation and shown that it 
works, the rate of adoption takes off and 
now the majority of the community start to 
adopt the innovation at a greater rate than 
before (Rogers, 2010). First, the early 
majority start to adopt once they are 
convinced that the new technology or 
product has substantial benefits from 
watching the trendsetters. The early 
majority stand for 34% of the community. 
The late majority, which is 34% also, will 
adopt once the new technology is well 
tested by the earlier groups. Lastly, we 
have the laggards, how are highly resistant 
to change and stand for the last 16% of the 
community. They will only adopt once the 
new technology is completely mainstream 
if they at all adopt.  
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Figure	7:	Diffusion	of	innovation	theory	(Modified	from	Rogers	,	2010) 
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3.7.2 Social acceptance 

Renewable energy is a hot topic all around 
the world with policies and legislations 
from many governments in many countries 
being passed to decrease the negative 
effects on the global environment. There is 
an overall positive view on renewable 
energy in the society but there is still a need 
to acknowledge that renewable energy, just 
as any other technology will have 

resistance when trying to implement it. 
Wüstenhagen, Wolsink, and Bürer (2007) 
present a method of conceptualizing social 
acceptance with three categories, 
illustrated in Figure 8. 
 
Socio-political acceptance is social 
acceptance on the broadest term. It is 
looking at the acceptance of technologies 
and policies from the public, key 
stakeholders and policy-makers in a 
general sense. Community acceptance is 
the specific acceptance of renewable energy 
projects in the community. Acceptance 
from the directly affected local residents, 
companies and authorities.  Issues of 
distributional justice, how the costs and 
benefits of the project are shared by 
community stakeholders and procedural 
justice, how decision-making about which 
local stakeholders get to be involved in 
projects. Lastly, there is market acceptance 
or the process of market adoption of the 
technology. Wüstenhagen, Wolsink, and 
Bürer (2007) say that market acceptance can 
be explained with the diffusion of 

Socio-political acceptance

Market	acceptanceCommunity	acceptance

Figure	8:	 Social	 acceptance	model	which	describes	 acceptance	
with	 three	 categories	 (Modified	 from	 Wüstenhagen,	 Wolsink,	
and	Bürer,	2007) 

Figure	9:	Social	acceptance	model	which	describes	acceptance	with	three	categories	
(Retrived	from	Provasnek,	2017) 
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innovation theory explained earlier (see 
section 3.7.1 s-curve).  
 
The social license to operate (SLO), as 
explained by Provasnek (2017), is when a 
project or company has a broad acceptance 
or approval from the society to do the 
activities they plan. Provasnek (2017) uses 
the energy industry to illustrate the relation 
between eco-innovation and the level of 
SLO, shown in Figure 9. The optimal state 
is sustainability-oriented. It is when the 
technology has high SLO and is an eco-
innovation, meaning it contributes to 
minimizing negative environmental 
effects. If the technology is an eco-
innovation Provasnek (2017) means that 
high SLO can be achieved if the technology 
is realized in accordance with social, 
ecological and economic expectations from 
the society. Enabling the society to take part 
and being informed of the benefits the 
innovations bring. Ways of doing this 
include web pages with information on 
standards, certificates, awards, ecological 
benefits and contact details. Organizing 
activities like open house days, workshops 
and meetings with stakeholders is also a 
way. As Wüstenhagen, Wolsink, and Bürer 
(2007) mention, it is important to 
acknowledge that renewable energy is not 
immune to resistance. 
 

3.7.3 Attractive work 

An attractive workplace is good, safe and 
healthy (Lööw, 2016). This is crucial for the 
workplace to be effective and productive.  
 
Problems of attractiveness concerned 
especially with mines are discussed by 
Johansson, Johansson and Abrahamsson 
(2010). They mean that mines need to be 
regarded as safe first and foremost to be 
attractive. Physical work environment is 
something that has improved 
tremendously over the years. Before the 
introduction of LHDs and other heavy 
machines workers lifted rocks by hand and 
now the heavy manual lifting is basically 
eliminated. Continuing to improving the 
physical work environment not only in 
terms of manual workload but also in terms 
of exposure to noise and vibration, 
improving the physical climate in the 
mines and the exposure to harmful 
chemicals and particles will increase the 
attractiveness further (Johansson et al, 
2010). Social responsibility is also 
important, that the workers feel proud to 
work in the company and that the 
environmental impact is minimized 
(Johansson et al, 2010). 
  



	

	 19	

4 Method  
Described here are the method and implementation for the thesis. First, the course of action 
taken initially is explained, the projects process and initial planning. Then each phase in the 
process is explained in detail. What methods were used in each phase, theories about them 
and how they were carried out followed by a method discussion. 
 
4.1 PROCESS 

The project process was influenced by the 
project circle with an iterative process as 
described by Karlsson, Osvalder, Rose, 
Eklund and Odenrick (2008). Some 
modifications to the content of the project 
circle have been made to better fit this 
project. The principle of an iterative 
approach is to repeat the project cycle a 
number of times during the project where 
the emphasis is moved further towards the 
end of the circle each time you cycle back. 
This is to always update the content in the 
different phases. For instance, if the focus is 
on the data gathering phase at one point, 
the other phases are still being taken into 
consideration and new information will be 
gathered as the need for it arises, the phases 
not in focus can’t be ignored. The phases 
chosen for this thesis are shown in Figure 
10. 

4.2 PLANNING 

During the first week of the project, an 
initial plan was established for how the 
project was to be executed. This consisted 
of interpreting the assignment and forming 
it into a thesis, setting up the objectives and 
the aim. Time management was also done 
where a Gantt chart was used. A Gantt 
chart is used to visualize when and for how 
long the different stages of a project is to be 
done. The Gantt chart is shown in Figure 
11. Blue and green indicate during which 
weeks each phase is active. Green also 
indicates which phase is in focus at a given 
time and red show during which week 
there is a deadline. 

Phase	1
Planning

Phase	4
Present	and	

report

Phase	2
Data	gathering

Phase	3
Evaulate

Figure	10:	Project	circle,	(Modified	from	Karlsson	et	al,	2010) 
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4.3 DATA GATHERING 

This phase in the project consists of the 
literature reviews and gathering 
information and understanding of the 
subjects related to the thesis.  

4.3.1. Literature review  

Reviewing literature has been a large part 
of the thesis due to the little knowledge 
about mining in general and the new 
technology.  Google Scholar was the main 
database used to find literature. The 
university library was also used frequently 
to find more general literature to read, 
about mining for instance, to get an 
understanding of the language used and 
assist with search words in the database. 
My supervisor also provided me with good 
suggestions for reading. 

4.3.2 Interview 

Interviewing is the most commonly used 
method of gathering information about 
what a person thinks about something 
according to Lantz (2013). People who 

work with or around a process in this thesis 
case sit on a lot of knowledge, experience, 
values and opinions about it. A lot of 
subjective data is acquired through 
interviews. When interviewing it is 
important to make clear to the interviewee 
the purpose of the interview, how the 
results will be used and how the interview 
is being documented. If you’re filming or 
recording the interview the interviewer 
must ask for permission.    
 
There are three different ways of 
conducting an interview mentioned by 
Lantz (2013). These are unstructured, semi-
structured and structured. When 
quantitative data is desired, structured 
interviews are favorable so that all the 
interview results are easier to compare. If 
qualitative data is wanted, then a more 
unstructured approach is preferable.  
 
In a structured interview described by 
Lantz (2013), the interviewer asks 
predefined questions that the interviewee 
answers either freely or by choosing from 
predefined answers much like in a survey. 
To be able to use the results quantitatively 

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Present

90%	paper

Oppose	90%

Report

Evaluate

Mapping

Litterature	review

Planing

Mid-presentation

Oppose	50%

Evaluate

Mapping

Litterature	review

Planing

Time	Management

Figure	11:	Gantt	chart	over	the	project.	Green	indicates	what	is	the	main	focus	for	the	given	week	and	red	means	there	
is	a	deadline	that	week. 
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it´s important that the questions and 
different answers are well defined and 
categorized. The interviewer must have a 
great understanding of the subject to be 
able to do this. 
 
With an unstructured approach, the 
questions are more open and the 
interviewee answers more freely to the 
questions according to Lantz (2013). This is 
a better approach if the interviewer has a 
vague idea of the expected results and less 
knowledge of the context than in a 
structured interview. It is also a more 
suitable approach if interviews are being 
done on fewer people in total than in a 
structured interview (Lantz, 2013). 
 
A semi-structured approach is simply a 
mixture of the two mentioned. When 
planning the interview, it is more 
structured when performing it, follow-up 
questions of a more open nature occur as 
the interview progresses (Lantz, 2013). 
 
In this thesis, an unstructured approach 
was applied. I started the interview with 
explaining why I was there and asked the 
operators to explain to me what being an 
operator of the LHD machine means, what 
the work includes and what they feel are 
the risks and problems followed by what 
their views on the new technology are. If 
they had not heard of it a summary of the 
technology was given so that they then 
could comment on the matter. All 
interviews were done with one operator at 
the time. Interviews with production 
managers at the visited mines were 
conducted in a similar way. 

4.3.3 Observation 

Observation is an objective mean of 
information gathering. It is used to gather 
information about how something is 
performed or how different people act in 

certain situations according to Kylén 
(2004). It grants insight into how a task is 
performed, how a machine is used or how 
the operator acts and what problems can 
occur. Observation is used to find out what 
people actually do and not what is said to 
be done. It is important to realize that the 
observer’s presence can affect how the 
observed does the task (Kylén, 2004).  
 
Kylén (2004) describes two types of 
observations, systematic and un-
systematic. Systematic observations are 
when the observer knows beforehand what 
events provide relevant results. Un-
systematic observations are when nothing 
particular is sought. Instead, everything 
interesting that is observed is documented. 
 
There are direct and indirect observations 
according to Kylén (2004). A direct 
observation is when the observer is present 
in the field seeing with own eyes the 
operation or situation that is of interest. 
Documentation is done by writing notes, 
checklists, protocols or video camera. An 
indirect observation is simply when the 
observer is not physically present but 
instead records a task with a camera and 
analyzes it at a later time. 
 
Like with interviews, observations can also 
be quantitative or qualitative. A 
quantitative observation can be how many 
times the operator rotates his or her head 
(Kylén, 2004). Qualitative observations are 
more descriptive and grant more 
understanding of how a task is performed 
(Kylén, 2004). 
 
The observations in this thesis were direct 
and qualitative. I either stood near to where 
the machine was working or was in the 
cabin. I watched while the operator 
performed a couple of cycles picking up 
fragmented ore and placing it in a truck or 
dumping it into a chute.  
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4.3.4 Focus group 

A focus group as described by Osvalder 
(2010) is a group discussion with about 6-
10 participants and a moderator where 
predefined subjects are discussed. 
Common areas suitable for focus groups 
are product experience, a work situation, a 
system or how a task can be solved 
(Osvalder, 2010).  
 
Focus groups use group interaction to 
produce data and insights that would be 
less accessible without the interaction 
found in a group. Focus groups are used as 
a method on their own or in combination 
with other methods like surveys, 
observations and single interviews. Unlike 
other methods, like the ones mentioned, 
the discussion in group invites people to 
associate on a thought. Informality in the 
discussion and a liberal climate is 
important in focus groups, as you want 
members to contribute openly their 
experiences and opinions about the subject. 
(Flick, 2014) 
 
A focus group about the view on the 
mining industry and some of the new 
technologies introduced in the SIMS project 
amongst engineering students was held. It 
was conducted together with another 
thesis student involved in the SIMS project. 
The aim of the focus group was to get 
students view of these technologies, their 
view of mines as a possible workplace and 
how the technologies affect their view of 
mines as a workplace. 
 
A public invitation was sent out and 8 
participants signed up. During the focus 
group some predefined, quite broad 
questions were asked where the overall 

theme was personal view and knowledge 
of some subjects related to our theses. The 
group would discuss the questions 
amongst themselves and we would pitch in 
with follow-ups and explanations when 
needed. The questions related to this thesis 
were the following: 
 
Question 1 

 
Question 2 

 
Question 3 

 
Question 4 

 
 
4.4 MAPPING 

Gathering information and data in form of 
empirical studies through visits to 
stakeholders to map the current state of the 
technologies and the current state of the 
production system. This is part of the data 
gathering phase but is presented separately 
for easier reading. 

4.4.1 Atlas Copco 

As a startup in the collaboration between 
LTU and Atlas Copco in the SIMS-project 
those involved from LTU, including 
myself, traveled to Atlas Copco’s 
production facility in Örebro where we met 
with representatives involved in the SIMS-
project. A meeting was first held where the 
two parts explained their assignment in the 

The	switch	from	diesel	to	battery	is…

Bad Good

I	think battery driven	machines are…

Dangerous	 Safe

Batteries	are	… than other propellants

More	expensive Cheaper

Batteries are…effective than other propellants
Less More
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SIMS-project and discussed Atlas Copco’s 
visions for the future about battery-
powered machines in mines. Later we 
looked at the battery and diesel-powered 
machines in the production and in the field 
to get some insight into how they work.  

4.4.2 Company Y visit 1 

Before the planned start of the project a 
visit to one of the mines involved in SIMS 
was done. The purpose was to get a rough 
understanding of how a mine is operated 
and to go down in the mine and see some 
operations first hand. First, a presentation 
of the company was held and then a 
general presentation of how the mine is 
operated. Later we went down in the mine 
and observed  

4.4.3 Company Y visit 2 

During the second visit to Company Y, I 
met with the coordinator for loading 
operations. First, an unstructured 
interview was held with him about the 
work process, maintenance and risks for 
operators of the LHDs. He answered what 
he could and gave me access to job 
descriptions and risk analysis.  We then 
walked around the workshop to look at the 
different types of LHDs they use. Later I 
was taken down to where LHDs were 
working and observed them in action and 
held unstructured interviewed operators.  

4.4.4 Company X 

During this visit, a presentation of the 
company and production was held by 
health and safety engineers. After that, they 
were interviewed about questions related 
to the current LHDs used in their mines. 
What they could not answer was 
forwarded to relevant personnel in the 
organization which in this case was 
operators of the machines and service 
personnel who work on the LHDs. Later 

access was granted to look through the 
work descriptions, risk analysis and 
checklist for loading with LHD. During the 
second day of the visit operators and 
service personnel were interviewed down 
in the mine to compliment the information 
gathering. Unstructured interviews were 
held with operators of diesel-powered 
LHDs. 

4.4.5 Benchmarking 

Besides Atlas Copco who are the only 
developers of battery-powered LHDs 
involved in the SIMS-project there are 
several more battery-powered LHD 
manufacturers around the world. Some of 
these companies were looked into. This 
was done to complement my knowledge of 
the technology and to see if there are any 
solutions that could help in making the 
technology more adoptable to the visited 
companies.  
 
News articles and information from mining 
machine manufactures websites were 
studied. Information that was considered 
relevant for further discussion later in the 
report is presented. 
 
4.5 EVALUATION AND 
ANALYSIS 

Risk and job analyzes of the battery-
powered systems in the mines were done to 
recommend what to take into account 
when implementing the system into the 
current production. 

4.5.1 Energy analysis 

Energy analysis is a method to identify 
hazards in the workplace using a technical 
system approach. 
 
The method builds on the energy model 
described in section 3.2.2. We have that 
which may be harmed, a person, 
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equipment, infrastructure or environment. 
Energies, something that can cause harm. 
Lastly, we have the barriers, which prevent 
harm from being caused (Harms-Ringdahl, 
2001; Harms-Ringdahl and Hammar, 
2004b; Akselsson, 2010). Energies come in 
many forms and Harms-Ringdahl (2013) 
provides a summary of different kinds, 
shown in Table 2. 
 
Also presented by Harms-Ringdahl (2013) 
is a checklist to help come up with ideas for 
countermeasures for the harmful energies. 
They are listed in Table 3. They are listed in 
a systematic order of what to try first.  
 
Further examples of barriers not mentioned 
by Harms-Ringdahl (Harms-Ringdahl, 
2001: Harms-Ringdahl, 2013: Harms-
Ringdahl and Hammar, 2004b) have been 
found in Hollnagel (1999). Some additional 
barriers are shown in Table 4.   
 
The theory of the energy model and the 
energy method was used to identify what 
new energies are introduced into the 
system with the new technology for the 
LHDs and what barriers exist already to 

prevent accidents. A thorough work 
through of the suggested procedure of the 
method was not done since there was not 
enough time to study the system in depth.  

1.	POTENTIAL	ENERGY
Person	at	a	height
Object	at	a	height	
Collapsing	 structure	
Handling,	 lifting

6. HEAT	&	COLD
Hot	or	cold	object
Liquid	 or	molten	substance
Steam	or	gas
Chemical	reaction
Condensed	 gas	(cooled)

2.	KINETIC	ENERGY
Moving	machine	part	
Flying	object,	 spray,	etc.	
Handled	material	
Vehicle

7.	FIRE	&	EXPLOSION
Flammable	substance
Explosive:	material,	dust,	gas,	or
steam
Chemical	reaction,	e.g.,	exothermic
combinations	 or	impurities

3.	ROTATIONAL	MOVEMENT	
Machine	part	
Power	transmission	
Roller/cylinder

8.	CHEMICAL	INFLUENCE
Poisonous
Corrosive
Asphyxiating
Contagious

4.	STORED	PRESSURE	
Gas,	steam	and	liquid	
Pressure	differences	
Coiled	 spring
Material	under	 tension

9.	RADIATION
Acoustic
Electromagnetic
Light,	incl.	infra	and	ultra	Ionised

5.	ELECTRIC
Voltage
Condenser	
Battery
Current	(inductive	storage	and	heating)
Magnetic	field

10.	MISCELLANEOUS
Human	movement
Static	load	on	an	operator
Sharp	edge
Danger	point,	 e.g.,	between	rotating	
rollers
Enclosed	 space

The	energy

1.	Eliminate	the	energy

2. Restrict	the	magnitude	of	the	energy

3.	Safer	alternative	solution	

4.	Prevent	the	build-up	of	an extreme	magnitude	of	energy

5.	Prevent	the	release of	energy

6.	Controlled	 reduction	of	energy

Separation

7.	Separate object	and	energy	in	time	or	in	space

8.	Safety	protection	on	 the	energy	source

Protection of	the	object

9.	Personal protective	equipment

10.	Limit the	consequences	when	an	accident	occurs

Table	3:	Checklist	of	counter	measures	to	take	to	make	barriers	
against	the	energies	(Adapted	from	Harms-Ringdahl,	2013) 

Table	2:	Different	types	of		energies	and	examples	of	
energies	(Adapted	from	Harms-Ringdahl,	(2013) 

Barrier

Regulations: Rules,	laws,	guidelines	and	prohibitions

Communication, internal	work

Indications	of	system	performance	or	condition:	Signs,	signals,	alarms	and	
symbols

Design	that	encourages	correct	use	

Table	 4:	 Some	 additional	 barriers	 (Retrieved	 from	
Hollnagel,	1999) 
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4.5.2 Deviation analysis 

Deviation analysis is a method to identify 
hazards in the workplace using a system 
approach. The aim of the method is to 
identify deviations from what is 
considered the norm that can cause an 
accident (Harms-Ringdahl, 2001; Harms-
Ringdahl and Hammar, 2004a; Osvalder et 
al, 2010).  
 
When conducting a deviation analysis 
information about the system to study 
needs to be gathered and then the system 
needs to be split into smaller parts, 
activities or operations that can be 
analyzed one by one (Osvalder et al, 2010).  
 
This risk analysis method was the one used 
by both visited mines and their analyzes 
were thoroughly studied to understand 
what the identified risks are with the 
current technologies and machines in the 
mines.  
 
Some differences in the methods of the two 
companies can be seen in the scale used to 
assess the risk can be seen. Company Y 
used the scale shown in Table 5. 

Company X used a slightly different 
method of scaling, shown in Table 6. 

 

The consequence, probability and risk 
factor is used like in company Y’s case but 
the same definition per value is used for 
consequence, probability and the risk 
factor. After consequence and probability 
were determined the average value of the 
two is the risk factor. 
 
Through analysis of the deviation analysis 
done by the companies, what risks that 
disappear with the new technologies are 
identified.  

4.5.3 Change in work content  

With the help of the information from all of 
the other methods, a thorough overview of 
the operator’s work content is achieved. 
How the work content is expected to 
change with the new technology as it works 
today, based on section 5.1.3, is described 
in text. 

4.5.4 CO2 emission calculation 

To evaluate how much CO2 is generated 
during the production of the electricity 
used to charge the battery the amount of 
CO2 per hour the battery machines are used 
was calculated. This was then compared 
with the CO2 per hour for the diesel 
machine. As mentioned there are many 
different sources of electric power 
production and here coal power was used 
since it is the biggest contributor to 
greenhouse gas emissions in electricity 
production and can be considered the 
worst case in the amount of emission. Wind 
power CO2 emission was used to calculate 
a best case scenario. 
 
4.6 PRESENT AND REPORT 

C	=	Consequence	 P	=	Probability	 R	=	Risk	factor =	C	x	P

1	= Negligible 1 =	Unlikely	 1-3	=	Acceptable	risk

2	= Considerable 2	=	Likely 4-6 =	Elevated	risk

3	=	Very	serious 3	=	Very common 9	=	Unacceptable risk

Table	5:	Company	Y	risk	scaling 

1	= No	or	acceptable	
risk

2 =	Some	risk 3	=	Serious risk

Table	6:	Company	X	risk	scaling 



	

	 26	

This phase focuses on the presentation of 
the project. There are two occasions 
planned where the work is to be presented 
and that is the mid-presentation and the 
final presentation. During this phase there 
is also a focus on the writing of the report 
because it needed to be turned in around 
the time of the presentations for a review 
by the opponents. 

4.6.1 Midterm 

During week 22 a midterm presentation 
was held with the students currently 
working on their thesis and with the 
respective supervisors present. Each 
student presented their work and the other 
students and supervisors commented on 
the presentation and report. 

4.6.2 Final 

During week 37 the final presentation was 
held. The execution was much like the 
midterm presentation. This time whoever, 
the examiner was also present and 
commented on the relevance of the work in 
terms of how it fulfills the requirements for 
industrial design engineering.  
 
4.7 METHOD DISCUSSION 

Unstructured interviews were fitting in this 
project because my knowledge of the 
context was limited going in. My aim 
during the visits was to get an overview of 
how the machines work and how they are 
used in the mine and the broad, few open 
questions gave a good result. Since I did not 
fully understand the new technology when 
visiting the mines, maybe I could have 
explained how safe the technology is better 
if the visits were conducted in a later phase. 
Nevertheless, it was interesting to get the 

initial prejudice of the technology instead 
of me coming there and try to sell them the 
technology. 
 
The benchmarking resulted in a lot of 
reading that did not make it onto paper. It, 
however, assisted me in finding relevant 
theories and an overall better overview of 
the technology and how it is used. The 
information presented in 5.1.4 is that which 
was deemed relevant for the stakeholders.  
 
The midterm presentation was very 
insightful because of the feedback from the 
other students. As they are working on 
similar projects and are progressing at the 
same rate as oneself and have roughly the 
same knowledge about the subject being 
studied a lot of good feedback is given and 
received. 
 
The evaluation methods have been difficult 
to use because the new technology is not 
yet widely adopted. Thankfully since the 
visited companies used one of the methods, 
the deviation analysis, for the current 
technologies it has been possible to identify 
the change in risks and hazards. The 
identification of new risks with battery 
driven LHDs will need further work when 
the technology is adopted. Combined with 
the complex knowledge Atlas Copco has of 
their technology it will hopefully assist 
them in what they need to do to test the 
technology which is the aim of work 
package 6.1. 
 
The deviation analysis information from 
the companies was very helpful in 
understanding the risks with operating 
LHDs. The focus on long-term effect was 
not included thoroughly so it was added. 
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5 Result  
A large part of this thesis has been to map the technologies and the production related to 
LHDs. The information related to the context of the current and future state of LHD 
technologies and the work environment they are used in is first presented in this chapter for 
easy overview which is the result of the interviews, observations and documented information 
received during the visits followed by the results of the focus group. Then the results of the 
energy analysis, deviation analysis and change in work content of the new technology is 
presented. Lastly the CO2 emission calculation is presented. 
 
 
5.1 CURRENT STATE 

Three different types of LHDs have been 
observed in use at either the visited mines 
or at Atlas Copco´s production facility. 
Though there are many different brands 
and models of LHDs there are three main 
ways to power the LHDs. These are by 
diesel, electric power or by battery and 
these three have been observed, operators 
have been interviewed and risk analysis 
and job descriptions performed by the 
companies were received. 

5.1.1 Diesel LHD 

This section is based on the interviews, 
observation and documents received at mine X 
if nothing else is indicated. 
 
In the studied mine where diesel LHDs was 
the standard type of machine a cut and fill 
mining method was used. After blasting is 
done in one of the stopes, the LHDs 
removes fragmented ore from the tunnel 
fronts and place it in hauler trucks which 
then transports the rock to the surface. The 
LHD used has a scoop capacity of 22440 kg. 
This is the main activity for the operators. 
Apart from operating the machine the 
operator has the responsibility to get out of 
the machine and continuously supervise 
the rock conditions and if there is need to 
water the rock to reduce dust. The LHD 
operators work two shifts, from around 

06:00-14:00 and 15:00-01:00. The machine 
stays down in the production stope during 
the breaks and the personnel is transported 
down by car. The machine is refueled after 
a workday.  
 
The detailed work process for the diesel 
LHD operators is described in Figure 12. 
 
The LHD work cycle starts after a blast is 
detonated. This is done once per day, 
usually at the end of the last shift of the day 
since the mine has to be emptied before a 
blast. Once the fumes from the blast are 
ventilated out the mucking can begin. At 
the start of a mucking cycle, the LHD 
operators are assigned a work order, a 
location to muck. Before the machine 
travels down to the stope the operator first 
has to make sure the machine is ok to drive. 
This is done before the first shift more 
thoroughly in the workshop and then again 
during the shift change down in the stope. 
When the operator arrives in the stope the 
blasted rock has to be watered to prevent 
dust when mucking. Lastly, before 
mucking can start the operator has to step 
out of the machine to visually control that 
the fragmented rock is ok. They check for 
undetonated explosives and boulders of an 
unwanted size. If these are detected they 
are dealt with by other employees 
dedicated to this specifically and then the 
mucking onto trucks can begin. Once a 
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truck is filled, that truck transports the load 
to the surface and a new truck arrives so 
the mucking can continue. 
 
The risks in this mine for health and safety 
of the operators of today’s LHDs have 
been identified and are constantly under 
improvement. The risks in focus are the 
ones that have been identified as 
frequently recurring and the ones with 
major consequences. The general risks that 
can affect anyone in the mine are caving, 
fires, ventilation problems and traffic. The 
risks related to operating the LHD 
machine is being hurled around in the 
cabin due to bad surface, collisions and 
strains on the body due to vibrations. In 
Appendix A all risks identified with the 
process are listed. The risk analysis is a 
deviation analysis that is performed 
internally by the company.  
 
The operators said that the experienced 
problems of operating a diesel LHD are 
being hurled around due to the bad 
surface and poor spring system in the 
machine and poor sight. Vibrations and 
noise are also things that the operators feel 
contribute to the strains on the body after 
a shift. All operators seemed skeptical to 
the new battery-powered LHD mostly 
because they don’t see how the switch 
would benefit the problems they have 
today, also the poor run time of the battery 
machine would be a problem in today´s 
production. That the new machine is 
windowless raised concern amongst the 
operators because of the poor air in the 
mine.  They feel that the improvements 
they wish to see are improving the cabin 
ergonomics. If Atlas Copco’s machines are 
better than the ones they use now they 
would be open to a switch. 
 
 
 

Figure	12:	Process	chart	for	LHDs 
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Svemin conduct annual reports on fires and 
fire incidents in mines in Sweden. In the 
latest report Svemin (2016) point out that 
the most common cause of fires is 
overheating in machines and vehicles. The 
fires can however not be linked to the diesel 
or diesel related components in the 
machines according to the representatives 
at company X. They believe the fires are 
caused by hydraulic fluids and other 
components of the machinery.   

5.1.2 Electric powered LHDs 

This section is based on the interviews, 
observations and documents acquired from 
Company Y if nothing other is indicated. 
 
At the Company Y a sub level caving 
mining method is used. Here the LHDs are 
either diesel-powered or electric-powered. 
The electric-powered alternative is the 
most used. The electric-powered LHDs run 
on diesel while traveling from the 
workshop to the producing stopes. The 
LHD connects a trailing cable at the 
entrance of the stope near the ore chute, 
where the LHD dumps the ore. A 
characteristic safety feature for Company Y 
is the routine for entering the stope. At the 
entrance, there is a separating beam and on 
the beam there is a phone number to the 
operator in the LHD. The routine says that 
no one should enter a stope if an LHD is 
mucking. If for some reason a supervisor or 
other service personnel have to enter the 
area that person can contact the LHD 
operator by dialing the number. The 
operator is then aware of the other 
employee and contact can be maintained 
while in the stope to reduce the risk of an 
accident.  
 
Once the LHD is connected to power grid it 
runs entirely on electric power. The 
machine then proceeds to drive out 
through the stope to a blasted tunnel where 

ore needs to be mucked. Once a scoop is 
filled the LHD backs up back to the chute 
and dumps the ore. The electric-powered 
LHDs used takes about 30 metric tons in 
one scoop. The cable is automatically 
retracted when backing up so that the cable 
always is tight and suspended in the air 
and not scraping on the floor. To protect the 
cable from scraping on the rock wall, 
however, wooden logs are placed at all 
corners so that the cable scrapes against the 
logs instead of the rock which prolongs the 
lifetime of the cable. Despite this 
countermeasure breaking cables are still 
one of the reoccurring failures of the 
operation. If a cable breaks a special truck 
has to come down to the stope that replaces 
the faulty cable which is time-consuming.  
 
Operators of the LHD work for about 1.5 
hours at a time before they are relieved for 
breaks. This is to reduce the prolonged 
exposure to the strains related to operating 
the machine. When being relieved the new 
operator drives or is driven down to the 
stope and the LHD to keep the machine 
from standing still. It takes about an hour 
for the LHD to travel to the workshop 
(where they are currently mucking). 
 
The risks for the operators have been 
identified and a full list of the risks is found 
in Appendix B. The risks are much like the 
ones identified in Company X. Falling rock, 
exposure to harmful particles and exhaust, 
collisions and failures in the electric cable 
system are the current risks. 
 
The operators have a number of activities 
to perform besides operating the machine. 
A checklist of the continuous maintenance 
and supervision of the machine and work 
environment is presented in Appendix C. 
Operations included are controlling that 
the beam at the stope entrance is working, 
controlling that all the protective logs are 
secured in place, making sure the 
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ventilation is working properly and 
controlling the safety features around the 
chute. Also controlling that all parts of the 
machine are working before the LHD is 
driven to the stope is included in the 
checklist. This includes checking that cable 
mechanics are working, checking oil levels 
and that safety equipment are in place, like 
the fire extinguishers.  
 
The operators said that they feel strains on 
neck and shoulder from working in the 
electric LHD. They believe it is due to the 
vibrations and the poor sight leading to 
many head turns. The chair is rotational but 
head turns still occur because it’s faster.  

5.1.3 Battery driven LHDs 

This section is based on the information 
acquired during the visit to Atlas Copco if 
nothing else is indicated. 
 
Today the battery-powered machines are 
about three times the price of the 
equivalent machine with diesel power. 
Atlas Copco buys complete battery and 
charging systems from a second part. It is a 
lithium iron phosphate battery developed 
by Artisan, model BP 165. It uses the 
Artisan Master service 65 for charging.  
 
The BP 165 Lithium iron phosphate battery 
poses no fire hazard according to Gravelle 
(2017). If cells fail, a nontoxic smoke is 
released. The batteries  are not combustible 
if a fire caused by other sources should 
indulge the battery. As Gravelle (2017) puts 
it, if the battery is indulged in flames it 
would burn similar to a piece of wood. The 
battery is 181.7×150.9×93.8 cm and weights 
3 tons.  
 
Some tests have been done at Atlas Copco 
with the new battery-powered machines 
with respect to the noise levels. The battery 
machine emanates about 80 dB for the 

operator in the cabin and that is for the 
windowless cabins which all battery-
powered machined have today. They are 
delivered windowless today because the 
mines that have bought them simply have 
no need for them. The noise emission from 
the diesel machines is measured to 80 dB 
inside the cabin for cabins with windows. 
Vibrations have not been measured yet but 
are believed to be roughly the same for the 
two types of machines. The heat emission 
from the battery-powered machines 
compared to a diesel-powered in the same 
production is 80% less.  
 
The performance of the battery-powered 
wheel loaders is very good in relation to its  
precursor. The battery-powered can 
outperform diesel-powered machines in 
most applications. Since the machines are a 
bit differently built the weight distribution 
in the machines are different, the battery-
powered is heavier in the back because of 
the battery so the operating experience is a 
bit different according to the operators that 
have tried both types of machines 
(interviews done by Atlas Copco). 
 
When designing the new machines AC did 
not design from scratch. The first prototype 
was created by basically removing every 
component related to diesel power and 
implementing the electric power 
components into the existing machines and 
design to keep the costs down and to easily 
be able to produce both types in their 
facilities without having to change too 
much. This was also done to easily test the 
new system and since it worked better than 
in theory this method of designing was 
continued to be used. 
 
The Scooptram ST7 first generation battery-
powered machine is the primary battery-
powered wheel loader Atlas Copco 
currently produces. It has, in normal use, 
between 4-6 hours of battery life and has 
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165kWhs of energy. It has the capacity to 
lift 6.8 tons per scoop. Atlas Copco’s 
concept for battery management is that two 
batteries are used, one is charging while the 
other is in use. A full charge takes about 1 
hour so there will always be a fully charged 
battery ready when the other runs low. The 
battery switch takes 10-15 minutes and is 
designed to be done with a 5 ton overhead 
crane. When charging such large and 
powerful batteries and also if charging 
many of these it’s important to not use a too 
high current, this will create great strain on 
the infrastructure.  
 
The batteries AC use have a lifetime of 
about 10 000 hours per battery. For the 
batteries used in the ST7, the batteries are 
declared none useable right after the dip as 
shown in Figure 13 the batteries draining 
speed will increase remarkably and the 
time between needing to charge will be too 
short. The wheel loader itself has a lifetime 
of about 15 000 hours for both battery-
powered and diesel-powered machines, 
with the two battery concept the combined 
lifetime of the batteries extend the lifetime 

of the machine parts in the LHDs studied in 
the visited mines. The diesel LHDs have a 
running time of about 10-12 hours during 
normal use before needing to refuel and 
hold about 190 liters in the tank.  

5.1.4 Benchmarking 

The machine manufacturer Komatsu have 
recently started testing a fully electric 
mining truck in Switzerland (IM 
international mining, 2017). The truck uses 
zero diesel during the roughly twenty trips 
it makes up and down the open mine pit 
each day. The truck generates electricity to 
the large battery in the truck on the 
downward trips into the extraction area.  
The energy is then used to power the truck 
when traveling back up.  
 
Artisan who develop the battery system 
used by Atlas Copco, take advantage of the 
energy generated when braking and use it 
to generate the battery in their own brand 
of battery LHDs. This is not possible with 
all diesel machines since there is no way to 
store that amount in any existing battery in 
the diesel machine. When braking with a 

Figure	13:	Lifetime	of	battery	used	by	Atlas	Copco	(E.	Svedlund,	personal	communication,	April) 
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diesel machine heat is generated (Gravelle, 
2017).  
 
Other chemistries then lithium iron 
phosphate could technically be used for 
LHDs. Lithium cobalt is most commonly 
used in Tesla cars and many personal 
computers. It is very energy dense meaning 
it has the most kWh per volume of cell 
which is favorable for applications like 
personal vehicles. The customer wants 
more kilometers per charge. This is also 
wanted in mining since battery life is an 
issue. Lithium cobalt, however, has a 
known fire hazard. There are known Tesla 
fires and dream liners going down because 
of battery malfunctions. They would not be 
suitable in mining applications because of 
this due to the severe consequences of a fire 
inside a mine. (Gravelle, 2017) 
 
Lithium titanate is another chemistry that 
artisan is looking into. It is a chemistry 
under development. It has the capacity to 
fast charge. It has the same fire safety as 
iron phosphate. It is currently very 
expensive. Fast charging could also cause 

large strain on infrastructure if charging a 
whole fleet. (Gravelle, 2017) 
 

5.2 FUTURE STATE 

Forecasts and predictions for the future of 
the technology in development, discussed 
during the visits, are presented below. 

5.2.1 Diesel LHDs 

Company Y has the vision of reducing the 
emission of CO2 by 12% per ton finished 
product by 2021. Today the CO2 emission 
is reported to 27 kg per finished product 
and Company Y say that the emissions 
have not reduced according to plan the 
latest years. Company Y also has the 
philosophy that all injuries and work-
related diseases can be prohibited.  

 

Year

Co
st
s

Figure	14:	Costs	of	diesel	compared	to	electric	power	(E.	Svedlund,	personal	communication,	April	6,	2017) 
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5.2.2 Battery driven LHDs 

The electric power vehicle industry is on 
the upswing at the moment. In a near 
future, electric power in vehicles is 
believed to surpass diesel power in terms 
of profitability to manufacture and operate. 
This is because the diesel prices are 
continually rising (mostly due to 
regulations against it) as the electric power 
is becoming more and more developed and 
in turn more profitable. The turning point 
is believed to be around 2025, electric 
power will then be more cost efficient in 
most vehicle applications (Morton, 2017; E. 
Svedlund, Personal communication, April 
6, 2017). As shown in Figure 14 the cost of 
diesel in underground mining applications 
has the same development curve but is 
higher than for instance the private car 
industry so the turning point for when 
electric power will surpass diesel 
underground will be sooner. This is just a 
prediction so when the turning point will 
come may vary from what is predicted 
today if significant breakthroughs are 
made in electric power technology for 

instance. Since the turning point definitely 
will be sooner for the mining industry 
which could be in just a couple of years, 
machine manufacturers like Atlas Copco 
are already to a high degree in the process 
of developing electric-powered solutions.  
 
Another reason why the electric power 
industry is highly prominent is that it’s 
flourishing at the moment, an illustration 
of the believed state of the prosperity is 
shown in Figure 15. The technology is 
rising at a rapid pace and improving the 
performance and competitiveness of 
electric power compared to other 
propellants.  
 
From a sustainability point of view, it is 
important to recycle or reuse the batteries 
when they no longer can be used in the 
wheel loaders. There is a term called 
second life when talking about batteries, 
this should and could be adapted by the 
mining companies using the battery-
powered machines in the future since there 
will be a high turnover of batteries in the 

Year

Figure	15:	S	curve	prediction	of	battery	power	(E.	Svedlund,	personal	communication,	April	6,	
2017) 
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mining industry compared to other 
technology using batteries.  
 
With battery-powered solutions for many 
different industries and applications 
expanding rapidly the demand for lithium 
will grow with it according to Wanger 
(2011). The need for recycling and reusing 
lithium from batteries is something that all 
industries extensively using batteries need 
to plan if the expected demand is to be met. 
 

5.3 FOCUS GROUP 

Here a summary of the discussion during 
the focus group is presented. 
 
Question 1: The overall view is that a 
switch is good because of the direct health 
effects for the operators and other workers 
inside the mine are expected to increase. 

 
Question 2: Many of the participants 
expressed concern with fire and explosion 
risks of batteries and draw parallels to 
documented accident with electric person 
vehicles and phone battery failures. They 
mention that lithium batteries are 
dangerous. Everyone was convinced that 
all lithium batteries would increase risk of 
fire and some of the participant where so 
sure of this they explained to the other how 
the risk would increase in detail 
 
Question 3: No relevant result. 
 
Question 4: No relevant result. 
 
5.4 ENERGY ANALYSIS 

Using the information in Table 2, existing 
and new energies could be identified. Table 

Table	7:	 Energy	analysis	on	battery	system,	green	energies	 indicate	
the	new	energies	with	that	come	with	the	new	technology 
1.	POTENTIAL	ENERGY
Falling rock	from	wall	or	from	scoop
Battery	on	traverse	

6. HEAT	&	COLD
Gas from	battery	released	if	cell	fails

2.	KINETIC	ENERGY
Moving	machine parts	on	machine
Other	vehicles

7.	FIRE	&	EXPLOSION
Undetonated	explosives
Fire	in	vehicle

3.	ROTATIONAL	MOVEMENT	 8.	CHEMICAL	INFLUENCE
Diesel emission	
NO	
Gas	as a	result	of	cell	failure

4.	STORED	PRESSURE	
Pressure build	 up	caused	by	cell	failure

9.	RADIATION
Radon	
Electromagnetic	

5.	ELECTRIC
Voltage
Current	from	electricity	central	(trailing	
cable)
Battery	

10.	MISCELLANEOUS
Vibrations	
Noise	
Shock	 and	bump
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7 shows the energies associated with LHD 
operations. The energies that are 
highlighted green indicate energies that 
will be added if battery-powered LHDs are 
introduced into the workplace. The other 
energies are energies that exist in the 
current state which will still exist with 
battery LHDs. 
 
Potential energies are falling rock from the 
rock wall and dropping rocks from the 
machine scoop. When handling the battery 
during the battery exchange the potential 
energy the battery possesses when on the 
overhead crane could harm operators and 
equipment.  
 
Kinetic energies are moving machine parts 
on the LHDs and other moving vehicles 
and machines in the mine. If the LHD 
collides with the wall or other machines, 
operators can be harmed and equipment 
can be damaged. 
 
Pressure builds up inside the battery pack 
if a cell fails or if the battery is damaged by 
falling rock for example. No toxic smoke 
builds up inside the battery which causes 
ventilation caps on the battery to open that 
let the gas out. The machine can be disabled 
if this occurs. 
 
Electric current through the machine 
caused by grounding failures and 
grounding errors in the trailing cable can 
cause harm to operators and damage the 
machine. This problem still exists but 
instead caused by errors in the battery. 
Coming in contact with live parts of the 
battery when handling it also can cause 
electrocution. 
 
Fires can be caused by undetonated 
explosives in the stope and, most 
commonly by overheating in machine 
parts.  
 

Diesel emission, CO2 and NO particles can 
have effects on operator’s health. 
 
Radon and electromagnetic radiation is 
present in mines and can have effects on 
health. 
 
When operating the machine harm to the 
operator and wearing on the machine is 
caused by vibrations and shocks and 
bumps while driving. 
 
5.5 DEVIATION ANALYSIS 

The acquired deviation analyzes are 
presented in Appendix A (company X) and 
Appendix B (company Y). A summary of 
the regular risks in the current state is also 
presented earlier in section 5.1.1 and 5.1.2 
respectively. The identified changes in 
deviations will first be presented in both 
visited mines. Lastly, the new deviations 
that can be expected with the battery 
system are presented.  

5.5.2 Change in deviation company X 

In this section how and why some of the 
deviations will disappear or change is 
described. Which deviations these are is 
visualized in appendix D and the text 
below will systematically go through the 
highlighted deviation in the order they 
appear in the appendix. Each deviation will 
be referred to by the “possible accident” 
column. 
 
Emission and particle exposure will 
drastically reduce for the operators of the 
LHD since the LHDs stand for a large 
portion of the emission in the current state. 
 
Collision with other vehicles, collision with 
person and traffic accident when traveling 
to the stope can increase with the battery 
LHD because it generates less noise than 
diesel-powered LHDs. 
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5.5.2 Change in deviation company Y 

In this section how and why some of the 
deviations will disappear or change is 
described. Which deviations these are is 
visualized in appendix E and the text below 
will systematically go through the 
highlighted deviation in the order they 
appear in the appendix. Each deviation will 
be referred to by the “risk” column. 
 
In this case, traffic accident can increase 
due to the reduction in noise. Also, collision 
in the stope might increase, not only 
because of the change in noise but because 
of the removal of the trailing cable.  
 
Doses of CO and NO will decrease greatly. 
 
Electrocution due to grounding failures is 
still a possibility but the attitude and 
consequence will change.   
 
A fire in the machine is still possible with 
the new LHDs but here the amplitude will 
also be different.  
 

The media and electric cable deviations will 
disappear. 

5.3.3 Deviation analysis of the battery 
system  

In Table 8 the new deviations found are 
listed. 
 
When performing the battery exchange the 
battery is lifted with an overhead crane. 
The potential energy the 3-tonne battery 
possesses can harm people and the 
machine if it is dropped or slammed into 
someone or something. There is a risk of 
electrocution when handling the battery 
during the exchange. This is if the safety 
routines are not followed or if the battery is 
damaged exposing conductive parts. The 
battery can fail as discussed in section 3.5.2. 
Thermal runaway and cell failure will not 
cause the battery to explode or catch fire. 
The battery could, however, be 
permanently damaged due to failure, 
leaving the machine incapable. The cooling 
system in the battery minimizes the risk of 
this happening and the BMS shuts off the 
battery if cell failure or thermal runaway is 

Nr. Operation Possible	
accident

Consequence	 Cause Existing	safeguard C P R

1.1 Battery	
change

Dropping	
battery

Injury	to	
person,	
damage	to	
machine

Faulty	
machinery		
missjudgment

3 1 1

1.2 Electrocution	 Injury	to	
person

Safety	rules	not	
followed	
properly

Damaged	
battery	system	

Routines	 for	shutting	of	power	
when	performing	 switch	and	built	
in	safeguards

First	responders	informed	about	
the	system

3 1 1

2.1 Battery Battery	
failure

Machine	
disabled

Over	charging	or	
discharging,	
thermal	run	
away

Cooling	systems	in	battery	pack,	
automatic	shut	off	 of	battery	if	
thermal	runaway	is	detected	to	
prevent	significant	damage.	

3 1 1

2.2 Fire	
fighting	

Electrocution Injury	to	
person	

Coming	 in	
contact	with	
exposed	 battery	
cells	to	to	damge

3 ? ?

Table	8:	Deviation	analysis	of	the		battery	system 
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detected to prevent significant damage. If 
there is a fire in the machine first 
responders risk getting electrocuted if they 
are not aware of the battery system. If they 
act as if it was a machine used in the current 
state, they could come in contact with 
conducting parts in the battery when it has 
been damaged. 
 
5.6 WORK CONTENT 

In what way the work content is expected 
to change is described in this section. In 
regards to the task for operators, service 
personnel and other operations related to 
LHDs in the production process. The 
changes will be described qualitatively in 
this section and will later be analyzed. 

5.6.1 From diesel to battery 

There will be no or very little difference in 
the work content for the operator when 
they are mucking if switching to battery 
power.  One thing that will change 
significantly is the fueling process for the 
diesel machines when instead using 
batteries. As described in section 5.1.1, the 
fueling is done at the end of the day 
meaning the diesel machine is in the stope 
during all the shifts. This is not possible for 
the battery-driven LHD which needs a 
battery exchange every 4-5 hours. The 
scoop capacity for the diesel machines used 
today are as mentioned 22 440 kg and the 
capacity of the Scooptram st7 is 6 800kg 
which means more machines would be 
needed to keep the same production 
volume.  
 
Tasks that will disappear are the 
maintenance of diesel engines and the 
diesel refueling of the machines. Tasks that 
will be added are the battery exchange, 
maintenance of the battery motor parts and 
surveillance of the battery performance. 

5.6.2 From Electric to battery 

First of all, what task that will disappear or 
change from the operator maintenance 
checklist can be identified. Appendix F 
illustrates which tasks. 
 
The tasks that will disappear in the 
checklist are the ones related to the trailing 
cable listed in Appendix F. These are the 
supervision of the trailing cable mechanics 
which has to be done before the start of the 
shifts. Since they are a big problem today, 
checking all the components is time-
consuming. The trailing cables often break 
even though the mechanics are frequently 
checked. 
 
As in the case of the diesel, there will be a 
huge difference in the fueling process here 
too. Described in 5.1.2, the LHDs are 
refueled after a work day to keep the truck 
in the production for the whole day. The 
Battery will need switching every 4-6 
hours. The problem with capacity would 
also arise in this case. The electric LHD 
used today has a capacity of about 30 000 
kg per scoop and the Scooptram st7 has a 
capacity of 6 800 kg. 
 
Tasks that will disappear when operating 
the LHD is first the continuous surveillance 
of trailing cable condition.  Constant 
supervision of protective logs is today 
needed and will disappear.  Trailing cable 
exchange if the cable breaks disappear as 
well and a truck no longer has to travel 
down to the stope from the workshop with 
a new cable. Diesel engine maintenance as 
in Company X’s case will also disappear. 
Tasks that will be added are the battery 
exchange, the battery performance 
supervision and the battery motor 
maintenance. 
 
  



	

	 38	

5.7 CO2 EMISSION 
CALCULATION 

Results from CO2 emission calculations are 
presented in Table 9.  
 
The capacity is the amount of kWh the 
battery has the capacity to hold for 
electric-powered and for diesel it is the 
Liter capacity. When using the lowest 
amount of kg CO2/kWh and kg CO2 / Liter 
the different sources generate, the kWh 
and Liter per hour the machine is in use 
could be calculated. How many kWh and 
Liters that is per hour is then calculated by 
dividing capacity by runtime. To find the 

sought after number, capacity is divided 
by runtime and that number is multiplied 
by emission. 
 

!"#"$%&'	
)*+&%,- ×/,%00%1+ 

 
An example of this with values from the 
electric power column follows. 
 

165	56ℎ	
4	ℎ × 0.05	5;	!<256ℎ = 2	5;	!<2

ℎ  

 

  

Electric	Power	
(Wind)

Electric	power	
(Coal)

Diesel

Capacity 165	kWh 165	kWh 190	Liter

Run	time 4	h 4	h 10	h

Emission 0.05 kg	CO2 /kWh 1.3	kg	CO2 /	kWh 2,7	kg	CO2 /	L

41	kWh /	h 41	kWh	/	h 19	L	/	h

2 Kg	CO2 /	h 53	kg	CO2 /	h 51	kg	CO2 /	h

Table	9:	CO2	emission	calculation 
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6 Analysis 
Here the results of the thesis are analyzed using the theoretical framework and method 
theories. Three themes inspired by the research questions and theoretical framework were 
identified and used to structure the chapter. 
 
 
6.1 SAFETY AND RISK 

The new LHDs generate less noise than the 
old machines. Why the accidents might 
increase is not because the machines are too 
silent to hear coming. Operators might 
make mistakes due to previous knowledge 
as Reason (1990) describes them. Because 
the personnel working in the stopes are 
used to the amount of noise the machines 
make today they might not recognize the 
new noise and noise level as a large LHD 
which has a limited field of view. In 
Company Y the removal of the trailing 
cable, which earlier could be an indicator of 
where the LHD is located inside the stope 
may pose as a cause of mistakes being 
made. This risk is small because of the other 
safety measures that are in place like the 
gate and the routine in place where the car 
driving into the stope contacts the LHD 
operator when entering. If more battery 
LHDs are used than the amount of diesel 
and electric LHDs to match the ore 
production risks for accidents might also 
increase. 
 
The amplitude of the damage and harm 
due to grounding failure in the machine 
will change because there is a different 
voltage in the machine than in the power 
source for the trailing cable. How much it 
will change need to be looked into, to 
ensure the safety of the operators. This is, 
in Hollmotz (2013) model the vehicle level. 
The machine needs to be designed so that 
no harm comes to the operator if a failure 
occurs. 
 

First responders need to be informed about 
the battery LHDs. This is an important part 
of the safety model described by Hollmotz 
(2013). If the battery pack is damaged it 
could put first responders in risk of injury 
or death through electrocution depending 
on the severity of the damage to the battery. 
 
Even though the redirected emission from 
coal-based electricity can be roughly the 
same as the emission per hour from the 
equivalent diesel LHD the battery-
powered LHDs will reduce the ventilation 
need greatly. This will in turn reduce the 
overall electricity need in the mine which 
then in turn reduce the emission from the 
electricity production the mine contributes 
to. Overall the risk of damaging the 
environment can be expected to decrease.  
 
6.2 WORK CONTENT 

One thing that both operators and the 
management mentioned at both the visited 
mines is that the decrease in operation time 
between charges with the battery-powered 
LHD is a concern. Company Y said it takes 
about one hour for the LHD to drive to the 
stope today. This will cause significant 
problems for the battery system since a full 
charge only lasts 4-5 hours. If the LHD will 
have to make a two-hour trip every time 
the battery is out. It will have to drive back 
and forth for about half the workday 
leaving very little time left to do actual 
work.  With the diesel and electric-powered 
LHDs, both mines usually have the 
machines running through all shifts of the 
day without having to refuel. The large 
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difference in scoop capacity will also create 
problems for the production. The diesel 
machine can lift 3 times as much ore in one 
scoop than the battery machine and the 
electric LHD can lift roughly 4 times as 
much. More machines are needed to match 
the production capacity the companies 
have today. 
 
For the operators of the current LHDs, the 
actual operating of the machine will not 
change remarkably. Worth pointing out, 
however, is that the machines used in the 
studied mines are made by other 
manufacturers than Atlas Copco. Atlas 
Copco’s battery machine is very similar to 
operate to their diesel machine so the 
training to operate it would not differ much 
from other cases where the companies have 
switch manufacturer before. The skill, as 
described by Helgeson et al (1979), needed 
to operate the new machines is not higher 
than with the old machines. When 
removing the trailing cable, the 
responsibility in terms of risk for economic 
loss, also described by Helgeson et al 
(1979), will decrease. Today the operator is 
responsible for making sure the protective 
logs are correctly placed and always have 
continuous supervision of this throughout 
the shift. If not aware at all times, the 
inattention will increase the risk of the 
cables breaking. With the battery machines, 
the BMS surveys the performance of the 
battery and acts automatically if something 
is wrong.  
 
There will be a need for extensive new 
training for the service personnel. 
Everything related to the battery and 
electric motor in the battery LHD will be 
new to the personnel working with service 
of the diesel LHDs. For the current service 
personnel, the work can be described as 
craftsmanship when performing 
maintenance (Helgeson et al, 1979). With 
the battery system in place it is more 

towards control work, analyzing the 
batteries performance. The service for the 
remaining components in the machine will 
still be a craftsmanship. 
 
 
6.3 SOCIAL ACCEPTANCE AND 
ATTRACTIVENESS 

The interviewed operators, HRS engineers 
and students from the focus groups all 
believe that batteries in underground 
applications will increase or amplify the 
consequences of a fire. Artisan who 
develops the battery in question says that 
there is no elevation of the consequence 
even if the battery is indulged in flames 
caused by something else. There is an 
obvious miss here in the consumers 
understanding of the safety of the battery 
type. The concerns the interviewed people 
expressed are related to other chemistries 
than lithium iron phosphate. 
 
It seems that there is no working 
alternative chemistry for the LHD batteries. 
Grevelle (2017) mentions one chemistry 
that is currently under consideration as an 
alternative but not yet fully developed. 
This implies that they are nearing the take-
off phase of s-curve. Many companies like 
the ones studied are not willing to sacrifies 
productivity of the LHDs at this point in 
time. Like the diffusion of invention theory 
says (Rogers, 2010), I would say the 
innovation is only being adopted by the 
innovators. To get the early adopters to 
start using technology they need to see the 
innovators using it and working. If the 
innovators are using it in a way that will 
not work for them the early adopters are 
not interested. Also since the mines 
currently using battery power only have 
had them for a few years the technology 
might not be regarded as safe. This is also 
confirmed by what the interviewed 
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engineers said, what they know about the 
fire risk of the batteries.   
 
The positive effects on the environment 
will be well received well by the 
surrounding society, the community 
acceptance as Wüstenhagen, Wolsink, and 
Bürer (2007) mention. The new technology 
will mean new and different job 
opportunities that may attract new 
workers. The SLO as described by 
Provasnek (2017) will also increase when 
the society is more pleased with the way 
mining affects them. Underground mining 
itself is towards the established corner in 
Provasneks graph. It is in general eco-
stagnation but has a high SLO because, in 
most cases, it is a big employer in the 
community. If the effects on the 
environment are more positive, it means 
the vertical axis goes more towards eco-
innovation and towards the sustainability-
oriented corner of the graph 
 
Atlas Copco believes that the technology of 
battery-powered LHDs is somewhere in 
the middle of the s-curve, meaning it is still 
in the growth process of the curve. This 
ensures them that the invested funds in 
terms of money and man-hours that they 
are putting into increasing the performance 

of the technology will be worth it in the 
long run. 
 
From the interviews and the focus group, 
the overall picture of the new technology 
seems to be negative. The reason being the 
presumed risks related to the technology. 
None of the interviewed subjects have 
knowledge of the battery technology and 
are convinced it will increase the 
consequences in the event of a fire.  
 
The interviewed operators of the current 
LHDs don´t share the view of where the 
need for change is coming from. The SIMS 
project aims are part of the long-term goal 
to strengthen European competitiveness by 
contributing to lower production cost, 
minimized environmental impact, 
minimized mining waste, maximizing 
automation and making mines a safer and 
more attractive workplace. The operators 
as they put it, would rather see an 
improvement of the cabin ergonomics 
(mentioned in 5.1.1). The operators didn’t 
have knowledge of SIMS and are therefore 
don’t feal that the switch from diesel to 
battery would benefit them remarkably.  
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7. Discussion  
This section will discuss the relevance of the work, reflections on the results and then discuss 
how the project objectives and aims have been met. After that, how the research questions 
have been answered is presented followed by the final recommendations.  
 
 
7.1 CONCLUSIONS 

A switch to battery power in Company X 
can be realized without making too many 
changes in the production. The diesel and 
battery LHDs are similar to operate. Some 
effective time would be lost because of the 
battery exchanges but since it is a smaller 
mine, it is closer from the stope to the 
workshop. The battery exchange could 
then be made during brakes without losing 
too much effective time.  
 
A switch to battery power in Company Y 
would be beneficial but only if the battery 
switch could be made possible at the stope 
entrance. Time would be saved by 
removing the operations involving the 
trailing cable. With the cables today being 
a huge problem when brakeing and time 
consuming when they need to be replaced. 
 
In both cases the health and safety in the 
mines will improve at the expense of 
production volume.  
 
7.2 RELEVANCE 

Insight into how the LHDs are used today 
has been achieved and what risks are 
related to them have been identified. This 
will give support for the further work that 
is to be done in the SIMS-project by Atlas 
Copco and LTU. 
 

 

 

7.3 REFLECTION 

When talking about hazards and batteries, 
as with any other power system all things 
have risks. I would like to point out that the 
word dangerous and dangers with 
batteries is condescending to the industry. 
Batteries with different chemistries have 
different dangers and different ways to 
prevent these dangers, it´s about managing 
the risks and when choosing a battery for a 
system it´s not about choosing the least 
dangerous battery. It´s about identifying 
the risks with the different batteries and 
managing those risks to a point where you 
feel comfortable with those risks and how 
you work to prevent them. The lithium iron 
phosphate was reasonably chosen in 
mining applications because an increase in 
fire hazards is not a risk that mining 
companies deem manageable. 
 
The aim of the SIMS project is to strive 
towards lower production cost, minimized 
environmental impact, minimized mining 
waste, maximizing automation and 
making mines a safer and more attractive 
workplace. And Johansson and Johansson 
(2014) mention, it is important to strive in 
this direction, to have a long-term goal. The 
problem in this particular case is where the 
need for development is coming from. The 
operators don’t see the need for this 
change. They would rather improve the 
physical work environment like improving 
the ergonomics inside the cabin. 
 
Is there a way to get the battery to the 
machine to avoid the drive from the stope 
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to the garage where the only suitable place 
is to have the charging system? Atlas 
Copco mentioned that a forklift could be 
used to exchange the battery if small 
adjustments are made to the design. A 
forklift could not travel around inside the 
mine. Perhaps a larger machine can act as a 
forklift or overhead crane to do the 
exchange on site. If this is possible would 
other factors pose problems, like the 
limited illumination or temperature? Is it a 
favorable environment to store the 
batteries? If possible maybe the batteries 
even could be charged while still in the 
machine down on site if the existing power 
sourced could be modified so that the 
charging stations could be placed where 
the trailing cables are connected today. 
 
The reduction in temperature will be 
noticeable if a large number of diesel-
powered machines disappear. Will this 
make it to cold inside the already cool 
Swedish mines? If so the need to heat up 
the air going down into the mines might be 
needed and this will increase costs.  
 
In Swedish mines, the climate in the mines 
sustains a relatively low temperature. This 
makes Swedish mines a favorable climate 
to use battery systems in since lithium 
batteries run a higher risk to fail in a too 
cold or a too hot environment.  
 
The technology described by IM 
international mining (2017) used by 
Komatsu is not something that will be 
applicable in either of the studied mines. 
The machines do not travel long enough 
distances with incline downward to 
generate energy to power the machine 
throughout the whole work day. In the 
stopes in Company Y, with the electric 
cable machines, there is no change in 
altitude on the level. In Company X there 
sometimes is because of the mining 
method, cut and fill. The tunnel systems 

can vary quite a lot but the machines rarely 
travel long distances because the truck the 
fragmented ore is loaded onto parks close 
to where the fragmented ore is for faster 
loading. 
 
7.4 PROJECT OBJECTIVE AND 
AIM 

The objective of this thesis is to assess if the 
integration of the technology into the 
current work environment is plausible by 
analyzing what happens if the new 
technology is introduced into the current 
production.  
 
The aim of this thesis is to map the current 
state of the production and the 
technologies through interviews and 
observation. Also to perform work and risk 
analysis of the battery-driven wheel 
loaders into current production systems 
and evaluate the potential effect on 
employees, the work environment, the 
environment and the sustainability of 
mining. 
 
The objectives and aims have been fulfilled 
by thoroughly mapping the production 
related to LHDs by visiting two different 
underground mines and Atlas Copco to 
obtain all the information needed for me to 
fully understand the current and future 
state.  
 
Relevant methods were used to evaluate 
the new technology in the current state and 
relevant theories were studied which were 
used as a basis to analyze the results and 
describe the changes in risks and work 
content. 
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7.5 RESEARCH QUESTIONS 

§ Risk analysis: What Health effects can 
be expected? How will the new 
technology affect the risk for accidents 
and injuries? 

 
Long and short term effects on health 
related to diesel will decrease significantly 
if diesel is removed from LHDs in both the 
studied mines. Removing the diesel from 
LHDs will not entirely remove diesel in the 
mines but the LHDs make up a large part 
of the diesel used so effects on operator’s 
health will improve. New risks with the 
battery system are confined to handling of 
the battery when performing charging, 
battery exchange and maintenance due to 
the risk of electrocution if routines are not 
followed. The risks of injury to persons 
operating the machine will still exist, injury 
through shocks and bumps. The risk of fire 
might decrease if the temperature in the 
mine can be reduced since the main cause 
of fires in machines today is because of 
overheating. The consequence of a fire in 
the machines will also decrease since the 
added parts are considered safe if indulged 
by flames. The risk for first responders 
could be increased due to the risk of 
electrocution in damaged batteries. 

 
§ Job analysis: How will the work content 

change? 
 
The operating of the machine will not 
change significantly. A lot of the 
surrounding tasks the operators have 
today will however change or disappear 
like the tasks related to the trailing cables in 
mine Y. The work content for the service 

personnel will change significantly. The 
new technology brings a whole new type of 
components and machinery. Production 
planning will change because of the need 
for constant battery exchange which will be 
more frequently than when refueling diesel 
machines. The capacity per machine will 
decrease significantly, more machines are 
needed to match the ore production in the 
current state which means a large initial 
investment. The battery machines cost 
about 3 times more than the corresponding 
diesel machine. 
 
§ Sustainability: Will the new technology 

make the work more attractive and 
what effects will the technology have 
on the social license to operate?  

 
The new technology will not change the 
content of work for the operators in an 
extraordinary way so the attractiveness in 
terms of qualification will not increase. For 
the service personnel, it might. As Lööw, 
Johansson, and Andersson (2016) point out, 
an attractive workplace has to be safe and 
healthy. The conclusions from the risk 
assessments suggest that the overall safety 
and health inside the mines would benefit 
from a switch from diesel to battery power. 
 
The theories suggest that an investment 
into eco-innovations would increase the 
acceptance from the society by decreasing 
the negative effects on the environment 
and also since mines employ a majority of 
the inhabitants in mining community’s the 
overall health of the community can be 
expected to improve thus improving the 
social license to mine. 
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7.6 RECOMMENDATIONS FOR 
FURTHER WORK 

Atlas Copco are emphasizing that the 
switch to battery power will drastically 
reduce ventilation cost. My findings show 
that to make the technology more attractive 
to the consumer they also need to 
emphasize the fire safety of the battery 
system used in their machines and develop 
the technology so that it can be 
implemented without affecting the 
productivity in the mine in a negative way. 
 
To make the battery system possible in 
today’s production, a way to perform the 
battery switch closer to the stopes needs to 
be devised.  
 
To reach the near future restriction limits 
from the European Commission, for the 
amount of diesel-related particles in the air 

inside the mine, battery power is a good 
solution.  
 
Involving the operators in the projects of 
SIMS is necessary to help them understand 
the benefits it will have on them directly. 
Also including the immediate needs of 
improvements that the LHD operators feel 
are important will increase the acceptance 
of the SIMS projects.  
 
The initial cost of switching to battery 
needs to be looked into. As mentioned, 
there will be a need for more battery 
machines than diesel or electric machines 
to match the ore production in the current 
state. 
 
By doing these things Atlas Copco and the 
stakeholder mines come closer to being 
able to realize the switch from diesel to 
battery power underground. 
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Appendix A: Deviation analysis loading Company X 
Deviation analysis performed by Company X. Nr. 10.1 and 10.2 was added in this thesis. 
 

Nr.	 Operation	 Possible	accident	 Cause	 Existing	
safeguard	

C	 P	 R	 Countermeasure		

1.1	 Supervision	of	
machine	before	
work	

Pinching	of	limbs		 Hatch	for	oil	refill.	machine	
door		

		 2	 2	 1	 		

1.2	 		 Slipping	and	tripping	 Messy	workplace	and	
leakage	

	 2	 2	 1	 		

2.1	 Loading	 Emission	and	particle	
exposure	

Bad	ventilation	 Cabin	filter	 3-
4	

1	 1	 	

2.2	 	 Spill	and	leakage	 Faulty	machinery.	Leaking	
component				

	 2	 3	 2	 	

2.3	 	 Falling	rock	 non	scaled	areas	 	 4	 2	 2	 Continuous	supervision		

2.4	 	 Detonation	 Undetonated	explosives	 	 4	 1	 1	 	

3.	 Irrigation	of	rock		 Collision	with	rock	
wall	

Mist/condensation	on	
mirrors	and	windows	

Rear	camera	
and	heat	on	
mirrors	

2	 2	 1	 	
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4.	 Visual	control	of	
rock	after	
irrigation		

Slipping	and	tripping	 Slippery	after	watering.	
Uneven	bedding.	

	 2	 2	 1	 	

5.1	 Reversing	with	
machine	

Collision	with	other	
vehicle		

Lack	in	communication	 	 3	 2	 2	 	

5.2	 	 Collision	with	rock	
wall	

Misjudgment	 	 2	 2	 1	 	

5.3	 	 Collision	with	person	 Lack	in	communication	 	 4	 1	 1	 	

6.1	 Tipping	load	into	
truck	

Injury	by	shock	and	
bump	(on	LHD	
operator)	

Bad	sight.	Dropping	rock	on	
cabin.	Missing	truck		

	 2	 2	 1	 	

6.2	 	 Tipping	LHD	 Dropping	rock	while	
machine	is	tilted		

	 4	 1	 1	 	

6.3	 	 Tipping	haul	truck	 Scoop	not	completely	out	of	
bucket	when	reversing		

	 2-
3	

2	 1	 	

7.	 Clearing	floor	of	
the	loading	area	

Injury	by	shock	and	
bump	(on	LHD	
operator)	

Scoop	bumps	into	wall	or	on	
the	floor	surface	

	 2	 2	 1	 	

8.	 Driving	back	for	
next	scoop	

Injury	by	shock	and	
bump	(on	LHD	
operator)	

rock	dropped	from	last	
scoop	makes	surface	
uneven	

	 2	 2	 1	 	

9.1	 Irrigation	of	rock	if	
need	again	

Slipping	and	tripping	 Slippery	after	watering.	
Uneven	bedding.	

	 2	 2	 1	 	
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9.2	 	 Shock/bump	 Hose	releases	from	
temporary	attachment	

	 2	 4	 1	 Mounted	spraying	nozzles	

10.1	 LHD	(Long	term)	 Cancer,	black	lung	 Prolonged	exposure	to	diesel	
exhaust	

	Particle	filters	 3	 2	 3	 	Continuous	measuring	of	
particle	levels	to	ensure	
acceptable	levels			

10.2	 	 Hearing	loss	 Prolonged	exposure	to	noice	 Ear	protection	 3	 2	 3	 	
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Appendix B: Deviation analysis manual loading Company Y 
Deviation analysis performed by Company Y 
 
Nr.	 Operation/area	 Risk		 Consequence	 C	 P	 R	 Countermeasure	

1.	 Travel	to	workplace	 Traffic	accident	with	
person	car	

Injury	to	person	 3	 1	 3	 	

2.	 Break	room		 Messy,	risk	for	illness	 Illness	(injury	to	person),	
discomfort		

2	 2	 4	 5s,	schedule	cleaning		

3.	 Break	room	 Mold	 Health	risk	 2	 1	 2	 Renovate	or	replace	when	
mold	occurs	

4.	 Stope	 Falling	rock	 Injury	to	person	 3	 1	 3	 Routines	in	place	
5.	 Stope	 Fire	in	transformer	 Injury	to	person	 3	 1	 3	 	
6.	 Stope	 High	doses	of	CO,	NO,	

radon	and	ammoniac		
Health	risk,	injury	to	person	 3	 2	 6	 Routines	in	place,	use	gas	

indicators,	regularly	scheduled	
measuring	of	radon,	personal	
radon	indicators	

7.	 Stope	 Open	chute/ore	
passes,	possible	to	fall	
in	

Injury	to	person	 3	 1	 3	 Use	shut	off	chain		

8.	 Stope		 Collision	between	
loader	and	other	
vehicles	if	other	
vehicles	are	in	stope	

Injury	to	person	 3	 1	 3	 Use	gate	or	chain,	contact	
operator	of	the	loader	if	
entering	stope	

9.	 Loader	 Electrical	current	
through	machine	due	
to	grounding	failure	

Injury	to	person	 3	 1	 3	 Continuously	check	if	
grounding	mechanisms	are	
intact		
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10.	 Loader	 Slipping	risk	due	to	oily	
machine	

Injury	to	person	 3	 1	 3	 Rinse	off	machine,	anti-slip	
strips	on	steps,	daily	
supervision,	5s	

11.	 Loader	 Fire	in	machine		 Injury	to	person,	health	risk	
due	to	smoke	

3	 1	 3	 Fire	training	is	included	in	
loading	operation	training,	
current	escape	paths	are	
updated	

12.	 Loader	 Contact	with	wall		 Injury	to	person	 3	 1	 3	 Use	seat	belt	
13.	 Loader	 Driving	over	big	rocks	 Injury	to	person	 3	 1	 3	 Awareness	and	attention	when	

driving,	maintenance	of	roads,	
use	seat	belt		

14.	 Loader	 Poor	ergonomics	in	
seat	

Strain	injury	 2	 2	 4	 Develop	better	seats,	
preventive	body	care	

15.	 Oil	container	 Fire	in	oil	container,	
confined	by	smoke	

Injury	to	person,	health	risk	
due	to	smoke	

3	 1	 3	 Keep	clean	around	it	

16.	 Media	 Faulty	power	central,	 Injury	to	person	 2	 2	 4	 Order	repair	or	disassembly		
17.	 Media	 Electrical	current	in	

hanging	cables	
Injury	to	person	 3	 1	 3	 Order	fix		

18.	 Electric	cable	 Grounding	error,	fire	
hazard	

No	power	to	machine	and	risk	
of	fire	and	injury	to	person	

2	 2	 4	 If	grounding	error	alarm	
occurs,	contact	cable	repair	

19.	 Stope	floor	 Explosives	left	 Injury	to	person	and	machine	 3	 1	 3	 Visual	control	before	loading	
that	no	undetonated	
explosives	are	present	

20.	 Loading	 Working	alone	 No	direct	help	if	something	
happens	

1	 3	 3	 	
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Appendix C: Operator maintenance checklist Company Y 
Nr	 Area	/	Machine	part	 Details		 Comments		
1	 Stope	entrance	 § Beam:	Machine	nr.	and	“loading	underway”	signs	are	available,	lighting,	

emergency	crack	for	beam	
§ Chain	roller	is	available	and	working	
§ Control	gas	levels	with	gas	level	meter		

Use	chain	roller	if	beam	is	out	of	
order	

2	 Cable	protection	 § Logs	are	in	place	and	secured	in	place	
§ Rinse	out	rock	from	in	between	logs	
§ Inspect	logs	for	the	entire	path	that	is	to	be	used	

Order	new	logs	if	needed	
Order	removal	of	bad	logs	if	needed	

3	 Media	 § Supply	of	air	is	on	
§ Ventilation	is	on	
§ Fan	fabric	properly	hung,	no	holes	in	fabric	
§ Fabric	properly	connected	to	fan	motor	
§ All	electricity	centrals	are	intact	and	working		
§ Order	disassembly	of	media	to	close	to	blast	areas	

	

4	 Shaft	 § Wall	and	screen	around	shaft	available	
§ Shaft	nr	marked	and	lighting	is	working	
§ Barrier	chain	is	available	
§ Shaft	wall	rinsed	and	shaft	open		

	

	 LHD	 	 	
5	 Central	lubrication	 § Refill	lubrication	 	
6	 Cable	reel	 § Check	that	cable	reel	is	free	from	obstacles	

§ Wash	cable	reel	and	oil	cooler	ones	a	week	or	if	necessary		
§ 	

Power	turned	off	for	inspections	

7	 Lubricate	cable	
mechanics		

§ One’s	a	week		 Power	turned	off	for	inspections	

8	 Tail		 § Beacon	rod	visible	from	cabin	
§ Lock	for	tail	splitter	in	place	
§ Control	of	wear	

Power	turned	off	for	inspections	
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§ Tail	movable		
9	 Cable	lock	 § Cable	lock	intact	

§ Chains	on	cable	lock	intact	
§ Make	sure	that	cable	lock	is	not	wearing	the	cable	
§ Electricity	central	intact	

	

10	 Scoop		 § Check	for	cracks		
§ Check	for	wear		
§ Check	for	dents		

	

11	 Lifting	assembly	 § Cracks	
§ Bucket	heels	are	fine	and	even	

	

12	 Tires	and	rim	 § Steps	are	whole	and	free	from	rock	
§ Mudguard	whole	
§ Fire	extinguishers		

- Inspection	date	ok	
- Control	pressure		
- Control	sealing	
- Securely	fastened	and	whole	
- One’s	a	week,	turn	upside	down	and	shake	to	loosen	powder	

§ Check	for	tire	or	rim	damage	
§ Water	leakage	
§ Rim	bolts	
§ Oil	leakage	

	

	

13	 Machine	waist	right	 § Check	brake	oil,	hydraulic	oil	and	gearbox	oil	levels	
§ Clean	camera	
§ Check	fan	filters	
§ Check	for	oil	leaks	
§ Lubrication	of	steering	cylinder	

	

14	 Machine	waist	left	 § Countershaft	fixings,	no	bolts	missing	and	fastened	
§ Lubrication	of	steering	cylinder	
§ Check	for	oil	leaks		

	

15	 Fire	extinguisher	
system	

§ Manuel	trigger	(on	outside),	securing	pin	in	place	 	
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§ Automatic	trigger	(in	cabin)	sealing	unbroken,	only	green	light	should	be	lit	
when	running	normally	

§ Press	test	button	to	see	if	system	is	working	
16	 Cabin		 § Handel	and	steps	are	whole	

§ Cabin	is	clean	
§ Windows	whole	and	clean	

	

	 Control	after	start		 	 	
17	 Instruments	

/warning	lamps	
§ Turn	on	comradio	
§ Set	the	scoop	scale	
§ Control	all	meters	and	warning	lamps	on	display	
§ Function	test	of	emergency	stop		

	

18	 Oil	leakage	 § Oil	leakage	control	after	start	 	
19	 Scoop	hydraulics	 § Oil	leakage		

§ Lubrication	supply	
§ Bucket	heels	

	

20	 Outer	emergency	
stop	

§ Function	test	 	

21	 Break	test	 § Function	test	 	
22	 Gearbox	oil	 § Gearbox	oil	levels,	controlled	on	right	waist	 	
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Appendix D: Change in deviation analysis Company X 
Red means the deviation is removed subject to the technology change and yellow means the deviation still exists but changes someway due to 
the technology change. Yellow rows are further explained in section 5.5. 
 

Nr.	 Operation	 Possible	accident	 Cause	 Existing	
safeguard	

C	 P	 R	 Countermeasure		

1.1	 Supervision	of	
machine	before	
work	

Pinching	of	limbs		 Hatch	for	oil	refill.	machine	
door		

		 2	 2	 1	 		

1.2	 		 Slipping	and	tripping	 Messy	workplace	and	leakage	 	 2	 2	 1	 		

2.1	 Loading	 Emission	and	particle	
exposure	

Bad	ventilation	 Cabin	filter	 3-
4	

1	 1	 	

2.2	 	 Spill	and	leakage	 Faulty	machinery.	Leaking	
component				

	 2	 3	 2	 	

2.3	 	 Falling	rock	 non	scaled	areas	 	 4	 2	 2	 Continuous	supervision		

2.4	 	 Detonation	 Undetonated	explosives	 	 4	 1	 1	 	

3.	 Irrigation	of	rock		 Collision	with	rock	wall	 Mist/condensation	on	mirrors	
and	windows	

Rear	camera	and	
heat	on	mirrors	

2	 2	 1	 	

4.	 Visual	control	of	
rock	after	irrigation		

Slipping	and	tripping	 Slippery	after	watering.	
Uneven	bedding.	

	 2	 2	 1	 	
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5.1	 Reversing	with	
machine	

Collision	with	other	
vehicle		

Lack	in	communication	 	 3	 2	 2	 	

5.2	 	 Collision	with	rock	wall	 Misjudgment	 	 2	 2	 1	 	

5.3	 	 Collision	with	person	 Lack	in	communication	 	 4	 1	 1	 	

6.1	 Tipping	load	into	
truck	

Injury	by	shock	and	
bump	(on	LHD	
operator)	

Bad	sight.	Dropping	rock	on	
cabin.	Missing	truck		

	 2	 2	 1	 	

6.2	 	 Tipping	LHD	 Dropping	rock	while	machine	
is	tilted		

	 4	 1	 1	 	

6.3	 	 Tipping	haul	truck	 Scoop	not	completely	out	of	
bucket	when	reversing		

	 2-
3	

2	 1	 	

7.	 Clearing	floor	of	the	
loading	area	

Injury	by	shock	and	
bump	(on	LHD	
operator)	

Scoop	bumps	into	wall	or	on	
the	floor	surface	

	 2	 2	 1	 	

8.	 Driving	back	for	
next	scoop	

Injury	by	shock	and	
bump	(on	LHD	
operator)	

rock	dropped	from	last	scoop	
makes	surface	uneven	

	 2	 2	 1	 	

9.1	 Irrigation	of	rock	if	
need	again	

Slipping	and	tripping	 Slippery	after	watering.	
Uneven	bedding.	

	 2	 2	 1	 	

9.2	 	 Shock/bump	 Hose	releases	from	temporary	
attachment	

	 2	 4	 1	 Mounted	spraying	nozzles	

10.1	 LHD	(Long	term)	 Cancer,	black	lung	 Prolonged	exposure	to	diesel	
exhaust	

	Particle	filters	 3	 2	 3	 	Continuous	measuring	of	particle	
levels	to	ensure	acceptable	levels			
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10.2	 	 Hearing	loss	 Prolonged	exposure	noise	 Ear	protection	 3	 2	 3	 	
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Appendix E: Change in deviation analysis Company Y 
Red means the deviation is removed subject to the technology change and yellow means the deviation still exists but changes someway due to 
the technology change. Yellow rows are further explained in section 5.5. 
 
Nr.	 Operation/area	 Risk		 Consequence	 C	 P	 R	 Countermeasure	

1.	 Travel	to	workplace	 Traffic	accident	with	
person	car	

Injury	to	person	 3	 1	 3	 	

2.	 Break	room		 Messy,	risk	for	illness	 Illness	(injury	to	person),	
discomfort		

2	 2	 4	 5s,	schedule	cleaning		

3.	 Break	room	 Mold	 Health	risk	 2	 1	 2	 Renovate	or	replace	when	mold	
occurs	

4.	 Stope	 Falling	rock	 Injury	to	person	 3	 1	 3	 Routines	in	place	
5.	 Stope	 Fire	in	transformer	 Injury	to	person	 3	 1	 3	 	
6.	 Stope	 High	doses	of	CO,	NO,	

radon	and	ammoniac		
Health	risk,	injury	to	person	 3	 2	 6	 Routines	in	place,	use	gas	

indicators,	regularly	scheduled	
messuring	of	radon,	personal	
radon	indicators	

7.	 Stope	 Open	shafts/ore	passes,	
possible	to	fall	in	

Injury	to	person	 3	 1	 3	 Use	shut	off	chain		

8.	 Stope		 Collision	between	loader	
and	other	vehicles	if	
other	vehicles	are	in	
stope	

Injury	to	person	 3	 1	 3	 Use	gate	or	chain,	contact	
operator	of	the	loader	if	entering	
stope	

9.	 Loader	 Electrocution	due	to	
grounding	failure	

Injury	to	person	 3	 1	 3	 Continuously	check	if	grounding	
mechanisms	are	intakt		

10.	 Loader	 Slipping	risk	due	to	oily	
machine	

Injury	to	person	 3	 1	 3	 Rinse	off	machine,	anti-slipp	
strips	on	steps,	daily	supervision,	
5s	
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11.	 Loader	 Fire	in	machine		 Injury	to	person,	helath	risk	due	
to	smoke	

3	 1	 3	 Fire	training	is	included	in	loading	
operation	training,	current	escape	
paths	are	updated	

12.	 Loader	 Contact	with	wall		 Injury	to	person	 3	 1	 3	 Use	seat	belt	
13.	 Loader	 Driving	over	big	rocks	 Injury	ro	person	 3	 1	 3	 Awareness	and	attention	when	

driving,	maintenance	of	roads,	
use	seat	belt		

14.	 Loader	 Poor	ergonomics	in	seat	 Strain	injury	 2	 2	 4	 Develop	better	seats,	preventive	
body	care	

15.	 Oil	container	 Fire	in	oil	container,	
confined	by	smoke	

Injury	to	person,	helath	risk	due	
to	smoke	

3	 1	 3	 Keep	clean	around	it	

16.	 Media	 Faulty	power	central,	 Injury	to	person	 2	 2	 4	 Order	repair	or	disassembly		
17.	 Media	 Electrical	current	in	

hanging	cables	
Injury	to	person	 3	 1	 3	 Order	fix		

18.	 Electric	cable	 Grounding	error,	fire	
hazard	

No	power	to	machine	and	risk	of	
fire	and	injury	to	person	

2	 2	 4	 If	grounding	error	alarm	occurs,	
contact	cable	repair	

19.	 Stope	floor	 Explosives	left	 Injury	to	person	and	machine	 3	 1	 3	 Visual	control	before	loading	that	
no	undetonated	explosives	are	
present	

20.	 Loading	 Working	alone	 No	direct	help	if	something	
happens	

1	 3	 3	 	
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Appendix F: Change in operator maintenance Company Y 
Red means the deviation is removed subject to the technology change and yellow means the deviation still exists but changes someway due to 
the technology change. Yellow rows are further explained in section 5.5. 
 
Nr	 Area	/	Machine	part	 Details		 Comments		
1	 Stope	entrance	 § Beam:	Machine	nr.	and	“loading	underway”	signs	are	available,	lighting,	

emergency	crack	for	beam	
§ Chain	roller	is	available	and	working	
§ Control	gas	levels	with	gas	level	meter		

Use	chain	roller	if	beam	is	out	of	
order	

2	 Cable	protection	 § Logs	are	in	place	and	secured	in	place	
§ Rinse	out	rock	from	in	between	logs	
§ Inspect	logs	for	the	entire	path	that	is	to	be	used	

Order	new	logs	if	needed	
Order	removal	of	bad	logs	if	needed	

3	 Media	 § Supply	of	air	is	on	
§ Ventilation	is	on	
§ Fan	fabric	properly	hung,	no	holes	in	fabric	
§ Fabric	properly	connected	to	fan	motor	
§ All	electricity	centrals	are	intact	and	working		
§ Order	disassembly	of	media	to	close	to	blast	areas	

	

4	 Chute	 § Wall	and	screen	around	chute	available	
§ Chute	nr	marked	and	lighting	is	working	
§ Barrier	chain	is	available	
§ Chute	wall	rinsed	and	chute	is	open		

	

	 LHD	 	 	
5	 Central	lubrication	 § Refill	lubrication	 	
6	 Cable	reel	 § Check	that	cable	reel	is	free	from	obstacles	

§ Wash	cable	reel	and	oil	cooler	ones	a	week	or	if	necessary		
§ 	

Power	turned	off	for	inspections	

7	 Lubricate	cable	
mechanics		

§ Ones	a	week		 Power	turned	off	for	inspections	
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8	 Tail		 § Beacon	rod	visible	from	cabin	
§ Lock	for	tail	splitter	in	place	
§ Control	of	wear	
§ Tail	movable		

Power	turned	off	for	inspections	

9	 Cable	lock	 § Cable	lock	intact	
§ Chains	on	cable	lock	intact	
§ Make	sure	that	cable	lock	is	not	wearing	the	cable	
§ Electricity	central	intact	

	

10	 Scoop		 § Check	for	cracks		
§ Check	for	wear		
§ Check	for	dents		

	

11	 Lifting	assembly	 § Cracks	
§ Bucket	heels	are	fine	and	even	

	

12	 Tires	and	rim	 § Steps	are	whole	and	free	from	rock	
§ Mudguard	whole	
§ Fire	extinguishers		

- Inspection	date	ok	
- Control	pressure		
- Control	sealing	
- Securely	fastened	and	whole	
- Ones	a	week,	turn	upp	side	down	and	shake	to	loosen	powder	

§ Check	for	tire	or	rim	damage	
§ Water	leakage	
§ Rim	bolts	
§ Oil	leakage	

	

	

13	 Machine	waist	right	 § Check	brake	oil,	hydraulic	oil	and	gearbox	oil	levels	
§ Clean	camera	
§ Check	fan	filters	
§ Check	for	oil	leaks	
§ Lubrication	of	steering	cylinder	

	

14	 Machine	waist	left	 § Countershaft	fixings,	no	bolts	missing	and	fastened	
§ Lubrication	of	steering	cylinder	
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§ Check	for	oil	leaks		
15	 Fire	extinguisher	

system	
§ Manuel	trigger	(on	outside),	securing	pin	in	place	
§ Automatic	trigger	(in	cabin)	sealing	unbroken,	only	green	light	should	be	lit	

when	running	normally	
§ Press	test	button	to	see	if	system	is	working	

	

16	 Cabin		 § Handel	and	steps	are	whole	
§ Cabin	is	clean	
§ Windows	whole	and	clean	

	

	 Control	after	start		 	 	
17	 Instruments	

/warning	lamps	
§ Turn	on	comradio	
§ Set	the	scoop	scale	
§ Control	all	meters	and	warning	lamps	on	display	
§ Function	test	of	emergency	stop		

	

18	 Oil	leakage	 § Oil	leakage	control	after	start	 	
19	 Scoop	hydraulics	 § Oil	leakage		

§ Lubrication	supply	
§ Bucket	heels	

	

20	 Outer	emergency	
stop	

§ Function	test	 	

21	 Break	test	 § Function	test	 	
22	 Gearbox	oil	 § Gearbox	oil	levels,	controlled	on	right	waist	 	

 


