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Fuel prices in South Africa are variable and steadily rising. Diesel
accounts for a large portion of operational expenditures in open-cast
mining, placing pressure on fleet managers to address fuel theft and
wastage. Raw data is often obtained in a variety of formats (handwritten
or digital) in this environment. A need therefore exists to capture,
interpret, and utilise raw diesel data to gain insights for decision-
making. It is critical to develop a diesel management system that can
monitor and track fuel usage to increase performance, lower operational
and maintenance costs, and eliminate misappropriation. Mining
companies could benefit from a comprehensive diesel management
system that enabled them to control, report, and track usage. The ‘data-
information-knowledge-wisdom’ hierarchy is used in this study to
capture and utilise raw diesel data for wastage reduction, business
intelligence insights, and data visualisation to assist with faster decision-
making.
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Brandstofpryse in Suid-Afrika is veranderlik en styg voortdurend. Diesel
is verantwoordelik vir 'n groot deel van operasionele uitgawes in
oopgroefmynbou, wat druk op vlootbestuurders plaas om
brandstofdiefstal en vermorsing aan te spreek. Rou data word dikwels in
'n verskeidenheid formate (handgeskrewe of digitaal) in hierdie
omgewing verkry. 'n Behoefte bestaan dus om rou dieseldata vas te €,
te interpreteer en te benut om insigte vir besluitneming te verkry. Dit is
van kritieke belang om 'n dieselbestuurstelsel te ontwikkel wat
brandstofverbruik kan monitor en dophou om werkverrigting te verhoog,
bedryfs- en instandhoudingskoste te verlaag en wanbesteding uit te
skakel. Mynmaatskappye kan baat vind by 'n omvattende
dieselbestuurstelsel wat hulle in staat stel om gebruik te beheer,
rapporteer en na te spoor. Die "data-inligting-kennis-wysheid"-hiérargie
word in hierdie studie gebruik om rou dieseldata vas te lé en te gebruik
vir vermorsingsvermindering, sake-intelligensie-insigte en
datavisualisering om uiteindelik te help met vinniger besluitneming.

1. INTRODUCTION

1.1. Current state of diesel in South Africa

Various major South African economic sectors such as transportation, agriculture, and mining rely on diesel
as an energy source [1]. In open-cast mining, diesel accounts for around 46% of operational costs [2], and
is used to power large vehicles in the mining industry, such as dump trucks, excavators, front end loaders,
bulldozers, graders, and water trucks. These vehicles are mostly used to load and transport material [3].
The vehicles with the highest rate of diesel consumption are dump trucks and excavators [4], which
contribute the most to operational costs.



According to data recorded by the South African Petroleum Industry Association (SAPIA), diesel prices
increased by 40% between 2019 and June 2022. With the continued rise of fuel prices in South Africa and
globally, diesel-dependent sectors are expected to be impacted greatly. This is in addition to the financial
pressures already experienced by mining operations from declining commodity prices, increasing
operational costs, and declining productivity [5].

One of the main challenges that South Africa faces is uncontrollable fuel and commodity prices. Primary
producers, such as mining, are price takers that have to sell their commodities at prices that are set
internationally [6]. In addition, international factors account for about 60% of South Africa’s fuel prices [7].
Two controls that South African mining industries can put in place to manage the impact of diesel price
volatility in their respective organisations are 1) the application of fuel incentives, and 2) the development
of a holistic diesel management system.

The former was discussed in detail in previous research [8]. The main objective of this article, therefore,
is to develop a holistic diesel management system to reduce wastage in open-cast gold mining and to
improve business intelligence insights to assist with faster decision-making.

1.2. Role of data in decision-making

Many operational decisions are made each day throughout an organisation. These decisions are mostly based
on employee experience, but might not be effective because of varying levels of experience and the current
state of the production system [9]. Organisations operating in the contemporary business environment are
moving towards using data to improve decision-making [10]. However, many industries use only a portion
of the available data [11], which highlights the scope for a data-driven approach to managing commodities.

The ‘data-information-knowledge-wisdom’ (DIKW) hierarchy is a widely used approach for transforming
data into useful knowledge [12]. According to the DIKW hierarchy, to understand the complete context of
a problem, data needs to be translated into wisdom [13]. Although companies are collecting large volumes
of data, they still cannot gain valuable insights from it without converting it into wisdom [14]. Business
intelligence (Bl) is a combination of processes, technologies, and products that can provide relevant
information and knowledge that enables organisations to make better decisions [15].

Various tools can be used to analyse and evaluate data to make informed business decisions for strategic
planning and business management. Commonly used data analysis tools include Excel, Power BI, and
Tableau [16]. Power Bl is the tool that was used in this study to interpret, analyse, and visualise diesel data
for valuable insights.

1.3. Overview of diesel management systems

A holistic diesel management system is necessary for faster decision-making through the governance of
diesel usage and cost. Many fleet management systems in freight transportation are based on remote
information monitoring, such as Bluetree, Verizon Connect, and GPS Insight [17], [18]. Fuel management
and monitoring allows the user to track the fuel status of a vehicle, which includes fuel levels, refill
frequency, leak or theft monitoring, and analysing consumption behaviour [19]. Fleet managers are under
pressure to address fuel theft and wastage as a way of reducing operational costs.

Fleet management systems (FMS), also known as vehicle tracking systems (VTS), are used for real-time
decision-making in the fields of transportation, distribution, and logistics [20]. Many companies, both
locally and globally, provide FMS, which are aimed at reducing risks and improving fleet operational
efficiency while minimising costs [20], [21]. The FMS architecture includes three basic layers, shown in
Figure 1 [20]:
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Figure 1: Layers of FMS architecture [20]

These layers are the following:

1. The loT layer contains sensors on each vehicle for wireless communication on factors such as
location.

2. The processing layer monitors the operating state of the vehicle (that is, it identifies maintenance
needs).

3. The decision layer interfaces the FMS with the users (directors and managers).
The use of FMS has been a welcome trend in many countries, and is deemed ideal for decision-making. As
a result, a large body of literature is available that discusses the use of FMS and how it can be applied for
optimal fuel efficiency. Studies related to fuel management were evaluated in this study to identify and

showcase a need for holistic diesel management in the mining industry. Those studies were evaluated on
the basis of the following research questions:

= Did the study consider diesel management in the mining industry?

=  Was FMS implemented for decision-making and diesel management, and if yes, which FMS layers
were considered?

= Did the study focus on holistic diesel usage?

=  Was the DIKW hierarchy considered for decision-making?

The studies summarised in Table 1 were limited to those published after 2010 to ensure relevance.

Table 1: Fuel management system summary from the literature

. Hardware Factors . Holistic Reporting/
Mining . - Real-time . -,

Sources industry (fuel lr_'nfluencmg monitoring diesel decisions

sensors) diesel usage usage (DIKW)

[2] Y Y Y Y N N
[3] Y Y Y Y N N
[4] Y N Y N N N
[17] N Y Y Y N N
[18] N Y Y Y N N
[19] N Y Y Y N N
[20] Y Y Y Y N N
[21] N Y Y Y N N
[22] N Y Y Y N N
[9] N Y N Y N N
[23] N Y Y Y N N
[24] N Y Y Y N N
[25] Y N Y N N N
[26] Y N Y N N N




In the analysis of the studies in Table 1, it was found that significant strides had been made to ensure the
efficient management of diesel in industries, but that only half of the studies focused on the mining
industry. Other studies were based on the construction and logistics industries, while others were not
industry-specific. The majority of the studies implemented all three layers of FMS; some developed models,
time-and-motion studies, and simulations to understand the factors influencing diesel usage and to develop
solutions to reduce diesel usage.

None of the studies focused on holistic diesel usage. All of them looked only at specific types of vehicles -
namely heavy-duty vehicles such as trucks, generators, and excavators. Finally, none of the studies
implemented the DIKW hierarchy to help to inform decisions.

In addition to evaluating the use of FMS from the literature, the types of diesel improvement solution were
investigated. The decisions made formed the basis of the solutions that the study sought to make, based
on DIKW. Table 2 summarises the types of decisions made from the studies using FMS and also from studies
that did not use FMS.

Table 2: Diesel management outcomes from previous studies

Decisions from FMS [2], [3], [9-24] Decisions from non-FMS studies [4], [25], [26]
Sensors can be used: Time-and-motion studies and models:
= To examine the influence of weather = The impact of tonnages hauled on fuel
conditions on diesel usage consumption
= To provide the location of a vehicle at any = The impact of idling time
given time = The impact of filling up to the brim
=  To monitor the driver’s behaviour »  The impact of cycling time
*  To monitor harsh braking = The impact of waiting time and dispatch
=  To monitor accelerating models

*  To monitor idling

= To monitor the engine state of the vehicle

=  For theft identification

=  For leak identification

=  To monitor road conditions (uphill or downhill)
= To track diesel usage

As shown in Table 2, FMS provides more actionable decisions and avoids theft and losses. However, FMS
involves installing sensors on all vehicles for data collection, which might be expensive for companies with
a large fleet. It can also be seen that most studies that implemented FMS were not based on mines. The
non-FMS studies involved the development of models and scenarios for decision-making that might be
complex to implement. Simulations and scenarios might not provide a realistic picture of the process, and
the models also do not track diesel usage or identify diesel distribution.

Although FMS is one of the most efficient diesel management technologies available, it is expensive to
implement. Chauhan [27] provided an overview of why mines do not implement FMS The main points from
this article are listed below:

1. Existing systems require high financial and labour investments;
2. Not enough equipment to see a higher magnitude value;

3. Lack of change management to drive the required changes; and
4. Lack of incentives to prioritise implementation.

The literature indicates that systems are available for diesel management, but that these systems are
either expensive or complex to implement. Diesel theft or wastages can occur at any point in the diesel
usage process, and so it is important to analyse diesel usage in an operation holistically. Any form of data
can be used to make decisions, whether it is obtained with a FMS, is captured manually, or is captured with
the available software. In mines, some systems are automated while others are completely manual, which
makes the use of FMS very difficult [28].



1.4. Need and objectives

In Sections 1.1 to 1.3 above, the need to improve diesel management in gold mines is highlighted. A holistic
diesel management system could help fleet managers to monitor and track fuel usage and to diagnose issues
that have occurred in the past to lower future operational costs. FMS is a tool that is used for decision-
making in the transportation industry; however, it is not currently used in the mining industry owing to its
high cost. The information gathered from these tools could help to improve overall decision-making.

This study investigated whether the DIKW hierarchy is sufficient to make insightful decisions for improved
diesel management. The two main objectives, therefore, were 1) to use currently available operational
tools to improve decision-making, and 2) to develop an affordable and usable diesel management system
that the open-cast gold mining industry could employ by using the DIKW hierarchy.

2. METHODOLOGY

This methodology entailed a four-step process (referred to as ‘the four pillars’), based on the DIKW
hierarchy method [12], [13]. The four pillars are data, information, knowledge, and wisdom, and act as
building blocks so that each step focuses on translating data into intelligence. The key objective of this
methodology was to determine whether a simplified methodology, such as the DIKW hierarchy, could form
the basis of holistic decision-making in mining operations without implementing FMS, which involves a high
financial investment and complex tools. The four pillars with their respective phases are summarised in
Figure 2.

Data Information Knowledge Wisdom
Assess data KPI selection Insights
collection

Data processing
and calculations

Assess what Visualisations Actionable
measurements decisions

Figure 2: Pillars of the DIKW hierarchy

The methodology began with the data pillar, when the data sources were investigated. The second pillar,
information, entailed translating the data into useful information. The third pillar translated this
information into useable knowledge. This was done by selecting key performance indicators (KPIs) and
visualisations. The last part of this methodology was the wisdom pillar, which would assist with more
effective decision-making. Each pillar is discussed in more detail below.

2.1. Data

This section focuses on evaluating the site operations and then the available data [13]. Phase 1 of this
section was to evaluate the method used for data collection in the specific operation. Data collection
methods vary from established systems, such as FMS and mobile applications, to handwritten sheets. The
second phase of the data section was to establish what measurements were being taken and were available.
This could be done by developing a site layout that showed the distribution of diesel in an operation from
purchase to use. Once a layout had been completed, measurement points could be identified and the data
traced back to the source of the measurement.

2.2. Information

Data alone does not provide any information about relationships, patterns, or structures [29]: the acquired
data needs to be translated into useful information. This was accomplished by organising, structuring, and
condensing the collected data.



This section answers the following questions [30].

=  Who,

=  What,

=  When, and
= Where?

These questions can be adjusted to be specific to diesel management. The purpose of this section was to
ensure that all avenues concerning diesel usage were accounted for and that the available data was used
to its fullest extent. Table 3 summarises the questions that could be asked to convert diesel facts into

attributes.
Table 3: Contextualising data

Information pillar Questions relevant to diesel data
context questions

Outcome

Who? =  Who is issuing the diesel?

=  Who is receiving the diesel (vehicle registration

and vehicle type)?

What? = What is the diesel being used for?
=  What quantity is issued in litres per vehicle, per
period?
= What are the running hours of the specific
vehicle?
When? =  When was the diesel issued (date, shift, month)?
Where? =  Where is the diesel issued from?

Accountability/
responsibility

Allocation

Occurrence

Location

2.3. Knowledge

Once the information was available, this component of DIKW dealt with how the information from the data
could be used [13]. This involved developing diesel usage profiles, management reports, and visual
dashboards. The performance profiles could be distributed to all role players on a daily, weekly, or monthly
basis, depending on the demand for the reports. These reports could be achieved by identifying KPIs, which

could include, but would not be limited to:
= Daily diesel balance tables
= Litres per vehicle or machine
= Highest diesel consumers
= Daily diesel losses
=  Frequency of vehicle at diesel station
=  Operating hours profiles
= Diesel intensity in litres per hour

=  Vehicles receiving more diesel than the respective tank capacity

All the knowledge that was obtained through pillars one to three could be used to produce insightful

decisions.



2.4. Wisdom

The final step was to convert knowledge into wisdom [13]. The knowledge thus derived would provide the
relevant role-players with sufficient wisdom to establish which actions needed to be prioritised, who
needed to implement changes, and what needed to change. This step defined a procedure to follow, the
development of action trackers, and the implementation periods.
The wisdom thus provided would entail the following:

= Daily diesel balance tables could be used to ensure that every litre was accounted for.

= The litres per vehicle would identify the highest consumers.

»= The frequency of diesel issued per vehicle would identify misuse, leakages, or theft.

=  Profiles of operating hours could indicate usage and breakdowns or malfunctioning odometers, and
assist with maintenance schedules.

= Diesel consumption in litres per hour could be used to identify inefficient vehicles.
= Theft could be identified when vehicles received diesel that exceeded their tank capacities.

To test whether the data and information could in fact be translated into knowledge and wisdom, the DIKW
hierarchy was applied to a practical application and evaluated, as described in the next section.

3.  RESULTS: CASE STUDY

In this study, the methodology in Section 2 was applied to an open-cast gold mine for diesel management
and effective decision-making. The case study mine is situated in the North-West Province of South Africa,
and uses large volumes of diesel to carry out its primary activities. The results were divided into two
domains: the data domain and the analysis domain. The data domain discussed the first pillar (data) of the
DIKW hierarchy, and the second domain was a combination of the last three pillars (information, knowledge,
and wisdom).

3.1. Data domain
In this study, the data component of the DIKW was divided into two sections: assessing the existing data
collection methods, and assessing the measurements.

3.1.1. Assess data collection methods

The mining operation selected as a case study does not have any sensors installed on its individual vehicles
nor on its diesel storage facilities. The data is captured on a mobile application and saved on a centralised
online database. The mobile application is not automatic, and relies on the diesel bay operator for accuracy
and completeness. For backup purposes, all diesel transactions are also collected manually and handwritten
by diesel operators. This is to ensure that all diesel volumes can be accounted for. Figure 3 illustrates the
data collection process.

[im] 1
I B
Mobile Database

application Dataset
Dlesel
attendant ) . ., n

Administrator

Figure 3: Data collection procedure at case study mine



3.1.2. Assess measurements available

In order to evaluate the various data points in a network, it is important first to understand the basic diesel
distribution layout of the case study. Figure 4 illustrates such a layout with various measurement points,
from the point of diesel delivery to the point of use. The mobile device and the manual sheets are available
at three points on the distribution route.
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Figure 4: Diesel distribution process and measurement points

Figure 4 indicates that three devices are needed per shift:

= Device 1 - measures diesel issued from the diesel stores tank;

=  Device 2 - measures diesel issued from Tank 1; and

= Device 3 - measures diesel issued from the diesel bowsers inside the pit.
Figure 4 also shows that three main data types are measured:

= The quantity issued from the respective tanks;

=  The odometer reading from individual vehicles; and

=  The dipstick readings, to measure tank levels.
3.2. Analysis domain

As indicated by the second step in the DIKW hierarchy, the acquired data needed to be translated into
useful information. The DIKW hierarchy provides four questions to convert the facts (data points) into the
attributes of a system. The questions that were asked to convert the data into knowledge are detailed in
Table 2. The same questions were used to translate the data into information.



For the third step, knowledge of how the operation was performing was obtained from the information by
constructing data profiles or dashboards. The resulting reports could be distributed to relevant
stakeholders, such as fleet managers. The fleet managers could then action what next steps should be
taken, which fell under the ‘wisdom’ component of the DIKW hierarchy. For this case study, the Excel sheet
data saved in the folder shown in Figure 3 was loaded on Power Bl. (Operations that are not equipped with
Power Bl can use Excel to create performance profiles and reports. Power Bl was chosen because it was
readily available in the operation, and because it is an interactive tool that is easy to use.) Managers could
observe the information detailed in Section 2.2.

A Power Bl dashboard was created for management to review. Figure 5 below displays the charts indicating
the total diesel usage. The chart answers the questions, who, what, where, and when. In the current view,
the displayed information is for January 2021; the diesel is received from all the storage units; and the
displayed data is for all vehicle types.

The quantity of diesel per vehicle type is illustrated in the circle diagram on the left, where most of the
diesel is received by the heavy-duty vehicles (dump trucks and excavators). The diagram on the right
illustrates the individual vehicles (according to their registration number) receiving the diesel. The second
chart is not limited to excavators and dump trucks, but includes all vehicle types. However, the highest
consumers are excavators and dump trucks.
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Figure 5: View of the total diesel usage for January 2021

Figure 5 indicates the litres issued by all the tanks and bowsers; however, Figure 6 only indicates the diesel
issued by Bowser 1210 and captured on the mobile device. The view can be broken down further into days
to indicate daily performance. According to company policy, only vehicles and machines performing primary
activities that are located within the pit should receive diesel from the diesel bowser; however, the view
in Figure 6 indicates that light duty vehicles (LDVs) also received diesel from the bowser. This is the
knowledge point that could help managers to gain the necessary wisdom to manage policies and controls.
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Figure 6: View of total diesel issued from Bowser 1210

The next view that was created was vehicle-specific. This would provide managers with valuable insights
for each vehicle, and represented the ‘wisdom’ pillar of the methodology. Figure 7 indicates the refilling
frequency of each machine. According to the operational policy or operational best practice of the case
study, production vehicles such as dump trucks should fill up at most twice a day. In the first shift the
vehicle needs to be filled to capacity. The second diesel fill-up is to top up the vehicle for the second shift.
According to the frequency dashboard in Figure 7, there are vehicles that receive diesel more than twice a
day (highlighted in orange and red).

h

CAM1243
CAM1247

Wik =S WS w =

wuu_nw-lw-lm_l‘.n-lNMwNMwNNwwM

2
1
2
1
2
2
1
1
1
1
1
2
2
3
1
3
1
2
3

Figure 7: Refuelling frequency of vehicles

Figure 7 clearly indicates the areas that would need to be investigated by the fleet manager to establish
misuse of diesel, theft, wastage, or leakages in some of the vehicles. With this knowledge, managers would
be able to identify vehicles with this abnormality and to investigate the reason for the high frequency. This
is an actionable wisdom.
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The final view is shown in Figure 8. The figure indicates the chart for vehicles that received diesel in excess
of the respective vehicles’ tank capacity. A vehicle cannot receive more than it can accommodate. This
immediately indicates theft or wastage.

The vehicles shown in Figure 8 are mostly water pumps and generators. This supports the assertion that a
diesel management system should be holistic, and not focus only on the largest diesel consumers. This
insight would not be gained if the focus were only on dump trucks and excavators.
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Figure 8: Vehicles and machines receiving more diesel than their tank capacity

The profiles shown here are only a few examples of the wisdom that can be obtained from diesel data.
Such profiles form the basis for insightful decision-making by fleet managers. A variety of actionable
decisions can be made, such as holding vehicle operators and diesel bay controllers accountable. This
highlights the need for a holistic diesel management system.

3.3. Validation

The study was validated by the fact that the wisdom to make actionable decisions was obtained from the
available data. Decisions could be made without the implementation of FMS. Table 2 of this study indicated
the decisions that were obtained by FMS; some of these decisions identified theft, misuse, and leakages,
but these could also be established through this study. Frequent refuelling of a vehicle suggests leaks or
theft; if it is not due to a leakage in the diesel tank, then it is likely theft. The quantity of diesel issued
that exceeds the tank capacity immediately indicates suspicious diesel operator and driver behaviour, and
justifies disciplinary action.

From the data obtained, the total amount of diesel that was issued in excess of the tank capacity of the
vehicles from January 2021 to December 2021 amounted to 23 839 litres. With the diesel price at R25 per
litre at the time of writing, this methodology could help to avoid a future loss of around R595 975 per
annum. A significant amount of diesel could also be saved by identifying the vehicles that frequent the
filling station. Understanding why vehicles receive diesel more than twice a day could identify whether the
vehicles have leakages or theft is involved.

The installation of a fully-fledged diesel management system involves purchasing or leasing hardware
devices in the form of sensors, and purchasing data acquisition software that collects engine status data
and vehicles’ locations as well as management interface software that the fleet manager could use to
receive and interpret the data for the vehicles.

The cost of the FMS varies for each company, as shown by Rowe [31], who looked at fleet management
costs across the biggest providers in the United States. He reported that the average cost of FMS was US$35
per vehicle per month. The mine in this case study had 210 vehicles, which meant that the operation would
spend a total of R1 398 747 annually. This paper therefore suggests that mining operations make use of the
systems available in their respective operations and move over to more advanced systems when funds are
available. The methodology has also shown that the decision-making method ‘DIKW’ could be used by any
operation to gain valuable operational insights and so reduce costs.
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Table 4 summarises the cost involved with the current system of the mine in this case study.

Table 4: Summary of cost for the mine in the case study

Item Cost per unit Total cost

Six mobile devices for two shifts R4 000 R24 000

50 gigabytes of mobile data R499 per month R5 988

Power BI licence R317.18 per user per month R3 814
Total expenses per annum R33 802
Total FMS cost per annum R1 398 747
Expenses avoided per annum R1 364 941

As Table 4 shows, expenditure of almost R1.4 million could be avoided by using tools that are currently
available in the mining operation. In addition to this, an additional expenditure of R595 975 per annum
could be avoided by using the knowledge obtained from the data to gain actionable wisdom. More savings
could be realised by evaluating the refilling frequency and ensuring that vehicles do not fill up twice a day
unless it is absolutely necessary.

4. CONCLUSION

Data is available in the mining industry in a variety of formats. FMS have been implemented by many
transport operations for diesel management and decision-making. This study indicated that all forms of
data could be used for decision-making by applying the DIKW hierarchy. The study proved that improved
decision-making and valuable insights could be obtained with the methodology developed in this study. The
study is relevant to operations that have FMS hardware installed in their vehicles and to those that cannot
afford FMS. With this approach, the key components of diesel management, such as consumption summaries
and identifying theft and misuse, were identified and evaluated. This would lead to an improved
understanding of how diesel is used throughout the operation, and identify areas for improvement.

The study analysed the refuelling frequency of vehicles, which helped to identify fuel theft or leakage. It
is therefore recommended that future studies compare the running hours, kilometres, or route travelled
for each vehicle and its refilling frequency, as this would help to account for additional refuels. In addition,
the study focused on a diagnostic approach, not on a preventative one. It is thus recommended that future
studies look into more proactive approaches, such as early warning signs to the control room when the
same vehicle fills up for the third or fourth time in a day.

The two objectives of this study were met: available tools were used for informed decision-making at an
affordable cost.
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