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There is a global drive to reduce energy consumption and improve energy efficiency. These
drivers include the taxation of carbon emissions and the increase in energy costs. Companies
therefore need to improve their operational efficiency to reduce operational costs. Systems
and initiatives are therefore implemented to reduce energy consumption. References in this
study shows that the performance of initiatives deteriorates if they are not monitored and
maintained continuously.

An energy management system could help to sustain initiative performance if it follows the
plan-do-check-act cycle of continuous improvement described by the ISO 50001 standard.
Part of this cycle includes gathering, analysing and reporting measurement data in order to
manage energy performance. However, this process is time and resource intensive. Commer-
cial energy management information systems exist that aid this process. However, none of
these systems include models that can analyse bill data automatically to identify risks and
opportunities. Furthermore, only a few of them support efficiency initiative performance
monitoring.

This study therefore develops and implements an energy management information system
that aids to improve the energy efficiency of large industries in South Africa. The study is
presented in the form of three articles, which combine to address the topic. The first article
focuses on the need for an energy management system. Literature regarding the drivers and
barriers of energy management is investigated. The research shows that the most important
benefit of the system is the ability to process and analyse large volumes of data, which frees
resource time to gain knowledge of the energy system and find ways in which it can be
optimised further.

References mentioned in the second article show that data available in electricity bills could
provide valuable information. Suppliers provide bills freely, which makes it a reliable data
source even if the consumer’s own measurements are lacking. However, the operational scale
of large energy consumers means they have many electricity bills. This leads to the need for
a system that processes, organises and analyses electricity bills automatically. The system
could help to avoid risks such as cost inflation and reactive power penalties as well as aid in
identifying cost-saving opportunities such as time-of-use optimisation and notified maximum
demand reduction.
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Abstract

Finally, when the holistic system is understood and the identified efficiency initiatives imple-
mented, the need arise to monitor the performance of the system and initiatives. The third
article focuses on the development and implementation of a generic performance monitoring
system. The system automatically collects, processes and stores the data related to the ini-
tiative. It calculates the performance of the initiatives based on the configuration set up via
a web application. The same web application presents the performance analysis in various
forms and allows the creation of reports, which are signed off by stakeholders. This system
is in line with the principles of the International Performance Measurement and Verification
Protocol.

The study achieves its goal to develop and implement an energy management information
system for industries. Results show that the two mining groups that have implemented the
system process 9.3 million efficiency initiative data points every year. A particular mining
group implemented the efficiency initiative performance monitoring system for 81 initiatives
over 24 different sites. In the first 29 months since the implementation of the first initiative,
the mining group lowered their average electricity demand by 14.8 MW, which resulted in
cumulative cost savings of more than R170 million.
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Chapter 1. Introduction

1.1 Background

1.1.1 The need for energy management

Global land and ocean surface temperatures in 2019 were 0.88 ◦C above the 20th century
average. These temperatures tie with 2007 as the third-highest temperatures ever recorded.1

2016 remains the hottest year ever recorded on earth.1, 2 In fact, since 2001, 18 of the 19
warmest years on record have been recorded.1, 2 Global warming is caused by an increase in
the amount of carbon dioxide (CO2) in the earth’s atmosphere. A large contributor to this
is the consumption of energy from burning fossil fuels [1]. Global pressure to reduce carbon
footprint and CO2 emissions is applied in the form of legislation and incentives [2]. However,
the regular increase of energy costs remains one of the major motivators for industries to
reduce their energy consumption.

In South Africa, the cost of energy has increased significantly in the last decade compared
with the consumer price index (CPI). Figure 1.1 shows the increase in energy cost normalised
to January 2006 [3,4]. Of the different energy sources, electricity increased the most: by April
2016 it was 364% more expensive than in 2006 compared to the CPI increase of 75%. This
increase means that although industries’ operational costs are increasing, their production
is not necessarily increasing accordingly. Industries therefore need to improve their energy
efficiency in order to stay profitable [5].
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Figure 1.1: Energy cost increase compared with CPI [3, 4]

Apart from the increase in energy costs, industries face various other technical, economic and
social challenges. To remain competitive, they need to adapt to overcome these challenges.
In South Africa, these challenges include labour issues; political, social and environmental
issues; and escalating cost of production [6].

1 NOAA (National Centers for Environmental Information), “State of the Climate: Global Climate Report
for January 2019.” 2019. [Online]. Available: https://www.ncdc.noaa.gov/sotc/global/201901 [Nov. 23,
2019].

2 S. Potter, M. Cabbage, and L. McCarthy, “NASA, NOAA data show 2016 warmest year on record globally.”
2017. [Online]. Available: https://www.nasa.gov/press-release/nasa-noaa-data-show-2016-warmest-year-
on-record-globally [Nov. 23, 2019].
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Labour productivity is affected by various human factors such as labour availability and
utilisation, labour–management relations, labour–labour relations, and crew quality [6, 7].
In 2011, 2012 and 2014, strikes took place in various mining sectors, which had a considerable
financial impact on the industry and national economy [6, 8]. In these cases, the Chamber
of Mines of South Africa stepped in to handle the wage negotiations.

Political, social and environmental issues place considerable pressure on industries. Non-
compliance with regulations such as section 54 and section 55 of the Mine Health and Safety
Act 29 of 1996 can lead to closures until the mines become compliant [9]. During such
closures, employees still need to be paid, thereby increasing costs and decreasing production
and revenue [6, 7].

Additionally, companies face social unrest, such as xenophobic attacks in 2009, 2015 and
more recently in 2019, which strains international relations and could scare away foreign
investors [6, 10]. Political interference such as the call to nationalise mines further concerns
foreign investors [6, 11, 12].

Companies must also be aware of their environmental impact. Governments implement
legislation that penalise the emission of CO2. This comes in the form of environmental
levies added to energy invoices as well as carbon tax. As of June 2019, the South African
government implemented carbon tax at a rate of R120 per tonne of CO2 emitted [13]. This
poses a major financial risk to consumers and they have no choice but to manage energy
consumption as efficiently as possible.

For a typical gold mine in South Africa, 50% of the major production costs consist of labour,
energy and water [14, 15]. The costs of these resources have been growing substantially. As
mentioned, specifically electricity cost has increased considerably which, coupled with the
erratic supply thereof, places considerable strain on production operations.

Water is an important resource for most industries; however, as in many countries, water is
becoming an increasingly scarce resource in South Africa [16, 17]. The availability of fresh
water is dependent on the season and rainfall, making the supply highly variable. South
Africa is considered among the top 20 water-stressed countries in the world due to relatively
low rainfall and high evaporation rates [17].

Sibanye-Stilwater released their Integrated Annual Report in 2017, which discussed the water
usage of the company. The company purchased 18 284 ML of municipal drinking water at a
cost of R230.9 million in 2017 [18]. This highlights the need to use water sparingly – both
from an environmental and financial point of view.

To improve energy efficiency, companies implement efficiency initiatives (also known as
Energy Conservation Measures) to reduce energy consumption, increase production, or
both [19–22]. Implementing efficiency initiatives can be expensive [2]. In order to assist
consumers to use energy more efficiently, there are various incentives and energy efficiency
programmes available. These are investigated in more detail in Article 1. Some examples
from South Africa include: the Demand-side Management (DSM) programme, tax rebate
incentives based on section 12L of the Income Tax Act, and free energy audits conducted by
the National Cleaner Production Centre.

Navigating the complexities of the relevant regulations and legislation can be overwhelming.
That is where an energy services company (ESCo) applies their expertise. ESCos provide
energy solutions to consumers who want to improve their energy efficiency. ESCos stay up

The development and implementation of an energy management information system for industries 3
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to date with changes in legislation and incentives in order to help their clients in the best
possible way. In South Africa, the main utility company, Eskom, uses ESCos to implement
DSM projects [23,24]. The ESCos provide their expert services to obtain the optimal results
for each DSM project.

Energy consumers also contract ESCos directly to manage their energy usage. To ensure
sustainability, a maintenance agreement between the consumer and the ESCo is put in
place [23, 25]. Groenewald introduced a performance-centred maintenance strategy used by
an ESCo to maintain the performance of a client’s DSM projects [25]. His results showed that
the ESCo was able to increase the performance of a DSM project by 70% using performance-
centred maintenance. The strategy is dependent on an energy management system (EMS) to
monitor the performance of the projects. The following section analyses literature regarding
EMSs.

1.1.2 Energy management systems

Although industrial sectors have made significant improvements concerning energy efficiency,
a significant share of untapped energy efficiency remains. The difference between the actual
energy efficiency and the potential energy efficiency is known as the energy efficiency gap
[26–28]. Backlund et al. concluded that the efficiency gap is extended by applying energy
management because the potential for energy efficiency is increased [26].

Schulze et al. conducted a comprehensive review of industrial energy management [27]. In
their study they found that improving energy efficiency is difficult due to the complexity of
industrial systems [27]. This complexity leads to the need for EMSs. An EMS is defined as
the procedures to control energy usage and improve efficiency in industries [29,30].

The international standard for EMSs (ISO 50001) assists consumers with the implementation
of an EMS by providing guidelines and basic requirements [27,31–33]. Gopalakrishnan et al.
summarised the general requirements of ISO 50001: “to establish, document, implement and
continuously improve an energy management system” [31,33].

This continuous improvement concept is the core of the ISO 50001 standard and is discussed
in many other energy management studies [5,26–29,32–36]. The plan-do-check-act cycle was
developed to assist with the continuous improvement process and is summarised in Figure 1.2.
Key performance indicators are measured against a baseline in order to determine energy-
related improvement or deterioration. The baseline defines the initial state of the energy
system before any changes were made.

Many of the items listed in the figure are dependent on data. For example, data is collected
from measurements whereafter the data is analysed and evaluated to make informed deci-
sions. In an effort to make these decisions, increasingly more sensors are installed to gather
as much data as possible [37]. With the increase in the amount of data, some new challenges
and solutions have emerged, which are discussed in the following section [37–39].

The development and implementation of an energy management information system for industries 4
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Figure 1.2: Plan-do-check-act cycle of ISO 50001 [25, 31]

1.1.3 Data in energy management

To simply monitor energy consumption, only energy measurements are required. However,
for energy personnel to manage energy consumption properly, they require other types of
measurement data as well. This data includes parameters related to the system’s efficiency,
limitations and condition. For example, for a mining company’s water reticulation system,
it is beneficial to know the water flow rates, dam/reservoir levels, and a magnitude of pump-
related data. The availability of this data makes it possible to identify potential energy
efficiency opportunities in relation to the water demand (current and predicted).

There are some challenges to use this data effectively. Zhou et al. identified two challenges:
i.) how to analyse the data effectively to uncover the hidden information; and ii.) how to
collect and store the vast amounts of data effectively while ensuring that the quality and
reliability of the data stays intact [37]. They focused on solving the latter challenge by
developing a pattern-based compression algorithm.

In many cases, data have multiple sources. The data must be collected from the sources
before it can be analysed holistically. Different sources could have different data formats,
which means the data should be translated before it can be used. Translating data into a
usable format takes time, especially if it is done manually on large amounts of data. Ideally,
data should be collected automatically and regularly, which means collecting and translating
data put substantial strain on human resources, even before any analysis has been done.

1.1.4 Commercial systems

Commercial energy management information systems (EMISs) exist. They provide various
features, but have shortcomings that are uniquely addressed by this study. The first product
is the ISO 50001 compliant SIMATIC Energy Manager PRO by Siemens.3 It provides
support to reduce energy consumption and costs and identify inefficient energy-consuming
systems. SIMATIC Energy Manager PRO supports bill verification, but does not analyse
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bill data using models similar to those developed in Article 2.

Energy Insight provides two products for managing energy information, namely eiEnterprise
and StruxureWare. eiEnterprise is used to track energy consumption and supports bill
verification.4

StruxureWare collects low-level data and allows the user to control, manage and monitor
the infrastructure.5 While both these systems allow users to verify utility bills to determine
discrepancies, neither analyse the bill data in further detail to identify risks or opportunities.
Furthermore, these systems do not track the performance of initiatives based on predeter-
mined fixed or adjustable baselines according to the International Performance Measurement
and Verification Protocol (IPMVP) principles.

Energy Cybernetics developed a system called PowerWatch.6 The system is used to track
energy consumption and verify utility bills. Similar to the systems mentioned above, it
cannot analyse bill data. The system does support performance monitoring based on energy
baselines, but only for fixed and non-scalable baselines.

Although all these systems are able to track energy consumption and verify utility bills,
only the SIMATIC Energy Manager PRO supports performance tracking based on scalable
baselines. None of these systems use electricity bill data to identify risks or opportunities
directly. Thus none of these commercial systems provide initiative performance monitoring
integrated with utility bill analysis. Finally, no academic literature is available that presents
verifiable results of the implementation of these systems.

1.2 Problem statement and study objective

With the rise of CO2 in the earth’s atmosphere, the increase in energy costs and the imple-
mentation of carbon tax, there is a drive for large energy consumers to reduce their carbon
footprint by improving their energy efficiency. Therefore, consumers use the expertise of
ESCos to increase the efficiency of their operations [23, 25]. The ISO 50001 standard for
EMSs helps energy personnel to improve energy performance continually despite the com-
plexity of the industrial systems.

In order for energy personnel to manage the energy consumption of industrial systems effec-
tively, they need to collect large volumes of data [37, 40]. The data enables energy perfor-
mance to be tracked and potential initiatives for improving energy efficiency to be identified.
However, collecting and processing data is a labour-intensive process. Furthermore, analysing
the data requires additional intensive labour and knowledge. An EMIS for industries is re-
quired to assist with managing large volumes of energy-related data [23,25–27,37–39].

3 Siemens, “Company-wide energy management with SIMATIC Energy Manager.” [Online]. Available:
https://c4b.gss.siemens.com/resources/images/articles/dffa-b10256-01-7600.pdf [Feb. 16, 2020].

4 EOH, “eiEnterprise – Energy Management Suite.” [Online]. Available: http://www.energyinsight.co.za
/product/eienterprise-energy-management-suite [Nov. 23, 2019].

5 EOH, “Optimize your power network with data-driven decisions.” [Online]. Available:
http://www.energyinsight.co.za/wp-content/uploads/2015/08/power-monitoring-expert-brochure.pdf
[Nov. 23, 2019].

6 Energy Cybernetics, “PowerWatch.” [Online]. Available: http://new.cpowerwatch.com [Nov. 23, 2019].

The development and implementation of an energy management information system for industries 6



Chapter 1. Introduction

Study objective

The objective of this study is to develop and implement an EMIS for industries. The
EMIS should aid industry to manage energy efficiency effectively by automating the data
collection, translation and storage processes. The EMIS should aid energy personnel to
analyse the data to extract meaningful information and identify potential opportunities to
improve energy efficiency.

The aim of the first step (and first article) of this article-based thesis is to understand the
need for an EMIS. Article 1 explains in more detail why such a system is required and what
is required of such a system. From this article, the two main next steps are identified, which
lead to the second and third articles. The second article focuses on analysing electricity
bill data, which is the most basic data that is definitely available even without the need
for expensive measurement instrumentation. The final article discusses the performance
tracking of efficiency initiatives, which is important to complete the plan-do-check-act cycle
and improving continually. The developed EMIS referred to in this thesis and the three
articles is known as Management Toolbox or MTB.

1.3 Novel contributions

From the study objective in the previous section, the need to develop and implement an
EMIS for industries is identified. The main contribution of each individual article in this
study combines to solve the holistic problem stated.

Article 1

The first article of this thesis [2], published in the South African Journal of Industrial En-
gineering (SAJIE), focuses on the need for the EMIS and makes the following contribu-
tion:

Identify the need for an EMIS to enable a new energy management strategy, which
is strengthened by a data audit of the EMIS, and implement the EMIS in the South
African industrial sector.

Due to the rising energy costs, companies must improve their operational efficiency to remain
competitive. Therefore, companies need tools to process and analyse large amounts of raw
data to identify and monitor savings initiatives. Although commercial systems exist, no
academic literature could be with verifiable results. Various studies have been conducted to
determine the need for EMSs; however, few studies have progressed further than developing
proposed frameworks to address the problem.

This study solves the problem by creating a structured energy management strategy. The
strategy focuses on enabling better communication between departments to improve energy
efficiency. An EMIS supports the energy management strategy by processing and analysing
large amounts of data. The system is implemented at a number of South African industries.
An investigation into the large volumes of data emphasises the need for such a system.

In order to identify potential initiatives to improve energy and operational efficiency, compa-
nies first need to understand the holistic state of their energy usage. Electricity bills provides
this information, but only if the data is analysed meticulously.
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Article 2

The second article of this thesis [41], also published in the SAJIE, makes the following
contribution:

Develop and implement a scalable system to automatically analyse data available in
electricity bills of South African industries.

To gain a broad understanding of a company’s energy usage, a need exists to gather high-
level energy data. Valuable data can be obtained from electricity bills without the need for
additional metering infrastructure. Large industrial companies receive numerous monthly
bills, which become cumbersome and labour intensive to analyse. This creates a secondary
need for an automated bill analysis system.

Presently, bill analysis is used to monitor building energy efficiency in East Asian countries.
In South Africa, such systems are predominately used by residential households and are
lacking in the industrial sector. Commercial systems support bill verification, but do not
analyse bill data directly to identify risks and opportunities, and are lacking verifiable results
in literature. In academic literature, existing systems are either only used for educational
purposes or are not automated, which makes it difficult to scale for large industrial com-
panies. South Africa also has a unique time-of-use tariff structure that provides different
savings opportunities.

In this study, a system is developed to analyse industrial electricity bills automatically. Data
is extracted from the bills and organised to aid system level analysis. Various methods are
developed to analyse and present the variety of data collected from the bills. The system
makes it easy to identify savings opportunities such as time-of-use and notified maximum
demand optimisations.

Article 3

The final article focuses on the performance of these savings initiatives and makes the fol-
lowing contribution:

Develop and implement a scalable system to monitor the performance of efficiency
initiatives.

To improve operational efficiency and cost, companies implement energy efficiency initiatives
such as those identified by the electricity bill analysis system. The obvious goal of these
initiatives is to save energy, which leads to cost savings, which in turn improves profitability.
As prescribed by the ISO 50001 standard, these initiatives need to be monitored continually
to maintain their performance.

Studies was conducted to develop performance monitoring strategies. Many studies focused
on defining performance monitoring, but lacked practical solutions. Other studies developed
frameworks, which are not suitable for large industrial companies due to a lack of scalabil-
ity. Commercial systems exist that are able to monitor system performance, but only one
system supports adjustable baselines. None of these systems provides initiative performance
monitoring integrated with bill analysis.

This study develops and implements a performance monitoring system for large industrial
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companies in South Africa. The system allows users to configure efficiency initiatives for per-
formance tracking on various systems. Data is automatically collected, stored and processed
in line with the principles of the IPMVP. The performance of the configured initiatives is
calculated automatically and available via a web application and reports.

1.4 Thesis overview

Chapter 1: Introduction

This chapter provided a brief introduction as to why energy consumption should be managed.
It considered EMSs and uncovered a major challenge, namely the vast amounts of data to
be handled. This led to the problem statement and objective of this study.

Chapter 2: Article 1 – The need for an energy management information system

This chapter provides a summary of Article 1, titled: “The need for a comprehensive energy
management information system for industries”. As the title suggests, the article focuses on
the need and the requirements for such a system. It concludes with a data investigation of
the system in an effort to prove that the vast amounts of data cannot be converted efficiently
to valuable information without the system.

Chapter 3: Article 2 – Automated electricity bill analysis

This chapter provides a summary of Article 2, titled: “Automated electricity bill analysis
in South Africa”. One of the main subsystems identified in the first article is the analysis
of bill data received from the utility companies. This is a logical initial step to review
and understand the state of the energy system. The article develops various methods for
analysing the data and potentially identifying energy-saving opportunities.

Chapter 4: Article 3 – Generic efficiency initiative monitoring system

This chapter provides a summary of Article 3, titled: “Generic efficiency initiative monitoring
system”. Article 1 identified another subsystem, namely the performance monitoring of
implemented efficiency initiatives. Article 3 focuses on the development and implementation
of such a system.

Chapter 5: Conclusion

Chapter 5 concludes the thesis with a discussion of the three articles and the EMIS as a
whole. Finally, recommendations for future research are provided.
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2.1 Preamble

In South Africa, energy costs are increasing faster than the CPI (see Section 1.1.1), which
means that industries need to reduce their operational costs to stay profitable. However,
energy efficiency improvement is a slow and expensive process. To alleviate the expense,
rebate programmes provide financial assistance for energy efficiency. Unfortunately, rebate
programmes are decreasing and becoming more difficult to obtain, which means that effi-
ciency initiatives need to be self-funded.

One solution is to improve energy efficiency by applying better operational energy man-
agement. However, improving operational energy management requires experience. This is
where ESCos can help. ESCos use tools to assist with efficient energy management. The
aim of this article is to investigate and motivate the need for an EMIS.

The next section investigates common obstacles that restrict effective energy management.
Thereafter, literature regarding other EMISs is investigated, which is followed by the proposal
of a structured energy management strategy. Together with the strategy, a comprehensive
EMIS is delineated. The system helps an ESCo to manage the energy of large consumers.
The amount of data processed by the system is investigated to further emphasise the need
for the system.

2.2 Literature

The concept of energy management and how to successfully implement continuous energy
management in industry have been studied from both a policy perspective [26, 27, 42], and
from a company perspective [42,43]. According to Lawrence et al. [29], energy management
implies energy efficiency – both through the implementation of technology and efficiency
practices.

2.2.1 Drivers and barriers for energy management

Drivers for energy management

It is important to understand what drives and what blocks energy management practices in
an organisation. The drivers for energy management should not be confused with drivers for
the implementation of energy efficiency measures.

Solnørdal and Foss conducted a comprehensive review of energy efficiency drivers [44]. The
review identified four main energy management driver categories; namely, economic, or-
ganisational, market-related, and policy-related drivers. Figure 2.1 shows the distribu-
tion of drivers for energy efficiency according to the study conducted by Solnørdal and
Foss [44].

Of the energy management categories mentioned, 44% were organisational drivers, with
economic drivers comprising 30% of the sampled drivers [44]. Additionally, market-related
drivers and policy-related drivers accounted for 14% and 10% of drivers, respectively. Fig-
ure 2.1 clearly shows that organisational drivers and economic drivers are vital to energy
management.
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Figure 2.1: Categories for energy efficiency drivers [44]

Organisational drivers include cooperation between units within a firm, organisational
structure, awareness of energy efficiency, energy audits, performance indicators, long-term
energy strategy, commitment and support, the competence and motivation of employees,
training and education [28,29,42,44].

Organisational drivers comprise tasks and processes that affect the entire organisation; for
example, the organisational structure, the cooperation between business units, the organ-
isation’s strategy, and the competence of employees. These drivers further include energy
audits, energy efficiency awareness, and various performance indicators.

Economic drivers are critical motivational drivers for energy efficiency. Energy use and
energy tariffs have a measurable impact on operational costs; thus, reducing energy use
results in increased energy efficiency [29, 42]. A firm’s investment in energy efficiency is
driven by its internal financial resources, its historical earning growth, and its expected
future earnings. However, one of the largest financial drivers is the investment cost and
payback period for an energy efficiency initiative [44].

Market-related drivers are defined as drivers that originate externally to the firm, exclud-
ing policy-related drivers [44]. Knowledge transfer and cooperation between companies have
been shown to be valuable drivers for energy efficiency [29]. Companies can find inspira-
tion for new efficiency initiatives by sharing information with other cooperating institutions
such as ESCo consultancy services, suppliers, academia and government programmes [29,44].
For small and medium enterprises that lack internal resources, such cooperation is crucial.
Competition and international ownership are also considered to be market-related drivers.
Competition drives firms to become more cost-driven and solution orientated [44].

Policy-drivers are prescriptive, economic or supportive drivers that stimulate energy effi-
ciency by increasing energy taxes and emission fees or by providing investment subsidies [42].
Legal compliance is dictated by prescriptive policies. In order for companies to conduct busi-
ness activities, they must comply with legal requirements [44].
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Barriers for energy management

In previous years, industrial organisations solely focused on production to the extent that
energy efficiency was not a consideration. However, organisations have realised that energy
efficiency has an increasingly large impact on their bottom line. Although this led to energy
efficiency initiatives being considered more carefully, there are still barriers that could prevent
these initiatives from becoming a realisation.

Some of the largest barriers are economic in nature [29,32,42,45]. Projects that require large
capital investments with long payback periods are less likely to be implemented than projects
that require small capital investments and shorter payback periods [29, 32, 42]. According
to a study done for the Ontario Mining Association’s Energy Committee in 2008, projects
require payback periods of less than 6 years [32]. In the South African landscape, the payback
periods need to be even shorter.

Another large barrier is the lack of performance incentives. These incentives should be tied
to energy efficiency key performance indicators (KPIs) [29, 32]. Without these and similar
incentives, production personnel are not motivated to conserve energy, thereby leading to
missed energy efficiency opportunities.

Lack of time is also a major barrier in industrial organisations [29, 45]. Mines that are
nearing end of life do not have time to recuperate investments through long-term projects
[32]. Organisations tend to focus on other priorities, leading to more missed opportunities.
Personnel struggle to maintain energy efficiency projects by trying to focus on too many
tasks at once. On the other hand, personnel could be too focused on their responsibilities,
thereby potentially failing to take note of newer procedures that could help them. Energy
efficiency is neglected in both scenarios.

Different departments have different areas of expertise. Each department tends to focus
on its own objectives. A lack of communication between departments could inhibit energy
efficiency measures. Older systems, or the lack of any systems, make information transfer
difficult. This restricts energy management because there is no feedback or reporting to
indicate problem areas or potential opportunities.

As mentioned in the introduction, an EMS based on the ISO 50001 standard could help
to overcome many of these barriers. However, proper energy management requires large
amounts of data as discussed in Section 1.1.3. With limited personnel available to analyse
the data, it becomes necessary for organisations to have tools in place to organise and analyse
energy-related data.

2.2.2 Energy management information systems

Watson, Boudreau and Chen proposed a framework to stimulate information system research
in order to address environmental sustainability. Naturally, an information system was at the
core of their framework [1]. They suggested that information systems play a role in reducing
energy consumption, and in turn, CO2 emissions. They proposed energy informatics as a
subfield of information systems. Their core idea is that energy consumption coupled with
information lead to less energy consumed as illustrated with the following expression:

Energy + Information < Energy
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Their energy informatics subfield requires that data from the energy-consuming systems is
collected and analysed to optimise the energy efficiency of these systems. However, their
framework is only conceptual and it has not been implemented.

McMahon and Ball conducted research on challenges experienced with information systems
regarding life cycle engineering [46]. Although their research does not mention energy sys-
tems specifically, the challenges they highlight apply to EMISs as well, which include:

• data compatibility and interoperability;

• data sustainability across hardware and software revisions;

• data organisation and context;

• data quality; and

• data security and privacy.

Swords, Coyle and Norton developed a prototype energy information system using Microsoft
Office tools [47]. It provides energy monitoring, targeting, and supports measurement and
verification. The prototype system was implemented and tested at an industrial site and a
college in Dublin. Although results seem promising, the system lacks scalability due to the
dependence on Microsoft Office tools.

Pusnik et al. analysed the effect of energy management systems on 50 industrial organisations
in Slovenia [5]. The companies chosen in this study represent the largest energy consumers
in Slovenia. The research by Pusnik et al. included a questionnaire with five categories,
namely: energy efficiency, future and innovation, environment, quality and management,
and horizontal issues. The results were used to calculate statistical benchmark indicators
and company-specific benchmarks. Nearly half of the companies that participated indicated
that the EMS did not include monitoring and targeting, which made it difficult for the
companies to monitor their energy consumption continuously. The companies also observed
that EMSs had a positive impact on their energy efficiency. However, authors noted that the
lack of proper data collection and analysis tools is a significant barrier to the implementation
of EMSs.

Sucic et al. developed a framework to improve production planning by using ambient intel-
ligent data acquisition and context processing, energy modelling and emissions calculations,
decision support services, and knowledge repositories [48]. The framework divides an in-
dustrial organisation into energy cost centres, which are then controlled and monitored in
isolation. The framework is used to calculate the most cost-effective process control by us-
ing the calorific values and historical data to predict future energy requirements. The work,
however, is a prototype with shortcomings. The study was only tested on a rotary kiln using
production data from the Slovenian cement industry. The study noted that changes in caloric
values of fuels had to be taken into account. The particle sizes caused instability in the ro-
tary kiln and influenced energy consumption. These issues led to the authors recommending
that the company investigates additional process control solutions. Even though the authors
mention the use of intelligent data acquisition systems, the framework’s historical data is
collected from existing supervisory control and data acquisition (SCADA) systems.

Velázquez et al. proposed the use of data-mining techniques to identify key energy per-
formance indicators for use with ISO 50001 compliant EMSs [49]. The proposed system
identified energy performance indicators for a naphtha refining plant. The energy perfor-

The development and implementation of an energy management information system for industries 14



Chapter 2. Article 1 – The need for an energy management information system

mance indicators were used to determine whether the implemented EMS was effective. The
study failed to indicate if the same process could be used by other industrial organisations.
The proposed system used proprietary software to identify the energy performance indi-
cators, making it less accessible to financially strained organisations. The authors further
noted the need for improved decision-making processes to assist with decision-making within
the EMS.

Martirano et al. defined an EMIS as a system that combines software, hardware and data
models to support people in their daily efforts to manage energy at varying levels in an
organisation [50]. The authors defined an architectural approach to creating an EMIS that
is both user and efficiency orientated. The proposed architecture is divided into four layers,
namely: information presentation; data correlation and analysis; data classification, trans-
formation and storage, and; data acquisition, collection and adaptation. For information
presentation, a software layer is required to organise and display appropriate information.
The data correlation and analysis layer is used to provide value-added information. The
data classification, transformation and storage layer analyses, cleans, transforms and stores
data for later use. The data acquisition layer is critical for collecting the data required for
the EMIS. The authors further discussed a method for scoring the implemented EMIS based
on various factors. However, they did not provide an example of an EMIS implemention
using their proposed architecture.

Herman et al. identified the need for sustainable energy consumption [51]. They used
big data methods to design a system for an ESCo. This system was implemented for the
mining and industrial sectors, helping the ESCo to analyse and manage their clients’ en-
ergy consumption. Although the system is deployable to cloud services, it is self-managed.
This means that personnel with specific expertise with this system are required to main-
tain it. Cloud-managed services are available, which make it easier for small businesses to
take advantage of the technology, because they are not limited by existing infrastructure as
mentioned by the authors.

According to Robison, Sengupta and Rauch the interconnection and convergence of intel-
ligent industrial systems are driving the industrial internet, which further drives Industry
4.0 [52]. New layers of data have become accessible with the improvement of sensors and
measuring equipment. These data layers could include weather data, traffic flow, pricing op-
timisation etc. The data needs to be correlated and analysed continuously to provide insight
and optimisations for resource management. The interconnection between devices across
sectors will also expand existing analysis capabilities. However, the interconnection of sec-
tors come with some challenges such as security-related challenges, financial challenges, and
proper data management and organisational challenges. As more systems become connected,
more data needs to be transported, stored and analysed to provide meaningful insights.

As mentioned in Section 1.1.4, commercial EMISs exist that aid with this process. However,
none of these systems analyses bill data to identify risks and opportunities, and only a few
of them support efficiency initiative performance monitoring.

2.2.3 Structured energy management

The article proposes a structured energy management strategy. Personnel focus is a key
element for sustaining initiative performance. KPIs help to maintain focus and, by defining
the right KPIs, awareness and sustainability of energy initiatives are improved. For example,
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a typical energy efficiency indicator is the amount of energy consumed per unit of product
(kWh/tonne or MJ/tonne). Adding a cost efficiency indicator (energy cost/tonne) raises the
awareness of how well operational personnel are using electricity time-of-use tariff structures.
This in turn could help personnel to improve the profitability of the company.

The second important element is creating a communication platform. Energy management is
an interdisciplinary task that requires inputs from various departments such as production,
maintenance, operations and energy. Frequent communication between these departments
is required to focus on improving operational costs and energy efficiency. Although some
industries might employ dedicated energy personnel, they are not always in executive posi-
tions. It is therefore important to ensure good communication and trust between executives
and energy departments.

As mentioned before, more data helps personnel to make informed decisions. However,
converting raw data into useful information is time-consuming if done by hand. Therefore,
tools are developed to process and analyse data. The following section describes such an
EMIS used by an ESCo to help manage their clients’ energy.

2.3 Article summary

The methodology of this article is divided into two main sections. The first section is a brief
discussion of the system design. This includes the data collection process as well as two
important features of the system, namely, the capturing and analysis of electricity bill data
and the performance monitoring of efficiency initiatives. These two features are respectively
“portrayed” in more detail in Article 2 and Article 3 of this thesis. The second section of
the methodology explores the results of a data investigation of the system. The goal is to
highlight the need for an automated system. Due to the amount of data analysed on a daily
basis, it is not feasible for personnel to analyse the data manually.

2.3.1 Design of a comprehensive EMIS

Data collection, processing and storage

The first step is collecting data as shown in Figure 2.2. Data is collected from various sources
and each source could have a unique format. These data sources include:

• External metering companies (EMC): data from energy meters in 30-minute intervals;

• Electricity utility companies (e.g. Eskom): monthly data from electricity bills;

• Supervisory Control and Data Acquisition (SCADA) systems: this includes high-
resolution data collected from on-site systems.

As seen in Figure 2.2, data from different external sources is collected and passed to the
EMIS. The data is processed from the different potential formats to a generic format and
stored in the database. Thereafter, the stored data is extracted, analysed and finally pre-
sented in the form of energy reports and energy information dashboards. The different
analysis types are discussed in the following sections.

The development and implementation of an energy management information system for industries 16



Chapter 2. Article 1 – The need for an energy management information system

Figure 2.2: Data flow diagram of the EMIS [2]

Electricity bill analysis

Bills are a good starting point for collecting data because they are always available. Even if
the client does not have their own electricity meter infrastructure, the utility company sends
valuable data in their monthly electricity invoices. This data includes electricity cost and
usage breakdowns for each billing period, various administration charges, maximum demand
consumption and charges, and more. The data from the bills is combined with monthly
budgeting to identify optimisation opportunities as well as potential risk areas.

Some of the opportunities include time-of-use optimisation (shifting load from expensive
periods of the day to less expensive periods) as well as adjusting notified maximum demand
based on actual system demands. Future risks that could be identified by analysing electricity
bill data include electricity cost inflation, the impact of carbon taxation, and penalties for
excessive reactive power consumption.

The electricity bill analysis is discussed in more detail in Chapter 3, Article 2 [41]. The
methodologies are derived and explained whereafter the implementation thereof on a large
mining group with many electricity bills is discussed. The large amount of bill data makes
it infeasible to process data manually and the system eases that process. Various case
studies show different cost-saving opportunities that have been identified with the help of
the system.

Efficiency initiative performance monitoring

The potential opportunities identified by electricity bill analysis could lead to the imple-
mentation of energy efficiency initiatives. The logical next step of the EMIS is monitoring
the performance of implemented initiatives. According to the ISO 50001 plan-do-check-act
cycle, the performance of the intervention should be monitored continually in order to take
action if the goals are not met.

The performance of the initiatives is measured by comparing the actual energy consumption
of the system with the baseline energy consumption before implementing the initiative (based
on IPMVP procedures). This feature is designed to be generic to cater for various types of
initiatives on various energy sources. It consists of various reports and dashboards that
engineers or energy personnel could use on a daily basis to analyse the performance of the
initiatives.
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The generic efficiency initiative monitoring system is discussed in more detail in Chapter 4,
Article 3. The methodology explains the performance calculation process as well as the data
configuration steps. The system is implemented at a mining group consisting of 24 sites. A
total of 81 efficiency initiatives are monitored with the system.

Other analysis types

Other types of analysis are also discussed in more detail in the article, but it does not form
part of the scope of this thesis. They are listed for reference in Table 2.1.

Table 2.1: List of other analysis types

Analysis type Description

System tracking Monitors the performance of all energy-consuming areas.

Environmental reporting Environmental data captured for reporting compliance and audits.

Custom views User-specific analysis and reporting.

Document manager A repository for organising and storing documents.

Condition monitoring A tool for monitoring the condition of equipment.

2.3.2 Outcome of a data investigation

In September 2019, a new data investigation was done for this thesis to obtain more recent
results than those in the article done in 2016. The investigation analysed the amount of data
collected and processed by the EMIS for two client groups. The system was implemented
at multiple industrial clients, with the majority being mining companies. Data from various
sources were collected and processed daily. Individual data objects or measuring points are
referred to as tags. Each tag has a specific resolution depending on the type of data and the
source thereof.

Table 2.2 shows the results of the data investigation. Electricity bill data is collected on a
monthly basis and, therefore, each tag only has one value per month. Efficiency initiative
and condition monitoring tags comprise 30-minute data and, therefore, record millions of
data points per year. The results highlight the need for a system that can manage these
large volumes of data. It would be too resource intensive for an ESCo to process this data
manually, which would have a negative influence on its profitability.

Table 2.2: Data investigation results (number of tags and total annual data points)

Electricity bills Efficiency initiatives Condition monitoring

Tags Data points Tags Data points Tags Data points

Mining Group A 2 785 33 420 73 1 278 960 2 725 47 742 000

Mining Group B 1 962 23 544 457 8 006 640 – –

The development and implementation of an energy management information system for industries 18



Chapter 2. Article 1 – The need for an energy management information system

2.4 Discussion

Various drivers and barriers for energy management were identified from literature. Due to
large volumes of data and limited man-hours, it is necessary to implement systems to help
energy personnel to analyse the data in a timely manner. The literature regarding EMISs
is lacking in terms of scalability and implementation. However, from this research, the need
for a comprehensive EMIS is apparent.

The need for an EMIS is further highlighted by the data investigation done in the previous
section. The limited personnel available simply cannot process these large volumes of data
manually to identify initiatives and do condition monitoring. It is perhaps possible for one
person to capture the electricity bill data from Table 2.2, but it is beneficial to analyse the
data as soon as possible after the bill is received, which would be a tall order. To capture
the bill data of Mining Group A in one eight-hour workday, for example, equates to 348 data
points per hour, which might lead to errors. Furthermore, the captured data is not usable
unless it is organised and structured for efficient analysis.

Chapter 3 follows the development and implementation of an electricity bill analysis tool.
Analysing bill data is valuable as the study shows. It creates awareness of the status of
energy consumption and cost even though data is only available on a monthly basis. Fur-
thermore, even if instrumentation infrastructure is scarce, suppliers definitely provide utility
bills, potentially making it the only available data source.
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3.1 Preamble

This article focuses on automated electricity bill analysis in South Africa. Ideally, electricity
should be measured at as many nodes as possible. However, it is expensive to install mea-
suring equipment at each node. On a higher level, electricity bills are available without the
need for additional equipment installation. Electricity bills provide valuable information,
which could provide insights to assist energy management efforts.

The scale of operations for large consumers creates a new challenge. The larger the scale of
the operation, the more points of delivery (PODs) there are; each with its own set of data.
This complicates the bill analysis process because there are numerous factors that should be
considered. This creates the need for a system that automatically analyses electricity bill
data for the entire company.

3.2 Literature

3.2.1 Industrial bill analysis

Energy consumption is growing globally due to the increasing energy consumption per capita
coupled with the growing population. There is a growing need to implement energy efficiency
initiatives and decrease energy consumption. The benefits of energy efficiency is listed below
[53]:

• Reduces maintenance and operational costs, which improve competitiveness.

• Give consumers greater control over their energy costs.

• Reduces air pollution.

• Reduces the impact of future tariff increases.

Different tariff schemes have been used to influence consumer behaviour regarding energy
consumption. Several utilities have implemented a variety of time-based pricing programmes
[53]. These tariff schemes can be time-invariant such as flat-rate pricing, declining block-
rate pricing, or inverted block-rate pricing. Alternatively, tariff schemes can be time-variant
schemes such a time-of-use pricing, critical peak pricing, or real-time pricing.

Using the different tariff schemes, electricity meters play an important part in changing the
consumption behaviours of consumers, but these meters are expensive to install. Industrial
consumers require many meters to be installed in order to reap the benefits thereof [53].

The utility bills received by consumers have been shown to be an effective feedback medium
[54]. As utility bills are usually received long after the energy has been consumed, they are a
form of indirect feedback. Although the saving potential is higher when using direct feedback,
the saving potential from indirect feedback methods should not be discounted.

A reliable short-term solution to influence consumer behaviour is using different pricing
structures. However, to be effective consumers need to understand the information that is
conveyed to them [54]. Complex and non-transparent pricing structures often obscure the
relationship between energy consumption and pricing.
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Electricity bills are complex and consumers tend to struggle to interpret the information
provided in the utility bill. Even though useful information is conveyed about usage and
charges, consumers often find it challenging to find and interpret the provided information
[54].

These factors create a need for an automated bill analysis tool to help consumers under-
stand the information provided in the bills, draw meaningful conclusions regarding their
consumption from the bills, and act on the information provided.

3.2.2 State of the art

As discussed in the previous section, utility bills is an effective feedback mechanism for
consumers; however, these bills are complex and consumers have difficulty understanding
the data presented therein.

Brühl, Smith and Visser analysed the effectiveness of a utility bill [54]. They found that
the bill is the most frequent interaction point between residential consumers and energy
providers. As such, a bill is the most efficient method of providing feedback to consumers
regarding their energy consumption. It is also cost-effective and readily available [54].

The study conducted by Brühl et al. focused on the way data is presented in utility bills.
They found that a well-designed utility bill increases consumer awareness and leads to lower
energy consumption; however, utility bills are rarely well designed, and thus fails in this
regard. The study focused on residential consumers and not large industrial consumers.
Furthermore, electricity bills of large industrial consumers are even more complex than bills
received by residential consumers [54].

Eryilmaz et al. conducted a study on the impact that daily billing has on energy effi-
ciency [55]. The study analysed the electricity consumption of residential customers in
Texas for the years from 2014 to 2016. They found that customers who received daily
feedback regarding their energy consumption were 9.6% more efficient than customers who
received monthly feedback. The reasons for the energy efficiency benefit are attributed to
better information through more frequent communication and more engagement with energy
consumption choices.

Teke et al. developed an educational tool for calculating electricity costs based on three tariff
structures [53]. The tool is used to analyse electricity usage and determine when electricity
would be cheaper to use. This can lead to load-shifting projects, which enable consumers to
save money by using electricity in off-peak time periods when electricity is less expensive.
However, the developed tool is very limited. It is intended for educational purposes and only
allows a single user to use it at a time. It is developed as an executable program, requiring
that it be installed on a computer. Therefore, it is less portable and further relies on a
specific operating system.

Industrial clients can use utility bill analysis to improve operational efficiency. For instance,
studies conducted in China focused significantly on improving building efficiency. These
buildings are built with an expected efficiency, yet the buildings fail to reach these projected
efficiencies. Geng et al. conducted a study to determine the effect of ambient outside
temperature on the heating requirements of an office building [56]. The study used energy
consumption information from electricity bills to determine how much energy was used for
heating and cooling in a one-year period. The results of the study could be used to identify
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large energy consumers in a system. However, the study only focused on building-related
energy efficiency.

Yan, Wang and Xiao developed a method for analysing a building’s energy efficiency. The
proposed method analysed data from monthly electricity bills, building design data, weather
conditions, and heating, ventilation and air-conditioning (HVAC) data [57]. In this study,
the electricity bills contained the aggregated electricity consumption across all end users. A
large part of the study ’de-aggregated’ the consumption data to use it for energy efficiency
monitoring. This study also only focused on building-related energy efficiency in Hong
Kong.

Yan et al. continued the study and added a method for diagnosing energy efficiency problems
in buildings with limited data [58]. The study used the same data as the previous study [57]
to determine the energy consumption of different systems in a building; i.e. electricity
bill data, weather data, building design data and HVAC data. The authors developed a
method for estimating a building’s energy performance at building level (overall), at system
level (HVAC systems, internal consumers, other consumers), and at component level (fans,
pumps, etc.). They noted that multi-level assessment is necessary to analyse and identify
high energy consumers effectively. They also noted that due to the varying nature in different
energy consumers, generic benchmarks cannot be used to monitor energy performance.

The studies conducted by Yan et al. [57,58] and Geng et al. [56] are unsuitable for large in-
dustrial corporations to use. Some roadblocks include the lack of automated data gathering,
including gathering data from electricity bills. The data contained in the bills also differs
between buildings in Hong Kong and industrial corporations in South Africa.

Rodrigues et al. developed a forecasting tool to predict the monthly energy consumption of
energy users for a electricity provider [59]. The forecasted value is used to determine whether
the energy bill generated is correct by analysing whether the billed values correspond with
the predicted energy consumption values.

As mentioned in Section 1.1.4, commercial systems are available that support bill verification,
but they do not analyse bill data directly to identify risks and opportunities, and are lacking
verifiable results in literature.

The studies discussed in this section show that there is a need for an automated electricity
bill analysis system. The system should be able to read relevant information from electricity
bills, making it easier for the user to understand the information that is presented therein.
The studies showed that utility bill analysis is an effective feedback mechanism for consumers
to understand their energy consumption, which could lead to improved energy consumption
awareness and implementation of energy efficiency initiatives. Additionally, forecasting can
be used to predict the energy consumption, but this relies on too many different variables
to be effective and accurate.

3.3 Method

The method is divided into three main steps: 1) data retrieval, 2) data linking and organisa-
tion, and 3) data analysis and presentation. It is designed for electricity bills from Eskom, the
main electricity supplier in South Africa. Larger industrial consumers receive their electricity
directly from Eskom. Each bill contain several PODs that are billed individually.
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3.3.1 Data retrieval

The data retrieval step consists of three substeps:

• Document collection
Electricity bill documents are collected via email. It is sent to mailboxes where the
documents are downloaded automatically by the EMIS. The documents are stored in
predefined folders where they await the next steps.

• Data extraction
Data is extracted from the documents using a regular expression. Each billing item is
extracted as a single data point, which is referred to as a tag.

• Data storage
Tag data is stored in a centralised SQL database. Additional relational data regarding
each tag is also stored in the database.

3.3.2 Data linking and organisation

To analyse the captured data, context is necessary. The relational database makes it possible
to link and organise the data in a logical manner, thereby adding context to the data.
Figure 3.1 shows an example of how the data is organised. Each tag is assigned a data
type, for example ‘Admin charge’ or ‘Peak usage’. This makes it possible to identify all the
tags of a specific type for analysis. Furthermore, tags from the same POD are linked to a
‘System’ object, for example ‘Shaft A1 ’. This organises all the data from a POD into one
system.

System
Level 1

Systems
Level 2

Systems
Level 3

TagsData types

Admin charge (R)

Service charge (R)

Connection charge(R)

Peak charge (R)

Standard charge (R)

Off-peak charge (R)

Peak usage (kWh)

Standard usage (kWh)

Off-peak usage (kWh)

Max demand (kVA)

Demand charge (R)

POD A1 Admin charge

POD A1 Connect charge

POD A1 Peak charge

POD A1 Off-peak charge

POD A1 Peak usage

POD A1 Standard usage

POD A1 Off-peak usage

POD A1 Max demand

POD A1 Demand charge

POD A1 Standard charge

POD A1 Service charge
Account 1

(Business unit A)

POD A1 (Shaft A1)

POD A2 (Plant A)

POD A3 (Shaft A2)

POD B4 (Shaft B3)

POD B1 (Shaft B1)

POD B2 (Shaft B2)

POD B3 (Plant B1)

POD B5 (Plant B3)

POD C4 (Plant C)

POD C1 (Shaft C1)

POD C2 (Shaft C2)

POD C3 (Shaft C3)

Account 2
(Business unit B)

Account 3
(Business unit C)

Group Total
(Mining group A)

Account 1
(Business unit A)

Figure 3.1: Data linking and organisation example [41]

For higher level analysis, systems are linked to other systems. For example, multiple shafts
or plants can be grouped into a single business unit. Finally, from a top-level perspective, an
entire company group system is created with multiple business units linked to it, and multiple
PODs are linked to each business unit. From this structure, a company-wide analysis can
be done on a specific data type.

The development and implementation of an energy management information system for industries 24



Chapter 3. Article 2 – Automated electricity bill analysis

3.3.3 Data analysis and presentation

Data collected and organised, as mentioned in the previous sections, is now analysed and
presented to relevant persons. The performance is analysed on different levels, and different
units within the company are benchmarked against each other. There are several different
ways for analysing and presenting the data, of which a summary is provided below. A select
few will be discussed in more detail using case studies.

Monthly electricity cost and usage

The actual electricity cost and usage are compared on a monthly basis to a budget. The
budget is usually determined by the client and align with their yearly budgets, but it could
also be any target value that motivates them to use energy more efficiently.

Electricity cost and usage breakdown by consumer

This provides a breakdown of the electricity cost and usage of individual consumers or
business units. With this analysis, outliers are detected; for example, where electricity
consumed does not correlate proportionally with the cost of the electricity.

Electricity charges breakdown

This provides a breakdown of the different charges on the electricity bills. For example,
administration charges, network access charges and active energy charges. Potential oppor-
tunities for reducing costs are identified by viewing all the charges holistically.

Electricity cost inflation

Potential electricity costs for the next five financial years are calculated based on estimated
electricity tariff inflation. The estimated tariff increases are calculated from the average
confirmed tariff increase over the previous five years.

Time-of-use breakdown

Electricity usage is displayed for each time-of-use period for 12 months. A proportional
monthly energy (PME) value is also displayed on the chart. The PME values are determined
by calculating the proportional number of peak and standard hours of the applicable 12-
month period. For example, if 14% of hours in the period are peak hours, the peak PME
value for each month is 14% of the total amount of energy for that month. Comparing the
PME values with the actual usage data helps to analyse the time-of-use information more
effectively. For example, the further the peak PME value is above the actual peak usage,
the more load is shifted to less expensive periods.

Maximum demand

Consumers and the electricity supplier agree upon a maximum electricity demand that the
consumer will not exceed, which is called the notified maximum demand. If consumers
exceed the notified maximum demand, they pay additional penalty charges. Therefore, in
some cases the notified demand is chosen conservatively (high) to avoid penalties. In other
scenarios, the notified demand is not reduced when the actual demand declines. Herein lies
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an opportunity. If the margin between notified maximum demand and measured maximum
demand remains large, the notified demand could be reduced to save cost.

Reactive power and power factor

During peak and standard periods in winter months, consumers are charged for excessive
reactive energy consumption. This charge is only applicable if the reactive energy during
a 30-minute period is more than 30% of the active energy, which implies a power factor
below 0.967 [60]. It is imperative that all power factor correction systems, such as capacitor
banks, are in optimal condition to reduce reactive power consumption. Equation 3.1 is
derived in Article 2, where pf is the power factor, P is active power (kW) and Q is reactive
power (kVAr). Because the active and reactive energies in the bill are measured over the
same period, they replace active and reactive powers in the equation to calculate an average
power factor for the period.

pf =
P√

P 2 + Q2
(3.1)

3.4 Results

Time-of-use breakdown

The case study for an individual POD is shown in Figure 3.2. The peak and standard PME
values for this selected period were 14.3% and 36.2%, respectively. The further the peak
PME value is above the actual peak usage, the more load is shifted to less expensive periods.
From the chart it can be deduced that the existing load-shifting initiatives performed poorly
in August, September and October. Although November and February appears to be under
performing as well, it is inconclusive because of the high amount of energy consumed.
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Figure 3.2: Time-of-use breakdown of electricity usage [41]

7 Eskom, “Tariffs & Charges 2019/2020.” [Online]. Available: http://www.eskom.co.za/CustomerCare
/TariffsAndCharges/Documents/Complete Tariff 2019 web1.pdf [Feb. 17, 2020].
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Maximum demand

Figure 3.3 shows notified and measured maximum demand of an individual POD for 12
months. The charges associated with the notified maximum demand are also displayed for
comparison purposes. Electricity tariffs increased in April 2015, which in turn increased the
cost of the notified maximum demand.
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Figure 3.3: Notified vs measured maximum demand [41]

In this case, the notified maximum demand was 84.66 MVA. The average measured de-
mand for July 2014 to December 2014 was 67.12 MVA and for January 2015 to June 2015
62.45 MVA, which equate to safety margins of 20.7% and 26.2%, respectively. The client
decided to reduce the notified maximum based on this information and the future elec-
tricity demand of the operation. If the notified maximum demand is reduced to 72 MVA
(13.3% margin based on the current demand), it reduces the future notified demand costs
by R246 743 per month and R2.96 million per annum.

Reactive power and power factor

The primary axis in Figure 3.4 shows the average power factors of an individual POD for
each time of use. The secondary axis displays the average cost for the reactive energy. This
POD was charged R 132 687 on average for the winter months from June to August 2016
because the PODs’ power factor was below 0.96. A big concern visible in this example is the
severe power factor decline from February 2017. This decline shows a large financial risk for
the following winter months starting June 2017.
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Figure 3.4: Average power factor per time-of-use period [41]

3.5 Discussion

In order for the EMIS to be effective, a broad understanding of a company’s energy usage is
required, which creates the need to gather high level energy data. Electricity bills provide
valuable insights regarding electrical energy usage, as seen from the results of the study.
Consumers could become more cost aware and see how their actions affect energy consump-
tion. This is possible on POD level from a holistic company perspective. Automating this
process helps to minimise the potential for typical mistakes made during manual processes.
However, an automated electricity bill analysis would probably only be beneficial for large
numbers of PODs. The benefit of automated analysis increases as the number of PODs
increases due to the time required to manually analyse the data.

Some relatively basic improvements could be made to the analysis. For example, electricity
cost inflation could be adapted to use the previous 12 months instead of the fixed financial
year period which would give a monthly update on the risk. The accuracy of time-of-
use analysis could be improved by calculating the time-of-use hours of each billing period,
instead of using a yearly average. A more complex improvement is to add an analysis tool to
forecast electricity cost and usage from electricity bill data similar to what Rodrigues et al.
did [59].

Although analysing electricity bill data could effectively create awareness and help to iden-
tify potential energy-saving initiatives, there is still a need to monitor energy consumption
more frequently. If data is available at a higher resolution, it could provide valuable detail
that would aid in understanding the energy system. Furthermore, as discussed in previous
chapters, the plan-do-check-act cycle of the ISO 50001 standard requires continuous mea-
surement and verification against a predetermined baseline. The following chapter looks at
the requirements and design of a generic efficiency initiative monitoring system.
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4.1 Preamble

Article 1 identified the need for an EMIS. Article 2 described the system that analyses high-
level electricity bill data on a large scale. The next step is to monitor the performance of
efficiency initiatives implemented in order to reduce energy consumption. In this article, the
need for a performance monitoring system is investigated. The best methods are extracted
from literature and a system is developed to address the needs and shortcomings of existing
systems.

4.2 Performance monitoring

In light of the issues mentioned in Section 1.1.1, industries implement efficiency initiatives
in order to decrease their operational costs [19–22]. However, if these initiatives are not
monitored and maintained, their performance deteriorates over time [25, 61]. The results of
Groenewald’s implementation of performance-centred maintenance strategies show that cost
savings on deteriorated initiatives could be increased by 64% [25].

Three main initiative types exist with regard to energy systems [25,62]:

• Energy efficiency
Energy efficiency initiatives aim to reduce overall energy usage. For example, on a
mine’s water reticulation system, reducing the amount of water consumed underground
reduces the amount of water to be pumped back to surface, which in turn reduces the
energy consumed by the dewatering pumps.

• Peak clipping
Peak-clipping initiatives aim to reduce energy usage only during peak periods. For
example, on a compressed air system, the compressors’ pressure set points and down-
stream valves are controlled to ensure that the supply and demand of compressed air
match as closely as possible.

• Load shifting
Load-shifting initiatives aim to shift the energy load from peak periods to non-peak
periods. For example, on a mine dewatering system, dam levels are optimised in non-
peak periods in order to reduce or eliminate the need for pumping during peak periods.
In this case, dams act as energy storage systems.

Booysen conducted an in-depth literature analysis of measurement and verification (M&V)
frameworks and guidelines [62]. The most predominant M&V guides are the International
Performance Measurement and Verification Protocol (IPMVP) and the Federal Energy Man-
agement Program. He identified a lack of guidance for practical M&V of industrial DSM
initiatives. Thereafter, he developed practical methodologies for three important areas of
M&V:

• data quality;

• baseline model selection; and

• project performance monitoring.
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Data quality and baseline model selection are not in the scope of this study. The functions of
performance measurement and monitoring are to evaluate performance, identify performance
gaps, provide goals against which progress can be measured, and provide data for determining
appropriate courses of action and strategic planning [43].

As mentioned earlier, if initiatives are not monitored and maintained, the performance dete-
riorates, leading to reduced savings. This means that performance monitoring is crucial for
maintaining energy initiative performance; however, few systems exist to monitor initiative
performance properly.

4.2.1 State of the art

Schulze et al. did a systematic review of 44 journal publications on industrial energy manage-
ment [27]. From this comprehensive study, the researchers developed an integrated energy
management framework. The framework has a feedback loop for continuous improvement,
similar to the plan-do-check-act cycle of ISO 50001 [33]. The feedback loop is an important
part of maintaining saving initiatives.

A crucial part of the feedback look is the ’check’ step, which includes data collection, moni-
toring and reporting [63]. In order to execute this step as efficiently as possible, an automated
information system is required to monitor the performance of efficiency initiatives. Such a
system will make maintaining the initiatives more efficient and sustainable.

Literature describes numerous information systems that have been developed for different
aspects of energy usage in industry. These systems vary from very specific applications such
as online energy efficiency monitoring of machine tools [43, 64] and real-time M&V [65] to
energy platforms for entire industrial facilities [66].

Many of the monitoring systems used by energy intensive industries are, however, lacking.
According to Sivill et al., these systems were originally developed for maximising production
efficiency, quality and safety [43]. Deficiencies in energy performance measurement are caused
by the slow rate of technical adoption and behavioural change within an organisation.

Hu et al. proposed an online approach to collect measurements and monitor the real-time
efficiency of machine tools automatically [64]. The system, however, does not implement a
historical database for in-depth analysis and cannot be adapted for other uses. Alternatively,
the real-time M&V solution of Ke, Yeh and Su tracks historical data that is monitored using
a web application [65]. This system does not support the reporting functionality required to
complete the feedback loop identified by Schulze et al. [27].

More generic energy information systems have been proposed, but these systems lack real-
world implementation as well as the ability to develop, target and track specific efficiency
initiatives. Such systems include the energy management platform that is based on IoT
developed by Wei, Hong and Adam [66] and the simulations of decentralised manufacturing
as proposed by Ilsen et al. [67].

Zampou et al. introduced a generic framework for energy-aware information systems in
manufacturing based on the fundamental principles of energy monitoring and energy-aware
analytics [68]. These core principles could well benefit the mining industry if implemented
correctly.
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May et al. created a framework for energy management in manufacturing [69]. The framework
was developed by analysing the research conducted by numerous researchers. The authors
found consensus among researchers that consistent performance monitoring is a crucial part
of any efficiency initiative [69].

Appropriate KPIs are also vital for successful performance monitoring. The data from
appropriate KPIs could provide hints for optimising energy consumption. Furthermore, it
could provide better decision support by establishing the verifiable and measurable benefits
of implementing efficiency initiatives [69].

May et al. divide performance measures into three categories [69]:

• energy efficiency indicators;

• energy efficiency analysis and optimisation; and

• trade-off analysis.

The study by May et al. focused on existing literature regarding energy performance
measurement in manufacturing. Their framework can be used to create strategies to monitor
and measure energy performance. Although the study does not provide a method to do
so, the study highlights important considerations when planning a performance monitoring
system.

Cárdenas et al. developed an intelligent EMS for the textile industry [70]. This study was
built on top of an existing EMS and used the data collected by the EMS to create forecasts
for the following day’s energy consumption. This is a good example of how an EMS used to
create more business value. However, the study failed to compare the forecasted values of a
day’s energy consumption with the day’s actual energy consumption. Another disadvantage
is that the system does not make use of continuous monitoring [70].

Benedetti, Cesarotti and Introna developed a methodology to monitor energy performance
indicators [7]. The study focuses on energy performance indicators only and does not anal-
yse KPIs for other systems and processes. The study was developed as a methodology
not implemented at a large scale. The methodology further failed to provide users with
automated systems such as reporting tools and data analysis tools to facilitate baseline
calculations.

As mentioned in Section 1.1.4, although there are commercial systems that monitor system
performance, only one system supports adjusted baselines. None of these systems provide
initiative performance monitoring integrated with bill analysis.

Therefore, based on the limitations of existing systems in literature, a need exists for a generic
system to monitor various types of efficiency initiatives. As mentioned in Section 2.2.2,
Watson et al. proposed a framework to stimulate information systems research in order to
address environmental sustainability [1]. Such a system would be the start of remedying
the concerns highlighted by Watson et al. in terms of the lack of information and the slow
uptake of information systems for sustainable production.

The role of such an information system should be to automate the monitoring and performance
tracking of efficiency initiatives to complete the feedback loop of the ISO 50001 plan-do-
check-act cycle consistently, accurately and reliably. This will aid managers to improve the
performance of efficiency initiatives continuously.
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4.3 Article summary

The method is described in more detail in the article, and shortly here to focus more on the
results.

4.3.1 Data processing

• Configuration of properties
A web application is used to configure the properties, such as baselines and targets, of
an initiative. Depending on the type of initiative, its target could either be to reduce
the consumption baseline or exceed the production baseline.

• Data translation
Data can be obtained from various sources in different formats. The data translation
step converts this data into a standard format to be used in performance calculations.

• Data storage
The configuration properties of the initiatives as well as the translated data are stored in
a relational SQL database. The data storage unit also does some basic data verification;
for example, verifying the number of data points per day. This information is used at
a later stage to indicate the validity of the performance calculations to the user.

• Performance calculations
The performance calculation unit starts by collecting the configurations for all the
initiatives from the database. Then, each initiative’s tags are inspected for new data.
If new data is available, the initiative is added to a queue to be processed. After all
initiatives with new data have been added to the queue, their performance is calculated
based on the new data.

4.3.2 Performance analysis

The performance analysis is explained with the case studies. In short, the web application
provides a number of visualisations for users to analyse the performance of the initiatives.
Reports can be generated, which are used to sign performances off.

The system was implemented on a number of initiatives at different client sites. Figure 4.1
shows the daily performance of various initiatives for a specific mining client. This view
provides a holistic perspective of all the initiatives, which makes it easier to identify under-
performing initiatives. The user can then view more detail for a specific initiative for a single
day. For this summary, three case studies from the article are discussed in more detail.

The different colours in Figure 4.1 indicate the following:

Green Overperformance Target achieved
Red Underperformance More than 10% from target
Orange Underperformance Within 10% of target
Blue Partial data loss Performance cannot be calculated
Grey No data available Performance cannot be calculated
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Figure 4.1: Daily performance overview of all initiatives accessible by a user

Case study 1

An energy-saving initiative was implemented on a mine pumping system. The aim of this
initiative was to shift electrical load in order to save electricity cost. Electricity is shifted
from the most expensive peak periods to the less expensive periods. The peak period of
the applicable tariff for June 2018, was 3.3 and 6 times more expensive than the standard
and off-peak periods, respectively. Before the inception of the initiative, a baseline electricity
profile was selected. The baseline scaling method, as well as the electricity and cost reduction
targets are agreed on by all parties.

Because the purpose of this initiative is purely to shift load, the baseline is adjusted (also
known as scaled) energy neutral with the actual electricity consumption. Effectively, the total
daily energy equals the adjusted energy baseline. The equations for this scaling method are
available in the article. Baseline adjustment helps to isolate the impact of the initiative from
other changes in the system that might have affected its energy consumption (for example,
changes in production).

The performance of this initiative for June 2018 is analysed in Figure 4.2. The non-cost
savings target implies an average power consumption reduction of 0.3 MW during the morn-
ing (06:00–09:00) and evening (17:00–19:00) peak periods. The average performance profile
chart in the figure (top right) shows that load was only shifted during the evening peak
period. This resulted in an average weekday power reduction of 0.39 MW, which is a 30%
overperformance.

The initiative has a conservative cost-saving target of R36 353 for June 2018. By shifting
electrical load from peak to standard periods, a cost saving of R84 696 was achieved for the
month. The bottom-left chart in Figure 4.2 shows the daily cost savings achieved. Most
weekdays performed well, except for 5 June, which had a negative financial impact. The
effect of this underperforming day is also shown in the cumulative performance chart (bottom
right), which was only recovered by 13 June.
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Figure 4.2: Case study 1 – Monthly performance detail
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Case study 2

In this case study, an initiative to improve the energy efficiency of a mine compressed air
system was implemented. The aim was to save on electricity cost by reducing overall energy
consumption without compromising mining production. The baseline is adjusted energy
neutral during the drilling period (08:30-14:00). Essentially, the entire baseline is adjusted,
but is only energy neutral with the actual consumption during the drilling hours. This means
any energy reduction before and after the drilling period will not affect the scaled baseline.
The equations used for this scaling method are available in the article.

This initiative has a non-cost-saving target of 0.9 MW for each day of the week. The
performance summary for June 2018 is shown in Figure 4.3. The performance profile chart
(top right) shows the energy is reduced shortly before the drilling period starts at 08:30, and
again when it ends at 14:00. However, this reduction is only enough to achieve an average
power reduction of 0.58 MW. The initiative is therefore 35.6% below target.

The cost-saving target for this initiative is R287 657. This is relatively conservative con-
sidering the achieved cost saving of R618 040. Drilling is usually only done on weekdays,
which means the initiative underperforms during weekends. This can be seen in both the
daily cost-saving chart (bottom left) and the cumulative impact chart (bottom right) of
Figure 4.3.
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Figure 4.3: Case study 2 – Monthly performance detail
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Case study 3

For this case study, the performance of a number of energy initiatives is analysed over the
lifetime of the initiatives. In total 81 initiatives over 24 different sites were implemented in
a 29-month period. The cumulative performance analysis for all the initiatives is shown in
Figure 4.4. This analysis provides an overview of all the initiatives to the user. The analysis
starts in May 2016 when the first initiative was implemented, and ends in September 2018,
the month when this analysis was done. The cumulative actual power reduction (or impact)
and the target power reduction are shown on the left y-axis. The cumulative cost saving is
shown on the right y-axis.

Figure 4.4 shows the following regarding the energy savings: For the first 12 months until
April 2017, the initiatives consistently underperformed against the cumulative target and
the impact steadily increased, especially from October 2016. From May 2017, the initiatives
started to perform better with the gap between the target and impact stabilising and even
slightly decreasing over the next 12 months. From June 2018, the gap started to decrease
even more, which could be attributed to new, overperforming initiatives being implemented
in this period. On average over the whole period, power was reduced by 14.8 MW per
month.

Figure 4.4: Case study 3 – Cumulative performance analysis

In terms of cost-savings, Figure 4.4 shows the following: The cost savings were fairly consis-
tent each month for the first year with a slight downturn from October 2016, which correlates
with the decrease in energy performance mentioned in the previous paragraph. From May
2017 until August 2017, there was a significant increase in cost savings, which is attributed
to the better performing initiatives as well as the increase in electricity cost during the winter
months. The winter months referred to here are every year from June to August as defined
by the utility company and winter-peak periods are three times more expensive than peak
periods in non-winter months.
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Another sharp increase in cumulative cost savings is observed from June 2018 to August
2018, which again correlates with the increased winter tariffs and the implementation of the
new, overperforming initiatives mentioned in an earlier paragraph. The high tariffs during
the peak months make it essential for all initiatives to be well maintained and working
optimally during these periods. The total cumulative cost saving during this analysis period
is close to R170 million. More than 51% of these savings were achieved in the peak winter
months, even though only 31% of the months in this period were winter months.

4.4 Discussion

A need for a generic efficiency initiative performance monitoring system was identified in
literature. The system developed in this study aids energy personnel to manage the per-
formance of their energy initiatives. They have a collection of visualisations and reports
available to analyse initiative performance via the web application. The system was imple-
mented on a relatively large-scale operation.

The proposed system achieves the need to aid in environmentally friendly and sustainable
development identified by Watson et al. [1]. The generic nature of the system allows it
to be used for various efficiency projects as illustrated in the results across both energy
and water. However, the system is not limited to those areas and could be expanded to
cover air quality, water pollution reduction as well as any other measurable environmental
impact. The system could further be improved by incorporating Big Data and Internet of
Things techniques and concepts, which have shown promise in managing natural resource
usage and sustainable development [37, 51, 71]. These Big Data techniques could provide
enhanced insight into usage patterns and wastages, which could be used as indications of
savings opportunities [37, 51,71].

Further advancement of the system could focus on incorporating further non-energy or
indirect cost benefits that efficiency initiatives realise [36, 72, 73]. This could aid in the
wider adoption of environmentally sustainable production by initially focusing on the direct
financial benefit for the industries involved. Another additional benefit is that the system
could work closely with environmental management systems such as those described by the
ISO 14001 standard [74,75]. Implementing an efficiency monitoring system could increase the
uptake of direct environmental management by first targeting improvements to the bottom
line of the mining industry.

However, this study did identify some shortcomings. From the survey mentioned in Article 3,
concerns were raised whether the results generated by the system are verifiable. Since it is
possible to manually verify the calculations based on the data in the database, the real
concern here is the reliability of field data collected from various sources. This is a major
concern for most systems relying on external data sources. There is therefore scope to
perform some data quality checks to ensure that the data is usable for the analysis. Such
data quality analysis could be automated based on existing M&V and data quality techniques
as developed by Goosen [76].

Furthermore, while the system was implemented and used successfully at numerous mining
sites, the results are limited to the South African deep mining industry. Further study would
be required to determine if the same or a similar approach could be used in other industrial
sectors such as manufacturing, steel-making or the cement industry.
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5.1 Summary of work

This study set out to develop and implement an EMIS for industries that can be adapted
to specific tariff structures. The first step was to establish the need for such a system.
The need for a scalable system to be implemented in industry with real-world results was
apparent from literature. Investigating the vast amounts of data processed and analysed
automatically by the system highlights the need for such a system, as the process would
be labour intensive without it. The data investigation showed that the two mining groups
where this system was implemented process more than 56 000 electricity bill data points and
9.3 million efficiency initiative data points annually.

It is important to have a broad understanding of a company’s energy usage in order to
manage and improve energy efficiency effectively. An Energy Map will help to visualise the
overall change in energy consumption. High-level energy information is freely available in
the form of monthly electricity bills provided by utility companies. Although valuable data
is available, it becomes overwhelming for large-scale industries to extract and analyse all the
information. An integral part of the EMIS is the automatic extraction, organisation and
analysis of bill data.

The bill analysis tool allows users to identify potential savings initiatives. For example,
time-of-use data highlights areas where load-shifting or peak-clipping initiatives could be
implemented to reduce the amount of energy consumed during more expensive peak peri-
ods. The maximum demand analysis could identify opportunities for reducing the notified
maximum demand and the associated costs thereof without risking penalties for exceeding
maximum demand. On the other hand, the reactive power tool identifies the risk of a low
power factor, which could be penalised during winter months.

Companies can reduce energy consumption and increase their operational efficiency by
implementing energy efficiency initiatives. However, to maintain the optimal performance
of an initiative, it should be monitored continuously. This requires large amounts of data to
be processed and analysed on a regular basis. Although commercial systems exist that are
able to monitor system performance, none of these systems provides initiative performance
monitoring integrated with bill analysis. A need was identified for a system to monitor the
performance of efficiency initiatives automatically. Such a system was developed as part of
the larger EMIS.

The efficiency initiative monitoring system was implemented on a large-scale mining opera-
tion. Several case studies were analysed to illustrate the use of the system. The first case
study examined the performance of a load-shifting project. The system helped to identify
underperformance early in the month, which was rectified quickly. However, it still took sev-
eral days to recover the monthly cumulative performance, which illustrates the importance
of daily monitoring.

Another case study of the initiative monitoring system illustrated cumulative performance
analysis of all initiatives for a mining group. This analysis enables the user to determine
whether the holistic performance of the initiatives is improving or deteriorating. Over the
29-month case-study period, the initiatives achieved an average power reduction of 14.81 MW
and a total electricity cost saving of R170 million.

The objective of this study was achieved by developing and implementing an EMIS for
industries in South Africa. The system aids industries to manage energy efficiency effectively
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by automating the data collection, translation and storage processes. Energy personnel are
able to analyse the data effectively to extract meaningful information and identify potential
opportunities for improving energy efficiency, and monitor the performance of implemented
initiatives.

5.2 Shortcomings and future research

Apart from the basic improvements to the bill analysis system mentioned in Section 3.5,
there are a few research areas that could be explored further. For example, expanding the
capabilities of the system to analyse bills for other sources such as coal, gas and diesel.
Although electricity is a major energy source in most industries, creating awareness about
the consumption of other sources will ultimately help to consume them more efficiently.

As mentioned in Section 3.5, using bill data to forecast energy cost and usage is a valuable
tool, which will further improve awareness and potentially aid in the planning of energy
intensive operations. A similar tool was mentioned by Rodrigues et al., which would be a
good starting point for this research [59]. Finally, the bill analysis system could be expanded
to be compatible with the tariff structures of other countries as well. Currently it is limited
to South Africa.

In terms of the efficiency initiative performance monitoring system, the most prominent
concern from the survey was regarding the reliability of the results - specifically the accuracy
of the raw field data collected from using instrumentation. To improve the credibility of the
results, research could be conducted regarding automated data quality checking and data
quality quantification [76].

To further improve performance monitoring, the feedback cycle could be tightened by analys-
ing data more regularly (for example, every 30 minutes). Relevant personnel would then be
notified immediately if a baseline is exceeded and could act faster to minimise any negative
energy or financial impact.

As mentioned in Section 4.4, the generic nature of the system allows it to be used for various
initiatives for both energy and water. However, the system could easily be expanded to
cover air quality, water pollution reduction as well as any other measurable environmental
impact. The system could further aid other environmental management systems described
by the ISO 14001 standard [74,75]

Finally, with the vast amounts of data available in the system, the techniques and concepts
of Big Data and Internet of Things could be incorporated to manage natural resource usage
and sustainable development [37, 51, 71]. These techniques could help to identify savings
opportunities by providing additional insight into usage patterns and wastages.
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Alcántar, K. Steyn, E. Hürdoğan, T. Björkman, and J. O’Sullivan, “Predicting the
quantifiable impacts of ISO 50001 on climate change mitigation,” Energy Policy, vol.
107, pp. 278–288, 2017.

[37] K. Zhou, C. Fu, and S. Yang, “Big data driven smart energy management: From big
data to big insights,” Renewable and Sustainable Energy Reviews, vol. 56, pp. 215–225,
2016.

[38] M. Parvizimosaed, F. Farmani, H. Monsef, and A. Rahimi-Kian, “A multi-stage smart
energy management system under multiple uncertainties: A data mining approach,”
Renewable Energy, vol. 102, pp. 178–189, 2017.

[39] K. Jia, G. Guo, J. Xiao, H. Zhou, Z. Wang, and G. He, “Data compression approach
for the home energy management system,” Applied Energy, vol. 247, pp. 643–656, 2019.

[40] K. Zhou and S. Yang, “Smart energy management,” Comprehensive Energy Systems,
vol. 5, pp. 423–456, 2018.

[41] P. Goosen, M. J. Mathews, and J. C. Vosloo, “Automated electricity bill analysis in
South Africa,” South African Journal of Industrial Engineering, vol. 28, no. 3, pp.
66–77, 2017.

[42] P. Thollander and M. Ottosson, “Energy management practices in Swedish energy-
intensive industries,” Journal of Cleaner Production, vol. 18, no. 12, pp. 1125–1133,
2010.

[43] L. Sivill, J. Manninen, I. Hippinen, and P. Ahtila, “Success factors of energy man-
agement in energy-intensive industries: Development priority of energy performance
measurement,” International Journal of Energy Research, vol. 37, no. 8, pp. 936–951,
2013.

The development and implementation of an energy management information system for industries 45

https://www.iso.org


References

[44] M. T. Solnørdal and L. Foss, “Closing the energy efficiency gap: A systematic review
of empirical articles on drivers to energy efficiency in manufacturing firms,” Industrial
Energy Efficiency, vol. 11, no. 3, 2018.

[45] A. Trianni, E. Cagno, M. Bertolotti, P. Thollander, and E. Andersson, “Energy man-
agement: A practice-based assessment model,” Applied Energy, vol. 235, pp. 1614–1636,
2019.

[46] C. McMahon and A. Ball, “Information systems challenges for through-life engineering,”
Procedia CIRP, vol. 11, pp. 1–7, 2013.

[47] B. Swords, E. Coyle, and B. Norton, “An enterprise energy-information system,” Applied
Energy, vol. 85, no. 1, pp. 61–69, 2008.

[48] B. Sucic, F. Al-Mansour, M. Pusnik, and T. Vuk, “Context sensitive production plan-
ning and energy management approach in energy intensive industries,” Energy, vol. 108,
pp. 63–73, 2016.
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ABSTRACT 

Electricity costs in South Africa are increasing rapidly, and the 
funding hurdle rates for energy conservation incentives are 
decreasing. Therefore, with rising international competition and 
increasing operational costs, marginal industries need to focus on 
energy management strategies where larger savings can be achieved 
with lower capital expenditure. This paper sketches the need for a 
comprehensive energy management information system (EMIS). 
Common industrial energy management pitfalls are identified and 
energy conservation incentives are outlined. New focus points that 
improve client awareness and in turn improve the sustainability of 
energy management interventions are also highlighted. However, 
benefitting from energy incentives is becoming more complex. 
Therefore, many clients do not benefit from these incentives unless 
specialised Energy Service Companies (ESCos) are employed. ESCos, 
however, require large amounts of data to manage clients’ energy 
effectively. Herein lies the need for a comprehensive EMIS that aids 
ESCos and their clients with the energy management process. An 
EMIS was developed and implemented for several industries in South 
Africa. Data is automatically collected, processed, analysed, and 
presented on a daily basis. A case study investigates the exorbitant 
amounts of data and reports that are managed automatically, which 
further highlights the need for a comprehensive EMIS. 

OPSOMMING 

Die koste van elektrisiteit in Suid-Afrika neem vinnig toe en die 
befondsing struikelblok vir energiebesparing innovasie is besig om 
weg te kwyn. Met die toenemende internasionale mededinging en 
bedryfskostes moet marginale industrieë fokus op energiebestuur-
strategieë wat groter besparings kan bewerkstellig met laer 
kapitaalbesteding. Hierdie artikel skets die behoefte vir ŉ 
omvattende energiebestuur inligtingstelsel. Algemene industriële 
energiebestuur slaggate word geïdentifiseer en energiebesparings-
insentiewe word uiteengesit. Nuwe fokuspunte wat kliënt-
bewustheid verbeter en dus die volhoubaarheid van energiebestuur 
verbeter word uitgelig. Om voordeel te trek uit energiebesparings-
insentiewe word meer kompleks en baie kliënte trek nie voordeel 
daaruit tensy daar van energiediensmaatskappye gebruik gemaak 
word nie. Energiediensmaatskappye benodig egter groot 
hoeveelhede data om hul kliënte se energie doeltreffend te bestuur. 
Die behoefte lê dus in ŉ alomvattende energiebestuur 
inligtingstelsel wat energiediensmaatskappye en hul kliënte kan 
bystaan. So ŉ inligtingstelsel is ontwikkel en geïmplementeer by 
verskeie industrieë in Suid-Afrika. Data word outonoom 
bymekaargemaak, geprosesseer, geanaliseer en voorgehou op ŉ 
daaglikse basis. ŉ Gevallestudie ondersoek die buitensporige data 
volumes en verslae wat outonoom genereer word. Dit beklemtoon 
die behoefte vir ŉ alomvattende energiebestuur inligtingstelsel. 
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1 INTRODUCTION 

South African electricity tariffs and international non-renewable energy costs are increasing at a 
rapid rate [1]. These trends highlight the need for competitive, energy-intensive industries to reduce 
energy cost [2]. An international drive for improved energy efficiency is incentivising and regulating 
industrial, commercial, and residential areas to reduce their energy consumption. The improvement 
of energy efficiency in all these sectors, however, remains a slow and expensive process [2]. 
Improving energy efficiency requires the updating, replacement, or addition of new, more effective 
devices, infrastructure, or control systems. However, these interventions are expensive, with both 
lengthy payback periods and extended periods of time needed to install or implement them [3]. 
 
In energy-strapped environments, like South Africa, incentive and rebate programmes provide 
crucial financial and legislatorial assistance to the industrial, commercial, and residential sectors 
[4]. This provides the required support to the demand side of the South African electricity network 
to reduce demand and improve energy efficiency [5]. However, with an aging generation 
infrastructure, the South African electricity utility, Eskom, and the National Energy Regulator of 
South Africa, NERSA, are shifting focus away from these programmes, in order to increase profits 
and finance new infrastructure. The impact of this shift is apparent in the decreasing incentive 
hurdle rates and changes in legislation, which make it increasingly difficult for the demand side to 
reduce energy consumption. 
 
Although the demand side needs to reduce energy consumption, interventions and energy efficiency 
improvements need to be self-funded, which remains difficult in marginal and highly competitive 
environments. Effective management and an altered focus in industry can provide a stepping stone 
to reduce energy cost, and so doing, provide the needed financial flexibility to implement 
additional, more costly energy efficiency improvements (as seen in Figure 1) [6]. 
 

 

Figure 1: Improving energy efficiency by applying better operational energy management 

Industry is aware of opportunities for more energy-efficient operation, but the high infrastructure 
cost and the risk of operational down-time weighs against the potential benefits. The installation of 
more energy efficient equipment is expensive and requires extended down-time. Hurdle rates of 
energy efficiency incentives are also decreasing and becoming more complex. Improved energy 
management reduces this cost and risk, but also requires experience to ensure a successful outcome. 
Addressing these common pitfalls in energy management assists clients to manage operations and 
alter procedures to decrease energy costs. An Energy Service Company (ESCo) typically holds this 
expertise and actively employs tools to assist with data processing and reporting, in order to achieve 
efficient energy management. 
 
Based on the above arguments, the following sections of this paper will: 
 
• address common pitfalls that inhibit consumers from achieving maximum energy cost-saving 

potential; 
• summarise the regulations, legislations, and incentives available to clients in order to improve 

their energy efficiency; 
• propose a more structured energy management strategy; 
• describe a comprehensive energy management information system (EMIS) employed by an ESCo 

to assist them with the energy management of large energy consumers; and 
• analyse results of an EMIS data investigation to accentuate its need further. 
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2 COMMON PITFALLS 

A few common pitfalls are found in industrial or commercial energy management. These pitfalls 
often prevent the demand side from achieving all possible savings from existing circumstances, 
including: time-of-use (TOU) pricing, new incentives, new legislation, and new programmes. 

2.1 Isolated focus or lack of focus 

Personnel or individuals often focus either on specific tasks at hand or on too many tasks at once. 
Key performance indicators from different sectors generally align personnel outcomes and personnel 
drive with specific areas of focus. These areas of focus include production targets, production rate 
targets, component reliability, component availability, or in some cases, energy efficiency. Aligning 
the personnel drive with specific focus areas works well to motivate these individuals to achieve 
optimised solutions; however, the areas are sometimes misaligned with larger ideals, which results 
in the overall targets not being met. Additionally, if personnel focus is unclear, or if there are too 
many focus areas for individuals with a lot of different responsibilities, some areas, especially energy 
management, are often inadequately executed or overlooked entirely. 

2.2 Poor integrated management 

As discussed in Section 2.1, personnel are structured into specific areas of focus, such as 
maintenance, production, operations, and support. However, energy management, as a multi-
disciplinary field, requires the collaboration of multiple departments. Most often, the different 
departments are isolated and collaborate only in a crisis or under forced circumstances. This 
phenomenon usually goes unnoticed and reduces the amount of energy savings that is achieved. 

2.3 Lack of communication and outdated systems 

Older systems and infrastructure limit the amount of information that can be used to analyse present 
energy performance. Energy management is therefore restricted in these circumstances, as 
feedback or reporting does not indicate where possible improvements can be made. Integrated 
reporting and communication is thus essential in order to set out and quantify possible energy 
consumption and energy cost improvements. Referring back to Section 2.1, some personnel will also 
increase energy consumption in order to achieve other key performance indications. However, the 
increase in energy consumption or cost is not reported on and often remains unnoticed and 
unimproved. 

2.4 Outdated procedures 

Energy management is a fluctuating and dynamic environment. New infrastructure, procedures, and 
best practices are updated and improved frequently. New incentives and programmes are also 
developed on a constant basis. However, most personnel remain focused on other fields or remain 
isolated in their specific work environment without learning or taking note of newer, more effective 
procedures. More experienced personnel also tend to remain reluctant to alter present procedures 
because these procedures are tried and tested. However, noting and applying new standards, 
procedures, and best practices as they develop remains crucial in the energy sector. 

3 REGULATION, LEGISLATION, AND INCENTIVES 

Legislation and regulation provides a framework in which energy management can take place. This 
regulatory structure also provides the guidelines for the development of policies and standards that 
are used in the energy sector. Different funding and rebate incentives are also available to promote 
the compliance and regulation of the energy sector. Regulation, legislation, and policies pertaining 
to South African and international energy management are summarised in Table 1. 
 
Energy consumers in South Africa are motivated by both government and NERSA to improve energy 
efficiency and reduce energy cost with multiple different incentives. These incentives include 
infrastructure funding, tax rebate incentives, environmental levies, and carbon taxation. The 
different incentives and rebates are summarised in Table 2. However, applying for and implementing 
these different incentives remains a complex task, and the incentives fluctuate in availability and 
hurdle rate on a frequent basis. This fluctuation also makes it increasingly difficult for clients and 
some ESCos to implement and benefit from these incentives. 
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Table 1: Legislation, regulation, and policies in South Africa [5] 

Regulation 
1  Electricity Regulation Act (2006) 
2  Electricity Regulation Act – Std. for Reticulation (2008) 
3  National Energy Act (2008) 
4  National Energy Act – Allowances for EE Savings (2011) 
5  Electricity Regulations IRP (2011) 
6  Revision of Regulatory Rules for EE & DSM (2010) 
7  Advanced Metering Infrastructure - R&C Consumers (2008) 
Policy 
1  SANS 10400XA DTI (Promulgated Nov 2011) 
2  SANS 50001 and 50010 

Table 2: Energy efficiency incentives in South Africa [5, 7] 

EE Incentives and rebate 
1  Environmental Levy on Non-Renewable Electricity - Eskom (2009) 
2  Section 12L of the Income Tax Act, Act No. 58 of 1962 
3  MYPD Funding for DSM Programme – Eskom (2011-2013) 
Industrial – DTI 
1  Section 12I of the Income Tax Act, Act No. 58 of 1962 
South African Revenue Services 
1  Carbon Dioxide Vehicle Emissions Levy (2011) 
2  Carbon Tax Discussion Paper, National Treasury, (2010) 
3  Carbon Emissions Tax in the National Budget Review (2012) 

 
Eskom has been experiencing a notable electricity production shortfall since 2008. In addition, an 
uneven demand profile showcases increased demand pressure during morning and evening peaks. As 
a result, different TOU tariff structures are used to reduce peak demand in the South African 
electricity market [1]. The aim of these TOU tariff structures is to provide incentives for the demand 
side to shift consumption to less-constrained times of the working week. As a result of the demand 
side’s response to this TOU tariff implementation, the South African electricity demand has changed 
and relieved some of the pressure from the electricity supply. 
 
However, the demand increased to such an extent in 2015 that the altered demand profile once 
again placed strain on supply in peak periods. Integrated demand management projects previously 
assisted clients in achieving larger benefits from the correct use of these TOU structures; however, 
with decreasing hurdle rates and increasing market pressure, these projects are becoming more 
difficult to implement [6]. Large potential for improvement still remains in the South African 
demand profile. A lot of opportunities for TOU cost savings are unused by the demand side. The onus 
of achieving this benefit, however, is shifting away from specific Eskom-funded projects to client-
managed and client-initiated load profile improvement. 
 
Different support and demand-side management (DSM) programmes have been developed and made 
available for both clients and ESCos. These programmes have been implemented by different 
institutions including Eskom, the South African Department of Energy, and other facets of 
government. A summary of present incentive programmes and energy efficiency support and 
development programmes is given in Table 3. 
 
Legislation, regulation, and incentives are often complex and are also updated on a frequent basis. 
In many cases, specialised personnel are required to assist the demand side to navigate the complex 
routes and corridors that energy legislation and regulation entail. Benefitting from incentives is also 
becoming more complex. The National Cleaner Production Centre (NCPC) of South Africa conducts 
free energy audits and, through its Industrial Energy Efficiency (IEE) project, makes 
recommendations regarding resource efficiency and cost-saving opportunities [4, 7]. However, 
sustaining project savings and improvements is difficult without proper maintenance [8]. As a result, 
many consumers do not use or benefit from these incentives unless specialised ESCos are employed. 
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Table 3: Energy efficiency programmes in South Africa [5, 7] 

Department of Energy (DoE) and Eskom – existing 
1  IDM:  

ESCo Model;  
Performance Contracting;   
SP, SO, SWH Rebate & CFL Mass Rollout 

2  PCP, ECS & Electricity Growth Management 
3  Municipal EE with National Treasury and DPW 
4  NEEA with BUSA and NBI / EELN (DoE) 
5  Signatory Kyoto Protocol for CDM. DNA resides within the DoE 
6  EE monitoring & performance in 5 municipalities 
7  Awareness-raising programmes 
Under consideration or development 
1  Standards and Labelling for selected residential appliances 
2  Extended awareness raising programmes 
Other government 
1  Building & Measurement Standards: SANS 204, 10400XA, 50001 and 50010 
2  Free Energy Audits conducted by NCPC 
3  Manufacturing Competitiveness Enhancement Programme (MCEP) 
4  Green Energy Efficiency Fund (GEEF) 
5  Green Building Council of South Africa (GBCSA) 
6  New Vehicle Emissions Excise Tax 
Under consideration or development 
1  Develop EE auditor accreditation (DTI) 

4 STRUCTURED ENERGY MANAGEMENT 

One of the key elements of sustainable projects remains personnel focus. Personnel focus can be 
maintained by quantifying key deliverables or key performance indicators. Revising these key 
performance indicators will improve both the awareness and sustainability of energy management 
interventions. It will also motivate personnel to creatively apply personal experience to energy 
management and improve possible savings. 
 
For example, the cement industry monitors several different key performance indicators to ensure 
optimal operation. The performance indicator aimed at improving energy efficiency is the amount 
of energy consumed per ton of product produced (kWh/t on electricity equipment and MJ/t on other 
energy-intensive equipment). These performance indicators motivate personnel to operate the 
cement production equipment at optimal efficiency; however, they do not indicate how well the 
operational personnel use TOU tariff structures. Adding a key performance indicator that describes 
the cost intensity per ton produced ((energy cost)/t) will therefore motivate personnel to align 
operational idle time with more expensive TOU tariff periods. 
 
A second step is to create a platform for communication between different departments of the 
business. For example, in the cement industry, combining the expertise of the production, 
maintenance, and operational personnel on a frequent basis to address the interdisciplinary issue of 
energy management will improve possible savings. Dedicated energy management personnel are 
employed by many different industries. However, these personnel generally only form a consulting 
wing of the company. The executive powers of the site at hand and the personnel at the considered 
site still execute all operational tasks, during which the energy management personnel consult, 
sometimes in a very ineffective manner. The premise for energy cost improvement thus lies on 
frequent communication between the different departments and direct executive consulting by 
energy management personnel. Doing this ensures that all personnel and operational tasks maintain 
the focus on energy cost and energy efficiency. 
 
The number of dedicated energy management personnel, however, is limited. Large numbers of 
possible projects and constantly changing legislation and incentive platforms limit the impact that 
these dedicated personnel members have on industry-wide energy efficiency and energy cost 
improvement. In industry, there remains a need for active, effective, and focused consulting by 
ESCos. To manage the energy use of clients effectively, however, an ESCo must have the necessary 
tools in place that will aid with the organisation and analysis of energy-related data. 
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The ISO 50001 standard for energy management is based on a continual improvement model to help 
organisations manage their energy efficiency by means of an energy management system [9, 10]. 
However, the continuous nature of the standard requires increasingly more measurements and 
analysis of data. Consequently, this data should be managed by an automated and integrated system 
that provides personnel with the most essential energy information. 

5 COMPREHENSIVE ENERGY MANAGEMENT INFORMATION SYSTEM 

The need was established for an energy management information system (EMIS) that contains the 
correct information and allows for interpretation of this information in a way that assists industry 
to benefit from or comply with energy management standards, incentives, legislation, and 
regulation. 

5.1 Data collection process 

Data required for effective energy management is received in various formats from various sources. 
The range of data formats includes energy invoices, 30-minute interval data from External Metering 
Companies (EMCs), and two-minute interval data from the client’s Supervisory Control and Data 
Acquisition (SCADA) system. Figure 2 shows a flow diagram of the EMIS. All data is processed into a 
generic format, and processed data is stored in a database. Data is retrieved from the database to 
be analysed and to generate useful energy information. Reports are compiled with the energy 
information, which can also be viewed on online dashboards. 
 

 

Figure 2: Data flow diagram of the EMIS 

5.2 Bills (risks and opportunities) 

A starting point for such a system is to import information from electricity bills. This information 
allows for monthly budgeting and the identification of areas for optimisation. Opportunities that can 
by identified include notified maximum demand adjustments and time-of-use optimisation. These 
verified electricity consumption figures can also be used to assess the future risk of carbon taxation, 
electricity cost inflation, and excessive reactive power readings. There are a number of dashboards 
that show energy information; some of these dashboards are explained in more detail in Table 4. 

Table 4: Energy bill dashboards 

 Dashboard Description 

Electricity 
Coal 
Gas 
Diesel 

Costs 

Summary of energy cost for financial year. 
Energy bill breakdown. 
Monthly energy cost compared with budget. 
Energy cost breakdown by user. 

Consumption 
Summary of energy consumption for financial year. 
Monthly energy consumption compared with budget. 
Energy consumption breakdown by user. 

Account detail Individual bill information is broken down into 
operations detail and compared against budgets. 

Risks 
Carbon tax risk Carbon tax at a rate of ZAR 120/ton CO2e will be 

implemented and pose a big financial risk. 
Electricity cost inflation 
risk 

Tariff increases are still the biggest risk factor and are 
forecasted according to MYPD3 publications. 
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 Dashboard Description 

Reactive power risk 

Reactive power is currently only charged during the 
winter. Eskom plans on charging clients for the whole 
year. The cost impact on individual operations is 
forecasted here. 

Opportunities 

Time-of-use (TOU) 
opportunities 

The electricity consumption breakdown is compared 
with the electricity cost breakdown to highlight and 
quantify the importance of demand-side management. 

Maximum demand 
Savings opportunities for updating the notified 
maximum demand at specific points-of-delivery are 
quantified. 

DSM opportunities Projects qualifying for DSM funding are listed with their 
MW savings and ROI based on Eskom-IDM benchmarks. 

Reactive power 
opportunities 

Power factor correction savings are quantified. 

Savings Savings achieved An executive summary showing the cost savings 
achieved for the previous month. 

5.3 System detail 

To improve the resolution of monthly monitoring, electricity consumption data can be obtained on 
a daily basis from Programmable Logic Controllers (PLC), SCADA systems, historian systems, and 
metering databases. At this resolution, automated data collection is required to ensure data 
continuity. This data could typically consist of half-hourly data that forms daily profiles that can be 
compared with target profiles, in order to provide a daily target for energy management personnel. 
After obtaining access to electricity data from diverse data sources, it was realised that data for 
other energy types such as coal, gas, and diesel are also available on similar sources. 
 
There are two main dashboards for system details: monthly system detail and daily system detail. 
The monthly dashboard shows a yearly overview of each system’s monthly energy performance. The 
daily dashboard shows a weekly overview of each system’s daily energy performance. More detail 
for each view is available, showing average energy consumption profiles for the selected month or 
day. 

5.4 Projects 

In extension to this system-related data, the performance of specific energy projects or DSM 
initiatives can also be measured by comparing the actual performance to the baseline constructed 
before the intervention. Performance calculations can be tailored according to the specific DSM 
strategy, such as a load-shifting, energy efficiency, or peak-clipping strategy. This performance 
assessment calculation can be compared with the findings of the measurement and verification 
(M&V) team appointed to assess the performance of the project. 
 
Similar to the systems detail mentioned in Section 5.3, there are two main dashboards for projects: 
monthly project detail and daily project detail. The monthly dashboard shows a yearly overview of 
each project’s monthly energy performance. The daily dashboard shows a weekly overview of each 
project’s daily energy performance. More detail for each view is available, showing average energy 
consumption profiles for the selected month or day. 
 
On a daily basis, issues related to a project’s performance — for example, data loss — is 
automatically marked and the relevant ESCo project engineer is notified by email. The engineer can 
then investigate the issue further and resolve the issue, if possible. The engineering manager is also 
notified of any unresolved issues. 

5.5 Environmental 

With access to data on energy consumption that includes electricity, coal, gas, and diesel, a single 
energy management information platform can also assist with annual environmental reporting. 
Additional information not automatically obtained can be inserted by environmental personnel in 
order to produce a complete environmental report without excessive data processing. 
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Table 5: Environmental dashboards 

Dashboard Description 

Materials 
Summary of materials used or produced per operation. For 
example, rock mined, waste rock recycled, coal used, LPG used, 
diesel used, hydraulic oil used, explosives used, etc. 

Energy Summary of energy used. For example, electrical energy, fossil 
fuels, renewable energy, and energy used in travel. 

Water 
Summary of water consumption. For example, water use for 
primary activity, potable water, non-potable water, surface water, 
ground water, and water recycled in process. 

Land 
Summary of land area. For example, land under mine charge, land 
distributed for mining activities, land rehabilitated, and land 
available for rehabilitation. 

Effluent 
Summary of effluent. For example, effluent to disposal facility, 
surface water quality check, adverse biophysical environmental 
impact on surface water, groundwater quality check, etc.  

Waste 
Summary of waste management. For example, accumulated 
tailings, accumulated waste rock, hazardous waste to landfill, 
hazardous waste to incineration, scrap steel, etc. 

Emissions Summary of Scope 1 and Scope 2 emissions, as well as carbon tax. 
Incidents List of environmental incidents reported each year. 

5.6 Custom views 

The luxury of access to an extensive set of data prompts user specific reporting or analysis. A specific 
view that allows users to create customised energy information dashboards provides a 
comprehensive solution. The underlying framework for the customised views are generic, but users 
can specify which charts, tables, and other information they want to analyse. Multiple users can 
access a specific view, or a view can be limited to a specific user. 

5.7 Document management 

The EMIS also aids the ESCo and clients to manage documentation related to their energy use 
effectively. Adhering to the ISO 50001 standard requires much documentation about energy policies, 
energy reviews, energy baselines, energy performance indicators, and action plans. Benefitting from 
incentive programmes like tax rebates (Section 12L of the Income Tax Act) also requires stringent 
traceability of M&V documentation. A generic document control manager is therefore a helpful tool.  
 
To aid with navigating through the documents, they are linked to specific systems in the operational 
structure of a client group, as well as a predefined document structure. Documents can further be 
filtered by years and labels linked to each document. Finally, a user can also search for specific key 
words to find documents. This functionality displays documents with these key words in the 
document name, ordered by relevance. 

6 RESULTS OF AN EMIS DATA INVESTIGATION 

The EMIS is implemented for a number of industrial client groups in South Africa. These 
implementations include several mining groups, cement groups, and a steel manufacturer. Data is 
collected from various sources automatically on a daily basis. Each point of measurement or data 
object is referred to as a ‘tag’. For example, the energy consumption of a compressor is measured 
and stored in a tag. A tag has a specific resolution at which data is stored. High-resolution tags are 
processed into 48-samples per day. Other tags have much lower resolutions — for example, daily 
production totals and monthly electricity bill charges.  
 
Figure 3 shows the number of tags extracted from energy bills for five client groups, as well as the 
number of data points that these tags can have over a year. These tags have a monthly resolution, 
since clients are invoiced on a monthly basis. Each point of delivery has several tags and each site 
can have multiple points of delivery. Figure 3 shows that the electricity bills for a client group with 
a large number of sites, like Mine Group A, can produce more than 2,300 tags and more than 28,000 
data points per year. 
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Figure 3: Number of bill tags and yearly data points per client group 

Figure 4 shows the number of 48-sample system tags used for five client groups. In some cases, these 
tags can have relatively low-level detail; for example, the electricity consumption of an individual 
pump. Depending on the detail level, a client group can easily have more than 200 high-resolution 
data tags. Collecting this amount of data on a daily basis without a comprehensive system will be a 
daunting task. Figure 4 also shows the total number of data points that the tags will have if 
extrapolated over a year. 
 

 

Figure 4: Number of system tags and yearly data points per client group 

Having all these data points is pointless if they are not analysed further and presented as valuable 
information. On a daily basis, the EMIS automatically sends out more than 40 energy performance 
reports to more than 90 recipients; that is over 14,600 reports per year. ESCo and client personnel 
are also able to access this data through the web application. 
 
At the moment, the level of system detail is limited to the energy consumption of individual 
equipment units — for example, a pump or compressor unit. If, however, the ESCo wants to do 
condition monitoring on each unit, then more measurements are required. For example, basic 
condition monitoring on a large mine de-watering pump requires about ten measurements; these 
pump measurements include power, flow, suction pressure, discharge pressure, vibration, 
temperature, etc. 
 
However, for more advanced condition monitoring on well-equipped pumps, more than 45 individual 
measurements are available. This will have a tremendous effect on the number of data points that 
should be analysed, considering that a single mineshaft can have more than 25 de-watering pumps. 
Even if this data is aggregated to 48-samples per day, these 25 pumps will add almost 19 million 
additional data points per year. Figure 5 illustrates the relation between the current setup (one 
measurement per pump) for the 25 pumps and the potential setup if all 45 pump tags are used. 
 

 

Figure 5: Current and potential number of yearly data points for 25 pumps 
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The above-mentioned scenario only shows the tip of the iceberg for a mineshaft. The mineshaft has 
25 large de-watering pumps, but there is a lot of other equipment that can also benefit from 
condition monitoring. Examples of such equipment include fridge plants, winders, bulk air coolers, 
compressors, etc. However, a mining group like Mine Group A has more than 15 mineshafts, as well 
as a number of processing plants. Therefore, it will be impossible to manage this large amount of 
data without a comprehensive EMIS. 

7 CONCLUSION 

Complex incentive programmes and reducing rebate hurdle rates are extending the gap between 
present operation and the installation of more energy-efficient equipment. However, the large 
potential for energy cost savings, via improved operational and energy management, presents the 
opportunity to bridge the same gap. Common pitfalls in energy management strategies, however, 
limit the application of improved operations and energy management. It also limits the ability of 
energy managers to use available incentives to reach energy management goals. Small shifts in key 
performance indicators and improved communication will both improve awareness and reverse the 
impact of these pitfalls. Reducing energy costs also allows the demand side to implement self-funded 
energy improvement measures. 
 
A comprehensive EMIS is vital to support any energy management effort. The amount and resolution 
of data from diverse data sources poses the risk of overwhelming energy management personnel to 
a point where efficient energy management is not possible. A single platform is required to retrieve, 
analyse, store, and represent data in a way that assists energy managers to identify potential areas 
for optimisation, and assist personnel to reap the maximum benefits of adherence to regulation, 
legislation and incentives. 
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ACRONYMS AND ABBREVIATIONS 

BUSA Business Unity South Africa  M&V Measurement and Verification 
CDM Carbon Development Mechanism  

MCEP Manufacturing Competitiveness 
Enhancement Programme CO2e Equivalent carbon dioxide emissions  

DoE Department of Energy  MYPD Multi-Year Price Determination 
DNA Designated National Authority  NBI National Business Initiative 
DPW Department of Public Works  NCPC National Cleaner Production Centre 
DSM Demand Side Management  NEEA National Energy Efficiency Accord 
DTI Department of Trade and Industry  NERSA National Energy Regulator of South Africa 
EE Energy Efficiency  PLC Programmable Logic Unit 
EELN Energy Efficiency Leadership Network  R&C Residential and Commercial 
EMC External Metering Companies  ROI Return On Investment 
EMIS Energy Management Information System  SCADA Supervisory Control and Data Acquisition 
ESCo Energy Services Companies  SO Standard Offer 
GBCSA Green Building Council of South Africa  SP Standard Product 
GEEF Green Energy Efficiency Fund  SWH Solar Water Heating 
IDM Integrated Demand Management  TOU Time-Of-Use 
IRP Integrated Resource Management  ZAR South African Rand 
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ABSTRACT 

The ever-increasing cost of energy puts industries under pressure. 
Industries are forced to monitor their energy consumption and to 
manage energy more efficiently and responsibly. Some industrial 
companies have multiple operations spread out over a wide area, 
making it logistically difficult to get a holistic view of the company’s 
energy performance. Valuable information is freely available in the 
form of electricity bills. However, to benefit from the information 
in the bills, the data should be extracted and analysed, which is a 
time-consuming process. In this paper, a need for an automated 
centralised system that extracts and analyses electricity data from 
bills was identified. The methodology for extracting, organising, 
and presenting the electricity bill information is explained in detail. 
The system is implemented for a gold mining company, and the 
results are interpreted and discussed. It was found that the system 
is beneficial for companies with many operations. As the number of 
operations increases, the value of automated bill analysis increases. 

OPSOMMING 

Die kostes verbonde aan elektrisiteit in Suid-Afrika neem vinnig toe 
en die befondsingshekkie vir energiebesparinginsentiewe 
verminder. Daarom, met die toenemende internasionale 
mededinging en operasionele kostes, moet marginale industrieë 
fokus op energiebestuurstrategieë waar groot besparings met klein 
kapitaalbestedings verwesenlik kan word. ŉ Behoefte aan ŉ 
omvattende energiebestuur informasiestelsel word uiteengesit in 
hierdie artikel. Energiebestuur slaggate word uitgelig en 
energiebesparinginsentiewe word bespreek. Nuwe fokuspunte wat 
kliëntbewustheid verbeter en gevolglik die volhoubaarheid van 
energiebestuuringrypings verhoog word ook uitgelig. Om voordeel 
te trek uit energiebesparings word egter meer ingewikkeld en 
gevolglik ly baie kliënte daaronder, behalwe as hulle 
industriekenners betrek. Hierdie industriekenners vereis egter groot 
hoeveelhede data om ŉ kliënt se energie effektief te bestuur. 
Daarin lê die noodsaak vir ŉ omvattende energiebestuur 
informasiestelsel. So ŉ energiebestuur informasiestelsel is 
ontwikkel en geïmplementeer vir verskeie industrieë in Suid-Afrika. 
Data is outomaties ingesamel, geprosesseer, analiseer en voorgehou 
op ŉ daaglikse basis. ŉ Gevallestudie ondersoek die enorme 
hoeveelheid data en verslae wat outomaties bestuur word. Dit 
beklemtoon die behoefte aan ŉ omvattende energiebestuur 
informasiestelsel.

 

1 INTRODUCTION 

Energy is expensive around the world; and in South Africa, electricity prices have increased 
dramatically in the last decade [1–4]. This has placed considerable pressure on industries to monitor 
their electricity consumption and implement initiatives to reduce their electricity costs [4–6]. 
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Effective energy management requires comprehensive monitoring of energy consumption. 
Therefore, energy should be measured at as many nodes as possible, to determine which consumers 
are using energy inefficiently. However, to measure the electricity consumption at each node 
requires expensive additional infrastructure, if it is not already installed. Fortunately, high level 
electricity data is freely available in the form of electricity bills (invoices). Electricity bills contain 
a lot of information that can provide valuable insights to assist with energy management efforts [7]. 
 
Electricity bills, as a feedback instrument, are a form of indirect feedback, as it is only available 
some time after the energy has been consumed. The energy savings potential for indirect feedback 
is consequently not as large as direct feedback, if it is readily available. Darby investigated studies 
on indirect feedback that showed that domestic consumers can save up to 19 per cent on their 
electricity bill, using indirect feedback [8]. Although savings levels were not as high as for direct 
feedback, indirect feedback has been shown to increase the interest and awareness of consumers 
[8]. 
 
The problem for large electricity consumers is that bills are sent to the finance department. The 
actual electricity consumers on the ground do not always get a view, or any other detail, of their 
consumption. Therefore consumers do not necessarily grasp the cost implications of their actions. 
When energy information is available, awareness increases. Furthermore, a substantial amount of 
additional information is included in the bills, which might be of no interest to the finance 
department, but which can offer valuable insights to the consumer, engineer, or manager on the 
ground. Consumers also rarely see a holistic view of the company’s electricity consumption, which 
could give them a better understanding of how their actions affect the company. 
 
Large energy consumers, unlike most typical energy users, face an additional challenge — the scale 
of their operations, with most large energy users having multiple points-of-delivery (POD) where 
electricity is provided to the user. This complicates the bill analysis of these consumers by increasing 
the factors that must be considered. Therefore, a system that automatically analyses the electricity 
data on a company-wide scale is needed. 
 
As stated, valuable insight can be gained from the information provided in electricity bills. The aim 
of this work is to develop a method to analyse electricity bills automatically, and provide information 
from which insights can be gained, to reduce electricity consumption and cost. 

2 METHOD 

The method explained here is for the electricity bills issued by Eskom, the main electricity supplier 
in South Africa. Many large industries in South Africa receive electricity bills directly from Eskom. 
Each bill has one account number and one or more premise numbers for each measuring point or 
point-of-delivery (POD). Essentially, several PODs can be grouped together in one account. In an 
Eskom bill, there is also a summary page containing the total energy and cost data for the account 
(sum of all PODs), and one page for each POD containing more detailed electricity consumption 
information. While this method is specific to Eskom bills, the underlying method can be applied to 
bills issued by any electricity supplier. 
 
The process is divided into the following main steps: 
 
1. Data retrieval 
2. Data linking and organisation 
3. Data analysis and presentation 

2.1 Data retrieval 

The data retrieval process is automated, from receiving the bills from Eskom to extracting data from 
each bill and storing it in a centralised database. 
 
Document collection 
Original PDF documents (bills) are emailed directly from Eskom to a designated mailbox. If the 
method is used for multiple clients, each client group will have their own email address to which 
their electricity bills are sent. An energy management information system (EMIS) monitors the 
mailboxes for new data in five-minute intervals. If an email containing a bill is found, the bill is 
downloaded to a predefined folder, to extract the text within the PDF, before the next step is taken.  
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Data extraction 
The PDF text is processed using regular expression patterns to find and extract detailed information. 
A ‘regular expression’, in computer science, is a sequence of symbols and characters expressing a 
string or pattern to be searched for within a longer piece of text. All billing items are extracted as 
single data points with identifying characteristics. (The different types of data will be discussed in 
detail in section 2.2.) Overall, it is possible to have more than 45 different parameters that could 
be captured from different PODs with different tariff structures. A typical POD on a Megaflex tariff 
structure has about 36 different parameters available over a 12-month period. 
 
Data storage 
Each data point (referred to as a ‘data tag’) is stored in a centralised relational database. Each tag 
has identifying characteristics linked to it. For example, each tag will be linked to the specific POD 
and specific data type, such as total energy cost, peak energy cost, and off-peak energy cost. 

2.2 Data linking and organisation 

To analyse the electricity data in a better way, it is organised into a logical structure. Figure 1 below 
shows an example of how the electricity bills are organised. Each POD is referred to as a system 
(level 3). Each account (level 2) is also referred to as a system, and is the sum of all the underlying 
systems (or PODs). Finally, all the systems can be grouped to get a ‘top’ system, which represents 
the entire client group (level 1). 
 
As mentioned earlier, each tag is linked to the specific POD and specific data type. For example, in 
Figure 1, the tag with the name ‘POD A1 Admin charge’ is linked to the data type ‘Admin charge 
(R)’ and to the corresponding system ‘POD A1’. This way it will be easy to cross-reference the values 
of a specific data type for all the PODs. 
 

 

Figure 1: Structural example of data linking and organisation 

Each system also has an alias by which it is better known. For example, in Figure 1, POD A1 is better 
known as ‘Shaft A1’. It sometimes happens that the name of a mine or shaft is changed; but these 
name changes are not always updated at Eskom. The system therefore allows for name changes, 
making it easier to understand what data is presented. 

2.3 Data analysis and presentation 

After the data has been collected and organised, it is analysed and presented in a meaningful way. 
This section describes the methods used to analyse and present the data. The way data is organised, 
as shown in Figure 1, makes it possible to analyse the electricity cost and usage for the entire group, 
each account individually, as well as each POD individually. This is valuable because different shafts, 
plants, or factories within the same group can now be benchmarked and their electricity costs and 
consumption compared. 

System
Level 1

Systems
Level 2

Systems
Level 3

TagsData types

Admin charge (R)

Service charge (R)

Connection charge(R)

Peak charge (R)

Standard charge (R)

Off-peak charge (R)

Peak usage (kWh)

Standard usage (kWh)

Off-peak usage (kWh)

Max demand (kVA)

Demand charge (R)

POD A1 Admin charge

POD A1 Connect charge

POD A1 Peak charge

POD A1 Off-peak charge

POD A1 Peak usage

POD A1 Standard usage

POD A1 Off-peak usage

POD A1 Max demand

POD A1 Demand charge

POD A1 Standard charge

POD A1 Service charge
Account 1

(Business unit A)

POD A1 (Shaft A1)

POD A2 (Plant A)

POD A3 (Shaft A2)

POD B4 (Shaft B3)

POD B1 (Shaft B1)

POD B2 (Shaft B2)

POD B3 (Plant B1)

POD B5 (Plant B3)

POD C4 (Plant C)

POD C1 (Shaft C1)

POD C2 (Shaft C2)

POD C3 (Shaft C3)

Account 2
(Business unit B)

Account 3
(Business unit C)

Group Total
(Mining group A)

Account 1
(Business unit A)
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2.3.1 Monthly electricity costs and usage 

The actual electricity cost and usage data are compared with a cost and usage budget. Equation 1 
shows how the value of a specific parameter 𝑥 (for example, total electricity cost) for a specific 
month 𝑚 is calculated for an account. In the equation, 𝑃𝑂𝐷𝑚𝑥𝑖 indicates the value of parameter 𝑥 
for POD 𝑖 in the electricity bill for month 𝑚. Consequently, Equation 2 shows how the value of a 
parameter for the entire group is calculated. 
 

𝐴𝑐𝑐𝑚𝑥 = ∑ 𝑃𝑂𝐷𝑚𝑥𝑖

𝑝

𝑖=1

 Equation 1  

𝐺𝑟𝑝𝑚𝑥 = ∑ 𝐴𝑐𝑐𝑚𝑥𝑖

𝑎

𝑖=1

 Equation 2  

𝑚 = 𝑚𝑜𝑛𝑡ℎ 𝑖𝑛𝑑𝑒𝑥 
𝑥 = 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑖𝑛𝑑𝑒𝑥 
𝑝 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑂𝐷𝑠 𝑖𝑛 𝑎𝑛 𝑎𝑐𝑐𝑜𝑢𝑛𝑡 (𝐴𝑐𝑐) 
𝑎 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑐𝑐𝑜𝑢𝑛𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑝 (𝐺𝑟𝑝) 

 
The budget is usually determined beforehand by the client. (How it is calculated is not part of this 
study.) The actual and budget data are displayed for a 12-month period giving an overview of 
monthly performance. An example of this is given in section 3.1. 

2.3.2 Electricity cost and usage breakdown by consumer 

Electricity cost and usage per consumer is calculated and compared. The comparison can be done 
on the top level, giving the cost and usage breakdown of all the accounts. Equation 1 (above) is used 
to calculate the values for each account. The comparison can also be done on the account level, 
giving the breakdown of the PODs of the selected account. The proportional costs and usages are 
displayed in pie-charts, making it possible to identify any outliers. If there is a large difference 
between the proportional cost and the usage of a specific consumer, it may warrant further 
investigation. An example of this is given in section 3.2. 

2.3.3 Electricity charges breakdown 

Detailed electricity charges for a 12-month period are analysed. On the account level, Equation 1 is 
used to calculate the total of each charge parameter for each month in the 12-month period. The 
total of the parameter for the 12-month period is simply the sum of all the months. Similarly, on 
the group level, Equation 2 is used to calculate the total of each charge parameter. A 12-month 
period is used for this analysis, as not all the different charges are applicable every month. Potential 
opportunities to reduce costs can be identified by looking holistically at all the charges. An example 
of this is given in section 3.3. 

2.3.4 Electricity cost inflation 

Potential electricity cost inflation for the next five financial years is calculated and displayed. In 
recent years, Eskom has increased electricity tariffs every year on 1 April. The confirmed average 
increase for each year is stored in the database. The estimated annual increases for the next five 
years are determined by calculating the average confirmed increase over the previous five years. 
 
Table 1 shows an example of future electricity cost inflation. The electricity cost for the last 
complete financial year is calculated. In this example, the actual cost for the 2016 financial year is 
R1 000 000. For 2017, the inflated cost is calculated by increasing the actual cost for 2016 by the 
confirmed 2.2 per cent for 2017. The inflated costs for the years that follow are calculated by 
increasing the inflated cost of the previous year by an estimated 8.06 per cent. In this example, the 
electricity cost in the 2022 financial year will be more than 50 per cent higher than in the 2016 
financial year. 
 
The way the data is organised (shown in Figure 1) makes it possible to analyse the electricity cost 
inflation for the entire group, for each individual account, and for each POD. An example of this is 
given in section 3.4. 
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Table 1: Calculation example of future electricity cost inflation 

Financial year Actual cost Cost increase Inflated cost 

2016 R 1 000 000 - - 

2017 -  2.20%* R 1 022 000 

2018 -  8.06%** R 1 104 373 

2019 - 8.06% R 1 193 386 

2020 - 8.06% R 1 289 573 

2021 - 8.06% R 1 393 512 

2022 - 8.06% R 1 505 829 

*  Confirmed electricity cost increase 

** Average of last five confirmed increases (2013-2017) 

2.3.5 Time-of-use breakdown 

Electricity cost and usage for each time-of-use period are compared. The time-of-use consumption 
data is displayed for each month, which makes it possible to identify opportunities for tariff 
optimisation strategies by implementing load-shifting initiatives. A normalised electricity usage 
value is also calculated for electricity usage for each time-of-use period. This is done to understand 
better the time-of-use breakdown of the total energy used during each month. The peak time-of-
use period in the high season is weekdays between 6am-9am and 5pm-7pm. During low season, the 
peak time-of-use period is weekdays between 7am-10am and 6pm-8pm. Around 14 per cent of the 
hours in a year fall in this peak time-of-use period. Therefore, if the peak energy used during a 
month is more than 14 per cent of the total energy used, there is probably potential to improve the 
time-of-use energy consumption. 
 
To calculate this value, the proportion of hours in a year for each time-of-use period is first 
calculated. For the peak and standard periods, the proportions are around 14 per cent and 36 per 
cent respectively. Thereafter, the proportional monthly energy (PME) for the month can be 
calculated for each time-of-use period, using Equation 3. Time-of-use cost data is also displayed for 
each month, together with the sum of all the other charges. By using Equation 1 and Equation 2, it 
is possible to analyse the time-of-use breakdowns for the entire group, for each individual account, 
and for each POD. An example of this is given in section 3.5. 
 

𝑃𝑀𝐸𝑡𝑖 = 𝐸𝑖 × 𝐻𝑡 Equation 3   

𝑡 = 𝑡𝑖𝑚𝑒-𝑜𝑓-𝑢𝑠𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 (𝑃𝑒𝑎𝑘/𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑/𝑂𝑓𝑓-𝑝𝑒𝑎𝑘)  
𝐸𝑖 = 𝑡𝑜𝑡𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑜𝑟 𝑚𝑜𝑛𝑡ℎ 𝑖 (𝑘𝑊ℎ)  
𝐻𝑡 = 𝑦𝑒𝑎𝑟𝑙𝑦 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 ℎ𝑜𝑢𝑟𝑠 𝑓𝑜𝑟 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡 (%)  
𝑃𝑀𝐸𝑡𝑖 = 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙 𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 𝑓𝑜𝑟 𝑚𝑜𝑛𝑡ℎ 𝑖, 𝑝𝑒𝑟𝑖𝑜𝑑 𝑡 (𝑘𝑊ℎ)  

2.3.6 Maximum demand  

The maximum demand information can be used to identify potential risks or opportunities. If the 
margin between the measured maximum demand and the notified maximum demand becomes small, 
the consumer runs the risk of exceeding the notified maximum demand and thus paying additional 
charges. In contrast, the maximum demand information can also identify potential opportunities to 
reduce the cost of the notified maximum demand. If the margin between the notified maximum 
demand and the measured maximum demand remains constantly large, the consumer can consider 
lowering the notified maximum demand to reduce these costs. 
 
The average notified maximum demand and measured maximum demand are calculated for a 12-
month period. With these values, the average margin is calculated as a percentage, shown in 
Equation 4 below. The measured maximum demand and notified maximum demand are also 
displayed for those 12 months. If the margin is relatively constant, the consumer can consider 
lowering the maximum demand to save costs. 
 

𝑀𝐷𝑚𝑎𝑟𝑔𝑖𝑛 = (1 −  
∑ 𝑀𝐷𝑖

12
𝑖=1

∑ 𝑁𝑀𝐷𝑖
12
𝑖=1

) × 100 Equation 4   

𝑀𝐷𝑖 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑒𝑚𝑎𝑛𝑑 𝑓𝑜𝑟 𝑚𝑜𝑛𝑡ℎ 𝑖 (𝑘𝑉𝐴) 
𝑁𝑀𝐷𝑖 = 𝑛𝑜𝑡𝑖𝑓𝑖𝑒𝑑 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑒𝑚𝑎𝑛𝑑 𝑓𝑜𝑟 𝑚𝑜𝑛𝑡ℎ 𝑖 (𝑘𝑉𝐴) 

Appendix C. Article 2 – Automated electricity bill analysis

The development and implementation of an energy management information system for industries 68



 

71 

2.3.7 Reactive power and power factor 

Consumers are only charged during the peak and standard periods of the high season for reactive 
energy consumption. This charge is only applicable if the reactive energy during a 30-minute period 
is more than 30 per cent of the active energy, which implies a power factor below 0.96 [3]. Reactive 
energy can be reduced by installing power factor correction systems (capacitor banks). It is therefore 
imperative that these systems work correctly during the high season months. 
 
The excess reactive energy consumed during a billing period is, however, only available in the 
electricity bill during the high-season period when the charge applies. Fortunately, the actual 
reactive energy for each time-of-use period is available in every electricity bill; the same applies to 
the active energy for each time-of-use period, which means that the average power factor for each 
billing period can be calculated. Equation 7, used for calculating the power factor, is derived from 
Equation 5 and Equation 6. The active, reactive, and apparent powers in the equations can be 
replaced with the active, reactive, and apparent energies, because they are measured over the 
same period.  
 

𝑝𝑓 =  
𝑃

𝑆
 Equation 5  

𝑆2 =  𝑃2 + 𝑄2 Equation 6  

∴ 𝑝𝑓 =  
𝑃

√𝑃2 + 𝑄2
 Equation 7  

𝑝𝑓 = 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟 
𝑃 = 𝑎𝑐𝑡𝑖𝑣𝑒 𝑝𝑜𝑤𝑒𝑟 (𝑘𝑊) 
𝑆 = 𝑎𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑝𝑜𝑤𝑒𝑟 (𝑘𝑉𝐴) 
𝑄 = 𝑟𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑝𝑜𝑤𝑒𝑟 (𝑘𝑣𝑎𝑟) 

3 RESULTS 

The method was implemented at a South African gold mine. The mine has 45 PODs divided into seven 
accounts, each of which is sent to a designated email address every month. The EMIS downloads 
these emails and extracts the data using regular expressions. The data is stored in a centralised 
database as tags, which are linked to systems, as described in Section 2.2. The sections that follow 
show some of the data that is available on the EMIS and that can be used by energy management 
personnel to make informed decisions. 

3.1 Electricity costs and usage 

Figure 2 shows a monthly electricity cost comparison for the entire group. The values of all the 
underlying PODs are summed to generate the information in this figure. The figure also displays the 
budgeted electricity cost for each month. It is therefore possible to track the electricity costs for 
the entire mining group, compared with the monthly electricity budget. As seen from Figure 2, the 
months of April to June show a large reduction in electricity cost compared with the budget. This 
can indicate that less energy than expected was consumed, or that a higher electricity tariff increase 
was expected for April 2017, or a combination of both. 
 
Figure 3 shows the monthly electricity usage comparison for the entire group. The values of all the 
underlying PODs are summed to generate the information in this figure. The figure also displays the 
budgeted electricity usages for each month. It is therefore possible to track the electricity usage 
for the entire mining group compared with the monthly electricity budgets. As seen from Figure 3, 
the months of March to June show a large reduction in electricity usage compared with the budget. 
Comparing Figure 3 and Figure 2, it can be argued that a higher electricity tariff increase was 
expected from April 2017, compared with the actual average increase of 2.2 per cent. Future 
budgets can now be adapted with the actual increase that was given, to ensure accuracy. 
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Figure 2: Monthly electricity cost comparison 

 

Figure 3: Monthly electricity usage comparison 

3.2 Electricity cost and usage breakdown by consumer 

Figure 4 shows the electricity cost and usage breakdown of all the accounts over a 12-month period. 
From this figure, it is easy to identify which consumer has the highest electricity cost and who 
consumes the most electricity. In this example, the electricity cost and usage of the accounts 
correlate relatively well — meaning the more electricity consumed, the higher the electricity cost. 
This figure will make it possible to identify a system that consumes proportionately less or more 
energy than the electricity cost. This is possible due to the consumer being on a time-of-use tariff 
structure that allows different energy pricing at different times of the day. The results from Figure 
4 indicate that the business units are making similar use of their time-of-use tariff structures. Section 
3.5 will show how it is possible to investigate whether this is the best use of the tariff structure. 
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Figure 4: Electricity cost and usage breakdown per consumer 

3.3 Electricity charges breakdown 

Figure 5 shows a breakdown of all the electricity charges for a 12-month period for the entire group. 
The values of all the underlying PODs are summed to generate the information in this figure. From 
this figure, it is apparent that the active energy costs are about 75 per cent of the total electricity 
cost. It is also interesting to note that the cost of electricity during peak hours in the high season is 
higher than in the low season, even though there are only three months in the high season and nine 
months in the low season. This indicates to the energy manager that there is still potential for cost 
savings by implementing load shifting initiatives, to move electricity usage out of the peak periods, 
especially during the winter months. 
 

 

Figure 5: Electricity charges breakdown for a 12-month period 

3.4 Electricity cost inflation 

Figure 6 shows what effect electricity cost inflation will have on the annual electricity cost of the 
mining group. Using the 2016 financial year as a base, the inflation for subsequent years is 
calculated. For 2017, the cost inflation of 2.2 per cent is already approved. The cost inflation for 
the next five years is estimated by calculating the average electricity cost inflation of the last five 
known annual increases. In this case, this is 8.06 per cent. The figure shows that the mining group’s 
electricity costs will increase from about R2 billion in 2016 to R3 billion in 2022. This can be used to 
determine electricity budgets for the future. 
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Figure 6: Electricity cost inflation estimated for next five years (see online version for colour 
image) 

3.5 Time-of-use breakdown 

Figure 7 shows the monthly usage time-of-use breakdown for an individual POD. As explained in 
section 2.3.5, the proportion of hours in a year for each time-of-use period is calculated. For the 
selected period in these figures (May 2016 – April 2017), the peak and standard proportions are 14.3 
per cent and 36.2 per cent respectively. Using Equation 3, the proportional monthly energy (PME) 
for the peak and standard periods is calculated for each month, and is displayed in Figure 7. As seen 
in the figure, the actual peak energy usage for August, September, and October is very close to the 
PME, which can indicate poor performance of existing load shifting initiatives. November and 
February might look better compared with the peak PME, but this is marred by the high amount of 
total energy consumed. April is the best performing month, with low total consumption and better 
performance of PME. These results indicate that there is potential scope for energy cost optimisation 
by using less energy during peak periods.  
 

  

Figure 7: Electricity usage time-of-use breakdown 

Figure 8 shows the electricity cost time-of-use breakdown for the same POD and period as in Figure 
7. As expected, the peak periods in the high season months (June – August) are much more expensive 
and have a large effect on the total electricity costs for these months. June is lower than the other 
high season months, as its billing period includes days in the low season month of May. Similarly, 
September is higher than other low season months as its billing period includes days in the high 
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season month of August. The cost effect of the improved time-of-use in April is also clearly visible 
in this figure. 

 

Figure 8: Electricity cost time-of-use breakdown 

3.6 Maximum demand 

Figure 9 shows the notified maximum demand and actual maximum demand figures for a 12-month 
period, compared with the costs related to the notified maximum demand of an individual POD. On 
1 April 2015, the electricity tariffs increased, with a concomitant increase in demand costs. For this 
POD, the costs in April are lower than in May, as the April billing period was from 21 March to 18 April 
and so was charged at two different rates. If there is a large difference between the notified and 
the measured maximum demand, there is potential scope to decrease costs by decreasing the 
notified demand. Conversely, if there is very little difference between the notified and the measured 
demand, this indicates that there is a risk of exceeding the notified demand and paying a penalty. 
This risk can then be mitigated by increasing the notified demand and/or reducing the measured 
maximum demand. 
 

 

Figure 9: Notified maximum demand vs measured maximum demand 

For the first six months, up to December 2014, the notified maximum demand for the mine was 
84.66 MVA, while the average measured demand was 67.12 MVA. This means that there was a ‘safety’ 
margin of 20.7 per cent (17.54 MVA). For the last six months, from January 2015, the average 
measured maximum demand was 62.45 MVA, which means a margin of 26.2 per cent (22.21 MVA). If 
the notified maximum demand is reduced to 72 MVA (13.3 per cent margin), it will reduce the 
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demand costs from R1.65 million in June 2015 by R246 743 per month. That is an annual cost saving 
of R2.96 million. 

3.7 Reactive power 

As mentioned in the method, consumers are only charged during peak and standard periods in the 
high season for reactive energy consumption. Figure 10 shows the average power factor per time-
of-use period of an individual POD. The average costs of R132 687 (blue line), charged during the 
high-season months (June – August), are also displayed on the secondary axis. The dramatic decline 
in the average power factor from February is important to note in this example. This large decline 
will have an adverse effect on the reactive energy charges in the upcoming high season starting in 
June 2017. 
 

 

Figure 10: Average power factor per time-of-use period 

3.8 Discussion 

As seen from the results, various insights can be gained by analysing data gathered from electricity 
bills. Automated electricity bill analysis can easily be used as a tool to increase cost awareness. The 
consumers can see how their actions and decisions impact the consumption and costs involved, not 
only for a specific POD, but also for the entire company. Furthermore, automation can help minimise 
typical inaccuracies found in manual processes. However, automated bill analysis is only likely to be 
beneficial once there are multiple PODs and the analysis becomes more complex. As the number of 
PODs increases, the value of automated bill analysis also increases, due to the time that would be 
required to analyse the bills manually.  
 
A few recommendations can be made about the analysis and presentation of data. The electricity 
cost inflation analysis can be adapted to use data from the previous 12 months, instead of the 
previous financial year. This way, the inflation risk will update every month as new electricity bills 
are processed. For the time-of-use analysis, the exact number of hours for each time-of-use period 
in a month should be used to calculate the monthly proportional energy, which will improve the 
accuracy of this analysis. Finally, an estimated cost risk for reactive power can be calculated and 
presented, based on the average power factor. 

4 CONCLUSION 

Increasing electricity prices puts a lot of strain on the profitability of industries in South Africa. This 
makes effective energy management vital for the survival of these industries. Although detailed 
energy measurements are ideal for energy management, a lot of information that is available in 
monthly electricity bills is also valuable for energy management. Some companies have large 
numbers of points-of-delivery, which makes it difficult to analyse all the data in the electricity bills. 
A need was therefore identified for an automated system that analyses electricity bills on a monthly 
basis. 
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A method was developed for an automated system to collect the electricity bills from the electricity 
utility company for various consumers. The data from these electricity bills was extracted using 
regular expression patterns. The data was then organised to enable the users of this system to 
extract valuable insights from the information provided, at various levels of the organisation. This 
is especially valuable for companies with numerous points-of-delivery. Analyses are done on various 
types of data found in an electricity bill, including total cost and usage, reactive energy, maximum 
demand, and time-of-use. 
 
The system was implemented for a gold mining group with 45 different points-of-delivery. From the 
resulting data, various insights were gained. For example, the company’s risk due to further 
electricity cost inflation is roughly R1 billion in 2022. A specific mine shaft can reduce the cost of 
notified maximum demand by as much as R2.96 million per year. The same shaft is also at risk of an 
increase in reactive energy charges in the high season, due to a dramatic decline in the power factor. 
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ABSTRACT 

The mining industry is striving to become more efficient amongst increasingly difficult economic conditions. This 
has become evident in the uptake of more energy and water efficiency initiatives and projects to save on the 
costs and limit their environmental impact. However, these efficiency initiatives have been shown to reduce in 
effectiveness over time if there are no overarching management strategies and systems in place to manage them. 
This study showed the need for a generic system to monitor various types of efficiency initiatives. A system was 
designed based on the ISO strategic framework of Plan-Do-Check-Act which ensures that the management and 
sustainability of initiatives are emphasised. The system consists of three major components, a data management 
system, an efficiency initiative monitoring system and a graphical user interface for end users. The system was 
implemented on 24 different mining sites and 81 different efficiency initiatives were recorded. The system 
showed positive performance in terms of its capability to monitor a large array of efficiency initiatives with 
minimal setup time. Survey results of users confirmed that the user experience was intuitive and that users felt 
the system was generic in the ability to setup and configure various types of efficiency initiatives. There was 
some concern regarding the verification of data, which could be addressed by conducting data checks and 
validation based on existing techniques. In conclusion, the system is a unique starting point to manage various 
efficiency initiatives which will be critical for the mining industry to continue to be sustainable. 
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1. INTRODUCTION 

Industries need to operate efficiently to stay competitive. In recent years the operational costs of the mining 
industry in South Africa have increased as mining depths have started exceeding 3km underground [1, 2]. This 
means that mines are losing their competitiveness. A study by Neingo [3], identified various challenges for South 
African gold mines, including: instability of commodity prices, declining ore grades, depth of mines, labour issues, 
environmental-, social- and political issues and increased production costs. The major production costs are 
labour, energy and water, accounting for more than 50% of the operating expenses of a typical gold mine [2, 4, 
5]. Furthermore, the intensive use of natural resources in terms of energy and water also has a significant 
negative environmental impact [5].   
 
The direct cost of these resources has also been growing substantially. Energy costs in South Africa have increased 
rapidly in recent years [6–8]. Since the electricity crisis in 2008, South Africa’s electricity tariffs have increased 
6 times more than the consumer price index over the same period [9]. Water usage by South Africa’s largest gold 
mining company was in excess of 54 ML water of which 18 ML was purchased municipal drinking water at a cost 
of $23.6 million1 [10]. In South Africa, as in many countries, water is a scarce resource and becoming more so 
[11, 12]. From an environmental and financial point of view, it is important to use water sparingly. 
 
To address these issues mines and mining groups implement efficiency initiatives [2, 13–16]. An efficiency 
initiative, for the scope of this study, can be defined as an intervention to improve the efficiency of a system or 
operation focusing on water or electricity. These initiatives are often implemented and maintained by 3rd party 
efficiency services companies (ESCo’s) [8]. In many cases the performance of these initiatives, however, 
deteriorates over time due to lack of monitoring and the initiatives not being maintained [17, 18]. Groenewald 
[17] showed that up to 70% of this deterioration could be mitigated by using performance-centered maintenance 
strategies based on the ISO 50001’s plan-do-check-act (PDCA) cycle. Watson et al. [19] further highlights this 
concern in terms of the lack of uptake of information systems in environmentally sustainable development and 
illustrates the need for frameworks and information systems to aid mines with monitoring efficiency initiatives.   
 
Various studies have addressed some of the underlying concerns regarding the monitoring and maintenance of 
energy projects [8, 20–22] and a few have addressed some concerns regarding water efficiency initiatives [12]. 
There are no studies however which offer a solution for the monitoring and maintenance of both energy and 
water efficiency initiatives concurrently. In order to determine the scope and need for this study a literature 
review was conducted to determine what form such a generic efficiency monitoring system should take in order 
to be effective.  
 
Schulze et al. [20] did a systematic review of 44 journal publications on industrial energy management. From 
this comprehensive study, they developed a framework for integrative energy management. Similar to the proven 
plan-do-check-act cycle of ISO 50001 [2], their framework contains a feedback loop that enables continuous 
improvement. The feedback loop for continuous improvement is therefore an important aspect of maintaining 
savings initiatives.  
 
A major part of the feedback loop is “checking”, which includes: data collection, monitoring and reporting [21]. 
Therein lies the need for an automated information system to monitor the performance of efficiency initiatives. 
Such a system will make the maintenance of initiatives more efficient and sustainable. Literature describes 
numerous information systems which have been developed for different aspects of energy usage in industry. 
These systems vary from very specific applications such as on-line energy efficiency monitoring of machine tools 
[23] and real-time measurement and verification (M&V) [24] to energy platforms for entire industrial facilities 
[22].  
 
The on-line approach proposed by Hu et al. [23] collects measurements automatically and monitors the real-time 
efficiency of machine tools although it does not have a historical database for in depth analysis nor is it adaptable 
to other uses. The real-time M&V solution of Ke et al. [24] tracks historical data and can be monitored via a web 
application, however it does not support reporting functionality required to complete the feedback loop 
identified by Shulze et al. [20].  
 
More generic energy information systems such as the internet-of-things (IOT) based energy management platform 
described by Wei et al. [22] or the simulations of decentralised manufacturing (similar in complexity to mining) 
proposed by Ilsen et al. [25] are compelling but lack real-world implementation as well as the ability to develop, 
target and track specific efficiency initiatives. Zampou et al. [26] introduced a generic framework for energy-
aware information systems in manufacturing based on the fundamental principles or energy monitoring and 
energy-aware analytics. These core principles could benefit the mining industry if implemented correctly.    
 
The unique challenges facing the mining industry in terms of depth and complexity also provide substantial 
opportunity in the sense that installed equipment can have large rated capacities [15, 27] with a large mining 
group using up to 6 TWh of energy annually [10]. Therefore, small efficiency improvements can have drastic 
energy reduction benefits. This highlights the importance and relevance of energy information systems for 
sustainable development in the mining sector [19]. For example, a previous study presented a system that can 

 
1 US Dollar – Average exchange rate of 12.29 ZAR per USD (Jan. – Jun. 2018) 
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efficiently monitor the performance of Demand Side Management projects on mines [18]. This system was very 
specific to a certain project type, however, and not generic nor adaptable to any other type of efficiency 
initiative. A reporting and monitoring system exists which can be used to gain insights into sustainable energy 
consumption in the industrial and mining sectors [28]. However, this system has not been developed to track 
efficiency initiatives and thus does not complete the feedback loop described by Shulze et al. [20]. 
 
Based on the limitations of existing systems in literature, a need exists for a generic system to monitor various 
types of energy efficiency initiatives. Such a system would be the start to remedying the concerns highlighted 
by Watson et al. in terms of the lack of uptake of information systems for sustainable production. Such an 
information system should automate the monitoring and performance tracking of efficiency initiatives to 
complete the feedback loop of the ISO 50001 PDCA cycle consistently, accurately and reliably. This will aid 
managers to continuously improve the performance of the efficiency initiative. 

2. METHOD 

Figure 1 shows a simplified diagram of the efficiency initiative monitoring system (EIMS). It forms part of a larger 
collection of hosted web services. An existing SQL database stores measured data as well as configuration data 
of the efficiency initiatives. Users interact with the system via a web graphical user interface (GUI). In the 
following sections, the components of Figure 1 is explained. 
 

 

 

Figure 1: Simplified diagram of the efficiency initiative monitoring system 

 
Data translation 
 
The data translation unit (block A) processes data from various sources, usually with different data formats. The 
detail of the data translation unit is not in the scope of this study and is only summarised here. Each point of 
measurement or data object is referred to as a ‘tag’. The tags in each data source are set up according to the 
file format of the source and the resolution of the data. It is then translated into a standard format, before it is 
sent to the data storage unit of the EIMS.  
 
Data storage unit 
 
Block B illustrates different components of the EIMS. Data received from the data translation unit is processed 
and stored in the relational SQL database. The storage unit also verifies the amount of data points per day of the 
received tags. This verification of information is used to easily identify missing data and indicate it to the user 
during analysis. 
 
Configuration of properties 
 
Users configure the properties of initiatives via the web application. The initiatives are designed to be as generic 
as possible. Various types of initiatives can be monitored with this system, provided it has a baseline (or budget) 
before the inception of the initiative and a target saving to achieve. Targets can either be positive or negative, 
meaning it can either reduce the baseline consumption by the target amount or exceed the baseline by a target 
amount.  
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Figure 2 shows a simplified illustration of the database design. The Initiative table is the core table storing the 
most basic information, for example the initiative name, description, start date and end date. The Property 
table links with a foreign key (fk) to the Initiative table, forming the composite primary key with the property 
type field. Various properties of an initiative are stored in this table, including the type of initiative and the 
stage of the initiative. If a specific property type changes, for example the stage of the initiative, a new entry 
is made in the property table. The start date of the new property automatically signifies the end date of the 
previous property for that specific property type. 
 
The Target and Baseline tables work similar to the property table, in terms of start and end dates. It is linked to 
an initiative in the Initiative table with a foreign key. It contains a start date, and optional season and day-of-
the-week fields. Targets and baselines can either be constant for the whole year and each day of the week or 
customised for specific months of the year and days of the week. Energy neutral scaling of baselines can be done 
automatically. Alternatively, if targets or baselines needs to be customised further, it can be done by importing 
custom data into tags, and not use the Target and Baseline tables. 
 

 

Figure 2: Database design (simplified) 

 
As mentioned earlier, ‘tags’ represent data objects, for example, the energy consumption of a pump. Information 
regarding the pump tag is stored in the Tag table. For example, it will have a name ‘Level 20 Pump 2 Power’, a 
unit ‘kWh’ and a type which indicates the resolution of the data. Energy consumption tags typically have a 
resolution of 48 samples per day, that is, a single average value every 30 minutes. The values of each tag are 
stored in the TagData table. Each value is identified by the foreign key tag ID, and a time stamp field. These two 
fields form the composite primary key of the TagDate table. Initiatives are linked to tags via the TagLink table. 
 
 
Performance calculations 
 
The performance calculation unit is executed at set time intervals, for example every five minutes. Figure 3 
shows a flow diagram of the performance calculation unit. It starts by collecting a list of initiatives from the 
database and iterating through each. For each initiative, information of its tags is collected from the database. 
The tags of each initiative are checked to see if it received new data since the last time the performance 
calculations have been performed.  
 
If any tag of an initiative has new data, it is added to a processing queue together with the dates to process. The 
queue is a convenient step that enables manual processing. If a user wants to recalculate the performance of an 
initiative, the initiative is added to the queue. The steps to check for new data since last processed is bypassed 
by adding the initiative directly to the queue. 
 
After all initiatives with new data have been added to the queue, the process steps through the elements in the 
queue to calculate the performance of each initiative. The properties and tag information of the initiative is 
collected from the database. Thereafter, the relevant tag data is collected for the dates to be processed. For 
each date the performance of the initiative is then calculated, and the results stored in database. 
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Figure 3: Performance calculation flow diagram 

 
Performance analysis 
 
Users can analyse the performance of efficiency initiatives on the web application. Various types of data 
visualisations are available which are listed below and explained in more detail in section 3. On a daily basis the 
performance of the initiatives is monitored by ESCo engineers. ESCo clients also have access to the system to 
monitor the initiatives implemented by the ESCo. The visualisations make it easier to get a holistic and detailed 
view of the efficiency initiatives. 
 
Available types of visualisations: 

• Monthly performance overview of all initiatives 

• Daily performance overview of all initiatives (Figure 5) 

• Daily performance detail for an individual initiative (Figure 6) 

• Monthly performance detail for an individual initiative (Figure 7 and Figure 8) 

• Cumulative performance analysis of all or individual initiatives (Figure 9) 
 
The web application allows users to automatically create daily or monthly reports of the efficiency initiatives. 
Figure 4 shows an example of a monthly report. Depending on the remuneration agreement between the ESCo 
and the client, the performance of the initiative is agreed upon and signed off by both parties. The monthly 
report contains the necessary information for sign off. 
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Figure 4: Monthly report 

3. RESULTS 

3.1 System verification 

 
The system was implemented by an ESCo on a variety of client sites (24 sites, 81 initiatives). Client and ESCo 
personnel can analyse the performance of initiatives via the web application. Users are given access to specific 
sites and can only analyse the performance of those sites. Figure 5 shows an example of the daily performance 
overview accessible by a user. The performance of each initiative is indicated by colours. Green for over-
performance, red for under-performance and orange for under-performance of less than 10%. Data-loss is either 
indicated in grey if no data is available for the entire day, or blue, if only some data points are missing for the 
day.  
 

 

Figure 5: Daily performance overview of all initiatives accessible by a user 

 
The user can further assess the detailed performance of a single day for a specific initiative. Figure 6 shows an 
example of this detailed performance analysis. In this example the initiative has a cost saving target of $2302 
per day, but an actual cost saving of only $2212 was achieved. The non-cost saving target in this case implies an 
average electricity power reduction of 1 MW, but an actual average impact of only 0.91 MW was achieved. The 
performance of initiatives can also be viewed on a monthly basis and an example is shown later in Figure 7. 
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Figure 6: Performance detail for a single day 

 

3.2 Case study 1 – Load shift initiative 

The first case study is a load shift initiative on a mine pumping system. The goal of this type of initiative is to 
shift electrical load from the more expensive peak periods, to the less expensive off-peak and standard periods. 
The peak period of the applicable tariff for June 2018, was 6 and 3.3 times more expensive than the off-peak 
and standard periods, respectively. 
 
An electrical baseline, a peak-load reduction target as well as a monthly cost saving target were established and 
agreed upon by all parties before the initiative was implemented. The baseline is adjusted according to the 
actual daily energy consumption, also known as energy neutral scaling. Equation 1 and Equation 2 are used to 
calculate the scaled energy neutral baseline.  
 
The baseline scaling is used to ensure that comparisons can be drawn. For instance, baseline scaling takes into 
account various factors which might have resulted in an overall increase or decrease in energy usage, but in a 
more efficient manner. For example, more energy may have been used but much greater production achieved 
and thus the energy intensity (kWh/tonne) decreased. The system can make use of any numerical scaling method 
desired by the user and the same can be done for water efficiency projects.  
 

𝑓 =
∑ 𝐴𝑖

𝑛
𝑖=1

∑ 𝐵𝑖
𝑛
𝑖=1

 Equation 1   

𝑆𝑖 = 𝑓 ∙ 𝐵𝑖 Equation 2   

𝑓 = 𝑠𝑐𝑎𝑙𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 
𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑡𝑎 𝑝𝑜𝑖𝑛𝑡𝑠 
𝐵 = 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑓𝑖𝑙𝑒 
𝐴 = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑓𝑖𝑙𝑒  
𝑆 = 𝑠𝑐𝑎𝑙𝑒𝑑 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑓𝑖𝑙𝑒 

 
Figure 7 shows the monthly performance summary of this initiative for June 2018. The initiative in this case study 
has a combined load shift, non-cost savings target, of 0.3 MW. This implies an average power reduction of 0.3 MW 
during the morning (06:00–09:00) and evening (17:00–19:00) peak periods. This target is only applicable for 
weekdays, because there are no peak periods over weekends.  
 
As seen from the profile chart (top right) in Figure 7, the electricity load is shifted between one and two hours 
earlier from the evening peak period. This resulted in a combined power reduction of 0.39 MW in peak hours for 
June 2018. By shifting load to less expensive periods, an electricity cost saving is achieved. The initiative has a 
$2958 monthly cost saving target, and achieved a total cost saving of $6891 in June 2018. 
 
The monthly view in Figure 7 also shows daily performance tracking for the selected month. In the bottom left 
chart in Figure 7, the daily cost saving is shown. Only one weekday (5 June) had a negative cost impact. The 
other weekdays in general over performed well which resulted in the monthly cost saving of $6891. When 
examining the cumulative performance chart (bottom right of Figure 7), the negative impact of 5 June is also 
visible. 
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Figure 7: Case study 1 - Monthly performance detail 

 

3.3 Case study 2 – Energy efficiency initiative 

The second case study is an energy efficiency initiative on a mine compressed air system. The goal of this type 
of initiative is to reduce energy consumption throughout the day and in the process also save electricity costs. It 
is however not advisable to prohibit the mine from obtaining their production goals. Therefore, compressed air 
supply would not be altered during the drilling hours (08:30-14:00), but only non-drilling hours. The baseline is 
adjusted energy neutral, similar to the first case study, but only for the drilling hours. To calculate the scaled 
baseline, Equation 1 is adjusted to only use the drilling hours for both the actual and baseline profiles to 
determine the scaling factor. The scaled baseline is then calculated with Equation 2. 
 
Figure 8 shows the monthly performance summary of case study 2 for June 2018. The initiative in this case study 
has an average energy efficiency target of 0.9 MW. This target is applicable for each day of the week. As seen 
from the average performance profile chart (top right) in Figure 8, the initiative is able to reduce compressed 
air supply for two hours before the drilling period and again after the drilling period. This results in an average 
power reduction of 0.58 MW, which is 35.6% below target. 
 
The initiative has a monthly cost saving target of $23 406 and achieved an actual electricity cost saving of 
$50 317, which is 115% above target. Because the cost and non-cost saving targets are applicable for both 
weekdays and weekends, the daily cost saving chart (bottom left of Figure 8) and the cumulative performance 
chart (bottom right of Figure 8) correlate well. The cost savings target is more conservative than the impact 
target of 0.9 MW, which is why the initiative achieves the cost target but not the impact target. Further, the 
cost savings are more significant on weekdays, because of higher weekday electricity tariffs.  
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Figure 8: Case study 2 - Monthly performance detail 

 

3.4 Case study 3 – Cumulative performance tracking 

 
In this case study, the cumulative performance of a collection of electricity efficiency initiatives is tracked. 
Figure 9 shows a cumulative performance analysis chart of the efficiency initiatives. On the primary y-axis are 
the cumulative impact (MW power reduced) and cumulative target, and on the secondary y-axis the cumulative 
cost savings. On the x-axis are the months since the first initiative in the collection was implemented. This chart 
allows the user an overview of the performance of all the initiatives. 
 
 

 

Figure 9: Cumulative performance analysis 

 
From the chart in Figure 9, it can be observed that the gap between the impact and the target increased 
significantly between October 2016, until April 2017. Since May 2017, the gap between the cumulative impact 
and cumulative target has steadily been decreasing. This means that collectively these initiatives have been over 
achieving their targets since May 2017. 

Appendix D. Article 3 – Generic efficiency initiative monitoring system

The development and implementation of an energy management information system for industries 85



 10 

 
Another important observation from the chart in Figure 9, is the increased cost savings during the electricity 
peak periods of June, July and August. In South Africa, electricity is much more expensive during these colder 
months due to increased demand. Therefore, it is important that load shifting initiatives (similar to case study 1) 
are well maintained and ready to perform optimally during these expensive periods. In this example, more than 
51% ($7 174 393) of the total cost savings were achieved during the peak months, although only 31% of the months 
in this period are peak months. 
 

3.5 Case study 4 – Water efficiency initiative 

In the final case study, a water efficiency initiative on a gold mine is investigated. The objective of this initiative 
is to balance the amount of water in the water reticulation system, without having to dump any excess water. 
Water in the system increases either by fissure water entering from underground, or potable water purchased 
from the local municipality.  
 
Figure 10 shows the monthly performance detail for April 2018. The monitoring of the dumped water was started 
in August 2017 and an average of 122 ML of water was dumped during the first eight months. After careful 
planning, the system was rebalanced by dumping more than 264 ML of water from 14 April to 18 April. This major 
rebalance in April was necessary to keep the system balanced for longer. In the months following April 2018, no 
water has been dumped. By monitoring this initiative automatically, it is possible earlier detect water dumping 
and remedy the situation as early as possible. 
 

 

Figure 10: Case study 4 - Monthly performance detail 

 

3.6 Survey results 

 
In order to validate the system, a survey was conducted on the typical users of the system at the ESCo. 
Participants included high level management, as well as project engineers concerned with the day-to-day 
monitoring and configuration of the initiatives. The survey was divided into three sections namely, configuration, 
analysis and overall impression.  
 
Participants who are responsible for configuring initiatives on the platform, all agreed that the interface is user-
friendly, and that the features and configuration options are sufficient to set up efficiency initiatives. On average 
they use the configuration interface 0.7 times a week. 
 
In terms of the performance analysis platform, participants use the platform 1.8 times per week on average. 
They all agreed that the system enables them to efficiently monitor and track the performance of various 
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initiatives. The also agreed that the performance results are accurate and provides sufficient detail for efficient 
monitoring of initiatives. However, 22% of participants did not agree that the results are verifiable. 
 
Overall, participants were satisfied with the functionality of the system. All participants agreed that the system 
addresses a performance monitoring need and helps them to work more efficiently. However, only 89% of 
participants agreed that the system is generic. Further, 11% of participants experienced stability issues with the 
system. 

4. DISCUSSION 

The generic efficiency initiative monitoring system makes it easy for project engineers to manage the 
performance of the initiatives they are responsible for. The web application provides a variety of different 
visualisations to analyse the performance of initiatives. Performance reports can be generated from the web 
application which can be signed off by relevant stakeholders. Based on results of the survey, participants were 
overall satisfied with the system and agreed that it addressed their needs regarding performance monitoring. 
 
The proposed system achieves the need to aid in environmentally friendly and sustainable development identified 
by Watson et al [19]. The generic nature of the system allows it to be used for various efficiency projects as 
illustrated in the results across both energy and water. However, the system is not limited to those areas and 
could be expanded to cover air quality, water pollution reduction as well as any other measurable environmental 
impact. The system could be further improved by incorporating big data and Internet of Things techniques and 
concepts which have shown promise in managing natural resource usage and sustainable development [28–30]. 
These big data techniques could provide enhanced insight into usage patterns and wastages which could be used 
as indications of savings opportunities [28–30].     
 
Further advancement of the system could focus on incorporating further non-energy or indirect cost benefits 
which efficiency initiatives realise [31–33]. This could aid in the wider adoption of environmentally sustainable 
production by initially focusing on the direct financial benefit for the industries involved. There is also the 
additional benefit that the system could closely work with environmental management systems such as those 
described by the ISO 14001 standard [34, 35]. This means that implementation of an efficiency monitoring system 
could increase the uptake of direct environmental management by first targeting improvements to the bottom 
line of the mining industry. 
 
There were however some shortcomings identified in this study. From the survey, concerns were raised whether 
the results generated by the system are verifiable. Since it is possible to manually verify the calculations based 
on the data in the database, the real concern here is the reliability of field data collected from various sources. 
This is a major concern for most systems relying on external data sources. There is therefore scope to perform 
some data quality checks to ensure the data is usable for the analysis. Such data quality analysis can be 
automated based on existing M&V and data quality techniques.  
 
Furthermore, while the system was successfully implemented and used at numerous mining sites, the results are 
limited to the South African deep mining industry. Further study would be required to determine if the same or 
a similar approach could be used in other industrial sectors such as manufacturing, steel making or the cement 
industry.  

5. CONCLUSION 

The significant price increases faced by mining companies in South Africa have placed substantial focus on the 
reduction of costs, specifically in terms of their consumption of natural resources such as water and energy. The 
consumption of these natural resources is an integral part of mining and thus efficiency initiatives are pursued 
in order to reduce their cost impact. However, literature has showed that without monitoring these initiatives 
their performance deteriorates over time. Therein lies the need for a generic efficiency initiative monitoring 
system.  
 
In this study, the development of an efficiency initiative monitoring system was described where data is 
automatically collected, processed and stored in a database. Initiatives are configured via a web application. 
The performance of the initiatives is calculated automatically. Project managers can then analyse the 
performance via various visualisations on the web application. Performance reports can be generated to be signed 
off by relevant stakeholders. Four case studies are discussed to illustrate how the performance of initiatives can 
be tracked and monitored. Ultimately the study was successful in developing a generic initiative monitoring 
system which can be used in the mining industry to monitor efficiency initiatives in order to drive sustainable 
development. 
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registrations, and grants or other funding. Authors should complete the declaration of interest
statement using this template and upload to the submission system at the Attach/Upload Files step.
If there are no interests to declare, please choose: 'Declarations of interest: none' in the template.
This statement will be published within the article if accepted. More information.

Submission declaration and verification
Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that

Appendix F. Computers in Industry guidelines for authors

The development and implementation of an energy management information system for industries 97



AUTHOR INFORMATION PACK 21 Nov 2019 www.elsevier.com/locate/compind 5

its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Use of inclusive language
Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of 'stewardess').

Author contributions
For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

Changes to authorship
Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.
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Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

Open access
This journal offers authors a choice in publishing their research:

Subscription
• Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.
• No open access publication fee payable by authors.
• The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access
• Articles are freely available to both subscribers and the wider public with permitted reuse.
• A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)
Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)
For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3100, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access
Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 24 months.
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Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Submission
Submission to this journal proceeds totally online. Use the following
guidelines to prepare your article. Via the homepage of this journal
(https://www.evise.com/profile/api/navigate/COMIND&page=Submission) you will be guided
stepwise through the creation and uploading of the various files. The system automatically converts
source files to a single Adobe Acrobat PDF version of the article, which is used in the peer-review
process. Please note that even though manuscript source files are converted to PDF at submission
for the review process, these source files are needed for further processing after acceptance. All
correspondence, including notification of the Editor's decision and requests for revision, takes place
by e-mail and via the author's homepage, removing the need for a hard-copy paper trail.

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION
References
There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be replaced directly below the figure or table.

Peer review
This journal operates a double blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Double-blind review
This journal uses double-blind review, which means the identities of the authors are concealed from
the reviewers, and vice versa. More information is available on our website. To facilitate this, please
include the following separately:
Title page (with author details): This should include the title, authors' names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.
Blinded manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors' names or affiliations.

Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
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processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Article structure
Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation
A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Glossary
Please supply, as a separate list, the definitions of field-specific terms used in your article.

Appendices
If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
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• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights
Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract
A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 × 1328 pixels (h × w) or proportionally more. The image should be readable at a size of 5 ×
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.
Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:
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This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other quantities are mentioned, give their equivalent in SI.

Math formulae
Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
• Ensure that color images are accessible to all, including those with impaired color vision.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.
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Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Reference links
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/computers-in-industry
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. http://dx.doi.org/10.17632/
xwj98nb39r.1.
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For reference style 1a numbered without article and chapter titles:

[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. http://dx.doi.org/10.17632/
xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.
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For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief
You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
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