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Abstract

Lean manufacturing or lean production, often simply "lean”, is a systematic
method for the elimination of waste ("Muda") within a manufacturing system.
The concept lean also comprises waste created through overburden ("Muri")
and the ones created through unevenness in work loads ("Mura"). This has led
to this paper review on managing Lean Principles applicability and
implementation in the mining industry in Ghana. This paper reviewed both
theoretical and empirical literature on lean applicability in the mining industry
in Ghana. The paper seeks to explore variables, which may be considered in
lean applicability and implementation in the mining industry on: principles
that are identified with the lean strategies application; assess the various tools
that are adopted for lean implementation; determine how the lean
management strategies are applied in the mining industry; explore the main
benefits derived by the players in the mining industry for adopting lean
strategies; and finally, identify the challenges that confront mining companies
in their quest of adopting lean strategies. It is concluded that leanness as a
management principle can successfully be applied to any sector of the
economy. Base on such premise (postulation), it is worth noting that there is
evidence of great advances regarding leanness as a management practice in the
mining industry across the globe.

Keywords: Lean applicability, lean principles, lean tools, and mining industry, Ghana.

INTRODUCTION

In the past decade, studies have been conducted into lean principles, which are applicable to
the mining sector (e.g. Castillo, Alarcon and Gonzalez, 2014). Experts are of the view that these
studies effectively adopt specific lean tools (principles) at a basic level as well as
comprehensively, showing that this methodology is provided in the mining industry (e.g.
Dunstan, Lavin and Sanford, 2006; Hattingh and Keys, 2010; Klippel, Petter and Antunes,
2008a; Shukla and Trivedi, 2012; Wijaya, Kumar and Kumar, 2009;Yingling et al., 2000). The
advancement of mining has become significant a step previous to mining exploitation that
offers a key contribution in the industry, signifying an enormous percentage of total costs
(Castillo et al, 2014).

Copyright © Society for Science and Education, United Kingdom 282



Archives of Business Research (ABR) Vol.4, Issue 6, December-2016

Confronted with daunting challenges such as fluctuating demand, cyclical pricing and
consistently experiencing reduction in the profitability within the mining sector, operating an
effective and efficient business becomes crucial to any mining operation throughout the globe.
That is, in spite of its inherent complexities and complications, firms in the mining sector have
been incorporating lean principles into their own operations (Global Mining Magazine Apr 29,
2014), just to aim at deriving the potential benefits that come with it.

Extant studies have established the inherent differences that exist between the entire
manufacturing sector and the mining industry. However, it needs to be noted that the
variances are not precluding the application of leanness in the mining sector. Notably, it is held
that lean principles’ application cannot be attributed wholly to manufacturing industry
(Dunstan et al., 2006). Notwithstanding, researchers maintain that there is a well-matched
existence between the mining sector and lean, which in this case, management of any mining
firm can derive benefits that comes with the application of concept such as application of value,
value chain, flow, pull and perfection (Yingling et al., 2000).

The application of leanness in the mining sector, aside all other benefits, can directly lay
emphases on waste application (Wijaya et al. 2009). MacDufile and Helper (1997), define
waste as “anything that hinders the smooth flow of production in general. It needs to be stated
that the positive examples that are linked with the use of lean principles in the mining industry,
also have their attendant unique limitations, which present great challenges as well. In
specifics, there are cultural aspects firmly embedded in the mining sector, which make the
application of leanness as a management strategy hence facing difficulty (Freire and Alarcén,
2002).

It is reported that despite great benefits to be derived from the adoption of lean management
strategies in performance improvement, other empirical studies’ findings report on failures
associated with the lean principles application to mean the inherent confusion regarding what
and how to adopt tools in a specific environment (Tiwari, Turner and Sackett, 2007). Similarly,
it is maintained that, incorrect application and implementation of lean principles can result in
inefficiencies of a mining firm’s resources which can also lead to reduced employee confidence
in in the adoption of lean strategies (Marvel and Standridge, 2009), hence increase in waste,
costs and production time of mining companies. In addition, the incorrect selection of lean
strategies, may likely cause disruptions in the very processes it meant to improve. Applying
and ensuring sustenance in lean principles is said not to be easy task. Some managers in the
mining industry struggle with the concept and several of them have experienced failure in their
attempt to apply it in their business operations. Difficulties and obstacles associated with its
application emanate from a teeming number of sources and only the determination of
managers allows them to be overcome and reap the rewards of successful Lean
implementations (Frickle, 2010). It is in this direction that the current authors believe that it is
crucial to have in place systematic method necessary and capable for implementing
appropriate lean strategies based on identifying wastes in production processes as evidenced
in the mining sector.

The evidence is clear that, scores of opportunities are available for mining firms to derive
benefit from the adoption of lean best practice, however, it is worth stating that
implementation will always not yield immediate results. The key problem under discussion
and the significant research questions that need to be answered using this paper review are:
Giving these backgrounds, why should the mining industry in Ghana adopt lean principles into
their business processes? How can the industry apply this effectively given all the attendant
potential challenges that seek to confront its application?
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There is a plethora of empirical studies conducted on lean management in different industries
and environments around the globe. Bhasin (2011), identified specifically the meaning of the
term, “a genuine Lean organisation” through the application of a comprehensive Lean audit
focused at manufacturing firms in the UK and found out that Lean requires a considerable
commitment and while successful implementation facilitates the improvement of numerous
indices, the audit acquaints an organisation of the multifaceted requirements for Lean. Karim,
and Arif-Uz-Zaman (2013), developed an effective methodology for implementing lean
manufacturing strategies and a leanness evaluation metric using continuous performance
measurement (CPM) in Australia. The findings indicated that continuous performance
measurement matrices in terms of efficiency and effectiveness are proved to be appropriate
methods for continuous evaluation of lean performance. Bhamu and Sangwan (2014), in India
focused on the revision of LM literature and report these divergent definitions, scopes,
objectives, and tools/techniques/methodologies. The authors found out that there are plethora
of LM definitions with divergent objectives and scope. Theory verification through empirical
and exploratory studies has been the focus of research in LM. Bateman, Hines and Davidson
(2014), presented an in-depth study on the application of lean within the British Royal Air
Force. The study found out that the five lean fundamental principles apply in Tornado but they
need to consider specifically within the public service context particularly the pull principle.
Singh, Jaiprakash and Mehta (2014), developed a statistically reliable and valid model of lean
manufacturing (LM) implementation drivers for the Indian ceramic industry through an
empirical study. The authors identified 12 drivers for the LM implementation in Indian ceramic
industry. Lucato, Calarge, Loureiro Junior and Calado (2014), explored the implementation
performance of lean principles in Brazil. The results obtained in the survey demonstrated that
the performance of lean initiative implementation is not uniform among the companies located
in the researched area. Outcomes also showed that the degree of implementation of the lean
practices by multinational companies was higher than that for the national firms. Ljungblom
(2014), researched on the practice of ethics in Swedish health care organizations using Lean
Management. The findings indicated that ethics is not a consideration when hospitals are
implementing Lean Management. Castillo et al. (2014), explored how to bridge the gap
between the theoretical use of lean production and its practical, effective application in a
Chilean mining project, and analyzed the impact of the implementation of lean
construction/production methodologies in underground mining development projects. The
main findings suggest that the incorporation of lean methodologies is an option, which
companies should consider, given the current and future challenges in the mining business.
Nadeau, Morency and Nsangou, Jr. (2015), did a contextualization of lean manufacturing in the
mining sector in Canada with focus on foreseeable challenges to occupational health and safety,
and summed up that recent applications of lean mining focus on the economic aspects of
sustainable development.

It has become evidently clear from the foregoing discussions that the concept of lean strategies
as evidence in organisations has increasing popularity due to its heavily documentation in the
academic literature, and in addition to extant body of studies with findings published up to
date, they all tend to focus on the American, Canadian, British, German and Swedish, Japanesse,
South African markets such as the financial institutions, education, the fashion, sporting and
other related fields. That is to say, unfortunately, today, there is evidence of distinct lack of
empirical research conducted regarding lean applicability in the mining industry in Ghana
(despite the fact that the country is been perceived as a potential market for mining products),
and therefore experiencing a feedback loop for continuous performance. Hence, the
justification of the current research topic. Also, in the present review, an attempt had been
made by the researchers to identify the extent at which extant literature had attempted to
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determine the degree of application of leanness in the mining industry by adopting
comprehensive approaches to further the investigation on the issues regarding the developing
of a structured methodology of implementing and applying suitable lean strategies in the
mining industry in Ghana for the purposes of evaluating the continuous performance
improvement.

The general objective of this current review paper would be to contribute to and extend to
existing knowledge in the area of lean principles applicability in the mining industry. The
review addresses the following specific objectives: (i). to identify principles that are associated
with the lean strategies and their application in the mining industry; (ii). To assess the various
tools that are adopted for the lean principles implementation; (iii). To determine the types of
waste evidenced in the mining industry in Ghana; (IV). To explore the main benefits derived by
the players in the mining industry for adopting lean strategies; and finally, (v). To identify the
challenges that confront mining companies in their quest of adopting lean strategies.

LITERATURE REVIEW

This section presents a detailed literature review on principles that are identified with the lean
strategies’ application; assess the various tools that are adopted for the lean implementation;
determine how the lean management strategies are applied in the mining industry; explore the
main benefits derived by the players in the mining industry for adopting lean strategies; and
finally, identify the challenges that confront mining companies in their quest of adopting lean
strategies. The section continues with the discussion of the conceptual framework, and finally
comes out with conclusions to the whole review paper.

Theoretical Considerations

Definitions of Lean

Hopp and Spearman (2004), attempted to provide a definition for lean to encapsulate the
production of goods or services that takes into account minimisation of buffering costs that are
linked with activities such as excess lead times, inventories, or capacity. In existing studies (e.g.
Rother and Shook,1999; Abdulmaleka and Rajgopal, 2007), lean production has been defined
to include identification of all types of waste found in the value stream of supply chains and
implementation of tools that are essential and crucial when it comes to eliminating waste for
the purpose of minimising lead times.

Principles of Lean Management
Authorities like Womack, Jones and Ross (1990), and Womack and Jones (1996), identified
three core principles as they are related to lean strategy application.

1. Identifying value;

2. Eliminating waste; and

3. The generating smooth flow

These principles have been expanded by the same authorities into five more principles
(Womack and Jones, 2003):

1. Identifying customer defined value.

2. Optimisation of value stream.

3. Converting the flow of value smoothly through the control and elimination of wastes.

4. Activating demand pull through synchronising customer demand and flow of

information.
5. Perfecting all processes regarding products and services.
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1.

Identifying customer and specific value: The foundation of this principle is purposely
for identifying an exact value of the end customer in the form of specifying the most
significant features of the market offering. This is because the customers of the
organisation create value for it in terms of making their needs known, pricing, and
timing for products or services (Karim and Arif-Uz-Zaman, 2013)." The complexity of
this principle is that there might be slightly contradictory perceptions of value within
different market segments.

Identifying and mapping the value stream: The Value Stream encompasses activities
that span across every part of an organisation which involves the jointly delivery of
products or services to the target customer. Value stream mapping also involves the
tactical organisation of all end-to-end processes that affect the delivery of value to the
target customer. With value stream mapping, all activities that are considered as non-
value addition activities should be identified, modified removed from the entire process
(Andi, Wijaya, Kumar and Kumar, 2009). The information gathered on the customer and
value transformation are enough to create the value stream for the product demanded
by the said customer (Karim and Arif-Uz-Zaman, 2013)."

Create flow through waste elimination: Create flow is considered as a value addition
step that focuses on designing of processes and an establishment of capabilities that
enable continuous movement throughout the process by dealing with interruption,
detour or waiting through eliminating waste that is, for identifying product flow for
production.

Pull: Pull means meeting consumer’s rates of demand rather than the firm embarking
on overproduction. It is suggested that no activity should be embarked on unless the
outcome of it requires downstream operation. In other words, this is where the
organisation’s customers pull or demand products from producers through ordering for
them.

Pursue perfection: This is considered as the final when it comes to integrating and
perfecting the system so that the first four principles can be effectively and more
efficiently implemented. These are the principles that seek to guide the elimination of
non-value-adding elements (waste) as continuous improvement process, and the
simplification of all manufacturing and support processes. It is a constant strive for
improving the value specification, challenge the steps involve in value stream mapping
and increase the speed connected with the flow that hidden waste can be identified and
eliminated.

The five principles were later on increased by Liker (2004) to 14:

1.

2.

v

~

Base on the organisation’s decisions for a long-term philosophy, even at the expense of
short-term financial goals.

Creation of continuous process flow that is significant when it comes to bringing
problems to the fore.

Usage of pull systems to deal with overproduction.

Levelling out the workload.

Building a culture for the organisation that has to do with putting a stop to fixing of
problems but rather practising the philosophy of getting quality right first time.
Embarking on standardised tasks which provides a foundation for continuous
improvement and empowerment for employees.

Usage of visual control to help detect hidden problems.

Usage of only dependable, thoroughly and carefully tested technology that stands to
serve people in the organisation and processes put in place.
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9. Organisations should grow leaders who will strive to understand all work activities, put
the philosophy into practice and to teach others.

10. Developing extraordinary individuals, teams and groups who follow the philosophy of
the company.

11. Managers should respect the extension of their organisation’s network of stakeholders
such as suppliers and partners by challenging them and helping them to improve.

12. Managers should adopt the strategy of “go and see for yourself” (i.e. an attempt of
thoroughly understanding the situation at stake).

13. Decisions must be taken slowly through consensus, with all options exhausted.

14. Managers must endeavour to grow their organisations into a learning inclined one
through persistent reflection and continuous improvement.

Ljungblom (2014), maintains strongly that regardless of whether a firm is using either the five
or fourteen principles, Lean Management should be treated and seen as a philosophy, and not
just a set of tools and methods or procedures (techniques) as asserted by earlier authorities
(e.g. Ballé and Régnier, 2007; Hines, Holweg, and Rich, 2004; Waring and Bishop, 2010;
Womack and Jones, 2003).

Types of Waste Evidenced In the Mining Industry

The starting point in applying the principle of lean is by understanding the value based on
customer needs. In the mining industry, especially base metal, product and customer have
unique characteristics (Andi et al., 2009). Products from the mining industry are standard
product that inherently has well defined specifications and requirements. Quality and price are
established by global market and there is no product differentiation between firms.
Transaction occurs in stock market without direct contact between mining industry as a
product provider and buyer. Thus “direct” customers (companies who buy the product) do not
play a role that seemed so important in the mining business. However, in a broader view,
mining industry has indirect customers who are passively or actively contribute in the role of
business, they are stakeholder (society, government, media, etc). Their major interest is not on
quality of the product but quality behind the product, such as environment, human well-being,
and economic prosperity of society. These needs are the current value of mining sector and
they have been articulated in the 2009 vision of International Council on Mining and Metals
(ICMM); “respected mining and metals industry that is widely recognised as essential for
society and as a key contributor to sustainable development” (ICCM, 2009).

Second step in lean thinking is defining waste and its counter measure. 7 + 1 waste in the
mining industry is described as follows:

1. Wait: Muck-pile wash or dust removal waiting period blasting is a major cause of waste
creation through waiting in mining. All activities have to be stop during this period.
Engineering approaches to reduce waiting time, such as better exhaust fans or duct
systems, need to be investigated. Another waste associated with waiting is idle time of
mobile equipment, utilisation in underground mining is low. This low utilisation is due
to trade off between utilisation of mining face, utilisation of work force and utilisation of
mobile equipment, where attempt is to maximise the utilisation of mining face. Cost and
benefit study should be conducted to determine the optimum utilisation.

2. Over Production: Unlike automotive industry where ability of market to absorb
product is fluctuating, mining industry has advantage that market is stable and it can be
said that market can always absorb in spite of volume of the product. Thus, over
production is not an issue in the mining industry.
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3. Repair/rework: In mining, risk involving work to repair or to rework is high due to
possible and likely accident and cost related. Dynamic and unstable environment
introduce constantly possibility for rework and repair that can not be avoided.
However, imperfect work can be reduce by standardised procedure and method to
assure the quality of work.

4. Motion: In mining, this type of waste is related on how the work is done. Currently,
training for the new operator deals with mentoring system, which is done informally
and non-structure. As a result, non standardised method is obtained, since variance of
method between experience operators is present and trainee may perceive in the
different way. Certification system is so far not applicable. Another trial for eliminating
excess motion is by automation. As a requirement load is shifting from physical to
cognitive, training should be designed to cover not only skill and rule based learning but
also knowledge based.

5. Processing (over): Most visible form of over processing waste is the dimension of
tunnel, it is common to observe that dimension of tunnel is exceeding required
dimension. Causes are not solely due to the unstable rock but also due to over work in
facing work. So far as scaling rock is a non standard work which is very much
depending on the skill, knowledge and experience of the operator. An inexperienced
operator may end up by keeping scaling of the rock, and never done, because the
termination of the work is based on the subjective judgment of the operator.

6. Inventory: This type of waste is the most difficult to combat in mining. Very much
higher cost of downtime compares to cost of inventory, make it a common believe that
inventory is a positive. It is contrast to value of lean that inventory is root of evil. One
way to tackle inventory problem is by improving reliability of equipment. It is a big
challenge because majority of failure is random failure due to hostile environment.
Design out Maintenance is one of the methods that can be utilised.

7. Transportation: In mining issues regarding this type of waste deals with choice of
mode of transport, equipment sizing, pick up location, form of material to be
transported.

8. Human Talent: This type of waste deal with under utilisation of human resource in
terms of working hour and most important in terms of capacity and capability.

It is based on the belief that the human factor plays 70% when it comes to improvement
potential as evidenced in the mining industry. It is advised that attention should be paid to this
type of waste.

Lean Tools

In their quest of implementing leanness as a management principles in the mining sector,
managers are required to note that, the principles and the tools are operating philosophy as
they originated from the automotive industry, and that they are characterised with exact
values, needs and features (Andi et al., 2009). The lean tools are highlighted below:

58
In Japanese language, the original five 5S refers to Seiri, Seiton, Seiso, Seiketsu, and Shitsuke. In

English, they mean to Sort, Set in order, Shine, Standardise and Sustain (Bicheno and Holweg,
2009).

Sort: All logistics or items found in the area where work activities go on are sorted orderly.
First, the sorting is done to identify the needed activities and those that are not needed. The
ones found not to be needed hence create waste need to to be discarded immediately. It is
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advised that when managers are in doubt, they may decide to use red colour for tagging items.
A tag with red colour always has a labelling comprising a date on it and the item is left unused
till the date is discarded.

In sorting, the items are grouped according to their frequency of use. Periodically, managers
must do sorting, possibly once a month, and should be a regular activity and not to be treated
as a re-launch of the entire tool, 5S. Also, an organisation should avoid going to the top. A few
personal logistics or items should be kept in the workplace (Bicheno and Holweg, 2009). The
outcomes of sorting activity can be used for the purposes of visual communication to be taking
before and after photographs and have they placed on 5S board for the entire workforce to
appreciate and have a full glare of the improvements (Carreira, 2004).

Set in order: As a 5S tool, it explains how each item sorted can be found in the work area. In
using set in order, it is advised that each item sorted must be shelved in places that will be
visibly to each and every worker. There are two ways to make sure that all workers at the work
area can see where each item is located, and these include colour matching of each of them
with their area (labelling) and the usage of shadow boards. There is always repetition of this
technique whenever there is change in any product, part, or tool (Bicheno and Holweg, 2009).

Shine: This explains that the work area must always be kept physically tidy and be done on
regular basis. The workers should be tasked with the scanning of the work area for anything
that is considered out of place and try to correct it immediately. A simple way of embarking on
this task is taking five minutes to do repetitive clean-up exercise daily. Managers are advised to
embark on these routine tasks through standardisation for the purposes of achieving best of
results.

All equipment used for the cleaning and tidying up must be appropriately located and proper
maintenance must be done. “Cleaning is checking’ means that these are integrated. Workers
need not just clean up the work area, they check for any abnormality and its root causes”
(Bicheno and Holweg, 2009).

Standardise: It is advised that standards are to be developed when using the first 3Ss making
sure that the entire workforce is doing what management requires of them. “Standard work
aims at creating processes and procedures that are repeatable, reliable, and capable”. A
standard regarded as “best” is the one that is regarded by an entire workforce as also good and
reliable that they would not want to do the procedure any other way (Bicheno and Holweg,
2009). Setting these standards require proper maintainance and improvement for the purpose
of successful implementing of the 5S.

Sustain: All workers are advised to make the first four Ss a habit, and must therefore
continuously endeavor to ensure their utilisation and improvement. Regular audits should be
carried out to make the entire 5S as principles maintained and sustained.

Just-in-time (JIT)

Just-in-Time is a lean technique that lays emphasis on the continuous process when it comes to
waste elimination and productivity improvement within the work area. Ohno (1988),
perceived that for Just-in-time to work effectively, each business process of the firm should be
giving right parts needed at the right time and in the right amount or quantity needed to
produce an order from a customer to ensure the highest quality. Just-in-time as an important
lean concept was adopted by TPS which allowed the automobile company to eliminate all
forms of waste ranging from work-in-process inventory, flaws (defects), and poor delivery of
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parts (Nahmias, 1997). Considered as a critical tool, JIT is used for the management of business
activities which include distribution and purchasing, and are categorised into three: just-in-
time production, just-in-time distribution and just-in-time purchasing. The main goal for JIT’s
usage is to “produce and transport just what is needed, just when it is needed, in just the
amount needed, within the shortest possible lead time” (Drew, McCullum and Roggenhofer,
2004), and this can be related to the concept of having raw materials delivered, at the time
needed and manufactured products also supplied at the time needed” (Lai, 2009).

Kaizen

Kaizen is considered as one of the most recognised words in the Japanese Language. In dividing
the words into two parts, “Kai” means continuous and “zen” is translated as improvement.
Kaizen hinges on the assumption that no business process can be seen as perfect hence more
for improvement always. Hence, there must be “continuous improvement, in small increments,
at all levels [of the company], forever”. Kaizen is regarded as critical for the implementation of
scores of lean techniques hence continuous improvement aftermath. Most of kaizen events
address internal processes of a firm, and are also applicable in any part of the supply chain
(Trent, 2008) process.

Kanban

“Kanban is considered as a classic signalling device (mechanism) for production pull systems”
(Bicheno and Holweg, 2009). There are two types of kanbans; that is single and dual card
kanban. The most popular one among the two which is used in lean management systems is
the “single card” kanban. A single card kanban (also known as a pull signal) is used between
pairs of work stations. A product kanban, considered as a kind of single card kanban, operates
as whenever a product vis-a-vis a container is taken out, it is replaced with another. In the
absence of a pull out that means authorisation has not been given and therefore production has
put on hold (Bicheno and Holweg 2009).

It was the Toyota Company established the Dual card kanban to deal with the usage of two
main kanban cards that is, the production kanban card (also known as supplier process) and
the conveyance kanban card (also known as customer process). At this stage, supplier process
is defined as the various processes a supplier goes through in an attempt to have parts
replenished, while the customer process deals with all the processes that involves converting
raw materials to finished products (in the form of assembly) (syque quality 2005). A Kanban is
not tangible card. It can be designed in an electronic square plastic kanban card or a kanban
container. A kanban square also known as kaban rectangle is always painted on the floor of the
factory and it serves as a signal when it comes to replenishing an empty container.

Improvement Cycles

As lean management tool, improvement cycles provide the framework to ensure a continuous
process for improvement. It needs to be stressed that having an approach which is
standardised and is aimed at continuous improvement is always regarded as a great value for
all firms. Improvement Cycles are divided into two variations namely; PDCA and IDEA

Plan Do Check Act (PDCA)

PDCA is recognised as extensively used improvement cycle around the globe. As a type of
improvement cycle, PDCA requires the organisation to embark on massive planning. The
planning aspect of adopting PDCA deals with creating a hypothesis with the end customers and
putting their requirements in mind, hence the organisation customer focus. It is advised that
the organisation must adopt continuous communication and dialogue in developing a
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hypothesis that predicts an expected result. Bicheno and Holweg (2009) is of the view that a
time plan needs to be developed.

After planning, the next activity comes doing. Doing in actual sense means implementation of
improvement plan at this stage. The last activity refers to checking and as the name suggests,
managers must check if the activity done was as predicted /or planned (Bicheno and Holweg,
2009). Once the checking activity is complete, the organisation can then put the results of
checking into work. All the necessary changes or modifications are made giving way to the
creation of standards. As the cycle begins once again, the end result standards are continuously
improved upon. A large deviation gives an indication that something went wrong (Bicheno and
Holweg, 2009) from the beginning.

Investigate Design Execute Adjust (IDEA)

Authorities on the adoption of lean tools regard IDEA similar to PDCA. It is used by the Toyota
Company for innovation and design (Bicheno and Holweg, 2009) purposes. A company begins
this cycle by investigating anything that calls for investigation such as an identified problem,
customers’ concern, data and the rest. After investigating, management presents the findings.
New solutions are then implemented and subsequently giving adjustment to prepare for the
next cycle and bring it close to the firm'’s requirements (Bicheno and Holweg, 2009).

Value Stream Mapping

As regarded as lean tool, managers adopt Value Stream Mapping to aim at visual improvement
that deals with the creation of maps to show the “Current State, Future State, Ideal State, and
Action Plan” of a company. It is advised that the entire process involving mapping must lead to
an action otherwise it will be considered as not adding to value, hence waste. The core
objective of adopting value stream mapping is make the identification of various non value
added activities after which management puts processes in place to eliminate them.

Benefits Derived From the Implementation and Applicability of Lean as a Management
Strategy

It has become a norm for most manufacturing firms to continually strive in their quests of
increasing productivity and output regarding their operations for the main purposes of
satisfying their customers (Tinoco, 2004), who are considered as the most important
personalities to their businesses (Ofori-Okyere, 2014), by serving them right product, right
quality, right quantity, and the right price in shortest possible of time.

An aspect of lean manufacturing is mainly for reviewing business operations for production
operational components, processes or materials that add cost rather than value (Tapping,
2002). To achieve efficiency, it is advised that each step involving the process in manufacturing
should be monitored as a way for determining if it adds value to the product or creates waste.
If a non-value added element is detected, that part of the process could be outsourced to a
subcontractor in order for the company to focus on the staff in achieving value-added
operations in its core business.

Lean manufacturing is always adopted by value oriented firms for the purposes of identifying
and eliminating wastes associated with processes of production. Companies are advised to use
these results to help map their future state and to ensure successful implementation of lean in
manufacturing processes (Tinoco, 2004).

The lean production implementation has greater and wider scope when it comes to enhancing
productivity, customer satisfaction and achieving profits (Apleberger, Jonsson and Ahman,
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2007) both short and long term. The goal of adopting lean management or in the mining sector
seeks to the elimination of activities in the work area that are considered as non-value
additions which include waiting, repair or rework, motion, over-processing, inventory,
transportation (Dunstan et al., 2006), and that is, reducing costs (Wijaya, et al., 2009, Sanda,
Johansson, and Johansson, 2011; Sanda, 2012; Liu, 2013) or extracting ore faster (Wei-Jian and
Qian, 2010). Womack and Jones (2003), perceived lean management as aiming at a continuous
improvement of an organisation’s value creation capability by engaging all employees.

Adopting this philosophy throughout a firm is supposed to be positively correlated with higher
efficiency (Dahlgaard and Dahlgaard-Park, 2006). Lean manufacturing is regarded as a strategy
in business operations used in achieving the shortest possible cycle time when it comes to
waste elimination (Liker, 1997).

Other benefits derived from adopting lean manufacturing usually promises of lower costs,
higher quality, and shorter lead times (Liker, 1997). Lean as a manufacturing term is applied
to achieve less human effort by the firms, less manufacturing space, less investment in tools,
less inventory in progress, and less engineering hours to develop a new product in less time
(Paranitharan, Begam, Abuthakeer and Subha, 2011), while giving customers what they
demand in a highly economical manner.

The concept of Lean has been praised for empowering employees (Hasle, 2014), and it lays
emphasizes on waste reduction and on maximising or fully utilising activities that contribute to
adding value from the perspective of the customer (Ohno, 1988; Womack et al.,, 1990). In
practice, the term waste specifically implies, any activity that absorbs resources and creates no
value (Chauhan and Singh, 2012) to the organisation’s operations. Leanness in manufacturing
is considered a concept that seeks to unify the various practices involve in the promotion of
lean as a management philosophy (Womack et al., 1990)

LM applicability provides manufacturers with competitive edge by achieving reduction in cost
and improve productivity and quality. Many authorities have documented quantitative benefits
derived from adopting lean implementation such as improving production lead time,
processing time, cycle time, set up time, inventory, defects and scrap, and overall equipment
effectiveness. On the qualitative benefits derived by companies for adopting LM, they are said
to include improved employee morale, effective communication, job satisfaction, standardized
housekeeping, team decision making, etc. (Bhamu and Sangwan, 2014).

Lean as a management concept is adopted for the purposes of optimising usage of resources
available when there is the need to minimise waste (Anand and Kodali, 2009), and the creation
of high quality goods and services at a lowest possible cost with maximum customer
responsiveness (Kumar, Singh, Qadri, Kumar and Haleem, 2013). It is instructive and fair to
posit that, initiatives that emanate from business improvement programmes involving the
adoption of lean strategies which include minimised shutdowns, increased production and
increased chances of reaching annual targets.

In general, lean manufacturing philosophy requires respect from management towards the
people(the workers), aims at continuous improvement, a long-term view, a level of patience, a
focus on process and ability to understand where the individual is in his or her development
(Ahmad, 2013). Lastly, under the lean concept, all non-value adding activities are regarded as
waste generators that divert resources from the value adding activities of the organisation.
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Challenges Associated With the Adoption of Lean Management or Lean Manufacturing
Despite the potential benefits derived from the application of leanness as a management
principle in business processes of mining firms, the challenges bedeviling its adoption deserve
serious consideration. Some theorists both in the academia and industry have shown a greater
interest regarding potential challenges associated with the adoption of lean strategies as
managerial tool. The success of any particular strategy in management is always said to be
dependent upon organisational characteristics, which implies that all firms cannot implement
or apply a similar set of strategies in their particular case (Shah and Ward, 2003).

Lean principles are not just adapting the tool but how to change the culture, ‘a true culture of
continuous improvement’. In contrast to innovation approach which emphasize on a quick
improvement/change, lean principle is a continuous improvement approach which emphasize
on a small but constantly improves. In implementing lean thinking in the mining sector,
managers should understand that leanness in manufacturing is an operating philosophy in its
original context (automotive industry) that had particular values, needs and characteristics.
Mining operations are characterized as dynamic, uncertain, volatile and risky work
environment.

The application of unsuitable lean technique for a given situation can sometimes lead to
increase in waste, cost and production time in a manufacturing company like mining. Due to
inappropriate implementation of lean strategies, there may be changes that are likely to create
disruptions in the process it is meant to improve continuously. It is in this wise that the
application of lean concept in the mining firms becomes crucial and critical for managers to
have in place systematic method capable of implementing appropriately a strategy based on
the identification of wastes as evidence in manufacturing processes.

In the main, it can be stressed that there are important barriers in other words known as
challenges confronting organizations in their quests of implementing lean strategies. Some of
these challenges are: culture of the organisation, poor flexibility, employees resisting change
and innovation, etc. (Achanga, Shehab, Roy, and Nelder, 2005; Nordin, Deros and Wahab, 2010;
Zhou, 2012), high workforce turnover (Andi et al.,, 2009), which is advised that much effort
should be emphasized on training for new workers recruited by the mining company. The
applicability of lean philosophy in the mining sector seemed complicated, given the issue of
uncertainties and variability characterising activities in mining (Nadeau et al., 2015).

In addition to the challenges, specific mention can be made to lack of clear customer focus
(Hines et al., 2004; Radnor and Walley, 2008; Radnor et al., 2012), that is, in the context of
mining industry it is challenging for the term customer to be clearly defined within the
operational context of the mining firms. The mining industry like any other industry is
sometimes saddled with too many procedures and targets considered major barrier (Radnor
and Walley, 2008; Waring and Bishop, 2010). There is clear evidence of lack of understanding
regarding the lean system thinking and process flow (Ballé and Régnier, 2007; Dahlgaard et al.,
2011; Emiliani, 1998; Radnor and Walley, 2008; Radnor et al., 2012; Waring and Bishop, 2010),
on the part of managers of lean thinking and their subordinates.

There is also lack of awareness regarding strategic direction (Hines et al.,, 2004; Radnor and
Walley, 2008; Waring and Bishop, 2010) for the organisation’s quests of applying lean
philosophy. Another barrier confronting the implementation and applicability of Lean in the
mining industry is the firm’s inability to reconstruct the massive impact of historical top-down
change approaches into Lean’s bottom-up improvement methodology (Emiliani, 1998;
Hayward, 2012) or to find a combination of the two (Anhede and Lord, 2009).
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The implementation and applicability of the Lean concept in the mining industry requires
development of leaders who can function effectively as motivators, coaches and be able to
grow and develop persons and teams (Anhede and Lord, 2009; Poksinska et al., 2013) as in
transformational leadership (Ljungblom, 2012; Poksinska et al., 2013), a distinct and high
quality of leadership is necessary to get through the change (Joosten et al.,, 2009; Kimsey, 2010;
Poksinska et al., 2013; Waring and Bishop, 2010). Studies reveal how Lean managers has
changed the focus of managerial work - from managing operations to managing people
(Poksinska et al.,, 2013).

Managers must always endeavour to understand the process involving the applicability and
implementation of lean and the needed respect giving to the people along the way (Kimsey,
2010). Nonetheless, managers who regard Lean as more than a set of tools and techniques
makes it a barrier in terms of its understanding. Also, attempting to develop a culture that
initiates the involvement of everyone in the organisation is critical to the implementation and
applicability of the Lean philosophy - the daunting task is everyone needs to be trained (Ballé
and Régnier, 2007; Dahlgaard et al,, 2011; Emiliani, 1998; Hines et al., 2004; Radnor Walley,
2008; Radnor et al., 2012; Waring and Bishop, 2010; Womack and Jones, 2003). All these
barriers need to be mitigated for lean manufacturing successful adoption and diffusion in the
mining sector. Identifying accurate drivers is capable of helping in taking effective lean
decisions during lean implementation planning process.

Conceptual Framework

LEAN APPLICABILITY IN THE MINING SECTOR

Foundamental Lean
Principles

Value /

Application of Lean Benefits

TOOIS ~ Eliminating ‘
wastes

Challenges /Barriers

Based on the theories from (Womack et al. 1990; Womack and Jones, 1996; Womack and Jones,
2003; Bicheno & Holweg, 2009).

Figure 1, above presents a detailed illustration regarding conceptual framework of this related
literature review. Improper and ineffective application or implementation of lean strategies
can lead to inefficiencies in a mining firm’s resources hence increasing waste in diverse forms,
cost and production time. However, it can be hold as a firm truth that proper applicability of
the lean strategies (involving the principles), and effective selection of right lean tools are
significant in eliminating all forms of wastes that occasioned in business operations of any
organization hence achieving value by the organization and to providing value that is
associated with the products and services offered to stakeholder groups. The existence of
wastes in organisations bring to the fore visible challenges that contribute to confront
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manufacturing organisations in their quests of applying or implementing lean strategies. So it
can be maintained that total elimination of wastes as evidenced in an organisation’s business
operations is a proof that the management have been able to deal with challenges that confront
them in their quests of successfully applying Lean strategies.

CONCLUSION

It has been postulated that leanness as management principle can successfully be applied to
any sector of the economy. Base on such proposition or premise (postulation), it is worthy of
mention that there is evidence of great advances regarding leanness as a management practice
in the mining industry around the globe. Panoply of empirical studies have reported the
significant role played by applicability of lean thinking in the business operations of the mining
companies (e.g. Karlsson and Ahlstrom, 1996; Humphreys, 2001; Collard, Noort, and Seal,
2007; Klippel, Petter, and Antunes Jr., 2008a; Andi et al., 2009; Castillo et al., 2014; Nadeau et
al., 2015). For the purpose of this literature search, it has been established that during lean
implementation, emphasises should be laid on customer value. Also, equally important and
worth noting is that (Bicheno & Holweg, 2009), Leannes in the mining sector is “behaviour-
driven”; that is managers ensuring its implementation and sustenance must be abreast with its
continuous process and should be driven at making it so. In order to expand the understanding
of lean applicability or implementation in the mining industry; this literature search has
developed a lean applicability framework and has evaluated the impact of it in mining
exploitation projects undertaken by the players in the industry. Adapting lean management
philosophy in the mining sector is just a beginning. Although the concept promises gains in
productivity, its implementation in the mining sector is complicated, given the uncertainties
and variability characterising mining activities.
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