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Abstract
Total Cost of Ownership (TCO) is a notion which is widely used in many businesses and
industries around the world. TCO is a technique which provides valuable information for
asset owners and purchasers to make the best decision when buying particular goods and
services. Mining companies would benefit from a thorough and highly developed TCO
model to encompass all product life cycle costs that could also be adaptable for various
supply chain principals and perspectives. An effective supply chain process which is
based on a TCO tool is argued to extend purchasing decisions beyond the initial price of
the asset and consider long-term perspectives, including all hidden and explicit costs, for
carrying out business with various suppliers.
All purchasing enterprises are seeking the maximum profit from the purchased
products/services for the least and most responsive TCO. This qualitative research,
utilising a modified Delphi technique, was carried out to improve the decision-making
practical guide for TCO implementation in the mining industry. After a comprehensive
literature review and obtaining the technical viewpoints from mine asset and supply chain
management experts, several emerging themes were considered: TCO potential benefits,
limitations and impediments, best actions, critical cost drivers and consequential
performance elements, supply risks and appropriate evaluation methods to improve TCO
application. Responses were analysed and then circulated to the panellists for possible
review, revision and debate with the aim to obtain group consensus.
The results of the group consensus indicate that although TCO analysis is very beneficial
for cost reduction assessment through true measurement of return on investment (ROI),
it does not consider the risk of supply which needs to be evaluated through different
methodologies along the TCO application. Moreover, experts agreed the reason that TCO
analysis is not widespread among vendor companies is that sellers do not intend to reveal
the true cost structure of their offering to the purchasers. The results also show that
implementation of Enterprise Resource Planning and an Electronic Kanban System are
highlighted by experts as effective tools for better estimation of TCO over the entire
lifecycle of the assets. The experts agreed that all departments of the company must
implement a unique resource system as well as a detailed record keeping system and a
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process also needs to be facilitated for full access to all cost data captured, stored and
recalled from the system for implementation and development of the TCO.
It was found that in addition to the practical experience in mine category and commercial
management, sound knowledge and practical experience in mining operation cost
estimation was agreed by the panellists as an essential requirement for TCO
implementation. Supplier uncertain capacity, low technical reliability and global sourcing
are those critical supply risk factors that must be considered along with TCO application.
The findings of this study supplies the mining firms decision makers with motivation and
methods to develop and utilize strategies for monitoring and mitigating the cost of TCO
implementation over the entire product life cycle.
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1

Introduction1

Background

One of the pivotal parts of any competitive business is purchasing which covers 60%
to 70% of total expenditures in manufacturing (Heberling, 1993). Academic research
and industry are considering supplier selection and actual cost purchasing strategies as
integral issues for creating competitive businesses (Dogan et al., 2011). Actual cost of
purchasing, including direct and indirect costs are often ignored by most of the
traditional purchasing and supplier selection methods because of their framework
structures which are based on quoted price selection (Mohammady Garfamy, 2006).
Enterprise purchasing models and methodologies are a key tool for carefully managing
business costs over the various time frames and business cycles of the firms. However
there is a lack of understanding of the optimum methodology for effective purchase
decision-making processes for businesses and limited knowledge of the costs through
the entire supply chain of a product or service. The total cost of ownership (TCO)
method, as an alternative to a price-based approach, is increasingly being utilised (L.
M. Ellram, 1995b).
The total cost of ownership (TCO) method helps the vendees to evaluate different
vendors with regard to total cost rather than the lowest initial price alone. The mining
industry is an important business sector in which to examine the TCO as it is a
significant sector of the competitive market. The TCO factor is the summation of both
direct and indirect costs over the entire life cycle. It is a common metric used to
evaluate capital investments in many industries, and even for consumer purchases. The
total cost of ownership is an important consideration because purchase price alone
does not provide a complete picture of cost (Padnos, 2006).

This chapter is captured and reorganized from the papers (Noorbakhsh et al., 2019;
Noorbakhsh et al., 2018a). The authors’ attribution on these papers are given in Appendix 6.
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Increasing productivity is critical if mining enterprises are to survive over the longer
term. Reducing incurred costs or increasing revenue of product sales can improve
productivity. If mining firms can decrease the cost of products and services, it can
increase their profitability. Models of costing can help companies in reducing their
overall costs. Costing models such as the TCO put the focus on considering all cost
drivers associated with any purchasing decision.
The TCO analysis emphasizes capturing all actual costs before making a procurement
decision. When considering critical cost factors that incur the costs of significant
purchasing decisions, the outcomes are effective and efficient supplier options and
improved productivity (L. M. Ellram, 1995b; Gass et al., 2014). The TCO method
notices extra expenses such as the cost of order implementation, expenditure
associated with searching activities and supplier qualification, insurance, warranties,
and quality costs, exchange possibilities, downtime caused by failures, etc. (Afonso,
2012).
Ferrin and Plank revealed that among 62% of their surveyed companies, TCO is used
in less than 40% of the purchases (Ferrin et al., 2002) which supports Ellam’s
statement about the difficulty of TCO methodology application (L. M. Ellram, 1995a,
1995b). There are other methods which are similar to TCO but have some weak points
which make these unpopular among industries. Life-cycle costing ignores prepurchase costs and targets determination of the life cycle costs of the assets including
operating, maintaining, and disposing and are generally based on fixed assets (L. M.
Ellram, 1995a, 1995b). Another method is zero-base pricing which is close to TCO
but just considers the cost of running the business and a pricing framework for
suppliers (Burt et al., 1990).
Cost-based supplier performance evaluation ignores the internal cost of business and
only focuses on suppliers’ external costs (Beamon, 1999). There have been some
models which emphasise TCO. Handfield and Pannesi are among the first authors who
believe that the overall life cycle of the product can be unrelated to the component of
the life cycle (Handfield et al., 1994). Modified cost ratio method was used by Carr
and Ittner for identification of key factors which can be the reason for increasing costs
(Carr et al., 1992). Caniato et al classified TCO models to standard and ad hoc models
(Caniato et al., 2015). According to the authors, standard models encompass all goods
2
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and services, whereas ad hoc models are just for a particular product. Agrawal and
Graves defined general standard TCO models for cost estimation (Agrawal et al.,
1999) whilst Fornasiero, Zangiacomi, and Sorlini (2012) define an ad hoc model which
was particularly focused on a truck’s life cycle (Fornasiero et al., 2012). Ellram in her
research developed the dollar-based model to value base models and placed the
emphasis on nonmonetary measures, hence, costs are classified into components,
capital assets, maintenance and services which are not only for purchasing
departments, but also for several departments (L. M. Ellram, 1995b).
Another TCO model focusing on the monetary quantification of all financial and
nonfinancial attributes was widely developed and implemented by Morssinkhof et al
(Morssinkhof et al., 2011). In order to optimise the supply chain, Cavinato proposed a
developed version of the TCO model based on reducing the costs and increasing the
value even for the very last customer (Cavinato, 1992). There are other researchers
considering purchasing firm optimisation, which first starts by cost categorising based
on product level, then defining overall purchasing process models and finally
calculating TCO by implementing a three-axes matrix (Degraeve et al., 2000, 2004;
Degraeve, Labro, et al., 2005; Degraeve et al., 1999a, 1999b). Buy class model is
another type of TCO model which is based on the buy class/type of purchase and was
developed by Ellram (L. Ellram, 1994).

Research Objectives
The overall objective of this qualitative, explorative research study was to conduct
extensive research into the total cost of ownership along the supply chain and asset
management as a valuable support for purchasing decisions of both products and
services. This thesis considers all obvious or hidden costs and their estimations over
the entire life cycle of the mining assets. The objective was to identify TCO strategies
for utilisation and development of a decision-making practical guideline that mine
leaders and managers can execute to make purchasing decisions. The targeted
participants are the high-level mine asset and supply chain managers from the leading
mining resource enterprises in Australia and Canada who perform TCO analysis.
Globally, Australia and Canada are some of the leading mining countries and minerals
and metals producers. According to Minerals Council of Australia, in 2018, Australia’s
resources exports made $248 billion revenue which accounted for 72 per cent of
3
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Australia’s goods exports. According to The Mining Association of Canada, in 2017,
the mining industry contributed $97 billion which accounted for 5% of Canada’s total
nominal GDP.
The subject contains consequential decision making scope that can be specified by
obtaining the agreement of different qualified mining experts. The modified Delphi
method experts obtained a consensus of relevant critical cost drivers and best functions
necessary for mining-based TCO strategy development. One of the research goals was
to share the strategies for implementing TCO analysis with other mining firms who
have difficulty in performing the TCO analysis. Another goal of this study was to
understand the way mining enterprises may increase their profitability by improving
purchasing decisions.
This research implemented 9 seed questions to cover the advantages/disadvantages,
strategies and implementing methodologies the total cost along the risk of supply to
support the better purchasing decisions of both products and services.

Background of the Problem
It has been reported that firms’ purchasing divisions spend more than 60% of their
revenues on materials for production (Vanteddu et al., 2011). Procurement decisions
need a comprehensive and precise cost review. Considering all consequential and true
cost elements can result in productivity improvement (Dabhilkar, 2011). There are
many papers that illustrated negative outcomes of procurement decisions based on the
quoted initial prices alone while neglecting the risks or hidden costs (Gray et al., 2013;
Wakolbinger et al., 2011). Despite the certain benefits of accepting TCO philosophies,
still, there are many business sectors that do not administrate any cost model including
TCO when making procurement decisions (Ellram, 2013; Horn et al., 2013).
Procurement experts have indicated that the cost to initiate and create precise TCO
analysis often outweigh productivity advantages. Hence, some procurement
professionals dismiss the TCO approach and prefer to use vendor selection based on
initial price as the major criteria. It is really hard to evaluate actual TCO due to the
cost implied calculation, sufficient data collection and finally both obvious/direct and
hidden/indirect machinery and service cost estimation. Mining companies require a
thorough and highly developed TCO model to encompass all product life-cycle costs
4
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and that can also be adaptable to supply chain principals and perspectives. In the
modern supply chain perspective, transactions are not limited to just buyer and seller
but contain a third or even fourth party such as service providers and value added
sellers. There is not the generally recognised framework for objectively directing
leaders and decision makers performing TCO strategies for competitive advantage.
The TCO implementation process is vital for providing the mining sector leaders or
decision makers with a practical guide for prioritising continuous assessments and
following procurement decisions to optimise TCO.

Problem Statement
Many small-sized businesses make purchasing decisions without using any type of
costing model, which can result in problems of developing an understanding of TCO
for goods or services (Johnson et al., 2013). Making a decision based on initial price
alone can be as little as 28% of the total cost of ownership (Holweg et al., 2011).
Therefore, mining firms need to establish the plan through the entire lifecycle
management of their physical asset. Nevertheless, even though mining companies can
save billions of dollars, the application of TCO is not implemented very widely which
motivates this research to examine the barriers, benefits, and consequence of
implementing total ownership cost strategies for controlling and reducing the lifecycle costs of mine assets.
A potential approach to establish and enhance the procurement decision-making
process is to identify, specify, and arrange attainable TCO application strategies and
critical performance elements that can be utilised in the mining industry. This research
examines mine asset life-cycle management by obtaining consensus through
administrating a modified Delphi technique which can improve the decision-making
process. The business problem addressed in this research was that many leaders of
mining companies fail to collect all true costs while making purchasing decisions,
reducing profitability. The specific business problem addressed was that leaders, mine
managers, asset managers, and category managers often make purchasing decisions
without implementing TCO strategies.
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Research Significance
Lack of a proper TCO model can lead to losing the enterprise’s competitiveness and
profitability in the market due to poor cost estimation and poor purchasing decision
making. Mining enterprises are complex organisational systems because of their
corporate, managerial and operational formation (Komljenovic et al., 2015). The
mining industry demands reliable and effective tools, methodologies and proceedings
for the optimisation of their decision-making system in order to amplify their
competitiveness. Mining sectors are facing considerable uncertainty in many aspects
of their technical and business market nature which influences their financial,
managerial and operational decision-making system.
Conventional asset management decision-making approaches in the mining sector
have not been capable of noticing and fixing this complication properly. Modern and
efficient management of mine physical assets, emphasising the wider notion of the
asset lifecycle, is vital to remaining competitive and improving mining business
profitability. This research equips mining leaders and decision-makers with an
evidence-based practical guidline which facilitates identification, characterisation, and
implementation of total ownership cost strategies across the life-cycle of the mine
assets. This guideline provides the decision-maker with the development and
utilisation of TCO analysis.
The TCO application can assist the mining firms in the procurement of expensive mine
assets by identifying and supplying best practices for monitoring, controlling and
reducing total cost of ownership. In the mine operation, the mine managers or
operation managers can utilise the proposed practical guide to choose among
maintenance regime options, repair methodologies, spare parts and tools, considering
criticality and essentiality. This research proposes a practical guide which supplies
mining decision-makers with TCO strategies and potential options for cost reduction
and risk mitigation while enhancing competitive advantage.

Research Questions
This qualitative research utilised a modified Delphi technique that collected experts’
point of view, perception, skill, and understanding of the group members in foreseeing
6
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the critical performance elements essential for the development of effective decisionmaking guideline for TCO implementation strategies in the mining firms. By
considering the industry related issues, there is an essentiality in implementation of
TCO strategies for mitigation of life-cycle cost (Roda et al., 2014a, 2014b, 2015).
Although the benefits are acknowledged in the industry, currently TCO analysis is not
utilised very widely (J. Anderson et al., 2007; Ferrin & Plank, 2002; Hurkens et al.,
2006; Rosenback, 2013; Zachariassen et al., 2011).
The following research questions guided the study:
1- What are the benefits, barriers and limitations for implementing and
developing the TCO analysis framework along the mine asset management and
supply chain?
2- What are the best practices, strategies and critical performance elements for
implementing and developing the TCO analysis framework along the mine
asset management and supply chain?

Research Methodology
The first step in this research is the comprehensive literature review around Total Cost
of Ownership (TCO). The literature review will reveal the limitations and construct a
pre-protocol for the TCO model along the supply chain and asset management. Much
of the TCO literature involves only one case study firm. A comprehensive literature
review reveals the reasons for the slow adoption of TCO analysis and the potential
effects that have lead mining enterprises to profit through the utilisation of these TCO
based strategies. The exploratory qualitative methodology was selected to develop and
understand the TCO critical performance parameters, best practices, and TCO
implementation limitations which are predictive of a future.
Woudenberg indicates that the Delphi study is the best qualitative, well-structured
methodology which assists the reflection of future states (Woudenberg, 1991). This
research selects a qualitative exploratory modified Delphi study to specify the tools,
practices, strategies, and necessities that need to be considered by mining firms for
successful implementation of the TCO approach in mine purchasing decisions. The
data collection phase was performed through three rounds of semi-structured

7

Chapter 1

Introduction

interviews, including the use of email. The panel consisted of 16 leaders or decision
makers who have special knowledge and experience in the mining industry.

Thesis Structure
This thesis is presented in six chapters. The body of the thesis includes chapter 2 to 5,
where each chapter was comprised of a summary of the chapter followed by a short
introduction of the next chapter. Chapter 1 presented an overview of the motivation of
the research particularly from the mining industry perspective, to identify TCO
implementation strategies and develop a practical guide for the procurement decisionmaking. An efficient developed TCO model can enhance suppliers’ performance and
improve cost justification according to the total cost of ownership rather than just the
price.
This study examined various critical cost elements for TCO and proposed the
procedures that support the total cost of systematic ownership application in mining
industries. The main body of this thesis begins with chapter 2 which presents a review
of available literature and discusses the benefits, challenges, and recommended further
studies and utilisations in the mining industry. This chapter discusses the description
of TCO method and the experience of implementing this methodology in other
domains. Moreover, Chapter 2 also investigates the indispensable components
required to determine the total cost of ownership of a resource. The examination of the
relation of TCO approaches in the mining firm, the technical and financial situations
of mining firms have been presented.
Chapter 3 commences with outlining and justifying how this research was conducted.
This chapter depicts the modified Delphi technique, first presented in the 1950s as a
research methodology for capturing qualified experts’ opinions and anticipating future
requirements. This qualitative, explorative research utilised this methodology to
identify TCO implementation strategies and developed a decision-making practical
guide suitable for senior level mine asset and supply managers. A detailed description
of the appropriate research design for the research followed. This research
methodology comprises of a systematic process including expert selection, data
collection, and data analysis.
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Chapter 4 presents the outcomes of this modified Delphi study based on the research
methodology discussed in chapter 3 as well as the description of data collection
methodologies utilised in the pilot/main studies. Moreover, all the responses supplied
by the expert panellists to all research seed questions were submitted. This chapter
presents the analysis of the results by bringing forward all the data captured from the
Delphi methodology.
Chapter 5 provides the data, results, and findings of the study. It discusses and
critically analyses the results of the modified Delphi study which was presented in
chapter four as well as reviewing other relevant literature which addressed or
investigated the findings and outcomes of this survey. Chapter 6 presents the overall
conclusions and supports from this research followed by a series of recommendations
regarding the practical and reliable guideline including best practices for
administration, implementation and reducing the TCO. This chapter presents a brief
outline of the research; an assessment of the concept, explanation, and magnitude of
the experts’ opinion; and recommendations for further study. This chapter presented a
motivation outline of this study especially from the mining industry point of view, to
distinguish TCO application strategies and develop a practical guideline for the
purchasing decision-making. The next chapter provides a thorough review of available
literature regarding the TCO implementation.

9
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2

Background and Literature Review2

Introduction

This research examines how mining enterprises successfully implement TCO
applications for vendor selection and purchasing decisions. The research questions
enquired as to what strategies senior asset and supply chain managers utilize to apply
TCO when making buying decisions. The goal of this qualitative study was to develop
a decision-making practical guide for mining companies using the TCO over the entire
product/service life cycle. In the development of the procurement guideline in the
mining industry, the senior level managers may select purchasing options based on the
initial purchase price as the only selection criterion for vendor selection decision
making.
The guideline developed as an outcome of the research may better equip mining
industry decision makers with TCO strategies and best practices. A review of the
available literature presents an investigation of the total cost of ownership models and
applications as they are currently utilised in cost management and provides an
examination of the research works published to date. The main concepts, advantages
and disadvantages, key performance elements, barriers, difficulties and complexity of
TCO strategies and their applications are reviewed in this study.

Literature search strategy
This research investigates and analyses a practical guide for classifying the benefits
and practical implementation that a TCO model can have in mine asset management
and the accompanying supply chain. In order to do so, a large body of literature has
been obtained and reviewed. In the collection and analysis of the literature, many
articles were found primarily through comprehensive keyword searches using the
This chapter is captured and reorganized from the papers (Noorbakhsh et al., 2019;
Noorbakhsh et al., 2018a). The authors’ attribution on these papers are given in Appendix 6.
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search engines Google Scholar and Curtin University Library, which generated lists of
web-based peer-reviewed articles and magazines, books and handbooks, texts,
dissertations from databases such as Inform, ProQuest Central, ProQuest Dissertations
and Theses, Emerald, SAGE Premier, EBSCOhost, and Science Direct. The main
keyword searches utilised words in various combinations of “total cost of ownership”,
“TCO”, “total value” and “total cost” along with related words such as “activity based
costing” and “life-cycle cost management”. Different combinations of secondary
keywords and phrases such as “supplier/vendor selection”, “vendor selection”,
“mining industry”, “manufacturing”, “asset management (AM)”, “supply chain
management (SCM)” and “maintenance, repair and overhaul (MRO)” were
implemented to stimulate the search to collect as many academic sources as possible.
Where necessary, searches were also restricted by date; however, this restriction was
preliminarily applied to generate the most recent papers published on a particular topic.
In addition to these search strategies, reviewing other relevant scholarly paper
references in terms of topic and context, along with forward and backward citation
analysis proved to be useful for finding additional sources of publications which might
be overlooked using the previous literature collection steps. More than 400 abstracts,
papers, books, dissertations and case studies were collected and reviewed in this
research as a basis for understanding the existing background research on TCO
concepts and the current gap analysis. These existing research works included papers
published on the areas of TCO development, the costing models approach, TCO case
studies, Activity-Based Costing systems in support of TCO, the benefits, limitations
and barriers of the TCO application.

Total Cost of Ownership concept
The Total Cost of Ownership approach dates back to the early-1900s when it first
appeared in the literature on purchasing (Harriman, 1928) and has been pursued more
recently by firms since the 1980s (L. M. Ellram et al., 1993). The notion of TCO theory
has been implemented chiefly in some information technology industries (Caniato et
al., 2015). In the 1990s researchers published many academic papers regarding the
theory of TCO and its conceptual framework. There are a number of valuable papers
which mainly focused on the TCO concepts and can be seen as main references for
any research in this field of study (Cavinato, 1992; Degraeve et al., 2000, 2004;
11
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Degraeve & Roodhooft, 1999b; L. Ellram, 1993, 1994; L. M. Ellram, 1993, 1995a,
1995b; L. M. Ellram & Siferd, 1993; L. M. Ellram et al., 1998). Multiple definitions
of TCO have been presented by different authors. Ellram defines TCO theory as that
which can improve clarification of the true cost of particular goods or services while
trading with suppliers (L. Ellram, 1994). While Degraeve and Roodhoft believe that
the TCO notion aims to quantify the total purchase cost of products or services from a
particular supplier (Degraeve & Roodhooft, 1999a) Wouters et al defines TCO as an
application implementing activity based costing notion aimed at quantifing the total
cost for acquisition and utlization of purchased products and services (Wouters et al.,
2005).
Alternatively, Garfamy defines TCO as a philosophy that uncovers the true costs
associated with acquiring, operating and maintaining goods or services in addition to
the initial purchase price. Total cost of ownership was also seen as a consolidated
supplier selection method which considers all the associated costs of purchasing
specific goods or services from a vendor across different industries (Caniato et al.,
2015). TCO can be implemented for recognising all hidden costs, as well as the
obvious costs associated with the goods or services for better supplier selection process
(Hurkens et al., 2006). The notion includes the direct or actual cost relevant to the
initial price, equipment, parts, support, and disposal of the product or service (L.
Ellram, 1993). TCO is the summation of all costs incurred during the generative
lifetime of the product/service plus the purchase price minus its salvage price (J. C.
Anderson et al., 2006).
TCO is not only a tool but is also considered as a philosophy which may depend upon
the change in culture for total cost understanding (L. M. Ellram, 1995b). TCO can
closely examine other costs associated with quality of product, supplier reliability and
others (L. Ellram, 1994). TCO models can be implemented to evaluate a supplier’s
performance in an attempt for improvement of the value delivered to the purchasing
organization (Parkhi, 2013). The TCO method takes into account extra expenses such
as the cost of order implementation, expenditure associated with searching activities
and supplier qualification, insurance, warranties, and quality costs, exchange
possibilities and downtime caused by failures (Afonso, 2012). Schuman and coworkers declared that TCO can be a pivotal part of an asset management strategy
(Schuman et al., 2005)
12
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TCO calculation
Generally, there is no standard formula for calculating TCO due to the variety of
procurements and the varying nature of assets, but it can be calculated as illustrated in
Figure 2-1 (Ministry of Business, 2013).

Purchase price

Regular
recurring cost

Irregular oneoff costs

Income
generated

Cost of
disposal

Revenue on
disposal

Environmental
Cost

Figure 2-1 Adopted TCO Calculation.

A more recent definition of the Total Cost of ownership has been formulated as the
following equation (Hines, 2014):
Error! Bookmark not defined. 𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐴𝐴 + 𝑃𝑃𝑃𝑃 ∑𝑛𝑛𝑖𝑖=1(𝑇𝑇𝑖𝑖 + 𝑂𝑂𝑖𝑖 + 𝑀𝑀𝑖𝑖 −
𝑅𝑅𝑛𝑛 ),

(2-1)

where:

TCO=Total Cost of Ownership,
A=Acquisition cost,
PV=Net present Value,
Ti=Training cost in year i,
Oi=Operating cost in year i,
Mi= Maintenance cost in year i,
Rn = Recapitalisation value in year i.
TCO encompasses a series of cost associated elements, some of which have a higher
magnitude and greater influence in purchasing the goods or services. Hence, TCO is
based on the judgement of decision makers who invariably determine which factors
should be considered in the TCO model. Implementing Pareto’s principal can help in
the simplification of cost identification while implementing TCO. Based on Pareto's
principle, only 20% of the cost elements which make up 80% of the cost, should be
considered in the TCO application.
TCO encompasses the expense incurred for the parts, delivery and tariffs, and may
encompass other acquisition expenses, including placement of orders and supplier
examination and qualification. TCO also contains expenses including order receiving
13
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and inspection, warehousing, etc. TCO should also comprise utilisation costs including
downtime due to late delivery, faulty or imperfect shipments, warranties, or customer
rejects associated with damaged/poor quality materials or parts.

Need for Total Cost Ownership
One of the pivotal activities of any competitive business is purchasing, which accounts
for 60% to 70% of total expenditure in product manufacturing (Heberling, 1993).
Scholarly literatures have revealed that enterprises must completely identify all their
costs through an effective costing model for better supplier selection and productivity
(Degraeve et al., 2000; Gass et al., 2014). The total cost of ownership approach
analyses are mostly considered as supplier selection and evaluation tools (Bayrak et
al., 2007; Luzzini et al., 2011; Van Weele, 2002; C. A. Weber et al., 1993; Yahya et
al., 1999)
A Total Cost of Ownership approach shifts the outlook of firms from the emphasis on
short-term ownership cost to focusing on the lowest long-term ownership cost. TCO
analysis can be preferably performed in all phases of an asset’s life cycle by revealing
valuable information to organization decision makers (Kawauchi et al., 1999;
Schuman & Brent, 2005). Moreover, TCO analysis has the capability to consider the
product design and development stage, products and services stage and finally the
aftermarket support stage.
Supplier selection and actual cost of the purchasing strategies are key strategic issues
for businesses to remain competitive (Dogan & Aydin, 2011). TCO data has many
significant applications in procurement, and for the enterprise as a whole. The actual
costs of purchasing, including direct and indirect costs, are often ignored by most of
the traditional purchasing and supplier selection methods because of their frameworks
which are often based solely on quoted price selection (Mohammady Garfamy, 2006).
Prior research found 50% to 90% of production costs can be attributed to purchasing
function costs (De Boer et al., 2001; L. M. Ellram & Siferd, 1998; M. Weber et al.,
2010). In 2009, Micheli, Cagno and Di Guilio conducted a study focused on the
company’s internal relationship and suppliers because of reasons such as product
lifecycle reduction, products and increasing service complications and complexity of
the process in the enterprises (Micheli et al., 2009). The total cost of ownership (TCO)
14
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is one of the purchasing tools in many enterprises which is based on the real cost of
buying particular products or services (L. Ellram, 1994).
TCO aims to specify the actual costs of buying and owning of products and services.
These actual costs can comprise order placement, order replacement, supplier
selection, shipping, logistics, inspection, return, and disposal. In 1994, Ellram
published a paper in which she described reasons for implementing TCO. She
discussed that TCO application not only improves supplier selection processes in the
proposal, quotation and bidding stages but also enhanced the supplier performance
measurement plan.
Better negotiation, resource allocation, identification of priorities and new item
forecasting based on historical data are other reasons for operating TCO highlighted
by Ellram. A TCO analysis can direct the enterprise's outlook towards long-term
investment with the lowest total cost. It has conclusively been shown that the TCO
concept has received a significant amount of attention in the supply chain management
(SCM) discipline because of better tracking of the hidden costs regarding supplier
transaction (Cousins et al., 2003; Mol, 2003).
Ellram and Siferd (1998) conducted research within 11 organizations as a case study
and provided an in-depth analysis of their internal and external cost management plan.
This study indicated that suppliers with the cheapest products had the highest total cost
of ownership, while other suppliers with the highest initial price had the lowest total
cost. In 1998, Ellram and Siferd finding revealed that total cost of ownership is a
valuable tool to support strategic cost management due to its consideration of the
impact of the purchase decision on business costs as well as other cost parameters (L.
M. Ellram & Siferd, 1998).
Furthermore, Hurkens et al. (2006) showed that the TCO model could be implemented
at the strategic level for improving the supply chain process. Effective identification
of cost elements and management of expense reduction were found to be consequential
for companies’ competitive advantage (Heilala et al., 2006). Decision making along
the asset lifecycle needs an improved process which can quantify the true costs for
evaluation of the total cost of a production system entire asset life cycle which is a
complex process (Parra et al., 2009).
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In addition, firms believe that TCO can illustrate and reliably support the decisionmaking process by extending the information to different internal divisions of the
company, or even outside of the company such as clients or suppliers (Roda & Garetti,
2014b).

Benefit of TCO application
There are many advantages of adopting TCO concepts for the buying decision.
Numerous studies have attempted to explain the benefits of implementing TCO models
(Carr & Ittner, 1992; Cavinato, 1992; L. Ellram, 1993, 1994). The main objective of
the total cost of ownership approach is to consider further than just the initial price.
Thus Ellram (1994) selected 9 companies as a case study for the investigation of TCO
application in their purchasing process. In her research, she listed four main benefits
of effective TCO implementation as:
1- Better supplier evaluation performance
2- Improved decision making and problem solving process
3- Outstanding communication between purchaser and suppliers
4- Improved understanding into vendor proficiency issues
In 1995, Ellam declared that the TCO approach enhanced supplier selection and
volume allocation which was consistent with findings of past studies (L. M. Ellram,
1995a). One of the critical advantages of the total cost of ownership to the other
supplier selection methodology, specifically those based on supplier ratings, is that
TCO is not subjective (Degraeve et al., 2000). The range of complexity in
implementing TCO in the literature varies widely, from simply identifying the most
integral cost drivers, to a high level of mathematical modelling (Degraeve et al., 2000,
2004; Degraeve, Labro, et al., 2005; Degraeve & Roodhooft, 1999a, 1999b; L. Ellram,
1994).
Application of TCO strategies helps enterprise decision makers with evaluating and
reducing total net cost (Wierdf et al., 2007). The value of performing TCO in firms
includes an improved clarity of vendor performance anticipation in the company, as
well as for the vendors, observable data for negotiations, and finally a more
centralized, long-term attitude towards supplier collaboration. Realizing the actual cost
for owning any technology is particularly crucial for retailers while making decisions
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about in-store technologies (King, 2007). King mentioned that chief technology
decisions are being made that utilize TCO and return on investment analysis.

Limitation of TCO application
In general, the TCO concept has been extensively accepted, however prior research
has shown practical restrictions in applying this method (Rosenback, 2013). Ellram &
Siferd surveyed 103 people who were professionals in purchasing and their findings
indicated that 24% of them did not apply the TCO model at all. While just 18% of
purchasing professionals had formal TCO models, 58% of them used informal TCO
models to examine the purchasing items (L. M. Ellram & Siferd, 1993).
Ferrin and Plank revealed that among 62% of their surveyed companies, TCO was
used in less than 40% of the purchases (Ferrin & Plank, 2002) which supports Ellram’s
statement about the difficulty of applying the TCO methodology (L. M. Ellram,
1995b). The majority of surveyed companies which used formal TCO models
indicated difficulties in accurately forecasting costs such as overhead costs, labour
costs, etc., (Milligan, 1999).
Wynstra and Hurkens investigated a number of Dutch companies and also interviewed
purchasing managers about their TCO model applications; their research showed that
although managers believed that TCO was a valuable purchasing method, most of the
TCO applicants didn’t have proper experience in TCO execution (Wynstra et al.,
2005). There are some papers that have tried to investigate the difficulty of TCO
implementation in the enterprises and discussed the root causes of this difficulty.
According to Ellram, the most critical issue is resource allocation including lack of
advanced computerized information systems (L. Ellram, 1994).
Another type of resource allocation barrier is a shortage of experienced and well
trained personnel to collect and analyse the accurate data (Milligan, 1999). Shortage
of readily available and comprehensive data, which are difficult to collect in
companies, becomes a significant impediment for TCO implementation in every
organization (Hurkens et al., 2006). Information quality can influence the ability of the
asset provider while performing TCO evaluation (Korpi et al., 2008).
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Ellram indicated general resistance to change as another of the obstacles which was
encountered in her research a number of times (L. M. Ellram & Siferd, 1998). Hence,
the cultural impediment for fully understanding the TCO requires collaboration of all
the firms’ personnel. Based on previous research, it is clear that implementing a
practicable TCO model needs a well-equipped information system and well trained
personnel who know precisely how to gather, analyse and simplify the actual TCO
data.
Preparing Training manuals and classes, skilled personnel employment, consultation
with experts, and simplification of the operating method can be helpful for an accurate,
flexible and operable TCO model. As mentioned before, purchasers require TCO
analysis for examining the supplier’s offers and performance. On the other hand, TCO
analysis can be helpful for convincing the purchasers to shift their valuation system
from the initial price, based on the total cost of ownership.
TCO application is a complex concept which requires some specific time allocation
for it to be operated smoothly, but there are some reports which stated problems in
execution of the TCO model; some customers believed that TCO was a time
consuming process and they didn’t have enough willingness to share data with others
(J. Anderson et al., 2007; Rosenback, 2013). Both the buyers and supplier firms need
experts to collaborate closely in surveying and modelling for execution of TCO
analysis (Herrera Piscopo et al., 2008).
Another discussion is that the theoretical TCO application overlooks total revenue
estimation; Wouters indicated that formal TCO analysis by itself is an inadequate tool
for purchasing decision making, hence the total value of ownership was suggested by
them to expand TCO analysis (Wouters et al., 2005). Herrera Piscopo et al. believed
that an optimised and developed total cost of ownership could include the total value
in TCO calculation (Herrera Piscopo et al., 2008).

Alternatives to TCO application
Notions which are close to TCO are Life Cycle Costing, All-in-Costs, Cost-Based
Supplier Performance Evaluation, Zero-Based Pricing, and the Cost-Ratio Method (L.
M. Ellram & Siferd, 1998). To develop and realize total costs in buying decisions and
supplier selection, different types of costing models are carried out (Uyar, 2014).
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Zero-base pricing is close to TCO but just considers the cost of running the business
and a pricing framework for suppliers (Burt et al., 1990). Zero-base pricing focuses on
understanding the total costs of suppliers. Zero-base pricing heavily advocates valuing
the structure of suppliers and their business expenses (Uyar, 2014).
Cost-based supplier performance evaluation ignores the internal cost of business and
only focuses on suppliers’ external costs (Beamon, 1999). Target costing is one of the
pivotal strategic management accounting methodologies. Competition now needs that
enterprise to deliver goods and services that meet customer’s requirements and
expectations regarding quality, price and performance. For doing business in this
competitive environment, firms must become more flexible and responsive in fulfilling
customer requirements and expectations.
As price is defined by market situations, a new profit planning and cost management
method needs to be implemented (Castellano et al., 2003). According to Castellano
and co-workers, Target Costing can be a reliable option to meet this requirement.
Moreover, several other authors mentioned in their research that this methodology
provides long-term cost management which can be seen as a strategic accounting
management system (Chenhall et al., 1998; Ewert et al., 1999; Guilding et al., 2000;
Tani, 1995). The business enterprises select market prices to reach the desired profit,
and expenses are set to optimize profit level and then companies resort to the target
costing (Uyar, 2014).

Comparison of different TCO models
Generally, there are two types of TCO models: standard and ad hoc models. The
decision to implement a standard or ad hoc TCO model is a difficult but important
decision in TCO implementation (L. Ellram, 1994). Standard TCO models are
adaptable to several products or services, easier and faster to implement, but restrict
flexibility regarding embedding various cost elements into TCO analysis. Ad hoc
models are for a specific product. These models are hard and time intensive to
implement but fulfil the needs of the specific purchase for the firms. Caniato et al.
believed that recurrent cost categories are the main difference, otherwise relevant costs
could be based on product specific analysis (Caniato et al., 2015).
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For instance, a general standard cost estimation model for printed circuit board
fabrication was presented by Agrawal and Graves (Agrawal & Graves, 1999); while a
generic Web-based cost model for machining rotational parts was presented by BenArieh and Li (Ben-Arieh et al., 2003). In 2012, Fornasiero and co-workers
demonstrated a unique TCO model particularly focused on a truck life cycle
(Fornasiero et al., 2012). Ellram in her research developed the dollar-based model to
value base model with an emphasis on nonmonetary measures. Hence, costs are
classified into components, capital assets, maintenance and services which are not only
used for purchasing departments, but also for other organisational departments (L. M.
Ellram, 1995b).
Another TCO model focusing on the monetary quantification of all financial and nonfinancial attributes was widely developed and implemented by the Morssinkhof team
(Morssinkhof et al., 2011). Based on the transaction sequence, pre-transaction,
transaction and post-transaction were the three categories presented by Ellram within
a developed activity flowchart for considering cost elements in the TCO application
(L. Ellram, 1993). Later, Ellram introduced four sub-classifications for cost elements:
production/operation capital cost, maintenance/repair cost, components/materials cost
and service costs (L. M. Ellram, 1995b).
After the cost element identification stage, two options for TCO implementation were
considered: pilot project implementation or full project implementation (Caniato et al.,
2015). In order to optimise the supply chain, Cavinato proposed a developed version
of the TCO model based on reducing the costs and increasing the value even for the
very last customer (Cavinato, 1992). Cavinato (1992) was the only author who noticed
and considered the supply chain viewpoint in contrast to other authors who just put the
focus on suppliers for TCO examination. Even though Cavinato’s goal was not the
TCO model development; his research illustrated the crucial role of the value chain as
a pivotal element which influenced goods/services expenses.
In 1999, Degraeve and Roodhoft introduced a precise decision support system
implementing TCO which was capable of utilizing internal information leading to
better and efficient supplier selection systems (Degraeve & Roodhooft, 1999a). In
addition, Degraeve and Roodhooft presented a dollar-based, multi-period and multisupplier mathematical optimisation model for selection of suppliers based on TCO
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data (Degraeve et al., 2000; Degraeve & Roodhooft, 1999b). The authors proposed the
developed functional supplier selection model which enables the system to quantify
quality, price, delivery performance, payment conditions and refunding policy
differences (Degraeve & Roodhooft, 1999b).
However, Humphries and McCaleb’s presented a simplified version of Ellram’s and
Degraeve’s TCO models by identifying and examining the most relevant costs of
supply over a specific period of time through utilisation of the net present value (NPV)
concept (Humphries et al., 2004).
In 2004, Degraeve’s team utilised mathematical programming models in a single case
study of airlines for 56 destinations aimed to present a model for vendor selection
which not only selected the best supplier but also calculated its market share (Degraeve
et al., 2004). Interestingly, they achieved savings of 19.5% on TCO.
Wouters and co-workers studied the adoption of TCO within companies to improve
sourcing decisions (Wouters et al., 2005). They highlighted eight variables clarifying
TCO effectiveness or ineffectiveness. They performed focus group interviews and
structural equations modelling methodologies on collected data within two
departments. Their findings revealed that TCO adoption requires specific top
management support, particularly in the firms ‘strategic purchasing orientation’. Later,
they published another paper which emphasised the utilisation of mathematical
programming models for assessing companies’ strategic procurement choices by
collecting required TCO data through the company’s information system which lead
to a further 10% cost saving (Degraeve, Labro, et al., 2005). In 2006, Hurkens et al.
proposed the developed TCO model which improved the supply chain process for case
study companies by revealing the true cost (obvious and hidden) of doing business
with different vendors (Hurkens et al., 2006).
Mohammady Garfamy examined the application of Data Envelopment Analysis
(DEA) in assessing the suppliers’ performance on multiple criteria based on TCO
(Mohammady Garfamy, 2006). He declared that TCO is a management accounting
technique which should be carried out in a holistic manner and integrated by other
assessment methodologies such as, e.g. DEA for more efficient and capable supplier
selection decision processes.
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In 2007, Ramanathan developed three versions of DEA models to integrate TCO with
the analytical hierarchy process (AHP) (Ramanathan, 2007). F. Caniato et al. also
proposed nine classiﬁcation variables for TCO models (Caniato et al., 2015):
-

Goods and/or services,
Supplier and supply chain,
Efficiency and/or effectiveness,
Dollar and/or Value,
Ad hoc and/or standard,
Costing method,
Period,
Supplier,
Flowchart and/or matrix.

There are other researchers in the field of firm purchasing optimisation which first
starts by cost categorisation based on product level, then defines the overall purchasing
process model and finally calculates TCO by implementing a three-axes matrix
(Degraeve et al., 2000, 2004; Degraeve, Labro, et al., 2005; Degraeve & Roodhooft,
1999a, 1999b; Degraeve, Roodhooft, et al., 2005). Buy class model is another type of
TCO model which is based on the type of buy class/type of purchase, developed by
Ellram (L. Ellram, 1994). This model can include both standard and ad hoc TCO
models.
As part of the review process, many similarities and common specifications in models
have been encountered (Bayrak et al., 2007; Luzzini & Ronchi, 2011; Van Weele,
2002; C. A. Weber & Ellram, 1993; Yahya & Kingsman, 1999). These models do not
consider products or services as a bundled form, but put more focus on exchanged
products. Particularly, qualitative models contain a broader set of variables, but cannot
convert those variables into monetary terms. However, quantitative models only
consider obvious and clear monetary expenses. This research discusses these
consequential variables.

Life Cycle Cost Concepts
In the literature, the notion of Total Cost of Ownership is closely related to the notion
of Life Cycle Cost (LCC) and they are often considered without any differences. Life
Cycle Costing (LCC) emerged in the 1960s when the Department of Defence (DoD)
of the United States started to develop and improve their cost-effectiveness. It is widely
accepted that TCO derives a selected viewpoint on LCC (Roda & Garetti, 2014a).
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However, TCO provides more of an operator outlook of all the costs incurred during
the course of ownership (Fleischer et al., 2006). Other authors defined LCC as
supporting information regarding strategic selection including both investment
decision-making and practical strategies for TCO (Waghmode et al., 2012). In the
academic literature, there are several publications in which TCO / LCC models are
discussed. In particular some authors emphasized on the implementation of a total cost
evaluation model (Durairaj et al., 2002; Ellis, 2007; Korpi & Ala-Risku, 2008; Xu et
al., 2012), while some other authors proposed models for the development of this type
of application (Gram et al., 2012; Komonen et al., 2006; Waghmode & Sahasrabudhe,
2012).

Life Cycle Cost analysis
Nowadays, purchasers are more interested on the long-term perspective of all costs
associated with an asset lifetime performance which can be defined as Life Cycle Cost
analyses (LCC) (Ström et al., 2008). Various approaches for LCC analysis have been
presented by authors. Woodward believes that the Life Cycle Cost of an asset is the
total expenses associated with the item during the conception, fabrication, operation
and its end of life (Woodward, 1997). He defines LCC as a notion which identifies
and quantifies all notable net costs incurring during the asset ownership before
investment decision making. Durairaj and co-workers note that during the decision
making process, there is a notable interest change from the initial investment to the
long-term investment because of the LCC approach (Durairaj et al., 2002).
LCC analysis are generally operated at the primary cost estimation stage of the design
process (Sarkar et al., 2018). LCC is often classified into three critical elements:
engineering and development, production and utilization, and operation (White et al.,
1976). LCC approaches are very helpful in comparing various options before
investment decisions, analysing various maintenance methodologies, and negotiating
with the customers to reassure them about the quality of products (Ström & Bladh,
2008). Fleischer et al. defines life cycle costing as trying to note all financially relevant
monetary flows over the entire asset life cycle (Fleischer et al., 2006).
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Woodward believes there are some major cost factors which have a heavy impact on
LCC analysis and hence are vital to capture (Woodward, 1997). Those mentioned
factors include;
-

time between failures,

-

time between overhauls,

-

time of repairs,

-

time of scheduled maintenance,

-

rate of energy consumption.

Handfield and Pannesi are among the ﬁrst authors who support/acknowledge that the
overall life cycle of the product can be unrelated to the component of the life cycle
(Handfield & Pannesi, 1994).

Life Cycle Profit analysis
Nowadays, business firms aim to increase their revenues and profits, hence those
business enterprises prefer not to just concentrate on costs by itself. Production is a
result of contribution between operation and maintenance divisions, and the
maintenance unit performance has accountability for ensuring equipment efficiency
via cost-effective service. Accordingly, the Life Cycle Profit (LCP) notion is closely
related to the LCC concept (Ström & Bladh, 2008). LCP represents the difference
between life cycle cost and the life cycle revenue (Idhammar, 1996). The author
showed that LCP is directly dependant on the maintenance efficiency. Idhammar
showed that equipment availability had greater efficacy on income than on expenses.
Therefore, he proposed that efficient maintenance processes through the entire life
cycle of the asset was more effective on increasing revenues compared to reducing
costs.

Life Cycle Cost and Life Cycle Profit analyses
LCC and LCP are very similar methods, but are best suited for the different business
environments (Ström & Bladh, 2008). Ström and Bladh believe that LCC is more
convenient for a stable environment, but LCP is more appropriate for the dynamic and
turbulent environment. LCC is often utilised when the cost-oriented firm's
concentration is on internal efficiency, but when the emphasis is on earning, external
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efficiency and flexibility, then LCP is a better option. In today’s ever increasing
business uncertainty, the element of flexibility becomes more essential for the
business, hence it can be logical to bring up both of the concepts while assessing the
asset’s lifetime (Ström & Bladh, 2008).

Total Cost of Ownership and Life Cycle Cost
Both TCO and LCC are created based on the idea in which expenses must be assessed
in a long-term perspective. Both methodologies consider all other expenses in addition
to the initial cost. The concepts also clarify the significance of considering all activities
associated with procurement to evaluate the condition of an investment correctly. The
LCC is more a risk management tool aimed to help purchasing decision making and is
typically estimated at the beginning of the project. The risk is calculated/estimated
using several different methods, which could include stochastic or experience data
(Chapman et al., 2003). The TCO varies from LCC, as TCO is utilised successively,
but LCC is more implemented as a guideline especially in the initial phase of the
project. TCO supplies a general picture of the current business circumstances with the
supplier. Champan and Ward stated that LCC models fail to support nonfinancial
estimation as well as post transactions (Chapman & Ward, 2003).
LCC is of increasing significance to business enterprises as international competition
amplifies and technological innovation is pursued. Putting the focus on product life
cycle costs is anticipated to enrich business firms first, as they seek to better examine
their planning effectiveness by evaluating actual budgets with LCC (Clinton et al.,
1999). This concept is in contrast to TCO but is just a subgroup of the TCO approach.
TCO is enforceable to almost every type of purchase and encompasses the prepurchase expenses associated with a specific supplier. The LCC contains pre-action
expenses, however, it has a narrower domain in comparison to TCO. Ellram believes
that LCC ignores pre-purchase costs and target determination of the life cycle costs of
the assets including operating, maintaining, and disposing and is generally based on
fixed assets (L. M. Ellram, 1995b).
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Activity Based Management
Activity Based Management (ABM) aims to consider the utilisation of companies’
resources in the most profitable way (Ström & Bladh, 2008). They noted that the ABM
concept is very dependent on the quality of Activity Based Cost information. ABM
notion is very beneficial for the organisation because it revealed the influence of
product/service on the firms ‘costs. ABM aims to clean out the non-essential costs
such as unessential transportation, late delivery, inferior quality, additional
coordination and faulty work. Managers can have a better resource prediction by
implementing ABM which makes a link between products/services and resources
(Ström & Bladh, 2008). Activity-based management can be the decision making
foundation since it includes pricing, process development and cost mitigation. In 2001,
Kennedy and Affleck-Graves carried out a research case study which presented a 20%
increase in profitability after performing ABC (Kennedy et al., 2001).

Activity Based Costing
Activity-based costing (ABC) is a methodology that has been defined as a progressive
system for identification of relevant revenues and costs for both products and services,
leading to competitive advantage achievement and financial performance
improvement within business firms (Kaplan, 1998). The aim of activity-based costing
(ABC) is to specify the indirect expenses that are incurred when generating a particular
product (Horngren et al., 2003). ABC was proposed with the purpose of supporting
managers with precise activity-based cost information by utilising cost elements to
allocate activity costs to products and services (Banker et al., 2008). ABC can help
organizations to make efficient decisions based on resource utilisation (Gosselin,
2006; Govindarajan et al., 1993).
Resources, activities and products are three main components of an ABC analysis
system (Ström & Bladh, 2008). They defines resources as production elements which
are required for performing the activities. They also defined activities as processes
carried out by humans or machines. There is a large volume of published studies
describing the notable role of ABC in the improvement of organisational performance,
productivity and profitability. There have been several studies in the literature
reporting that ABC facilitates managers for making consequential strategic business
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decisions (Lin et al., 2001) and also helps managers for cost reduction decisions
(Baykasoğlu et al., 2008; Charles et al., 2008; Homburg, 2005; Qian et al., 2008;
Satoglu et al., 2006; Thyssen et al., 2006).
ABC assists organisations to prepare cost estimation models (Kingsman et al., 1997;
Özbayrak et al., 2004; Qian & Ben-Arieh, 2008). ABC is really helpful in the
improvement of decision making quality and product cost estimation (Charles &
Hansen, 2008). Moreover, Whicker and co-workers propose that ABC can assist in the
identification and elimination of non-value added activities (Whicker et al., 2009).
In 1997, researchers stated that implementing ABC can lead to performance
measurement systems improvement (Kim et al., 1997). The differences between
traditional calculation and ABC calculations are highlighted by Ström and Bladh
(Ström & Bladh, 2008). They identified that traditional calculations allocate overhead
costs arbitrarily but ABC allocates overhead costs through the analysis of activity
utilization. The greatest aim of ABC is to allocate indirect and overhead costs to the
activities which utilize a certain amount of resources. Activity drivers are implemented
to assign expenses from activities to products. According to Ström and Bladh, ABC
calculation can be implemented in four phases as:
1- identification of activities
2- determination of firms’ proportion of costs spending on each activities
3- identification of firms ‘products, services, and customers
4- activity cost drivers selection which link activity expenses to the firms’
products, services and customers

Total Cost of Ownership and Activity Based Costing
The relationship between ABC and TCO has been widely investigated by Porter
(Porter, 1993). Porter declared that an activity-based structure is very beneficial for
critical cost identification while performing TCO analysis. The notion of TCO is
complex, but an activity-based costing approach will simplify the collection of cost
data. When applying ABC, the identification of cost drivers is integral (Ström & Bladh,
2008). They mentioned in their research that cost elements could differ among firms.
Ferrin & Plank proposed that a series of critical cost drivers should be implemented,
that is appropriate to the firms and if the TCO model is required to be more specific,
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additional cost drivers can be included (Ferrin & Plank, 2002). Ellram declared that
Activity-based costing (ABC) is an initial theoretical step for perception and
assessment of costs associated with TCO (L. Ellram, 1993).
The aim of the TCO methodology is to examine a supplier during a certain time. This
perception of implementing TCO is in principal not that different from utilising the
ABC method. As mentioned before, the intention of ABC is to allocate the indirect
expenses to each good/product. If this is the goal of the business organization, TCO
and ABC models can be operated equally.

Cost/Benefit analysis (CBA)
Cost-benefit analysis (CBA) is the systematic and analytical process aimed at
specifying how to mitigate the overall expenses of businesses, particularly its social
nature (Mishan, 2007). Cost-benefit analysis (CBA) can be constructive in deciding
the most cost efficient level. CBA can be a complicated and complex function if not
divided into manageable elements (Manning et al., 2016). They proposed nine steps
which are commonly implemented by economists when utilizing CBA:
1- determining of alternatives
2- determining costs and benefits
3- deciding which costs to be counted
4- recognizing the effects and choosing measurement indexes
5- anticipating the effects over the proposal life
6- allocating monetary values to the expenses and benefits
7- capturing present values considering discount expenses and benefits
8- calculating the net present value
9- executing sensitivity analysis

Cost-ratio method
In 1992, researchers proposed a cost model, which later Ellram named as the cost-ratio
method (Carr & Ittner, 1992). The cost ratio method is presented for identification of
key factors which are the reason for costs increasing. Their model simplified decision
making regarding the supplier and its product expenses. In order to perform cost-ratio
analysis, some considerations need to be undertaken. First of all, the organization is
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required to be supported by a Supplier Performance Rating System (SPRS) then, the
data which is captured and implemented by the model must be accurate.
The model presented by Carr & Ittner, states that a Supplier Performance Index (SPI)
needs to be determined. They presented SPI as the sum of Non-conformance costs and
the price of the purchase, divided by the price of the purchase (Carr & Ittner, 1992).
The Cost-ratio method assists manufacturers to select better suppliers and it was also
beneficial for suppliers to revaluate and improve their data production (Jakobsen et al.,
2009). They also mentioned in their research that the limitation of this model is the
utilization of historical data, and therefore was hard to be used for new suppliers. For
the implementation of the cost ratio method, it is essential to rate the supplier through
SPI. For those firms that already utilize this system, this method can be very suitable
for implementation.

Balanced scorecard
In 1992, the notion of Balanced Scorecard was first introduced by Kaplan & Norton
for measuring and evaluating the performance of a business unit (Kaplan et al., 1992).
Financial scales, customer satisfaction, internal business processes, and learning and
improvements are the four outlooks of the Scorecard to provide a balanced illustration
of current and also of future firms ‘operating system (Kaplan et al., 1996a). Balanced
Scorecard is a set of measurements that presents the high level managers with a short
but extensive vision about their business (Khalili et al., 2014). This statement clarifies
how important it is to have a carefully considered measurement system, whether it
measures employees or suppliers.
When using the Balanced Scorecard (BSC), the purpose is to evaluate more than just
the investment return rate or just the customers’ satisfaction level. F. R. Roodposhti
and co-workers believed that balanced scorecards demonstrate financial frameworks,
marketing approaches, internal strategic measurements and the role of manpower
within the organization (Roodposhti et al., 2010). They presented the concept that the
BSC method contains financial & application measurement and stress for short/long
term application within an organization. Balanced scorecard emphasizes the balance
between what is evaluated (Kaplan et al., 1996b).
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This methodology prevents sub-optimization by allowing high level managers to focus
on all the integral and crucial operational measures together (Butler et al., 1997). For
establishing the measurements, the companies’ vision and strategy, as well as the
identification of the main value drivers, need to be thoroughly considered (Kaplan &
Norton, 1996a). The next step is a determination of the manner of evaluation including
long/short term, financial or non-financial measurements.
The BSC approach can improve the firms’ competitive advantages whether there are
differences in the manner and depth of BSC method utilization between different types
of companies (Kremer, 2013). BSC can link the performance measurements and
therefore display a balanced picture (Kaplan et al., 1998). The balanced scorecard can
assess the outsourcing and performance relationship (Khalili et al., 2014).
In contrast to the TCO system, the study by Kaplan & Norton indicated that the
balanced scorecard could also consider the future, and it’s not just based on historical
data (Kaplan & Norton, 1996a). The BSC does not intend to quantify the nonfinancial
measurements which are in contrast to TCO application. It explained them as being
consequential, and confirmed that they should be utilized while assessing suppliers.
The BSC is a new method of evaluation which does not just consider the costs or rely
only on historical data, as it has a preference to focus more on the future.
Although TCO has some limitations, it remains a very impressive application in the
assessment of value for purchasing alternatives (L. M. Ellram & Siferd, 1998; Herrera
Piscopo et al., 2008; Milligan, 1999; Wouters et al., 2005). As discussed before, the
TCO application is recognised as a valuable purchasing tool for supplier selection and
is operated in many purchasing firms, but TCO analysis is rarely employed by
suppliers’ firms as a selling tool, because of the limited experimental research that has
been conducted on this method in industrial practice (J. Anderson et al., 2007; Brown,
1979; Herrera Piscopo et al., 2008; Hurkens et al., 2006).
The TCO approach has been implemented mainly in the durable products industries,
such as ICT and electronics (Goudarzi, 2014; Walterbusch et al., 2013), automotive
and motor vehicle (Al-Alawi et al., 2013; Gilmore et al., 2013), machinery (Chen et
al., 2009; Trybula, 2006) and energy equipment (Belouda et al., 2013; Pitis et al.,
2010). There is a lack of academic and empirical research on the use of TCO analysis
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in mining firms, hence this research will examine the TCO method and its potential
contribution and benefit for mining suppliers and purchasers.
In the literature, it is possible to find several reviews on existing TCO models, and on
the cost elements they include (Asiedu et al., 1998; Kawauchi & Rausand, 1999;
Waghmode & Sahasrabudhe, 2012) and it is evident that there is still no single model
that has been accepted widely. Based on the literature that has been reviewed, the goal
of this research is to identify the integration of issues including uncertainty, complexity
and technical performances in the reviewed cost models.
Currently, manufacturing industries specifically automotive and electronics/computer
industries are widely utilizing TCO frameworks to remain competitive while the
mining industry has shown less willingness to implement such strategies.

The Delphi Method
The Delphi technique is a decision-making method utilised to specify the extent of
agreement on a topic (Stewart et al., 1999). The method involves requesting a panel of
experts, in this research they include mining asset managers/supply chain managers,
to participate in a series of rounds to identify, illuminate, rectify, and finally to obtain
consensus on the specific subject. The Delphi technique is a forecasting method used
to gain viewpoints, seek ideas, and achieve a consensus in the decision-making
procedure (Franklin et al., 2006). In the 1950s, the phrase Delphi was designed by two
research scientists working at the U.S. RAND Corporation, Olaf Helmer and Norman
Dalkey for their company’s research objectives (Custer et al., 1999). Olaf Helmer and
Norman Dalkey created the process tool which aimed to anticipate future occurrence
utilizing a series of centralized questionnaires distributed with controlled-opinion
feedback (Dalkey et al., 1963; Weaver, 1971).
The Air Force-sponsored RAND Corporation was a research institution that primarily
concentrated on national security subject matters and subsequently focused on
scientific, instructional, and philanthropic efforts for public welfare (Heiko, 2012). The
Delphi technique has later been applied in traffic engineering, health, trading , training
and instruction, information systems ( IS) (Rowe et al., 1999; Trevelyan et al., 2015)
and complementary and alternative medicine (CAM) to create procedures and appoint
key elements of an intervention (Lai et al., 2015; Smith et al., 2012; Ward et al., 2014).
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Ordinary surveys attempt to know “what is”, while the Delphi method intends to
address “what could/should be” (Miller, 2006). The Delphi technique is named after
the ancient Greek oracle at Delphi, who, based on Greek mythology, had the ability to
predict the future for those who desired sermons, (Cassino, 1984; Geist, 2010; Gupta
et al., 1996). Project Delphi was a proper name for a project that was to implement
expert viewpoints to the assessment of the number of atomic bombs that were needed
to decrease the munitions output by a determined amount (Clayton, 1997).
The initial goal of the Delphi study was to attain a set of sentences that the panel of
experts can agree upon. The Delphi technique was implemented in this study to
develop a decision-making guideline to identify, classify, and arrange the available
total cost of ownership strategies and crucial performance elements for future
utilization in the mining industry. In 1969, Dalkey proposed the Delphi study as a
process with three aspects planned to mitigate the biasing effects of conquering
persons, inappropriate communications, and group pressure toward correspondence:
1. Anonymous response
2. Iteration and controlled feedback
3. Statistical panel respond

Anonymity
Anonymity is performed by exercising questionnaires, filled out in the comfort of
Delphi panel members’ preferred place. The anonymity of the Delphi allows all panel
members to be eliminated from the face-to-face interaction pressures (Geist, 2010).
All opinions and comments are presented anonymously. Hence, panellists can modify
their views without feeling judged by other panel members (Rowe et al., 2011).

Iteration and controlled feedback
The iteration specification commences with the creative round as panellists are
provided with a quick defining of an issue, trouble, or subject of the research (Geist,
2010). Panel members present opinions and comments regarding the obstacle or
problem through personal brainstorming (Hasson et al., 2011). The investigator or
researcher refines those answers and submits them to the panel members in survey
pattern for the next round of study. This procedure is iterated two more times (Rowe
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et al., 1991). Controlled feedback occurs between iterations while the investigator
carries out qualitative data. Controlled feedback presented in an arranged format
allows panel members to study, annotate, and criticise all the aspect of the problem
between iteration phases (Rowe et al., 1991).

Statistical group response
Statistical group response encompasses quantitative feedback according to the scalar
ratings of items. After the last iteration, the comments and opinions are listed along
with the expositive statistics of all rates (Rowe et al., 1991).
This PhD study, applying a qualitative Delphi research methodology, was built on the
panel of experts’ realization. Since there is no precise knowledge of the result, the
Delphi technique is an impressive tool for gaining panel consensus. Franklin and Hart
believe that the Delphi technique’ value is to establish a theoretical framework for
future findings according to the expert panel perception in that related research field
(Franklin & Hart, 2006). Moreover, Simon declared that the Delphi method is often
utilised while the issue cannot be solved by accurate analytical methods, but can be
untangled through subjective opinions on a collective basis (Simon, 2006).
In order to form an expert panel, Delphi utilizes non-probability sampling (Keeney et
al., 2001). The author also believed that experts are those informed individuals who
have knowledge related to a particular subject (Skulmoski et al., 2007). It is essential
for experts to not only have experience and knowledge of the problem being surveyed
but also have the desire, competency and time to take part in the research (Baker et al.,
2006). One of the important parts of forming the Delphi panel of experts is to select
the members and group size of the panel.
Rowe and Wright indicated that the Delphi method gives access to the positive
attributes while preventing the negative attributes (Rowe & Wright, 1999). They
defined positive attributes as the type of sources, creativity, etc. and negative attributes
as personal and political contradiction, etc. Twining believed that though the median
number of participants was usually 15 to 20, the precise choosing of individual experts
who have specific knowledge and experience of the topic and a participatory character
was more critical than fixed group size obligations (Twining, 1999).
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In a standard Delphi study, the panellist is requested to fulfil at least three rounds of
questions. During the primary round, open-ended questions are prepared and presented
to panellists in their specific area of research. Contributors have an opportunity to
change their comments based on interaction. Based on the outcome of the answer to
the first round of questions, the second round of questions will be developed. In
iterative rounds of questions, individual participants may modify their response or hold
their views according to the controlled feedback of the statistical distribution.
As mentioned before, the response to the inquiries is prepared in an individual answer,
free of the dominant members’ potential impression and pressure. Delphi technique
aims to measure the central desire among the panellists and the degree of that measure
(King, 2007). The panellists have the opportunity to revise their answers according to
the panel’s mean and modify their answers (Linstone et al., 2002).
Murphy believes that the Delphi technique has the intention to simplify consensus.
The author also indicated that the Delphi study aims to demonstrate the level of
agreement as there is value in revealing scopes of tight, moderate or limited agreement
(Murphy, 1998). The participants are requested to rate their responses on a Likert-type
scale. The mean Likert-type scale answer is prepared and provided back to the
contributors.
When an answer is opposed from that of the majority, the panellist is asked to supply
the research with reasons and further explanation. The participants are then requested
to revise their previous responses, about the panel’s mean, and are provided the
opportunity to change their answers. In the Delphi procedure, question rounds are
continued till panellists don’t want to modify their responses. The ultimate
consequence will be the statistical distribution of the panellist’s response to the
response of the expert panellists.

TCO application in mining industry
Twenty first century mining firms are complex organisational systems due to their
corporate, managerial and operational formation (Komljenovic et al., 2015). The
authors believed that mining firms require reliable tools, methodologies and processes
for the optimization of their decision-making system in order to raise their
competitiveness. Mining companies also exist in a competitive business and
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challenging operational environment having considerable uncertainty of technical and
business market nature which influences their financial, managerial and operational
decision-making processes.
Traditional asset management decision-making systems in the mining industry have
been incapable of realizing and fixing this complication properly. Modern and efficient
management of mine physical assets, emphasizing on the broader concept of mine
asset lifecycle, is critical to remaining internationally competitive and also plays a
progressively integral role in improving mining business profitability. Market
conditions are forcing asset-intensive firms to pursue flexible operational situations,
hence technical and managerial points of view are required to ensure asset quality and
productivity (Bouachera et al., 2007). Also, global competition among production
firms compels those firms to progress their cost awareness to prioritise activities which
have most significant effect on the efficiency of cost (Roda & Garetti, 2014a).This is
very dependent on accurate information regarding all the elements that incur costs in
the production system (Thiede et al., 2012).
One of the critical issues of physical asset management in mining is to enhance the
cost quantification process to assess the total cost of a procurement system over the
lifecycle of all assets. This research proposes a new approach in TCO for mining firms
by analysing the decision-making practical guideline that may be beneficial for mine
asset management and supply chain.
The benefits, challenges, and recommended further studies and utilizations in the
mining industry are also discussed. This research aims to assess the total cost of
ownership application for resource purchases at a mining firm. The description of the
total cost of ownership method and experience of implementing this methodology in
other domain is presented. This thesis recognizes the indispensable components
required to determine the total cost of ownership of a resource.
To examine the relation of TCO approaches in the mining firm, the technical and
financial situations of mining firms have been examined. This research can be used to
persuade mining firms to adopt the recommended considerations and also investigate
the possibilities of using TCO applications. The principal outcomes of the study are
practical proposals for the presentation and development of TCO applications when a
mining firm purchases any products or services.
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Conclusion
Supplying and purchasing decision makers in the mining industry need to implement
TCO strategies to adjust and mitigate the life-cycle expense of complex mining
systems. The world leaders in the production of equipment for the mining industry are
focusing their attention on reducing TCO for their consumers, which underlines the
urgency of applying this method. Notwithstanding the obvious benefits of adopting the
TCO notion, few mining firms currently employ the TCO measures or put the focus
on reducing TCO strategies, which emphasize the opportunity for developing and
implementing the best TCO approaches (Komljenovic et al., 2015; Petrova et al.,
2017). The researcher could not find any literature which particularly examined or
discussed the TCO application in the mining industry, hence the outcome of this
research will be consequential for the mining sector.
A survey of the existing literature presented a better comprehension of TCO
employment and notions; the benefits, limitations, magnitude and contribution of
critical performance elements; and motivations and obstacles to utilization over the
entire product life cycle. The research illustrated the necessity of a practical guideline
which can support mining industry decision makers with a capable application for
enhancing continuous evaluation of preference and further trade-off determination of
the most common existing cost management system to improve and develop TCO.
The next chapter investigates the decision-making guideline development of TCO
along the asset management and supply chain in the mining industry. In order to
develop the mentioned practical guide, a qualitative modified Delphi methodology
with a knowledgeable, experienced, and qualified panel of experts was implemented.
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3

Methodology3

Introduction

The previous chapter outlined a review of the literature focused on the Total Cost of
Ownership (TCO) concept, benefits, barriers, limitations, and various models with a
discussion of the gap in the literature which leads into this chapter. Total Cost of
Ownership (TCO) is a global approach, long-established in different types of
businesses and professions. TCO is argued to be a reliable method which generates
rigorous information not only for suppliers but also for purchasers to make the best
decision regarding their products and services (L. Ellram, 1994).
TCO is a philosophy which considers elements beyond just the initial price of goods
or services for the better realisation of cost management. These aspects of TCO are not
restricted to only the buyer and seller but also service providers and value-added
sellers. This method notes all tangible and intangible costs including acquisition,
administration, possession, operation, audit, refusal, displacement, maintenance, and
disposal of a product or service.
It is critical to emphasise that the most cost-effective seller or service provider would
not necessarily be the one that has a minimum initial price. The guideline supports
optimising decision-making based on total cost of ownership in a firm’s cost
management process. Critical performance elements, best methods and their
implementation impediments in TCO concept and application are mostly analytical
and predictive by considering qualitative approaches (King, 2007).
In order to enhancing the business competitiveness, mining enterprises need to
implement optimized and reliable decision-making methodologies (Komljenovic et
al., 2015). Moreover, effective and modern management of mine assets can ensure the
This chapter is captured and reorganized from the papers (Noorbakhsh et al., 2018b). The
authors’ attribution on this paper are given in Appendix 6.
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competitiveness and also improve mining firms’ profitability. This study presents a
new application of TCO for mining companies by surveying the decision-making
frameworks that may be helpful for mine asset management and the supply chain.
Since TCO critical performance elements, best practices, and TCO implementation
limitations are predictive and reflective of a future perspective, therefore this study
utilised a qualitative methodology. The Delphi technique is the best well-structured
qualitative method which facilitates the reflection of future states (Woudenberg, 1991).
The modified Delphi study begins the process with a series of specific selected
questions and also simplifies the process for panellists by using the internet (Custer et
al., 1999). Therefore, this research implements the modified Delphi study as a
qualitative methodology for examining and developing a capable and flexible
decision-making process guideline.

Purpose Statement
The purpose of this qualitative, explorative research executing a modified Delphi
technique was to identify TCO implementation strategies and develop a decisionmaking guideline that senior level mine asset and supply managers can implement to
make purchasing decisions. The focused participants were the senior level and midlevel mine asset and supply chain managers from the large enterprises in Australia and
Canada who implement TCO analysis. The subject includes significant decision
making scope that can be determined by reaching agreement of various qualified
mining experts.
The modified Delphi method contributors obtained a consensus of relevant cost
elements and best functions required for mining related TCO strategy development. In
this research, a varied group of specialist TCO practitioners from the asset, category
and account management mining industry were identified and chosen. The opportunity
for the mining sector was in sharing the strategies for implementing TCO analysis with
other mining firms who have difficulty in TCO utilisation. Sharing the outcomes of
this research with mining firms may enrich profitability by improving purchasing
decisions. The researcher role will be discussed in the next section.
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Role of the Researcher
The researcher has the principal role of establishing methodological rigor (Gray et al.,
2013; Hasson & Keeney, 2011; Klassen et al., 2012). In a qualitative study, the
investigator’s role puts a focus on gathering, organizing, and analysing the data
(Collins et al., 2014). The researcher built rapport and collected panellists’ opinions
regarding the use of TCO through a semi-structured face-to-face interview with and/or
sending an email to the mining firms’ decision makers.
Since the researcher has almost 14 year’s experience in mine operation and asset
management, the previous researcher knowledge and experience could be beneficial
in recruiting the panellists and in giving confidence that the researcher is an expert in
the field. However, during interpretation of the panellists’ opinion, the personal views
of the researcher which cause potential bias must be avoided (Marshall et al., 2014).
In order to minimise the bias, implementation of the member checking technique is
highly recommended (Harper et al., 2012). For maintaining and amplifying the
precision of the collected data during the interview phase, the researcher implemented
member checking in this research. The researcher role was to pursue Curtin University
Ethics Protocol and meet all university rules and regulation requirements during the
study.

Researcher Lens
The similarity between the standard Delphi study and the modified Delphi study is that
both methods predict the future events after obtaining the panel of experts’ opinions
(Custer et al., 1999). Author’s contended that the differences between the two types of
Delphi methods are the modification in the commencement of the procedure exercising
a set of intently pre-screened or selected criterion which might be extracted from
different origins such as panel members or research communities or societies (Custer
et al., 1999) . The initial advantage of this modification is that the response rate of the
primary round is usually improved, and a solid grounding in previously developed
work is provided.
In this research, the face to face interview and email was utilised for asking queries of
the mining industry experts. The panellists were asked to supply and support their
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professional viewpoints regarding the TCO best actions, critical performance
elements, and performing strategies, limitations and obstacles. As a consequence of
this research study, mining decision makers might implement the practical guide for
the latter development, improvement and execution of TCO strategies, category
control and management, and precise cost-benefit analysis.

Research Method and Design
Research design methodologies are reviewed and examined for choosing the suitable
approach of this study. The first phase of any scientific study is the identification of
the research problem. The next phase of the scientific research is the literature review
and research objectives determination. After data collection and data analysis, the
results and outcomes of the research will be generated (Creswell, 2014).
Data gathering, measurement and assessment requires a plan or structure for
implementation; including the research design which needs to be developed for
obtaining the research questions (Cooper et al., 2003). The authors demonstrated that
the plan which defines the frameworks for all research activities needs to be developed
by the researcher. They also argued that the research questions are the basis of research
design and those questions provide the guidance in selecting the type and source of
data.
Selecting an appropriate methodology is the first step of any research approach
development. Scholars utilize qualitative, quantitative, or mixed research
methodologies while carrying out scientific research but the two basic approaches to
the academic study are recognized as quantitative and qualitative. Selecting the most
suitable approach is largely dependent on the data type. It was argued that qualitative
research stresses explanatory and critical approaches while quantitative research refers
to objectivity and technical styles (Neuman, 2013; Neuman et al., 2003).
Further explanations of the differences between quality and quantity are that quality is
the essential character or nature of something, while quantity is the amount. Qualitative
study methods are convenient when researchers want to put focus on concepts or
interpretations of the phenomenon investigated, however quantitative methodologies
are convenient while working with numeral datasets and data analysis (Creswell, 2014;
Marczyk et al., 2017; Neuman, 2013). Qualitative methods underline the meaning, the
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interpretation or analogy characterising something, on the other hand, the quantitative
way considered the content and aims of its measurement (Cooper et al., 2006).
Exploratory research is customarily conducted when a problem is not clearly defined,
or the scope is unclear, with the objective to discover a future state. Qualitative
research is a research method in which theories and hypotheses are tested using
predetermined designs. Qualitative research is based on participant’s subjective
viewpoints (Christensen et al., 2011). A qualitative method normally considers
exploration of the knowledge, experiences and opinion of individual experts (Staller,
2010; W. M. Trochim et al., 2001). Simon (2011) contends that the interview is one of
the best observation assessment tools when using theories, assumptions, or problem
perceptions in a qualitative study (Simon et al., 2011).
While the quantitative methods are not readily adaptable to changes in research, the
qualitative practices are open to conversion and are more transformative (Creswell,
2014). For this reason, researchers prefer to apply this approach especially when they
need precise description in their research. This method is based on the researchers own
judgment and perception which can influence the research questions. Lack of
generalisation due to the type of collected data is one of the weak points of the
qualitative method. However, it is very helpful for comprehension of the phenomena
and is also very flexible and adaptable in the research process (Jakobsen & Staavi,
2009; Johannesen, 2004).
The objective of the quantitative approach is to collect data that are measurable and
to assess these received data by implementing statistical tools or programs (Yin, 2017).
In this method, a generalisation of numerical and analytical outcomes of the research
is favourable. Sometimes representative data are not enough and will be a challenging
part for the researchers. Shortage in opportunities for a complete and comprehensive
statement of the investigated phenomena is not applicable while this method is
constructive with valuable outcomes if the gathered representative data is enough.
Combined methodology research is a mixture of qualitative and quantitative
methodologies and is convenient when qualitative or quantitative methodologies alone
are incapable of entirely addressing the targets, goals, and questions identified in the
research (Pinto, 2010; W. M. K. Trochim, 2008). When a combination of qualitative
and quantitative methods is implemented, triangulation can be helpful especially for
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the research where checking the outcomes should be considered more than one time.
In 1994, Yin stated that there is no restriction while working with a mix of qualitative
and quantitative evidence in case studies (Yin, 2017). Combination of these
methodologies enriches result accuracy due to considering various views and angles.
The combination method can be more reliable if each of the methods present a similar
conclusion which includes valuable outcomes such as adequate explanation, more
reliable statements and more comprehensive description. The application of
methodological triangulation has three classifications: qualitative assessment of a
series of quantitative data, qualitative pre-arrangement of a quantitative data collection
and finally implementing both methods at the same time.
Selecting the optimal data collection method is the next stage of the process after data
requirements and analytical approach determination. Zikmund and co-workers
classified types of data in the data collection stage as primary data and secondary data
(Zikmund et al., 2013). The primary data is obtained by the researcher during their
study through interviews, questionnaires, observations and careful analyses while
secondary data has been collected by other researchers and can be found in different
sources of information like literature, working papers/non-scientific and reports.
Collecting primary data is a time-consuming matter, however, it is recognised as being
more accurate and specific (Jakobsen & Staavi, 2009).
On the other hand, collecting secondary data is much easier but non-specific and can
be out of date. Johannesen argued that selecting the most appropriate approach is
mostly based on the research questions (Johannesen, 2004). If the types of research
questions involve “why” or “how” questions, the case studies can be a useful approach
especially for the critical situation or events with limited control by the researcher
(Yin, 2017).
Qualitative approaches can contain tools for simulating and examining the judgement
of decision-makers regarding issue condition and tools for deliberating about potential
solutions. The set of quantitative approaches encircle a wide variety of methods. Data
mining techniques are one of the useful techniques for evaluating comparable
decisions made in the former studies to obtain a general model and decision guideline
which may be implemented in future for improvement of the efficiency and
performance of following findings. The optimisation method is another quantitative
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method which can be used by decision-makers for reducing total cost by finding the
optimal solutions to economic issues.
Linear programming is one example of an optimisation method. An exploratory
research method including surveys of companies and manufacturers within different
industries and case studies of various organisations can be utilised. Data collection can
be implemented through interviews with purchasing experts and asset managers. Case
studies highlight recognition and comprehensive investigation of the facts in a specific
group. Generally in a case study, after choosing the typical and critical cases, a detailed
analytical examination will be implemented to reach to the mean general model or
pattern among multiple typical instances (Neuman et al., 2003).
A broad literature review led to the gap identification in the body of knowledge
considering reasons for the slow adoption of TCO analysis, describing the
specifications of successful mining firms’ leaders performing TCO analysis, and the
potential effect to the lead mining enterprises profit through the execution of this TCO
based strategy. The qualitative methodology can develop and understand the TCO
critical performance elements, best practices, and TCO execution limitation which are
predictive and reflective of a future illustration, therefore this research implements a
methodology which considers the future vision. Woudenberg supports that the Delphi
study is the best qualitative, well-structured methodology which facilitates the
reflection of futures state (Woudenberg, 1991).
The Delphi study has obtained significant acceptance across different majors
(Czinkota et al., 1997). The authors illustrated that it has been utilized as a valuable
research tool in the disciplines of library and information science, medicine, multi
communications and economics. The Delphi method generates valuable results which
are well accepted by the majority of the professional analysts (Grisham, 2009). In the
business disciplines, the Delphi technique has been investigated and approved as an
effective systematic thinking tool (Schoemaker, 1993). In order to predict its viability
in the international business field, Czinkota and co-authors assessed the precision of
the Delphi methodology and presented the rate of 65 percent accuracy of 69
anticipations.
There have been several research studies in the literature reporting that the Delphi
study is a technique for effectively forming the expert group communication process
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in facilitating each of the group members, as a whole, to deal with critical and complex
issues (Kuusi, 1999; Linstone & Turoff, 2002; Mohorjy et al., 1997; Rowe et al., 2001;
Tapio, 2002). Due to insufficient information existing on the effectiveness of TCO
analysis in the mining discipline, the modified Delphi design was selected. The
modified Delphi method is a key method for obtaining insights of professionals
through the precise, anonymous, iterative procedure of using rounds to attain response
stability (Hasson & Keeney, 2011; Sahin, 2010; Skulmoski et al., 2007).
The standard Delphi technique forms a panel of experts in a minimum of three rounds
of study (Dalkey & Helmer, 1963). Both modified and standard Delphi methods have
a common goal in obtaining consensus on a future state but have significant differences
in the procedure (Franklin & Hart, 2006; Macdonald, 2003). The modified Delphi
study initiates the study with a series of deliberately selected items which may be
captured from different sources of information containing professional and reliable
profiles, academic literatures and finally interviews with qualified and credible experts
(Custer et al., 1999).
In the modified Delphi method, after obtaining the outcomes of the pilot study, the
primary questions are adjusted as required, and presented to the expert panellists.
Contributors in the pilot study held a position at the senior level of asset, supply chain
and commercial management in the mining industry who were experts and
knowledgeable with the TCO strategy. Each panellist was questioned to supply the
researcher with their personal opinions of applicable best practices and pivotal cost
drivers in the development of mining related TCO strategies. Each panel member was
also requested to present key performance elements that may be applicable for the
modified Delphi study. Panellists were asked, if they had suitable contacts, to propose
the list of other experts in the mining industry who they thought were qualified for
participation in this research.
There were 16 participants who contributed to the end of this research panel. The
panellists rated their answers on a 5-point Likert-type scale. In 1932 the Likert-type
scale survey was first presented by Rensis Likert for improvement to measurement
level in social research. According to Gwinner, who contends not only that the
impartial rating in a 5-point scale leads to improved results when running survey
studies, it also improves the unbiased sentiments of participants (Gwinner, 2006). For
44

Total cost of ownership along the mine asset management and supply chain

each question, the responses were reconciled and the descriptive statistics and
interquartile range (IQR) were calculated. The interquartile range is calculated by
subtracting the first quartile from the third quartile. For preventing the influence of
extreme values on the result, this technique is utilised to consider the spread in the
middle 50% of the data. Utilization of the interquartile range (IQR) is very common
in Delphi research, which seeks agreement among panellists’ opinions. The result of
each question obtained from the 5-point Likert-type scale questionnaire was sent to the
panel members at the initiation of the third round of the survey. For those answers
which were outside the mean group response, the participants were asked to revise
previous answers or provide the rationale for those responses.

Appropriateness of Design
The design for this qualitative research was a modified Delphi method which collected
expert viewpoints, knowledge, and experience in anticipating the critical performance
elements essential for development of a decision-making practical guideline for TCO
implementation strategies. In 1963, Dalkey and Helmer published a paper which
illustrated that the RAND Corporation did a study utilizing a panel of experts and
showed that it was an advantageous method for comprehension of a specific issue
(Dalkey & Helmer, 1963). The modified Delphi technique depends on the opinion of
expert panellists and may supply the mining industry with facilitation of cost saving
strategies. The modified Delphi technique was selected for this research based upon
other similar studies.
The modified Delphi technique implemented in this research met the majority of the
criteria presented by Linstone and Turoff, who proved that one or more of the
following features must be met before compliance of the Delphi technique (Linstone
& Turoff, 2002):
• The issue cannot be examined by accurate analytical methodologies but can be
assessed by subjective judgments on a collective basis;
• The panel members required to participate in the examination of a broad or
complicated issue have no history of previous communication and may express
varied backgrounds;
• Regular panel meetings are infeasible/doable because of the cost and timing;
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• The performance of face-to-face sessions can be enhanced by a supplemental
panel communications; and
• Members’ disparity are so significant that the anonymity, confidentiality, and
heterogeneity must be preserved;
The research selected the modified Delphi methodology as an acknowledged research
technique for anticipating a future valuable outcome (Cabaniss, 2001; Custer et al.,
1999; Franklin & Hart, 2006; Geist, 2010; Gupta & Clarke, 1996; Hasson & Keeney,
2011; Simon & Goes, 2011; Skulmoski et al., 2007).

Research Questions
This qualitative research utilizing a modified Delphi technique that collected expert’s
views, understanding, skill, and comprehension of the group members in anticipating
the critical performance elements essential for development of an effective decisionmaking guideline for TCO execution strategies in the mining sector. By considering
the industry related issues there is a necessity in implementation of TCO strategies for
reduction of life-cycle cost (Roda & Garetti, 2014a, 2014b, 2015). However the
advantages that may be comprehended and acknowledged in the industry seem to
indicate that currently TCO analysis is not practiced very widely (J. Anderson et al.,
2007; Ferrin & Plank, 2002; Hurkens et al., 2006; Rosenback, 2013; Zachariassen &
Stentoft Arlbjørn, 2011).
The following research questions guided the study:
1- What are the benefits, barriers and limitations for implementing and
developing the TCO analysis framework along the mine asset management and
supply chain?
2- What are the best practices, strategies and critical performance elements for
implementing and developing the TCO analysis framework along the mine
asset management and supply chain?

Selection of a Population of Experts
Selecting the population for a Delphi study is integral for establishing involvement of
suitable contributors (Helmer, 1967), commonly associated with the area of experience
(Hsu et al., 2007). Therefore, the Delphi technique is dependent on informed opinion
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to amplify the development of a decision-making guideline for mine total ownership
cost strategies. The population for this qualitative modified Delphi research consisted
of project managers, category management practitioners, asset management
specialists, supply chain managers, account managers and leaders in the mining
industry with 8 or more years of experience. Panellists in this research had professional
knowledge or competence in the scope of Mine life-cycle development and TCO
analysis strategies. The modified Delphi technique is flexible in identification of
research contributors. In the Delphi study, a large panel is not required (Delbecq et al.,
1975; Hall, 2009; Skulmoski et al., 2007) since a more informed panel can more
quickly obtain consensus (Linstone & Turoff, 2002). A deliberate snowball sampling
technique was implemented to find participants.

Informed Consent
A small group of 7 informed experts from the mining industry in Australia and Canada
who met the panellist requirements were asked to contribute to the pilot study. After
the pilot study step, a demographic study was performed to choose a panel of 14
participants recognized to be experts in the field of TCO analysis. The panel of experts
was requested to contribute in the modified Delphi study.
A vital ethical principle of research study is that contribution to the research must be
optional and potential contributors must be aware of their rights to make an informed
decision (P. Leedy et al., 2010; P. D. a. Leedy, 2015; Neuman, 2013). The informed
consent letter clarifies all statuses of the research by asking the potential contributors’
optional agreement before beginning the research (Neuman, 2013). Leedy and Ormrod
(2010) argued that all collected information should not be referred back to the
contributors and all personal information must remain confidential (P. Leedy &
Ormrod, 2010). Obtaining informed consent is part of the research requirements prior
to proceeding with the survey or other research design before asking permission to
participate in the research (Cooper et al., 2006).
According to the requirements of the Human Research Ethics Office of Curtin
University, all potential contributors received an e-mail attached with the participant
information statement and consent form prior to involvement in the research. Curtin
University Human Research Ethics Committee (HREC) has approved this study
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(HRE2017-0344). Each panellist was asked to sign a consent form (Appendix 3). If
the participants decided to take part and then changed their mind they were able to
withdraw from the project any time they wanted, they just needed to send a withdrawal
via e-mail to the PhD researcher. The information collected in this study will be kept
under secure conditions at Curtin University for 7 years after the research is published
and then it will be destroyed.

Sampling Frame
A pilot study was primarily carried out with a group of 7 TCO professionals from the
mining industry. According to Cooper & Schindler, the pilot study should illustrate
issues from the target population and simulate the proceedings and rules that have been
specified for data collection (Cooper et al., 2006). Contributors were leaders, decision
makers and managers who were experts and knowledgeable in TCO analysis in mining
sectors. The pilot study can minimise complexity and confusion that may be boosted
while the seed questions are presented to the panellists. According to Simon,
implementing the pilot study phase in the research can amplify, simplify and verify the
research questions (Simon & Goes, 2011).

Confidentiality
The research was built on a qualitative modified Delphi technique using the Internet
or private face to face meeting in accordance with the approved Curtin University
Human Research Ethics Committee protocol which ensured privacy, confidentiality
and anonymity of the panel members. The standard Delphi technique secures
participants’ anonymity to minimise the effect of dominant members (Stiles et al.,
2011). Anonymity can prevent participants feeling restricted in revealing their own
opinion (Linstone & Turoff, 2002). Anonymity of panellists was preserved by random
and unique numbering/coding of each panel members.
A summary of the research’s overall results will be sent to participants. Based on the
nature of this study, group results are sent to the participants. Upon the panellist’s
request, the researcher will write to the panellist at the end of the research (in about 8
months) and let the panellist know the results of the research. Results will not be
individual but will be based on all the information collected and reviewed as part of
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the research. The researcher may make the results available on his thesis or academic
publications.

Instrumentation
The modified Delphi technique relies on a multi-step interactive cycle in which
panellists present their opinions and provide feedback to the researcher in an effort to
move towards a common goal and to achieve the consensus (Chakravarti et al., 1998;
Custer et al., 1999; Skulmoski et al., 2007; Stewart et al., 1999; Wicklein, 1993).
Therefore, the modified Delphi technique was selected and performed as the optimal
research instrument. Each of the 7 pilot study experts was requested to supply the
researcher with comprehensive knowledge of TCO critical performance parameters,
TCO practitioners’ essential qualifications, best practices, benefits, limitation and
barriers to TCO execution. The aim of the pilot study was to obtain information from
panel members through open-ended questions and free form responses.
In the pilot study phase, the panel members were supplied with the following list of 7
open-ended seed questions which were approved by the Curtin University Human
Research Ethics Committee protocol before sending to the pilot panellists.
1- What are the advantages/benefits of performing the TCO methodology for
asset procurement in the mining industry?
2- What are the limitations/barriers which slow down the TCO application
efficiency for mine asset procurement?
3- What are the main reasons for the limited implementation of TCO analysis as
a sales tool in comparison to the procurement tool?
4- What critical and pivotal cost drivers have you identified for assessment and
implementation of TCO in mining enterprises?
5- What methodologies or tools can be utilised for better estimation of TCO over
the entire lifecycle of the assets or services?
6- What strategies or methodologies can be performed for implementation and
development of a TCO framework?
7- What knowledge or experience or qualifications are essential for implementing
TCO in the mining sector?
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Based on the received responses through face to face interviews or emails, the
researcher initiated the development of the broader research questions utilised in the
main modified Delphi study. Almost all the pilot study panel members noted that
implementing TCO by itself could not be enough for supplier selection because it
overlooked the important risk of supply factor, hence according to the pilot study panel
professional recommendations, the researcher added 2 major questions to the previous
seven seed questions. Those mentioned questions were as below.
1- What are the critical supply risk factors that should be considered along with
the TCO application in the mining industry?
2- What are the methods that may be performed for supply risk assessment along
with the TCO application in the mining industry?
Modification of the Round 1 questionnaire happened according to the results from the
pilot study. Moreover, the pilot study panel were requested to participate as members
of the wider panel of research experts.

Data Collection
After finishing the pilot study phase, the main study included a modified Delphi
technique with three rounds of questionnaires supplied to the panellists seeking their
response. Expert panel members were completely unknown to each other and the
anonymity of the panellists was maintained through the whole of the research. At the
first round of the research, the panellists were requested to supply their viewpoints.
The researcher also persuaded the panel members to improve and amplify on the seed
questions.
At the end of the first round, all the answers were collected and based on the responses,
a 5-point Likert-type scale questionnaire was prepared. At the end of each round,
panellists were thanked for their contribution and given all information required for
the next phase of the survey. In the next round of the study, each panel member was
supplied with an e-mail including a cover letter and instruction to rate the
questionnaires using the 5-point Likert-type scale. Responses were then analysed using
SPSS® tools to generate descriptive statistics including minimum, maximum, mean,
and standard deviation scores. SPSS® was executed to run the Friedman two-way
analysis for measuring the descriptive statistics.
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The forecast reliability can be measured by utilising the range of responses calculated
through descriptive statistics (Simon, 2006). The researcher was responsible for
facilitating the exchange of viewpoints with the aim of obtaining group consensus.
During the final round of the survey, each of the panel members were supplied with
the panel’s mean, and standard deviation response for each question. All panel
members had the opportunity to change their responses if they wanted to. Those group
members whose responses were out of the group mean range were requested to support
their answers with further rationale and logical explanation. This action was really
helpful for providing better clarification of those panellists’ having different responses
from the majority of the other panel members (Simon, 2006). Simon noted that the
difference of opinion can be very helpful in introducing a range of alternative solutions
to those subjects and problems. During the final round, ideally, a consensus was
desirable among the panellists; albeit, the debate was valuable too.

Data Analysis
Data were collected during each survey round. During each phase of the study, the
panellists answered individually to a questionnaire. The expert panel group was
requested to make free judgments regarding the subject of research. The outcomes of
the first round study experts’ opinions to the seed questions were analysed for clear
themes, similarity, or overlap by implementing NVivo11 software which is a
qualitative data analysis software package produced by QSR International. All terms
and sentences and categories were created by use of NVivo11. Just at the end of round
one, the questionnaires were prepared in the form of a 5-point Likert type scale. All
responses in each round were analysed to generate the descriptive statistics.
At the end of the second round, the researcher generated and provided the resultant
descriptive statistics as feedback to the group panel. The panel members were
questioned to revise those responses which failed to obtain the panel consensus. All
members could reconsider and change their responses or supply a rationale for those
answers that were outside the group mean.
There are different consensus measurement methodologies by qualitative and
descriptive analysis such as:
-

APMO Cut-off Rate (average percent of majority opinions),
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-

Mode, mean/median ratings and rankings, standard deviation,

-

Interquartile range (IQR),

-

Coefficient of variation,

-

Post-group consensus.

Although there is no agreement as to the best methodology for consensus measurement
by qualitative analysis and descriptive statistics, it was considered that using the mean
and standard deviation was not enough for consensus measurement, and
implementation of the median and the interquartile range (IQR) could provide a better
option (Heiko, 2012). Therefore, the IQR was utilized in addition to the mean and
standard deviation. For those responses that fell below the group median, the question
was omitted and considered negligible to the panel.
The IQR is the difference between the third quartile and the first quartile in a series of
data. Implementing the IQR in this modified Delphi study enriched a rationale for
strong agreements among the contributors. According to several scholars, IQR of 1.5
or less is found to be a suitable consensus indicator for this study (De Vet et al., 2004;
Heiko et al., 2010; Linstone & Turoff, 2002; Raskin, 1994; Rayens et al., 2000). Since
the answer fell outside of the IQR, panellists were given the chance to present
additional explanation.
In addition to the descriptive statistics methodology, a Friedman two-way analysis of
variance (ANOVA) was implemented to assess the assumption that each member of
the panel should present the same opinion on the Likert-type scale. The Friedman
analysis is an alternative to the parametric repeated measures ANOVA when the
hypothesis of variance normality is not met. Friedman two-way analysis method is
based on ranks of data and does not consider raw values.
When the hypothesis testing in the study involves two or more dependent samples, the
Friedman test with ordinal (rank-order) data can be implemented for indication of
considerable variance between at least two of the samples (Sheskin, 2003). King
believes that it is widely accepted in modified Delphi methodology to implement both
the Friedman test and the repeated-measures ANOVA for comparing perceptions
repeated by the same contributors (King, 2007).
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The Friedman two-way analysis test evaluates the mean ranks between panellists,
assuming all panel members would respond to the questions the same way. The SPSS
software was implemented for running the Friedman two-way ANOVA by ranks test.
Wherever the t Friedman test p value fell below the 0.05, the null hypothesis was
rejected which means that the panellists have significantly different opinions.

Data Reliability and Validity
The precision, rigor and trustworthiness must be emphasized for securing validity and
reliability of any qualitative research (Guba et al., 1994). The authors also defined that
before the data validation stage, the reliability of the data must be ensured. Reliability
alludes to the dependability of the outcomes (Christensen et al., 2011) whereas validity
refers to truthfulness (Neuman, 2013). Rigor infers the rational and systematic way of
accurate research design execution (Celaya, 2015). The Delphi study aims to obtain
consensus between the members of the panel, hence by its very nature this ensures
validity due to expert agreement (Linstone & Turoff, 2002).
The rigor of the Delphi study was obtained due to the typical proceedings for
identifying and selecting of expert members, ranking and obtaining panel agreement
(Okoli et al., 2004). Reliability is emphasized through the implementation of the
Friedman ANOVA test to measure consistency of the answers between the panellists
(King, 2007). Considering elements such as sample size and frame, the research
method, efficient and optimum number of rounds, and mode of interaction enrich the
rigor of the study, and provided better comprehension of the topic under Delphi study
(Skulmoski et al., 2007). For achieving the validity and reliability in a Delphi study, 5
to 10 precisely selected contributors are required (Loo, 2002), while other authors
believed that 10 to 50 contributors are need (Meijering et al., 2015; Skulmoski et al.,
2007).
In order to enrich the interpretation of the expert opinions, the results of panel answers
to the 5-point Likert type scale questionnaires must be presented to the expert Delphi
panel (Franklin & Hart, 2006). This research tried to minimise potential problems and
maintain the validity and reliability of this research.
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Summary
This chapter began with outlining and justifying how this research was conducted. This
qualitative, explorative research study utilised a modified Delphi study to identify
TCO implementation strategies and developed a practical decision-making guideline
that senior level mine asset and supply managers could adopt to make purchasing
decisions. A comprehensive description and substantiation of the suitable research
design for the research followed.
Leaders and high level managers in the mining industry were the targeted population
and those who met expert panel requirements and signed the informed consent form,
which ensured their anonymity and confidentiality during whole of the research,
comprised the sample. The methodology consisted of a systematic approach that was
performed by expert selection, data collection, and analysis.
In order to validate the main modified Delphi study, a pilot study including seven
qualified and professional experts was conducted. Based on the results obtained from
the pilot study phase, the researcher incorporated and adjusted those data wherever
needed and conducted the main study by a group of 16 mine TCO practitioner experts.
The next chapter will present the details of the results and result analysis as well as the
findings of this research by bringing forward all the data obtained from the Delphi
study.
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4

Data/Result

Introduction

The objective of this qualitative, explorative research implementing a modified Delphi
technique was to identify TCO implementation strategies and develop a decisionmaking guideline that senior level mine asset and supply managers can implement to
make purchasing decisions.
Chapter 1 contained a detection of background information and the necessity for this
research, an introduction of the research questions that enlighten this research, and
brief of the conceptual prototcol. Chapter 2 comprised an investigation and analysis of
relevant literature about the TCO concept, development and implementation. Chapter
3 explained the appropriateness of Delphi research method including participant
recruitment, qualifying criteria, best practices and key performance elements for
administrating, reducing and implementing TCO. Chapter 4 details the data collection
through both the pilot and main study, and presentation of the data. This chapter
represents the outcomes from the three rounds of respondent surveys.
For this research, the modified Delphi technique was implemented to employ a group
of qualified and professional experts to obtain a consensus on key cost elements and
best practices required to implement and develop TCO strategies.
The panellists of this research were from both the technical and commercial mining
industry. The panel members were invited to introduce and nominate professionals
whom they reckoned as being experts in the field of TCO. The researcher checked the
professional background and qualification of all the referred participants according to
the selection criteria of this research. Before participating in both pilot/main study, all
participants signed an informed consent letter which was approved by the Curtin
University ethics office. All panel members who participated in this modified Delphi
pilot research study took part in the main study as well.
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The number of potential participants who met the criteria and were also committed to
contribute and complete the study to the end was limited. A group of 49 informed
experts from the mining industry in Australia and Canada who met the panellist
requirements were asked to contribute to the pilot study but only 7 of them finished
the pilot survey to the end. For the main study, a group of 122 informed professionals
in Australia and Canada who met the panellist criteria were requested to participate in
the main research but only 16 experts pursued the main survey to the end.
The response to both studies was less than the researcher’s expectation. The reasons
for this limited numbers were varied from not having time, being busy to having a
conflict of interest or out of their interest. Majority of them did not even reply to the
requests. Both males and females participated in studies but the number of male
experts in this research was much higher than female experts. Table 4-1 illustrates the
demographics of pilot study panel members’ experience and gender.
Table 4-1 Pilot Study Expert’s Experience and Gender.

Years of
Experience
5 to 9 Years
10 to 14 Years
15 to 19 Years
20+ Years

Totals

Gender

n

%

Female
Male
Female
Male
Female
Male
Female
Male

0
0
1
1
0
3
0
2
7

0
0
14
14
0
43
0
29
100

Background of pilot study panel members are shown are illustrated in Table 4-2.
Table 4-2 Background of Pilot Study Experts.

Background of Experts
Maintenance & Reliability

Finance & Accounting

Procurement & Supply Chain Management

Asset Management
Operation & Production
Totals

n
1
1
2
2
1
7

%
14.28
14.28
28.58
28.58
14.28
100
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Table 4-3 illustrates the demographics of main study panel members’ experience and
gender.
Table 4-3 Main Study Expert’s Experience and Gender

Years of
Experience
5 to 9 Years
10 to 14 Years
15 to 19 Years
20+ Years

Totals

Gender

n

%

Female
Male
Female
Male
Female
Male
Female
Male

0
1
1
2
1
6
0
5

0
6.25
6.25
12.5
6.25
37.5
0
31.25

16

100

Background of main study panel members are shown in Table 4-4.
Table 4-4 Background of Main Study Experts.

Background of Experts
Maintenance & Reliability

Finance & Accounting

Procurement & Supply Chain Management

Asset Management
Operation & Production
Totals

n
%
2 12.5
1 6.25
4
25
5 31.25
4
25
16 100

Research Questions
The TCO professionals were asked to contribute as panel members to deal with the
following research questions:
1- What are the benefits, barriers and limitations for implementing and
developing the TCO analysis framework along the mine asset management and
supply chain?
2- What are the best practices, strategies and critical performance elements for
implementing and developing the TCO analysis framework along the mine
asset management and supply chain?
A description of the seed questions preparation procedure and the manner of collected
data is then discussed in this study. The responses supplied by the panel members to
research questions are then submitted in the next step.
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Data Collection
The pilot study was performed and complemented with a panel of 7 TCO specialists
in this field. The formation of questions would be improved and facilitated by
performing the pilot study (Creswell, 2014; Custer et al., 1999).
Before the beginning of the first round of the pilot survey, all potential contributors
received an e-mail attached with the consent form and participant information
explaining the identified problems, the aim of the study and role of each panellist in
this research. The potential contributors were requested to supply their viewpoints of
the issue and goals of the research as identified by the researcher. Of the 49 invitation
e-mails sent to identified potential professional panellists, only 17 persons replied to
the invitation e-mails. Almost all of respondents agreed that there is a real issue in the
mining industry and this research may assist the mining sectors in the better and
efficient performance of TCO strategies.
10 of 17 respondents expressed that although they believed that this research could be
very beneficial and critical for the mining industry, they were unable to contribute to
this research due to different reasons including personal issues, conflict of
commitments, and lack of time — finally, the pilot study was complemented by seven
panellists. The pilot study panel members were supplied with the list of 7 open-ended
seed questions which were approved by the Curtin University Human Research Ethics
Committee protocol. Initial responses were collected through implementing face to
face/web-based interview or e-mails. The researcher carried out member checking
with the pilot study group to be sure that the panellists were happy with the compiled
responses or they wanted to make any changes or amendments.
The outcomes of the first round study experts’ opinions to the seed questions were
analysed for clear themes, similarity, or overlap by implementing NVivo11 software
which is a qualitative data analysis software package produced by QSR International.
All terms and sentences and categories were created by use of NVivo11. Just at the
end of round 1, the questionnaires were prepared in the form of a 5-point Likert type
scale. All responses in each round were analysed to generate the descriptive statistics
and forwarded to the panellists for their agreement or disagreement in the second
round.
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The panel members were requested to present additional explanation and clarification
of their idea as desired. Following the previous round, the panellists were then asked
to answer to the 5-point Likert-type questionnaire by giving rate to the significance of
each of the sentences. Responses were then analysed using SPSS® tools to generate
descriptive statistics including minimum, maximum, mean, and standard deviation
scores and then presented as feedback to the panel members.
For those statements that fell below the group mean, the researcher requested
individuals to supply the further explanation. Each panellist had the opportunity to
change their mind. Where the responses to questions were below the median of the
group, the statement was eliminated from the 5-point Likert-type questionnaire. The
same procedure was pursued for the next round. The results from the pilot study panel
were utilised for validation of questionnaires and foundation for the main research.
The detailed responses of pilot study panel members to each of the seven seed
questions are presented in section 4.4.2.1.
For creating the main study panel for round 1, 122 email requests were sent to potential
TCO panel members. Of those, 58 recipients of emails responded to the researcher
(47.5%). Twenty-seven recipients expressed their interest to contribute to this research
and signed the consent form (22.1%). A set of nine open-ended seed questions were
prepared and presented to those 27 TCO panellist, but of those 27 who agreed to
participate in the study, seven potential panel members did not contribute in any of the
survey questionnaires. Twenty panellists finished the round 1 main study survey,
becoming the TCO expert panellists for this modified Delphi study. This alteration in
the number of participants made the completion rate, for the 122 who received the
invitation email, 16.4%. For the next round, 17 of the 20 round 1 TCO panellists
completed the survey. Of the expert panel participants who did not complete the
second round, no announcement or explanations were obtained by the researcher.
At the end, 16 TCO expert panel members from the previous round completed the final
round of the modified Delphi study. For that panel member who dropped out of the
third round of the study, the researcher did not receive any reason statements. This
variation reduced the TCO panellists to 16, completion rate (13.11%), which is
sufficient and practical for a Delphi study (Lerro et al., 2015; Skulmoski et al., 2007).
Each of the panel members was allocated an Id number for identification, which ranged
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from P1 to P16. These identifiers were modified and sorted after the variation in
number of panellists during the rounds of the survey. Collected answers were
imported, stored and backed up in a safe place according to the Curtin University
procedure.
The expert opinions of the participants in the modified Delphi total ownership cost
study formed the basis for advice on the future and current state of total ownership
cost management. The findings indicated characteristics and key performance
parameters that may be used by the profession to improve the development and
implementation of total ownership cost strategies. In addition, the experts provided the
attributes of a total ownership cost strategist and the methods that may be used when
assessing total ownership cost, as well as the benefits that may be realized and the
barriers that may be faced when implementing total ownership cost strategies in
complex system procurement, development, or manufacturing.
In the first round, the panellists were asked to provide their responses to 9 open-ended
seed questions. All response or comments without any modification were analysed
through implementing the NVivo 11 software program. Before the beginning of the
second round, the researcher implemented member checking for validation of the
results and prepared the 5-point Likert-type scale questionnaires for the next round. In
the second round, panellists were requested to rate the questions in the form of the 5point Likert-type scale. Upon accomplishment of the second round, descriptive
analysis of all responses was prepared and presented to the panellists, and all the results
were performed in the preparation of the next round survey. The detailed responses of
the main study panel members to each of the nine seed questions are presented in the
section 4.4.2.1.
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Results
Round One (Pilot and Main Study)
Seed Question 1 inquired, what are the advantages/benefits of performing the TCO
methodology for asset procurement in the mining industry?
Performing TCO application not only enables understanding the true cost of doing
business which enriches the decision-making process but also enlightens the future
cost of product/service especially before initiation of any purchasing activity thus TCO
prevents losing profit due to unpredicted major costs entire of the lifecycle of the
projects. TCO equips better justification of higher initial prices while considering the
quality in order to achieve the lowest total cost. TCO implementation amplifies the
financial management performance index of mining organisations. Moreover, TCO
application can enhance true cost prediction and trend analysis. TCO can enhance
supplier selection mechanism by providing the foundation of selecting, qualifying and
evaluating the vendors. Better negotiation among the suppliers and purchasers is one
of the integral outcomes of performing TCO strategies.
Effective contract management by considering all sights of ownership is another
benefit of performing TCO strategies. Employing TCO strategies enables mining firms
to identify cost-saving opportunities. TCO can enhance suppliers to modify the
purchaser’s valuation system from price orientation to total cost of ownership. TCO
can locate a baseline for mine operating costs. Whereas TCO is now well accepted as
an industry measurement, mining firms can specify their total cost of ownership for
their various operating systems thus they then become capable to benchmark
themselves against other competitors and define scopes where they can improve. TCO
can integrate sustainability into the purchasing system. TCO can be executed to reveal
and communicate opportunities for sustainability benefits including efficient
consumption of energy and water in mine operation.
TCO implementation assists firms to efficiently examine the selection criteria among
multiple tender proposals during the purchasing phase. By considering TCO strategies,
mining firms can establish the practical guide for their problem-solving systems.
Measuring the precise return on investment (ROI) is consequential for any business.
The total cost of ownership not only facilitates the true ROI measurement but also
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helps in determining the cost reduction initiatives. Performing TCO strategies can be
very effective for cost reduction if it is considered at the project initiation phase.
Seed Question 2 inquired, what are the limitations/barriers which slow down the TCO
application efficiency for mine asset procurement?
TCO implementation is a time and resource consuming activity and unworkable in
practice especially in mine operation. Some other panellist noted that they received
plenty of complaints from the operations staff regarding that the TCO utilization
system is ambiguous, untrustworthy and really hard to be accurate. It has been
discussed that TCO analysis emphasizes on costs only while relinquishing revenue
effects. Employing TCO cost strategies is highly dependent on the resource allocation,
continuous obligations and support the entire life cycle of the products. Effective TCO
application requires long-term planning and commitment of stakeholders and
management boards. There is always discrepancy and nonconformity between firms’
management boards and those who are professional and accountable for TCO
application.
Mining companies often ignore TCO approach in their annual procurement budget
which suffices to the initial price. Unfortunately, there are several types of budgets
which don’t have any dependency on each other for example acquisition budgets,
operation budgets, and maintenance budgets are completely independent and do not
have any association together. Different divisions manage these budgets in the same
companies.
TCO is more of a purchasing tool, not a selling tool; hence suppliers do not have any
desire to utilise it. TCO analysis does not have any general formula and firms have to
generate and modify the formula based on their requirements through experienced and
well trained TCO experts. TCO successfulness is highly associated with the true data,
accurate cost elements and critical performance elements. Normally small mining
firms are not equipped with accurate data systems. Almost all the pilot study panel
members declared that TCO analysis by itself could not be enough for supplier
selection because it ignored the important element which is the risk of supply.
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Seed Question 3 inquired, what are the main reasons for the limited implementation
of TCO analysis as a sales tool in comparison to the procurement tool?
Sell-side TCO approach has not been strongly implemented in the mining industry.
Purchasers believed that suppliers are not able to present true TCO breakdown. Sellers
are very sensitive and cautious to their cost breakdown as revealing details of this
information can damage and reduce their financial outlook. It is unlikely that suppliers
could inflict TCO as the purchaser’s metric of choice. It is a very risky action for
suppliers to transfer intimate knowledge to customers. The sellers or service providers
cannot reveal true theoretical TCO calculations in a sales slope and look for buyers to
purchase anything based just on suppliers estimation.
The mine suppliers do not have any intention to initiate their price breakdowns as they
have concerns regarding the discussing the magnitude of margin and revealing their
cost structure which degrades their position of negotiation and leak to their business
rivals. As the TCO approach involves measuring intricate cost factors that may be
identical between competing offers, the purchasers have little enthusiasm for
cooperation with vendors in performing a fully developed TCO application. If products
with higher total cost enhance the production rate, then the privilege can be growth in
revenue rather than a reduction in expenses. Furthermore, it is very problematic for
mining suppliers to make precise and detailed revenue calculation. Some purchasers
do not have any kind of TCO approaches and are completely unfamiliar with the TCO
methodology; hence the vendor companies do not have the tendency to spend a lot of
time and energy to explain the TCO application to their clients.
Seed Question 4 asked, what critical and pivotal cost drivers have you identified for
assessment and implementation of TCO in mining enterprises?
The TCO application is attempting to obtain the most significant and consequential
cost drivers carrying out the Pareto principle. Employing Pareto’s principal can assist
in cost identification while performing TCO. According to Pareto's principle, only
20% of the cost elements which make up 80% of the cost, should be considered in the
TCO application. The critical cost drivers of implementing TCO depend on the type,
location, and desired usage of the mining operation. It is really integral to distinctly
determine the technical performance elements and then preference by their importance
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for the execution of TCO. The pilot study panellists identified a list of critical elements
should be considered in the TCO application as below.
-

Cost of production loss (downtime)

-

Cost of Energy

-

Cost of operating

-

Cost of repair/replacement

-

Cost of sourcing

-

Cost of preventive maintenance

-

Cost of Initial acquisition

-

Cost of installation

-

Cost of spare parts

-

Cost of operational availability

-

Cost of quality

-

Cost of manufacturing

-

Cost of delivery delays

-

Cost of warehousing

-

Cost of design

-

Cost of disposal

-

Cost of corrective maintenance

Seed Question 5 inquired, what methodologies or tools can be utilised for better
estimation of TCO over the entire lifecycle of the assets or services?
Majority of pilot study panellists declared that TCO estimation methodologies are
highly dependent on the time interval of the TCO application life cycle. Parametric
estimation methodologies are more effective in the initial phase of the life cycle while
comprehensive evaluation and supplier quotes are beneficial in the following phases
of the life cycle.
Precise and detailed cost models are consequential for successfulness of the business
decision-making process. For validation of the data and prediction of production costs,
mining firms need to review the history of data. In order to calculate accurate TCO,
mining firms need to implement commercial software packages such as enterprise
resource planning, materials information network, electronic data interchange, and
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activity-based costing. Project cost management and weighted evaluation system can
also be helpful for performing TCO analysis.
Seed Question 6 inquired, what strategies or methodologies can be performed for the
improvement and administration of TCO strategies are essential for preserving the
business competitiveness of mining firms?
Work Breakdown Structure (WBS) and systems development life cycle (SDLC) is
very helpful for mining firms’ managerial boards to make better decisions regarding
purchasing products/services. Target costing approach can also be implemented for
the determination of equipment life cycle cost.
A capable process needs to be established for capturing, storing cost real-time data
especially in mine operation. The asset and category management departments of
mining firms must have a full-time access to the cost data which enable those
mentioned departments to retrieve, recall, extract and analyse the data any time as
required. It is vital for TCO implementation process to monitor all cost factors during
the data analysis phase. Mining enterprises need to have capable measurement systems
for tracking all cost elements during pre-transaction, transaction, post-transaction
phases.
A single resource system needs to be established by the firms which is available and
accessible to all divisions of the company. If there are more than one resource system
in the company, they must be linked or compatible to each other. It is consequential to
have a control system even after the implementation of TCO strategies for ensuring
the settlement of strategies as a baseline for more possible analysis in future.
Seed Question 7 inquired, what knowledge or experience or qualifications are
essential for implementing TCO in the mining sector?
An ideal TCO expert should have a broad knowledge of LCC and also be competent
for assessing mining system performance. Mining business decision making based on
TCO analysis requires persons who are long-term thinkers and also skilled in mine
asset management and category management. The practicable employment of TCO
strategies is dependent on experts who have a sound perception of development,
operation and mine system support process. Knowledge of accounting management
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and commercial management are pivotal for TCO practitioners. Communication and
negotiation capability with suppliers are integral skills for TCO experts. Along with
financial modelling knowledge, practical experience in mine mid/long term revenue
planning and cost modelling are vital for TCO strategy implementation. The TCO
expert should have knowledge or experience in mine operation logistics and fleet
management along the mine equipment maintenance and reliability.
Almost all the pilot study panel members noted that implementing TCO by itself could
not be enough for supplier selection because it overlooked the important risk of supply
factor, hence according to the pilot study panel professional recommendations, the
researcher added two major questions to the previous seven seed questions.
Seed Question 8 inquired, what are the critical supply risk factors that should be
considered along with the TCO application in the mining industry?
The pilot study panellists identified a list of critical supply risk factors as below:
Incapability to apply volume demand variation; inability to fulfil delivery
requirements; failure to present competitive pricing; Lack of technologically
improvement; incapability to comply quality requirements; vendor bankruptcy/
insolvency; singular source of supply reliance; the suppliers’ industrywide capacity
and responsiveness; obstinacy of supply source; dependency and solvency of vendors,
poor quality; global outsourcing; terms of the contracts (contractual agreements);
supply indefiniteness; limited number of mid-size supplier companies; lack of
suppliers’ integration; vendor fulfilment errors; lack of visibility of suppliers; supplier
business strength; unexpected increase in costs; lack of supply continuousness;
purchasing from second-tier vendor companies; on-time delivery incapability; cost,
quality and flexibility failure; variation in transit time; lack of general confidence;
quality of imported products; Monopoly; lack of technical reliability; single sourcing;
choosing incapable partners; outsourcing; suppliers’ critical component percentage,
loosing market competitiveness.
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Seed Question 9 inquired, what are the methods that may be performed for supply risk
assessment along with the TCO application in the mining industry?
Mathematical programming; Data Envelopment Analysis; Analytic hierarchy process
(AHP); Analytic network process (ANP); Decision tree; Interpretive structural
modelling; Game Theory; Automatic pipeline inventory and order-based production
control system algorithm; Disruption analysis network approach; Case-based
methodology; Chance-constrained programming; New vendor model; Multi-objective
programming; Simulated data; Bayesian networks; Fuzzy-based failure mode and
effect analysis (FMEA); Ordered weighted averaging approach.
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Round Three
4.4.2.1 Pilot Study
Seed Question 1: Rate the advantages/benefits of performing the TCO methodology
for asset procurement in the mining industry? The results for seed question 1 are
presented in Table 4-5.
Table 4-5 The descriptive statistics analysis and Friedman Test results of pilot study; seed question 1.

Seed Question 2: what are the limitations/barriers which slow down the TCO
application efficiency for mine asset procurement? The results for seed question 2 are
presented in Table 4-6.
Table 4-6 The descriptive statistics analysis and Friedman Test results of pilot study; seed question 2.
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Seed Question 3: what are the main reasons for the limited implementation of TCO
analysis as a sales tool in comparison to the procurement tool? The results for seed
question 3 are presented in Table 4-7.
Table 4-7 The descriptive statistics analysis and Friedman Test results of pilot study; seed question 3.

Seed Question 4: what critical and pivotal cost drivers have you identified for
assessment and implementation of TCO in mining enterprises? The results for seed
question 4 are presented in Table 4-8.
Table 4-8 The descriptive statistics analysis and Friedman Test results of pilot study; seed question 4.
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Seed Question 5: what methodologies or tools can be utilised for better estimation of
TCO over the entire lifecycle of the assets or services? The results for seed question 5
are presented in Table 4-9.
Table 4-9 The descriptive statistics analysis and Friedman Test results of pilot study; seed question 5.

Seed Question 6: what strategies or methodologies can be performed for the
improvement and administration of TCO strategies are essential for preserving the
business competitiveness of mining firms? The results for seed question 6 are
presented in Table 4-10.
Table 4-10 The descriptive statistics analysis and Friedman Test results of pilot study; seed question 6.
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Seed Question 7: what knowledge or experience or qualifications are essential for
implementing TCO in the mining sector? The results for seed question 7 are presented
in Table 4-11.
Table 4-11 The descriptive statistics analysis and Friedman Test results of pilot study; seed question 7.

Seed Question 8: what are the critical supply risk factors that should be considered
along with the TCO application in the mining industry? The results for seed question
8 are presented in Table 4-12.
Table 4-12 The descriptive statistics analysis and Friedman Test results of pilot study; seed question 8.
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Seed Question 9: what are the methods that may be performed for supply risk
assessment along with the TCO application in the mining industry? The results for
seed question 9 are presented in Table 4-13.
Table 4-13 The descriptive statistics analysis and Friedman Test results of pilot study; seed question 9.

4.4.2.2 Main Study
Round 3 of the modified Delphi study was prepared based on the responses to Round
2. After employing the descriptive statistics analysis, those answers that fell below the
median of responses were omitted from the survey in the final round. As mentioned
before, 16 panellists accomplished Round 3 of the survey. The panellists rated the
importance of each statement in the 9 seed questions. In this 5-point Likert-type scale
questionnaire, 1 has the least importance and 5 has the most importance. For each
question, the descriptive statistics and interquartile range (IQR) were calculated. The
interquartile range is calculated by subtracting the first quartile from the third quartile.
For preventing the influence of extreme values on the result, this technique is utilised
to consider the spread in the middle 50% of the data.
Like previous rounds, at the end of Round 3, panel members had a chance to change
their opinion or present the reason for their views for those statements in which the
IQR were equal to 1.5 or were greater than 1.5.
Moreover, a Friedman two-way analysis of variance (ANOVA) by the rank test was
implemented using SPSS® software. The Friedman two-way analysis test calculates
the mean ranks between panellists, assuming all panel members would respond to the
questions the same way. If the p-value was greater than 0.05, the null hypothesis was
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rejected which means that one or more responses had a remarkable influence on the
final results. In this modified Delphi study the TCO panellists are not considered
dependent. The spider diagrams of panellists’ opinion in round 2 and round 3 of the
main study are presented in Appendix 5.
Seed Question 1: Rate the advantages/benefits of performing the TCO methodology
for asset procurement in the mining industry?
The results, presented in Table 4-14, showed that the panel members did not obtain
the consensus. The result of the Friedman test done by SPSS® had a p-value of 0.005
which was less than 0.05, and the null hypothesis was rejected hence it showed that
there was a considerable difference among the expert panel members. As reported by
the interquartile range result, the modified Delphi study panel did not reach a
consensus on two statements from the total of nine statements since both statements
had IQR=2 which was greater than 1.5. Descriptive statistics showed that the majority
of the participants in the Delphi survey (87.5%) either agreed or strongly agreed that
performing TCO methodology provides cost reduction assessment by true
measurement of return on investment (ROI). Almost eighty-one percent either agreed
or strongly agreed that carrying out TCO analysis enhances clarification of supplier
performance for both supplier and purchaser.
Table 4-14 The descriptive statistics analysis and Friedman Test results of main study; seed question 1.

Moreover, seventy-five percent of the TCO panellists either agreed or strongly agreed
that TCO application supplies quantitative data for true cost prediction and trend
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analysis whereas 25% remained neutral and no one disagreed with the statement.
Providing an indication of major opportunities for cost savings and providing the basis
for supplier selection decision making were the other statements that captured the next
ranks respectively. When the researcher asked the panel members to rate the TCO
analysis as an efficient and practical method for providing valuable and accurate data
for better negotiations, half of the expert group either agreed or strongly agreed, and
the other half remained neutral.
The descriptive analysis results showed that the panel members did not agree that TCO
application can be beneficial by providing an opportunity to effectively measure the
quality improvement. The group did not obtain consensus that TCO analysis can be
helpful for better justification of higher initial prices based on better quality and lower
total cost. The IQR results for seed question 1 are presented in Figure 4-1.

Figure 4-1 IQR results for seed question 1, main study.

Seed Question 2: What are the limitations/barriers which slow down the TCO application
efficiency for mine asset procurement?

The results, depicted in Table 4-15, demonstrated that the group panel did not reach
the consensus. The result of the Friedman test operated by SPSS® had a p-value of
0.000 which was far less than 0.05; therefore the null hypothesis was rejected, and it
means that there was the notable difference amongst the TCO panellists. According to
the IQR results, the TCO expert panel failed to reach a consensus on one of the ten
statements. Descriptive statistics confirmed that all sixteen experts who contributed in
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the third round of the survey agreed or strongly agreed that the most important
disadvantage and imperfection of implementing TCO analysis was lack of considering
the risk of supply.
Table 4-15 The descriptive statistics analysis and Friedman Test results of main study; seed question 2.

P5 noted that TCO application is a very effective and helpful supplier selection tool,
but it just focuses on cost and overlooks the supply risk which is integral and essential
for assessing the suppliers. P9 believed that TCO by itself is not enough for supplier
purchasing and it must be implemented along the supply risk management
methodology. Moreover, P15 mentioned that industry needs a new methodology
which is based on the combination of TCO and risk of supply measurement.
Besides, 94% of the panellists either agreed or strongly agreed that TCO application
scope does not consider revenue factor; and mining companies’ procurement budgets
are usually based on initial price and not based on TCO concept. Poor supplier
monitoring system for products’ real cost tracking was presented as a barrier by the
panel members, with 75% agreeing or strongly agreeing, 25% remaining neutral and
no one disagreed with this statement. Mining companies’ acquisition, operation and
maintenance budgets that are identified, allocated and managed separately was
considered as a limitation to the effective TCO execution by 63% of the panellists who
agreed or strongly agreed. Lack of sharing data across the company and internal
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disagreement between decision-makers and TCO practitioners were other
impediments for effectual TCO analysis. Only 38% of experts agreed that TCO
application needs tools, training and experienced personnel for effective performance
while 62% remained neutral. The group panel did not agree on the barrier to TCO
utilisation due to inconsistency among procurement, asset management and
maintenance departments as the IQR was 2.00. The IQR results for seed question 2 are
shown in Figure 4-2.

Figure 4-2 IQR results for seed question 2, main study.

Seed Question 3: What are the main reasons for the limited implementation of TCO

analysis as a sales tool in comparison to the procurement tool?
According to the Friedman test applied by SPSS® result, consensus was obtained
among the panellists. As shown in Table 4-16, this seed question had a p-value of
0.059 which was bigger than 0.05. The test illustrated the null hypothesis cannot be
refused hence there was no serious difference among the group panellists.
The modified Delphi panellists failed to obtain a consensus on two of the six
statements. A calculation of the IQR of 1.5 illustrated that little agreement was reached
concerning customers who might have unconventional TCO comprehension and
application contra to the suppliers TCO analysis. An assessment of the IQR of 1.75
again noted that panellists did not reach to the agreement that the reason for the limited
implementation of TCO as a sales tools is that suppliers must allocate all their cost
drivers to the offering disregarding the complexity and magnitude of cost elements.
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Six statements within this seed question were assessed using descriptive statistics. The
result of the descriptive statistics showed that all of the panellists agreed or strongly
agreed that the vendors do not intend to reveal the true cost structure of their offering
and this was the most pivotal reason that TCO is not popular among the supplier or
service providing companies.
Table 4-16 The descriptive statistics analysis and Friedman Test results of main study; seed question 3.

P3 noted that suppliers could come and present purchasers a total cost structure
breakdown, but they did not really present anything other than their own version of
cost breakdown which was not realistic compared to the real cost incurred in the mine
operation. In addition, P9 who is from the supplier side presented that the suppliers are
serious about defining details of true cost structure as that detailed data could be
applied to diminish suppliers’ financial and commercial prospect and reputation. The
majority of the panel members (93%) agreed or strongly agreed that calculation of
TCO is a resource-intensive task for suppliers and can be very risky as well for them
if it would be leaked to their competitors by their clients. Only one panel member
remained neutral, and no one disagreed with this statement. P5 noted that suppliers
never open up their offered price because suppliers believed that this would
unavoidably result in reduction to the size of their profit margin.
Moreover, descriptive statistics analysis showed that 62% of the experts agreed or
strongly agreed that due to the unreliability of sellers TCO, the purchasers would not
believe it; 38% were neutral, and again no one disagreed with the statement. Their
customers do not implement TCO analysis for supplier selection. The Delphi expert
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panel (56%) agreed that as purchasers ‘customers do not implement any version/model
of TCO analysis for supplier selection, the suppliers do not perform TCO analysis as
a sales tool, whereas 44% had neutral views and 0% disagreed. The IQR results for
seed question 3 are depicted in Figure 4-3.

Figure 4-3 IQR results for seed question 3, main study.

Seed Question 4: What critical and pivotal cost drivers have you identified for

assessment and implementation of TCO in mining enterprises?
The results of implementing the Friedman test noted that the panel members did not
obtain that consensus. The result of the Friedman test done by SPSS® had a p-value
of 0.000 which was far smaller than 0.05, so the null hypothesis was rejected due to
the eye-catching difference among the expert panel members opinion.
According to the results shown in Table 4-17, individuals of the Delphi study panel
did not come to agreement on 5 of 15 statements since the IQR on the opinion to seed
question 4 statements was 1.5 or higher. The descriptive statistics analysis indicated
that when requested to rate importance of each of the following critical and pivotal
cost drivers for assessment and implementation of TCO in mining enterprises, 100%
of the panellists agreed or strongly agreed that cost of production loss (downtime) is
the most important element. 94% of the panel members agreed or strongly agreed the
next important cost element is the operational availability cost whereas only one expert
remained neutral. Cost of preventive maintenance with the mean of 4.38 was the third
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important cost element which needs to be considered for better implementation of
TCO. 62% of the experts strongly agreed or agreed that the cost of initial acquisition
obtained the fourth rank among the critical cost drivers.
Table 4-17 The descriptive statistics analysis and Friedman Test results of main study; seed question 4.

Descriptive statistics showed that the cost of operating with a mean of 3.75 and cost
of repair/replacement with a mean of 3.69 were the next important cost drivers by
panel opinion. Fifty percent of the panellists either agreed or strongly agreed that the
cost of spare parts was the seventh important cost factor, but 50% had a neutral
opinion, and no one disagreed. Almost 45% of the panel members either agreed or
strongly agreed that the cost of energy was the pivotal cost drives for TCO
implementation while 55% had no opinion with the statement. The next important cost
driver was disposal cost which obtained 25% of the experts' opinion whereas, 62.5%
of panellists remained neutral and 12.5% disagreed.
Although the cost of manufacturing obtained a mean of 3.44, there was the lowest
agreement as indicated by the IQR of 2.75. Cost of warehousing by IQR of 2.5 was
among those cost drivers refused by the panellists for the consensus. The panel
members failed to obtain censuses for three more cost elements as IQR for all of them
was 2. These cost elements were the cost of sourcing, cost of delivery delays and
finally cost of quality. The IQR results for seed question 4 are illustrated in Figure
4-4.
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Figure 4-4 IQR results for seed question 4, main study.

Seed Question 5: What methodologies or tools can be utilised for better estimation of

TCO over the entire lifecycle of the assets or services?
A review of the statements illustrated that consensus was achieved among expert group
members. The Friedman test was done by the SPSS® for this seed question, had a pvalue of 0.000, which was far less than 0.05. The null hypothesis was rejected as
considerable difference was considered among the professionals.
According to the IQR results, represented in Table 4-18, within the descriptive
statistics analysis, the TCO expert panel failed to reach a consensus on one of the
twelve statements in seed question 5. The IQR did not define a remarkable area of
disagreement yet the range of 1 is calculated for eight of the twelve statements within
this seed question. Two of the statements achieved IQR of 0.75 which was classified
as the strong agreement among the study group members. The maximum of the panel
members (100%) believed that detailed record keeping for the comprehensive review
of past performance historical data is vital for better estimation of TCO over the entire
lifecycle of the assets or services.
Implementation of electronic Kanban System and Implementation of enterprise
resource planning (ERP) such as SAP, Ariba Commerce Network, Oracle, etc.
obtained almost 94% of the study group consensus; both of these statements obtained
the mean of 4.44, and IQR of 1 compare to the other statements. An examination of
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the descriptive statistics showed that implementation of weighted system evaluation
method id; 87.5% of the experts agreed or strongly agreed, 12.5% were neutral with
the statement; moreover, with an IQR of 0.00 and mean of 3.94, this statements
achieved the strongest consensus among the panellists. A process flow chart which
tracks a purchase item through the entire supply chain was also considered effective
for better estimation of TCO over the entire lifecycle of the assets; the panellists (75%)
agreed or strongly agreed, 25% were neutral with the mentioned statement.
Implementation of activity-based costing (ABC) accounting system for better tracking
of critical cost drivers obtained (62 %) strongly agreement or agreement and (48%) of
the neutral score of the panellists.
Table 4-18 The descriptive statistics analysis and Friedman Test results of main study; seed question 5.

Implementation of TCO-based data envelopment analysis (DEA) application as well
as the implementation of Time-driven activity-based costing (TDABC) with the mean
group of 3.69 and IQR of 1.00 obtained the next ranks of total opinion among the panel
members. Fifty percent of the panel members either strongly agreed or agreed that the
performing project cost management system (PCMS) could be beneficial for TCO
estimation, whereas 44% remained neutral and 6% disagreed with the statements. The
minority of panel members (25%) agreed with the statement that material requirements
planning (MRP) or materials information network (MIN) are very suitable
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methodologies for TCO estimation, whereas 67% were neutral, and 6% disagreed. The
IQR results for seed question 5 are presented in Figure 4-5.

Figure 4-5 IQR results for seed question 5, main study.

Seed Question 6: What strategies or methodologies can be performed for

implementation and development of a TCO framework?
Analysis of seed question 5 was carried out and the consensus was not obtained among
the panellists. The SPSS® Friedman test statistic had a p-value of 0.000 which was
less than 0.05. The calculated P-value supported the refusal of the null hypothesis since
a notable difference was recognized among the expert panellists. The IQR for the
group opinion to the statement that all departments of the company must implement a
unique resource system rather than various systems was 0.75 denoting that group
consensus was obtained on this statement.
According to the results illustrated in Table 4-19, almost 94% of the panellists either
strongly agreed or agreed with the mentioned statement. P16 declared that
unfortunately, category management engineers have experienced difficulties regarding
using different types of resource systems with different calculation algorithms,
conceptual models, fundamentals, and users within the company. With a mean of 4.44,
the panellists either strongly agreed or agreed that a process needs to be established to
facilitate full-time access to all cost data captured, stored and recalled from the system.
Implementation of a target costing approach was seen as important for the
development of a product’s life-cycle cost determination.
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Table 4-19 The descriptive statistics analysis and Friedman Test results of main study; seed question 6.

Seventy-five percent of the panellists agreed or strongly agreed that for
implementation and development of a TCO framework, target costing approach
regarding the development of product’s LCC determination need to be implemented,
whereas 19% of experts remained neutral and 6% of experts disagreed. Contribution
in the research (56%) either agreed or strongly agreed that TCO should be planned to
be performed and developed at the very initial phase with top priority, whilst 25% did
not have any opinion and perhaps 19% remained disagreeing. When asked to rate the
need to implement Work Breakdown Structure (WBS) and systems development life
cycle (SDLC) for development of TCO framework, only 25% of the contributors
agreed or strongly agreed and almost 70% remained neutral toward the statement and
5% disagreed. The IQR results for seed question 6 are shown in Figure 4-6.

Figure 4-6 IQR results for seed question 6, main study.
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Seed Question 7: What knowledge or experience or qualifications are essential for

implementing TCO in the mining sector?
The results, depicted in Table 4-20, showed that the panel members obtained that
consensus. The result of the Friedman test done by SPSS® had a p-value of 0.068
which was greater than 0.05 the null hypothesis cannot be refused hence it showed that
there was no consequential difference among the expert panel members. According to
the interquartile range assessment the modified Delphi study panel did not reach a
consensus on two statements which had IQR greater than 1.5 among total nine
statements in seed questions 7.
Table 4-20 The descriptive statistics analysis and Friedman Test results of main study; seed question 7.

The IQR of the panel response to the statement that practical mine category
management and commercial management experience were 1.5 and for practical
experience in the mine return on investment analysis (ROI) was 2.00 denoting that
there was no panel agreement obtained on these two statements. The descriptive
statistics results illustrate that the majority of the contributors in the Delphi study
(81%) either agreed or strongly agreed the most significant specification necessary for
TCO practitioner is the sound knowledge and practical experience in mining operation
cost estimation. P13 believed that the TCO expert must be empowered with all hidden
layers of the mine operation cost elements for TCO implementation in the mine.
The panel members (62%) agreed or strongly agreed that the practical experience in
mine equipment reliability and remaining life estimation; and (59%) agreed or strongly
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agreed that practical experience of mine mid/long term revenue and cost modelling are
highly required skills for TCO cost professionals. P2 indicated that TCO practitioners
must be capable of mid/long term cost planning for the mine and as required should
have vast comprehension of short term cost planning for high valuable mine
equipment. The panel members (50%) agreed or strongly agreed that the TCO
practitioners should be able to communicate and negotiate with suppliers, whilst 43%
remained neutral.
The minority of the Delphi expert panel (37.5%) agreed that TCO practitioners need
training classes for TCO implementation, whereas 50% had neutral views and 12.5%
disagreed. The descriptive analysis results showed that although practical experience
in mine category and commercial management; as well as practical experience in the
mine return on investment analysis (ROI) were achieved mean scores 4.00 and 3.88
respectively, the panel members did not achieve consensus on these statements due to
IQR rate of 1.5 and 2.0 respectively. The IQR results for seed question 7 are presented
in Figure 4-7.

Figure 4-7 IQR results for seed question 7, main study.
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Seed Question 8: What are the critical supply risk factors that should be considered

along with the TCO application in the mining industry?
A review of the results to this seed question illustrates that consensus was achieved
among the expert panellists. The SPSS® Friedman test for seed question 8, had a pvalue of 0.065 which was greater than 0.05, hence the null hypothesis could not be
denied. In response to the twelve statements presented, there was no remarkable
difference among the panel members. According to the IQR results, all the statements
had a value less than 1.5, supporting that the group members attained a consensus.
The descriptive statistics analysis results, presented in Table 4-21, displayed that
contributors in this research (81%) either agreed or strongly agreed that uncertain
capacity was the most important supply risk factor required to be considered along
with the TCO application in the mining. P15 mentioned that if a specific supplier has
extremely uncertain proceeding times for porting, mining category managers are
required to consider extra safety stock to retain the desired clients service levels against
increments in supply uncertainty. With a mean score of 4.00, global sourcing risk
element obtained the second important risk of supply factors by panel experts’ opinion.
Low technical reliability was recognized as the third important supply risk factor with
a mean score of 3.88.
Table 4-21 The descriptive statistics analysis and Friedman Test results of main study; seed question 8.

The modified Delphi study group (63%) agreed or strongly agreed that the monopoly
supply risk factor needs to be noticed along with the TCO, whereas the rest of the
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contributors remained neutral. The majority of the study group (67%) agreed or
strongly agreed that formal training was required for effective implementation of total
ownership cost strategies, whereas 30% remained neutral and 3% disagreed. Both
responsiveness of supplier; poor quality and service; and supplier market strength are
those supply risk elements which obtained 56% of contributors’ strong agreement or
agreement opinion. According to the results, lack of integration with suppliers, failures
to make delivery requirements; and suppliers risk management experience were
considered as the next ranks of the important risk of supply elements respectively.
Only 25% of the experts strongly agreed or agreed that risk of supply associated with
the suppliers who were technologically behind the competitors need to be considered
additional to TCO analysis. Based on experts’ opinion, the last and least risk factor
which needs to be considered along the TCO implementation was the risk of inability
to handle volume demand. The results for seed question 8 are depicted in Figure 4-8.

Figure 4-8 IQR results for seed question 8, main study.

Seed Question 9: What are the methods that may be performed for supply risk

assessment along with the TCO application in the mining industry?
The results of implementing the Friedman test noted that the panel members obtained
the consensus. The result of the Friedman test done by SPSS® shown in Table 4-22
had a p-value of 0.052 which was more than 0.05, so the null hypothesis was not
rejected. Individuals of the Delphi study panel obtained agreement on all 13 statements
since the IQR of the opinions was not greater than 1.
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Table 4-22 The descriptive statistics analysis and Friedman Test results of main study; seed question 9.

The descriptive statistics analysis indicated that when panellists were requested to rate
methods that may be performed for supply risk assessment along with the TCO
application in the mining industry, 81% of the panellists agreed or strongly agreed that
automatic pipeline inventory and order-based production control system algorithm is
the most effective methodology.
Almost 69 % of the panel members agreed or strongly agreed that the next effective
supply risk assessment method was Analytic hierarchy process (AHP), whereas 31%
had no opinion regarding the statement. Other supply risk methodologies which
obtained panel members agreement were Decision Tree, Game Theory and Ordered
weighted averaging approach by the mean score of 3.75, 3.69 and 3.63 respectively.
The panel members agreed (62.5%) that interpretive structural modelling needs to be
implemented along with the TCO application, whereas other panel members (37.5%)
did not have any idea about the statement. Disruption analysis network approach and
Case-based methodology were other supply risk assessment methodologies which had
the mean rate of 3.56 and 3.50 respectively. Both Fuzzy-based failure mode and effect
analysis (FMEA) and Chance-constrained programming obtained group mean score of
3.44 and IQR of 1.00.
Descriptive statistics showed that the multi-objective programming with a mean of
3.38 and Data Envelopment Analysis (DEA) with a mean of 3.37 were the next
effective risk of supply assessment methods by panel opinion. Based on experts’
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opinion, the last and least supply risk assessment methodology which need to be
considered along with the TCO implementation was the Analytic network process
(ANP) with a group mean of 3.19. The IQR results for seed question 9 are illustrated
in Figure 4-9.

Figure 4-9 IQR results for seed question 9, main study.

Summary
The aim of this qualitative, explorative research using a modified Delphi technique
was to identify TCO implementation strategies and develop a practical decisionmaking guideline that senior level mine asset and supply managers can implement to
make purchasing decisions. According to the data, the sound consensus was obtained
among study group members regarding the necessity of practical and reliable protocol
to develop, implement, and manage TCO strategies. Based on Friedman Test results,
among nine seed questions which were prepared by the researcher, the panellists
obtained consensus on four of them in general. As reported by IQR results, the expert
panel members failed to reach a consensus on 15 of the total of 91 statements.
Chapter 4 presents the outcomes of this modified Delphi study based on the research
methodology discussed in chapters 3 as well as the description of data collection
methodologies utilised in the pilot/main studies. The responses supplied by the expert
panel members to all the research seed questions were considered in detail. The next
chapter concludes and supports this research with a series of recommendations
regarding the practical and reliable guideline including best practices for
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administration, implementation and reducing the TCO. Chapter 5 presents a brief
outline of the research; an assessment of the concept, explanation, and magnitude of
the experts’ opinion; and recommendations for further study.
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5

Discussion

Introduction

This chapter presents a brief overview, evaluation, and interpretation of the results in
context to the thesis’ research questions and compares the research’ findings to the
previous research literature, reviewed in chapter 2 of this thesis. In order to crossexamine the research results and to validate the results, the comparative analysis of the
literature is presented in this chapter. This research’s findings and modified Delphi
panel opinion supply a foundation for future practice and research that will support
adoption, implementation, and improvement of TCO analysis in mining sectors.

General Discussion
The intent of this qualitative, explorative research utilising a modified Delphi
technique was to identify TCO implementation strategies and develop a practical
decision-making guide that senior level mine asset and supply managers can
implement to make purchasing decisions. Leaders and decision-makers in the mining
industry must implement optimised and reliable decision-making methodologies for
amplifying their business competitiveness (Komljenovic et al., 2015).
In addition, effective and modern management of mine assets can secure the
competitiveness and also improve the mining enterprises’ profitability. This study
brings a new application of TCO for mining sectors by surveying the decision-making
guideline that may be helpful for mine asset management and supply chain.
Notwithstanding the business competitive advantages and potential cost savings that
were discussed in the literature review, TCO strategies are not widely implemented
(L. Ellram, 1993; Ferrin & Plank, 2002; Hurkens et al., 2006; Milligan, 1999;
Rosenback, 2013; Wynstra & Hurkens, 2005).
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The concepts of total cost of ownership date back to the early-1900s since it first
appeared in the literature on purchasing (Harriman, 1928). Previous research was
focussed on the TCO practices and notions, benefits, restrictions, difficulties,
significance and contribution of critical performance elements, motivations and
impediments to administration over the life cycle of products/services. It typically
specified only that the primary purchasing cost should not be considered since the total
costs are much greater than the initial purchase cost and that this also changed the
business decision-making strategies from short-term cost benefits to the long-term cost
of ownership benefits (Degraeve et al., 2004; L. M. Ellram & Siferd, 1998; Ferrin &
Plank, 2002).
This qualitative research put the focus on the TCO guideline development that can be
utilised by the experts in the examination and effective application of TCO strategies.
The opinions and viewpoints of a different group of TCO practitioners were desired
using a modified Delphi technique. The questionaries, interviews, and surveys,
specified which best practices and critical performance elements could be embedded
in the implementation of the TCO strategy guideline.
A 5-point Likert-type scale questionnaire was prepared and the responses to questions
assessed using descriptive statistics analysis and the interquartile range (IQR). SPSS®
was executed to run the Friedman two-way analysis for measuring the descriptive
statistics and assessing the hypothesis that each of the panellists should supply the
same answer on the Likert-type scale questionnaire and that the mean ranks of
statements should not vary.
The TCO modified Delphi panel was initiated with 27 practitioners and finalized with
16 professionals who utilised, operated, and developed TCO applications in their
profession. The TCO practitioners were requested to contribute as panel members to
deal with the following two research questions:
1-

What are the benefits, barriers and limitations for implementing and
developing the TCO analysis framework along the mine asset management
and supply chain?

92

Total cost of ownership along the mine asset management and supply chain

2-

What are the best practices, strategies and critical performance elements
for implementing and developing the TCO analysis framework along the
mine asset management and supply chain?

The experts’ opinions were collected and used for practical guideline creation and
development to enable and support mining decision-makers in the process of
determining and administrating TCO strategies. Conclusions based on literature
review, the modified Delphi technique, and data analysis will be introduced and
interpreted in the next section. The responses supplied by the TCO practitioners to the
research questions are condensed and critically analysed. The description,
interpretation and assessment of the results supported the importance and implication
of this research for TCO decision makers and leaders of mining sectors in the TCO
strategies development and implementation processes.
All the seed question findings and usage discussed in the introduction chapter follow
in the next section. Some of the advantages that are results of the effective application
of TCO strategies in the purchasing system include improvements in controlling
vendor proficiency issues, enhancing decision making and problem solving processes,
better communication between purchaser and suppliers, and performance assessment
of suppliers (Carr & Ittner, 1992; Cavinato, 1992; L. Ellram, 1994; Ferrin & Plank,
2002; Herrera Piscopo et al., 2008; Wierdf & Åhgren, 2007).
The purpose of the modified Delphi research was to find agreement among a delegate
group of TCO experts in response to two research questions. Nine seed questions were
created and the expert panellists were requested to supply a precise description,
specification, and comprehension of their professional opinion. The development of
the TCO decision-making guide was achieved based on the expert panellist’s
responses. The researcher utilised face to face interviews, remote interviews, and email
communications for collecting responses to the open-ended questions and for the 5point Likert-type scale questionnaires.
After collecting the data and conducting descriptive statistical analysis, those
statements or opinions that fell outside the group median score were eliminated from
the next round of survey and evaluated as inconsequential. In the third round survey,
those statements which fell below the mean were returned back to the panellists who
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were given the opportunity to change their responses or supply a reason for those
responses.
Seed Question 1: What are the advantages/benefits of performing the TCO
methodology for asset procurement in the mining industry?
In the examination of seed question 1, twelve statements were prepared for the panel
members for the second round 5-point Likert-type scale questionnaire. Three of those
statements were recognized as being unimportant since they fell outside the group
median score. Eleven statements were weighted acceptable by the panellists for the
following round of the study. During the literature review, a series of advantages were
defined after performing the TCO analysis.
The expert panel members concluded that the most advantageous consequence of
performing TCO strategies is that it provides cost reduction assessment by true
measurement of return on investment (ROI). A ROI estimation considers both the
costs and the anticipated benefits over a particular timeframe while TCO considers
only the costs (Rong Chang et al., 2014). The pivotal difference in these two methods
of financial analyses is that the ROI technically is based on cash flow modelling which
not only includes the quantified cost elements but also considers the investment
savings. A TCO analysis helps mining enterprises find savings through identification
and reduction of future pivotal cost elements.
As the next most integral advantage of TCO implementation, the panel members rated
better clarification of supplier performance for both supplier and purchaser. This
statement was confirmed by other authors who mentioned that TCO application
improves the vendee’s perception of supplier performance evaluation and cost
structure illustration as well as prepares accurate and valuable data for negotiation
(Bhutta et al., 2002; Inemek et al., 2009; Jääskeläinen et al., 2018; Mohammady
Garfamy, 2006; Scott et al., 2018; D. D. Wu, 2010). The important issue is that the
TCO analysis can be used for supplier performance evaluation, which has not been
discussed by the suppliers and can be further investigated in the literature.
The panel members rated the accessibility of quantitative data which can be used for
prediction of true cost and analysis of trends as the third consequential advantage of
TCO implementation. TCO implementation helps mining leaders avoid previously
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unknown and unannounced critical expenses during the life cycle of the
product/service operation. An effective TCO analysis assisted the mining enterprises
to identify and anticipate cost requirements for future funding during financial
modelling. The panel members believed that TCO analysis provided an indication of
major opportunities for cost savings which is very beneficial for the mining industry.
The literatures showed that enterprises which were interested in cost savings in their
organization could utilize TCO as a measuring tool for showing actual impact and
identifying major opportunities (Degraeve & Roodhooft, 1999b; Herrera Piscopo et
al., 2008; McKevitt et al., 2016; Uyar, 2014).
The researcher noticed a significant issue in cost-saving concepts in which TCO can
be helpful for mitigating its consequences. During purchase making decisions, mine
category managers are more interested in cost-saving criteria in which they can
effortlessly get credit while ignoring other criteria which are hard for them to claim.
Discounting is one of the important and effective elements for negotiation among the
purchasing managers, and they can report it to the leaders of the organisation while
cost savings based on other elements like an increase in reliability is really hard for
them to calculate, prove and demonstrate to their superiors. TCO implementation can
help category managers to rectify this significant problem.
The modified Delphi panel failed to obtain a consensus showing that performing the
TCO can be helpful for effectively measuring the quality improvement. The panel
members also did not agree with the influence of TCO utilization on the justification
of higher initial prices based on better quality and lower total cost. The p-value
calculated from the Friedman test demonstrated that there was no consensus between
panellists on this issue.
Seed Question 2: What are the limitations/barriers which slow down the TCO
application efficiency for mine asset procurement?
The discussion of the results begins with analysis of the reviewed literature which
showed there are distinguishable limitations/barriers to the utilisation of TCO
application strategies in the development of mine asset procurement. Twelve factors
were supplied in the second round survey. Two elements considered worthless were
eliminated and the remaining ten elements were admitted by the panellists to be the
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most consequential limitations/barriers which slow down the TCO application
efficiency and were supplied for Round 3 of the survey. The results of the descriptive
statistics analysis in the third round survey provides evidence that lack of considering
the risk of supply with a mean of 4.56 is the most pivotal barrier/limitation for TCO
application in mining firms. The interquartile range of 1.00 was applied to prove that
the panel members obtained a consensus with these statements. The researcher could
not find any paper which mentioned this matter along the TCO application.
A review of the literature illustrated that TCO overlooked the revenue and missed
revenue enhancement opportunities (Herrera Piscopo et al., 2008; Rosenback, 2013;
Wouters et al., 2005). The panel members supported the view with consensus that
revenue effects are not within the scope of TCO application as the second most pivotal
limitation to the application of TCO analysis for mine asset procurement. TCO is the
summation of all costs including obvious and hidden costs incurred during the
generative lifetime of the product/service plus the purchase price and considering the
primary purchase price alone does not illustrate a precise TCO perspective (J.
Anderson et al., 2007; L. M. Ellram, 1993; Hurkens et al., 2006). An effective supply
chain process which is based on a TCO tool has the potential to extend purchasing
decisions beyond the initial price of the asset and consider long-term perspectives of
hidden and explicit costs for carrying out business with various suppliers.
The expert panellists believed that the third most integral limitation/barrier to TCO
utilisation is that TCO is overlooked by enterprise procurement budgets which are
primarily based on initial price. The expert panel indicated that availability and shareability of the data between the company’s divisions or between two companies
including supplier and purchaser is essential and vital for implementing TCO analysis.
This outcome is consistent with findings of past studies which indicated that shortage
of readily available data, poor information and data tracking systems, and inefficient
communication as TCO implementation barriers (L. Ellram, 1994; Hurkens et al.,
2006).
The p-value result of the Friedman test demonstrated that there was no consensus
between panellists for seed question 3. According to IQR, there was no consensus
reached among the panellists when asked to rank the criticality of inconsistency among
procurement, asset management and maintenance departments.
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Seed Question 3: What are the main reasons for the limited implementation of TCO
analysis as a sales tool in comparison to the procurement tool?
Seven statements were supplied in the second round of the study according to the
response captured from the open-ended questions. Based on the result of the
descriptive statistics analysis, the six statements recognised by the panellists to be the
most substantial were contributed in the next round of study. One of the seven
statements which fell below the group median and was eventually eliminated
concerned the revenue improvements for the seller.
The TCO panel members confirmed that the most pivotal reason for limited use of
TCO as a sales tool is the sellers’ inability to present the true cost structure of their
offering with a mean of 4.31. P1 mentioned that presenting cost breakdowns found on
sellers’ monetary statements and business market information needs to be utilised as a
negotiation tool for smaller margins with the sellers. TCO analysis must consider all
the cost drivers from the beginning to the end of the pipeline, and it is unimportant
what the margin is as long as the price is competitive. Suppliers prevent discussion
regarding the magnitude of their margin (Rosenback, 2013). The author presented that
by revealing true sellers ‘costs and margins, TCO could help them to reduce their costs.
Negotiating circumstances and leaks to competitors are two main reasons that prevent
suppliers from revealing their true cost structure.
The panel members supported the view that TCO calculation is associated with the
high risk of revealing and resource intensive activity as the second most integral reason
for limited use of TCO among the suppliers. From a purchasers’ perspective, the only
way to present the true cost structure of suppliers and service providers’ sales
reasoning is to do a feasibility study or trial on the product/service while operating
within a mine area which is not possible for them.
P2 noted that the mine operation suppliers could not reveal the details of TCO analysis
and expected their clients to purchase their products/services just based on sellers TCO
estimation version. There is always a risk of leaking information such as technical
knowledge/science from their company to their competing companies. According to
the hypothesis that the statement from each panel member should be similar, a nonparametric ANOVA Friedman test was administrated and the IQR was computed for
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each answer. The p-value result provided evidence that the panel was able to reach a
consensus, but the interquartile range illustrated that the panellists were not able to
obtain a consensus on two statements. Suppliers’ customers do not implement TCO
analysis for supplier selection was the least important statement.
The panel of experts provided that effective communication skills, practical operation
and support cost estimating experience, practical total ownership cost strategy
implementation, and practical experience in systems engineering across the life cycle
of complex systems are the next most important attributes or skills required in the
development and implementation of total ownership cost strategies. No literature
providing insight into the required skill set that a total ownership cost practitioner
should have was discovered.
Seed Question 4: What critical and pivotal cost drivers have you identified for
assessment and implementation of TCO in mining enterprises?
Based on the statements captured from the open-ended questions, eighteen critical
performance elements were supplied in the second round surveys that needed to be
considered in the TCO assessment. As a result of the descriptive statistics analysis, the
15 cost factors considered by TCO expert group to be the most consequential cost
elements were presented in the next round. Three of the 18 cost drivers which fell
below the group median were discarded from the study. According to the @SPSS
Friedman test statistic results, the null hypothesis was rejected because a substantial
difference was noticed among the panellists’ opinion.
The IQR showed that little consensus was obtained among the panellists ranking the
criticality of the cost elements. P9 noted that key cost elements would vary based on
mining companies purchasing policy and strategy. P11 classified mining companies
into mining companies that own and operate the mines; and mining services provider
companies.
The modified Delphi panel of expert opinion was in agreement with the reviewed
literature which noted TCO necessities varied over the product/service life cycle. Cost
of production loss (downtime) captured the highest rank and cost of delivery obtained
the least rank of cost driver importance. The panel members did not agree on five cost
elements including the cost of sourcing, quality, manufacturing, corrective
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maintenance, and warehousing. According to the group response, the cost drivers can
be classified into three main areas: acquisition costs; operation costs; and
maintenance/reliability costs.
Seed Question 5: What methodologies or tools can be utilised for better estimation of
TCO over the entire lifecycle of the assets or services?
In this assessment, twelve statements were presented to the TCO expert panel in the
third round 5-point Likert-type scale survey. A Friedman test was administrated and
the IQR was implemented for each statement in Round 3. The p-value result of the
Friedman test supported evidence that the panellists were unable to obtain a consensus.
There was agreement among the panel members on all methodologies except one
methodology concerning the best method for estimation of TCO over the entire
lifecycle of the assets or services. P11 declared that capable, credible and secure record
keeping systems were essential and supported the idea that historical cost and quality
performance data was needed for effective TCO estimation.
Moreover, P6 noted that mining companies should identify the importance and
criticality of storing and maintaining data during the TCO calculation. Although
detailed record keeping for the comprehensive review of past performance historical
data was considered by the panellists to be the most essential strategy for TCO
estimation, the researcher did not find this technique as a strategy for TCO application
in the review of the published literature. There have been studies in the literature
reporting readily available data as a significant barrier to implementation of TCO in
any industry (Hurkens et al., 2006; Korpi & Ala-Risku, 2008). P16 noted that the
accuracy of TCO calculation relied on the availability of detailed data such as
reliability failure rates, the cost for the maintenance regime, and lost gross margin cost.
Implementation of the electric Kanban system obtained the second most effective
tools/methodologies for TCO estimation. The main concept of this internet based
software is to be interactive with suppliers while enhancing pictorial following and
tracking of the item movement through the whole supply chain. Moreover, by
implementing this collaboration portal and its associated feedback mechanism,
supplier continuous improvement is achievable.
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Implementation of enterprise resource planning (ERP) such as SAP Ariba Commerce
Network, Oracle, etc. obtained the third rank of tools for better TCO estimation during
the survey. ERP software can be applied by companies for collecting, storing,
managing, and interpreting the data for their core business processes. Enterprises
perform the SAP Ariba for purchasing products sourced via the reverse auction
proceedings.
A business marketing platform for tracking all costs associated with purchasing
activities of the auction can be created and established by Ariba. This opinion of the
panel members is consistent with points of past studies, which recommended an
enterprise resource planning system like SAP, and mathematical programming
interlocked to calculate TCO effectively (Degraeve, Labro, et al., 2005). As a result of
the study, the TCO professionals rated a weighted system evaluation and process flow
chart that tracks a purchase item through the entire supply chain as the next preferred
method for applying TCO assessments.
Implementation of Resource Consumption Accounting (RCA) was the only approach
that couldn’t obtain agreement among the panel members. Implementation of material
requirements planning (MRP) or materials information network (MIN) was the least
important tool in the panellists’ opinion. No general software package, estimation tool
and formula was found that could be universally implemented for the TCO analysis of
all cases.
Seed Question 6: What strategies or methodologies can be performed for
implementation and development of a TCO framework?
In this seed question, five statements were supplied in the third round of the study
according to the response captured from the previous rounds. All of the five elements
confirmed by the group members to be the most integral were supplied in the study.
The descriptive statistics analysis results clearly illustrate, with a mean of 4.69 and an
IQR of 0.75, that the TCO experts strongly agree that the most significant statement in
the implementation and development of a TCO application is that all mining enterprise
departments must utilise a single resource system rather than having a multitude of
various systems.
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P14 noted that in their experience the supply chain management division could not
recall/capture data from other divisions because of unfamiliarity with various types of
resource systems within the company. P1 mentioned that due to this non-integrated
resource system; one department needs to ask other departments to supply them with
the required data which was not accessible for them and was a time-consuming
activity.
TCO estimation and implementation requires systematic and detailed analysis, which
involves several resources such as procurement, selling, production, finance and
maintenance personnel from different divisions and must include facilities for
capturing, tracking and storing true cost via a single, unique and integrated resource
system. The calculated P-value supported the refusal of the null hypothesis since a
notable difference was recognised among the expert panellists. Implementation of
Work Breakdown Structure (WBS) and systems development life cycle (SDLC) was
the least most important of the methodologies in the panellists opinion. A work
breakdown structure has been used extensively in the car manufacturing industry but
it seems to have been less utilised or applicable in mining system development
(Aghdasi et al., 2011; Huang et al., 2010; Moon et al., 2006; G. Weber et al., 2018;
Wetterlind, 2018).
Seed Question 7: What strategies or methodologies can be performed for
implementation and development of a TCO framework?
In this seed question, nine statements were presented in the third round of study
according to the response captured from the previous rounds. With the p-value result
of 0.065 obtained through the Friedman test, this supported the view that there was no
consequential difference in panel members’ opinion regarding the statements.
However, according to descriptive analysis results, the panellists did not agree on two
statements. Unfortunately, the researcher did not find any literature addressing the
required skill or knowledge for the TCO application.
The panel of TCO experts confirmed that the most integral specification is the
knowledge and practical experience in mining operation cost estimation. The panellists
also agreed that the practical experience in mine equipment reliability and remaining
life estimation is consequential for TCO implementation. According to the group panel
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opinion, practical experience in mine cost modelling, mine asset management and
mine accounting management achieved the next ranks of importance. This rank score
revealed the finding that the panel members believed that mine-based practical
experience is more essential and consequential than the knowledge or specific
qualification for TCO implementation. The panellists also agreed that the ability for
communication and negotiation with suppliers or purchasers is required for TCO
analysis. The TCO implementation training was the least important attribute for TCO
implementation.
Seed Question 8: What are the critical supply risk factors that should be considered
along with the TCO application in the mining industry?
A list of 17 risk factors was presented by the panel members as critical supply risk
factors that should be considered along with the TCO application in the mining
industry. The mentioned list was lessened to 12 critical risk factors that were above
the median of the modified Delphi group and were subsequently presented for the next
round of the survey. The result of the third round survey illustrates that consensus was
obtained among the panellists ranking the significance of the risk of supply factors.
The @SPSS Friedman test result, the p-value of 0.065, showed that the null hypothesis
was not rejected as considerable difference did not appear among the opinions of the
TCO panellists. The IQR confirmed that consensus was achieved among the panel
members. The TCO expert practitioners distinguished that the most consequential risk
factor is the uncertain capacity. The modern integrated supply chains are less flexible
when dealing with uncertainties. Risk is a progressively attaining emphasis due to the
increased uncertainties in the supply chain.
P7 noted that if a specific country had a high degree of uncertainty with the processing
timeframe of the port, then category managers were forced to increase stock as an extra
safety measure to satisfy their customer with the levels of service while experiencing
increased uncertainty of supply. The present findings also support previous studies
which introduced the risk of uncertain capacity as one of the most critical risk factors
in the supply chain (Kumar et al., 2006; Viswanadham et al., 2013).
The panel members agreed that the risk of global sourcing was the second critical risk
factor which needs to be considered. Previous papers proposed that the best actions in
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procurement including global sourcing might cause a negative influence on the
severity of supply disruptions (Craighead et al., 2007). There are articles that also
focused on global sourcing risk and investigated the methodology for its mitigation
(Colicchia et al., 2010; Craighead et al., 2007; Vedel et al., 2013).
The expert panellists believed that the third most critical risk of supply that must be
considered is the risk of low technical reliability. Poor quality and low technical
reliability in the purchased product and its consequences such as higher product cost,
low profitability and loss of a customer as well as the methodologies for mitigating
this specific risk including statistical quality control and inspection were presented by
Tuncel and Alpan in their article (Tuncel et al., 2010).
Risk of supplier responsiveness was the fifth most critical risk factor in the TCO
panellists’ opinion. Chopra et al., 2004 defined supply chain risk as an occurrence
which unfavourably influences supply chain functions and therefore its desired
performance measures, including chain-wide responsiveness as well as the cost
(Tummala et al., 2011). Responsiveness of alternative suppliers was defined and
investigated as a major risk driver (Chopra et al., 2004). They examined the
consequences of several mentioned risk factors on the entire supply chain system such
as disruption, delays and inventory risks. The authors also presented the mitigation
strategies for risk of supplier responsiveness.
Seed Question 9: What are the methods that may be performed for supply risk
assessment along with the TCO application in the mining industry?
Seventeen methods were supplied in the second round 5- point Likert-type scale
questionnaire based on the opinions collected from the open-ended questions.
According to the descriptive statistics analysis results, 13 of the methodologies were
approved by the panellists to be the most effective approaches which can be performed
for supply risk assessment along with the TCO application in the mining industry.
These methodologies were presented to the third round of the survey. Four of the 17
methodologies which fell below the group median were eliminated from the next round
of the survey.
The panel members agreed that the most effective method is the automatic pipeline
inventory and order-based production control system algorithm. For the first time, in
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1994, J.Simon et al., presented an Automatic Pipeline, Inventory and Order Based
Production Control System (APIOBPCS) by integration of work-in process (pipeline
inventory or supply line) information feedback into the production target decision
process (J. Simon et al., 1994). In this method, the order is made to amend the gap
between a constant target net stock value and the current level of inventory.
Besides, this methodology is capable of filling the gap between a variable target
pipeline inventory and the current level of pipeline inventory (Cannella et al., 2011).
This methodology can be a potential solution for the bullwhip effect problem in the
supply chain. The Bullwhip Effect indicates where a minor variation at the order
demand end of a supply chain are gradually fortified for a process further back in the
chain (Buchmeister et al., 2008). Disney and Towill presented a mathematical model
of APIOBPCS to investigate the bullwhip effect problem (Disney et al., 2003). The
authors presented descriptive smoothing methodology to create order forecasting as
one part of the order information.
The TCO panel members agreed that the next capable supply risk assessing method
was the Analytic hierarchy process (AHP). Analytic hierarchy process (AHP) is a
problem-solving framework and measurement theory which has been presented as a
multi-factor decision-making analysis methodology to assess alternatives in the
complex system (Emrouznejad et al., 2017; Ramanathan, 2007). AHP is an excellent
tool for managers to evaluate the vendors across the board and assist them in making
a purchasing decision considering qualitative criteria (Bhutta & Huq, 2002). AHP was
recommended by Wadhwa for measuring multi-attribute supplier risk (Wadhwa,
2008).
Decision tree and game theory were the next methodologies that obtained the panel
members agreement. A decision tree is a procedure for evaluating an alternative path
of interest using a graphical representation which understandably illustrates the
decision-making path from labelled paradigms (D. Wu, 2009). There are literature
which present decision trees as a capable method for evaluating the suppliers and
assessing the associated risk (Berger et al., 2004; Ray et al., 2016; Ruiz-Torres et al.,
2013; D. Wu, 2009).
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Game theory presents a mathematical framework for modelling the system and
providing solutions in economical or complex situations (Hennet et al., 2008). Game
theory can help proceed with the strategy set which considers the risk associated with
the producer and the retailer; secures maximum commercial benefit; and create a stable
and win-win situation for all (Barari et al., 2012). With the obtained IQR of 0.0, the
expert panel members strongly agreed that Analytic network process (ANP) was the
least risk of supply assessment methodology in comparison to other risk assessment
methods in this study.

Summary
Chapter 5 discusses and critically analyses the results of the modified Delphi study
which was presented in chapter four as well as reviewing other relevant literature
which addressed or investigated the findings and outcomes of this survey. The next
chapter concludes and supports this research with a series of recommendations
regarding the reliable practical guide including best practices for administration,
implementation and reducing the TCO. The proposed Modified Delphi-Based TCO
practical guide is presented in appendix section 8.
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6

Conclusion

Introduction

This chapter presents the major conclusions and significant findings from this research.
It contains the following five parts: (a) research questions; (b) conclusions; (c)
assumptions, limitations and restrictions of the research; (d) recommendations and
future studies to advance the findings of the study; and (e) a summary of the research.

Research Questions
Two main research questions and nine supporting seed questions guided this research
study. The first main research question was planned to identify the benefits, barriers
and limitations for implementing and developing the TCO analysis guideline along the
mine asset management and supply chain. The second research question was designed
to address the best practices, strategies and critical performance elements for
implementing and developing the TCO analysis guideline along the mine asset
management and supply chain. The following nine seed questions guided the study:
1- What are the advantages/benefits of performing the TCO methodology for
asset procurement in the mining industry?
2- What are the limitations/barriers which slow down the TCO application
efficiency for mine asset procurement?
3- What are the main reasons for the limited implementation of TCO analysis as
a sales tool in comparison to the procurement tool?
4- What critical and pivotal cost drivers have you identified for assessment and
implementation of TCO in mining enterprises?
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5- What methodologies or tools can be utilised for better estimation of TCO over
the entire lifecycle of the assets or services?
6- What strategies or methodologies can be performed for the implementation and
development of a TCO framework?
7- What knowledge or experience or qualifications are essential for implementing
TCO in the mining sector?
8- What are the critical supply risk factors that should be considered along with
the TCO application in the mining industry?
9- What are the methods that may be performed for supply risk assessment along
with the TCO application in the mining industry?
Answering to these mining industry related questions can be helpful in implementation
of TCO strategies for reduction of life-cycle cost.

Conclusions and Implications
Following the best functions of the modified Delphi study, this research consisted of a
pilot study and the main study. The objective of the pilot study was to examine the
iterative-round data collection process, as well as improve and validate the collected
data to amplify the successfulness of the main study. Data collection for both studies
was performed in three rounds, with nine seed questions in each round presented for
answering the two main research questions.
The necessity of utilising a decision-making guideline for guiding the TCO through
the whole product/service life cycle was revealed by reviewing the literature and was
also an outcome of this research. This notion was indicative of the scope of decision
making that is the best determined by obtaining the consensus of different qualified
panellists. The expert panel members came to a consensus regarding various critical
cost drivers and best practices vital for TCO implementation and development.
This research enabled the panel members to incorporate their knowledge and
competencies for implementing and developing TCO analysis. In the study, the remote
or face to face interview research methodology was implemented to secure anonymity
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of the panellists. In TCO based perception, cost targets need to be implemented and
developed early in the asset life cycle. The targets need to be quantifiable, reasonable,
repeatable and follow determined schedules. The more precise the historical data that
can be used, the more reliable the TCO analysis that can be achieved and
administrated. Detailed record keeping for a comprehensive review of past
performance historical data, electronic Kanban system and enterprise resource
planning (ERP) software are needed for better estimation of the TCO of the mine asset.
The costs associated with the production loss (downtime), loss of operational
availability and preventive maintenance must be specified in the initial phase of
development and followed throughout the entire life cycle of the asset. Maintaining
TCO implementation and its utilisation process requires the use of simple, ordinary
and uncomplicated procedures that are followed through the resource system. This
furthermore requires full access to the historical data for all users from different units
and divisions of the mining enterprise and can be really effective for purchasing tradeoff decisions.
Sharing true cost information captured from administering the TCO analysis can
enhance the scope, appropriateness, validity and reliability for further strategies in the
future. Sound knowledge and practical experience in mine operation cost estimation,
equipment reliability and mid/long term revenue and cost modelling along with the
ability to communicate and negotiate across their company’s sectors or with mining
suppliers are essential TCO practitioner attributes. Mine procurement processes need
to concentrate on long-term TCO criteria rather than on short-term ownership costs.
Mining business leaders and decision-makers can encourage and instruct their mine
managers to develop realistic, practicable TCO strategies and targets for all mine
operation divisions at the initial phase of mine planning. The strategies and true cost
targets should be considered as an ongoing process which monitors, reviews, tracks
and updates true cost associated with the mine asset utilisation through its life cycle.
Various limitations and barriers to the effective utilisation of TCO analysis including
the overlooking risk of supply and the accompanying revenue effects are discussed in
this research. However, many small to medium sized mining companies currently
prepare their procurement budgets based only on the initial price.
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Mining companies should unify and incorporate not only their acquisition, but also
their operation and maintenance budgets so as to reconcile their unique budgeting
system from an initial price based budget to the TCO concept based budget. In the
mine operation, there are equipment, items and services which are not only
exorbitantly priced but also associated with the higher risk of supply because of
deficiency of the products or services. Hence, the combination of two methodologies
for supplier selection, the risk of supply assessment methods and Total Cost of
Ownership (TCO), can be more effective and practical for mine based supplier
selection.
This research confirms that there are practical advantages in integrating the two
methodologies under one unified method. Pairwise comparison methods can be an
option for considering both methodologies. By involving the mining leaders and
decision-makers in the TCO implementation process, the admission of the TCO
application efficiencies by the mining enterprises’ top decision-makers becomes
easier.

Assumptions, Limitations and Restrictions of the Study
This qualitative research was administrated utilising a modified Delphi technique to
collect mine TCO professionals’ opinions, comprehension, experiences, and beliefs.
The panel of TCO practitioners was chosen following the selection criteria presented
in chapter 3. The viewpoints of the panellists were utilised in anticipating the benefits,
limitations, barriers, shortages, critical performance elements, and difficulties with the
development and execution of TCO strategies. The elements were assumed to be
essential for decision-making guideline development to equip and support the mining
industry in defining, improving, developing, and assisting the application of costsaving methodologies.
This research was founded upon the following hypothesis. Each assumption was
validated in the research.
1- There are benefits for mining industry leaders and decision-makers in
utilising TCO strategies.
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2- Secondly, there was no worldwide version of a TCO framework which was
adaptable and applicable to all TCO applications for helping decision makers
in facilitating trade-off analysis and in recognising the TCO critical
performance elements.
3- The practitioners that contributed in this research were identified and
recognized experts by their experience and professional background.
This research was restricted to the decision-making guideline development which may
be utilised in the mining industry. These restrictions were beyond the researcher’s
control. The first restriction was in specifying the best strategy as the most favourable
and effective TCO practice as supplied by the panellists. The second limitation is this
research was restricted to the TCO application in the mining industry. The third
restriction was the engagement of professionals in this modified Delphi research who
comprised practitioners who are skilful, knowledgeable, and experienced in the
development and procurement in the mining sectors and were identified as leaders and
decision-makers.
The researcher conducted this research using the three-round modified Delphi
technique with 16 TCO expert panellists who were knowledgeable professionals and
were experienced in the practice of TCO analysis in their mining sectors. At the initial
phase of the Delphi study, an informed consent letter was sent via email to the potential
identified panel members. The modified Delphi study was preceded by a pilot study
with seven expert panel members to verify and validate the capability of the research
questions (Franklin & Hart, 2006). The pilot study members were requested to
introduce additional potential experts to minimise any potential bias of the researcher
(Custer et al., 1999).
During the primary round of the modified Delphi study, the TCO professionals were
supplied with the open-ended questions. The panel members had the opportunity to
suggest additional questions that could amplify the quality of the study. Based on the
collected opinions, the researcher prepared the next round questionnaire in the form of
a 5-point Likert-type scale. Following the second round, those statements that fell
below the group median were eliminated from the questionnaire for the next round.
Each participant was requested to revise their previous responses which captured no
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consensus by the panellists. The results of the study may not be applicable or accepted
in other industries. The next section provides the recommendations and future studies
for the TCO decision makers.

Recommendations and future studies
According to the overall results and following the literature review, it became very
clear that although the performance and development of the TCO analysis was
effective and viable for business competitive mining enterprises, this application also
needs to be implemented along with the risk of supply methodologies. The panellists
agreed that no single TCO model would meet the needs for all business sectors.
Altogether, the panel members confirmed that in the majority of cases the primary
purchase price, the reliability/maintenance, and operating cost must be considered into
the TCO analysis.
It is a very difficult task for any mining enterprise to define and calculate the costs
associated with mine production asset availability and costs associated with production
loss (downtime). The expert panellists believed that if a mine operating system was
not available for production utilisation when required, it could result in a large loss of
profit. As the mine asset is operated through its life cycle, all associated cost
information should be captured and the TCO assessment should be updated because
individual mine assets require specific and unique TCO assessment during each phase
of the asset lifecycle and not all critical cost factors may be needed.
The mining technologies change and improve every day, and mining enterprises are
required to maximise or maintain their competitive advantage, hence they need to
pursue the study of TCO and LCC analysis in the future. Mining service companies,
the most integral purchaser of mine operation equipment, still have their own
realisation of mine product quality and reliability and this will affect their purchasing
decision-making.
The supplier selection in the mining industry can be extended in various directions.
One of the future study areas can be supplier monitoring. It is very clear that elements
of the supplier performance can vary over time, hence real-time monitoring of mining
product sellers can be an option. The determination of supplier performance elements
for monitoring and the frequency and time interval of monitoring will be a challenging
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task. To maximise the performance of the TCO application in the mining industry, the
risk of uncertainty and other critical risk factors need to be considered along with the
TCO analysis. Supplier selection analysis that considers the critical costs of production
loss, operational availability and preventive maintenance will provide the mining
purchasers with more accurate and true cost data.
TCO application is mostly utilised for mine equipment but it can be extended to
include supplier selection for services as well. Services are intangibles; hence it is
important to determine their necessities in a formal proposal. Mine services are highly
technical; hence, mining companies’ leaders and decision makers should be proficient
and their practical mine production knowledge is integral and vital for the purchase
decisions. Selection of mine services suppliers is subjective, but tracking and
examining the right services is more difficult.
One of the panellists suggested that implementing and developing TCO analysis needs
to be considered as a potential research topic in academic research centres. As
mentioned before, there is not enough available or accessible literature which discusses
or develops the notion of mining based TCO strategies, mine category control and
management, and precise practical cost-benefit analysis in the mining industry. The
comprehensive research programs for implementing and developing TCO strategies
for mine project management, production/operations, finance and procurement can be
of value. Future studies should not be restricted to mining products or equipment alone
and can benefit from expanding the research to the mine services sectors as well.
Although each product or service needs to have a unique and individual TCO
assessment, a practical guide was developed from this research as a guideline for the
application of strategies throughout the TCO phases. This practical guide may support
the mining decision-maker with a few pivotal elements to sum up the TCO from a
strategic, tactical and operational point of view through the entire lifecycle of the
product or service. The strategic method covers the broad, long-term goals and actions;
the tactical method considers the activities that guide the usage toward achieving the
strategic goals and actions; and the operational method presents the day-to-day
processes that achieve the tactical objectives and actions. The proposed Modified
Delphi-Based TCO practical guide which is presented in appendix section 8 is the
guide resulting from this research and is based on the TCO experts’ opinions regarding
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the criticality of the elements and implementation of the mentioned parameters and
strategies.

Summary
The ongoing challenge of the mining companies is to compete in the global economy.
Reducing costs results in higher productivity and greater profitability. Costing models
such as TCO help in decreasing costs when making purchasing decisions. However
the identification of the true costs associated with all of the activities in the mine supply
chain can be complicated. TCO application in and along the mine asset management
and supply chain needs multiple tools, however the nature of these tools is still
debatable and a significant point of discussion.
The researcher performed a qualitative exploratory modified Delphi study to
determine the tools, practices, strategies, and necessities that need to be considered by
mining firms for successful utilisation of TCO analysis in mine procurement decisions.
The data collection phase was performed through three rounds of semi-structured face
to face interviews, by phone and through the use of email. Methodological member
checking was used to secure and validate the collected data. Data analysis revealed
many important strategies that mine asset and category managers could administrate
in performing the TCO approach in supplying or purchasing decisions.
The research findings indicated the criticality of identifying key cost elements yet
confirmed some rather simple methodologies and tools which can be implemented.
Detailed record keeping databases, web-based systems, Kanban systems, enterprise
resource planning (ERP) such as SAP, Ariba Commerce Network, Oracle, etc. can be
used to supply solid and reliable infrastructure on which to establish cost and supplier
analysis platforms. The utilisation of a single and unique resource system with fulltime access to all cost information for all divisions of a company along with the
implementation of target costing especially at the initial phase of budget allocation in
a company can be very beneficial for mining enterprises.
The research clearly presented the effectiveness of the simple and uncomplicated
approaches that are available for collecting the total cost information. Although both
the literature and the research confirmed the consequential benefits of performing TCO
analysis for making purchasing decisions, the lack of consideration of the risk of
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supply and revenue effects were found and highlighted in this research. Critical risk of
supply elements such as uncertain capacity, global sourcing, low technical reliability
and monopoly, etc. need to be considered and assessed along with the TCO analysis.
Automatic pipeline inventory and order-based production control system algorithm,
Analytic hierarchy process (AHP), decision tree and game theory are among other
methodologies which were also identified as effective methodologies for risk of supply
assessment.
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APPENDIX 1: Invitation Letter

Date: (To be provided)
Subject: Invitation to Participate in Research
To: (Expert Panellist)
Dear (Expert’s Name)
You have been identified as an expert because of your knowledge, background and expertise of the asset /supply
chain /purchasing management. My goal is to form an expert Delphi panel including at least 8 accredited experts like
yourself. It is an absolutely voluntary participation, so you may withdraw from the study at any time. Your participation
in this research will be of great value and essential to its success. As a member of the expert panel, your knowledge,
information and advice will supply and support us with important understanding regarding current and future total cost
of ownership relevant to the asset management and supply chain in the mining industry.
The research study is titled:
Total cost of ownership along the mine asset management and supply chain
The Participant Information Statement and Consent Form are attached.
If you are willing to participate in this study including at least three rounds of the modified Delphi survey, please sign
the Consent Form and send it to me.
If you are unable to participate at this time, I would appreciate it if you would let me know so I can remove you from
my contact list.
Your name or your business affiliation and your personal information will remain anonymous during the study. Your
identity and any data gathered will always remain confidential.
The researcher conducting this study is Amir Noorbakhsh, a PhD candidate at School of Civil and Mechanical
Engineering, Curtin University. This research is being conducted under the supervision of Professor Brett Kirk, who
is the main supervisor of my research. If you have any questions, my contact number is +61420377203 (Cell) or +61
8 9266 1154 (Office).
Thank you in advance for your support and consideration.
Regards,

Amir Noorbakhsh

BSc, MSc Mining Engineering

PhD Candidate | School of Civil & Mechanical Engineering
Curtin University

CRICOS Provider Code 00301J
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APPENDIX 2: Participant Information Statement

130

Total cost of ownership along the mine asset management and supply chain

131

Total cost of ownership along the mine asset management and supply chain

132

Total cost of ownership along the mine asset management and supply chain

APPENDIX 3: Consent Form
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APPENDIX 4: Questionnaire
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APPENDIX 5: Spider Diagrams
Seed Question 1: What are the advantages/benefits of performing the
TCO methodology for asset procurement in the mining industry?
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Seed Question 2: What are the limitations/barriers which slow down the
TCO application efficiency for mine asset procurement?
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Seed Question 3: What are the main reasons for the limited
implementation of TCO analysis as a sales tool in comparison to the
procurement tool?
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Seed Question 4: What critical and pivotal cost drivers have you
identified for assessment and implementation of TCO in mining
enterprises?
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Seed Question 5: What methodologies or tools can be utilised for better
estimation of TCO over the entire lifecycle of the assets or services?

147

Total cost of ownership along the mine asset management and supply chain

Seed Question 6: What strategies or methodologies can be performed for
implementation and development of a TCO framework?
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Seed Question 7: What strategies or methodologies can be performed for
implementation and development of a TCO framework?
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Seed Question 8: What are the critical supply risk factors that should be
considered along with the TCO application in the mining industry?

150

Total cost of ownership along the mine asset management and supply chain

Seed Question 9: What are the methods that may be performed for supply
risk assessment along with the TCO application in the mining industry?
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APPENDIX 6: Co-author Attribution Approval Statement
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APPENDIX 7: Copyright Permissions

157

Total cost of ownership along the mine asset management and supply chain

158

Total cost of ownership along the mine asset management and supply chain

APPENDIX 8: TCO Practical Guide
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