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Abstract 
 
How autonomation is used to eliminate waste from a lean perspective in the Swedish mining industry 
is researched to determine how this important aspect is handled, both from a autonomation and lean 
perspective. Existing research and knowledge on this matter is limited and the research aim to fill this 
theory gap.  
 
The result and analysis of the study indicates that the two largest mining companies in Sweden (which 
makes up for the majority of the Swedish mining industry from mine operation perspective) categorize 
waste into four common waste categories; Transportation of personnel, transportation of equipment, 
waiting time of equipment and downtime of equipment. Autonomation is used to substantially reduce 
transportation of personnel and equipment since the operator can be isolated in an operator room. 
Autonomation in the Swedish mining industry also allows for better data analysis and communication 
which will reduce the waiting time and down time of equipment. Autonomation should also prevent 
products of abnormality to be produced. The vision on this is somewhat split in the Swedish mining 
industry and research is currently conducted to develop such solutions. The industry shares the same 
long-term vision of how to work with autonomation and lean in the future mines to further minimize 
waste. Although, there is no evidence showing that the Swedish mining industry would move to 
mechanized mining methods to create a continuous mining process which allows for optimal 
circumstances from a lean waste elimination perspective. 
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1 Introduction 
Similarities to lean production principles have been used for centuries, but lean 
production principles as we know it today was fully developed by Taiichi Ohno in the 
early 1960’s (Jones, Roos, Womack 2007, p. 68-69) and many other industries and 
corporations followed and implemented these production principles for the remaining 
part of the 1900th. However, these lean principles that revolutionized the way of 
manufacture products is yet to be fully implemented or even acknowledged by the whole 
mining industry. In the report Mine of the future (Haugen 2010) describes that the 
mining industry is in mass production state with a constantly increasing scale to produce 
more to cut cost. Many industries and companies are working with lean in Sweden 
(leanforum, 2017), although lean still have a long way to go before it is fully 
implemented. If Toyota is in the range 9 of 10 in regards of lean methodology 
philosophy, the leanest production companies in Sweden such as Scania is likely in the 
range 7 of 10 while the mining industry is probably on a scale between 3-4 out of 10 
(Haugen 2010). 

During the session “Implementing lean principle into mining industry issues and 
challenges” (Kumar & Wijaya 2009) at the International Symposium on Mine Planning 
and Equipment Selection, research showed that the mining industry is faced with 
fluctuating demand, cyclical pricing and a recent decrease in the profitability of the 
industry. Based on this, operating an efficient and streamlined business should be a 
viable solution for most mining operations. Thus, despite its inherent complexities, 
mining firms have more recently started integrating the lean principles of the 
manufacturing industry into their own operations. An interview (Mining global, 2014) 
with Sam Walsh, CEO of Rio Tinto which is one of the largest mining companies in the 
world, states that working with lean principles have been a very fundamental change in 
the way that they structure their work, actively engaging, actively involving and actively 
communicating with their people. Lean principles in the mining industry should result 
in minimised shutdowns, increased production and increased chances of reaching 
annual targets. The scientific article, lean management implementation in mining 
industries (Klippel, Petter, Antunes 2007) was one of the first studies on this area. It 
was based on two mining operations in Brazil where it shows that lean production can 
result in a reduction of the production costs, an increase in the productivity and an 
improvement of the worker’s life quality.    

Hence implementing these principles should be a prioritized action by many mining 
corporations. Besides from the change towards lean production principles, a rapid 
increase in automation solutions for the mining process has been seen (Horberry & 
Lynas 2011). Rio Tinto stated that they commenced trial for automated mining during 
2010 (theaustralien, 2008) and that they had at least a three-year head start to its 
competitors in the mining industry. Furthermore, a study by McKinsey & Co 
(Mining.com 2015) shows that up to 96% of the mining jobs can be replaced by 
automation.  

However, lean principles and automation does not necessary has to go hand in hand 
as Taiichi Ohno describes in the book Toyota production system (1988, p4) that the lean 
principles he founded are based on two pillars; Just in-time and autonomation (smart 
automation). Autonomation should not be confused with simple automation. Many 
machines have been able to operate for themselves for many years. However, todays 
machines have such high-performance capabilities, that a small abnormality can quickly 
lead up to large pile of defective products. Autonomation describes a feature of a 
machine that implements some supervisory functions rather than production functions. 
Meaning if an abnormal situation arises the machine stops and the worker will stop the 
production line. It can act as a quality control that usually applies the four principles of; 
detect the abnormality, stop, fix or correct the immediate condition and lastly investigate 
the root cause and install countermeasure. The case study research in this thesis will 
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focus on how the Swedish mining industry is eliminating waste from a lean perspective 
with help of autonomation solutions.    

1.1 Background 
When conducting this case study research, it is important to be aware that the 
automotive manufacturing industry (where lean principles were developed) and the 
mining industry are two very differently industries. The mining industry is far different 
than any other industry in global economy and various aspects of production and the 
organization of work should be taken into consideration when lean methodology 
developed from the automotive industry is adapted by the mining industry (Helman 
2012). 

One aspect is the production system. Lean methodology categorizes production in 
two categories; pull and push system. Pull is considered the desired production system 
from a lean perspective which manage the flow of materials and information which 
consist of completing only those resources that were spent. Push on the other hand 
stands for continuous production of elements regardless to the actual demand in the 
whole process. In general, the mines are using a push system since extraction of ore is 
a continuous process and other works are contingent on processing the mined ore. In 
addition, the following processes after the rock excavation, such as ore processing plant, 
smelter and refinery are producing all the time so that the delivery of ore cannot be hold. 
Manufacturing plants for the automotive industry on the other hand are producing their 
good in cycles and bathes so that there is no threat in compulsory stopping the 
production line. In addition, the required elements are usually ordered in accordance to 
production schedule which is another assumption on lean pull production systems 
(Helman 2012). 

Another aspect is the conditions of the operating environment. Manufacturing plants 
for the automotive industry have often fixed assembly lines with stable processes with 
few changes. The mining environment is much more unstable due to unpredictable 
events such as uncertainty regarding geology structures, ore prices, availability of 
machines and vehicles etc. A manufacturing plant for the automotive industry, its 
production environment is usually similar from plant to plant. However, mines are much 
more varied in layout and spread out over a much greater area, sometime in the range 
of hundreds of square kilometres. Such spacious production is less predictable and 
material requirements scheduling is more difficult to handle (Helman 2012). Table 1 
summarizes some of the main differences between these two industries, differences 
which can be important to understand when researching how waste is being eliminated 
from a autonomation perspective in the mining industry.  
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Table 1. Comparison of the specificity of the mining and the automotive industry 
(Helman 2012) 

Mining Industry Automotive Industry  

Work of customers cannot be stopped, 
this production at the is the push 

system  

The assembly line can be 
stopped, so transformation to 

pull system is possible  

Continous production Production in cycles 
Unstable / Variable operating 

conditions Stable operating conditions 

Variable work environment Permanent work environment 

Geological hazards can halt the 
production No threats to production 

High colatility of the availability of 
materials  

Controlled availability of 
materials 

Large dispersion of work (up to 
several km) 

Working in a relatively small 
factory 

Customer mine are other industrial 
companies.  

Sales of products primarly to 
individual customers 

 

1.2 Problem discussion  
Any company that is working with lean principles need to work with elimination of 
waste, as waste management is a fundamental aspect of lean. The autonomation pillar 
of lean principles that focuses on intelligent or smart automation, for example 
minimizing the risk of producing products of abnormality, is a fundamental aspect of 
waste elimination. Currently, most autonomation effort is concentrated on the 
component or subsystem level that provides semi-autonomous operation, and is 
engaged on a very small scale relative to the number of mines in the world. It is very 
difficult to adapt automated technology to existing equipment. However, in the next five 
years, it is likely the integration of semi-autonomous subsystems will allow for 
increasing focus on autonomation at the equipment level. As the reliability of 
autonomous equipment is enhanced there will be a gradual shift of focus to the 
automation of unit operations (McAree, 2009). 

Although, an overview of lean production in mining (Lööw 2015) summarizes 14 
known and recent studies of lean production in mining. What is noticeable in that review 
is the fact that “automation” or “autonomation” is not mentioned once, even if that is 
one of the fundamental pillars of lean production. The concept of waste elimination is 
mentioned (lööw 2015) but from a utilization of machine perspective rather than waste 
elimination of components of the final product (for example ore with different grades 
from several locations in the mine can be viewed as components of the refined and 
processed metal which can be viewed as the final product). 

Automation equipment in the mining industry have been summarized into the 
following broad categorized (Horberry & Lynas 2011). 

 
• Removal of operators from hazardous situations 
• Lower costs of production 
• Requirements for enhanced precision  
• Less environmental impact  
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• Ability to mine inaccessible areas  
• More data and information available and reduced manning of equipment 

 
As seen in the broad categories of automation equipment in the mining industry, 

none is defined as a “waste elimination” category. This, together with the overview of 
many recent studies of lean mining (Lööw 2015) raises questions how autonomation is 
used in the mining industry to eliminate waste.  

The scientific article “the application of lean manufacturing in a mining 
environment” (Dunstan 2008) mentions that when the Weipa mine site (part of the world 
leading mining corporation Rio Tinto) started working with lean production principles 
and focused on waste elimination, the following criteria were defined (Dunstan 2008) 
 

• Waiting – e.g. Trucks may be waiting at an excavator or dump site 
• Over-production – e.g. mining capacity may be higher than the processing 

plants capability to process the ore  
• Repair or rework – e.g. having to fix trucks after oil overfills  
• Motion – e.g. workers must transport / move a long way for lunch breaks and 

shift changes etc.  
• Over-processing – processing the ore to a finer grade than what the customer 

is willing to pay for  
• Inventory – e.g. having either excess or too little inventory in stock  
• Transportation – e.g. moving mined ore many times before it reaches its final 

destination.    
 

It is not possible to tell how autonomation is used to handle these waste criteria’s. 
In addition, none of the criteria’s is products of abnormality, which is one of the pillars 
of waste elimination within lean principles and its autonomation concept. This further 
raises the question how autonomation is used to eliminate waste. Recent research and 
studies show a great focus on increasing the level of automation in the mining industry 
(Mining.com 2015) (Horberry & Lynas 2011) and how to implement lean principles to 
a higher degree (Helman 2012). As shown, the current research show no clear 
connection to how autonomation will be used to specifically eliminate waste from a lean 
perspective in the mining industry. Hence an aspect that should be further investigated.  

1.3 Problem formulation and purpose  
The problem formulation of the case study is; How is the Swedish mining industry 
eliminating waste with autonomation from a lean perspective?  

The purpose of researching this questions is to fill the gap of knowledge regarding 
how the Swedish mining industry is eliminating waste with help of autonomation. By 
researching the how format, it will also answer why certain waste is being focused on. 
For example, if the industry is mainly focusing on eliminating waste such as 
transportation time or if in fact eliminating products of abnormality is highly prioritized 
and sought. In addition, this research will bring new knowledge to existing literature as 
both manufacturers and users are involved in the research. The findings will show if the 
industry share the same vision regarding waste elimination and how they act to achieve 
this vision of waste elimination from a autonomation perspective. The result of the case 
study research will show where the Swedish mining industry stands today in this 
question. It can also potentially be used by both the user and manufacturer as knowledge 
regarding how to proceed with their waste elimination programs from a autonomation 
perspective.      
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1.4 The evidence to be sought 
The evidences to be sought in the case study that will test if the hypothesis can be 
rejected or not, is how the mining operations seek to eliminate with help of 
autonomation, for example what type of waste and with what type of autonomation 
technology. Elimination of waste can be done in many ways from a lean perspective. 
Hence it will be important to understand if the industry strive to reduce waste in terms 
of products of abnormality by autonomation solutions or if they strive to reduce waste 
in terms of transportation etc. by just automation solutions etc.  

Evidences regarding the technological level of autonomation solutions for the 
mining industry will also be sought, if the demand is there from the mining operations, 
can the equipment manufacturers supply these solutions? Or is it the other way around 
that the equipment manufacturers push the industry in this direction? All this evidence 
will help answer how the mining industry is elimination waste with autonomation 
solutions from a lean perspective.    

1.5 De-limitations  
As mining is carried out globally in many ways and methods with different 
circumstances, it would be difficult to research this problem formulation for the entire 
mining industry. Hence the study focuses on a select few mining companies in Sweden, 
namely LKAB, Boliden and Zinkgruvan (which are the three largest mining companies 
in Sweden). There is also a vast of different equipment manufacturers to the mining 
industry. A few major manufacturers have been selected to be a part of the research, 
namely Atlas Copco, Sandvik and Volvo which are all regarded as industry leaders 
within the industry. The companies are introduced in the method chapter.   

During the collecting of data phase, it is possible that the researcher obtains data to 
more than a single case (Yin 2013, p. 19). The analysis method is limited to one method, 
multiple cases with cross-case analysis. 

The research will also be limited to the mining process, meaning from the initial 
planning to the delivery of the ore to the process plant. The process plant is already a 
fixed manufacturing line and already fully autonomated to our knowledge, hence the 
problem formulation would not be applicable for that part of the mining industry. 

The case study research will also be limited to only research waste elimination from 
a lean perspective. Hence it will not consider other waste elimination methods that 
might be used in the Swedish mining industry. 

Case data evidence from Zinkgruvan Mining was supposed to be collected through 
interviews, but the interviews were cancelled, hence is a de-limitation to the study. In 
addition, just one interviewee was done with each other selected case due to time 
constraints.      

1.6 Thesis’ structure 
The thesis is divided into 6 different chapters  
 
Chapter 1 - Introduction 
In this chapter, the reader is introduced to the thesis and its background. The problem is 
discussed and formulated and the purpose of the thesis is explained. De-limitations to the 
thesis is described.  

 
Chapter 2 – Literature review  

In this chapter, Literature is reviewed to find the latest research and theory regarding 
how applicable lean methodology is to the mining industry, how automation solutions 
are used and how waste elimination is handled.  
 
Chapter 3 – Method 
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In this chapter, the method of the case study research is described. Case study research: 
design and methods (Yin 2013) is used as method, the research questions are further 
defined, case study questions are defined and the collecting phase of case study evidence 
is described. The hypothesis is also presented.   

 
Chapter 4 – Empirical findings  
In this chapter, the empirical findings of the case study research are presented per the 
case study method that is chosen.  
 
Chapter 5 – Analysis  
In this chapter, the analysis of the empirical findings is presented.  
 
Chapter 6 – Conclusions and implications 
In this chapter, the overall conclusions and implications of the case study research are 
presented.  

2 Literature review 
Literature is reviewed to find the latest research and theory regarding how autonomation 
is used to eliminate waste from a lean perspective in the mining industry. The scientific 
journals and books reviewed will act as a summary of this problem, where the case study 
research aim to fill the gap of this theory problem regarding the Swedish mining 
industry in specific. The process of making the hypothesis (presented at the end of this 
chapter) and reviewing of relevant literature went back and forth due to the findings. 
The literature focuses on 5 specific areas to research the case study question: 

• Lean production principles 

• What is autonomation and what is the purpose of it  

• Under what conditions is autonomation useful  

• Effects of using autonomation (previous empirical findings) 

•  Autonomation and waste reduction in the mining industry 

2.1 Lean production principles 
The lean production principles were developed as an alternative to the mass-
manufacturing industry to increase efficiency and overall quality. To achieve this, the 
lean production also known as the Toyota system rests on two pillars, Just-in-time and 
autonomation (automation with a human touch). Autonomation describes a feature of a 
machine that implements some supervisory functions rather than production functions. 
Meaning if an abnormal situation arises the machine stops and the worker will stop the 
production line. It can act as a quality control that usually applies the four principles of; 
detect the abnormality, stop, fix or correct the immediate condition and lastly investigate 
the root cause and install countermeasure. The overall objective with autonomation is 
to create a business that focuses on quality (Jones, Roos, Womack 2007, p.48-49). 

Preventing mass production of defective products was a major step towards 
eliminating wastes. Prior to these lean production principles, the mass manufacturing 
meant that all machines would produce more products in less time and it did not have 
the intelligence to stop when there was a defect. It was Ohno’s solution that if machines 
had the intelligence to stop when there was a defect, it would help eliminate the waste 
production of defective products and manpower would be effectively utilized. The help 
of humans would only be needed if the machine had some issue. A single person could 
look over many machines and thus increasing efficiency, rather than having one person 
per machine (Jones, Roos, Womack 2007, p.50-52). 
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Per lean production principles, to have a successful production line, it is required 
that autonomation and just-in-time work together. The business profits can no longer be 
measured with the simple formula of selling price minus cost price. The cheapest 
product with best quality will always be the winner. Hence it is the manufacturer’s 
responsibility to find the best cost and price and still get a better quality. This production 
system, with its fundamentals based on elimination of waste concept in management, 
will work for any type of business (Ohno 1988, p. 9). Due to this, lean production 
principles have been integrated in many different industries during the last decades with 
great success.  

The most commonly used lean techniques and tools used can be summarized into 
just in time, total productive maintenance, 5S, one piece flow, Kanban, Heijunka and 
continuous improvements. Just in time focuses on total elimination of wastes with the 
main objective of reducing inventory levels and processing lead times to a minimum. 
Total productive maintenance is a concept that aims to increase productivity and 
efficiency of processes associated with maintenance of constructive engagement by 
increasing the staff involved in these processes. The main objective is to achieve zero 
breakdowns, and zero defects resulting from the operation of the machine. 5S is a 
technique which focuses on the approach of organization and management of workplace 
and the labour process to increase productivity by eliminating the wastes, improving 
processes and reducing them when they are unnecessary. One piece flow enables to 
process the flow of products one by one in the ordered quantity, it assumes that the 
movement of products through the machine is individually done according to that the 
first element that gets into warehouse input is the first element that leaves at the output. 
This method also enables mutual training of employees, so called cross-training. The 
Kanban method enables an easier visualization of the flow of materials in the whole 
enterprise with the main objective to control inventory and to eliminate almost all 
unnecessary storage. The Heijunka method ‘s objective is to achieve an equal level of 
production which is possible through skilful combination of production orders and 
control, known as Kanban cards (Helman, p 152-153). 

Lean principles also come with disadvantages. The single biggest criticism of lean 
principles is that constant focus on eliminating waste, continuous improvements causes 
stress in the workforce. The lean principles can make the workplace too clinical and 
impersonal and cause pressure to the workforce to just do better. That can have negative 
consequences on productivity and efficiency, hence working against what the lean 
principles aim to achieve. Lean principles also do not allow margins of error, for 
example the just in time tool can be unrealistic to work with because of uncertainties 
you can’t affect. For instance, traffic jams can delay arrival of an inventory and thereby, 
hold up production in a just in time system. Workers might also have a varied 
performance level which will affect systems that does not allow for marginal of error. 
Incorporating lean principles, for instance is not possible in places with unreliable 
energy supply, inadequate transportation infrastructure, and or poor work culture in the 
society (smallbusiness.com). 

Another major criticism of lean principles is that it over focusing on waste 
elimination which will override other concerns. With such high focus on the process, 
yet again it will ignore crucial parameters such as employee wellness and corporate 
social responsibility. Some companies recruit additional workers than necessary as part 
of their corporate social responsibility program to establish good relationships with local 
communities. Lean principles do not cater to such unconventional requirements. With 
the constant pressure to eliminate waste, all energy is placed on the present which will 
not allow reflection or experimentation for the sake of development in the future. By 
only focusing on the present, it will become more challenging to get an idea of the bigger 
picture, failing to comprehend the relevance of the task in the first place, or taking time 
to anticipate future challenges and make necessary changes to respond to such 
challenges. Lean principles also dampen creativity and innovation; this might lead to 
missed opportunities in a fast changing external environment (smallbusiness.com) 
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The implementation of lean takes place through various tools, most previously 
mentioned in this chapter. The absence of a standard methodology, with any or all such 
tools achieving the elimination of waste in a process, while allowing for flexibility of 
approach, can also work against lean with people remaining confused on which tool 
serves the desired purpose. The success of any adopted Lean production model depends 
largely on the extent to which each individual member of the workforce masters the 
relevant tools and understands the methodology. Even if one individual among the 
workforce refuses ownership of lean and fails to adopt lean practices, the entire Lean 
system collapses. To overcome the criticism of lean principles, it is crucial for the 
organization to have proper planning, good implementation by incorporating effective 
change management practices and leadership, stress management interventions, and 
effecting a change of culture so that each member of the workforce inculcates the 
philosophy of Lean 

The article “analysis of the potentials of adapting elements of lean methodology to 
the unstable conditions in the mining industry” (Helman 2012) focuses on how the 
methodology of lean production, based on the automotive industry, can be used in the 
mining industry. The mining industry is considered to be much more unstable compared 
to the automotive industry. The lean methodology tools that are included in the study is 
just in time, total productive maintenance, 5S, one piece flow, Kanban, Heijunka and 
continuous improvements. The analysis of the potential of adapting elements of lean 
methodology to the unstable conditions in the mining industry shows that it is possible 
to adapt some tools and method in mining. Table 2 shows a matrix with a summary of 
which elements that could be used when lean principles are introduced to a mining 
operation.  

Table 2. Matrix with a summary which elements of lean methodology that could 
be used in the mining industry (Helman 2012).   

Method / Tool  Potential to adapt  Possible implementation 

Just in time Yes ordering system and all 
warehouses 

One piece flow  Not directly 
flow diagram of all the 

machines and operators, cross-
training 

Total productive maintenance  Yes All veichles and conveyors  

5S Yes 
Storage, tools chambers and 

other rooms where is any 
equipment or material 

Kanban Yes 
Warehouses at the heavy 

machinery chamber, machines, 
shaft bottom 

Heijunka Yes all places cover by Kanban 
cards, shaft 

Continous improvement  Yes Miners, foreman 
 

The just in time pillar of lean production can also be supported by the autonomation 
pillar. Concerning application of just in time at mines, designing for flow in the mining 
industry does not seem to be as feasible as in the traditional manufacturing industry. 
Instead the implementation of pull production control for supplies and materials would 
be straightforward. Kanban systems could be used to coordinate the flow of supplies 
simply by automation throughout the mine, reducing inventory levels while insuring 
adequate supplies are available when and where needed. Such a system should be easier 

http://www.brighthubpm.com/risk-management/92972-tips-on-performing-a-change-management-risk-assessment/
http://www.brighthubpm.com/risk-management/92972-tips-on-performing-a-change-management-risk-assessment/
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to manage than existing supply systems at most mines because of the simple information 
flow (Yingling 2000). 

In the report MIFU, smart mine of the future conceptual study (Haugen 2010) a 
throughout review was made of lean production principles. The study focused on how 
the Toyota production principles could be transferred into lean mining and experience 
was used from the mining company Boliden when they attempted to implement lean 
methodology. The study defined two prioritized areas to achieve lean methodology in 
the mining industry. The first one focused on eliminate obstacles that could prevent the 
successful implementation of the lean principles, e.g. is creating a continuous 
production process and removing the main sources of disturbance in the mining 
operations. To achieve a continuous production that never stops, the mine need to 
resemble a traditional manufacturing process line that is fully automated. The second 
step was to reduce the uncertainty regarding ore grades and rock descriptions (Haugen 
2010).      

The research article lean manufacturing principles and their applicability to the 
mining industry (Yingling 2000) mentions that the feasibility of quick change between 
products in mining can be problematic, and the requirements for effecting such changes 
have little in common with manufacturing product changeover (which is a vital part of 
lean production). Product change often involves extracting a different part of the reserve 
base. High volume mining systems (e.g. draglines) and underground systems in general 
tend to be immobile, making frequent machine site changes impractical. Low volume 
surface mining systems tend to be more flexible in this regard. In a multi-product 
operation, a lean mine would tend to favor lower volume, more flexible extraction 
systems. In certain situations, the increased value of the reserves obtained through 
making a range of carefully targeted products might offset increased costs of production 
through use of low volume extraction systems which have lower economies of scale. 
Underground mining would require materials handling systems that permit segregation 
of material by source. This is difficult to accomplish using conveyor networks, although 
material tracking that relies on automation and splitting probably could, with some 
development effort of the automation technology, overcome this limitation (Yingling 
2000). 

As the case study in this thesis is researching the aspect of using autonomation, 
which is a major part of the total productive maintenance method, it is important to 
further review why the study concludes that this method can be applicable in the mining 
industry (Helman 2012). It is described that this method can be used to reduce the level 
of the failure of mining equipment and means of horizontal and vertical transport in the 
mine. Additionally, the frequency of inspection of machines and transportation vehicles 
can be increased (Helman 2012). Hence it is following the four principles of 
autonomation; Detect an abnormality, stop, fix the immediate problem and investigate 
and correct the root cause. Although, it is described in this article that it can be used to 
reduce the level of failure of the mining equipment. That can be interpret that it is 
focusing on detecting an abnormality on the functionality of the machine rather than an 
abnormality of the product that is being produced by the machine. 

Another study (Haugen 2010) also mention that one important aspect of lean 
methodology is to reduce downtime of the mining equipment. The reliability of the 
mobile mining equipment is very important from that aspect and the reliability need to 
be significantly improved. To accomplish that, a redesign of the mining equipment and 
improved operating and maintenance procedures would be needed. Maintenance 
procedures that is based on the four principles of autonomation in lean methodology 
could be the solution for this. This is viewed as the single most important step towards 
lean methodology in the mining operations, hence the suppliers of machines and 
technology seems to be what holding the full integration of lean methodology in the 
mining industry back. The suppliers would need to look at the root-causes of machine 
failures that results in downtime and possibly products of abnormality.  
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A comparison of the reliability of the mining equipment is made with the reliability 
of a traditional car, it should be just as good and built in “poka-yoke” mechanisms 
should also be there to assist operators and maintenance crews.  The Poka-yoke is a 
mechanism in lean methodology that help equipment operators avoid mistakes and its 
purpose is to eliminate product defects by preventing, correcting or drawing attention 
to human errors as they occur. If a mining equipment have a recommended service 
interval of 200 hours, it must be able to operate for 200 hours without a failure. 
Although, even if the manufacturers are the ones who can provide such equipment, the 
voice they need to hear from the mining customer is “more reliable machinery” rather 
than “as cheap as possible” (Haugen 2010).    

2.2 What is autonomation and what is the purpose of it  
Automation is broadly defined as the intelligent management of a system using 
appropriate technology with the purpose that the operation can occur without direct 
human involvement. In the mining industry, this is usually carried out through 
computer-based systems. However, the sometime held assumption that automation 
replaces humans is not correct and that rather, it changes the nature of work that humans 
do, often in ways unintended and unanticipated by the designers of automation. 
Automation can generally be divided into three broad categories; lower, mid and full 
automation (also known as autonomation) (Horberry & Lynas 2011). 

Lower level of automation only included warning systems that signal the need of 
maintenance, but the operator is in full control of the machine. Mid-level automation 
removes the operator from the equipment and letting the operator control the machine 
from an operating room from a nearby location. The operator is usually passive but takes 
over if intervention is deemed. The operator is still in control of the machine but certain 
functions are automatically controlled by the system and overseen by the operator. Full 
automation or autonomation means that the operator is completely remotely from the 
machine and can operate the machine using computer screens, joysticks and other 
controls and displays (Horberry & Lynas 2011). Autonomation also describes a feature 
of a machine that implements some supervisory functions rather than production 
functions. Meaning if an abnormal situation arises the machine stops and the worker 
will stop the production line. It can act as a quality control that usually applies the four 
principles of; detect the abnormality, stop, fix or correct the immediate condition and 
lastly investigate the root cause and install countermeasure (Ohno, 1988, p4) 

The level of automation approach seeks to optimize the assignment of control 
between the human and the automated system by keeping both involved in system 
operators. Studies have shown that operates situational awareness under the full 
automation level is less compared to under intermediate automation levels. 
Autonomation solutions in the industry have been held back due to a human factors 
perspective. There is a belief that humans are more flexible, adaptable and creative than 
automation and this better able to respond to changing or unforeseen conditions. 
(Horberry & Lynas 2011).  

The purpose of autonomation is that it is thought to perform more accurately, 
efficiently and reliability than a human operator. It is also a cost factor, there are 
expectations that an automated control system can perform a function at lower cost than 
the operator can. However, according to the author this assumption is often false as 
human operators are needed when abnormal events occur, such as during 
maintenance/breakdown or when a system designer cannot automate all parts of the 
system and the operator is assigned to undertake tasks to fill these gaps (Horberry, 
Burgess-Limerick, Steiner 2006, p. 37). Safety is another major aspect, having the 
operators in a safe operating room is much preferred compared to having them in the 
production area.  

Autonomation also enables time savings and efficiency. It will relieve humans of 
time-consuming and labour intensive tasks, reduce misuse, speed up operations, 
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increase production rates, extend an operation to a longer shift or even to continuous 
production. It is also suggested that automation frees up the operator to allow them time 
and opportunity for long-range planning and decision making. Autonomation can also 
reduce infrastructure costs and achieve mine accessibility.  

2.3 Under what conditions is autonomation useful  
There is a general view that mining industry is slow to adopt new technologies however 
research indicates a substantial increase in the uptake of autonomated technologies. For 
surface mine, key activities will focus on excavation and loading, and producing outputs 
that incrementally deliver autonomous rock loading. For underground, key activities 
will be directed to enhance situational awareness – from which the output will be an 
operator decision support tool that improves energy efficiency and mine vehicle safety. 
Research and development will be undertaken with major equipment manufacturers to 
deliver these in a form ready for industry to use. Four conditions need to be bridged for 
successful autonomation uptake (Horberry & Lynas 2011):  

• Control strategies must be developed to enable automated machines to operate 
interdependently with other equipment; 

• Situational awareness capabilities must evolve to the point where they can 
replace the many and varied functions performed by human operators 

• Technologies are required that enable effective integration of automate 
machinery into mine systems 

• Workforce skills must be enhanced to support deployment of high-end 
automation technologies. 

 
Under such conditions, autonomation equipment in the mining industry can be 
summarized as useful under the following broad categories (Horberry & Lynas 2011);  

 
• Removal of operators from hazardous situations 
• Lower costs of production 
• Requirements for enhanced precision  
• Less environmental impact  
• Ability to mine inaccessible areas  
• More data and information available and reduced manning of equipment 

 
The future mining production conditions will be characterized by the fact that the 

nearby and easily accessible ores will be mined first. New ores will also become more 
distant or be found in the depths (Hancock & Sinclair 2008). Large ore reserves are 
located under the sea and there is hardly any doubt that the mining and off-shore 
companies will develop new technologies to extract them (Boughen 2008). In both 
cases, production costs will increase and new technology that emphasizes on automation 
will be one of the keys to handle the increased production costs. 

To achieve the “autonomated mine of the future” under those conitions there is also 
an idea of reversing the design process, i.e., that one should start from the requirements 
for the automated mine and then design layouts and operations to suit automation and 
not, as its currently being done, try to automate conventional designs and operations 
(Kizil & Hancock 2008) 

Another condition that is met by implementing automation in the mining industry, 
which will go in line with lean production principles, is the health and safety aspects 
(Burger & Cook 2008). Safety issues primarily concern underground work and the 
prescribed solutions are wise and conscious choices of different levels of automation 
and remote control (Kizil and Hancok 2008). A concept that has already been partly 
realised (in Swedish mines and elsewhere) is the proposal for three consecutive phases 
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(Noort & McCarthy 2008) to ensure safe underground mining. The first phase means 
that all work is done from vehicles that have safety cabins that prevent injuries from 
falling rock, but which may also be provided with substantial comfort. The second phase 
means that staff is moved to secure control rooms where they are remote monitoring 
and controlling the different operations. In the third phase, the goal is to have production 
with zero entry for employees based on comprehensive automated systems. These 
comprehensive automated systems would have to rely heavily on the autonomation 
concept unless one person is supposed to monitor one machine at the time. In addition, 
a generally good and safe working environment is a prerequisite for the recruitment of 
skilled workers to remote mines (Noort and McCarthy 2008). 

Much of the development work to date has been on technologies to improve the 
“manned mining system” but the focus now is on building the “autonomous mining 
system”. This is largely driven by mining companies looking to increase productivity 
and utilization as well as safety, however as mentioned previously, other reasons to look 
to autonomous mining are the ability to reduce infrastructure costs, achieve process 
consistency and a counter measure to critical labour shortages. 

The main challenges to implement automation to a higher degree depends on the 
level of infrastructure installed to cater for the equipment and mine management 
commitment and “buy in” across all management and staff levels, and included 
problems with the changing expectations on the workforce, how the work of the future 
would be undertaken, the challenges with introducing automation into a production 
environment and the acceptance of that technology within the work environment. This 
change is believed to not happen in the next few years as it takes times, but that there 
would be increased uptake of the currently available technologies and equipment, and 
more interest from mine management in change in perception of what might be possible 
within individual mines. An additional factor that may influence the uptake of new 
technologies is the lead time to develop and commercialize new equipment. In the 
mining sector this is often between 7 and 10 years. Many companies have a short term 
financial quarter focus, and more often now mines operate for less than 10 years 
(Horberry & Lynas 2011). 

2.4 Effects of using autonomation (previous empirical findings) 
A case study from a global leading mining company (Rio Tinto) where lean 
management principles were introduced in two mines also focused on the effects of 
using autonomation (Klippel 2007). Waste elimination was categorized into three main 
categorizes; Waiting waste, motion waste and processing waste. The waiting waste 
consisted mainly because of a dust removal waiting period due to dry drilling and 
blasting gases with insufficient ventilation systems. The installation of autonomated 
exhauster fans and ventilation ducts reduced this time of waste. Processing waste was 
decreased by introducing a autonomated wet-drilling process which would bind the dust 
caused from the drilling and the process time of drilling the holes was reduced by adding 
the water as well. This also contributed to a safer work environment and overall health 
of the driller. Motion waste could be reduced by restricting the availability of drilling 
equipment to a smaller number of working faces located close to each other. This 
resulted in the worker’s motion time (used to pick up the equipment) was significantly 
reduced (Klippel 2007). 

In the case study, lean manufacturing and productivity improvement in coal mining 
industry (Ade & Deshpande, 2012) of coal mines in India, there were also a great focus 
on autonomation. The main focus was to minimize motion waste, meaning the time that 
workers need to transport in and out of the mine. When manpower was transported by 
a autonomated mechanized mode at faster speed and nearer to the working face it 
offered less travelling time, more energetic manpower availability, increases the 
effective working time for production and more availability to operate the equipment’s. 
Consequently, there was an increase in production and increase in productivity. It 
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increased the attendance/ presence of workers and reduction in medical bills. Pay back 
of investment was easily justified, therefore it was installed in every mine that the 
mining company had (Ade & Deshpande, p 40-41). After man rider installation 
availability and human efficiency increase contributed to an overall increase in 
production. The authors of the scientific article states that lean philosophy is the only 
way for reduction of waste and improve effectiveness of the resources to compete the 
world. Identification of wastes is a continuous and never ending process, with the 
application and implementation of lean production the coal can be produced with 
highest quality at cheaper rate. Global competition demands the effective 
implementation of lean tools in coal industry and more research is needed on application 
of lean tools in the process industry (Ade & Desphande 2012). 

Other research (Kaupp & Makarenko 2010) states that autonomation change mining 
in many ways. It allows for effective use of real time information which change the 
mining process to a more precise and predictable operation. It also minimizes the human 
operator exposure to hazardous work environment as they will be located remotely. 
Areas which would not be viable to mine without automation will become possible and 
mined more selectively with lower environmental impact than currently possible. This 
could directly translate to the ability to use autonomation to decrease the amount of 
dilution (being mining more selectively) 

2.5 Autonomation and waste reduction in the mining industry 
There is considerable room for improvement about streamlining production, or as 
Honda phrases it “Move material the shortest distance using the least amount of space 
in the shortest amount of time” or as expressed by Mr. Taiicho Ohno, the father of the 
Toyota Production System: “Times do not exist to be studied. Times exist to be reduced” 
and "All we are doing is looking at the time line, from the moment the customer gives 
us an order to the point when we collect the cash. And we are reducing that time line by 
removing the non-value-added wastes" (Haugen 2010). 

The scientific article “the application of lean manufacturing in a mining 
environment” (Dunstan 2008) mentions that when the Weipa mine site (part of the world 
leading mining corporation Rio Tinto) commenced working with lean production 
principles and focused on waste elimination, the following criteria were defined 
(Dunstan 2008) 
 

• Waiting – e.g. Trucks may be waiting at an excavator or dump site 
• Over-production – e.g. mining capacity may be higher than the processing 

plants capability to process the ore  
• Repair or rework – e.g. having to fix trucks after oil overfills  
• Motion – e.g. workers must transport / move a long way for lunch breaks and 

shift changes etc.  
• Over-processing – processing the ore to a finer grade than what the customer 

is willing to pay for  
• Inventory – e.g. having either excess or too little inventory in stock  
• Transportation – e.g. moving mined ore many times before it reaches its final 

destination.    
 

Overproduction results in reduced profitability because production is not precisely  
matched to demand resulting in losses through obsolescence, spoilage, and discounting 
to sell excess inventories (discounting losses that occur because of overproduction are 
particularly significant in parts of the minerals industry). Inventory itself (both in-
process and finished goods) is generally regarded as the worst of these wastes because 
it hides, or obscures the causes, of other wastes in the production process. For example, 
a large stockpile of finished ore might exist to serve customers because of a lack of 
reliability in the production process that would otherwise make the ore to order 
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(Yingling 2000). Utilizing the lean pull system with the help of autonomated mining 
equipment should in theory be useful to handle such waste.  

It is noteworthy that none of these waste criteria’s and cases presented in previous 
section shared the very fundamental meaning of waste elimination by autonomation, 
that is, having machines that detects, stops and adjust if a product of abnormality is 
produced. Although, waste elimination is described as one of the major objectives with 
lean principles (Yingling, 2000). It is recognised that most production operations are, in 
fact, wastes; and some of general categories of wastes have been identified. As already 
brought up by the cases, these include the wastes of overproduction, inventory, making 
defects, inefficient operations (especially wasted human motion and low equipment 
reliability), transportation (all transportation is waste), inspection, and untapped human 
creativity in improving operations. 

An increasing share of the total mining production will be by underground mining 
where ore will be hoisted from gradually deeper mines. It involves an increase in 
overburden pressure with subsequent rock stability problems and risks of structural 
collapse. There is a need for new and safe technologies for deep underground metal 
mining. In this case, new and safe technology could mean the step to further bring 
autonomation to the mine operations, as autonomation takes the operators away from 
hazardous work environments. As a mine gets deeper, the necessary time to transport 
operators and machines in and out from the mine will increase. Hence, working with 
lean principles and eliminate waste (in this case transportation time) could be solved by 
autonomation solutions (Abrahamsson & Johansson 2009). 

As mining depths increase they also bring new stability problems. The role of rock 
mechanics in the design of layouts, cutting sequences, strata stabilisation, roof bolting 
etc., must be a central issue for the future to avoid caving, meaning additional rock 
(waste) to take care of instead of just the ore.  Full face drilling and cutting should be 
interesting from a safety perspective, both directly in safer drifting operations and also 
in that it can create more stable galleries due to reduced or no blasting damages (Weiner 
2008). Cutting should also be useful for selective mining of high quality ore in narrow 
ore bodies. Again, cutting will allow that just the ore is being extracted instead of getting 
additional waste caused by traditional drill and blast methods. But still, where 
production drilling and blasting is necessary, these two processes in the mining 
operation cycle are crucial. An improvement in these processes will lead to controlled 
fragmentation which can cause significant positive impacts on the subsequent 
operations (Lane 2008). For example, too high deviation of the blast holes will cause an 
inhomogeneous fragmentation, which will cause problems when the rock is being 
handled in the mucking, haulage and crushing phases. Rock with undesired 
fragmentation could be called abnormal components of the ore.  

Creating a continuous mining process is one of the major steps towards lean 
methodology in the mining operations and it would contribute greatly in reducing waste. 
For hard rock mining, it would probably mean that the traditional drill and blast method 
for rock excavation would be replaced with shearing techniques which is currently used 
in soft rock mining, such as coal mines. To accomplish this, machines would have to be 
developed so that they break the rock at the face and transport it to a conveyor system 
or to a waiting truck and at the same time install the required rock support above and 
behind itself. Such machine would have to be designed to be flexible enough to follow 
the boundaries of the ore and negotiate sharp turns. This should in theory be the best 
solution for minimizing waste in terms of dilution that is a natural part the traditional 
drill and blast method. As previously mentioned suppliers of mining equipment would 
have to be heavily involved in developing the technology just described. Going to a 
continuous mining process for a hard rock mining operation would be a major transition 
and the companies must be prepared to deal with the problems that are expected to 
surface in such transition (Haugen 2010).   

The mining industry is an energy-intensive industry with high CO2 emission. 
Improvement of energy efficiency will increase the economic profitability as well as 
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reduce the environmental impact. To succeed, the entire system needs to be optimised 
and an appropriate technology is process integration (Nordgren 2007). There are many 
components that affect the total energy consumption; one often discussed is 
underground pre-concentration (in situ). The in-situ concept is based on minimizing 
waste, meaning just the in-situ ore is being mined with minimized dilution (waste rock) 
and the whole mining process should be limited to the underground environment to 
minimize movement. It directly affects the energy consumed hoisting by and milling 
(Bamber 2007). 

3 Method 

3.1 Why a case study 
The case study technique that is used is based on the case study method that is described 
in the book Case Study Research, Design and Methods (Yin 2013). With this technique, 
it is described why this case is applicable for a case study research and how the case 
gets identified. Firstly, the research question is of “how” nature which is a much 
favorable and appropriate format for case study research. The format of the research 
questions is of advantage for the entire case study research, when the empirical topic 
was investigated and a set of pre-specified procedures per the method was followed. It 
is further described (Yin 2013, p. 30) that the way the initial research questions are 
defined are related to the actual definition of the unit of analysis. 

Case study as method is also favorable when an in-depth understanding of a 
particular case needs to be developed, just as in this case. In addition, the underlying 
problem to the research question requires describing and understanding how its diverse 
elements and players interact and how different elements affect and contribute to the 
outcomes achieves, which is all favourable for a case study research approach.       
  The case study includes and explains choices of the source of collecting of data, 
the unit of analysis, the logic linking of the data to the hypothesis and the criteria for 
interpreting the findings. Another reason why case study is used as research method is 
because the research question includes an industry (Swedish mining industry) where 
multiple cases are needed to analyze. A multiple case-study approach with embedded 
homogenous design will be used in the case study. See the case study protocol located 
in the appendix for further reasoning behind this selection.   

3.2 Hypothesis of the research questions  
The research questions capture what this research is interested in to answer, but they do 
not entirely point out what should be studied. By making hypothesis it enables the 
researcher to move in the right direction when answering the study questions (Yin 2013, 
p. 31). 

The hypothesis is based on the authors experience from the industry and the literature 
review. The literature review presents several sources that show a strong connection 
between implementing automation as a solution to eliminate certain waste. Several 
sources show that the main focus of waste elimination has been to reduce or eliminate 
transportation time. Machines can operate by automation and being controlled from an 
operator room, meaning the utilization rate of the machines have increased and fewer 
operators is needed. However, no sources indicate that waste elimination regarding 
products of abnormality has yet been done in any greater extent. 

Research show that reducing products of abnormality can be done if the hard rock 
mining industry implement production techniques from the soft rock industry (coal), 
meaning shearing techniques. This would make the mining process much more selective 
and dilution (waste) could be reduced severely since blasting is no longer needed. 
Although, research also show that autonomation can meet the requirements for 
enhanced precision in the mining process. This could for instance mean that the drilling 
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process can get autonomated and adjust possible deviation of the drill hole by itself to 
avoid deviation that results in products of abnormality (dilution). Research also showed 
that the adaption rate and technology advancement of automation in the coming 10 years 
will be greatly increased.  

Based on this, the hypothesis is that the Swedish mining industry has been focusing 
on waste elimination with the same parameters (waiting, over production, repair, 
motion, over-processing, inventory, transportation) with help of automation just as the 
leading mining company Rio Tinto that was presented in the case. There has not been a 
strong focus on increasing the overall quality of the product by reducing products of 
abnormality. This is partly explained by limitations in current automation mining 
equipment. For example, there is no feasible shearer equipment for the hard rock mining 
industry and to autonomate the drilling process is yet to be done. This could however 
exist in the vision of the Swedish mining industry for the coming 10 years since 
development of automation techniques should by then be developed. The result of this 
research would than explain why focus has been on eliminate certain waste and add a 
lack of data and knowledge to existing literature and knowledge. When understanding 
the why factor in this research, it should allow for better circumstances to further 
eliminate waste with help of autonomation for the years to come in the Swedish mining 
industry. 

This hypothesis is of theoretical orientation which will focus attention on certain data 
and ignore other data. The hypothesis also defines a more certain period. By using this 
hypothesis, the case study will stay within feasible limits. 

3.3 Case study questions in the protocol  
Before the review of relevant literature and collection of data from different sources 
took place, a case study protocol was done. A case study protocol is a major way of 
increasing the reliability of the case study research and it will guide the researcher when 
the literature review and data collection from the case is being carried out (Yin 2013, p. 
79). It will keep the researcher targeted on the topic of the case study. In the study 
protocol an overview of the case study project is included with focus on what the 
objective is. The field procedures are explained with the focus on gaining access to key 
interviewees, planning what resources are needed and a clear schedule was developed 
stating when the data was to be collected.   

The case study questions for the study protocol was also defined which was a way 
of reflecting the researcher’s actual line of inquiry, a process that is described as “the 
heart” of a case study protocol (Yin 2013, p. 86). A crucial aspect is the form of these 
questions; they should not be the same questions that could potentially be used during 
an interview with a key person to the case study. The following case study questions 
were defined in the protocol and used as a mental reflection of the inquiry: 

 
• What is the main cause to the increased implementation of automation solutions 

for the mining industry?  
• What is the next step for the automated mine?  
• Do the manufacturers of the mining equipment have sufficient solutions for the 

future demand of automation from a technical aspect?  
• Is the user (mine operation) demanding new solutions regarding automation or 

is the supplier pushing them and the industry in general?     
• How is waste being eliminated in the mining industry? 
• What is the main type of waste component that the mining industry focuses on 

to eliminate? 
 
The form of these questions is important to avoid undesired confusion between the 

unit of data collection and unit of analysis. A common confusion is, when analysing a 
problem like this happens when the source of data collection comes from individual 
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people during the interviews. The protocol questions should be about the problem rather 
than the individual person.  

The main difference between the case study questions in the case study protocol and 
the questions for in an interview is the form of the line of inquiry. The verbal line of 
inquiry used for the interview is not the same as the explained mental line of inquiry. 
So, for the case study protocol, explicitly articulating the mental questions is therefore 
of much greater importance than any attempt to identify the questions used for the 
interview. During the interview, questions defined for the protocol should be held as a 
reflection in the researcher’s mind.    

Also, a guide or format was developed regarding the case study report which is now 
seen in this final report. It can be of advantage to already have a good idea of the case 
study report when collecting the data. That will increase the chances further of asking 
and collecting the appropriate data of evidence that is sought. Hence the audience of the 
case study was identified even before the case study was conducted. It helped the 
research to avoid mismatches in the long run. 

3.4 Selected cases  
Selected cases are non-randomly. As brought up in the de-limitations, to research the 
entire Swedish mining industry would not be feasible due to time constraints. Instead a 
selection criteria was made. The Swedish mining industry is made up of two dominant 
parts, mine operations and equipment manufacturers. The three largest mine operations 
and  three largest equipment manufacturers, in terms of annual turnover for 2016, were 
selected. With that selection criteria, mine operations companies included in the case 
study are Boliden, LKAB and Zinkgruvan mining. Equipment manufacturers are Atlas 
Copco, Sandvik and Volvo Construction equipment.    

Boliden is a leading metals company with a commitment to sustainable development. 
The company's core competence is within the fields of exploration, mining, smelting 
and metals recycling. Boliden extracts ores from open-pit mines as well as 
underground mines with the mining method sub level caving. The ores extracted are 
transported to concentrators in the respective mining area, where they are processed 
into metal concentrates. The majority of zinc and copper concentrates are 
further refined into metals at Boliden's smelters. A certain volume of concentrates is 
sold to external customers (Boliden 2017) 

LKAB is a Swedish state owned mining company. It is a high-tech international 
minerals group world leading producer of processed iron ore products for steelmaking 
and a growing supplier of mineral products for other industrial sectors. The core 
business of LKAB is the mining process that takes place in the northern part of Sweden 
(Kiruna and Malmberget) which serves as the largest underground iron ore mines in the 
world and use sub level caving as mining method (LKAB 2017)).  

Zinkgruvan mining is an underground mine with a long history. Mine access is 
currently via three shafts, with the principal P2 shaft providing hoisting and man access 
to the 800 m and 850 m levels with the shaft bottom at 900 m. A ramp connecting the 
underground workings with surface was completed in 2010 and now provides vehicle 
access direct to the mine. A system of ramps is employed to exploit resources below the 
shaft and the deepest mine level is now at 1,130 m below surface. The mine is highly 
mechanized and uses longhole primary secondary panel stoping in the Burkland area of 
the mine, sublevel benching in the Nygruvan area and in the Cecilia area. Recently 
underhand panel stoping has been introduced to the lower sections of the Burkland and 
Nygruvan orebodies. All stopes are backfilled with either paste tailings and cement or 
waste rock (Lundin Mining 2017) 

Atlas Copco’s business area Mining and Rock Excavation Technique provides 
equipment for drilling and rock excavation, a complete range of related consumables 
and service through a global network. The business area innovates for sustainable 
productivity in surface and underground mining, infrastructure, civil works, well 

http://www.boliden.com/Operations/Mines/
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drilling and geotechnical applications. Principal product development and 
manufacturing units are in Sweden, the United States, Canada, China and India. The 
strategy is to maintain and reinforce Atlas Copco’s market-leading position as a global 
supplier for rock excavation equipment and services by developing its positions in 
drilling and loading equipment, exploration drilling, and related businesses, and by 
increasing revenues by offering more services to customers. The business will grow in 
a way that is economically, environmentally and socially responsible (Atlas Copco 
2017). 

Sandvik’ s business unit Mining and Rock technology is a business unit that delivers 
products for the entire mining process. As the mining industry demands better 
productivity to ensure profitability, they provide the cutting-edge solutions needed to 
succeed. Their equipment and services help their customers in every corner of the world 
mine safer and more productively. Their offering covers rock drilling, cutting and 
crushing, loading and hauling and materials handling. The vision of Sandvik is to set 
the industry standard (Sandvik 2017).   

The Volvo Group is one of the world’s leading manufacturers of trucks, buses, 
construction equipment and marine and industrial engines. The Volvo Group, which 
employs about 100,000 people, has production facilities in 18 countries and sales of 
products in more than 190 markets. Their vision is to be the most desired and successful 
transport solution provider in the world. Volvo construction equipment business unit 
develops, manufactures and markets equipment for construction and related industries, 
such as mining (Volvo Construction Equipment 2017).  

3.5 Data Sources 
The source of case evidence can come from many different sources and it is important 
for the researcher to decide which source or sources that are most appropriate for the 
case study (Yin 2013, p. 99-101. Each source is associated with an array of data or 
evidence. Advices from Yin was followed regarding the principles of data collection, 
meaning multiple sources of evidence should be used, creating a case study data base 
and maintaining a chain of evidence. By following these principles, the case study will 
reach a higher quality by ensuring the construction of validity and reliability. Since none 
of the sources are “perfect” they are highly complementary to each other, hence multiple 
sources are much valuable for the case study research. Sources that will be used are:  
 

• Archival records  
• Documentation 
• Interviews 

 
The purpose of using archival records and documentation as source is to find 

evidence that can answer the research question. As public data of archival records and 
documentation is available on the internet, it is not resource demanding to find such 
evidence. It is also possible to gather evidence that cover a wide time period, meaning 
it is possible to analyse wether the “how” aspect of the research question has changed 
over time. When data was searched from archival records and documentation, the 
following search words were used in search engines on the companies websites and 
google: 

 
• Autonomation + company name 
• Lean + company name 
• Waste elimination + company name 

 
The purpose of using interview as source was to confirm / double check some of the 

findings that was noted during the data collection from archival records and 
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documentation, as well as ask questions that would gather data to unanswered case study 
protocol questions.  

3.5.1 How the interviews were constructed 
The interviews followed a semi-structured approach, meaning a degree of 
predetermined questions were set, but also designed as a talk based interview that 
secured that questions related to the research problem was covered. This approach 
reminded the researchers the issue to cover, but still allowed for flexibility in progress 
so that it worked as a conversation between equals to create thrust and avoid biased 
answers. Neutral and commonly understood concepts were used and avoiding questions 
were avoided. Types of questions that were predetermined followed a few categories, 
such as descriptive, structural and a question at the end that could be interpret as 
controversial to the interviewee.  

The research question was not considered to be used in the interviews as it was too 
broad to serve as a productive interview question. As there is no guarantee that the 
interviewee understands the question even if they answer the question, follow up 
questions was designed to handle this issue. The predetermined questions were based 
on information found from the literature review and data from archival records and 
documentation to address the case study protocol questions. 

Recording device was used during the interviews (with permission from the 
interviewee) and the conversation was translated from Swedish to English when the 
interview was written.    

3.5.2 How the interviewees were selected  
Due to time constraints, one interview per selected case was selected. As the case study 
handles autonomation and lean, interviewees with leading positions of those areas were 
searched for on linkedin.com. Once appropriate candidates were found, an email was 
sent to them where they received the information that they were going to be contacted 
on a set date for an initial discussion whether they wanted to be a part of this case study. 
Their phone number was acquired on the internet or by calling the company and ask for 
the number and telling the reason why the number was to be obtained. In the initial 
discussion, the interviewee confirmed whether they were the right person to answer the 
interview questions. Once that confirmation was done, the date and time for the 
interview was set.       

3.6 Data collection from LKAB  

3.6.1 Archival records & documentation as source 
 
In a relative old article (Nyteknik, 2002) is LKAB described as the global leader 
regarding automation solutions in their mine operations. The goal was that most of the 
underground operation was to be controlled by automation during 2003. The automation 
program started as early as 1970 in the processing plant while the first step underground 
was automated production drilling in 1997. With help of automation, LKAB has been 
able to cut a lot of transportation times for shift change etc. LKAB described that 
without development of IT solutions, their automation programs would not have been 
feasible. LKAB has stand for most the cost to develop these IT solutions (based on 
communication, data transfer) for their operations. In fact, LKAB spent 80 Million SEK 
in the beginning of 2000 on development project regarding automation. It will take time 
for the organization to adapt to this automation program and before we gain something 
from the investment. The automation program also made the loaders automated where 
one operator can control three loaders at the same time. The number of operators could 
be reduced because of automation and the number of loaders because the utilization 
factor of the machines got improved.  
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In the smart mine of the future conceptual study (Haugen 2010), which is a report 
from 2010 that came as a result from joined forces of the Swedish mining companies 
LKAB and Boliden together with major global suppliers such as Atlas Copco, Sandvik. 
The academia was also a part of this research. A common vision was developed for the 
future mine to stay competitive from a lean, safer and greener perspective and parts of 
this vision or the needs has been presented in the literature review. These needs have 
also been prioritized by the steering committee (consisting of the companies mentioned 
above) and it should act as a driver for research development and innovation necessary. 
The present stage of these needs, in terms of how well LKAB have already achieved 
them, is presented in Table 3 (only focusing on needs covering waste and production). 

Table 3. Showing how LKAB have reached the needs for the future mine vision, 
where 100% would mean that the need is fulfilled (Haugen 2010). 

Proposed R&D  Waste management Production management 
Mechanical excavation 0-33% 66-100% 

Geological knowledge and resource estimation 0-33% NA 
Methods for meassuring caving flow  0-33% NA 

Deposition of waste underground 66-100% NA 
Availability and machine utilisation NA 0-33% 

Process control and management NA 0-33% 
Remote control and automation NA 0-33% 
       

In a master thesis (Fjellborg 2013) is LKAB studied regarding how successful they 
have been with several change initiatives such as orderliness, safety first, balanced score 
cards etc. This was done to better understand how change initiatives is implemented in 
LKAB, because LKAB is about to implement 5S, which is a tool within lean principles.  

In a newsletter from LKAB (LKAB 2015) is the OpEx II program presented, which 
is a long term continuous improvement program based on lean principles, a program 
LKAB started to work with in 2014. LKAB describe their lean program as a method to 
work with continuous improvement every day, to eliminate obstacles that affect our 
overall effectiveness. The perspective of the customer should always be in focus. To 
achieve this LKAB is going to work in small steps. Lean will change the overall 
workflow. All employees at LKAB need to get knowledge in lean and can identify waste 
or obstacles. Being able to identify such things is seen as a possibility to an 
improvement. LKAB describe they have worked with similar methods in the past, such 
as 5S, but this lean program will involve the entire LKAB. The first place to implement 
lean will be in the production areas of the mine operation.  

In 2016 (LKAB 2016) a “future drilling system” is presented by LKAB. It was a 
development project LKAB commenced 2014, same year as the lean program 
commenced, regarding their drilling technology in the mine operations. It is an entirely 
new way of conducting production drilling in underground mining. The future drilling 
system emphasizes on coil tube technology, which mean that the time the drill rig 
usually change drill rods every 1 meter can now be eliminated. The drilling system also 
emphasizes on autonomated directional drilling (meaning the drill can be steered in the 
hole) and real time positioning data is acquired to see the location of the drill. This 
allows for completely new drill patterns which will significantly reduce the amount of 
dilution (waste) and improve the overall ore recovery. Hence a solution to reduce 
products of abnormality, based on autonomated mining equipment. The development 
project is ongoing and the objective is to fully implement this solution in the mine 
operations by 2020.   

3.6.2 Interview as source  
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The project manager of automation at LKAB, Christina Karlsson, was contacted and 
the interview questions below were sent to her. She answered the questions together 
with her colleagues in the research and development department.    

 
Q: In the beginning of 2000, LKAB was described as a world leader in the mining 
industry regarding automation. Is automation still an area LKAB focus on?   
A: There is probably an even greater of on automation now. There has been several 
change initiatives within LKAB that has promoted a more automated mine, latest 
example of the is the OpEx II program. The world competition is also tighter, for LKAB 
to remain competitive as an underground iron ore producer, compared to iron ore 
producers that uses open pit mining, we must be a leader within automation. Automation 
creates an effective mine which will make the ore more profitable to mine.  
  
Q: In the OpEx II program, LKAB is focusing on lean principles. How is waste 
elimination being handled and is the waste categorized?  
A: Waste elimination is one of the fundamental aspects of our OpEx II program, even 
if LKAB has been eliminating waste throughout its history, this is the first time we put 
focus on for the entire organization. We categorize waste in several ways. We have 
transportation time, waiting time, downtime of equipment, sizes of stock piles 
underground and we measure dilution percentages and put strong focus to eliminate 
these waste as much as possible.  
 
Q: How is automated mining equipment contributing to eliminate waste in the different 
categories? 
A: From an automation perspective, we have some obvious waste elimination solutions. 
Transportation time of the operators has been reduced or almost eliminated for the 
automated machines. We have new automated systems for our equipment that prevent 
uncontrolled shutdowns. We have automated communication systems that enables a 
better control of the stockpiles underground.  
 
Q: Has the fast advancement of automation technology of mining equipment enabled 
LKAB to be more successful with waste elimination? 
A: Automation has been a true success in terms of waste elimination. Take 
transportation time for operators for example. Such time could only have been reduced 
by smarter shift changes etc., but it could never have reached the same level of waste 
elimination as the automation solution has granted us.   
 
 Q: Research on the lean mining concept, with focus on creating a continuous 
manufacturing plant with minimized products of abnormality (dilution) has indicated 
that the current technology can’t achieve this in hard rock mines. Examples from the 
coal industry are given where shearer could be used to horizontally mine an ore body 
which also enables a more selective mining process. Is such major transitions regarding 
the excavation process considered in order to reach the vision of LKAB or can other 
autonomated solutions achieve such conditions? 
A: As the ore is being mines completely vertical in LKAB, such method would not be 
feasible. However, LKAB has been developing a new way of conducting production 
drilling, which is based on autonomation. This enables a new drill and blast pattern 
which will significantly reduce the amount of dilutions, hence reducing one of the waste 
categorizes we work with. As dilution initially appears in the drill and blast process, we 
are very pleased to have developed a solution that can eliminate such waste early in the 
process.     
     
Q: Is LKAB as a user of the mining equipment demanding the technology regarding 
automation to meet the lean vision, or is it rather the equipment manufacturer that 
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pushes the industry into a more automated manufacturing plant that resembles the 
automotive manufacturing industry? 
A: Historically LKAB has been standing for many innovative solutions for the mining 
industry when it comes to automation and we have been the part that financed such 
development. We are getting more proactive manufacturers now that are willing to take 
risks, but as for the autonomated drilling concept described above, LKAB has financed 
the project by themselves. Per us, it’s the mine operations that steer the direction of the 
industry, from an automation and lean point of view.   

3.7 Data collection from Boliden 

3.7.1 Archival records & documentation as source 
During the Boliden capital markets day 2008 (Boliden 2008), production was in focus 
and a common production philosophy was worked on. Boliden was working on a 
combination of these concepts   

 
Theory of Constraints 

• “Unlimited demand” 
• Profit through increasing sales 
• Protecting the throughput by adequate buffer capacity in front of the bottleneck 
• Accepts that all processes have an inherent variability 

 
Lean production 

• Limited demand 
• Profit through lowering costs 
• Reduction of “waste” (including buffer capacity ahead of bottleneck!) 
• Assumes stable conditions (grades, operation times, availability, mill 

throughput) 
 

A year later during the Boliden capital markets day (Boliden 2009) the strategic 
focus to achieve operational excellence was presented and to drive lean methodology 
for the mines was one of the key aspects. During the Boliden capital markets (Boliden, 
2011) the New Boliden way is presented which was a rebranding of the company to 
fully show that Boliden as a mining company is working in their own way. The New 
Boliden Way is fully presented 2012 (Boliden 2012).  

The New Boliden Way work is made up of several different components, all equally 
important. Boliden emphasise the importance of an holistic approach by describing the 
way in which it all fits together in the NBW house. Waste management is mentioned 
several times in the New Boliden Way. Eliminate everything that does not create value 
for our customers, our processes or ourselves. Low costs and no wastage help improve 
productivity. 

The annual report of Boliden (Boliden 2013) presents a spider diagram that 
illustrates the elements that make up a complete implementation of NBW. It is also a 
tool for measuring how far the operations have come in terms of actual implementation. 
Working with all 28 elements of the spider diagram enables Boliden to achieve its vision 
of being a world class metals company. Among these elements, many lean tools are 
found as well as waste elimination in general. Figure 2 show the presented spider 
diagram.  



29 
 

 
Figure 2. Spider diagram that illustrates the elements that make up a complete 
implementation to the new Boliden Way.  

In the Boliden supplier summit (Boliden 2016), which is a summit for a select few 
suppliers of Boliden, Boliden presented their operations and strategies. In this 
presentation, they show that their vision beyond 2030 is lean and green mining. This 
means that they want to achieve In-situ production of base metals (isolate all production 
to the underground environment) and achieve zero waste. The operation should be fully 
automated without human interference. To achieve this, the fundamental base is to have 
competence, technology and conditions for business. Performance management and 
continuous improvement is important for Boliden and mine automation is an prioritized 
research area. Autonomous machines, better maintenance programs and production 
control tools are all areas that are being described. Boliden’s needs for improved 
automation is narrowed down to knowledge in communication technology, higher 
reliability of the machines and electric powered vehicles should fully replace diesel 
driven machines vehicles. 

At the Boliden website (Boliden 2017) its presented that they are introducing 
industry-leading automated technical solutions to further improve health and safety, 
energy efficiency and overall mine productivity. Boliden's mine automation work is one 
of the prioritised R&D areas to ensure that their production is efficient and profitable, 
safe and environmentally responsible even as their mines get deeper. Mine automation 
is a driver to further develop and improve Boliden's mining business. 

"Within our Mine Automation programme, we are currently implementing and 
trialling several major mine automation projects and initiatives in parallel that are 
intended to improve safety, and drive efficiency and productivity," explains Peter 
Burman, Program Manager, System Technology, Boliden Mines. 

Wireless network technology that allows the use of IP telephones and data traffic 
underground, advanced positioning technology and monitoring systems have been 
installed in several mines. Such solutions allow communication and access to 
information throughout the mines, and can quickly establish where workers and 
equipment are located at any time. Collective control systems and demand controlled 
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ventilation systems are other examples of mine automation technologies that Boliden 
has installed (Boliden 2017) 

To make the working environment safer and further improve the production 
capacity, Boliden is using a remote loading system at Boliden's Garpenberg mine. The 
system is one of only a handful of such systems in the world and Boliden is investigating 
the potential to roll out the system to other mines. An Auto drilling system, which allows 
the operator to focus on a difficult drilling area whilst another boom can automatically 
drill another area, is also being trialled at the Garpenberg and Kankberg mines. 

Mine automation uses enhanced communications and monitoring systems, which 
makes it easy to locate, communicate and support workers during normal mine 
operation or in the event of an emergency. "One of the focus areas is to improve safety 
and working conditions for operators as they can work in a safe and comfortable 
environment while operating the mine," says Arne Renström, Senior Project Manager, 
Mining Technology. Demand control ventilation systems also improve the working 
environment by automatically regulating and optimising the mine air supply to ensure 
ample ventilation when workers are present (Boliden 2017).  

Mine automation can make significant energy savings by optimising mine processes. 
Boliden is still gathering data to quantify these benefits, but demand ventilation systems 
are thought to achieve up to 25 percent energy savings by using smart ventilation based 
on actual demand. "With automated machines and traffic management, energy 
consumption and the need for long-term maintenance can be reduced due to optimised 
driving cycles," explains Renström (Boliden 2017). 

Improved communication, automatic reporting from machinery and positioning 
systems provide opportunities for better planning and increased mine productivity. For 
example, with access to real-time information, positioning and centralised control via 
Mine Operation Centres it is possible to fine tune shift planning with well-defined 
algorithms that optimise production planning. Maintenance monitoring systems can also 
extend service intervals and avoid serious breakdown at the production face, which can 
ensure productivity targets are met. Monitoring systems can further optimise equipment 
maintenance planning to ensure that equipment is kept operational and to minimise time 
in the workshop (Boliden 2017). 

Regarding drilling, both remote and autonomous drilling can yield more drill meters 
per working hour. Autonomous loading solutions improve mine efficiency and 
productivity by allowing loaders to be automated and remotely supervised by operators 
in real-time. "No accurate figures are available yet, but the system reduces the time 
needed to travel through the mine during shift changes, which increases the number of 
productive hours per shift and tonnes produced per month," concludes Renström 
(Boliden 2017).  

In an article (Swedbank 2016) is the Boliden mines described as the most productive 
mines in the world. The CEO of Boilden, Lennart Evrell, explains that the key to this 
success has been due to the implementation of automation solutions. It is very 
challenging to use autonomated veichles in underground mining compared to surface 
mining, one reason is because traditional GPS solutions to keep track and communicate 
with the vehicles is not possible underground. Hence, Boliden is testing solutions for 
5G positioning systems together with the Swedish IT company Ericsson. Lennart further 
explains that equipment manufacturers such as Atlas Copco has enabled Boliden to be 
in the position they in today, namely the most effective mines in the world. However, 
this position is also because of the result of Boliden. Boliden has taken large technical 
risks when they have introduced the latest technology, the willingness to take risk has 
made the technology development and implementation process quicker. Lennart 
finishes with “Boliden want to take risks and want to be positioned as number 1. Since 
the equipment manufacturers can use Boliden as reference will the transparency ensure 
you to not fail” (Swedbank, 2016). 

Boliden has a certain development program for mining automation 
(Nordiskaprojektindustri 2017). The objectives of this program are to improve the 
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control of the production and an increase of the utilization grade to reach a higher 
productivity. Another objective is to increase the work environment for the operator, 
where the vision is that as many as possible of the operators should be in safe operator 
rooms. Good data communication in the mines are vital to increase the extent of 
automation. A pilot project called “Pilot for industrial mobile communication in 
mining” is undertaken there Boliden, Volco construction equipment, ABB and Ericsson 
is a part of the project. The technology to be tested in the mining environment is 5G. 
The automation manager at Boliden, Peter Burman, explains that this cooperation 
between high technology companies that push technology boundaries together is typical 
for the Swedish mining industry. 

Just as mentioned in the data collection from LKAB, Boliden was part of the same 
study (Haugen 2010) and Table 4 presents the view on Boliden which is just slightly 
different from LKAB.   

Table 4. Showing how Boliden have reached the needs for the future mine vision, 
where 100% would mean that the need is fulfilled (Haugen 2010). 

Proposed R&D  Waste management Production management 
Mechanical excavation 0-33% NA 

Geological knowledge and resource estimation 0-33% NA 
Methods for meassuring caving flow  0-33% NA 

Deposition of waste underground NA NA 
Availability and machine utilisation NA 0-33% 

Process control and management NA 0-33% 
Remote control and automation NA 0-33% 

 

3.7.2 Interview as source  
 
Clas Ericsson, project manager lean, at Boliden was interviewed. The questions and 
answers are presented below.  

 
Q: The New Boliden Way work is made up of several different components, all equally 
important. Boliden emphasise the importance of a holistic approach by describing the 
way in which it all fits together in the The New Boliden house. Within the lean program, 
waste management is mentioned several times. Eliminate everything that does not create 
value for our customers, our processes or ourselves. Low costs and no wastage help 
improve productivity. Is different type of waste being categorized in the New Boliden 
House?  
A: Yes we have divided or categorized the waste into four main areas. First we have 
transportation time of perosnell, meaning all the time they are transporting instead of 
producing. Then we monitor machine transportation time, similar here, all time where 
the machine moves instead of producing is defined as a waste. Then we have waiting 
times for machines, for example a truck is waiting for a loader. Lastly, we monitor 
downtime of the machines, meaning time where the machines have some kind of fault 
and a unplanned service needs to take place.   
 
Q: How is automated mining equipment contributing to eliminate waste in the different 
categories?  
A:Remote controls or even better, autonomous control of the machines, allows for a 
significant reduce of transportation time of the operators. Transportation time of 
machines can be reduced if they need to be removed in a lower degree. For example 
every time we blast, machines and its personell need to evacuate the mine. But with 
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automation, the machine can stay underground and continue to operate and produce, 
hence reducing the overall transportation time. Reducing waiting times is all about 
communication. To have intelligent automated machines that can communicate and take 
decisions on their own will go to the right area, meaning lower waiting times can be 
achieved. Reducing downtime of the machines is also about smart automation. We have 
much more monitoring devices on the machines today, and an automated machine will 
be operated in the best possible way. This results in a lower extent of breakdowns.  
 
Q: Has the fast advancement of automation technology of mining equipment enabled 
Boliden to be more successful with waste elimination? 
A: As you see in the answer in the previous question, automation has been the key to 
achieve this high level of waste elimination. But we still have a long way to go compared 
to other industries.  
 
Q: At the website of Boliden, your quote is presented "Within our Mine Automation 
programme, we are currently implementing and trialing several major mine automation 
projects and initiatives in parallel that are intended to improve safety, and drive 
efficiency and productivity,". From the efficiency and productivity aspect, is the mine 
automation programme a part of the overall lean program or is automation and the lean 
program treated individually? 
A: Within our organization we have different people that are responsible of automation 
and the lean project. However, these two functions are so closely connected that we 
work very close to each other.      

 
Q: In the Boliden supplier summit (Boliden 2016), the vision beyond 2030 was 
presented as “lean and green mine”. The operation should be fully automated without 
human interference. To achieve this, the fundamental base is to have competence, 
technology and conditions for business. Performance management and continuous 
improvement is important for Boliden and mine automation is a prioritized research 
area. Autonomous machines, better maintenance programs and production control tools 
are all areas that are being described. Autonomous machines and better maintenance 
programs are both part of the lean pillar autonomation which emphasizes on having 
more reliable equipment with less shutdowns and prevent to produce products of 
abnormality because of equipment failure. Products of abnormality in the mining 
industry could be referred as dilution. Is Boliden working with autonomation now and 
how is that reducing the amount of dilution? 
 A: In terms of the underground production we are currently implementing 
autonomation with our trucks, which no other mine has achieved underground. 
Autonomation is helping as reducing downtimes of the machines just as you mention in 
the question. But in terms of reducing dilution with help of autonomation in the 
underground production is something we need to consider.  
 
 Q: Research on the lean mining concept, with focus on creating a continuous 
manufacturing plant with minimized products of abnormality (dilution) has indicated 
that the current technology can’t achieve this in hard rock mines. Examples from the 
coal industry are given where shearer could be used to horizontally mine an ore body 
which also enables a more selective mining process. Are such major transitions 
regarding the excavation process considered to reach the vision of Boliden or can other 
autonomated solutions achieve such conditions? 
A: Talking from Boliden mines perspective, using horizontally shearers to mine the ore, 
in order to reduce dilution, would not be feasible at all at its current stage. Our ore bodies 
are suitable to be mined vertically and even if they were horizontally placed, the 
hardness of this sulphide ore would cause great problems to the life time of the shearers. 
I believe increasing the precision of the drilling with some king of autonomation in 
combination with technology advancement in explosives (to allow for a better split 
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adjacent to the ore boundary) would be a more suitable solution for us. But as said, this 
has not been a question we have prioritized or put focus on.       

 
Q: Is Boliden as a user of the mining equipment demanding the technology regarding 
automation to meet the lean vision, or is it rather the equipment manufacturer that 
pushes the industry into a more automated manufacturing plant that resembles the 
automotive manufacturing industry? 
A: Taking this autonomous truck as example, we are in the technology development 
together with the manufacturers. It requires very specific knowledge to develop such 
solutions, as well as an underground mine to develop it in. We have mutual benefits in 
such cooperation. Boliden is one of the most advanced mines in the world regarding 
automation and we want to continue to break ground and set new standards.   

3.8 Data collection from Zinkgruvan Mining 

3.8.1 Archival records & documentation as source  
An article (Atlascopco 2011) is the Zinkgruvan mining operation described. The CEO, 
Bengt Sundelin, says that there is a great potential to develop the mine due to the very 
modern machine equipment recently acquired. Zinkgruvan has a special kind of 
agreement with Atlas Copco where they lease the machines, meaning they often have 
access to the newest technology. Zinkgruvan mine operation is located just 100 Km 
from the manufacturing plant of Atlas Copco where the machines are produced and 
shipped globally, the close distance is ideal for a tight cooperation. The mine manager 
Jan Kläre explains that the leasing contract is of great value, since that included service 
guarantee’s and dependability, the machines breaks down less often with this solution. 
Bengt Sundelin further explains that the highest priority is now to make the mine more 
effective. It’s not about changing equipment, but rather to use them more optimally. 
Their operation is very modern, but the feeling is that all processes is not optimal. Jan 
Kläre agree’s on this reasoning and further explains that an increased automation 
program underground would be highly interested. He would like to see development on 
techniques that enables a better communication between the equipment and the 
personnel located at the surface monitoring the equipment. Jan Kläre finishes with 
saying that an increased use of automation would contribute to an increased efficiency 
in their mining operation. 

Another article (Industrinyheter, 2013) explains that Zinkgruvan has expanded with 
great results the recent years. CEO Bengt Sundelin explains that they still need a better 
flow in the production so there are more investments to come. They look to increase the 
production with about 20%. The greatest contribution to the increased production comes 
from a surface ramp that allows vehicles and ore to be transported in it, prior to the 
surface ramp all transportation was made with shafts. Areas of further focus is to work 
more smart to cut costs and improve maintenance work.  

Another article (Automation, 2017) describes that telemonitoring is introduced in 
the Zinkgruvan mining operation. It was installed in the operation to increase the 
availability of the mining equipment’s. The telemonitoring includes data collection and 
analysis, which will be used as decision support for the maintenance management. It is 
further described that telemonitoring is ideal for operations where the task is done from 
a long distance from the central control unit. 

Assist is a consultant that specialize in introducing lean principles in companies. On 
their website (Assist.nu), there is a reference published where they had a job at 
Zinkgruvan minining with the objective to make the operation more effective. The work 
was limited to the surface operation (processing plant, workshops etc.) which is not a 
part of this thesis. However, it is an indication that Zinkgruvan is working with lean 
principles. Whether it is used in the underground operation needs to be further 
researched.  
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3.8.2 Interview as source  
   

An interview was scheduled with Ronny Frimodig, program manager of lean, but the 
interview got cancelled and there was not enough time to reschedule the interview with 
him or another employee at Zinkgruvan Mining.    

3.9 Data collection from Atlas Copco  

3.9.1 Archival records & documentation as source  
Atlas Copco describe their automation solutions as a way of increasing safety and 
productivity. Automated operations significantly increase safety and productivity and 
renders more accurate decisions that enables operations to function more effectively and 
that responds to business changes better. Automation gives improved information 
integration, visualization and control of operations. Atlas Copco offer a range of partner 
services, from audits to network support and project management. Atlas Copco, together 
with the customer, can develop strategies to meet and exceed your goals for profit, safety 
and sustainability (Atlas Copco 2017b). 

The automation products of Atlas Copco are divided in four levels of automation. 
From data monitoring and product function control, to calculated optimization and in 
the end, full autonomy. Combining all steps allows you to reach the full potential of 
Atlas Copco’s equipment. When the machines work together they can perform very 
complicated tasks, deep underground. And they can do so with minimal downtime and 
maximum safety (Atlas Copco 2017b). 

 
• Monitoring - Our monitoring solutions provide easy access and collection of 

data on production, equipment utilization and machine conditions. It also 
allows advanced planning and analysis of the operations at hand.  

• Control - Our Control systems include remote controlled solutions, 
automatic safety features and systems for increased planning and precision 
for drilling, rock reinforcement and material handling equipment. 

• Optimization - enables you to push your equipment to its full potential, while 
ensuring that it is not worn out or breaks down.  

• Autonomy - Autonomous solutions capture the full capability of Atlas 
Copco’s offering- from monitoring, control, optimization to the fully 
autonomous.  

  
There are several reasons for the increased interest in automation from the mining 

industry. One is of course the added safety benefit, with fewer people operating in 
hazardous environments. Automation can also be used to optimize mining, for example, 
by working during blasting. Improved infrastructure in the mines has also enabled an 
increase in automation. Ten years ago, no-one would have thought that WiFi could work 
in underground mines. Today it is a matter of fact and most automation applications 
require network access. There are three main areas of focus for today’s automation 
development: the functions of the machine, the operator environment and the collection 
and integration of data. A lot can be done with the machine’s functions, only the 
imagination – and the cost of development – set the limits. All new machines have a 
computerized control system that allows many automated features, making it easier for 
the operator to work more efficiently. “Additionally, operators can be moved farther 
from the machines thanks to automation. In Chile, they have run a system where the 
operator sat 80 kilometers from the mine – it worked perfectly” said Mattias Pettersson 
(automation manager at Atlas Copco). Finally, in terms of data collection, a lot can be 
gained from observing in real time what the machines are doing. In this way, it is 
possible to make major improvements in the logistics as well as in productivity and 
availability (Atlas Copco 2015). 
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Examples of automated solutions of Atlas Copco mining equipment is given (Atlas 
Copco 2015). Remote control for loaders is available for up to 60m in clear sight, which 
also includes features for automatic tramming and auto dumping. Underground drill rigs 
can be controlled from operator rooms, where one operator can control multiple drill 
rigs. This multiplies the operator efficiency and was made possible by the full drill cycle 
automation Remote monitoring and mobile machine integration – System for collecting 
machine data via a wireless network. Production data, maintenance data and alarms are 
collected automatically and can be presented in clear graphs through a web interface. 

Another interview from a few years ago (Atlas Copco 2015b) with Mattias 
Pettersson, automation manager at Atlas Copco, is focusing on trends in the mining 
industry regarding automation from Atlas Copco’s perspective. Parts of some of the 
questions and answers are presented below: 
 
Q: How would you summarize the biggest challenge for underground mining?  
A: The most important issue is how to excavate minerals and metals in difficult and 
dangerous environments, and do it efficiently and safely. The fact is, many of today’s 
mines are becoming depleted and the next generation of mines will require a completely 
different approach to be successful. 
 
Q: In what way, will these new workings be more difficult to deal with?  
A: Firstly, many of them will be in very remote areas, which means they will be less 
accessible. Secondly, they are likely to be much deeper than today’s mines with 
orebodies that are much harder, requiring more complex infrastructure. Thirdly, the 
challenge of working in deep, confined and unstable areas will inevitably involve more 
health and safety issues. Environmental and safety regulations are increasing constantly 
and probably, humans will not be permitted to work in such hazardous environments at 
all in the future.  
 
Q: So what options do mining companies have going forward?  
A: To my mind, there is only one. They must embrace automation technology to the full 
and there are strong signs that this is already beginning to happen. The interest in and 
demand for automation is stronger now than ever before, a trend that was clear at the 
Euro Mine exhibition in Sweden this year. 
Q: What are the main advantages of automation underground?  
A: Apart from the obvious impact on safety, automation has a central role to play in 
terms of optimizing the mining operation. For example, automation allows machines to 
work between shifts, during blasting, and during the night. Optimization naturally leads 
to increased productivity because you can get more out of the equipment. 
 
Q: To what extent is automation technology being applied in today’s mines?  
A: It’s increasing all the time. One reason for this is that many mines have now greatly 
improved their communications infrastructure. Ten years ago, hardly anyone believed 
that a wireless Local Area Network could work underground. Now it is more of a given 
as most of the applications in the field of automation require access to a network of one 
kind or another. However, we should remember that despite the growing interest in 
automation, a lot of people are still sceptical. It’s normal to be a little apprehensive about 
something new and what it might lead to. That’s the way it’s been throughout history, 
every time a major technology transition has come along. But nobody wants to turn the 
clock back to the days of hand-held rock drills.  
 
Q: What are the key focus areas of automation development today?  
A: At Atlas Copco, we are concentrating on three areas – the functions of the equipment, 
the operator’s work situation, and the collection and integration of data. When it comes 
to designing new functions, the only limitations are our own imaginations and the cost 
of development. We have a great advantage in that all our new machines are equipped 
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with computerized control systems which enable many automatic functions to be added. 
We are also making it possible for the operator’s workplace to be moved further and 
further away from the worksite. For instance, an operator today can stand 50 meters 
away from a drill rig to avoid being in an area where there is a risk of rockfall. But he 
or she can just as easily be located much further away than that. In Sweden, the LKAB 
mine operates a fleet of Simba long-hole rigs from one central control room, and there 
are similar systems installed in Finland and the U.S.  
 
Q: What will be the next innovation in automation for underground miners? 
A: We are soon introducing a new system for multi-machine control of underground 
loaders which enables one operator to handle several machines simultaneously. 
However, as the loaders are semi-autonomous, meaning that the buckets are still filled 
manually, there is still a limit to the number of loaders that one operator can control. So, 
it is not at automated as the drill process currently is. 
 

In a recent press release from Atlas Copco (Atlas Copco 2016) regarding the 
mineEXPO exhibition (largest mining exhibition in the world) is Atlas Copco 
presenting their solutions as “Automation is leading way for the future of mining”. Atlas 
Copco showcased a wide range of product news aimed at tackling many of today’s 
toughest challenges in the mining industry. Under the banner “The Future of Mining is 
Now” the Atlas Copco booth presented its latest equipment all geared to increasing 
efficiency and lowering the total cost of operations. Several of these developments are 
key solutions to the many challenges currently facing the industry. Atlas Copco 
Underground Rock Excavation is constantly working towards driving productivity of 
operations forward and is becoming more prominent in providing their customers with 
full control over their operation, cost, production, timing etc. As such the focus on the 
product launches will be on Automated products designed to meet the tough 
underground requirements on downtimes and robustness.  

There are no articles that specifically mention that Atlas Copco design their 
automated mining equipment to help their customers to eliminate waste from a lean 
perspective. Several articles are found regarding lean methodology within Atlas Copco 
with the statements “Lean manufacturing is about the elimination of waste” 
(Miningglobal 2015) so there is no doubt that Atlas Copco is working with lean 
methodology for themselves to eliminate waste in their manufacturing process.  

3.9.2 Interview as source  
 
Mattias Petersson, product line manager automation, at Atlas Copco was interviewed. 
The questions and answers are presented below.  
 
Q: The Swedish mining industry have been focusing on lean principles in their mine 
operations to improve productivity etc. Has this changed view of conducting mining 
been affecting the way Atlas Copco design their mining equipment from an automation 
perspective?  
A: We see that automation and lean principles have a strong correlation. Although we 
don’t believe that these “lean principles programs” that our customers have initiated 
have directly affected our way to provide automation. One could rather say that we saw 
the need of automation, hence developed and provided it to the industry. 
 
Q: Atlas Copco describe their automation solutions (per their website) as a way of 
increasing safety and productivity. Automated operations significantly increase safety 
and productivity and renders more accurate decisions that enables operations to function 
more effectively and that responds to business changes better. Automation gives 
improved information integration, visualization and control of operations. Although, the 
fundamental aspect of lean principles is to eliminate waste within the mining process. 
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Some mine operations categorize their waste and have different elimination solutions to 
each category etc. Is this something Atlas Copco is aware of when providing automated 
mining equipment to the operation? 
A: We are aware of our customer’s waste elimination initiatives but we don’t have a 
direct insight on how they categorize and specifically aim to reduce the identified waste. 
There is room for improvement regarding this.  
 
Q: How is automated mining equipment from Atlas Copco contributing to eliminate 
such waste? 
A: We have several examples of this. Drill rigs can be fully automated and our studies 
show that automated drilling process reduces the amount of dilution, which will have a 
positive effect on the remaining mining processes from a lean perspective. Automation 
also eliminate transportation time for the operators, since they can operate from an 
operator room instead of being located directly at the drill rig. We have also improved 
the communication system between the drill rigs, a software program called Certeq. 
This allows for improved planning which results in less waiting time for the machines. 
It also gathers and analyse performance data of the machine which will improve the 
maintenance work, hence reducing downtime of the machines.  
 
Q: The automation products of Atlas Copco (per your website) are divided in four levels 
of automation. From data monitoring and product function control, to calculated 
optimization and in the end, full autonomy. Combining all steps allows you to reach the 
full potential of Atlas Copco’s equipment. When the machines work together they can 
perform very complicated tasks, deep underground. And they can do so with minimal 
downtime and maximum safety. Please elaborate how downtime is minimized with 
automation.  
A: As just mentioned, improved data management and communication enables a better 
maintenance program. A computer that is programmed to give a demand at a given 
circumstance will always perform this demand, while it is less certain if it is up to the 
operator (different operators will act differently, hence automation makes the process 
more standardized).   
 
Q: Another fundamental aspect of lean principles is autonomation, referred as 
intelligent automation (the forth level of automation per Atlas Copco’s definition). 
Autonomation is usually used to minimize shutdowns of equipment’s by detecting faults 
and to prevent those faults to occur again, which will reduce the number of abnormal 
products. A product of abnormality in the mining industry could be referred as dilution. 
How is the autonomated mining equipment of Atlas Copco achieving these aspects? 
A: Our automated drilling solutions allows for a more precise collar of the drill hole and 
optimize the drilling performance which will reduce the amount of deviation, hence 
reducing overbreak (dilution).  
 
Q: Is Atlas Copco as a manufacturer and supplier pushing the Swedish mining industry 
to emphasize on automation solutions to reach their targets or is it rather the demand 
from the mining operation that has pushed the technology development rate of 
automated mining equipment?  
A: If we look at the Swedish industry, I believe we have succeeded in many areas even 
if we are a small country with limited resources. The reason why we have succeeded is 
that we are talented in cooperation. In our case, there have been a long history between 
Atlas Copco and our mining customers in Sweden which has resulted in mines with 
high technology standards. We have shared the risks together and have had the same 
vision.  
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3.10 Data collection from Sandvik 

3.10.1 Archival records & documentation as source  
Sandvik Mining describe their automation expertise as a result of years of continuous 
research, development and close collaboration with their customers. Today, they offer 
the most advanced automation solutions in the industry. These solutions significantly 
increase productivity and safety, as well as lower the total cost of ownership. Sandvik 
offer a wide variety of optimized products for the customers unique mining needs 
(Sandvik 2017b).  

Sandvik's AutoMine product family is suitable for both surface and underground 
mining applications. The portfolio covers single equipment and full fleet automation, 
enabling operators to control and monitor an entire fleet of driverless loaders or trucks 
hundreds either below the surface or on drill rigs, from the safety of a control room. 
Remote monitoring and process management capabilities allow supervisors to monitor 
and control their operations and to directly communicate with operators from wherever 
they are. The benefits of choosing a Sandvik system are the improved safety for workers 
and expensive machinery; increased productivity levels as machine can move faster and 
problems are spotted sooner and; peace of mind, knowing what your equipment and 
team are doing in real-time (mining-technology 2014). Sandvik Mining offers a 
comprehensive selections of automation tools, such as:  

 
• AutoMine Control - Allowing supervisors to monitor operations from a 

control room 
• AutoMine Lite - Single machine automation for drilling  
• AutoMine Fleet - To manage an entire fleet simultaneously 
• AutoMine Process Management - A two-way information exchange and task 

management system enabling fast alerts about delays and problems 
underground 

• AutoMine Insight - Data reports and production analysis to help make 
informed decisions 

• AutoMine Services - Sandvik's experts can support you throughout the 
planning, installation and start-up of your new mine automation system. 

 
The first Sandvik AutoMine Loading installations were delivered more than 10 years 

ago and the automation system continues its success story today. More and more mines 
globally are discovering how Sandvik AutoMine can improve their operations. “This 
year (2016) seems to be a turning point, with many new Sandvik AutoMine Loading 
Lite systems being ordered," says Riku Pulli, VP Automation, Sandvik Mining and 
Rock Technology. “Within this challenging business climate, mines are looking for 
reliable, easy-to-implement solutions that deliver higher productivity and efficiency in 
mining operations. We are proud that Sandvik AutoMine has already delivered well on 
these requirements for many customers and there are more in the pipeline.” Operations 
that rely on Sandvik AutoMine Loading Lite include Boliden Garpenberg mine, Boliden 
Tara mine, Goldcorp Cerro Negro mine, Glencore Kidd Operations, First Quantum 
Pyhäsalmi mine, IAMGOLD Westwood and LKAB Kiruna mine (Sandvik 2016). 

The development manager of automation at Sandvik Mining, Taina Heimonen, 
explains that “the Sandvik way of working is to stay close to the customers at all times, 
spending time with our customers in production gives a good understanding of their 
actual needs. Another important key are cross-functional teams. When our competent 
mining engineers and software teams understand each other, that’s when the magic 
happens.” (Sandvik 2016b) 

No direct evidence was found that emphasize on that Sandvik Mining manufacture 
and supply the mine customers with automation solutions to eliminate waste from a lean 
perspective. Although, lean principles are something that Sandvik as a company are 
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working with for their own manufacturing process, so the concept itself are well known 
to them (Sandvik 2016c)  

3.10.2 Interview as source  
The mining and application engineer Maritha Jukkola, based in the product 
development team within Sandvik mining and rock technology, was contacted. The 
following questions were sent to her and she together with some 4-5 other people from 
her department answered the questions.    

 
Q: The Swedish mining industry have been focusing on lean principles in their mine 
operations to improve productivity etc. Has this changed view of conducting mining 
been affecting the way Sandvik design their mining equipment from an automation 
perspective?  
A: It certainly has. The customer has now a very different approach. There has been 
much focus on applications that involved communication between the machines but 
perhaps most importantly to have more reliable machines. As the machines get 
automated, the customers also want them to last longer, hence making them even more 
in dependable. This goes in line with the lean initiatives of the mine operations.   
 
Q: Some mine operations categorize their waste and have different elimination solutions 
to each category etc. Is this something Sandvik is aware of when providing automated 
mining equipment to the operation? 
A: This is different from mine to mine. They don’t share their exact categories, but most 
commonly waste elimination topics is transportation time of both operators and 
machines and the utilization rate of the equipment. Waiting times is also focused on, 
waiting can appear if the flow of the production is not synced. To sync it, the machines 
need to communicate with each other.   
 
Q: How is automated mining equipment from Sandvik contributing to eliminate such 
waste?  
A: Transportation time is being eliminated by automated mining equipment from 
Sandvik since the operator can control the machines from an operator room. No more 
downtime during shift changes or lunch breaks etc. Down time of machines can be 
reduced due to automated communication technology, data is constantly being sent from 
the machine and analyzed, which can then send an signal that it needs service etc. Then 
a shorter planned service can be done instead of having a shutdown in the middle of the 
production. Waiting times is also reduced due to improvement in communication, the 
haulage truck can decide which shaft that is most suitable to go to from a time waiting 
perspective etc.  

 
Q: Another fundamental aspect of lean principles is autonomation, referred as 
intelligent automation. Autonomation is usually used to minimize shutdowns of 
equipment’s by detecting faults and to prevent those faults to occur again, which will 
reduce the number of abnormal products. A product of abnormality in the mining 
industry could be referred as dilution. How is the autonomated mining equipment of 
Sandvik achieving these aspects? 
A: As just mentioned, we have autonomation in use to prevent shutdowns etc. When 
the rock is being excavated, it is important that it is done quickly in some cases. There 
is always a risk that rock caving appears, that will make the blasted ore contaminated 
with dilution. By making the equipment more reliable, the overall process to excavate 
the ore will be faster, hence reducing products of abnormality.   
 
Q: Is Sandvik as a manufacturer and supplier pushing the Swedish mining industry to 
emphasize on automation solutions to reach their targets or is it rather the demand from 
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the mining operation that has pushed the technology development rate of automated 
mining equipment?  
A: We would say there is a combination of these two aspects. The mine operations 
always have a vision of an improved process and in most cases, they will go to us for 
the solutions. But from our perspective, our goal is to be market leaders and always can 
suggest and provide innovative technology to the industry. So, in some cases we provide 
new ideas and in some cases the mines comes with an idea to us that we take into fruition 
together.  

3.11 Data collection from Volvo construction equipment 

3.11.1 Archival records & documentation as source 
Volvo say that the future of automation is happening now. Volvo believe that 
automation will redefine the commercial transport solutions that most of us rely on 
every day. Automation will create real-life benefits for both our customers and the 
society in terms of productivity, safety, energy and fuel efficiency. Since the ideal 
automation level is determined by its added value for customers and society, Volvo 
Group will introduce automated applications gradually over time (Volvo 2017). 

At the website of Volvo (Volvo 2016) is a press release published that states that 
Volvo is first in the world with self-driving autonomous trucks in underground mining. 
Volvo’s fully autonomous truck is the first in the world to be tested in operations deep 
underground in the Boliden Kristineberg Mine. The self-driving truck is part of a 
development project aimed at improving the transport flow and safety in the mine. The 
truck will cover 7 kilometers, reaching 1,320 metres underground in the narrow mine 
tunnels.  

“This is the world’s first fully self-driving truck to operate under such tough 
conditions. It is a true challenge to ensure that everything works meticulously more than 
1300 metres underground,” says Torbjörn Holmström, member of the Volvo Group 
Executive Board and Volvo Group Chief Technology. He further explains “No matter 
what type of vehicle we develop, safety is always our primary concern and this also 
applies to self-driving vehicles. I was convinced the truck would stop but naturally I felt 
a knot in my stomach until the truck applied its brakes!” (Volvo 2016). The truck is 
using various sensors; it continuously monitors its surroundings and avoids both fixed 
and moving obstacles. At the same time, an on-board transport system gathers data to 
optimise and coordinate the route and fuel consumption. The truck is part of a 
development project and is being tested in real-life operation for the very first time.  

In an article (Di, 2016) is the Volvo and Boliden truck autonomation concept 
presented. The article explains that this is just one of the many step to take to turn the 
mine operation from a traditional mine to an automated manufacturing plant. Christian 
Grant, technical specialist within automation at Volvo, explains that these autonomated 
trucks will fully replace the traditional role of a driver of the trucks. The vision is to 
replace almost every process in the mine with similar autonomated solutions. Peter 
Burman, automation manager for Boliden, who is involved in the project explains that 
their vision is to turn the mine into a manufacturing plant that produces 24/7 in an even 
and steady flow. He further explains that the persons who no longer need to driver the 
trucks will most likely find other job tasks, but the organization in whole is very lean. 
Finally, he expresses that if the mine operation will be fully automated, the need for 
maintenance will drastically improve. Perhaps drivers and similar jobs will be replaced 
by mechanical fitters. The overall production could increase with 50% in the Boliden 
mines if the operators are replaced by autonomated mining equipment. 

Volvo is describing different levels of Automation of their equipment used for the 
mining industry (Volvo 2017b) 

 
• Driver only – Driver is fully engaged all the time  
• Assisted - Automation of individual function, driver fully engaged 
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• Partial automation – Auotmated of multiple functions, driver fully engaged 
• Conditional automation – Automation of multiple functions, driver responds 

to a request to intervene  
• High automation – Automated in certain conditions, driver not expected to 

monitor road. The driver has no responsibility during the automated mode  
• Full automation – Situation independent automated driving. Driver has no 

responsibility during driving, the autonomous truck explain in this chapter 
belongs to this category.   

 
The reason why Volvo construction equipment is pushing full automation 

(autonomation), beside from the requests from the customers, is that they believe 
mobility should be safer, sustainable and more convenient. That’s why our approach to 
autonomous driving is all about the people that will use them. Our future cars will be 
able to navigate without human input, equipped with sensors that read the surroundings, 
adapting to changing conditions in the environment (Volvo 2017c). 

3.11.2 Interview as source  
The program manager of lean at Volvo Construction equipment, Joachim Andersson, 
was interviewed. Questions and answers are presented below.   
 
Q: The Swedish mining industry have been focusing on lean principles in their mine 
operations to improve productivity etc. Has this changed view of conducting mining 
been affecting the way Volvo construction equipment design their mining equipment 
from an automation perspective? 
A: We have seen a significant increase of demand regarding high level automation 
equipment and we have had much focus on this aspect. So, from that perspective, we 
believe the lean initiatives among our costumers has changed our view of how a 
successful design of a mining equipment is carried out.  
 
Q: A fundamental aspect of lean principles is to eliminate waste within the mining 
process. Some mine operations categorize their waste and have different elimination 
solutions to each category etc. Is this something Volvo construction equipment is aware 
of when providing automated mining equipment to the operation? 
A: We are aware of that the companies are focusing on eliminating waste, as part of 
their lean programs. However, we don’t have the insight on how the waste is being 
categorized. Although we have a rough idea of what the potential categories are.   
 
Q: How is automated mining equipment from Volvo construction equipment 
contributing to eliminate such waste? 
 A: Volvo is mainly providing equipment that involved transportation of materials, such 
as trucks. A major transition in the mining industry, from an automation perspective, is 
to remove the truck driver from the trucks. Volvo construction equipment is developing 
autonomous trucks that can act on their own in an intelligent way. This allows for better 
communication between the trucks and processes, as well reducing the overall down 
time (no waiting time for personnel and reduced waiting time in the process itself).     

 
Q: Another fundamental aspect of lean principles is autonomation, referred as 
intelligent automation (full level of automation per Volvo definition). Autonomation is 
usually used to minimize shutdowns of equipment’s by detecting faults and to prevent 
those faults to occur again, which will reduce the number of abnormal products. A 
product of abnormality in the mining industry could be referred as dilution. How is the 
autonomated mining equipment of Volvo construction equipment achieving these 
aspects? 
A: It is challenging to reduce the number of products of abnormality (dilution) in the 
transportation stage in the mining process. We believe dilution needs to be limited in 
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the drill and blast process and the mucking process that is prior to the transportation 
stage.  
 
Q: Is Volvo construction equipment as a manufacturer and supplier pushing the 
Swedish mining industry to emphasize on automation solutions to reach their targets or 
is it rather the demand from the mining operation that has pushed the technology 
development rate of automated mining equipment? 
A: Our view on that question is that is a shared interest. The autonomous truck is the 
result of research, trial and error between the manufacturer and the customer. The 
absolute fastest way to increase the adaption rate of autonomation, to further push the 
lean principles, is a tight cooperation between manufacturer and customer.   

3.12 Data analysis technique 
The criteria for interpreting the case study findings will be affected by the weight of the 
evidence, for example did the evidence come from multiple sources of information? 
Analog pattern recognition will be used as the analytic technique method (Yin 2013, p. 
136). The most important aspect of this analysis method for interpreting the case study 
findings is the fundamental comparison between the hypothesis and the actual 
recognized pattern. The hypothetical pattern is described by the hypothesis and case 
study protocol questions. The analog pattern recognition (non-algorithmic process) 
procedure will build theory, theory which will answer the research question and fill the 
theory gap of the existing problem. A plan was also constructed to identify which data 
elements are used to address the research question and how the data elements were 
combined to answer the case study protocol questions. This is elaborated in the case 
study protocol.   

3.13 Procedures undertaken to obtain reliable data   
As already mentioned, the interview guide was constructed to obtain reliable data during 
the interviews and the archival records and documentation was primarily collected 
directly from the selected cases (their websites) which is a condition to obtain reliable 
data. In general, when the research was carried out a certain profile of the researcher 
was kept that was in line with certain recommendations (Yin 2013, p.66). By natural, 
there is a high risk that the human mind wants to “be right”, hence trying to find just 
evidence that will support the hypothesis rather than be contradictory. Due to that an 
impartial approach during the research was being held. The researchers also felt 
comfortable in addressing procedural uncertainties during the course of the study. The 
research was carefully planned so that the ability to ask good questions, listen, be 
adaptive and flexible and a firm grasp of the issues that are studied was obtained early 
in the case study research. 

4 Empirical findings  
The empirical findings that was found in the data collecting phase, regarding how waste 
is being eliminated by autonomation in the Swedish mining industry from a lean 
perspective will be presented in this chapter. The empirical findings will be presented 
in the following categories;  
 

• Lean programs   
• The role of autonomation   
• Waste elimination 
• How the industry has reached it current state of waste elimination by 

autonomation 
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4.1 Lean programs  
From the two largest mining companies that represents the majority of the Swedish 
mining industry (Boliden and LKAB) from the operations perspective showed clear 
evidence that both companies are working with lean programs. Boliden commenced 
their lean program 2010 which is called New Boliden Way and LKAB 2015 (OpEx II). 
Within these lean programs, various aspects of autonomation and waste elimination is 
brought up. For example, New Boliden way describes their view on waste as” Eliminate 
everything that does not create value for our customers, our processes or ourselves. Low 
costs and no wastage help improve productivity”. From the equipment manufacturing 
side there were no evidence that such programs exist towards their customers. Table 5 
presents which cases that had evidence of having lean programs towards the mining 
process.   
 
Table 5. Evidence of lean programs at the selected cases 

Case Found evidence of lean program  
Boliden Yes 
LKAB Yes 

Zinkgruvan Mining No 
Atlas Copco No 

Sandvik No 
Volvo Construction Equipment No 

 
There was a somewhat split view whether the lean programs among the mine 

operations has changed the view of designing a successful equipment. Some sources 
said it has changed the view while some source said there is no direct connection 
between this.  

 
Table 6. Has lean program caused a changed view of designing mining equipment? 

Case 
Have Lean programs caused a changed view of designing mining 

equipment? 
Atlas Copco No 

Sandvik Yes 
Volvo Construction 

Equipment Yes 
 

4.2 The role of autonomation  
Multiple sources from the cases (Boliden and LKAB) indicates that automation has been 
a key factor to achieve a better waste elimination process in their lean programs. The 
equipment manufacturer cases showed similar empirical findings. For example, 
automated machines enable operator to work from operator rooms which eliminate 
transportation time for both personnel and equipment. Automated machines with 
improved communication and data gathering has allowed for better flow in the mines, 
meaning waiting times for machines can be reduced. The same data and communication 
technology is used to reduce downtime of machines by improving the maintenance 
programs. Evidence from Zinkguvan mining show that the role autonomation in their 
mine operation has increased the efficiency in their underground mine.    

There were no direct evidences found that indicated that the equipment 
manufacturers market the role of autonomation as “a solution to meet the lean demands 
and eliminate waste at our customers mine operations”. Instead, the role of 
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autonomation from the equipment manufacturer side is communicated as a solution for 
improved work environment (safety) and optimizing the mine process. 

Several sources of evidence from both the mine operations and equipment 
manufacturers show that autonomation is defined as high level automation, meaning the 
most advanced level of automation. Autonomation was also pointed out by several 
sources to be the next level of achieving a better waste elimination process. For example, 
automated machines have eliminated most of personnel transportation, but autonomated 
machines has reduced both personnel transportation and downtime waste. Evidence 
showed that the equipment manufacturers states that the drilling process is fully 
autonomated, while some of the mine operations are of another opinion. The 
transportation process is about to become autonomated while the mucking process is 
not. 

 
Table 7. How the selected cases describe their underground process, whether the 
mining equipment that carry out the processes is autonomated 

Case Drilling Mucking  Transportation 
Boliden Yes - About to become 
LKAB About to become -   

Zinkgruvan Miing - - - 
Atlas Copco Yes No - 

Sandvik Yes Yes - 
Volvo Construction Equipment - No About to become 

 

4.3 Waste elimination  
The selected cases Boliden and LKAB have common categories for the waste 
elimination which can be narrowed down to the four broad categories of:  
 

• Transportation time of personnel,  
• Transportation time of equipment 
• Waiting time for equipment  
• Down time of equipment.  

 
Other categories that were not shared between the companies were sizes of stockpiles 

and measurement of dilution throughout the process.  
Multiple sources also indicated that there was a difference regarding the focus on 

eliminating waste in terms of products abnormality. Both during the interview and 
documentation data collecting, evidence from LKAB showed that they are developing 
an autonomated drilling system which can significantly reduce the amount of dilution 
(products of abnormality). This was also in line with their waste categorizing (measure 
dilution throughout the mining process). Boliden mention an autonomated drilling 
system, although in the interview it is confirmed that such autonomated drilling system 
does not focus on reducing the amount of dilution. Instead it seems to be an advanced 
automation system which focuses on isolating the operator from the drill rig even further 
and collecting additional data to prevent shutdowns of the equipment etc. Boliden on 
the other hand is working with a fully autonomated truck, but again the focus lies on 
waste elimination in the common categorizes rather than products of abnormality.  

There were no consistent evidence regarding how products of abnormality is reduced 
or eliminated from the equipment manufacturer side. Atlas Copco argue that their 
autonomated drilling process, which allows for a better collar and drilling performance 
generates a more accurate drilling, hence reducing the overall dilution. Sandvik argue 
that the improved reliability of their machines, for example load haul dumpers, 
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minimizes the risk of having unplanned shut downs which will reduce the risk of having 
caving that dilutes the ore. Volvo construction equipment which are focusing on 
transportation believed it not applicable to reduce products of abnormality in that 
process, such products should be reduced in the drill and blast and mucking process. 

Boliden and LKAB are also working with their waste elimination programs on a 
strategic level with a long-term vision. The vision of a lean and green mine that relies 
heavily on fully autonomous systems is a shared vision. Both companies’ states that 
they have achieved 0-33% of the waste elimination targets regarding mechanical 
excavation and caving monitoring, which all are parameters with relationship to 
dilution. 

4.4 How the industry has reached it current state of waste 
elimination by autonomation 

The general statement regarding where the companies stands today, from a technology 
level aspect in this research question, is somewhat split. LKAB argue that they have 
been the risk taker and part that has stand for the majority of the investments (instead of 
the manufacturer) concerning the development of autonomated solutions. Boliden and 
the equipment manufacturers on the other hard argue that their level of autonomation in 
the mine is the result of a tight cooperation with many manufacturers where the risks 
and investments has been more shared.  
 
Table 8. How the selected cases describe how the industry has reached it current state 
of waste elimination by autonomation, from a cooperation aspect between mine 
operations and equipment manufacturers 

Case Tight cooperation Individual risk taker 
Boliden Yes  
LKAB  Yes 

Zinkgruvan Miing - - 
Atlas Copco Yes  

Sandvik Yes  
Volvo Construction Equipment Yes  

 

5 Analysis 
The empirical findings are analyzed, where cross-case analysis is done with analog 
pattern recognition. The analysis will answer how the findings correspond or deviate 
from previous studies and findings from the literature review and answer why that is.  

5.1 The role of autonomation and current state of the industry 
There is a discrepancy regarding how the industry defines an autonomated equipment. 
As the literature review showed from Toyota production system (1988, p4), an 
autonomated system should be able to stop by itself and correct any fault and then 
proceed, to avoid producing products of abnormality from a lean perspective. The 
literature review (Yingling 2000) showed no direct evidence that such equipment is 
actually in use in the mining production (outside of the processing plant). Multiple case 
evidence from the cases Atlas Copco and Boliden mention that they have a autonomated 
drilling system. However, no case evidence was found that such autonomated drilling 
system correspond to the Toyota production system definition of autonomation. Instead 
it is explained that the autonomated drill system just allows for a better collar and 
straighter hole, but it will not detect if the drill hole deviates and with no ability to steer 
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the hole back to its designed path. Multiple sources showed that LKAB has worked with 
autonomation that corresponds to the definition from the Toyota production system. The 
future drilling system as they have named the project and developing by themselves, 
emphasizes on autonomation to eliminate dilution (waste) to a higher degree.  

This goes also in line with what the industry answered regarding the current state of 
autonomation in the. The majority of the industry said the current state is the result of a 
tight cooperation where manufacturer and mine operations are breaking ground with 
new technology development projects together. LKAB was the only company that 
indicated that they develop automation projects where they also stand for the entire risk 
and investment. It is probably uncommon that a mining company like LKAB are 
developing their own drilling system, as it is the core competence of the equipment 
manufacturers included in this case study research (Atlas Copco and Sandvik).  

Why that is, could be explained by the case evidence that was found regarding how 
the manufacturer and mine operations works together when designing equipment 
towards their lean program and waste elimination activities. If the mine operations were 
more open to the equipment manufacturers with what they exactly want to achieve with 
their lean programs, meaning detailly go through the different waste categories (what 
they are and how to eliminate such waste) it would allow for a much better requirement 
specification for the equipment manufacturer. As the mine operations are not fully clear 
in their messaging regarding what they want to achieve with the lean programs, the 
equipment manufacturers are using words such as productivity and optimizing instead 
of “reducing transportation waste or products of abnormality” etc. This corresponds to 
some degree to the literature review which shows that research and development will 
be necessary together with the major equipment manufacturers to deliver autonomation 
in a form ready for the industry to use (Horberry & Lynas 2011). Although case 
evidence was found that the entire industry (manufacturers and mine operations) have 
commenced in research towards the future of the Swedish mining industry. Many 
aspects are brought up in these studies but a higher level of autonomation is shown to 
be a crucial part to achieve a “green and lean mine” (Haugen 2010). 

The role of autonomation corresponds between the literature review (Helman 2012) 
and case evidence from multiple sources regarding total productive maintenance 
programs (from a maintenance perspective) following the four principles of 
autonomation; Detect an abnormality, stop, fix the immediate problem and investigate 
and correct the root cause. It was described in the literature reciew that it can be used to 
reduce the level of failure of the mining equipment. That can be interpret that it is 
focusing on detecting an abnormality on the functionality of the machine rather than an 
abnormality of the product that is being produced by the machine. This was confirmed 
by the evidence found in the data collecting phase. One of the common waste categories 
was to eliminate shut down of equipment’s by improving the autonomated features of 
them, which results in better data communication and control which will enable an 
improved maintenance program. This was also confirmed by another source from the 
literature review (Haugen, 2010).  

Case evidence deviates from the literature regarding that the design process could be 
reversed. Meaning no evidence was found that the Swedish mining industry is currently 
reversing the design process i.e., that one should start from the requirements for the 
autonomated mine and then design layouts and operations to suit automation and not, 
as its currently being done, try to automate conventional designs and operations (Kizil 
& Hancock 2008). By allowing for better circumstances regarding autonomation in the 
mine operations, the ability of eliminating waste should increase. The main challenges 
to implement automation to a higher degree depends on the level of infrastructure 
installed to cater for the equipment and mine management commitment and “buy in” 
across all management and staff levels, and included problems with the changing 
expectations on the workforce, how the work of the future would be undertaken, the 
challenges with introducing automation into a production environment and the 
acceptance of that technology within the work environment (Horberry & Lynas 2011). 
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The importance of this area might have been underestimated as no case evidence was 
found regarding this in data collection from the cases. It seems like a vital aspect to 
design for autonomation to achieve better waste elimination, instead of transforming 
existing automation equipment’s into autonomation equipment’s in environments that 
are designed for more simple automation. Why that is could again be explained that 
designing a new environment for the mining production is a risk and the mine operations 
might not be willing to take that risk prior to the implementation of the new autonomated 
equipment’s. Once the autonomated equipment’s are tested in existing production 
environments, the decision to design the new production levels that will last in many 
cases for years for the specific autonomation might be taken.    

5.2 Waste elimination in the Swedish mining industry 
The common waste categories that the majority of the Swedish mining industry (from 
the mine operations side, LKAB and Boliden) work with seems to correspond with the 
findings from the literature review that was based on one of the leading mining 
companies Rio Tinto (Dunstan 2008). Only one selected case was working with waste 
elimination of quantity of stockpiles, which is another waste that correspond to the 
theoretical model from the literature review (Yingling 2000 and Dunstan 2008). 
Although, evidence from other cases was not found that indicated “we are not working 
with this kind of waste”, hence it is still possible the majority of the Swedish mining 
industry is working with quantity of stockpiles, but define it as something else than 
waste elimination. The reason to that is could be that there are many methodologies 
beside lean principles with the objective to optimize the overall production process, with 
other definitions etc.   

 Case evidence deviates from case to case regarding how they describe their 
approach towards lean initiatives and furthermore, how they work with waste 
elimination. The two largest mine operations (Boliden and LKAB) expresses in public 
how they work with lean programs and how waste elimination is a part of this. Case 
evidences regarding how the waste is being handled was also found in the conducted 
interviews. However, the equipment manufacturers had no public marketing or 
information regarding how they work towards the mine operations lean programs and 
waste elimination. It gives the impression that the industry is not working towards the 
same objectives and vision.  

Although, during the conducted interviews with the equipment manufacturers, 
evidence was found that the automation solutions they provide are in fact solving the 
difficulties with eliminating waste in the Swedish mining industry. But this relationship 
could become much stronger, just as the interviewee from Atlas Copco said. However, 
a recognized pattern concerning this corresponds to the literature review. In the 
literature review, the lean principles and previous case studies regarding waste 
elimination are all connected with the mine operations. There were no empirical 
findings in the literature review that showed that the equipment manufacturers side of 
the industry are the initiators of lean and waste elimination. Instead they presented their 
latest autonomation solutions as “a way to improve work environment and overall 
optimization of the mine, which also corresponds to multiple sources of the literature 
review, such as Horberry, Burgess-Limerick, Steiner (2006, p. 37), Horberry and Lynas 
(2011), Burker and Cook (2008), Noort and McCarthy (2008), Weiner (2008) and 
Nordgren (2007).      

As multiple studies showed in the literature review (Lane 2008 and Haugen 2010) 
theoretical research is done to achieve a more selective mining process by developing 
new cutting technologies (such as shearers for hard rock) to substantially reduce the 
amount of dilution (as an attempt to eliminate products of abnormality). The case 
evidence found during the data collecting phase deviates from such theoretical model 
for the Swedish mining industry. One of the main reason was the orientation of the ore 
bodies, as they are suitable to be mined vertically it would make it non-profitable to 
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mine them horizontally even if all dilution would be eliminated. Although, such case 
study or business case on the mines in Sweden does not exist (according to these 
findings) hence one can’t neglect such possible solution. As the literature showed, it is 
one of the most appropriate solutions to create a continuous mining production, which 
is one of the keys to achieve a lean mining production with minimal waste (Haugen 
2010). 

The literature review also showed research and visions regarding theoretical model 
of an in-situ model for the mining industry, where the processing plant is located 
underground (Nordgren 2007). Such solution would minimize transportation of material 
etc., hence minimizing many potential waste sources. This corresponds to parts of the 
Swedish mining industry, as the Boliden meeting (Boliden 2016) shows that their vision 
is to create such production environment because of their lean programs. No evidence 
was shown that other parts of the Swedish mining industry is working towards that 
theoretical model. One reason to why this is could be due to the nature of the mining 
process at LKAB. It is a large scale production environment and as the hanging wall is 
successively caving as the excavation process advances, limited room would allow for 
an in-situ process to eliminate such waste.    

6 Conclusions and implications 
The overall conclusions and implications is presented in the following four sections:  
 

• Answers to the research questions and purpose  
• Limitations of the study 
• Implications for managers, mining companies and alike 
• Directions for further research  

6.1 Answers to the research question and purpose 
The majority of the Swedish mining industry from the mine operation perspective is 
working with waste elimination programs (as part of their lean programs) where several 
common waste categories are used, such as transportation of personnel, transportation 
of equipment, waiting time of equipment and downtime of equipment. The 
manufacturer of mining equipment in Sweden is not outwardly and directly working 
towards the same waste elimination programs as the mine operations. One identified 
reason to this is that the mine operations are not sharing and working in direct 
collaboration with the equipment manufacturers from a waste elimination perspective. 
Parts of the industry argue that the Swedish mining industry would benefit from a tighter 
collaboration in this research question.  

Evidence in this case study research show that there is a discrepancy in the Swedish 
mining industry regarding what autonomation is and how autonomation is used to 
eliminate waste. Some mine operations and equipment manufacturers presents that they 
have fully autonomous solutions. Although, evidence also show that those autonomous 
solutions in fact don’t achieve the 4 step of autonomation that is defined by Ohno (detect 
the abnormality, stop, fix or correct the immediate condition and lastly investigate the 
root cause and install countermeasure). Another mine operation in the Swedish mining 
industry is developing such autonomated solution to the drilling process, while another 
mine operation is developing such autonomated solution to the transportation process. 
As both solutions are in development phase, most current solutions are providing a 
semi-autonomous level of automation. As research showed, the uptake in autonomous 
solutions should be greatest in the coming 15 years. Although, there seem to be a 
somewhat split view on where the Swedish mining industry stand today in this research 
question. Part of the industry argue that they have stand for most risks and investment 
to break ground in automation, while other parts argue that it is the result of a tight 
cooperation with a long history.   
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Multiple sources of evidence show that the Swedish mining industry, both from 
manufacturer and mine operations perspective, are active in collaborated research and 
visions for the future regarding how lean and autonomous solutions can be further 
implemented in the industry to eliminate waste. Part of global research show that to 
achieve a lean mining process with minimum waste, a continues mining process is vital. 
Such continues mining process could resemble the coal mining industry where shearer 
is used to cut the ore, and that such solutions should be developed for the hard rock 
mining industry. There are no evidences that the Swedish mining industry would make 
such major transition in the near future as part of their lean mining programs to eliminate 
waste. 

With that said, the hypothesis of the case study is not rejected, but not completely 
right. The hypothesis stated that the Swedish mining industry focused on several types 
of waste categories that no case evidence was found for. Case evidence showed that the 
hypothesis was right regarding how products of abnormality is handled and limitations 
and current state of mining equipment from a autonomation perspective.   

6.2 Limitations of the study 
There are some limitations to the study that can be used as counterarguments to the 
conclusions presented in the previous section. The case data comes from multiple 
sources where plentiful of documentations and archival records are used. However, the 
conclusions are also based on the answers from the interviewees, which were just one 
person per selected case. The data could have been confirmed from several interviewees 
from the same case to be sure that reliable data was acquired. Although, most of the 
case evidence acquired from the interviews did correspond to the case data acquired 
from other sources of information.  

As the case study did not consider or evaluate other methods than lean principles, 
there is a risk that alternative explanations can have occurred. For example, the mining 
industry might be focusing on a certain waste but the industry does not define it as 
“waste” from a lean perspective.   

6.3 Implications for managers, mining companies and alike 
The main implications for decision makers within the Swedish mining industry, 
according to the findings from this case study, is that the industry should work towards 
an ever-closer collaboration regarding this research question. It is clear that the 
equipment manufacturer design and market their autonomated machines for a certain 
task, while the mine operations are defining and require autonomation solutions from a 
lean perspective. As the equipment manufacturers, does not have the full knowledge 
regarding how the mine operations categorize and work with waste elimination in the 
lean programs, the research and development phase of the equipment manufacturers 
can’t be optimized. That can result in that the mine operations develop their own 
autonomated solutions, just as the autonomated drilling system at LKAB. As a 
committee already exist in the Swedish mining industry (Haugen 2010) for the lean and 
green mine of 2030, the implications from this case study research suggest that that 
should an appropriate forum to discuss how autonomation should be used to eliminate 
waste from a lean perspective. Both mine operations and equipment manufacturers 
should participate in such forum and be as open as possible.      

6.4 Directions for further research  
Further research on this topic should eliminate most of the de-limitations in this case 
study. It would be of advantage for such research to make site visits to increase the 
sources of case evidence. It would also be of advantage to organize workshops between 
mine operations and equipment manufacturer representatives to strengthen the cross-
case analysis. As multiple sources in the literature review show that creating a 
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continuous mining process by autonomated mechanized mining equipment is the 
optimal circumstances to achieve a lean mining process with minimal waste, research 
should be conducted on that towards the Swedish mining industry. The case evidence 
from the data collection showed that such plans are not under development for the 
Swedish mining industry.  
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8 Appendix 

8.1 Appendix A 
Case Study protocol  

1. Change Record 

Table 9 summarizes the main updates and changes embodied in each version of the 
protocol and (where appropriate), the reasons for these.  l 

Table 9. Change record of the case study protocol 

Version Date Main updates & Changes Reason of update / change 

1 2017-02-02 Creating the protocol Created the protocol prior to 
the case study research 

2 2017-02-13 Updated research 
questions 

Found new relevant 
information in the literature 

process 

3 2017-03-09 Updated research 
questions 

Reduced amount of research 
questions according to feed 

back from supervisor 

4 2017-03-14 Updated time schedule Increased number of weeks 
for literature review with 1 

5 2017-05-14 
Updated sections in 

Chapter 3 – methods to 
current structure 

Feed back from tutor 

 

2. Background  

a) identify previous research on the topic 

Previous research on the specific topic was searched for with limited results. Research 
on similar topics are presented in the literature review chapter, such as research 
conducted on how automation and lean production principles are implemented in the 
mining industry.     

b) define the main research question being addressed by this study 
 

The book Case Study Research, Design and Methods (Yin 2013, p. 19) describes that it 
is very important that the right problem is defined from the beginning. Defining the 
problem formulation and form of the research questions will take the course of the case 
study. In this process the researcher can also verify whether the case is suitable for case 
study research. These two aspects do have a correlation; well defined research questions 
can be of advantage for a research method. When performing a case study research, it 
is of advantage if the research questions cover questions such as why a decision was 
taken, how they were implemented and what consequences (results) they yield in. 
Hence, the form of the research questions for this case study research is following that 
form. The following research question was defined:   
 
How is the Swedish mining industry eliminating waste with autonomation solutions 
from a lean perspective? 

c) identify any additional research questions that will be addressed 
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Additional research questions will be connected to what evidence to be sought to test if 
the hypothesis can be rejected or not. Such research questions or rather case study 
protocol questions will act as a mental line if inquiry, the following case study protocol 
questions have been defined:  
 

• What is the main cause to the increased implementation of automation solutions 
for the mining industry?  

• What is the next step for the automated mine?  
• Do the manufacturers of the mining equipment have sufficient solutions for the 

future demand of automation from a technical aspect?  
• Is the user (mine operation) demanding new solutions regarding automation or 

is the supplier pushing them and the industry in general?     
• How is waste being eliminated in the mining industry? 
• What is the main type of waste component that the mining industry focuses on 

to eliminate? 

3. Design  

a) Identify whether single-case or multiple-case and embedded or holistic 
designs will be used, and show the logical links between these and the 
research questions 

The strength of conclusions from case studies is not very high, and it is claimed that the 
use of multiple cases yields more robustness to the conclusions from the study (Robson 
1993, p. 4). The reason for this is not, as the quantitatively oriented researcher might 
assume, that the sample is bigger. Instead, the reasons lie in other important aspects. 
First, multiple case studies distinguish themselves from, for example, surveying many 
persons about something instead of one, or, increasing the number of subjects within an 
experiment. Instead the usage of multiple cases should be regarded like the replication 
of an experiment or study. This means that the conclusions from one case should be 
compared with the results from the other case(s). 

Second, the number of cases needed to be performed to increase the sample and 
increase the statistical strength, would require more cases than what is probably afforded 
or even available. Instead the selection of the cases for multiple case study is categorized 
into two types of selection. The literal replication means that the cases selected are 
similar and the predicted results are similar too. The theoretical replication means that 
the cases are selected based on the assumption that they will produce contradictory 
results. In this case study research, two types of companies are a part of the study; 
mining companies and equipment manufacturing companies for the mining industry. 
Assuming these two type of companies are viewing the research topic from opposite 
perspectives, the case study research might produce contradictory results (Bengtsson 
1999) 

Case studies can be divided into two additional sub categories depending on how the 
case is analysed, either it is holistic, or embedded. A holistic case study is a case study 
that reason about the global phenomenon, and tries to draw conclusions about the 
phenomenon. An embedded case study instead draws conclusions about the 
phenomenon by investigating or analysing sub-units of the study object. Multiple cases 
studies may consist of both holistic and embedded cases. A heterogeneous design, uses 
both holistic and embedded cases, whereas homogenous designs use either only holistic 
or embedded designs. This multiple case-study research, with multiple research 
questions, will fit the embedded case study homogeneous design best (Bengtsson 1999) 

b) describe the object of study (e.g. a new testing procedure; a new feature in 
a browser)  



58 
 

The object of the study is to get a better understanding of how automation enables waste 
elimination in the Swedish mining industry from a lean perspective. The findings should 
contribute to answer how waste elimination is being prioritized and how the equipment 
manufacturers and mining operations (users of the equipment) engage in this process.  

c) identify any propositions derived from each research question and the 
measures to be used to investigate the propositions 

The research questions capture what this research is interested in to answer, but they do 
not entirely point out what should be studied. By making propositions and hypothesis it 
enables the researcher to move in the right direction regarding the answering of the 
study questions (Yin 2013, p. 31). 

 
The proposition regarding the research question “How is the Swedish mining industry 
eliminating waste with autonomation solutions from a lean perspective?” is presented 
in its full in chapter 4.3. The proposition is derived from the literature review in chapter 
4 and in its short is that the Swedish mining industry has been focusing on waste 
elimination with the same parameters (waiting, over production, repair, motion, over-
processing, inventory, transportation) with help of automation just as the leading mining 
company Rio Tinto that was presented in the case. There has not been a strong focus on 
increasing the overall quality of the product by reducing products of abnormality. This 
is partly explained by limitations in current automation mining equipment. For example, 
there is no feasible shearer equipment for the hard rock mining industry and to 
autonomate the drilling process is yet to be done. This could however exist in the vision 
of the Swedish mining industry for the coming 10 years since development of 
automation techniques should by then be developed.     

4. Data Collection  

a) identify the data to be collected  
 

The evidences to be sought in the case study that will test if the hypothesis and 
proposition can be rejected or not, is what kind of waste the mining operations seek to 
eliminate. Elimination of waste can be done in many ways from a lean perspective. 
Hence it will be important to understand if the industry strive to reduce waste in terms 
of products of abnormality by autonomation solutions or if they strive to reduce waste 
in terms of transportation etc. by just automation solutions.  

Evidences regarding the technological level of autonomation solutions for the 
mining industry will also be sought, if the demand is there from the mining operations, 
can the equipment manufacturers supply these solutions? Or is it the other way around 
that the equipment manufacturers push the industry in this direction?   

 

b) define a data collection plan  

The data collection is scheduled to take place during week 13 to week 16 and the 
following sources of data will be used.  

 
• Archival records  
• Documentation 
• Interviews 

Archival records and documentation will be searched on the internet from the 
companies’ websites that are a part of the case study research. Public interviews with 
correlation to this case study research will also be searched on the internet. Phone 
interviews with representatives from each company who focuses on automation and/or 
production management will take part during this period. To identify and gain access to 
the right people, search terms such as “automation manager” or “lean production” will 
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be used in conjunction with the company they work for. Search engines such as google 
will be used.  

c) define how the data will be stored  

The data obtained from archival records, documentation, interviews will be stored 
digitally in a word document.  

5. Analysis  

a) identify the criteria for interpreting case study findings  
 
Analog pattern recognition will be used as the analytic technique method 
 

b) the analysis should take place as the case study task progresses  

The analysis is planned to take place during week 16-18 once all the case study data is 
collected.  

c) the plan should identify which data elements are used to address which 
research question and how the data elements will be combined to answer 
the question  

 
To address the research question “How is the Swedish mining industry eliminating 
waste with autonomation solutions from a lean perspective?” data elements from the 
case study protocol questions will be used. These case study protocol question will 
together answer how waste is being eliminated with help of autonomation solutions as 
a result of lean principles.      
 

• What is the main cause to the increased implementation of automation solutions 
for the mining industry? 

• What is the next step for the automated mine?  
• Do the manufacturers of the mining equipment have sufficient solutions for the 

future demand of automation from a technical aspect?  
• Is the user (mine operation) demanding new solutions regarding automation or 

is the supplier pushing them and the industry in general?  
 

These case study protocol questions presented above will combined answer how the 
mining industry is working with automation / autonomation solutions.  

 
• How is waste being eliminated in the Swedish mining industry? 
• What is the main type of waste component that the mining industry focuses on 

to eliminate? 
   

These case study protocol questions presented above will combined answer how the 
mining industry is working waste elimination. By combining the case study protocol 
questions covering automation and waste elimination, the case study research question 
should be able to be answered.  

d) ensure that you identify alternative explanations of the results and identify 
any information that is needed to distinguish between these  

An alternative explanation of the results could be that the researcher and the target group 
of the research defined automation and autonomation in different ways. The research 
aim to find evidence regarding the role of autonomation solutions when their operation 
implement lean production principles. However, the target group might include the 
meaning of autonomation in the simpler term automation. Hence the research need to 
make sure to distinguish these two concepts. The research needs to be careful when this 
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is addressed as the verbal line of inquiry used for the interview is not the same as the 
explained mental line of inquiry. If questions are asked directly about autonomation and 
waste elimination there is a risk that the researcher influenced the target group. As Yin 
mention, the researcher should rather “work like a detective” and not ask the question 
straight up. This potential problem is also brought up in the study limitations section of 
the case study protocol.       

 

6. Plan Validity (see Figure 2.3 and Chapter 5 in Yin 2013)  

a) construct validity - show that the correct operational measures are planned 
for the concepts being studied. Tactics for ensuring this include using 
multiple sources of evidence, establishing chains of evidence expert reviews 
of draft protocols and reports 

Multiple sources of evidence will be used (archival records, documentation and 
interviews) as well as multiple cases with cross-case analysis. Reviews of draft 
protocols and reports will be conducted 6 times (topic proposal, thesis proposal, theory 
special proposal, 2x oppositions, complete thesis proposal before the case study gets 
finalized. It will be reviewed by a professor and students of the MBA programme at 
Blekinge Institute of Technology.   

 

7. Study Limitations  

Specify residual validity issues including potential conflicts of interest (i.e. that 
are inherent in the problem, rather than arising from the plan). 

 
Since the case study research focuses on the Swedish mining industry, which represent 
a small part of the entire mining industry, there might be an discrepancy between the 
literature review and the scientific findings. Since the literature is limited and is focusing 
on the entire mining industry, it will be challenging to identify if there is an discrepancy 
between these two aspects.     

Another limitation can be that many scientific articles and other types of research 
describes autonomation as just automation as autonomation might not be fully accepted 
or known word as the simpler term automation. However, in these cases it should clearly 
say something in line with “automation with intelligent / smart machines” if they refer 
to autonomation.   

 

8. Reporting  

Identify target audience, relationship to larger studies 

The main target audience for the case study research is mainly for professionals working 
within the mining industry, either at operations or at equipment manufacturers, that are 
involved with production, process and product development. 

There is no real direct relationship to other larger studies to the specific case study 
research. An overview of lean production in mining (Lööw 2015) summarizes many 
known and recent studies of lean production in mining. What is noticeable in that 
overview is the fact that “automation” or “autonomation” is not mentioned once, even 
if that is one of the fundamental pillars of lean production. The concept of waste 
elimination is mentioned (lööw 2015) but from an utilization of machine perspective 
rather than waste elimination of components of the final product (for example ore with 
different grades from several locations in the mine can be viewed as components to the 
refined and processed metal which can be viewed as the final product). 

 

9.  Schedule  
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Table 10 give time estimates for all of the major steps in the case study research 

Table 10. Time schedule of the case study research. 

Week no. 
(2017) 

Case study 
method 
review 

Litterature 
review 

Formulating 
research 

questions / 
structure 

Preparation 
for data 

colleciton 

Data 
collection 

Analysing 
results Conclusions 

5               
6               
7               
8               
9               

10               
11               
12               
13               
14               
15               
16               
17               
18               
19               
20               
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