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Energy management is essential due to the increase in energy costs and its effects on the
environmental footprint of an industrial site. Managing energy is an essential but complicated
task. This complexity derives itself from the interactions between industrial processes, large
energy reticulation networks and a broad scope of work. Energy reticulation is the network of
energy streams that flow through an industrial site. The continuous measurement of energy
streams generates data, which quantifies and captures information. This quantified view of the
energy reticulation informs the energy manager’'s decisions. The value-based information

needs an additional understanding of the energy reticulation to generate useful knowledge.

A framework that defines and organises each measurement can address this need. Defining
and organising data through a data structure improves access to relevant data. The current
use of primitive spreadsheets or rigid data structures limits access to the relevant data in an
organisation. There is thus a need for a simple solution to improve data access, which does
not require specialists. Relevant data will address energy management questions. An
adjustable structure is required to provide access to knowledge captured in data because
relevance fluctuating attribute. The energy manager must also be able to define data
continuously. Energy and knowledge management thus has to guide the development of the

framework.

An adjustable data-structuring framework was developed using metadata to make data
accessible. Metadata is additional data consisting of terms that describe the value-based data.
The use of the developed data structure allows continuous energy audits to be performed.
The data structure was made interactive and dynamic through information technology. The

required quantified view of the industrial process’ energy reticulation was achieved.
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The data-structuring framework was used to aid energy managers with the energy
management scope. A mining case study was used to verify and validate the data structure’s
ability to enable energy management. The data structure was built for a complicated
compressed air ring. The improved data access led to energy-saving observations worth
R 2.6 million.

Continuously defining and organising data improves access to relevant energy management
data. The framework was verified and validated using a mining case study. Energy

management is enabled by improved access to relevant data.
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1.1 Introduction

Energy management is essential due to the increase in energy costs and its effects on the
environmental footprint of an industrial site. Managing energy is an essential but complicated
task. This complexity derives itself from the interactions between industrial processes, large
energy reticulation networks and a broad scope of work.

Energy reticulation refers to the network of energy streams that flow through an industrial site.
The continuous measurement of energy streams generates data, which quantifies and
captures information. This quantified view of the energy reticulation informs the energy
manager’s decisions. The value-based information needs an additional understanding of the

energy reticulation to produce useful knowledge.

Data management is a challenge due to the knowledge of the many data fields that is required
in the context of the industrial process’ energy reticulation. The objective is to assist the energy
manager in capturing energy reticulation knowledge dynamically to improve energy

management. This knowledge has to be captured and related to the data.

A framework that defines and organises each measurement can address the need to structure
data. Defining and organising data through a data structure improves access to relevant data.
The current use of primitive spreadsheets or rigid data structures limits access to the relevant
data in an organisation. There is thus a need for a simple solution to improve data access,
which does not require specialists. Access to relevant data will address energy management
guestions. An adjustable structure is required to provide access to the knowledge captured in
data because of the dynamic nature of industrial processes. The energy manager has to define

data continuously.

Classification schemes can improve access to information. Information and communication
technologies (ICT) allows classification schemes to be related to the data which in turn leads
to data accessibility. If the relevant data can then be visualised, observations can be made.

These observations should lead to actions which result in the ability to manage energy.

Energy and knowledge management must therefore guide the development of the framework.
Energy management must will be understood by understanding the its background and by
investigating the analysis of energy reticulation networks. Knowledge management will be
looked at by investigating how data can be structured using classification. This should enable
the energy manager to access relevant numerical information based on the captured

knowledge.

Chapter 1: Introduction
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1.2 Energy management

Energy management has become a focus area of most industrial production processes [1].
Historically, energy has not been monitored closely as an input to the production process
because energy costs were low. However, the cost of energy has since increased to such an
extent that industry has not only become aware of a technical energy efficiency gap but also
of an extended energy gap, as identified by Schulze et al [2]. The extended gap and its nature

will hence be referred to as an energy management gap throughout this study.

The technical energy efficiency gap refers to the difference between theoretical and actual
energy efficiency, where actual efficiency is the result of real-world implementation, while
theoretical efficiency is based on the design of the system. Interactions between various
processes add to practical limitations that companies must deal with. The energy management
gap hence involves the mismanagement of parameters, schedules, people and other
operational factors [2]. These inefficiencies add to the cost of energy and thus also to the
overheads of industrial processes. While the energy management gap is a focus area of this
study, it is necessary to take note of the difference between the aforementioned energy

efficiency gaps.

The cost of energy is not the only pressure on industries. The lack of energy efficiency and
the associated environmental costs are putting more strain on industries. Environmental
factors like carbon emissions are influenced by the use of energy [3,4]. Mismanagement of
energy therefore increases environmental costs and places a further strain on industries [2],
[5-7]. These factors emphasise the need for energy consumption to be managed to limit

numMerous costs.

Energy management focuses on using each unit of energy in the most beneficial manner and
limiting wastage [1], [2], [6], [8—12]. In other words, every energy unit that is put into a process
must result in production. This includes technical adaptations of the process or the improved
management of crucial parameters, barring the loss of productivity or the safe operation of the
process. Evaluating energy efficiency is critical because it benchmarks consumption and
supports decision making. The evaluation of energy efficiency is, however, complicated due

to the difficulty of defining interactions across processes [6].

The complex interaction between energy-intensive processes adds to the reduced adoption
of more energy-efficient technologies. Various industrial sites have different production
processes and different supporting utilities. These differences and the inherent complexity

make maintaining a scalable solution to energy management a challenge. The solution needs

Chapter 1: Introduction




®
Structuring data to capture energy reticulation knowledge Lnu NWL{

to grow with the process or its understanding. Therefore, a systematic approach is required to

manage industrial energy usage in the form of energy audits.

Energy audits include the systematic review of energy consumers and suppliers. The flows of
various energy streams are understood throughout the process. The goal of this review is to
understand which processes are large energy consumers and identify significant process
inefficiencies. Various process interactions and technical intricacies make energy audits and

energy management complex [2].

The complexity of energy management has seen the introduction of dedicated energy
managers or consulting companies to the industry [1]. These parties are not only responsible
for identifying potential energy consumption improvements but also for maintaining current
operations. Understanding the scope of work of the energy manager will enable the verification
and validation of the developed solution. The scope of work and responsibilities of an energy
manager are summarised in Figure 1. This scope was derived from a literature review done
by Schulze et al which resulted in a framework consisting of the same five elements of an

energy management project [2].

Chapter 1: Introduction
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Figure 1: Scope of an energy manager

The energy manager has to create a strategy that can be implemented and controlled in an
organised and sustainable manner [2]. Strategies must not only improve the operational
energy consumption but address risks like production loss, safety and equipment failure.
These risks can be attributed to equipment breakdowns, safety incidents, human resource
issues, criminal acts or any other operational deviations [13]. Once these risks and hazards

have been addressed, the implementation of the strategy commences.

To implement a strategy, the energy manager ought to be competent in managing the
technical processes, maintenance schedules and project economics [1]. Strategies will also
require the implementation of procedures through coordination with relevant managers and

personnel. These procedures include how the strategy is to be monitored and controlled [13].

The control of the strategy must be aided by benchmarks and key performance indicators
(KPIs) that are developed from an energy audit [14]. The energy audit depends on an

understanding of the available information and data which can be utilised to manage the

Chapter 1: Introduction
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process. Procedures, information and data must be organised in a sensible way to ensure

sustainable control [15].

The organisation and logistical management of strategies require procedures and tasks to be
clearly documented for communication with management. This communication ensures that
the strategy is organised, traceable and supportive. In turn, this creates a basis from which

training and communication can be initialised [1].

For projects and strategies to be sustainable, a culture of sustainability must be developed.
Such a culture of sustainability must motivate site personnel through enough communication,
training and the management of the developed procedures and tasks. The role of the energy
manager is daunting, especially if there are no systems available to guide the process of

sustainably implementing an energy-saving strategy.

Most energy-saving strategies therefore depend on an energy management system (EnMS)
[1]. An EnMS attains the goal of gaining the most from every unit of energy by using the
organisational and informational structures available for efficient communication within a
company [2], [9]. Information and communication technologies facilitate the improved use of
EnMSs by aiding in the management of data, which further allows stakeholders to monitor and
control processes.

The process data, which is the starting point of an energy audit, allows for the generation of
an implementable strategy [2]. One of the arising challenges is to ensure that the appropriate
data and information is available to inform future decisions [1]. Different frameworks or

standards are available to assist with making these decisions.

Available standard and the dependency on data

Energy management is guided by the 1SO 50001 standard, which follows the plan-do-check-
act cycle shown in Figure 2 [16]. The standard assists energy managers to initialise the

energy-saving process.

Chapter 1: Introduction m
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Figure 2: Data requirement of the ISO 50001 cycle

Energy
management

Figure 2 indicates the high-level philosophy of the modern implementation of the ISO 50001
cycle. Data both informs the planned strategy and allows for the control of the strategy by
allowing the information to be checked. The implementation and improvement of energy

management strategies are improved by making data-driven decisions.

The energy audit process is dependent on the data system because of the requirement for
continuous monitoring and reconciliation of energy consumption. The data system thus aids
the EnMS to organise and monitor energy management strategies. The use of a data system

as part of an EnMS is shown in Figure 3.
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Figure 3: Energy management dependency on data systems

Energy management is dependent on the understanding of the industrial process’ energy
reticulation. Energy reticulation is the flow of energy through an industrial process from the
sources to the consumers. This understanding of energy reticulation is strengthened by an
energy audit, which in turn requires an understanding of the process and its measurements.
The data from the measurements are collected in a data system, which in turn allows informed
decisions to be made regarding the energy management strategies. A data system must,
therefore, not only include a database but must also process and report on the data. This

means that the data must be converted into useful information.

The ISO 50001 plan-do-check-act cycle can therefore be implemented from the information in
the data system. Achieving project sustainability or maintaining an energy saving on a project
requires continuous energy audits and analyses [11]. A well-defined data system results in a

general framework that makes energy management a less daunting operation.

Chapter 1: Introduction m
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Energy management challenges

Energy management is dependent on the management of energy-governing factors. These
factors include the process layout, energy sources, consumers, mass flow, energy content,
production and the distribution of energy and mass through the site [17]. These factors result
in many parameters to consider. Increasing the amount of data required to understand the
industrial process in enough detail adds to the amount of computational processing that is
required. The additional need for the continuous monitoring of a process further adds to the
volume of data that must be managed and reported on. The large volumes of data that must

be used and managed thus become an additional management burden [18].

For a data system to empower data-driven decisions, the data must first be presented in a
sensible report. Reporting is a crucial tool through which to communicate the progress and
performance of an energy management strategy [19]. Therefore, the level of analyses required
by the target audience must be understood, as it determines which resolutions and
aggregations of data are required [20]. A higher resolution of data also adds to the volume of

data because more data points are used.

Additionally, the management of the energy-governing factors is qualified by key performance
indicators (KPIs). KPIs are difficult to compare because of the various performance
requirements of processes across an industrial production process. Defining KPIs is a
challenge because of the combination of information that is required to calculate each
indicator. Boundary definitions, aggregate levels, different product and energy sources are
some problems that feature when working with KPIs . The primary challenge arising from these
issues is that KPIs must be comparable and give consideration to interacting effects of
processes. As such, these KPIs must also be understood from the perspective of a team of

multidisciplinary personnel involved in managing an industrial process [6].

Summary

Energy management is critical due to both energy and environmental costs which relate to
energy efficiency and management gaps. The energy manager must consider a broad scope
when designing a framework for energy management. The I1SO 50001 standard presents a

guideline for energy management.

The 1SO 50001 standard is dependent on the collection and management of data. A technical

understanding of the energy flow through the site ought to be sought and communicated with

Chapter 1: Introduction n
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the use of the available data to enable efficient energy management. Therefore, an energy

management framework must be based on data.

Given the challenges of energy management due to the complex interactions between
processes within an industrial site, various parameters and factors must be considered, which
result in a large amount of data having to be processed. In addition, defining KPIs and
communicating with multidisciplinary personnel add to the challenges faced when

implementing energy management.

These considerations are, however, without use without an understanding of the reticulation

process.

Chapter 1: Introduction
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1.3 Energy reticulation

Energy reticulation is the flow of different energy sources through the process network of an
industrial site to the various consumers. These consumers use energy to convert substances
of low value to a higher value. Understanding energy reticulation thus entails analysing the
flow of energy with an energy audit [11].

Understanding energy reticulation implies having a knowledgeable view of the network of
energy that flows through an industrial site. Energy management is enabled through energy
reticulation accounting in the form of mass and energy balances. Mass and energy balances
are based on the scientific laws of mass and energy preservation. The laws respectively state
that mass and energy cannot be created nor destroyed [21]. By these same principles, mass

and energy sent into the process must exit the process in some form or another.

The principles of mass and energy balances will thus ensure a sound understanding of the
industrial process’ energy reticulation. This knowledge can be further validated through the
observation of movements in the energy reticulation in association with events that occurred.
This practice is founded on the management and analysis of an energy audit using the

available data and information.

Data is therefore structured through mass and energy balances. Structured data facilitates
an improved understanding of the energy reticulation movements through time. Losses and
wastage can be identified because of the additional understanding of the energy reticulation
that is generated. The current energy usage can also be compared to a baseline or
benchmark that is generated from historical energy usage in order to manage energy

consumption [22].

Energy is wasted when more energy is supplied relative to the operating energy demand of
the process or when the baseload is large. The baseload refers to the energy required for a
system to operate but without resulting in production. Various inefficiencies can add to
baseloads, such as leaks on a compressed air network. Baseloads present energy-saving

opportunities [22].

A developed understanding of the energy reticulation together with the knowledge of energy
management and baseloads helps the energy manager devise strategies for reducing the
energy consumption of an industrial process. This is the initial step required toward addressing
the energy management gap. Additional sources of information must be consulted in order to

understand the energy reticulation and successfully develop mass and energy balances.

Chapter 1: Introduction
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Components of an energy reticulation analysis

Drawings, documents, people, events and measurements give insight into the flow of energy
through a site, as shown in Figure 4. These sources are also the typical media through which
the understanding of the site is communicated.

Events A A
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Figure 4: Energy reticulation information (Figure 21 shows the detailed version of Ring One’s layout)

The compressed air reticulation ring of a mine shown in Figure 4 is an example of a complex
industrial process. The details of Figure 4 are not crucial at this point, as the focus must be on
the required information. The reader may refer to Figure 21 for the full-sized layout of Ring

One. The ring has 19 compressors (’) that supply compressed air to six active shafts as well
as a processing plant. The interaction between the varying schedules of the consumers makes
this a complex system. The information sources available must thus be utilised to understand

how this site ought to be managed.

It is essential to understand the layout, available data and parameters, people supervising the
ring and any events or documents that add insight into the efficient operation of the site. Figure

5 is a visual summary of the components required to understand energy reticulation.
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Figure 5: Understanding energy reticulation.

Mass and energy balances must be performed to understand the energy reticulation of an
industrial site. Understanding the layout of the process contributes to a better understanding
of how various energy streams flow through the site. Information and data also add insight
into the quantification of the energy flowing through the site. The level of analysis required will

be determined by the people involved in the energy management strategy.
Layouts

Layouts are the first indication of how energy flows through the industrial site and therefore an
essential indicator of how the production process works. High-level layouts can usually be
found on SCADA systems or by collecting single-line electrical diagrams, depending on the

energy carriers being analysed.

Understanding how measurement devices are used to analyse the site on the layouts can aid
data traceability. Data traceability allows the energy manager to relate the data to the actual
site. A data-based view is generated through identifiable data, which is captured by the
measurement devices. This view is not necessarily wholly representative of the site but is an
initial analytical interpretation of the process [23]. These measurements are only reliable and
representative if the measurement devices have been calibrated [22].

Information and data

Continuous data loggers are ordinarily available and generate the data required to analyse
the energy-governing factors. Due to the financial and pragmatic limitations, instrumentation

is installed when the need to monitor an energy stream has been determined to be feasible. It
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can be noted that a reduction in instrumentation costs has, however, led to an increase in the

availability of data [24].

The vast number of data fields (columns in a table) makes finding the appropriate and relevant
data a challenge [25] while keeping in mind that data must represent the energy reticulation
accurately [4]. The correct measurement equipment accompanied by appropriate and relevant
data must thus be used and referred to while analysing the site. The use of data requires that

the energy manager understands where the data is generated, stored and used.

The technical process showing the flow of data is shown in Figure 6.

Data
from
process

PLC/

Measurement SCADA

A 4
A 4

»|  Historian Data handling Data systems

Figure 6: Data flow process

Raw data recorded by the process-variable sensors are sent to programmable logic controllers
(PLCs). The PLCs convert the data into the desired unit of measurement. PLCs are
programmed to measure a process variable and respond based on how that value compares
to a set point. Data from the PLC can be sent to a central supervisory, control and data
acquisition (SCADA) system to enable human supervisors to monitor and control the process
[26]. Alternatively, data can be sent to the site historian for use in a data system. This data

system, in turn, aids the energy management system as previously discussed.

Different data users have different needs for data handling and management due to the
various requirements of different disciplines for the use of the data. Energy managers must
therefore be aware of the potential of data manipulation to lead to data discrepancies.
Subsequently, aggregation requirements can differ; for instance, an accountant must be
aware of monthly financial movements, while a maintenance engineer must understand

vibrations per minute.

Other factors that influence data are changes that occur in data sources and measurement
instrumentation along with the process itself. These changes have to be managed and reflect
in the data system. The knowledge of previous projects or events which influenced the process
can significantly add to the understanding of both the process and measurement

instrumentation.
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Documents

Documents allow the energy manager to gain insight from information and knowledge already
processed by the industrial site. For example, a list of energy-using equipment and the
relevant specifications can give valuable insight into the process and its drivers [23].

Additional documents which can be used to give insight into the energy reticulation of a system

include:

. Control philosophies

. Process description

. Standard procedures (operator manuals)
. Reports on previous projects

. News articles (historical information)

These documents help the energy manager to know how the process is understood, controlled
and managed. Risks like safety, production loss and mismanagement are also identified. In
addition to understanding how the industrial process is perceived and understood, the history
of the process can be learnt and used to validate the data and understanding of the

measurement instrumentation.
Events

Events give additional insight into the energy reticulation of a system. Events can also be used
to validate the data. Information on the following aspects must be validated through data

comparisons with these events:

" Projects

. Safety violations
" Upgrades

. Holidays

" Weekends

" Strikes

Events help the energy manager to understand, verify and validate movements observed in

the energy reticulation view as generated from the data.
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People

The personnel of an industrial process are valuable for understanding what drives the energy
consumption of a process [23]. In addition to this understanding are various personnel, each
with different roles in providing the assistance that the energy manager requires:

" Management must ensure that everyone is working together by aligning goals and

schedules.
. Engineers give oversight to events and give technical insight into processes.
. Financial personnel are vital to ensuring that the energy managers are working

feasibly and can be an essential source of information.
. Data owners provide access to and identify the relevant data.
. Control room attendants explain hourly trends.

. Operators explain the detailed behaviour of specific processes or process units.
Level of analysis

There are various levels of analysis to be gauged; these levels will be of different value to

different people or users [27], as shown in Figure 7.

A o

‘ .

unit goal

*Physical units
enabling the
process

- S

acieving the business
Figure 7: Levels of analysis

A site-level view would include the inputs and outputs of the industrial process. This simplified
version of the detailed reality does not require a detailed view to make critical decisions,
although a detailed understanding of the processes is still required to understand any energy

movements ultimately.
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This detailed view is captured in the secondary levels of analysis. An example of a subsidiary
process is a business unit level view. This view typically includes plants, shafts and utilities.
Utilities typically include the compressed air, refrigeration, electricity and steam supplied to
business units across the industrial process. At the process level, specific goals required by
the business unit is being achieved. At the unit level, a specific parameter or stream is being
managed using this unit. A unit in this context could be a pump, compressor, heat exchanger,

among other things.

Most of the data users are not interested in understanding all the available data, as they only

require understanding their own required level of analysis. A few examples follow:

. Environmental engineers want to understand the effect of effluents on the
surroundings. These effluents must be auditable at a site and plant-level view.

. Business unit managers require a plant-level view of the data.

. Energy managers or project engineers want to know how to optimise individual
sections of a business unit. The influence of an energy-saving strategy must be
observed at the site level to validate whether changes at the process unit level was
significant.

" Technical personnel require more detailed views of the equipment for the data to be
of use, but they require only the specific equipment information.

The appropriate levels of analysis must, therefore, be available to the relevant users.

Summary

The knowledge of how energy flows through an industrial process can be related to the
measured data using mass and energy balances. Capturing the understanding of the process
by structuring the data requires that various components of an energy reticulation analysis be
consulted. The layout, data, documents, events, people and level of analysis contribute to the

understanding of energy reticulation.

This knowledge has to be captured by structuring the data and making it accessible.
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1.4 Knowledge capturing through data structuring

The understanding of energy reticulation can be classified as knowledge! if it can be verified
by mass and energy balances which construe knowledge on the process and its size. This
knowledge must be captured and related to the data system. It has been shown previously,
whilst discussing the energy management background, that the data system is crucial to
energy management. Information and communication technology (ICT) are therefore required

to empower energy management [6].

ICT facilitates energy-efficiency improvements by allowing the data-user to track energy
consumption in order to identify areas where savings can be made [28]. ICT is used to manage

data by structuring it and making the information accessible.

ICT and standardisation play essential roles as enablers of energy-efficient process
operations through access to data [6]. Improvements and upgraded implementations in ICT
and ICT ecosystems greatly influence how data can be managed and present opportunities
for improving data management [29]. These opportunities for improving data management

are, in turn, also opportunities for improving energy management.

Despite the opportunities that modern ICT brings, it is not without its challenges.
Communicating knowledge is a challenge because the knowledge tends to present itself in
unstructured forms [29], [30]. The following knowledge-project factors expand on the
characteristics of managing knowledge projects [30]:

The link between project outputs and economic performance or an industry value
The technical and organisational infrastructure

A standard, adjustable knowledge structure

Creating a knowledge-friendly culture is a challenge

Clear purpose and language

Change in motivational practices

Multiple channels for knowledge transfer

© N o o s~ w DN

Senior management support.

These factors are analogous to the energy management scope’s organisational and
sustainability components. In addition to the energy management challenge of organisation

and sustainability is the challenge of linking knowledge project outputs with economic

1 httgs://Www.thefreedictionag.com/Knowleqe
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performance (1). Knowledge projects show a low return on investment but create the

necessary infrastructure for long-term data management solutions [25].

The technical and organisational infrastructure (2) required for energy management has been
covered as part of the energy reticulation understanding. The adjustability component of the
knowledge structure (3) refers to the ability to categorise information or knowledge in a way
that is easy to configure. This configuration must ease access to the relevant knowledge, even
when the motivation for industry practices (6) changes. This ease of access is what makes

knowledge projects worthwhile to implement.

The transfer of energy reticulation knowledge is critical in energy management since
communication is essential in this multidisciplinary environment. Communication improves
both the required knowledge-friendly culture (4) and the required sustainability, but it requires
unambiguous communication with a clear purpose and language (5). This simplifies the
management of the multiple channels for knowledge transfer (7) and allows senior
management to improve their support (8). The transfer of this knowledge is dependent on the

data system.

Therefore, the data system must address more than merely the storing of data; data must be
structured in such a way that multiple users can understand the origins of the data. The ideal
solution must therefore allow the energy manager to structure the data towards their
understanding of the energy reticulation. With this function of data management, the energy
manager can share the energy reticulation knowledge and use the data to make data-driven

decisions.

Spreadsheets are a common starting point for relating knowledge to the data. However, the
use of spreadsheets results in multiple individual solutions across a facility and opens the
possibility for knowledge to be lost within an organisation. Therefore, there is a need to
centralise information without losing the speed and freedom of analysis that an intuitive
spreadsheet program like Microsoft Excel offers. Consequently, an adjustable, straightforward

system is required for managing data.

Given the need for creating a centralised knowledge management solution, a data system is
required. Data management is becoming increasingly difficult due to the sheer amount of data
that is generated. This need for a data system with the capability to manage large amounts of
data fields results in the need for developers to build and manage database structures [18].

This does not, however, address the need from a knowledge management perspective. While
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the energy manager has spent most of their time understanding the energy reticulation and

the projects, they must be able to relate their knowledge to the data system.

It is crucial to improve the creation, protection and use of knowledge processes [30], [31].
Managing data systems with complicated industrial processes and many data fields typically
requires data to be processed into simple, accessible forms. Unstructured data is data that
has not been organised and understood in a way that is accessible to various users. The
addition of required knowledge and relevant information to data results in structured data. For
the energy manager’s purposes, the data must be available in a database in which the data

has been structured according to their energy reticulation knowledge.

Structuring data

Data structures refer to the internal design of a data system. The basic elements of a data
structure, as utilised in this study, consists of data storage and identification. The identification
of the data is created by relating information to the data. The current data structures used in
energy management are rigid with limited access and flexibility mainly due to databases which
are added to coded structures that result in a rigid structure from the user’s perspective [18],
[32], [33]. Rigid, coded structures create challenges for the energy manager using the system.
There is hence a need for the use of simple interfaces for structuring data. The data
environments already being used by the energy manager must be utilised.

An alternative method of analysis to spreadsheets and coded structures is the use of
metadata. Metadata captures the information indirectly coded into the rigid structures or
written into spreadsheets. Metadata is data added to data to provide the required context [34].
By adding context to tags, the measurement devices of the energy reticulation network can
be individually identified and interpreted in accordance with the energy manager’s knowledge.
Structural metadata can be used to infer a dynamic structure. Therefore, the use of metadata

creates adjustable data structures [18], [25].

Using words to manage data is possible with metadata repositories or tables [25]. Formalised
metadata removes ambiguity to capture the knowledge without loss of information that results
from interpretation [35]. Knowledge organisation systems can be used to define the metadata

that has been used to relate the energy reticulation knowledge to a database [36].

A key component of knowledge organisation systems is classification schemes. The study of
knowledge organisation and classification schemes can be used to formalise the metadata.

To decide to what extent the metadata would be formalised, the energy manager's
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requirements must be considered. Classification schemes like folksonomy, enumerative
classification and facet analysis can provide guidelines to assist in creating a framework with
which to capture energy reticulation knowledge.

Folksonomy uses natural language generated from common knowledge to define entities.
Folksonomy is also known as collaborative tagging and allows the energy manager to capture
the knowledge of domain experts [37], [38]. This scheme can, however, be ambiguous due to
a lack of guidance for the end-users. This means that folksonomy does not sufficiently nor
independently address the energy manager’s requirements. Additionally, a repository with no

structure is difficult to extract relevant knowledge from [30].

Enumerative classification schemes consist of predefined entities that are made available for
the users of the scheme to classify the knowledge they are defining. All the categories must
thus be defined beforehand. Examples of the enumerative classification schemes include the
Dewey decimal system, where numeric codes classify books and the library of congress

classification, which classifies more classes due to the alphanumeric system [39], [40].

While folksonomy can become ambiguous, enumerative classification schemes are formalised
structures that can become rigid. Therefore, it is essential to understand what balance of

prescription is required to meet the energy manager’s needs.

Another school of thought in classification schemes is facet analysis. Facet analysis has been
found to be an essential aspect of the modern management of large quantities of data fields
[18]. Facet analysis is similar to enumerative classification schemes in the sense that terms
are sorted into a predefined hierarchy. This hierarchy is then broken down into different facets
as defined by the user [12]. The difference is that the structures do not necessarily have to be
completely predefined; only the facets and hierarchy must be predefined. The result is that the
freedom from folksonomy is achieved but with the required unambiguity of enumerative

classification schemes.

Facet classification is traced from universal decimal classification (UDC), an adaptation of the
Dewey decimal system [36]. It was created in response to frustrations that arose from the
limited access to a continuously growing universe of knowledge. S.R. Ranganathan was the
creator of facet analysis. He wrote the five laws of library science which express his

frustrations [41] and which is similar to what is needed in data today, as shown in Table 1.
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Table 1: The need for accessibility

@jNWU@

Facet analysis — access to books

Access to data

Books are for use

Data must be used

Every reader must get his book

Every user must see relevant data

Every book must find its reader

All data must be used

A reader’s time must be saved

A user’s time must be saved

A library is a growing organism

An energy management system is a growing

organism

Books are for use

Data must answer questions

Table 1 indicates that the need for accessibility of information has not changed, even though

the information source has changed. The real power of facet classification is the adaptability

that results from the use of computerised systems like databases [42]. The classification of

subjects with words is a crucial concept of formalising scientific theories. Therefore, it is

suitable that the rules of facet analysis provide the basis for creating a data structure through

metadata [25], [31].

Table 2 summarises the main characteristics of the classification schemes discussed.

Table 2: Classification scheme summary

Characteristic Facet analysis

Enumerative
o Folksonomy
classification

Structure Predefined

Predefined Defined by users

Classification Defined by users

Predefined Defined by users

Yes, due to
Scalability adaptability and

interoperability

- Limited
Lacks adaptability ) .
interoperability
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Folksonomy is ideal for capturing the domain expert’s knowledge in the system in an adaptable
manner. However, folksonomy does not address the need for interoperability between
metadata tables and other structures. Interoperability is the ability of a system to relate, use
and exchange information. A formalised (predefined) set of semantics or classification thus
allows computers to match information, thus resulting in interoperability. Although enumerative
classification addresses the need for formalised semantics, it lacks adaptability. It is
subsequently apparent that a mixture of folksonomy and enumerative classification must be
employed. Facet analysis accommodates this compromise and would therefore inform the

development of a metadata structure.

Summary

Energy reticulation knowledge must be captured and made accessible. ICT and
standardisation are essential enablers of energy-efficient process operations through access
to data. While rigid data structures are used, they limit access to relevant data. The alternative

use of spreadsheets results in individual solutions with little value for the collective data users.

The use of metadata allows relevant data to be defined and managed in a centralised system.
Classification schemes were consulted to ensure that enough formalisation and structure was
given to the data system toward enabling the efficient use of metadata. Facet analysis must
inform the design of the data system to empower access to the relevant data by relating energy
reticulation knowledge to the data. This access to data will enable energy management.
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1.5 Enabling energy management

The knowledge captured in a metadata structure was observed to aid access to data, which
leads to improved energy management. Energy management is improved because decisions
are supported through the accessibility of data. The energy management scope must be aided
through the data-structuring framework that is developed. This means that the framework must
inform the strategy, operation, control, organisation and sustainable development.

The strategy to be implemented can be informed by the understanding of energy reticulation.
The metadata framework can evaluate this understanding by making the data accessible in
the context of mass and energy balances. Changes and distributions must be observable to
such an extent that the development of a strategy to manage the use of energy or risk would
be based on the available data. Thus, through an iterative process, this framework must also

increase the understanding and evaluation of the energy reticulation.

The data structure must then permit the implementation of the developed strategy. The
relevant information that pertains to the energy reticulation and instrumentation layout must
be observable, manageable and the data-structuring framework must generate a view where

continuous energy audits can be monitored.

Managing the implemented strategy means that it must be controlled and adjusted when goals
are not being achieved. Benchmarking and baselines must be available to understand how
the current operation compares to the historical consumption of the system. The framework

must thus permit the use of these energy management tools and permit the use of KPlIs .

Procedures, responsibilities and job descriptions ought to also be updated from the lessons
learnt from the control of the strategies, and the framework must improve communication
between the relevant personnel by giving the correct information to the relevant personnel.

The captured context will assist in organising the use of data in general.

Companies must foster a culture of energy management that is conducive of sustainable
energy management. The data and reports generated by the framework must therefore aid in
the education of the relevant site personnel and assist in the internal communication of the

energy-saving message.
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1.6 Need for the study

It has been concluded from literature that energy management is important to industrial
production processes and the accompanying environmental efforts. In order to manage the
energy streams flowing through a production process, the ISO 50001 standard requires that
the data generated by industrial production processes needs to be managed.

This means that the available data has to be organised to allow the energy manager to make
data-driven decisions, which will affect complex processes. The organisation of the data must

incorporate the understanding and the auditability of the energy reticulation.

The need for data access has also been clearly determined, as this allows the understanding
and knowledge linked to the data to be utilised by relevant users. Various levels of analysis
are required; thus, the solution must consider the various users and the process of knowledge
collection and organisation. The dynamic nature of the industry must also be considered.

These findings in literature resulted in the following needs of the study:

Data management

Large numbers of data fields and information must be managed by making the relevant data
accessible. The data system requires have an adjustable, simple structure that provides
access to the relevant data. This need exists because current structures are so rigid that
relevant data access or collaboration is limited. Time-based, numerical and categorical data
must be managed and related to create a data structure. Data management, with this data
structure, must therefore aid the analysis of energy-governing factors and assist with the

energy management scope.

The need for an adjustable data structure

The dynamic nature of energy reticulation, owing to projects and changes in organisational
requirements, results in the need for an adjustable data structure. Structural metadata creates
an adjustable structure, but the formalised structure must be developed using the design
principles from facet analysis. The energy manager, having spent most of their time
understanding the energy reticulation and the running projects, must also be able to relate that
knowledge to a data system on a continuous basis. The result will be a dynamic, insightful

view of the energy reticulation network.
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Enable energy management

The knowledgeable view of the energy reticulation network as supported by the data structure
must be used for energy management strategies to be developed. Data-driven observations
must be made to identify problems. These problems must then be managed by means of
relevant questions which can be answered by accessing the relevant data. The solutions

gauged by the energy manager must be developed into energy-saving strategies.

Energy-saving strategies must be implemented and monitored using the accessible data. This
means that continuous energy audits must allow the control of these implemented strategies
by enabling benchmarking techniques and reporting on the movements. The organisation of
systems, structures and people will be promoted by data-driven communication, which will
also add to the culture by improving the understanding of the personnel involved with the

energy-saving strategies.

The data structure should also enable and promote a culture of sustainability. The knowledge
captured in the process will lead to a sustainable environment despite personnel changes.
Training must be made possible through the knowledge that has been captured in the data

structure.

Problem statement

From the discussion of these needs and the background, the following problem statement has
been developed:

Data must be structured to capture energy reticulation knowledge in such a way that the

relevant data is accessible and enables energy management.
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1.7 Objectives

In order to address the problem as developed from the need for the study, it is necessary to
compile and organise the relevant information. This information can then be used to create an
adjustable data-structuring framework. The resulting data structure must then be related to
the data using ICT. This will provide data access through the levels of analysis as identified
by the need of the study. The data access should then enable energy management. The scope

and objectives are further discussed in this section.

Scope

The scope of this study includes energy management systems which allow the organisation
to develop energy-saving strategies. Implementing these energy-strategies requires an
understanding of the energy reticulation of the investigated processes. Energy audits must be
used to provide an understanding of the process’ energy consumption history. Mass and
energy balances provide a framework with which to gauge certainty in the understanding of
both the energy reticulation and energy audits. Data management is necessary because the
mass and energy balances are based on process measurements, which generate data.
Metadata and data structures allow the data to be defined in such a way that the required
information can be accessed. Knowledge organisation defines how the metadata tables can
be designed to best capture the required knowledge and access the information captured in
the data system. The use of information communication technology (ICT) is required to
facilitate the connection between the metadata tables and the data. Data-driven decision
support will, in that event, be the result of accessible data, which in turn will drive energy

management.

Capture energy reticulation knowledge

A dynamic understanding of the process must be captured in a data structure. Energy audits
must be accessible at a high level of detail which aggregates from a less detailed view. Mass
and energy balances must be used to aid energy audits. These balances would create a
numerically accurate check for identifying any uncertainty of the energy reticulation

understanding that was captured in the data structure.

Instrumentation knowledge must be captured in such a way that the data usage can be traced
back to the original measurement device. Information from various sources like layouts,

drawings, people, events and instrumentation information can be used to this end.
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The domain expert should be in control of the data management process by their ability to
manipulate the metadata structure. The structure must organise information pertaining to both
the timeline and energy reticulation of the industrial process. All the relevant energy governing
factors must be available and accessible.

Create adjustable data structures

The use of structural metadata helps in the setup of adjustable data structures, but these
structures must be intuitive and easy to navigate, at least to the relevant personnel. This
requires an understanding of the degree to which the solution must be formalised and the
extent to which facet analysis can be used to manage metadata and assist in this
formalisation. The framework must permit a centralised data system with which to remove

unnecessary knowledge capturing solutions in an organisation.

Enable energy management

The benefits of structured data pertaining to energy management opportunities must be
determined and be in line with the energy management scope — this means that the following

points must be realised:

. Energy management strategies must be developed using the data structure
" The framework must promote the implementation and control of strategies
" The organisation and sustainability of projects must be advanced.

The implementation of an energy management strategy will effectively test and validate
whether these objectives have been met.
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1.8 Conclusion
\ 4
Relate energy
Energy > Data > reticulation > Meta-Data > Knowledge
management management knowledge to management
data
A

Figure 8: Summary

Figure 8 offers a visual summary of this chapter and indicates how knowledge management

can result in improved energy management.

Energy management is a multidisciplinary challenge which is dependent on data
management, which relies on the measurement of the process in question. The data is only

useful once understood in terms of a process’ energy reticulation measures.

Energy reticulation knowledge must be related to the data; however, managing these vast
amounts of data is a challenge, not only of numerical computation but also of comprehending
an extensive and complex system. Rigid data structures or multiple spreadsheets are currently
used in energy management, but metadata allows for the creation of adjustable structures.

Improved data management is possible by creating an adjustable data structure that uses
relevant and accessible data and relating knowledge to the data. The solution to be developed
will focus on the management and formalisation of metadata with the assistance of facet

analysis. The improved data accessibility results in data-driven decisions.
The need to manage energy through data management has led to the problem statement:

Data must be structured to capture energy reticulation knowledge in such a way that the

relevant data is accessible and enables energy management.

Document structure

Chapter 1 has introduces energy management, its dependence on an understanding of energy
reticulation and data management. Data management is a challenge due to the understanding

that is required of many data fields in the context of the industrial process’ energy reticulation.
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The objective is to assist the energy manager in capturing energy reticulation knowledge

dynamically to improve energy management by means of improved data access.

Chapter 2 develops a solution and discusses the data and information collection and
organisation that depend on the requirements inherent to understanding the energy
reticulation of a process. Next follows the implementation and development of a generic data-

structuring framework. The developed framework will be used for energy management.

Chapter 3 applies the developed solution to an industry-based case study, and verification
and validation are done using a mining case study. The resulting data structure is evaluated

and discussed.

Chapter 4 concludes the study with a summary and recommendations for future studies.
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2.1 Introduction

Energy management is important because it has financial and environmental implications. In
order to manage the energy of an industrial site, it is necessary to understand how energy
flows through the site and quantify these movements. A vast amount of data (process
measurements) is available, but access to relevant data is limited by the knowledge of the
user. This access can be improved by relating energy reticulation knowledge to the data. This

background has led to the following problem statement:

Data must be structured to capture energy reticulation knowledge in such a way that the

relevant data is accessible and enables energy management.

In order to address the problem statement, as developed from the need for the study, the
relevant information with regards to understanding the energy reticulation of a process must
be compiled and organised. This information can be used to create an adjustable data-
structuring framework. An adjustable data-structuring framework can be developed by using
metadata to make data accessible. Metadata is additional data consisting of terms which
describe the numeric data. The developed data structure will allow access to the relevant data.
The data structure must be made interactive and dynamic through information technology to

enable energy management.

The adjustable data structure will provide the data access through the levels of analysis, as
identified by the need of the study. The adjustable data structuring framework can then be
used to aid the energy manager in making relevant observations. These observations must

result in actions which enable energy management.

Chapter 2: Development of solution



®
Structuring data to capture energy reticulation knowledge Lnu NWUM

2.2 Compile and organise information

Data must be structured to capture energy reticulation knowledge in such a way that the
relevant data is accessible and enables energy management. Capturing energy reticulation
knowledge, creating adjustable data structures and enabling energy management are the key
objectives for developing a solution to the problem statement. The problem statement requires
the capturing of energy reticulation knowledge, which is developed by collecting, processing

and understanding information and data.

The information that makes up energy reticulation knowledge has to be compiled, organised,
then related to the data through a data structure in order to enable energy management. As
the previous chapter has shown, there is a need for this data structure to be adjustable, since
adjustable structures make data more accessible by defining data in groups according to the

developed understanding of the data.

Relevant information has to be collected to understand the energy reticulation of a site without
wasting time. Understanding energy reticulation data, as described by the available
information, will improve an energy audit. The continuous task of collecting information and
data also implies frequently organising and managing the collection of said data. A guideline
on the collection of relevant energy management information will therefore be proposed.

To determine whether data is relevant, it is essential to understand the industrial process and
its driving factors. While vast amounts of data and information are available, knowing which
data or information to consider simplifies and reduces the workload. The industrial process
must be researched with a focus on the relevant energy-governing factors for the purpose of

improved energy management.

Industrial methods used to convert raw materials into more valuable products must be
understood in order to utilise the available data correctly. The processes must include the
collection of process drawings, operational procedures, control philosophies, site-specific
standards, safety and risk management strategies and information from previous projects.
These documents can offer additional insight into the organisation’s history and culture;
however, the focus of the process research is on understanding the industrial process in the
detail that is required to understand the process’ energy consumption. Defining process

boundaries will qualify an understanding of the industrial process in varying detail.

The required level of analysis is a determining factor when defining boundaries. A high-level
analysis will result in the management of full-facility boundaries. Full-facility boundaries

answer the question of what goes into the process and what was the bottom-line result. The
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bottom-line result refers to the required cost to achieve the desired process goal, such as
production — simply stated, it is the profit made. A more detailed analysis will result in the
analysis of a process or specific unit. The required level of analysis will be determined by the

project or the extent of responsibility as defined by the energy manager’s contract.

The boundaries to be analysed are determined by the understanding of the process and the
energy streams flowing through it. The defined boundaries must include a specific process,
which means that a single process goal must result from the output streams of a boundary.
These goals include converting specific raw materials into more valuable materials, moving
material to more accessible locations, converting the material into energy or achieving any
other goal required by the industrial process. To simplify the selection of boundaries, they

must include recycle-streams.

The next stage is to understand the available and relevant data as generated by process
measurements. Process measurements are usually taken to quantify the flow of various
streams through a site. Understanding the boundaries will assist in the selection of the relevant
data because the relevant streams will have been identified. Unmeasured streams of energy
are unmanaged energy streams which deserve the attention of the energy manager,
depending on the size and energy content of these streams. The methodology must be
prioritised by the size and energy content of streams and process to ensure that significant
energy consumers are managed. Energy streams must be noted and organised into a well-
defined list.

After determining which boundaries and streams to analyse, the next step is to determine
which parameters to analyse. Not all measured parameters will be of use from an energy
management perspective. For example, pressure and flow are useful for the energy analysis
of a compressed air system while temperatures could prove to be unnecessary information,
mainly since the energy is quantified by means of the airflow and its relation to the energy
used by the compressors. Pressure is a useful parameter in this case because it is indicative

of the technical requirement of the consumers.

Once the appropriate boundaries, streams and parameters have been determined, the
relevant data on energy-governing factors [17] can be compiled. Compiling the required data
requires an understanding of how this data is used, stored and managed. To understand the

data system, the SCADA, PLCs and historian (industrial site database) must be considered.

Understanding the SCADA system is necessary since this is the primary system which uses

the data. Process and process-instrumentation drawings (layouts) can usually be found on a
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SCADA system, as this is the system from where the process is controlled. Therefore,
essential data is available from the SCADA system. SCADA data is, however, instantaneous
data received from PLCs. The SCADA design is also the first indication of how energy is being
managed, as this is where process control decisions are made. The KPIs available to the
process operators should be scrutinised and improved from an energy manager’s perspective.

The energy manager must know whether the required data from PLCs is captured in the
historian. Historian data can be used to analyse what happened throughout the process
history. The timeframe of data saved in the historian is limited to the availability of server
space. The quality of the data saved in the historian will depend on the measurement devices
used and the instrumentation calibration. It is the energy manager’s responsibility to ensure

that the data is an accurate representation of reality.

The collected historian data will include the essential facets of information, shown in Figure 9.

F@ Date v !A.C Tags B 1.2 Value v
2017/12/31 23:30:00] S20CP03_PT_109_LOGIC_PV 538,59

01 /1??-23:30:00 SZOCCB FNT . LOGIC PV 24673 06
Date/Time |, Tags/Fields, | Value
201 7/12/31 23:30:004 S20CP0O1_PT_109_LOGIC_PV )
2017/12/31 23:30:00) S20CP02_FNT_109_LOGIC_PV

Figure 9: Data collection

The date/time field indicates when the datapoint has been measured, while the tags/fields field
typically identify the measurement instrument. The values from the instruments then quantify
the measurement point at the specific time identified. These values provide the foundation
upon which the energy audit is to be performed; however, in its current unstructured form, the
data is inaccessible to the typical data user. The breakdown of the energy reticulation

knowledge, as boundaries, streams and parameters must be used to structure the data.

The understanding gained from the energy reticulation knowledge can now be used to create
various energy balances and produce measurements throughout an industrial process. These
balances can be used to structure the data from the unstructured form previously shown and

to understand and verify the energy audit, as shown in Figure 10.
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Figure 10: Mass and energy balances

It is necessary to define the process being analysed by first defining the streams that flow
through a process to achieve its goal, which means that the various processes can be defined
by boundaries. The relevant parameters to measure the required mass or energy must be
determined for each stream to allow the required data to be selected. The mass and energy
balances are built on the respective laws of conservation, which state that neither mass nor
energy can be created or destroyed. The defined boundaries and streams can be used as
references to define a flow convention. The most straightforward convention of flow through a

boundary is, therefore, in or out of the boundary.

A flow convention must be simple yet incorporate interdependencies like recycle-streams
while presenting the option to add an additional level of complexity to this convention. Recycle-
streams are, however, not considered to be within the scope of this study for the sake of
simplicity. Yet, this simplification must not hinder the process, as recycle-streams can mostly

be avoided if the correct boundary conditions are considered.

The mass and energy balances, defined boundaries, streams and flow convention aid in the
accounting of mass and energy and help energy managers record the energy reticulation. This
accounting framework gauges the certainty with which these flows are quantified because the
flow into a boundary must be equal to the flow out of a boundary. The accounting of mass and
energy is further facilitated by the structured analysis and design technique (SADT) [15,43]
method, which is illustrated in Figure 11.
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Figure 11: SADT method

The SADT method uses the defined boundaries and energy streams moving in or out of the
boundaries. These boundaries are defined at a high level [A], intermediary level [B] and
detailed level [C] but are only meant to be guidelines and can be expanded upon if necessary.
Lower levels of analyses must summate to the higher levels and thus form a cascading
hierarchy.

The balance between the supply and demand of the process can now be distributed between
the boundaries and their respective levels of analysis. The SADT method, along with the data

and information compilation guidelines, allows for data-driven data analysis [15].

Summary

Figure 12 visually summarises this section, which has presented a guideline to compile

unstructured knowledge.
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Figure 12: Compile unstructured knowledge summary

A guideline was presented for collecting and compiling relevant data and information so that
the data could then be manually structured through the developed mass and energy
accounting framework, which relies on the SADT method. Together with the accounting
framework, the organised and managed energy reticulation information can result in the

development of energy reticulation knowledge.

Next, energy reticulation knowledge must be related to the data in order to organise and
structure the data with the objective of improving access to relevant data.
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2.3 Create an adjustable data-structuring framework

The accounting framework that uses the SADT method together with energy and mass
balances now has to be incorporated into a data structure to capture energy reticulation
knowledge in an adjustable data structure. The compiled information must be structured into
a metadata table to relate the compiled information to the unstructured data. The use of ICT
permits the development of a system to ease access to the relevant data by relating the
structured information to the unstructured data. However, energy reticulation knowledge must

be structured before ICT can be employed.

Facet analysis is considered to structure the compiled information. To wholly structure the
energy reticulation knowledge using facet analysis, five fundamental categories must be
considered, namely time, space, matter, personality and basic subject [44]. The collected data
from the historian contains the time, measurement device (meter) and value, which relate to
time, space and matter, respectively. The compiled information adds to the personality and
basic subject categories. The personality category relates to the parameter and the relevant
unit of measure. The basic subject category relates to the boundaries, streams and flow
balances. At this high level of categorisation, facet analysis does allow for the structuring of

the energy reticulation information.

The six fundamental steps in design [36] for facet analysis explain how the information has to
be structured:

Divide the subject into broad facets.

Divide each facet into specific sub-facets.

Decide on the citation order between facets and sub-facets.
Decide on the filing order between facets, sub-facets and classes.
Add a notation.

Add an A/Z index.

o g ks~ w N ke

The hierarchy of these facets, sub-facets and classes are to be understood in order to initiate
these steps. Facets (1) are categories which are the sum of the sub-facets (2). Facets are,
therefore, divided into their respective sub-facets. Sub-facets are, in turn, the sum of the

classes (3).

The six fundamental steps can be applied to structure energy reticulation knowledge into a
metadata table. The facets of energy reticulation relevant to the data, as developed through
the requirements determined by the compilation and organisation of information guidelines,

include:
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Unstructured data.
Compiled energy reticulation information.
Data management.

Time-based information like projects, tariffs and events.

moo w2

Additional notes and information.

These facets are the metadata tables into which the energy reticulation knowledge can be
categorised and hence structured. Tables have fields (columns) and rows. It is therefore

logical that sub-facets would be table fields while the row information would include classes.

The six fundamental steps in design require that a citation order (3) between facets and sub-
facets be determined. The order in which these fields appear ought to correspond with the
chronological process of information collection in order to simplify the process of populating
these tables. ICT can be used to filter computerised tables and sorted them under the chosen
digital environments intended for use. The use of ICT therefore reduces the need to focus on

the order of filing classes into their fields (4).

The classes can now be defined by the user to ensure that the energy manager’s energy
reticulation knowledge is captured in the structure. The notation used to define classes must
be understandable to the users (5). Classes must, however, be classified consistently
throughout all the tables to ensure relatability. The filtering ICT capabilities of these tables help

adhere to consistency requirements.

An index (6) is necessary in order to relate a facet to other tables. An index is a field which
uniquely identifies every row in a table. The tag field from the energy reticulation information
table must act as such an index. It is, however, good practice to uniquely identify each table
with an index, should it be necessary to relate another table later.

It thus follows that the six fundamental steps in design can be used to guide the user in creating
a table to capture the energy reticulation knowledge in an adjustable structure. The process
of creating a data-structuring framework to capture energy reticulation knowledge will thus

resemble the flowchart shown in Figure 13.
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Figure 13: Metadata framework

The energy reticulation knowledge, thus consisting of the energy reticulation understanding,
time-base information, data management understanding, and any other ad-hoc information,
must be analysed using facet analyses. The use of ICT will permit the incorporation of facet
analysis into a metadata repository, which, when related to unstructured data, is able to
structure data. The facets identified from this analysis will then define the data through
metadata tables.

The information in these metadata tables therefore captures the energy reticulation knowledge
as it relates to the data. The design principles from facet analysis will dictate how these tables
will be organised. The six fundamental steps in design and the coverage of the five
fundamental facets ensure that the energy-reticulation knowledge is captured in the
repository. The use of ICT influences the repository design, as is the case with the use of
computerised tables. The data is therefore structured by relating the unstructured data to the

metadata repository.

By using facet analysis, the tables can be further defined under sub-facets or fields. Possible

fields for the energy reticulation knowledge tables are shown in Figure 14.
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Figure 14: Energy reticulation knowledge

Ad-hoc

The metadata tables into which the energy reticulation knowledge can be categorised and

therefore structured are shown at the top of Figure 14. The fields which make up the

unstructured data table have been described in the previous section (2.1). The unstructured
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data table contains the crucial measurements which can be related to the time and place they

were taken. It must be noted that the tags and date-time fields are relatable to other tables.

To use the SADT method, the measurement device itself must be uniquely defined through
the tag field (a). The tag field can be related to the unstructured data field because this is
where the information expands on the data. The boundaries (d) must be defined together with
their level of analysis (e). Process units are included in the level of analysis. Next, the streams
(f) flowing through each boundary must be added together with all the parameters (g) that
were measured. The direction of the measured streams must be indicated by the stream-flow
convention (h). The unit of measure (i) must be defined to keep the actual values of the
measurements intact. By defining these fields in a table, the accounting of mass and energy

can be structured into a metadata table.

Information about data management (C), such as suspicious measurements, must be
structured into a table. The proposed fields allow data handling steps (I) to be captured,
calculations (n) to be recorded, data exceptions (m) to be logged and general data
management notes (0) to be added. The data source (c) and aggregation (d) fields can be
used to differentiate between data sources and data resolutions. Using the tag field (a) means
that the information can be related to the unstructured data table while the date-time field (b)

can be used to relate the information to time-based information, such as a calendar.

Time-based information (D) should be added and related to the time component of the
unstructured data. The date-time (b) field proposed must relate to the unstructured data. To
make the data accessible through such a structure, weekdays (p) and months (q) must also
be related to the data. This way it will be possible to access specific periods. It must also be
possible to differentiate between weekdays and weekends (r). Additional time-based

information can also be added (w) if needed, including project (u) and event (v) information.

Financial information might depend on specific periods where, for example, an energy
supplier’s tariffs might differ throughout the day, week and seasons of the year. Such periods
(t) and tariffs (s) can also be captured in this table by adding the required information to the

time-based table.

Any additional information or ad-hoc analysis not covered by these tables can also be added

by creating a new table (E), which relates to another table’s index as required.

The metadata tables that have been created at this stage are now suitable and relatable to
the data. These tables must, however, be in a form that allows for the most effective
processing of the data. The processing of data includes aggregation, filtering, calculations and
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visualisation. Tables are simplified using database normalisation theory, which will ensure that
these tables are in their most useful form [45]. The use of ICT will thus be optimised by
ensuring that the tables are designed based on normalisation theory. Then the tables are
ready to be related and used.

At this point it is necessary to select an ICT tool to manage, relate and visualise the data and
information. The use of these tools can, however, influence the application of the metadata
framework. An example of this is the difference between SQL and No-SQL. SQL uses joins,
merges and filters of tables to create relationships. No-SQL uses metadata related to
tags/fields and creates connections using logic/algorithms. This reduces the need to normalise
and simplify tables. Even though the modular approach used in this study has a philosophical
basis, no-SQL tools are deemed to be outside the scope of this study. Relational databases
[15], graph databases [46] and ontologies [47] are similarly not included in the scope of the

study but can be used to add value to this methodology.

The use of related tables will be permitted with the Microsoft Power Suite®°8, This allows the
data to be extracted and loaded into the Microsoft data model?. The tables can then be related
by creating the required connections. Now the data and information in the data model can be
pivoted and filtered as with a regular pivot table®. The result is that a centralised solution can
be created without losing the intuitive environment of a Microsoft Excel spreadsheet.

There is, however, a learning curve which ought to be considered when adopting these tools.
It is recommended that Data Analysis Expressions (DAX) should be learnt, as it is useful for
models and calculations?, although there are limitations with data visualisation when using
Power Pivot in Microsoft Excel. These limitations have, however, been rectified by Microsoft
through Power BI°, which allows the same data model to be used to create a broader range
of visualisations and models while serving as an additional visualisation tool which is not

crucial to this study.

After selecting the appropriate tool, the data and metadata must be loaded into the tool. The
data and metadata must be extracted from the Excel tables, transformed and loaded into the

data model. The result is shown in Figure 15.

2 Microsoft, Create a Data Model in Excel, (accessed 2019/09/30): https://support.office.com/en-us/article/create-a-data-model-in-excel-87e7a54c-
87dc-488e-9410-5¢75dbch0f7b.

3 Microsoft, Power Pivot: Powerful data analysis and data modeling in Excel, (accessed 2019/09/30): https://support.office.com/en-us/article/power-
pivot-powerful-data-analysis-and-data-modeling-in-excel-a9c2c6e2-cc49-4976-a7d7-40896795d045

4Microsoft, Data Analysis Expressions (DAX) Reference, (accessed 2019/09/30): https://docs.microsoft.com/en-us/dax/data-analysis-expressions-
dax-reference

5 Microsoft, Business intelligence like never before, (accessed 2019/09/30): https://powerbi.microsoft.com/en-us/
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Figure 15: General data model layout

Fields which contain the same information can be related because these fields can be filtered
simultaneously. The date-time (b) field from both the data management (C) and time-based
information tables can be used to filter the data table data-time values. Similarly, the tag field
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(a) from the compiled energy reticulation information (B) and the data management (C) tables
can be used to filter the tags in the data table. The energy reticulation knowledge has now
been related to the data and is part of the data model. The metadata tables are related to the
unstructured data because this is how the data will be filtered. The relevant data can be made
accessible by filtering through these related metadata. From this point, the data model can be

used to create the visualisations which result in energy management observations.

Summary

Figure 16 visually summarises this section, which showed how to implement a data-structuring

framework to capture energy reticulation knowledge.

*Develop data structure using collected

2. Implement data information
structuring framework «Structure mata-data tables

»Select data strucutre tool

Figure 16: Data-structuring framework summary

Metadata tables were used to structure and relate the collected information and understanding
of the energy reticulation to the unstructured data. A standardised structure was created by
utilising knowledge organisation literature and resulted in an adjustable data structure, which

the energy manager can create. The tables can be related to each other using an ICT tool.

Next, the structured data must allow enough access to relevant data to enable energy

management. Observations made must result in actions.
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2.4 Enable energy management

The developed data structure can now be used to filter and aggregate the data with the
Microsoft PowerPivot Data Model and pivot tables®3°. This creates dynamic views of the data
through slicers. A slicer is a set of buttons that allows the user to choose a value from a field
to filter data. The slicer therefore visualises the available options as the structured data model
gives the user access to the data in the background.

Selecting different boundaries, streams, parameters, periods and levels of analysis will
aggregate the data to the desired views. Movements can be observed by looking through
defined boundaries, the levels of analyses and periods. The data can now be validated by
matching trends observed with actual events in the process. The data observations will
facilitate the understanding that energy reticulation is related to the actual process and events.
Benchmarks can be used by overlaying different periods on the same graph, which will allow

the energy manager to assess the progress of implemented energy-saving measures.

The energy reticulation knowledge, being structured and visualised, will empower the energy
manager to perform their roles with data-driven decisions. The energy manager can report
and share information to improve the understanding of the energy usage of the process. Figure
17 offers a simplified view of the effects that the captured information can have on the energy-
saving strategies.
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Figure 17: Observe and perform actions

Figure 17 shows how the related data and metadata can now be used to assist in the
management of energy. Accessible data empowers the energy manager to make relevant
observations, which, in turn, result in data-driven decisions. Energy management actions are

therefore qualified by the data-driven decision support which the data structure provides.

Actions which result from these observations include the development, implementation and
observation of energy-saving strategies. Control of the strategy is permitted by continuous
observations which allow the energy manager to determine how the current situation

compares to the benchmarked reference point.

In addition to the enabling energy savings strategies, the organisation of the energy
management related systems, people, processes or documents is captured in the data
structure. A sustainable culture develops through data-driven communication, which

addresses any misconceptions that might be active in the operations of an industrial site.

Summary

Figure 18 presents a visual summary of this section, which expanded on how the developed
data structure enables energy management.
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Figure 18: Enabling energy management summary

The developed data structure has captured the relevant information and data in an adjustable
data-structuring framework. Data accessibility has thus been achieved, but in order to enable
energy management, relevant data must be visualised. The observations must then be used

to perform actions, which, in turn, enable energy management.
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2.5 Conclusion

The visual summaries of the sections are presented together in summary of the methodology.
The result is shown in Figure 19, which demonstrates how data is to be structured and how to
capture energy reticulation knowledge in such a way that the relevant data is accessible and

enables energy management.

+Collect and organise energy reticulation

. information (using personnel, layouts, operatin
1. Compile unstructured specification(s etg.)p y P g

knowledge *Collect data
Understand checks and balances

*Develop data structure using collected

2. Implement data- information
structuring framework «Structure metadata tables

*Select data-structure tool

*Visualise information
*Use knowledge and information
*Observations empowers actions

3. Enable energy
management

Figure 19: Methodology summary

A guideline was presented to collect and compile relevant data and information. Metadata
tables have been used to structure and relate the collected information and understanding of
the energy reticulation to the unstructured data. The resulting data model can be used to

visualise the information.

The improved data access can be used to make observations which leads to actions. This
means that energy management must be enabled.
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3.1 Introduction

The data-structuring framework was used to aid energy managers with the energy
management scope. This framework enabled access to relevant data. Visualising the relevant
data leads to energy management observations which must result in action. These actions will

enable energy management.

A mining case study was used to verify and validate the data structure’s ability to enable

energy management. The data structure was built for a complicated compressed air ring.

It should be determined whether continuously defining and organising data improves access
to relevant energy management data. It will have to be determined whether the relevant
energy reticulation could be compiled using the guidelines given in the methodology. The
various levels of analysis should be incorporated, while the data structure is adjustable in this

regard.

Energy management has to be enabled by improved access to relevant data. Observations

must lead to actions which improve energy management.
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3.2 Compiled energy reticulation knowledge

The methodology developed in Chapter 2 has been applied to a case study from the mining
industry. The case study focused on platinum Mine A, where a project with no capital
expenditure was required to reduce its electrical consumption without impacting production.
The developed solution was applied to organise and assess the opportunities and assist the
energy managers in saving on energy consumption. The knowledge generated by the project

was captured using the data-structuring framework.

The first step was to collect the relevant information and data to understand the processes.
This initial step included consulting the engineering manager and the senior instrumentation
technician. Access to the SCADA and the site historian was granted. The collected data was
unstructured because the collected tags only indicated which meter generated the data. The
data structure from the developed solution in Chapter 2 has assisted with the development of
an energy management strategy. The knowledge and understanding of the energy reticulation
of the relevant process were obtained by discussing the site process with the site personnel
mentioned. The control room supervisors were consulted in order to understand the current
control philosophies. In addition to the SCADA drawings, simplified layouts were available to
add to the understanding of the site.

Electricity consumption data was obtained from the financial accounts (as received from the
accountants) for Mine A. The data included the consumption for compressed air, mining,
refrigeration and ventilation systems. The distribution of electricity consumption between the

most extensive electricity consuming systems is illustrated in Figure 20.

Chapter 3: Verification and validation



Structuring data to capture energy reticulation knowledge

Mine A - Utilities Electrical usage distribution

m Electricity - Compressed air [kVWh] m Electricity - Mining [kWh]
Electricity - Refrigeration [kVWh] Electricity- Ventilation [kKWh]

Figure 20: Mine A — High-level: electrical distribution

The distribution of Mine A’s electricity consumption of the four significant consumers, namely
compressed air generation, mining, ventilation and refrigeration, indicates that compressed air
is a major consumer of electrical energy on the site. This knowledge can be used to
understand the high-level boundary of the site. Understanding which major consumers to
focus on permits the energy managers to focus their efforts on the most energy-significant

systems. This knowledge focuses the initial implementation of the methodology.

The high-level electrical distribution shows that it is worthwhile to focus the initial efforts on the
compressed air reticulation of Mine A because of the high distribution of electrical energy being
consumed by the compressors [48]. The mining consumers are the second-largest consumer
but include various consumers, such as cage-winders and water pumps. The result is that
energy managers must focus on various smaller consumers. The third-largest consumer is
ventilation, which uses electricity to power fans to assist with the ventilation of shafts. The
smallest of the major electricity consumers is refrigeration, which cools water in order to

address the high underground temperatures of the mine [49], [50].

The initial focus is, therefore, on the compressed air system. Mine A uses two compressed air
rings to supply compressed air to their shafts and process plant. The shafts use the
compressed air to drill into the reef in order to excavate platinum ore from the Merensky and
UG2 reefs in South Africa [51]. The two rings are shown in Figure 21 and Figure 22,
respectively.
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Figure 21: Ring One layout

The shafts are indicated with a shaft icon ( 7 ) and the processing plant is shown with a

mill icon (*7), while the compressors are highlighted in green (D). The bigger compressors

are shown with a more prominent, taller icon(” ). The layout is merely a schematic
representation of the process and is not drawn to scale. Flow (®"), pressure ( ) and power

(_m ) meters are also indicated on the drawing. The figure used for Ring Two is similar.

(9)]
&)
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Figure 22: Ring Two layout

Ring One uses four 5-MW (D) and fifteen 3-MW (D) compressors while Ring Two uses five
5-MW and six 3-MW compressors. Ring One supplies the processing plant (*7) and seven

active shafts ("=~ ), while Ring Two supplies four active shafts. The combined surface pipes
of these rings include 56 km of pipe. These compressed air rings are part of a complex

industrial mining process which includes the excavation and refining of platinum group metals.

The complexity is not limited to the interactions between the various mining processes. The
compressor houses and the compressed air consumers on the rings interact through supply
and demand. These interactions create challenging control scenarios throughout the day. The
driving factors of the compressed air process is the pressure supplied to the various

consumers. The air consumption of the consumers and the compressor’s air supply capability
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determine what pressure is delivered to the shafts and processing plant from the ring. The
compressed air demand varies during the day due to the workers’ shifts, the equipment being
utilised and the status of the various valves. The critical performance parameter to control is
thus the pressure supplied to the shafts.

The shaft’s pressure can be controlled by stopping or starting compressors. In addition to
choosing which compressors to run, the pressures can also be altered by setting compressor
supply pressure set-points. The supply set-points would adjust the compressor guide vanes
to adjust the flow. In addition to adding control flexibility to the control philosophy, the use of
the supply pressure set-points would affect the power consumption of the compressor when
applied. The use of supply pressure set-points was, however, not in the operating procedure.
The shaft pressures and demands were available on the SCADA together with the compressor

anti-surge valve status guide vane angles and running status [52].

The SCADA was used to control the ring shows a layout of the compressors. The layout
indicates which compressors were running, whether the anti-surge valves were open and what
the live flows and pressures are. The layout was drawn over a satellite image of the site. A
photo of the SCADA is shown in Figure 23.
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Figure 23: SCADA of MINE A

Each green/grey block (llE) shown above represents a compressor. The blocks with the
crosses (#) are 5-MW compressors, while the other green/grey blocks are 3-MW
compressors. The white bar on the left of the compressor blocks indicates whether the guide
vanes are open or cutting back. The black bars on the right of the compressor blocks indicate
whether the anti-surge protection valves are in the open position. Green compressor-blocks
indicate that the compressors are running, while grey blocks indicate that the compressors are
switched off. Each dot (®) shown on the pipeline indicates a shaft. The SCADA empowers
supervisors to manage and control the compressed air network by accessing the controls of
the compressors. Control operating procedures provide a framework to guide the operators.

Documentation on old projects, control procedures, safety standards and project information
were collected to gain insight on the process. The control philosophy indicated general
pressure guidelines for the control room supervisors. Compressor start-stop procedures gave
insight on some of the technical limitations, such as stop-start timing safeguards programmed
into the SCADA. Efficiency testing methods accepted by Platinum Mine A stated that the
compressors must run at 10 Nm3kwh. The control room supervisors’ time schedules were
also obtained to gauge the various supervisor’s understanding and mannerisms.
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Additional documents such as detailed maintenance philosophies, lock-out procedures, safety
considerations, risk assessments and condition monitoring analysis procedures were also
found. Events and projects were researched with regards to the compressed air network. It
was found that demand-side management projects have previously been active on the
network. The use of control valves on the compressed air lines to some of the shafts were
another example of previous projects. These control valves had a significant influence on the

current control of the system.

The level of analysis would initially only be at surface level, but this would expand to the
underground networks of compressed air pipes in the shafts. The level of analysis is initially
at surface level to prioritise the implementation of the developed solution towards the
significant energy consumers. The high-level process boundaries included the two rings, the
compressor houses, shafts, and the processing plant. The goal of the compressors is to
convert electrical energy and air into compressed air. The goal of the shafts and processing
plant would be to use the compressed air as an energy carrier and the goal of the rings to
convert electrical energy into compressed air as an appropriate energy carrier for the various
consumers to achieve their goals. An example of such a goal would be to drill holes
underground with rock-drills.

The boundaries, streams and parameters that are required to manage the energy were
identified. The SADT method will be used to analyse and organise this information in the
section that follows. To implement this method, a simplification of recycle-streams is required,
but no recycle-streams were noted. Two ring feeds were found between shafts. Even though
these ring feeds increased pressure at specific crucial underground points of the shafts, they

could not be identified as recycle streams.

The next step of the methodology was to understand the available data relating to the
boundaries, streams and parameters. The availability of the data to define the streams and

parameters of both Ring One and Ring Two is shown in Table 3.

Table 3: Available compressed air ring data

Ring Supply-demand Process Unit Flow Pressure
Ring One Demand 4 4 Yes Yes
Ring One Demand 6 # Yes Yes
Ring One Demand 11 # Yes Yes
Ring One Demand 12 # Yes Yes
Ring One Demand 14 # Yes Yes
Ring One Demand 20 # Yes Yes
Ring One Demand 11C# Yes Yes
Ring One Demand 22 # Yes Yes
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Ring Supply-demand Process Unit Flow Pressure
Ring One Demand Process Plant Yes Yes
Ring One Supply Compressor House 5B-CP01 No data No data
Ring One Supply Compressor House 7-CPO1 No data Yes
Ring One Supply Compressor House 7-CP02 No data Yes
Ring One Supply Compressor House 7-CP03 No data Yes
Ring One Supply Compressor House 11-CP0O1 Yes Yes
Ring One Supply Compressor House 11-CP02 Yes Yes
Ring One Supply Compressor House 11-CP03 Yes Yes
Ring One Supply Compressor House 12-CP01 Yes Yes
Ring One Supply Compressor House 12-CP02 Yes Yes
Ring One Supply Compressor House 12-CP03 Yes Yes
Ring One Supply Compressor House 14-CP01 Yes Yes
Ring One Supply Compressor House 14-CP02 Yes Yes
Ring One Supply Compressor House 20-CP0O1 Yes Yes
Ring One Supply Compressor House 20-CP02 Yes Yes
Ring One Supply Compressor House 20-CP03 Yes Yes
Ring One Supply Processing-CP01 Yes Yes
Ring One Supply Processing-CP02 Yes Yes
Ring One Supply Processing-CP03 Yes Yes
Ring One Supply Processing-CP04 Yes Yes
Ring Two Demand 14 Yes Yes
Ring Two Demand 9# Yes Yes
Ring Two Demand 10# Yes Yes
Ring Two Demand 16 # Yes No data
Ring Two Supply Compressor House 1-CPO1 Yes Yes
Ring Two Supply Compressor House 1-CP02 Yes Yes
Ring Two Supply Compressor House 1-CP03 No data No data
Ring Two Supply Compressor House 2-CPO1 Yes Yes
Ring Two Supply Compressor House 2-CP02 Yes Yes
Ring Two Supply Compressor House 9-CP0O1 Yes Yes
Ring Two Supply Compressor House 10-CP01 Yes Yes
Ring Two Supply Compressor House 10-CP02 Yes Yes
Ring Two Supply Compressor House 16-CP01 Yes Yes
Ring Two Supply Compressor House 16-CP02 Yes Yes
Ring Two Supply Compressor House 16-CP03 Yes Yes

Most of the required flow and pressure data were available, but there were limitations to the

available data. The flow data of the 7 and 5B compressor houses are unavailable because

they are older compressors with no space for measurement probes. Pressure data for the 5B

compressor is similarly not available. The third compressor of House 1 is also an older model

of which the pressure and flow data are not available. The pressure at 16 Shaft is unavailable

due to instrumentation compatibility issues.

Chapter 3: Verification and validation




Structuring data to capture energy reticulation knowledge Lnu M

NORTH.WEST UNIVERSITY
HODRDWE S UNIVERSITET
VUNIBESITI VA BOKONE-BOFHIRIMA

These missing parameters will limit the understanding of the process to an extent, but the
available data will still be a reasonable representation of the process operation. The SCADA
must be referenced with the collected information to understand the data.

ASPEN process data explorer was used to collect historical data. All the tags required to
analyse the compressed air network were identified using the SCADA and could be found on
ASPEN, except for the electrical consumption or power data. The power data could, however,

be collected from a separate source, namely El-Enterprise.

The required data was collected and is shown in Figure 24.

> fe = Souje—pe " ras %

L ||®\- ';;gum_-' 155 S20CPO3_PT_109_LOGIC_PV |~ ||155 szucpus_FNT_lugIc@_chv /ﬁ E&M&T_lug_welc_... ~|155 s20cP01_PT_109_LOGIC_PV [~

é 1 2018/01/01 00-00:00
2 2018/01/01 00:30:00 586.45 24399.94 24399.94 0
3 2018/01/01 01:00:00 603.01 24159.73 24159.73 0
4 cei.-a/:oo 603.61 24193.52 24193.52 0
5 2018/01/01 02:00:00 604.93 2418172 2418172 0
6 8/01/01 02:30:00 606.22 V*&I u e S 24157.02 il
7 ﬁlim&:oo:oo 611.38 24279.07 24279.07 0
8 2018/01/01 03-30-00 516 77 24173 99 24173 99 0
9 2018/01/01 04:00:00 613.97 24351.02 24351.02 0
10 2018/01/01 04:30:00 599.25 24410.95 24410.95 0
11 2018/01/01 05:00:00 588.31 24854.32 24854.32 0
12 2018/01/01 05:30:00 590.85 24990.91 24990.91 0
13 2018/01/01 05.00.00 603.03 24588.13 24588.13 0

Figure 24: Partial view of the database

The collected data consisted of the date and time, tags and values, as shown in Figure 24. It
must be noted that the data is typically not found in the unpivoted form required by the
methodology but will be available in the form shown above. The collected data is unstructured
because the collected tags only indicate which meter generated the data. Structuring the data
will require that the data be understood in the context of the energy reticulation. The data must
be structured in a manner that it is accessible to a user with no prior knowledge of how the
meter relates to the energy reticulation. After having collected the data and developed the
process of understanding, the SADT method could be applied to structure the data. This was

done by creating metadata tables. This is further discussed in the next section.

Summary

The distribution of the energy consumers was analysed to determine the initial focus of the
case study. The compressed air network was selected because it was the most significant
energy consumer. Layouts, documents and people were consulted to understand the process

and its goal of supplying air to the various shafts and process plant. The level of analysis was
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determined to be on the surface. Flow and pressure were identified as crucial parameters to

analyse.

Unstructured energy reticulation data was collected from the site’s SCADA and historian. The
availability of the data was deemed sufficient to result in a representable view of the data. The
knowledge generated must now be related to data and captured in a structure. This must

improve access to the relevant data.
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3.3 An adjustable data structure

By using the knowledge gained from the previous section, the energy reticulation data
structure could be built, as shown in Figure 25. The data structure was built using the SADT
method, facet analysis and the six fundamental steps in design, as discussed in Chapter 2.

A. B. Energy D. Time- El. Energy E2. .
Unstructured reticulation S(Sl:?lztris based supplier Operational Er?]'el;;:tr:f
data information P information information Shifts
v. Energy
= supplier
tariff
d. . .
I Deseripian = X. Shifts = y. Unit
w. Energy
| c.Value - e.Type r?étl?laet:'n - 0. Date = supplier - z. Factor
P period
p. Month
Name
& g. Week of
L Operational "
unit year
i hb::g:g' Ll r. Day name
Ll i.Unit#
| j.Area || t. Quarter
| k.Ring
|. Data
=l Source

Figure 25: Energy reticulation data-structure - Mine A
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In Figure 25, the top row indicates a table. The table fields (columns) that are captured in the
tables stem from the first row of the figure. The various colours used to identify repeating fields
indicate how these tables are related to each other. Relationships between fields are thus
shown by using matching colours. The developed result differs from the methodology
template, as the template is meant to function as a guideline. Each table in the data structure
developed above is being discussed in this section. The unstructured data is shown in Figure
24. A row from the energy reticulation information (B) is shown in Table 4, which represents a

single measurement device.

Table 4: Mine A - Energy reticulation table

Tag Name Description Type ggﬁqg% Property OpeLrj?]tiltonaI Unit# Area | Ring Slcj)ﬁtrze
S01CP02 . ASPEN
_FT_110 Annubar Air | Shaft | no0 0y 1 Flow Shaft 14 | 1#  Two

=Y, Flow - Bank flow

The tag (referring to a meter) shown above records the data of one shaft's flow demand.
Information like the tag description (d) from the mine was added to the tag. The direction of
energy flow through the boundary could be added by the supply-demand (h) field. Supply
feeds to the compressed air ring while the ring feeds demand. The operational unit field (g)
defines the level of analysis because these operational fields can define the boundaries — this
means that the data can be filtered into specific groups of boundaries. The type (e) field
indicates which streams are flowing through the boundary, but this field also provides a more

generic categorisation.

The need for a more generic solution arose from the need to add components outside of the
energy reticulation scope to the data structure. An example of these components is the guide
vane angles of the compressors. The property field (f) specifies the parameter measured, such
as flow, pressure, temperature or any of the additional parameters outside of the energy
reticulation scope. The boundaries are defined by the ring (k), area (j), and unit # (i) fields.
This facilitates the SADT method and the required levels of analysis, as shown in Figure 26.
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Figure 26:SADT method resulting example

The figure above shows how the SADT method was used to capture the energy reticulation
knowledge from a high level with less detail to the process unit level with more detail. The first
allocation used to define boundaries is whether the measurement device is on Ring One or
Ring Two (A). Next, area (B) can be specified. This will determine which compressor house
or shaft is being measured. Unit (C) allows for specific process units such as compressors to
be defined. This means that the SADT method has been incorporated into the energy
reticulation information (B) table. Refer to Section A.1.2 for the complete energy reticulation
Table 11. The data source (I) could also be specified.

A unit of measure (E3) conversion table was required to ensure that the true meaning of the
property information was captured in the data-structure. This information is captured in Table
5.
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Table 5: Unit conversion table

Property Unit Factor
Pressure kPa 1
Flow Nm3/hr 1
Power kw 1

Flow kg/s | 0.00034
Guide vane angle % 1
Blow off % 1
Temperature °C 1

The unit identifies a unit of measure while the factor (z) converts a property (f) to another unit
of measurement (y), should it be required. The compressed air flow value will only be changed
if the unit change from Nm3/hr to kg/s. The data structure changes the factor used to multiply
the value by selecting the unit of measure. The result is that the factor chosen to multiply the
flow data with if Nm3/hr be chosen would be 1. Choosing kg/s would result in the conversion

factor of 0.00034 being chosen.

The data problems (C) that were identified have been captured, as shown in Table 6. The data
problems stem from meter problems and power outages. During power outages, data
estimations are introduced. The process of estimating data can introduce errors, which must

be kept track of.

Table 6: Data problems

Date time Tag name Data problem

2018/01/20 12 SHAFT COMPRESSOR Power reading without flow
22:30 SUB_5.1MW COMPRESSOR (kW

Imp)

2018/01/20 11 SHAFT 6.6kV Power reading without flow
22:00 SUB_COMPRESSOR FDR1 (kW Imp)

2018/01/20 20 SHAFT 6.6kV Power reading without flow
22:00 SUB_COMPRESSOR FDR3 (kW Imp)

2018/01/20 20 SHAFT 6.6kV Power reading without flow
20:00 SUB_COMPRESSOR FDR1 (kW Imp)

2018/01/20 11 SHAFT 6.6kV Power reading without flow
19:30 SUB_COMPRESSOR FDR2 (kW Imp)

2018/01/20 11 SHAFT 6.6kV Power reading without flow
19:30 SUB_COMPRESSOR FDR3 (kW Imp)

2018/01/20 11 SHAFT 6.6kV Power reading without flow
19:00 SUB_COMPRESSOR FDR1 (kW Imp)

2018/01/20 20 SHAFT 6.6kV Power reading without flow
09:00 SUB_COMPRESSOR FDR3 (kW Imp)

By adding this information to the tags, the data can be used while keeping track of any data

problems (m) that may have been identified through the process. The organisation of data
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errors permits the user to keep track of the data being used. The data user can manage the

uncertainty in data quality by using data problems table (C).

Arolling calendar was generated, as shown in Table 7, using the Power Query tool in Microsoft
Excel® and M-language®. A rolling calendar is a calendar which automatically adds new dates
up until the current time and date. The date-time field allows the data to be relatable to any

new data added to the data system’, by matching the automatically updated date-time field to

the data’s date-time field.

Table 7: Rolling Calendar

Date Time Time Date Month Week of Day Weekday | Quarter Date Date
name year name (Year) (Quarter)
2019/07/01 | 00:00:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3
20?8/(())7()/01 00:30:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3
2033/03;)/01 01:00:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3
20;);/8;)/01 01:30:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3
20?3/037()/01 02:00:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3
2035/(??/01 02:30:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3
20?5/03;)/01 03:00:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3
20?3/(?70/01 03:30:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3
2033/03;)/01 04:00:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3
20:(L)g/'(())$/Ol 04:30:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3
2012;51/025/01 05:00:00 | 2019/07/01 July 27 Monday | Weekday 3 2019 Qtr3

The rolling calendar allows for new data to be added daily. The calendar is automatically
updated to the most recent date and time (b) for the data structure to adapt to any new data
has been added. In addition to being able to select a specific date (0) or time (n), additional
time-based information was deemed to be relevant filters of the data. This includes the month
(p), the week of the year (q), the days of the week (r) and the quarter of the year (t). It was
also necessary for both the operational analysis and seasonal analysis of the data that the

weekdays/weekends (s)-days be specified along with the season (u).

6 Microsoft, Power Query M formula language, (accessed 2019/09/30): https://docs.microsoft.com/en-us/powerquery-m/power-query-m-reference.

7s. Singh, How to create a Rolling Calendar? (published in 2018, accessed 2019/09/30): https://businessanalyticswithpowerbi.com/how-to-create-
a-rolling-calendar/
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The weekdays/weekends (s) and season (u) fields were also necessary to add the tariff
information from the electrical energy supplier (E1). Figure 27 shows the Eskom Mega-Flex
[53] tariff schedules, which depend on seasons, weekdays, weekends and certain times of the
day.

Low demand season High demand season
23 M 3 4

Weekdays Weekdays

Saturday

Saturday

B Peak

Standard

Il Off-peak

Figure 27: Eskom Mega-Flex Periods

The low demand seasons shown are further referred to as summer in this study, while the
high demand is further referred to as winter. The days of the week are broken up into peak,
standard, and off-peak times. The ESKOM tariffs differ for each season and each period
throughout the days respectively. This is only applicable to the Mega Flex consumers on the
grid. This information could be related to the data-structure and incorporated to calculate the
cost of the electrical energy supplied from Eskom to Mine A. An extract of the energy supplier
information table (E1) is shown in Table 8.

Table 8: Energy-supplier information

Time Season Weekday Period Tariff
00:00 — 06:00 Summer Weekday Off-peak R 0.41
06:30 - 07:00 Summer Weekday Standard R 0.65
07:30 - 10:00 Summer Weekday Peak R 2.88

10:30- 18:00 Summer Weekday Standard R 0.65
18:30 - 20:00 Summer Weekday Peak R 2.88
20:30 - 22:00 Summer Weekday Standard R 0.65
22:30 -23:30 Summer Weekday Off-peak R 0.41

The tariffs (v) and daily time-based periods (w) could be related to the time (n), season (u) and
weekend/weekday (s) fields.
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Additional information can be added to the data structure by creating an operational shifts (E2)
table, as shown in Table 9.

Table 9: Operational shifts

Time Shifts
22:00 - 06:00 Cleaning shift
06:30 — 16:30 Drilling shift
17:00 -21:30 Blasting shift

The data structure was developed with the energy reticulation knowledge captured in the
metadata tables. This data structure must be loaded into the data model using the Power
Query tool (using the data ribbon in Excel) 8. To achieve this, the first step is to unpivot the
unstructured data to permit the filtering capability of the data structure. The resulting change
is that the table is unpivoted so that the date/time, tags and values are the only columns in the

table (see Figure 28).
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Figure 28: Unpivoted data

8 Microsoft, Introduction to Microsoft Power Query for Excel, (acessed 2019/09/30): https://support.office.com/en-us/article/Introduction-to-
Microsoft-Power-Query-for-Excel-6E92E2F4-2079-4E1F-BAD5-89F6269CD605 (accessed September 30, 2019).

Chapter 3: Verification and validation m




Structuring data to capture energy reticulation knowledge

The unstructured data is unpivoted so that the table only consists of three columns, namely
date/time, tags/fields and values. This measure is necessary to filter the values based on the
date/time and tags. Power Query was used to unpivot the data without requiring intensive data
management. The metadata tables were then related to the data table, as shown in Figure 29.

[ LinkTable ™ Properties [ Rolling_Calendar_Look... = shift_Table
[ Property Property ) Date ) Time
I Unit [T Month Name £ Shifts
Factor [ week of Year
I Taglist ] Day Name
e 7 Weekday 1 Eskom Tariffs

7 Description AT Quarter ., Time
M Type atarroblem E] Date (Year) Season

1 Supply / Demand Date Time Date (Quarter) Weekday

Property Tag Name . [ Date (Month Index) - £ Period

1 Data Problem Date (Month) Tariff

M Operational unit
£ Unit # Eskom_ID Month
1 Area [ Eskom Seasons EskomiD
T Ring

M Tag Source

[T RawData

Date
Tags
1 Value

Figure 29: Structured data model (Related tables)

Figure 29 shows that the fields and data have been related. The RawData table is the
unpivoted and unstructured data. The created relationships flow towards this table. The
knowledge captured in the other tables will therefore be used to filter this table. The TagList
table is captured the energy reticulation information. If any of the TagList fields are filtered to
chosen values, the tag field of the RawData table will also be filtered, thus leaving the required

values behind.

The properties table filters the TagList table, which then filters the data table. A LinkTable was
required because a field without repeating row values is required for the model to work
seamlessly. The LinkTable was thus used to define which properties are available. The
DataProblem table filters both the calendar and TagList tables, which then identifies the
relevant data in the data table.

The Rolling_Calendar_Lookup table allows the date/time field in the RawData to be filtered.
This is similar to the tags being filtered by the TagList table. The Eskom Tariffs and Shift_Table
was added to the rolling calendar table. This additional information adds additional insight into
the data.
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Tables must thus be related in an order that results in a sensible structure when the data is
filtered and aggregated. It is recommended that the data table should be at the bottom of the
model. When a specific value is filtered in a metadata table, the metadata table’s tags are
filtered, which resultantly filters the tags of the unpivoted data. This chain of filters leaves in
the required values, which can now be aggregated as desired. The structured data model can

then be utilised in pivot tables and visualisations, creating dynamic views of the data.

Summary

The developed solution was used to construct a data structure compiled with energy
reticulation information. A unit conversion table was added to preserve the true meaning of
the data values. Data problems were organised and related to the data. A rolling calendar was
built to allow the data structure to be continuously utilised. Eskom tariffs were also added to
the data model. The unstructured data was related to the data model, using PowerPivot and
Power Query. The result is a structured data model which can be updated with new data

thanks to the rolling calendar.

Access to the data has been improved, but in order to enable observations, this data must be
visualised and filtered by the data structure. These observations should lead to energy

management through the resulting actions.
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3.4

The structured data model must be visualised to enable energy management. Figure 30 is a

Enable energy management

dashboard that allows the user to access the data as described by the metadata tables. The
mass and energy balances, according to the defined boundaries and flow convention, can be

critically analysed as a numerical check of the energy reticulation understanding.
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Figure 30: Balance dashboard

The data structure now allows multiple views of the data. Each slicer in the dashboard above
is derived from a field in the tables of the data structure. The information captured in the
metadata tables can thus be used to filter the data. As an example, the user can toggle
between the rings by selecting either “One” or “Two” on the “Rings” slicer.

These slicers allow the user to filter through the boundaries by selecting rings, operational
units, areas and units. The user can select streams by selecting whether the supply or demand

streams must be filtered. In addition to being able to filter through the energy reticulation
72
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information, specific date and time information can be used. In Figure 30, the daily periods are
shown and the desired year, month, week or day can be selected. The user can also
differentiate between weekdays and weekends as well as the operational shifts. In order to
ensure traceability to the original data tags, the tags chosen by the filters are shown in the tag
slicer. Different dashboards, such as in Figure 30, can be built for different goals, as shown in

Appendix A.1.1. The data access aids observations.

The observation which can be made from Figure 30 is that the supply for the Two Ring
matches the demand. Hence, it can be concluded that the mass balance for the Two Ring has
been captured accurately in the data structure. The average of the daily profiles also indicates
the compressed air usage during the various operational shifts. The profile has a low
consumption during the blasting shift (from 17:00 to 21:30), but an unusually high consumption
during the cleaning shift (22:00 to 06:00) [48].

The energy managers developed a strategy to lower the ring pressures in order to reduce
electrical energy consumption during the cleaning shift. From the nature of the process,
lowering the flow consumption results in the reduction of electrical energy consumption.
Reduced pressure on the rings reduces the supply flow, therefore resulting in less energy
consumption. This must, however, be based on historical data to account for the technical
limitations of the network and systems. The analysis of the historical data has been
implemented using the data structure. The result is shown in Figure 31, which compares the
pressure and flow for ring one between 2018 and 2019.
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Figure 31: Ring One - 2018 profiles versus 2019 profiles
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The flow (area graph) and pressure (dotted lines) data were aggregated by taking the average
value for each year at half-hour intervals throughout the day. The result of this aggregation is
an average daily profile for each year. Weekdays were chosen, thus excluding Saturdays and
Sundays. The blue area graph represents the 2018 flow, while the transparent grey area graph
represents the 2019 flow.

The 2018 pressure for ring one (orange) is higher than the 2019 pressure for Ring One (yellow
line), especially for the cleaning shift (22:00 to 06:00) and thus indicates that the energy
manager’s initiative has been implemented but the flow has increased. The 2019 flow for Ring
One (the grey area) is higher than the 2018 flow (blue area), but it must be noted that this
increase is lower during the cleaning shift. This behaviour indicates that the demand for the

ring has increased, but that the increase was limited by the energy managers strategy.

The increase in flow, despite the pressure reduction, is an unexpected observation. It was,
however, known that during the period from 18 February 2019 to 20 March the operational
structure of Ring One was changed. An additional pipeline was added to 11C Shaft, the
decline section of 11 Shaft, in order to improve the lower section’s pressure. The resulting flow

increase is shown in Figure 32.
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Figure 32: 11# increase in consumption due to the addition of 11C# pipeline

11C Shaft used to received air from 11 Shaft directly, but the low pressures at the lower levels
resulted in the installation of a new pipeline. It can be detected from Figure 32 that the 11C
Shaft pipeline was installed in February, even though it was only measured from March. This
observation is due to the drop in flow seen for 11 Shaft (blue area) from February, 18. The
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flow supplied to 11 Shaft also drops due to the flow which was sent to 11C Shaft (orange area)
instead of on March, 20. This observation was confirmed by site personnel. Figure 33 shows
the influence of the additional flow of 11C Shaft to Ring One.
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Figure 33: Ring One addition of 11 C#

The increase in the measured consumption is ascribed to the additional air going to 11C Shaft
(orange area). Relating the change at 11 Shaft to the increased demand of Ring One confirms
that increase in demand for Ring One was caused by a change in the operational structure of
the ring. The initiative was also implemented on Ring Two. Figure 34 shows the pressure

reduction initiative implemented on Ring Two.
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- Ring Two 2018 versus 2019
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Figure 34: Ring Two - 2018 versus 2019 profiles

The structured data model was utilised to change the data used in Figure 31 to show the
average daily flow and pressure profiles for Ring Two. The 2018 pressure for Ring Two
(orange line) is higher than the 2019 pressure for Ring Two (yellow line), especially for the
cleaning shift. The 2019 flow for Ring Two (the grey area) is lower than the 2018 flow (blue

area).

The pressure reduction strategy implemented for Ring Two resulted in reduced flow

consumption, as expected. This confirms that the energy-saving strategy works.

The observations made by the energy managers were not limited to additional consumers and
the implemented strategies. The influence of previous projects could also be seen. An

example of these projects is the control valve at 14 Shaft, as shown in Figure 35.
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Figure 35: 14# control valve observation

The daily flow profile for 14 Shaft is shown, with the 2019 flow (orange line) and 2018 flow
(blue line) showing changes in the shafts operational schedule. The shifts have been moved
half an hour earlier. During the blasting shift (17:00 to 21:30), an additional production shift
has been implemented on the shaft, thus resulting in the need for increased air consumption.

The control strategy for 2019 can be observed in the reduction in flow during the period from
04:30 to 06:00 and from 15:00 to 22:00. During the period from 17:00 to 21:30 blasting shift
occurs resulting in the occasional closure of the surface valve, when the shaft has been

cleared of personnel. The effect of the control valve can also be seen in Figure 36.
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Figure 36: Supply pressure versus down-stream pressure

The difference between the supply pressure and down-stream pressure shows the effect of
the control valve. The pressure reduction initiative can be seen, with the supply pressure for
2019 (yellow line) being lower than the supply pressure for 2018 (orange line). The increase
from the 2018 downstream pressure (blue line) to the 2019 downstream pressure (grey line)
indicates that the control philosophy can be updated. The down-stream pressure was lower in

2018; thus, the compressed air demand of the shaft decreased in 2019.

An energy-saving can be seen by either updating the valve’s flow set-points or changing the
control to be based on the pressure. The result being that the existing energy-saving strategy
can be improved with an 8% reduction in flow as expected. The developed visualisations,
therefore, facilitated the improved energy management of the valve. The strategy was

controlled and organised with the assistance of the data structure.

Demand-side management strategies could also be developed, such as with the detection of
12 Shaft’s faulty valve. It was noted that 12 Shaft consumes 20 000 Nm?3/hr during the blasting
shift. This was supposed to be 0 Nm3/hr because the control room confirmed that the shaft
was clear of personnel. The additional flow requirement resulted in the need to run a 5-MW
compressor instead of a 3-MW compressor. This 2-MW difference occurs during peak ESKOM
tariff hours, for two hours of the day. The result of this is an additional cost of R 3.5-million per
annum. This increase in flow was found to have started on June 18, 2018, as shown by Figure
37.
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Figure 37: 12 # flow during blasting shift

The flow shown in Figure 37 ought to be 0 Nm3/hr during the blasting shift. The cause of the
increased flow (blue line) required investigation, especially since the pressure (orange area)
did not change significantly. The pressure is a result of the running compressors, which
indicates that additional compressors were used to supply the required flow during this time.
Using the boundary hierarchy from the SADT method, the flow increase could be allocated to
Level 20 A by drilling down into the shaft's boundaries. Drilling down means moving from a
high level of analyses to a more detailed level of analysis. In this case, the levels of analysis
used to structure the data were moving from the shafts on the rings to the different shaft-levels.
The compressed air consumption of the levels of 12 Shaft, during the blasting shift, is shown
in Figure 38.
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Figure 38: Level 20 A flow increase, during blasting shift

It can be seen in Figure 38 that the dark blue line of Level 20 consumed up to 120 000 Nm3
of air per day. The green line of Level 19 showed a peak at 70 000 Nm? per day but was
quickly rectified. Level 15 showed an increase in consumption of 30 000 Nm3 per day from

April to August.

Level 20 A (dark blue line) can be seen to be the reason for the increased flow at 12 Shaft. A
manual valve was closed on several days. The dips in Level 20 A’s flow indicates the closure
of the manual valve, resulting in a daily saving of 15 000 Nm?/hr for five hours. This relates to
an R 2.6 million saving per annum because the air is consumed during the Eskom afternoon
peak periods. In order to reduce the cost of wasted energy, it was recommended that Mine A

replace the faulty valve.

Summary

The data structure was used to visualise the data using PowerPivot. The understanding of
energy reticulation could be verified using the mass and energy balances captured in the data
structure. The improved data access was used to implement newly developed strategies. The

energy-saving strategies developed where in the form of pressure reduction initiatives.

Controlling the implementation of these strategies required continuous data analysis. The
structure adjusted itself to additional data that was added because of the rolling calendar. The
structure also adapted to the growing knowledge of the system throughout the process.
Information was, therefore, continually organised by relating information to the data in

organised tables. Access to data and the capturing of analysis in dashboards can be used to
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create a culture of using data to drive decisions. As an example, a faulty valve which leaked
air at the cost of R 3.5-million per annum was noted. An observation was made, due to
improved data access. This led to an action, which means that energy was managed. The
management of energy was, therefore enabled by the data structure, which captured energy
reticulation knowledge.
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3.5 Conclusion

This chapter applied the methodology to a practical case study on a platinum mine’s
compressed air network. Energy reticulation information was gathered and systematically
analysed. The level of analysis and crucial parameters were identified. Unstructured energy
reticulation data was collected from the site’s SCADA and historian and the data’s availability
was deemed sufficient for it to result in a representable view of the data.

By using the developed solution, a data structure was built using the energy reticulation
information compiled. The unstructured data was related to the data model, using PowerPivot
and Power Query. The result was a structured data model, which captured the energy

reticulation knowledge in a traceable and adaptable data structure.

The structured data structure was used to visualise data according to the knowledge obtained
from the process information and understanding. The data access that resulted from the
visualised data allowed the user to make energy management observations. These

observations allowed for the development and implementation of energy-saving strategies.

The data structure, which captures energy reticulation knowledge, thus makes energy

management possible.
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4.1 Summary of study

Energy management

Energy management is critical due to both the energy and environmental costs that relate to
energy efficiency and management gaps. This study focused on the energy management gap.
Energy management requires an understanding of energy reticulation and has more recently
become reliant on data management which has, due to the complex interactions of processes
within an industrial site, made energy management challenging. Various parameters and
factors should be considered, thus resulting in a large amount of data that must be processed.
In addition to these inherent challenges, defining KPIs and communication with
multidisciplinary personnel adds to the challenges. The ISO 50001 standard presents a

guideline to energy management.

The ISO 50001 standard is dependent on the effective collection and management of data.
The technical understanding of the energy flow through the site is required. This understanding
must be communicated by using the available data to enable efficient energy management.
Clearly, an energy management framework must be based on data. The energy manager has
must consider a broad scope of factors and variables when designing a framework to enable

energy management.

The collected data is to be structured through mass and energy balances using the SADT
method. The organised and managed energy reticulation information, along with the

accounting framework, resulted in the development of energy reticulation knowledge.

Data structuring

Data management is directly dependant on the measurement of the process in question. The
data is only useful once understood in its process’ context. Information must, therefore, be
organised and related to the data. Creating a data structure to organise information and relate
the information to data is, however, challenging due to the availability of many data fields,

information and knowledge describing a complex industrial process.

ICT and standardisation play essential roles as enablers for the energy-efficient operation of
processes, through access to data. Currently, rigid data structures are used in energy
management, but metadata allows for the creation of adjustable structures. Adjustability

results in the continuous organisation of the data, allowing the relevant data to be accessible.
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The need to manage energy by continuously managing the data context has led to the problem

statement:

Data must be structured to capture energy reticulation knowledge in such a way that the
relevant data is accessible and enables energy management.

To address the need for continuous management in the context of the data, a framework was
developed to collect and compile data and information through mass and energy balances. To

this end, the structured analysis and design technique (SADT) method was used.

Classification schemes were consulted on the efficient use of data in order to ensure that the
data system was formalised and structured appropriately. Facet analysis would inform the
design of the data system to empower access to the relevant data by relating energy
reticulation knowledge to the data because it results in an adjustable data structure, which is

created by the energy manager. The tables were then related to each other using an ICT tool.
This resulted in an adjustable data structure, which was created by the energy manager.

Enabling energy management

The developed data structure captured the relevant information and data in an adjustable data-
structuring framework, thus achieving data accessibility. However, to enable energy
management, the data must be visualised. Therefore, the data structure was used to visualise
the data using PowerPivot. The energy reticulation understanding could be verified using the
mass and energy balances captured in the data structure. The observations from the

visualised data were then used to perform actions, which in turn enabled energy management.

The developed data structure could assist with the implementation of strategies, which could
be controlled through data-driven decisions. This was shown using a mining compressed air
case study. The developed data structure captured the energy reticulation knowledge of two
compressed air rings. The resulting data access then resulted in energy management
observations which enabled energy management through the development, implementation
and control of energy-saving strategies. The continuous organisation of the data in accordance

with its energy reticulation context resulted in the sustainable use of the data analyses.

The energy-saving strategies developed were in the form of pressure reduction initiatives.
Continuous data analysis was required to control the implementation of these strategies. The
structure adjusted to additional data being added because of the developed rolling calendar.

The structure also adapted to the growing knowledge of the system throughout the process.

Chapter 4: Conclusion
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Information was, therefore, continually organised by relating information to the data in
organised tables. Access to relevant data, when visualised, leads to energy management
observations. These observations lead to actions, resulting in the management of energy.

Verification

To verify the study, the study objectives are considered and compared to the results.

The first goal was to capture energy reticulation information in the data structure. An
understanding of the process can indeed be continuously captured in the developed data
structure. Energy audits aggregate from a detailed view to a high-level view. Mass and energy
balances were used to aid energy audits and quantified the understanding of the energy

reticulation.

Data is traceable to the measurement point because this is where the design of the energy
reticulation table begins. Information from various sources, including layouts, drawings,

people, events were used.

The energy manager can define the data by editing the metadata table or the data model. The
rolling calendar table and the energy reticulation tables allow the data to be clearly defined.
All the relevant energy governing factors can be made available and accessible, given that
the data is available.

The metadata tables are simple and easy to edit. The formalisation through the six design
steps for facet analysis allows the user to define the data but is given enough guidance through
the fields in the prescribed tables. Facet analysis could be fully used to manage metadata.
The framework permits a centralised data system to remove unnecessary knowledge
capturing solutions within an organisation. This system, however, depends on the adoption of

its use to be functional.

The benefits of structured data are in line with the energy management scope. The data
structure was used to visualise the data using PowerPivot. The improved data access was
used to implement newly developed strategies. The energy-saving strategies developed were
in the form of pressure reduction initiatives. Continuous data analysis was required to control
the implementation of these strategies. The structure adjusted to additional data being added
because of the rolling calendar. The structure also adapted to the growing knowledge of the
system throughout the process. Information was, therefore, continually organised by relating
it to the data in organised tables. Access to data and the capturing of analysis in dashboards

can be used to create a culture of using data to drive decisions.
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Therefore, it can be concluded that the results verify that the objectives were met.

Validation

In order to validate the study, the problem statement must be addressed. Data must be
structured to capture energy reticulation knowledge in such a way that the relevant data is
accessible and enables energy management.

The development, implementation, control and organisation of the pressure initiatives
validated that the data had been structured to capture energy reticulation knowledge. The
faulty valve that leaked air at the cost of R 3.5-million per annum validated that the relevant
data was made accessible. Therefore, the data structure enabled the management of energy,

which captured energy reticulation knowledge from a mining case study.

The enabled scope of energy management has mostly been validated, except for the culture
of energy management, which still depends on the further adoption and long-term
implementation of the developed solution. The author is, however, optimistic that the data
structure developed can indeed enable energy management by making the relevant data

accessible.
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4.2 Recommendations

Energy management is an ever-evolving field, and continuous improvement is therefore
needed. The data structure can be expanded to address this aspect of energy management
in a more direct manner. Access to the relevant data and capturing analysis in dashboards is
only a starting point towards creating a culture of using data to save energy, which is done
through data-driven decisions. It is recommended that the framework should be used to further
validate the sustainability of the knowledge captured. This can be done by means of improved
focus on the front end of the data structure (visualisation), which was not the main focus of

this studies scope.

The learning curve mentioned with regards to using the business intelligence software, as well
as the use of Microsoft Excel Tools, should be further investigated. It is possible that the
learning curve might be mitigated by means of early introduction to the new generation of

energy managers.

The design of the tables can be improved through database normalisation. This would improve
the efficiency and performance of the tables in the chosen ICT environment. In addition to
improved database design, newer technologies in the ICT field can improve or change the
implementation of this study. Examples of these technologies include expert systems [54],
ontologies [55] and programming skills in general.

Information obtained from prediction models, evaluations and reports can be added to the data
structure through additional tables. This would improve the modelling and evaluation of the
impacts of energy initiatives. In addition to the improved analysis, a platform to train new

personnel on the knowledge embedded in the data structure is provided.

Power Bl is a powerful tool which was identified by this study to be valuable. The developed
solution can be seamlessly imported into PowerBI°. Improved visualisations and a more
diverse pool of data sources in the process of extracting, transforming and loading data is
expected to add to the potential of this study. Further investigation into business intelligence

software can also add to this study.

Continuous changes will not only improve energy management but also encourage
sustainable growth. Captured information presents the opportunity to understand the different
aspects of the industrial processes in more detail while ensuring that the knowledge is kept

when contained in a defined structure.

Chapter 4: Conclusion
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APPENDIX A: PLATINUM MINE A CASE STUDY

All Various energy management dashboards

The data structure aids access to the data, but in addition to being able to define and manage

the data through the data structure, the data must also be visualised. The data structure allows

various visualisations to be implemented. This results in various dashboards, which can be

used for varying observations.

Figure 39 shows that frequency graphs can be built with the data model.

Figure 39: Frequency dashboard
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The frequency dashboard can be used to analyse the pressure reduction initiatives for the

rings, shaft, times and days required. The data structure had to be amended slightly by adding

a non-related table to define the bins of the frequency chart on the x-axis.

Figure 40 shows the distribution of various boundary levels, as defined in the data structure.

Appendix A: Platinum Mine A Case study
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[ s1281_FT_1708_vAL ]

Figure 40: Distribution dashboard

The distribution of

12 Shaft’s Levels is shown using the knowledge captured in the data

structure. No changes were required to be made to the data structure; only the Excel pivot

chart® had to be modified.

Figure 41 shows that various calculations, based on filters of the fields, can be added and

used to visualise the data.

9Microsoft, Create a Pivot Table to analyze worksheet data, (accessed 2019/09/30): https://support.office.com/en-us/article/create-a-pivottable-to-

analyze-worksheet-data-a9a84538-bfe9-40a9-a8e9-f99134456576
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Ring

Operational unit 7=

Area = Unit# = Type = Compressor House 7= Supply /Demand 7= % CompressorSize %=
North (114 | ~ || [ Auillitaries ]~ 111 | ~ | [1oNmeasurement  ~ | [11# A A VK32
South [11cH | [ change House ) (1 | [ Power [128 [ Demand [ vkso
(blank) [ 11# Compressorh... | [ compressor ) [11# vk32.1 | (- (24 Feeder (blank)
(128 ||| Fridge Plant J [ 110 vk32.2 ] [ After After-Cooler... [ 2 central Incomer
| 124 Compressorh... | [ Transformer | [111.vk323 J | Discharge flow rate [ 20 [ supply
(o g f B A v = - 4 (o B A /= e . . v
Ring One February Calculations = % Tag Name =
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g 600000 Average Daily Sum of Eskom Cost [Rand] Average Daily Sum of Flow [Nm*/hr] [ 11 SHAFT 6.6kV SUB_.... H 12 SHAFT COMPRESS....
% 500 000 Average Power kW] Average Pressure [Above 30kPa] [ 12 SHAFT COMPRESS... || 12 SHAFT COMPRESS...
§ 400000 Average Pressure [kPa] Compressor Running Status [ 12 SHAFT COMPRESS... [ 12 SHAFT COMPRESS...
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Figure 41: Calculation Dashboard

The daily cost for Ring One’s Compressed air for February 2019 can be seen in the dashboard
above. Simple calculations as summarised in Table 10 were calculated using measures!® and
DAX calculations*. These calculations were then visualised in the visualisation dashboard,
using the same data structure as before. An unrelated table (Table 10) was used to select the
required calculations.

Table 10: DAX calculations

>
Q.
[¢]
x

Calculations
Average Conversion [Use Property and Unit Slicer]
Power/Flow [kW/(Nm3/hr)]
Energy/Pressure [kWh/kPa]
Sum Conversion [Use Property and Unit Slicer]
Eskom Cost [Rand]

Eskom cost/Average Pressure [Rand/kPa]
Eskom cost/ Flow [Rand/(Nm3/hr)]
Average Pressure [Above 30 kPa]

Average Pressure [kPa]
Sum of Flow [Nm3/hr]
Sum of Energy [kWh]
Average Power [kW]

Average Daily Sum of Flow [Nm3/hr]
Average Daily Sum of Energy [kWh]
Average Daily Sum of Eskom Cost [Rand]
Energy Supply / Flow Demand [kWh/(Nm3/hr)]
Compressor Running Status
Guide vane angle (%)

Blow-Off
Production [Tonnes]

OO NOO A WN -

20

10 Microsoft, Measures in Power Pivot, (accessed 2019/09/30): https://support.office.com/en-us/article/measures-in-power-pivot-86484821-a324-

4da3-803b-82fd2e5033f4
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Calculations

Index

Electrical production intensity [kWh/tonnes]
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Table 11 captures the reticulation understanding of the compressed air for Platinum Mine A. This is a large table, but the size of the table motivates

why there is a need for this study.

Table 11: Platinum mine A - Compressed air reticulation captured

I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
10 SHAFT COMPRESSOR 10# Compressor
SUB_COMPRESSOR AUX TRFR1 (kW Auxiliaries Power Supply Power Auxiliaries - houge Two IST/ASTIR
Imp)
10 SHAFT COMPRESSOR
SUB_COMPRESSOR AUX TRFR2 (kW Auxiliaries Power Supply Power Auxiliaries - 10# %%“Jggessor Two IST/ASTIR
Imp)
12 SHAFT COMPRESSOR 12# Compressor
SUB_COMPRESSOR1 AUX TRFR (kW Auxiliaries Power Supply Power Auxiliaries - houge One IST/ASTIR
Imp)
Annubar Air Flow -
S01CP02_FT_110_PV Bank - Demand Flow Shaft 1# 1# Two ASPEN
12 SHAFT COMPRESSOR 12# Compressor
SUB_COMPRESSOR2 AUX TRFR (kW Auxiliaries Power Supply Power Auxiliaries - houge One IST/ASTIR
Imp)
9 SHAFT COMPRESSOR . . 9# Compressor
SUB_COMPRESSOR AUX TRFR (kW Imp) Auxiliaries Power Supply Power Auxiliaries - house Two IST/ASTIR
CENTRAL COMPRESSOR Central
SUB_AUXILLIARY TRANSFORMER (kW Auxiliaries Power Supply Power Auxiliaries - compressor One IST/ASTIR
Imp) house
. Discharge
S01CPO1_FNT 109 LOGIC_PV Comp Disch Normal | ool flow Supply Flow Compressor | 1#-VKS0_ | 1# Compressor | 4, ASPEN
Flow rate 1 house
S01CP02_PT 110 PV Common Header | Shaftsupply | o\ o0g Pressure Shaft 1# 1# Two ASPEN
Pressure pressure
After After-
S01CP02_PT 109 LOGIC PV _ Compressor Cooler - Pressure Compressor | 1#-VKS0_ | 1# Compressor | 4, ASPEN
Discharge Pressure 2 house
Pressure
. Discharge
SO01CPO02_FNT_109_PV Comp Disch Normal normal flow - Flow Compressor 1#_VKS0_ | 1# Compressor Two ASPEN
Flow rate 2 house
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o Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
After After-
S01CP02_PT_109_PV . Compressor Cooler - Pressure Compressor 1#_VK50_ | 1# Compressor Two ASPEN
Discharge Pressure 2 house
Pressure
After After-
S10CPO1_PT 109 _LOGIC_PV After After-Cooler Cooler - Pressure Compressor | 10#_VK32 | 10# Compressor | ASPEN
- == - Pressure 1 house
Pressure
After After-
S10CP02_PT_109_PV Aﬁ?r After-cooler Cooler Supply Pressure Compressor 10#_VK32 | 10# Compressor Two ASPEN
Discharge Pre 2 house
Pressure =
After After-
After After-cooler 11# VK32 | 11# Compressor
S11CPO1_PT_109_PV Discharge Pre PCooler Supply Pressure Compressor 1 house One ASPEN
ressure
. Discharge Central
S02CP01_FNT_109_LOGIC_PV Comp D;Tg\?v Normal normal flow - Flow Compressor Ce;z# —lV K compressor One ASPEN
rate = house
S02CPO1_FT_109_LOGIC_PV central CPO1 Discharge Suppl Flow Compressor | CeM#_VK co?ner:(tar:slor One ASPEN
- == - Discharge flow rate flow rate PPl P 32_1 hguse
After After-
S11CP02_PT_109_PV Aft(_er After-cooler Cooler Supply Pressure Compressor 11#_VK32 | 11# Compressor One ASPEN
Discharge Pre 2 house
Pressure
After After-
S11CP03_PT_109_PV Alter After-cooler cooler Supply Pressure Compressor 11#_VK32 | 11# Compressor One ASPEN
Pressure 3 house
Pressure -
Compressor Central
S02CP01_TT_108_LOGIC_PV C_:entral CPOL discharge - Temperature Compressor Cen#_VK compressor One ASPEN
Discharge temp 321
temperature house
Compressor Central
S02CP0O1_TT_109 LOGIC_PV Central CPO1 After aftercooler - Temperature Compressor Cen#_VK compressor One ASPEN
aftercooler temp 32_1
temp house
. Compressor Central
S02CP01_ZT_101_LOGIC_PV Central CPO1 Guide guide vane - Status Compressor Cen#_VK compressor One ASPEN
vane angle 321
angle house
Compressor Central
S02CP01_ZT 109 LOGIC PV Central CPQ_l Blow blow-off - Status Compressor Cen#_VK compressor One ASPEN
off position o 32_1
position house
. Discharge Central
S02CP02_FNT_109_LOGIC_PV Comp D;Tg\r/]v Normal normal flow - Flow Compressor Ce;; —2VK compressor One ASPEN
rate = house
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I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
Central CP02 Discharge Cen#_VK Central
S02CP02_FT_109_LOGIC_PV . Supply Flow Compressor - compressor One ASPEN
Discharge flow rate flow rate 322 house
After After-
S12CPO1_PT 109 _LOGIC_PV After After-Cooler Cooler - Pressure Compressor | 12#-VK32 | 12# Compressor | ASPEN
- == - Pressure 1 house
Pressure
After After-
S12CP02_PT_109_LOGIC_PV Cooler - Pressure Compressor 12#—\2/K32 12# Chcz)rﬂ;sjéessor One ASPEN
Pressure =
Compressor Central
S02CP02_TT_108_LOGIC_PV Qentral CP02 discharge - Temperature Compressor Cen#_VK compressor One ASPEN
Discharge temp 322
temperature house
Compressor Central
S02CP02_TT_109 LOGIC_PV Central CPO2 After aftercooler - Temperature Compressor Cen##_VK compressor One ASPEN
aftercooler temp 32_2
temp house
. Compressor Central
S02CP02_ZT_101_LOGIC_PV Central CPO2 Guide guide vane - Status Compressor Cen#_VK compressor One ASPEN
vane angle 322
angle house
Compressor Central
S02CP02_ZT_109_LOGIC_PV Central CPQ.Z Blow blow-off - Status Compressor Cen#_VK compressor One ASPEN
off position o 32_2
position house
. Discharge Central
S02CP03_FNT_109 LOGIC_PV Comp DII:Tc():\P/]v Normal normal flow - Flow Compressor Ce;z#_:;/K compressor One ASPEN
rate - house
Central CP0O3 Discharge Cen#_VK Central
S02CP03_FT_109_LOGIC_PV . Supply Flow Compressor - compressor One ASPEN
Discharge flow rate flow rate 32_3 house
After After-
S12CP03_PT 109 LOGIC PV Cooler - Pressure Compressor 12#—\,;'(50 12# Ch%rﬂgéessor One ASPEN
Pressure -
After After-
S14CP01_PT_109_LOGIC_PV After after-cooler Cooler Supply Pressure Compressor 14#_VKS0 | 14# Compressor One ASPEN
discharge pressure = 1 house
ressure
Compressor Central
S02CP03_TT_108_LOGIC_PV C_Zentral CPO3 discharge - Temperature Compressor Cen#_VK compressor One ASPEN
Discharge temp 32_3
temperature house
Compressor Central
S02CP03_TT_109_LOGIC_PV Central CPO3 Atter aftercooler - Temperature Compressor Cen#_VK compressor One ASPEN
aftercooler temp 32_3
temp house
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o Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
. Compressor Central
S02CP03_ZT_101_LOGIC_PV Central CPO3 Guide guide vane - Status Compressor Cen#_VK compressor One ASPEN
vane angle 32_3
angle house
Compressor Central
S02CP03_ZT_109_LOGIC_PV Central CPQ.S Blow blow-off - Status Compressor Cen#_VK compressor One ASPEN
off position o 32_3
position house
Comp Disch Normal Discharge Cen#_VK Central
S02CP04_FNT_109_LOGIC_PV Flow normal flow - Flow Compressor 50 4 compressor One ASPEN
rate - house
S02CP0O4_FT_109_PV Central CPO4 Discharge Suppl Flow Compressor Cen#_VK co?nerrl(tarsslor One ASPEN
- == Discharge flow rate flow rate PPl P 50_4 hguse
After After-
S14CP02_PT_109 LOGIC_PV After after-cooler Cooler Supply Pressure Compressor 14#_VKS0 | 14# Compressor One ASPEN
discharge pressure P 2 house
ressure
After After-
S16CPO1_PT _109_LOGIC_PV Alter After-Cooler Cooler - Pressure | Compressor | 0#—VKS0 | 16# Compressor |, ASPEN
Pressure 1 house
Pressure
Compressor Central
S02CP04_TT_108_LOGIC_PV Dcijsec':]t;?l gf;(:ﬁ discharge - Temperature Compressor Cesn(;# —4VK compressor One ASPEN
9 P temperature - house
Compressor Central
S02CP04_TT_109 LOGIC_PV Central CPO4 After aftercooler - Temperature Compressor Cen##_VK compressor One ASPEN
aftercooler temp 50 4
temp house
. Compressor Central
S02CP04_ZT_101_LOGIC_PV Central CP04 Guide guide vane - Status Compressor Cen#_VK compressor One ASPEN
vane angle 50_4
angle house
Compressor Central
S02CP04_ZT 109 LOGIC PV Central CPQ.4 Blow blow-off - Status Compressor Cen#_VK compressor One ASPEN
off position o 50_4
position house
. Discharge
S02SCPO1_FNT_109_LOGIC_PV Comp Disch Normal | i flow Supply Flow Compressor | 27-VK32_ | 2#Compressor |, ASPEN
Flow rate 1 house
After After-
S16CP02_PT 109 LOGIC PV After After-Cooler Cooler - Pressure Compressor | L0#-VK50 | 16# Compressor | 1, ASPEN
Pressure 2 house
Pressure -
After After-
S16CP03_PT_109_LOGIC_PV After After-Cooler Cooler - Pressure Compressor 16#_VKS0 | 16# Compressor Two ASPEN
Pressure Pressure 3 house
S04BI_FT_161A VAL S4 Flow demand - Demand Flow Shaft 4 # 4 # One ASPEN
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I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
Annubar Air Level
UO1L10_PT_161A_LOGIC_PV Pressure - 10 Level Pressure Demand Pressure Level Level 10 1# Two ASPEN
S04BI_TT_161A_VAL S4 Temp demand Shaft Demand Temperature Shaft 4# 4 # One ASPEN
temperature
SO06BI_FT_161A VAL Annubar ATFIOW = shaftfiow | Demand Flow Shat 6# 6# One ASPEN
Compressed Air Level
UO1L10_PT_161B_LOGIC_PV Pressure - 10 Lev Pressure Demand Pressure Level Level 10 1# Two ASPEN
S06BI_TT_161A_VAL S6 Temp demand Shaft Demand Temperature Shaft 6 # 6 # One ASPEN
temperature
. Discharge
S02SCP02_FNT_109_LOGIC_PV Comp Disch Normal |\ siow Supply Flow Compressor | 2#-VK32_ | 2# Compressor | 4, ASPEN
- == - Flow rate 2 house
After After-
S02SCP01_PT_109_LOGIC_PV After After-Cooler Cooler Supply Pressure Compressor 2#_VK32_ | 2# Compressor Two ASPEN
Pressure 1 house
Pressure
After After-
S02SCP02_PT_109_LOGIC_PV After After-Cooler Cooler Supply Pressure Compressor 2#_VK32_ | 2# Compressor Two ASPEN
Pressure 2 house
Pressure
After After-
S20CP0O1_PT_109 LOGIC_PV . After-cooler Cooler Supply Pressure Compressor 20#_VK32 | 20# Compressor One ASPEN
discharge pressure P 1 house
ressure
Compressor
S07CPO1_ZT 109 _LOGIC_PV blow-off - Status Compressor 7#—\’1K32— # Cﬁg“upsfssor One ASPEN
position
After After-
S20CP02_PT 109 LOGIC PV __ After-cooler Cooler Supply Pressure Compressor | 20#-VK32 | 20# Compressor | ASPEN
discharge pressure = 2 house
ressure
Compressor
S07CP02_ZT 101 _LOGIC_PV guide vane - Status Compressor 7#—\’2K32— # ng“upsfssor One ASPEN
angle
Compressor
S07CP02_ZT 109 LOGIC_PV blow-off - Status Compressor 7#—\/2'(32— # Cﬁg“upsfssor One ASPEN
position
S09BI_FT_161A_VAL Annubar AYFIOW= | shattfiow | Demand Flow Shaft 9# 9# Two ASPEN
S10BI_PT 401 VAL Bank Air Pressure S'E)"’r‘;tszlifr’g'y Demand Pressure Shaft 10 # 10 # Two ASPEN
S11CV01_PT_161A_LOGIC_PV Compressed Air | Shaft supply | o000 Pressure Shaft 11# 11# One ASPEN
- = — - Supply Pressure pressure
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I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
After After-
S20CP03_PT_109 _LOGIC_PV After after-cooler Cooler Supply Pressure Compressor 20#_VK32 | 20# Compressor One ASPEN
discharge pressure P 3 house
ressure
Compressor
S07CP03_ZT 101 _LOGIC_PV guide vane - Status Compressor 7#—\/3K32— # Cﬁg“upsrgssor One ASPEN
angle
Compressor
S07CP03_ZT_109_LOGIC_PV blow-off - Status Compressor 7#—\/3K32— # ngnupsréessor One ASPEN
position
Compressor Discharge
S09CP01_FNT_109_LOGIC_PV Discharge Normal normal flow Supply Flow Compressor 9#—V1K32— o Cﬁgﬁur;r:ssor Two ASPEN
Volu rate
Compressor Discharge
S09CP01_FNT_109 PV Discharge Normal normal flow - Flow Compressor 9#—\/1K32— o ngnugr:ssor Two ASPEN
Volu rate
After After-
S09CPO1_PT_109_LOGIC_PV Cooler - Pressure | Compressor 9#—\’1K32— o ng“uzreessor Two ASPEN
Pressure
U11CVC4 PT _161C_LOGIC_PV 19L Compressed Level Demand Pressure Level 11# 11# One ASPEN
Air Pressure Pressure
After After-
S09CP01_PT_109_PV Cooler - Pressure Compressor 9#—\/1K32— o ngnugr:ssor Two ASPEN
Pressure
After After- Central
S02CP01_PT_109_LOGIC_PV Atter After-Cooler Cooler - Pressure Compressor Cen#_VK compressor One ASPEN
Pressure 32 1
Pressure = house
After After- Central
S02CP02_PT_109 LOGIC_PV After After-Cooler Cooler - Pressure Compressor Cen##_VK compressor One ASPEN
Pressure 322
Pressure - house
. Discharge
S10CPO1_FNT_109 PV Comp Disch Normal | 001 flow - Flow Compressor | 10#_VK32 | 10# Compressor | 4, ASPEN
- - = Flow rate 1 house
After After- Central
S02CP03_PT_109 LOGIC_PV After After-Cooler Cooler - Pressure Compressor Cen#_VK compressor One ASPEN
Pressure 32_3
Pressure - house
After After- Central
S02CP04_PT_109_PV After After-cooler Cooler Supply Pressure Compressor Cen#_VK compressor One ASPEN
Pressure 50 4
Pressure - house
Annubar Air Flow A
S10CPO2_FT_161A_PV - Bank - Demand Flow Shaft 10# 10# Two ASPEN

Appendix A: Platinum Mine A Case study




Structuring data to capture energy reticulation knowledge

I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
S10CP02_FT_161B_PV A””“b%’ggkﬂo"" B - Demand Flow Shaft 104# 10# Two ASPEN
S10CP02_FT_161C_PV Annubar Air Flow € . Demand Flow Shaft 10 # 10 # Two ASPEN
After After-
S16CP01_PT_109_PV Cooler Demand Pressure Shaft 16 # 16 # Two ASPEN
Pressure
Compressor
S02SCP01_PT_110_LOGIC_PV . Compressor Discharge - Pressure Compressor 2#_VK32_ | 2# Compressor Two ASPEN
Discharge Pressure 1 house
Pressure
Compressor
Compressor ; 2# VK32_ | 2# Compressor
S02SCP02_PT_110_LOGIC_PV Discharge Pressure I?Dlscharge - Pressure Compressor > house Two ASPEN
ressure
. Discharge
S10CP02_FNT_109 PV Cmp D'SCh. Normal normal flow - Flow Compressor 10%_VK32 | 10# Compressor Two ASPEN
Volumetric Flow rate 2 house
. Discharge
Compressor Disch 11# VK32 | 11# Compressor
S11CP0O1_FNT_109_PV Normal Volumetr norT:tIeﬂOW - Flow Compressor 1 house One ASPEN
S11 CPO1 Discharge 11# VK32 | 11# Compressor
S11CP0O1_FT_109 PV Discharge flow rate flow rate Supply Flow Compressor 1 house One ASPEN
Stage 4 Cen#t VK Central
S02CP04_PT_108_PV Discharge - Pressure Compressor 50 4 compressor One ASPEN
Pressure - house
Stage 4 11# VK32 | 11# Compressor
S11CP01_PT_108_PV Discharge Supply Pressure Compressor 1 house One ASPEN
Pressure -
Compressor
S11CPO1_TT_108_LOGIC_PV 511 CPO1 discharge ; Temperature | Compressor | 1#-VK32 | 11#Compressor | o ASPEN
Discharge temp 1 house
temperature
Compressor
S11CP0O1_TT_109 _LOGIC_PV S11 CPOL After aftercooler - Temperature Compressor 11#_VK32 | 11# Compressor One ASPEN
aftercooler temp temp 1 house
. Compressor
S11CPO1_ZT 101 LOGIC_PV S11 CPO1 Guide guide vane - Status Compressor | L1#-VK32 | 11# Compressor | ASPEN
vane angle angle 1 house
Compressor
S11CPO1_ZT 109 _LOGIC_PV S11 CPOL Blow off | =)\ off - Status Compressor | 11#-VK32 | 11# Compressor | ASPEN
position position 1 house
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o Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
. Discharge
S11CP02_FNT_109 PV Compressor Disch normal flow - Flow Compressor 11#_VK32 | 11# Compressor One ASPEN
Normal Volumetr rate 2 house
S11CPO2_FT_109_PV _ S11CP02 Discharge Supply Flow Compressor 11#_VK32 | 11# Compressor One ASPEN
Discharge flow rate flow rate 2 house
Stage 4 11# VK32 | 11# Compressor
S11CP02_PT_108_PV Discharge Supply Pressure Compressor 5 house One ASPEN
Pressure =
Stage 4 11# VK32 | 11# Compressor
S11CP03_PT_108_PV Discharge Supply Pressure Compressor ) house One ASPEN
Pressure -
Compressor
S11CP02_TT_108_LOGIC_PV . S11 CPO2 discharge - Temperature Compressor 11#_VK32 | 11# Compressor One ASPEN
Discharge temp 2 house
temperature
Compressor
S11CP02_TT_109 LOGIC_PV S11 CPO2 After aftercooler - Temperature Compressor 11#_VK32 | 11# Compressor One ASPEN
aftercooler temp temp 2 house
. Compressor
S11CP02_ZT_101_LOGIC_PV S11 CP02 Guide guide vane - Status Compressor 11#_VK32 | 11# Compressor One ASPEN
vane angle angle 2 house
Compressor
S11CP02_ZT 109 _LOGIC_PV S11CPO2 Blow off | ™\ o - Status Compressor | L1#-VK32 | 11# Compressor | ASPEN
position o 2 house
position
. Discharge
S11CPO3_FNT_109_PV Cmp Dlsch Normal normal flow - Flow Compressor 11#_VK32 | 11# Compressor One ASPEN
- - Volumetric Flow rate 3 house
S11CPO3_FT_109_PV _ S11CPo3 Discharge Supply Flow Compressor | L1#-VK32 | 11# Compressor | o ASPEN
Discharge flow rate flow rate _3 house
$tage 4 10#_VK32 | 10# Compressor
S10CP02_PT_108_PV Discharge Supply Pressure Compressor 5 house Two ASPEN
Pressure -
Stage 4 16# VK50 | 16# Compressor
S16CP01_PT_108_PV Discharge - Pressure Compressor 1 house Two ASPEN
Pressure -
Compressor
S11CP03_TT 108 LOGIC_PV 511 CPO3 discharge ; Temperature | Compressor | 1#-VK32 | 11#Compressor | o ASPEN
Discharge temp 3 house
temperature
S11CV01_FT_161A LOGIC_PV S11 Flow demand Shaft flow Demand Flow Shaft 11# 11# One ASPEN
S11CCHO1_PT 001 _LOGIC PV ngzsitﬁg'y Demand Pressure Shaft 11C# 11C# One ASPEN
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Tag Name Description Type Demand Property unit Unit # Area Ring Source
S11CV01_TT_161A_LOGIC_PV S11 Temp demand temf)g?afltture Demand Temperature Shaft 11 # 11 # One ASPEN
Combined
S12BI_FT_161V_VAL Compressed Air Shaft flow - Flow Shaft 12 # 12 # One ASPEN
Flow
S12BI_FT_165A VAL A””UfsarLAe'\:eFl'OW © | Level flow Demand Flow Level Level 15 12 # One ASPEN
S12BI_FT_166A_VAL A””“;’grL'z'\;eFl'OW " Level flow Demand Flow Level Level 16 12 # One ASPEN
S12BI_FT_167A VAL A”””i’g‘rl_g'\;ef'o"" © | Level flow Demand Flow Level Level 17 12# One ASPEN
S12BI_FT_168A VAL A””igal_reégliow © | Level flow Demand Flow Level Level 18 A 12# One ASPEN
S12BI_FT_168B_VAL A””igal_re@'éféow © | Level flow Demand Flow Level Level 18 B 124 One ASPEN
S12BI_FT_169A_ VAL A””“fgrLAe'\;e'T'OW * | Levelfow | Demand Flow Level Level 19 12 # One ASPEN
S12BI_FT_170A VAL A””;gal_reégliow " | Level flow Demand Flow Level Level 20 A 12 # One ASPEN
S12BI_FT _170B_VAL Annubar Air Flow - | ) ool fow - Flow Level - 124 One ASPEN
- = - 20 Level B
S12BI_FT 201 VAL U”derglrgvl\‘l”d Alr Level flow - Flow Level - 12 # One ASPEN
S12BI_PT 165A VAL Annubar Air Level Demand Pressure Level Level 15 12 # One ASPEN
- = - Pressure - 15 Level Pressure
S12BI_PT_166A_VAL Annubar Air Level Demand Pressure Level Level 16 12 # One ASPEN
- = - Pressure - 16 Level Pressure
S12BI_PT 167A VAL Annubar Air Level Demand Pressure Level Level 17 12 # One ASPEN
- = - Pressure - 17 Level Pressure
S12BI_PT 168A VAL Annubar Air Level Demand Pressure Level Level 18 A 12 # One ASPEN
- = - Pressure - 18 Level Pressure
S12BI_PT_168B_VAL Annubar Air Level Demand Pressure Level Level 18 B 12 # One ASPEN
- = - Pressure - 18 Level Pressure
S12BI_PT 169A VAL Annubar Air Level Demand Pressure Level Level 19 12 # One ASPEN
- = - Pressure - 19 Level Pressure
S12BI PT 170A VAL Annubar Air Level Demand Pressure Level Level 20 12 # One ASPEN
- = - Pressure - 20 Level Pressure
S12BI_PT 201 VAL Underground Alr Level . Pressure Level - 12 # One ASPEN
- - — Pressure Pressure
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Tag Name Description Type Demand Property unit Unit # Area Ring Source
Annubar Air Level air
S12BI_TT_165A_VAL Temperature - 15 Demand Temperature Level Level 15 12 # One ASPEN
Lev temperature
Annubar Air Level air
S12BI_TT_166A_VAL Temperature - 16 Demand Temperature Level Level 16 12 # One ASPEN
Lev temperature
Annubar Air Level air
S12BI_TT_167A_VAL Temperature - 17 Demand Temperature Level Level 17 12 # One ASPEN
Lev temperature
Annubar Air Level air
S12BI_TT_168A_VAL Temperature - 18 Demand Temperature Level Level 18 A 12 # One ASPEN
Lev temperature
Annubar Air Level air
S12BI_TT_168B_VAL Temperature - 18 Demand Temperature Level Level 18 B 12 # One ASPEN
Lev temperature
Annubar Air Level air
S12BI_TT_169A_VAL Temperature - 19 Demand Temperature Level Level 19 12 # One ASPEN
Lev temperature
Annubar Air Level air
S12BI_TT_170A_VAL Temperature - 20 Demand Temperature Level Level 20 12 # One ASPEN
Lev temperature
Compressor
S11CP0O3_TT_109 LOGIC_ PV S11 CPO3 After aftercooler - Temperature Compressor 11#_VK32 | 11# Compressor One ASPEN
aftercooler temp temp 3 house
. Compressor
S11CP03_ZT 101 _LOGIC_PV S11CPO3 Guide | i vane - Status Compressor | 11#-VK32 | 11# Compressor | ASPEN
vane angle angle 3 house
Compressor
S11CP03_ZT 109 LOGIC_PV 511 CPO3 Blow off blow-off ; Status Compressor | L1#-VK32 | 11# Compressor | ASPEN
position o 3 house
position
. Discharge
S12CPO1_FNT_109_LOGIC_PV Comp Disch Normal | 001 flow - Flow Compressor | 12#-VK32 | 12# Compressor | 5,0 ASPEN
- - - Flow rate 1 house
S12CPO1_PT 110 _LOGIC_PV Shaft Header Shaft supply 5o and Pressure Shaft 12 # 12 # One ASPEN
Pressure pressure
S12CPO1_FT_109_LOGIC_PV _Stl2ckol Discharge Supply Flow Compressor | 12#-VK32 | 12# Compressor | 5, ASPEN
Discharge flow rate flow rate 1 house
Stage 4 16# VK50 | 16# Compressor
S16CP02_PT_108_PV Discharge - Pressure Compressor ) house Two ASPEN
Pressure -
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I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
Stage 4 16# VK50 | 16# Compressor
S16CP03_PT_108_PV Discharge - Pressure Compressor ~3 house Two ASPEN
Pressure -
Compressor
S12 CP0O1 . 12# VK32 | 12# Compressor
S12CP01_TT_108_LOGIC_PV Discharge temp discharge - Temperature Compressor 1 house One ASPEN
temperature
Compressor
S12CP01_TT_109 LOGIC_PV S12 CPOL After aftercooler - Temperature Compressor 12#_VK32 | 12# Compressor One ASPEN
aftercooler temp temp 1 house
. Compressor
S12CP01_ZT_101_LOGIC_PV S12 CP01 Guide guide vane - Status Compressor 12#_VK32 | 12# Compressor One ASPEN
vane angle angle 1 house
. Discharge
S12CP02_FNT_109_LOGIC_PV Comp Disch Normal normal flow - Flow Compressor 12#_VK32 | 12# Compressor One ASPEN
Flow 2 house
rate -
SO1CPOL_PT_108_LOGIC_PV compressor Draharge Suppl Pressure | Compressor | L7—VKS0_ | 1#Compressor | ., ASPEN
- == - Discharge Pressure P 9 PPl P 1 house
ressure
Stage 4 Discharge Stage 4 1# VK50 1# Compressor
S01CP02_PT_108_LOGIC_PV Discharge - Pressure Compressor - - Two ASPEN
Pressure 2 house
Pressure
Compressor
S12CP02_TT_108_LOGIC_PV 512 CP02 discharge ; Temperature | Compressor | “27—/K32 | 12#Compressor | ASPEN
Discharge temp 2 house
temperature
Compressor
S12CP02_TT_109_LOGIC_PV S12 CPO2 After aftercooler - Temperature Compressor 12#_VK32 | 12# Compressor One ASPEN
aftercooler temp temp 2 house
. Compressor
S12CP02_ZT 101 LOGIC_PV S12 CPO2 Guide guide vane - Status Compressor | 12#-VK32 | 12# Compressor | ASPEN
vane angle angle 2 house
Compressor
S12CP02_ZT 109 _LOGIC_PV S12 CPO2 Blow off | =y ot - Status Compressor | 12#-VK32 | 12# Compressor | ASPEN
position o 2 house
position
. Discharge
S12CP03_FNT 109 PV Comp Disch Normal | ool flow - Flow Compressor | 12#-VKS0 | 12# Compressor | ASPEN
Flow rate 3 house
S12CP03_FT_109_PV _ S12CP03 Discharge Supply Flow Compressor | 12#-VKS0 | 12# Compressor | ASPEN
Discharge flow rate flow rate 3 house
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I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
Stage 4 Discharge Stage 4 1# VK50_ | 1# Compressor
S01CP02_PT_108_PV Discharge Supply Pressure Compressor - - Two ASPEN
Pressure 2 house
Pressure
Stage 4 Discharge Stage 4 10#_VK32 | 10# Compressor
S10CP01_PT_108 LOGIC_PV Discharge - Pressure Compressor - Two ASPEN
- == - Pressure 1 house
Pressure
Compressor
S12CP03_TT_108_LOGIC_PV Dis?:flwircep(t):m discharge - Temperature Compressor 12#—\3/,K50 12# Chcz)rﬂ;sjéessor One ASPEN
9 P temperature -
Compressor
S12 CPO03 After 12# VK50 | 12# Compressor
S12CP03_TT_109_LOGIC_PV aftercooler temp aftfécr::rc))ler - Temperature Compressor 3 house One ASPEN
. Compressor
S12CP03_ZT 101 _LOGIC_PV S12 CPOS Guide guide vane - Status Compressor 12#_VKS0 | 12# Compressor One ASPEN
vane angle angle 3 house
Compressor
S12CP03_ZT 109 _LOGIC_PV S12 CPO3 Blow off | =\ ot - Status Compressor | 12#-VKS0 | 12# Compressor | ASPEN
position o 3 house
position
Compressor Discharge
S14CP01_FNT_109_LOGIC_PV Discharge Normal normal flow - Flow Compressor 14#—\{K50 La# C‘h%nl]g;essor One ASPEN
Volumetric Flow rate =
S14CPO1_FT_109_LOGIC_PV _Slacpol Discharge Supply Flow Compressor | 14#-VK50 | 14# Compressor | ASPEN
Discharge flow rate flow rate 1 house
. Stage 4
S10CPO1_PT_108_PV Stage 4 Discharge Discharge Supply Pressure Compressor 10#_VK32 | 10# Compressor Two ASPEN
Pressure 1 house
Pressure -
Stage 4 Discharge Stage 4 10#_VK32 | 10# Compressor
S10CP01_PT_109 PV Discharge - Pressure Compressor - Two ASPEN
Pressure 1 house
Pressure
Compressor
S14CP01_TT_108_LOGIC_PV . S14 CPO1 discharge - Temperature Compressor 14#_VKS0 | 14# Compressor One ASPEN
Discharge temp 1 house
temperature
Compressor
S14CP0O1_TT_109 LOGIC_PV S14 CPOL After aftercooler - Temperature Compressor 14#_VKS0 | 144 Compressor One ASPEN
aftercooler temp temp 1 house
. Compressor
S14CP01_ZT_101_LOGIC_PV S14 CP01 Guide guide vane - Status Compressor 14#_VKS0 | 14# Compressor One ASPEN
vane angle angle 1 house
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I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
Compressor
S14CP01_ZT_109_LOGIC_PV Si4 CPO.l.BIOW off blow-off - Status Compressor 14#_VKS0 | 14# Compressor One ASPEN
position o 1 house
position
Compressor Discharge
S14CPO02_FNT_109_LOGIC_PV Discharge Normal normal flow Supply Flow Compressor 14#—\2/K50 La# C;]%nl]g(reessor One ASPEN
Volumetric Flow rate -
S14 CP02 Discharge 14# VK50 | 14# Compressor
S14CP02_FT_109_LOGIC_PV Discharge flow rate flow rate - Flow Compressor 2 house One ASPEN
Stage 4 10# VK32 | 10# Compressor
S10CP02_PT_108_LOGIC_PV Discharge - Pressure Compressor 5 house Two ASPEN
Pressure -
S11 CPO1 Stage 4 11# VK32  11# Compressor
S11CP0O1_PT_108_LOGIC_PV . Discharge - Pressure Compressor - One ASPEN
Discharge pressure P 1 house
ressure
Compressor
S14CP02_TT_108_LOGIC_PV . 514 CP02 discharge - Temperature Compressor 14#_VKS0 | 14# Compressor One ASPEN
Discharge temp 2 house
temperature
S14CVOL_FT 161A_LOGIC_PV AnukPa Air Flow | gpo6 ow | Demand Flow Shaft 14 4 14 # One ASPEN
(CP#14 Flow rate)
S14CV01_PT_161B_LOGIC_PV Compressed Air | Down-stream | o Pressure Shaft 14 # 14 # One ASPEN
Pressure pressure
Compressed Air Shaft suppl
S14CV01_PT UGOL LOGIC_ PV Pressure PPY " bemand Pressure Shaft 14 # 14 # One ASPEN
pressure
Underground
Compressor
S14CP02_TT_109_LOGIC_PV S14 CPO2 After aftercooler - Temperature Compressor 14#_VKS0 | 14# Compressor One ASPEN
aftercooler temp temp 2 house
S16CP01 FT 161A Shaft flow - Demand Flow Shaft 16 # 16 # Two ASPEN
S14 CP02 Guide | Ccompressor 14# VK50 | 14# Compressor
S14CP02_ZT_101_LOGIC_PV guide vane - Status Compressor - P One ASPEN
vane angle angle 2 house
Compressor
S14CP02_ZT 109 _LOGIC_PV S14 CP02 Blow off blow-off ; Status Compressor | L4#-VKS0 | 14# Compressor | ASPEN
position o 2 house
position
. Discharge
S16CPOL_FNT 109 LOGIC_PV Comp Disch Normal |0 ool flow Supply Flow Compressor | L0#_VKS0 | 16# Compressor | o, ASPEN
Flow rate 1 house
S11 CP02 Stage 4 11# VK32 | 11# Compressor
S11CP02_PT_108_LOGIC_PV . Discharge - Pressure Compressor - One ASPEN
Discharge pressure Pressure 2 house
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I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
. Discharge
S16CP02_FNT_109_LOGIC_PV Comp Disch Normal normal flow Supply Flow Compressor 16#_VKS0 | 16# Compressor Two ASPEN
Flow rate 2 house
21 Level Air Flow to
S16CV_FNT_121 LOGIC_PV 14 Level flow Demand Flow Level 1to 16 1# Two ASPEN
S11 CPO3 Stage 4 11# VK32 | 11# Compressor
S11CP03_PT_108 _LOGIC_PV . Discharge - Pressure Compressor - One ASPEN
Discharge pressure _3 house
Pressure
. Discharge
S16CP03_FNT_109_LOGIC_PV Comp Disch Normal normal flow Supply Flow Compressor 16#_VKS0 | 16# Compressor Two ASPEN
- == - Flow rate 3 house
S12 CPO1 Stage 4 12# VK32 | 12# Compressor
S12CP01_PT_108_LOGIC_PV . Discharge Supply Pressure Compressor - One ASPEN
Discharge pressure P 1 house
ressure
Compressor Discharge
S20CP01_FNT_109_LOGIC_PV Discharge Normal normal flow - Flow Compressor 20#—\1/K32 20# Ci]%rzgéessor One ASPEN
Volumetric Flow rate -
S20CPO1_FT 109 _LOGIC_PV . S20CP01 Discharge Supply Flow Compressor | 20#-VK32 | 20# Compressor | ASPEN
Discharge flow rate flow rate 1 house
Stage 4
S12CP02_PT_108 LOGIC_PV _S12CpP02 Discharge Supply Pressure Compressor 12#_VK32 | 12# Compressor One ASPEN
Discharge pressure P 2 house
ressure
S12 CPO3 Stage 4 12# VK50 | 12# Compressor
S12CP03_PT_108_LOGIC_PV . Discharge Supply Pressure Compressor - P One ASPEN
Discharge pressure P 3 house
ressure
Compressor
S20CPO1_TT_108_LOGIC_PV 520 CPO1 discharge ; Temperature | Compressor | 207—VK32 | 20%# Compressor | ASPEN
Discharge temp 1 house
temperature
Compressor
S20CP01_TT_109 _LOGIC_PV S20 CPO1 After aftercooler - Temperature Compressor 20#_VK32 | 20# Compressor One ASPEN
aftercooler temp temp 1 house
. Compressor
S20CP01_ZT 101 _LOGIC_PV S20 CPO1 Guide | i vane - Status Compressor | 20#-VK32 | 20# Compressor | ASPEN
vane angle angle 1 house
Compressor
S20CP01_ZT 109 LOGIC PV $20 CPO1 Blow off blow-off ; Status Compressor | 20#-VK32 | 20# Compressor | ASPEN
position o 1 house
position
Compressor Discharge
S20CP02_FNT_109_LOGIC_PV Discharge Normal normal flow - Flow Compressor 20#—\2/K32 20# Ch%nl]ggessor One ASPEN
Volumetric Flow rate -
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I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
S20 CP02 Discharge 20#_VK32 | 20# Compressor
S20CP02_FT_109_LOGIC_PV Discharge flow rate flow rate Supply Flow Compressor 2 house One ASPEN
. Stage 4
S14CP01_PT_108_LOGIC_PV Stage 4 Discharge | o parge - Pressure Compressor | 14#-VKS0 | 14# Compressor | ASPEN
- == - Pressure 1 house
Pressure
Stage 4 Discharge Stage 4 14# VK50 | 14# Compressor
S14CP02_PT_108_LOGIC_PV Discharge - Pressure Compressor - One ASPEN
Pressure 2 house
Pressure -
Compressor
S20 CP02 ; 20#_VK32 | 20# Compressor
S20CP02_TT_108_LOGIC_PV Discharge temp discharge - Temperature Compressor 2 house One ASPEN
temperature
Compressor
S20CP02_TT_109_LOGIC_PV S20 CPO2 After aftercooler - Temperature Compressor 20#_VK32 | 20# Compressor One ASPEN
aftercooler temp temp 2 house
. Compressor
S20CP02_ZT 101 _LOGIC_PV S20 CPO2 Guide guide vane - Status Compressor 20#_VK32 | 20# Compressor One ASPEN
vane angle angle 2 house
Compressor
S20CP02_ZT 109 _LOGIC_PV S20 CPO2 Blow off | =) "t - Status Compressor | 20#-VK32 | 20# Compressor | ASPEN
position o 2 house
position
Compressor Discharge
S20CP03_FNT_109_LOGIC_PV Discharge Normal normal flow - Flow Compressor 20#—\:;K32 20# Ci]%rzgéessor One ASPEN
Volumetric Flow rate -
S20CP03_FT 109 LOGIC_PV . S20CPO03 Discharge Supply Flow Compressor | 20#-VK32 | 20# Compressor | ASPEN
Discharge flow rate flow rate 3 house
$tage 4 16# VK50 | 16# Compressor
S16CP0O1_PT_108_LOGIC_PV Discharge Supply Pressure Compressor 1 house Two ASPEN
Pressure -
$tage 4 16# VK50 | 16# Compressor
S16CP02_PT_108_LOGIC_PV Discharge Supply Pressure Compressor 5 house Two ASPEN
Pressure -
Compressor
S20CP03_TT_108_LOGIC_LOGIC_PV . 520 CPO3 discharge - Temperature Compressor 20%_VK32 | 20# Compressor One ASPEN
Discharge temp 3 house
temperature
S20CV_FT_161A_LOGIC_PV Main ArnUbar AT | shaftfiow | Demand Flow Shaft 20 # 20 # One ASPEN
S20CV_TT_161A_LOGIC_PV Shait 20 Temp Shatt Demand | Temperature Shaft 20 # 20 # One ASPEN
demand temperature
SEFCR1_FT_161A_LOGIC_PV Main Annubar Air Shaft flow Demand Flow Shaft 22 # 22# One ASPEN
Flow (Shaft)
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o Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
UO01L10 FT 109 Air Flow - 09 Level Level flow - Flow Level Level 9? 1# Two ASPEN
UO1L10 FT 109 LOGIC PV Air Flow - 09 Level Level flow Demand Flow Level Level 9 1# Two ASPEN
U01L10_FT_111A 8588.231 Level flow - Flow Level "e‘f,') 11 1# Two ASPEN
UO1L10_FT_111A_LOGIC_PV Air Flow 1- 11 Level Level flow Demand Flow Level Level 11 A 1# Two ASPEN
UO1L10_FT_111B 0 Level flow - Flow Level Le‘éeol 11 1# Two ASPEN
UO1L10 FT _111B_LOGIC_PV Air Flow 2- 11 Level Level flow Demand Flow Level Level 11 B 1# Two ASPEN
UO1L10_FT_112A Shaft 1 level 10 flow Level flow - Flow Level Level 10 1# Two ASPEN
UO1L10 FT_112A LOGIC_PV Air Flow 1- 12 Level Level flow Demand Flow Level Level 12 A 1# Two ASPEN
UO1L10_FT_112B 4116.229 Level flow - Flow Level Le\ée’l 12 1# Two ASPEN
UO1L10 FT 112B LOGIC_PV Air Flow 2- 12 Level Level flow Demand Flow Level Level 12 B 1# Two ASPEN
UO1L10 FT_113A Shaft 1 level 12 flow Level flow - Flow Level Level 12 1# Two ASPEN
UO1L10 FT_113A_LOGIC_PV Air Flow 1- 13 Level Level flow Demand Flow Level Level 13 A 1# Two ASPEN
UO1L10 FT_113B Shaft 1 level 13 flow Level flow - Flow Level Level 13 1# Two ASPEN
UO1L10 FT 113B_LOGIC_ PV Air Flow 2- 13 Level Level flow Demand Flow Level Level 13 B 1# Two ASPEN
UO1L10 FT 114 Shatft 1 level 14 flow Level flow - Flow Level Level 14 1# Two ASPEN
UO01L10 FT 114 LOGIC_PV Air Flow - 14 Level Level flow Demand Flow Level Level 14 1# Two ASPEN
UO01L10 FT_ 115 Shaft 1 level 15 flow Level flow - Flow Level Level 15 1# Two ASPEN
UO1L10 FT 115 LOGIC PV Air Flow - 15 Level Level flow Demand Flow Level Level 15 1# Two ASPEN
UO1L10 FT 116 LOGIC PV Air Flow - 16 Level Level flow Demand Flow Level Level 16 1# Two ASPEN
UO01L10_FT_161A_LOGIC_PV A””“fgrL’g'\;eFl'OW " Level flow Demand Flow Level Level 10 1# Two ASPEN
S20CV_PT_161A_LOGIC_PV Main Annubar Air - Shaft supply | o o0 Pressure Shaft 20 # 20 # One ASPEN
- - - - Pressure pressure
Annubar Air Level air
UO1L10 TT_161A LOGIC PV Temperature - 10 Demand Temperature Level Level 10 1# Two ASPEN
Lev temperature
S11CCHO1_FNT_001 LOGIC PV Shaft flow Demand Flow Shaft 11C# 11C# One ASPEN
S11CCHO1_PT 002 _LOGIC PV Sh;fé;sod‘;‘é“” Demand Pressure Shaft 11C# 11C# One ASPEN
U1l1CVC4 FT 013 LOGIC PV Level flow Demand Flow Level Level 13 11# One ASPEN
S04BI_PT_161A_VAL S4 Pressure Shaft supply | 5o and Pressure Shaft 4# 44 One ASPEN
demand pressure
U11CVC4 _FT 014 LOGIC PV Level flow Demand Flow Level Level 14 11# One ASPEN
15LLevel
U11CVC4_FT_015 LOGIC_PV Compressed Air Level flow Demand Flow Level Level 15 11# One ASPEN
Flow

Appendix A: Platinum Mine A Case study



Structuring data to capture energy reticulation knowledge

NORTH.WEST
HoOsDAES Ly

unve
SUNIVERSIT
YUNIBESITI YA BOKONE B

4
Iraa

I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
Annubar Air Shaft supply
SO06BI_PT_161A_VAL Pressure - Bank pressure Demand Pressure Shaft 6 # 6# One ASPEN
SO9BI_PT 161A_VAL Annubar Air Shaft supply | o and Pressure Shaft 9# 9# Two ASPEN
Pressure - Bank pressure
SO9BI_PT_161B_VAL Compressed Air | Shatt supply - Pressure Shaft 9# 9# Two ASPEN
Pressure - Bank pressure
Compressor
S20CP03_TT_109 LOGIC_LOGIC_PV S20 CPO3 After aftercooler - Temperature Compressor 20#_VK32 | 20# Compressor One ASPEN
aftercooler temp temp 3 house
. Compressor
S20CP03_ZT 101 _LOGIC_PV S20 CPO3 Guide | 0 46 vane - Status Compressor | 20#_VK32 | 20# Compressor | ASPEN
vane angle angle 3 house
Compressor
S20CP03_ZT 109 _LOGIC_PV $20 CPO3 Blow off | ™ ' o5 - Status Compressor | 20#-VK32 | 20# Compressor | ASPEN
position o 3 house
position
Stage 4
S16CP03_PT_108_LOGIC_PV Discharge Supply Pressure | Compressor 16#—\3’)'(50 16# %%“Jggessor Two ASPEN
Pressure -
Stage 4
S02SCP01_PT 108 _LOGIC_PV Discharge - Pressure | Compressor 2#—\’1K32— 2# Cﬁg“upsfssor Two ASPEN
Pressure
Stage 4
S02SCP02_PT 108 LOGIC_PV Discharge - Pressure Compressor 2#—\/2K32— 2# ng"ugreessor Two ASPEN
Pressure
S20 CPO1 Stage 4 20# VK32 | 20# Compressor
S20CP01_PT_108_LOGIC_PV . Discharge - Pressure Compressor - One ASPEN
Discharge pressure 1 house
Pressure
S20 CP02 Stage 4 20# VK32 | 20# Compressor
S20CP02_PT_108_LOGIC_PV . Discharge - Pressure Compressor - One ASPEN
Discharge pressure P 2 house
ressure
. Process PROCES
S02CP_PT_101_LOGIC_PV Processing Plant plant Demand Pressure Process plant SING PROCESSING One ASPEN
Flow PLANT
pressure PLANT
. PROCES
S02CP_FT 101 LOGIC_PV Processing Plant Process Demand Flow Process plant | SING PROCESSING One ASPEN
Header plant flow PLANT
PLANT
S20 CP03 Stage 4 20# VK32 | 20# Compressor
S20CP03_PT_108_LOGIC_LOGIC_PV . Discharge - Pressure Compressor - One ASPEN
Discharge pressure 3 house
Pressure
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N Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
Stage 4 20# VK32 | 20# Compressor
S20CP03_PT_108_LOGIC_PV Discharge - Pressure Compressor 3 house One ASPEN
Pressure -
Stage 4 Discharge Stage 4 T7#_ VK32 7# Compressor
S07CP01_PT_108 _LOGIC_PV Discharge Supply Pressure Compressor - - One ASPEN
Pressure Pressure 1 house
1 SHAFT 6.6kV SUB_5MW COMPRESSOR 1# VK50_ | 1# Compressor
FDR1 (kW Imp) VK50 Power Supply Power Compressor 1 house Two IST/ASTIR
1 SHAFT 6.6kV SUB_DEMAG VK50 (VK32 1# VK32_ | 1# Compressor
COMPRESSOR FDR3 (kW Imp) housing) Power Supply Power Compressor 3 house Two IST/ASTIR
1 SHAFT 6.6kV SUB_VK50 1# VK50_ | 1# Compressor
COMPRESSOR NR2 (KW Imp) VK50 Power Supply Power Compressor 5 house Two IST/ASTIR
10 SHAFT COMPRESSOR 10# VK32 | 10# Compressor
SUB_COMPRESSOR1 (KW Imp) VK32 Power Supply Power Compressor 1 house Two IST/ASTIR
10 SHAFT COMPRESSOR 10# VK32 | 10# Compressor
SUB_COMPRESSOR2 (KW Imp) VK32 Power Supply Power Compressor ¥ house Two IST/ASTIR
11 SHAFT 6.6kV SUB_COMPRESSOR 11# VK32 | 11# Compressor
FDR1 (kW Imp) VK 32 Power Supply Power Compressor 1 house One IST/ASTIR
11 SHAFT 6.6kV SUB_COMPRESSOR 11# VK32 | 11# Compressor
FDR2 (kW Imp) VK 32 Power Supply Power Compressor 2 house One IST/ASTIR
11 SHAFT 6.6kV SUB_COMPRESSOR 11# VK32 | 11# Compressor
FDR3 (KW Imp) VK 32 Power Supply Power Compressor 3 house One IST/ASTIR
12 SHAFT COMPRESSOR SUB_5.1MW 12# VK50 | 12# Compressor
COMPRESSOR (KW Imp) VK 50 Power Supply Power Compressor 3 house One IST/ASTIR
12 SHAFT COMPRESSOR SUB_VK32 12# VK32 | 12# Compressor
COMPRESSOR1 (kW Imp) VK 32 Power Supply Power Compressor 1 house One IST/ASTIR
12 SHAFT COMPRESSOR SUB_VK32 12# VK32 | 12# Compressor
COMPRESSOR2 (kW Imp) VK 32 Power Supply Power Compressor 2 house One IST/ASTIR
14 SHAFT COMPRESSOR 14# VK50 | 14# Compressor
SUB_INCOMERI (KW Imp) VK 50 Power Supply Power Compressor 1 house One IST/ASTIR
14 SHAFT COMPRESSOR 14# VK50 | 14# Compressor
SUB_INCOMER2 (kW Imp) VK 50 Power Supply Power Compressor 2 house One IST/ASTIR
16 SHAFT COMPRESSOR 16# VK50 | 16# Compressor
SUB_COMPRESSOR FDR1 (kW Imp) VK50 Power Supply Power Compressor 1 house Two IST/ASTIR
16 SHAFT COMPRESSOR 16# VK50 | 16# Compressor
SUB_COMPRESSOR FDR2 (kW Imp) VK50 Power Supply Power Compressor 2 house Two IST/ASTIR
16 SHAFT COMPRESSOR 16# VK50 | 16# Compressor
SUB_COMPRESSOR FDR3 (kW Imp) VK50 Power Supply Power Compressor 3 house Two IST/ASTIR
2 SHAFT 6.6kV SUB_COMPRESSOR 2# VK32_ | 2# Compressor
FDR1 (kW Imp) VK32 Power Supply Power Compressor 1 house Two IST/ASTIR
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Tag Name Description Type Demand Property unit Unit # Area Ring Source
2 SHAFT 6.6kV SUB_COMPRESSOR 2# VK32_ | 2# Compressor
FDR2 (KW Imp) VK32 Power Supply Power Compressor > house Two IST/ASTIR
20 SHAFT 6.6kV SUB_COMPRESSOR 20# VK32 | 20# Compressor
FDR1 (kW Imp) VK 32 Power Supply Power Compressor 1 house One IST/ASTIR
20 SHAFT 6.6kV SUB_COMPRESSOR 20#_VK32 | 20# Compressor
FDR2 (KW Imp) VK 32 Power Supply Power Compressor B house One IST/ASTIR
20 SHAFT 6.6kV SUB_COMPRESSOR 20# VK32 | 20# Compressor
FDR3 (kW Imp) VK 32 Power Supply Power Compressor 3 house One IST/ASTIR
5B SHAFT 6.6kV SUB_COMPRESSOR 5B# VK3 | 5B Compressor
FDR (kW Imp) VK 32 Power Supply Power Compressor 2 1 house One IST/ASTIR
7 SHAFT 6.6kV SUB_COMPRESSOR1 VK 32 Power Supply Power Compressor 7#_VK32_ | 7# Compressor One IST/ASTIR
(kW Imp) 1 house
7 SHAFT 6.6kV SUB_COMPRESSOR?2 7#_VK32_ | 7# Compressor
(KW Imp) VK 32 Power Supply Power Compressor > house One IST/ASTIR
7 SHAFT 6.6kV SUB_COMPRESSORS Auxiliaries Power Supply Power Compressor 7#_VK32_ | 7# Compressor One IST/ASTIR
(kW Imp) 3 house
9 SHAFT COMPRESSOR 9#_VK32_ | 9# Compressor
SUB_COMPRESSOR1 (KW Imp) VK32 Power Supply Power Compressor 1 house Two IST/ASTIR
Central
CENTRAL COMPRESSOR SUB_VK32 Cen#_VK
COMPRESSOR1 (kW Imp) VK 32 Power Supply Power Compressor 321 coT]]gLrjzsésor One IST/ASTIR
CENTRAL COMPRESSOR SUB_VK32 VK 32 Power Suppl Power Compressor Ceni#_VK co?nerrl(tarsslor One IST/ASTIR
COMPRESSOR2 (kW Imp) PRl P 322 hguse
CENTRAL COMPRESSOR SUB_VK32 Cen# VK Central
COMPRESSOR3 (KW Imp)_ VK 32 Power Supply Power Compressor 32_—3 cor;]\(;))lrjessesor One IST/ASTIR
CENTRAL COMPRESSOR SUB_250kVA Transformer Power - Power Transformer Cen_250_ co(r:ner:(tar:slor One IST/ASTIR
TRANSFORMER (kW Imp) kVA hguse
CENTRAL COMPRESSOR SUB_750kVA Transformer Power - Power Transformer Cen_750_ co%err]ter:slor One IST/ASTIR
TRANSFORMER (kW Imp) kVA hguse
CENTRAL COMPRESSOR SUB_VK50 Cen#_VK Central
COMPRESSOR4 (KW Imp)_ VK 50 Power Supply Power Compressor 50_—4 corﬁglrjisesor One IST/ASTIR
Discharge
S10CP01_FNT_109_LOGIC_PV CPO1 Supply Flow normal flow Supply Flow Compressor 10#—\{}(32 10# Ch%nl]ggessor Two ASPEN

rate
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Structuring data to capture energy reticulation knowledge LU P —
I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
Discharge
S10CP02_FNT_109_LOGIC_PV CPO02 Supply Flow normal flow Supply Flow Compressor 10#—\2/K32 10# Chcz)rﬂ;sjéessor Two ASPEN
rate -
Discharge
S01CP02_FNT_109_LOGIC_PV CP02 Supply Flow | normal flow Supply Flow Compressor 1#—\/2K50— 1# Cﬁg“upsrgssor Two ASPEN
rate
Discharge
S12CP03_FNT_109_LOGIC_PV CPO3 Supply Flow normal flow Supply Flow Compressor 12#—\2/K32 12# Chcz)rﬂ;sjéessor One ASPEN
rate =
U11CVC4 _FT _017_LOGIC_PV Level flow Demand Flow Level Level 17 11# One ASPEN
U11CVC4 _FT 018 LOGIC_ PV Level flow Demand Flow Level Level 18 11# One ASPEN
U11CVC4 _FT_019 LOGIC_ PV Level flow Demand Flow Level Level 19 11# One ASPEN
U11CHO1 FTO020A PV Level flow Demand Flow Level Level 20 A 11 # One ASPEN
U11CHO01 FT020B PV Level flow Demand Flow Level Level 20 B 11 # One ASPEN
U11CHO1_FT020C_PV Levelflow = Demand Flow Level Level 20 114 One ASPEN
U11CHO1_FTO21A_ PV Level flow Demand Flow Level Level 21 A 11# One ASPEN
U11CHO01 FT021B PV Level flow Demand Flow Level Level 21 B 11 # One ASPEN
U11CVC5 FT _022A LOGIC_PV Level flow Demand Flow Level Level 22 A 11 # One ASPEN
U11CVC5 FT _022B_LOGIC_PV Level flow Demand Flow Level Level 22 B 11 # One ASPEN
U11CVT2_FT_023_LOGIC_PV Level flow Demand Flow Level Level 23 11# One ASPEN
U11CVT3_FT_024A_LOGIC_PV Level 28/24? Level flow Demand Flow Level Level 24 A 11C# One ASPEN
Ul1CVT3 FT 024B LOGIC PV Level 28/247 Level flow Demand Flow Level Level 24 B 11C# One ASPEN
25 Level
Ul1CVT4_FT_025A LOGIC PV Compressed Air Level flow Demand Flow Level Level 25 A 11C# One ASPEN
Flow
25 Level Half Level Level 25
U11CVT4_FT_025N_LOGIC_PV Compressed Air flow Demand Flow Haulage NE1 11C# One ASPEN
One FI
Half Level
U11CVT4_FT_025S_LOGIC_PV flow Demand Flow Haulage Level 25 S 11C# One ASPEN
U14CL_FNT_024 _LOGIC_PV Level flow Demand Flow Level Level 24 14 # One ASPEN
U14CL_FNT_025_LOGIC_PV Level flow Demand Flow Level Level 25 14 # One ASPEN
U14CL_FNT_026_LOGIC_PV Level flow Demand Flow Level Level 26 14 # One ASPEN
U14CL_FNT 027 LOGIC PV Level flow Demand Flow Level Level 27 14 # One ASPEN
U14CL_FNT 028 LOGIC PV Level flow Demand Flow Level Level 28 14 # One ASPEN
U14CL_FNT_200_LOGIC_PV Level flow - Flow Level Decline 14 # One ASPEN
U14CL_FT _022_LOGIC_PV Level flow Demand Flow Level Level 22 14 # One ASPEN
U14CVC1_FNT_021_LOGIC_PV Level flow Demand Flow Level Level 21 14 # One ASPEN
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I Supply / Operational . . Data
Tag Name Description Type Demand Property unit Unit # Area Ring Source
Main Annubar Air Shaft suppl
SEFCR1_PT_161A_LOGIC_PV Pressure (Valve PPY " bemand Pressure Shaft 22 # 22 # One ASPEN
Station) pressure
U11CVT5_FT_026A_LOGIC_PV Level flow Demand Flow Level Level 26 A 11C# One ASPEN
U11CCVC7_FIQ_27LG1_LOGIC_PROGTO 27L Compressed Level flow - Flow Level Level 27 11C# One ASPEN
TAL Air Totaliser
Compressed Air Demand
UO01L10_XV_161A_LOGIC_OPEN Shut-Off Valve - 10 | Valve status Status Shaft 1# 1# Two ASPEN
Level
S16CV_XV_401_LOGIC_OPEN 1# V";‘r'gazig;pp'y Valve status | Demand Status Shaft 1# 1# Two ASPEN
Compressed Air
S09BI_XV_161A_LOGIC_OPEN Shut-Off Valve - Valve status Demand Status Shaft 9# 9# Two ASPEN
Bank
Compressed Air
S10CP02_XV_161A_LOGIC_OPEN Shut-Off Valve - Valve status Demand Status Shaft 10 # 10# Two ASPEN
Bank
Compressed Air
S10BI_XV_165A_LOGIC_OPEN Shut-Off Valve - 10# | Valve status Demand Status Shaft 10 # 10# Two ASPEN
15
Discharge
S07CPO1_FNT_109_Logic_PV CPO01 Supply Flow normal flow Supply Flow Compressor 7#—\/1K32— # Crc])gnupsr:ssor One ASPEN
rate
Discharge
S07CPO0O2_FNT_109_Logic_PV CPO02 Supply Flow normal flow Supply Flow Compressor 7#—\/2K32— # Crc])?ur;rsssor One ASPEN
rate
Discharge
S07CPO03_FNT_109_Logic_PV CPO03 Supply Flow normal flow Supply Flow Compressor 7#—\%}(32— # Cﬁgnup;reessor One ASPEN
rate
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