
151 

AGH Journal of Mining and Geoengineering • vol. 36 • No. 3 • 2012 

Joanna Helman*  
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OF LEAN METHODOLOGY TO THE UNSTABLE CONDITIONS 
IN THE MINING INDUSTRY 

 

1. Introduction 

Mining industry like other sectors of the global economy, is a subject of the general 
laws of market economics, management, organization, etc. However, due to its specific 
character, it adapts in a different way to the needs of modern management concepts. Mining 
industry, and in particular underground mining, is far different from other industries.  

The different specificity of mining companies is mainly caused by the fact that the 
manufacturing process is carried out in the natural environment such as the subsurface and 
consists in extracting ore from the deposit. This activity is inherently characterized by high 
volatility and uncertainty. This affects directly the technology used to operate, the organization 
of the production process, its continuity in time, its efficiency can be controlled mining 
production quality and product quality. If not for this difference, the mining industry could 
be more competitive and efficient in comparison to other industries. This competitiveness 
could be reached by using some elements of Lean Methodology. 

Lean Methodology is a concept whose basic message is to avoid any kind of waste 
through a continuous process of rationalization of the entire company and its relationship 
with the environment, which consists of reducing the scope of the internal functions of the 
company to what is strictly necessary. It is a concept involving the elimination of the non-
value-added activities. 

Lean Production methodology is now commonly used worldwide in many industries. 
Is successfully implemented in industrial enterprises, which brings great results including 
through streamlining production processes and business processes, which in turn leads to 
cost reduction, increased flexibility of processes and gain competitive advantage [3]. 
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2. Lean tools and methods used in the automotive industry 

The most commonly used Lean tools and techniques in the automotive industry includes: 
Just In Time, One Piece Flow, Jidoka, TPM, 5S, Kanban and Heijunka. Also very often 
some methods of continuous improvements are used. 

Just In Time (also known as JIT) — is based on the total elimination of wastes, through 
the planned delivery of required materials for production process of all the necessary 
elements within the required time and quantity. The main benefits of JIT is reduction of 
inventory levels and processing lead times to a minimum [2]. 

One Piece Flow — is a method that enables to process the flow of products one by one 
in the ordered quantity. In the contrary to the production in batches, the one piece flow 
assumes that the movement of products through the machine is individually done according 
to the FIFO assumption (called First In — First Out, the first element that gets into 
warehouse input is the first element that leaves at the output). One Piece Flow also provides 
the possibility of mutual training of employees with different skills and knowledge — so 
called cross-training [6]. 

Jidoka — the layoff of production by stopping the production line by an employee or  
a machine in a case of the problems encountered during manufacturing. Enabling operators 
and machines to immediately stop work in the case of emerging anomalies can be observed 
as more efficient production process. Jidoka contains a number of tools to solve problems 
relating to the specific area in the production process [4]. 

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 of TPM is to achieve a level of 
three zeros: zero breakdowns and zero defects resulting from the operation of the machine. 
TPM assumes that as a result of the involvement of employees can significantly reduce 
time wasted on downtime caused by not punctual supply of material, machinery retooling, 
maintenance and failures. As a result of this concept, the amendments are introduced in the 
organization of the production hall, work centers or set of machines. Sometimes also a simple 
machine are used to simply setup, repair and maintain machines [5]. 

5S — a technique where the name consists of five Japanese words, characterizing the 
approach of organization and management of workplace and the labor process, to increase 
productivity by eliminating the wastes, improving processes and reducing them when they 
are unnecessary. In a narrower sense, 5S describes the standardization of housekeeping in 
the workplace. Translated into English 5S is — sorting (getting rid of unnecessary things 
from the workplace), stabilizing (arrangement of everything in the workplace), sweeping 
(cleaning of everything in the workplace), standardizing (maintaining order and clean working 
conditions, and neatness of employees) and sustaining the practice [1]. 

Kanban — a method that enables easier visualization of the flow of materials in the 
whole enterprise. The Kanban’s main task is to control inventory and to eliminate almost all 
unnecessary storage, which is achieved through the use of JIT. The basic element of the 
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Kanban system are Kanban cards that work as a production order and a document describing the 
contents of the containers. Its main task is to provide information about the need for material 
flow during production. This information is compiled in a box Heijunka. 

The essence of Heijunka is to achieve equal level of production, which is possible 
through skillful combination of production orders and control (Kanban cards). These activities 
refine the manufacturing process and protect it against excessive load. Heijunka is represented 
as a board where all Kanban cards are collected, thus it can be used to schedule the production 
process and all requires elements to fulfill the production order [3]. 

However, the presented techniques and tools of Lean Methodology cannot exist without 
basic conditions concerning the elimination of the seven wastes (overproduction, waiting, 
useless transportation, processing itself, inventory at hand, movement, making defective 
products) and a process of continuous improvement (Kaizen), which assumes the involvement 
of all employees in the organization (regardless to the level of the hierarchy), by the constant 
search for solutions to improve all parts of the organization and all defects that has been met. 
Employees gathered in “Kaizen Workshops” or “quality circles” are expected to invent or create 
proposals and suggestions for solutions to improve the current state of their enterprise [3]. 

 
Fig. 1. Elements of Lean Methodology 

3. Comparison of the mining and the automotive industry 

As mentioned before the mining industry is far different than any other industry in global 
economy. There are various aspects of production and the organization of work that should 
be taken into consideration in creating statement of differences. 
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First of them is the type of production system. In Lean Methodology two ways can be 
distinguished — pull and push system. Pull is the desired one, that manage the flow of materials 
and information, which consists of completing only those resources that were spent. Push 
stands for continuous production of elements regardless to the actual demand in the whole 
process. Due to the fact that the exploitation of ore is an continuous process and other works 
are contingent on processing the ore we can say that mines use push system. Additionally 
all clients of mine such as Ore Enrichment Plant, smelter or refinery are also working all 
time so that the delivery of ore cannot be hold. Whereas cars facilities are producing their 
good in cycles and bathes so that there is no threat in compulsory stopping the production 
line. Also the required elements are usually ordered in accordance to production schedule, and 
this is another assumption on Lean pull production system. 

Another difference between those two industries are the conditions of operating 
environment. As far as it is possible to say that automotive assembly lines have stable processes 
and the environment of production does not change too often, we are not allowed to state 
the same for mining industry. In connection with many variables of planning the production 
of ore extraction such as bumps of ground, geological hazards, availability of efficient haulage 
transportation vehicles, and other random and unpredictable events the operating conditions 
can be described as un unstable. 

Furthermore the production environment is totally different. In automotive industry the 
production and assembly is processed in relatively small area without any major differences 
between enterprises, so that adapting implementing Lean Methodology in one of them is 
usually similar to the other companies. However mines are very large and wide areas (or even 
zones). Sometimes the exploitation can be lead in the range of hundreds of square kilometers. 
That spacious production cannot be predictable, also materials requirements scheduling is 
a difficult to manage. 

TABLE 1 
Comparison of specificity of the mining and the automotive industry 

Mining industry Automotive industry 

Work of customers cannot be stopped, thus 
production at the mine is the push system. 

The assembly line can be stopped,  
so transformation to pull system is possible  

Continuous 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 volatility 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 primarily 
to individual customers 
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To see the main conditions within mining and automotive industry better the following 
table has been created. It summarizes the conditions of both industry. The various aspects 
of production and the organization of work in both industries are compared.  

4. Adaptive evaluation of selected methods and tools 
of Lean methodologies 

The mine can apply the concept of JIT in the process of deploying supplied parts from 
vendors. A possible place for the implementation of JIT are also all the warehouses with 
parts located at the mine site. 

Due to the fact that one of the objectives of One Piece Flow is a flow of single parts and 
production at the mine is a continuous process, this method cannot be used directly. However, 
assuming that the production process is an ore exploitation, product is an ore (without units), 
and a plant machines are mining machines, scheduling of the production process of the 
product (ore extraction) can be performed. Not only the flow diagram of the machine can 
be used, turning it into a scheme to use the extraction machine, but also the flow diagram of 
the operators, creating a graph burden on operators. 

Also, it is advisable to use cross training to improve the qualifications of underground 
miners. Tutors may be the person with the longest experience operating a specific machine, 
and foremen, who would make training in areas other than the use of machinery. 

Elements of TPM method can be used to reduce the level of the failure of mining 
equipment and means of horizontal and vertical transport at the mine. Additionally, the 
frequency of inspection of machines and transportation vehicles can be increased, which 
should fill the larger the resource mining companies. 

5S method can certainly be used in the mine, but its implementation should be preceded 
by a modification of the questions contained in the technical assumptions. In addition to the 
level of appropriate checklist. 5S in the mine can be used above all in all type of storage, as 
well as in the chambers and other rooms where is any equipment or material. 

It seems that the use of Kanban cards for transportation of excavated material is not 
easy to achieve, due to the nature of transportation systems in the mine (vertical and horizontal) 
and the fact that often one means of transport (eg conveyor belts) that the materials are coming 
from different places extraction. 

Kanban system seems to be a good solution for warehouses at the Heavy Machinery 
Chambers and for the same machines, as well as by the shaft. The Kanban card-ordering for 
parts ordered from suppliers can be used in order to control and plan use of the elements at 
the unloading place, storage and final place. 

Heijunka is possible to apply in all areas that would be covered by the Kanban card 
system. Even several boxes Heijunka could be used depending on where the Kanban cards 
would be used, f.i. in Heavy Machinery Chamber as an information board of machines’ 
occupancy, their usage and the planned tasks, or in various magazines. Also the Heijunka 
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box could be used for shaft, which would improve the utilization of the shaft as a transportation 
of people and materials. 

Elements of continuous improvement, such as “quality circles” or Kaizen Workshops 
can be successfully used in a mine in order to solve various existing problems. It is important 
to properly choose people to the workshop team. It seems that the workshop should be 
composed mainly with shift foreman, because they know about the biggest number of problems 
that are reported by individual miners or mechanics. 

5. Summary 

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 methods 
in mining. Below can be found a matrix with a summary which elements could be used and 
their possible implementation place. 

TABLE 2 
Summary of adaptation analysis 

Method / tool Potential 
to adapt? Possible implementation 

Just In Time yes ordering system and all warehouses 

One Piece Flow not directly flow diagram of the machines and operators, 
cross-training 

Total Productive Maintenance yes all vehicles 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 covered by Kanban cards, shaft 

Continuous improvement yes f.i. Miners, foreman 

 
 
In literature that author of this article managed to reach there is no notice about 

implementation of Lean in Polish mines. However summary presented above shows that it 
is possible to create “Lean Mining” Methodology that could be used to increase effectiveness of 
mining resources. The first steps of “Lean Mining” implementation should be the analysis 
of mining, manufacturing and business processes aimed at adopting existing Lean methods 
and tools to the needs of the mining process optimization.  
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