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Abstract

In this project, an Information Technology (IT) application was developed that
processes and analyses data that is generated by systems that manage the

electrical power consumption of large energy consumers.

Because of the volume of this data, and the time usually consumed in processing
it manually, (for example, by using Excel spreadsheets) an automated system

was required that does the processing as well as the analysis.

The name “REMS Sentinel” was given to this application. It is divided into two

parts, one of which has already been implemented on a number of gold mines.

The first part processes each day’s data from the Energy Management System
(EMS) and then transfers only the most important information to a remote
central database. The processed data can then be viewed on a web page, or on a
cell phone through a specially designed Wireless Application Protocol (WAP)

web site.

The second part of REMS Sentinel then uses the processed data to generate
reports by means of which the previous day’s performance of the EMS can be

monitored.

The need for such an automated data processing system has arisen from the
advent of Eskom’s Demand Side Management (DSM) program. The purpose of
this is to reduce the energy consumption of large energy users during peak hours

each day.

The Real-time Energy Management System (REMS) was designed to contribute
to the solution of this problem. REMS uses real-time simulation and control

parameters to schedule the consumption of energy during peak hours.
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However, REMS generates a large amount of data whilst controlling, for
example, mine equipment in real time. This data is used to calculate the load
that was shifted during peak hours, and to calculate the money that was saved
during each month. Previously, these calculations were carried out manually,

which resulted in huge time delays.

REMS Sentinel solved this problem and enables one operator to monitor several

installations simultaneously.

Confidential iii



Samevatting

In hierdie projek is ‘n Informasietegnologie (IT) stelsel ontwerp. Hierdie stelsel
verwerk en analiseer data wat deur ander stelsels gegenereer word, wat die

elektriese energieverbruik van groot energieverbruikers beheer.

Omdat sulke stelsels gewoonlik aansienlik baie data genereer, en die hand
prosessering daarvan geruime tyd opneem (deur bv, Excel te gebruik), het daar
‘n behoefte ontstaan vir ‘n outomatiese stelsel om die verwerking en

analiseering van sulke data te hanteer.

Om hierdie behoefte te bevredig is daar ‘n stelsel ontwerp met die naam “REMS
Sentinel”. Hierdie stelsel bestaan uit twee programme, waarvan die een deel

alreeds op verskeie goudmyne geimplementeer is.

Lsg. deel prosesseer daagliks die data van die Energiebestuurssteisel (EBS), en
die verwerkte data word dan na ‘n afgeleé gesentraliseerde databasis oorgedra.
Hierdie verwerkte data kan dan deur ‘n webtuiste, of deur ‘n spesiaal ontwerpte

“Wireless Application Protocol (WAP)” webtuiste op ‘n seifoon gelees word.

Die tweede deel van REMS Sentinel gebruik dan die data om verslae te genereer

waarmee die prestasie van die EBS geévalueer kan word.

Die behoefte van hierdie stelsel het te voorskyn gekom a.g.v. die ontstaan van
Eskom se “Demand Side Management (DSM)” program. Hierdie program se
doel is om die hoeveelheid elektriese energie wat deur groot energieverbruikers

gebruik word in die piek tye van elke dag, te verminder.

‘n Stelsel met die naam “Real-time Energy Management System (REMS)” is
ontwerp om ‘n bydra te lewer tot die oplossing van hierdie probleem. Deur
gebruik te maak van intydse simulasie en kontrole parameters, kan die energie

verbruik van groot energieverbruikers geskeduleer word.
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Hierdie REMS stelsel genereer egter ‘n groot hoeveelheid data terwyl dit,
byvoorbeeld, myntoerusting beheer. Hierdie data word gebruik om die las

geskuif, en Rand besparing, vir die betrokke myn te bepaal.

Om ‘n stelsel soos REMS te monitor vereis dat die data intyd verwerk moet
word. Hierdie data moes tot op hede met die hand verwerk word, en het dus baie
tyd geverg. REMS Sentinel het hierdie probleem opgelos en gee nou die
operateur van die stelsel die voordeel om meervoudige myne op dieselfde tyd te

monitor.
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lNTROl‘DUCTlON

CHAPTER1 INTRODUCTION

1.1 Background and literature review

7.7.7 Esko/m s electricity ademand proolem

South Affica is one of the world’s most important mining countries. Because of
the number of deep level mines in South Africa, the mining industry is also one

of the largest consumers of electricity in this country.

The mining sector in Southern Africa consumed 23% of the total electrical
power produced in 1996{1]. This led to a number of problems that motivated
Eskom, which is South Africa’s primary electricity utility, to invest in studies
that would reduce the electrical power demand from large energy consumers,
for example, deep level mines. Lane conducted one such study in 1996 [2] and

obtained the following result:

A 27% peak load reduction can be achieved on a typical South African
deep level mine. This reduction can be achieved by scheduling

electrical systems.

If one assumes that this 1s realistic, the potential savings that can be achieved on
such a deep level mine by the scheduling of electrical equipment, can be

estimated.

30% of a typical deep level mine’s electrical bill is due to the electrical power
usage during peak billing hours. This is not because more electrical power is
being used, but because the cost of an electrical power unit can be 8 times more

during peak hours, than during the lowest price period.

When we assume that 30% of a deep level mine’s electrical bill is related to the

peak demand hours, then this implies that an 8% cost reduction in the electricity
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bill can be achieved if electrical systems are scheduled, as suggested by Lane

[2].

On average, South African gold and platinum mine consumed 26 GWh of
electrical power in the year 2000 [1]. At an average cost per electrical unit of
10c/kWh, it can be estimated that the gold and platinum mines in Southern
Africa incurred an electrical bill of R 2.6 billion in 2000.

Taking into account that 65% of all South African mine are deep level mines,
then in the year 2000 nearly R135 million could have been saved if electrical

systems had been scheduled.

e Typical summer day

...... Typical winter day

= = = Peak day of year

33000;
31000 |
290005
27000 |
25000§
2230005
210001
19000 !
17000§
15000 |

0 BEwamamE. o s e seaEGERm

Figure 1.1: Different electricity demand trends in MW
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R

Electrical power suppliers found that the demand followed certain trends that

varied according to: (see Figure 1.1 [3]):

o The specific time of the day. In each day there are two periods during
which consumers use more electricity than during the rest of the day.
The first of these is between 07:00 and 10:00 in the morning, and the
second from 18:00 to 20:00 in the afternoon. These peaks are largely

caused by domestic consumers, for cooking and space heating.

e The season of the year. More electricity is consumed during the
winter months due to the heating that is required. This is not only

applicable to the residential sector, but also to the commercial sector.

e The type of day. Days are categorised as weekdays, Saturdays,
Sundays, and public holidays. Each of these days experience the two

peaks discussed earlier, but they are more prominent during weekdays.

The sharp rise in consumption during peak times can be at least partly attributed
to the success of the RDP domestic electrification programme, but it causes

serious problems for Eskom.

The lowest cost electricity generating plant that Eskom has at its disposal are
termed “Base Load stations". These are the coal-fired, “six-pack” 6 x 600 MW
stations that run 24 hours per day. They are extremely costly to stop and re-start

and therefore provide what is termed the “base load”.

However, during peak times these stations cannot supply all the power required,
and consequently Eskom’s smaller, more costly, power stations are brought on
line. Because their operating costs are much higher than that of the base load
stations, a unit of electricity costs far more during peak times than during the

rest of the day.

Eskom has an obligation to supply sufficient electricity for all its customers’

needs. Before the projected peak demand exceeds the current installed capacity,
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Eskom will have to build additional power plants. These are, however, very
expensive as compared with the current stations (estimates range from R32 to
R40 billion for a 4000 MW station). For this reason Eskom is understandably
anxious to postpone the day that new capacity has to be ordered as much as

possible. This is the background to Eskom’s initiation of the DSM program.

71.7.2 77he need for load sHirting

As mentioned above, Eskom seeks a reduction in peak demand. One approach is
to promote the consumption of less electricity at all times, which is Energy
Efficiency. Because this approach is not always possible, an alternative
approach is to encourage large electrical power consumers to use more
electricity during the non-peak hours of the day, and thus being able to use less

during the peak hours of the day.

This concept is known as ‘Load Shifting’. This does not necessarily mean that
less electricity is being consumed, but rather that less is consumed during a
specific hour, and more during another. The objective of Eskom’s Demand Side
Management (DSM) division is therefore to assist their customers to consume

less power during peak hours but more during non-peak hours.

Figure 1.2 shows the typical daily electrical power demand profile for South

Africa, and the peak hours are clearly visible [4].

Confidential 4



INTRODUCTION

Total demand profile

34000 — o
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T o . csn
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/ }
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1 2 3% 5 B¢ B 90812 1854517 18 39 30 21 22 23 99
Hours

Figure 1.2: Total electrical power user demand (Year 2000)

In order to encourage clients to reduce their electricity consumption during peak

hours, Eskom introduced Real Time Pricing (RTP) in January 1999.

RTP is an electrical power tariff profile that applies only to certain industrial
electrical power consumers. The price for each hour of each day is determined
by the cost prediction of Eskom. If Eskom predicts that the cost of producing
electrical power for a certain hour is high, then the RTP price for that hour
would be high. Conversely, if the cost of producing the electrical power demand
for that hour is low, then the RTP price for that hour would be low. It is

therefore cost reflective pricing, which is fair to all consumers.

In general, the RTP price for peak hours was very high, thus urging electrical
power consumers to use less power during those hours, and more during the

cheaper hours. This provides an economic incentive to the user to ’shift load’.

It is important to note that the introduction of the RTP price profile by itself did
not shift load. Load could only be shifted if the industries to whom the RTP
applied, reacted to the RTP.
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Per definition an Energy Services Company (ESCO) is a company that
develops, installs and finances projects designed to improve energy efficiency

and maintenance costs for facilities over a five to ten year period [5].

These companies came to birth due to the funding system that Eskom launched

that sponsors the following:
e Companies that successfully respond to RTP themselves;

e Companies that initiate successful responses to RTP in other

companies.
ESCO'’s fall into the second group.

The ESCO industry in the USA is about 20 years old. Its beginnings can be
traced back to late-1970s oil crises. The opportunity was created by high-energy
costs, and ESCO’s created a service to reduce the energy costs of clients.
Currently the ESCO industry in North America facilitates an investment of

about $2 billion annually in energy efficiency [6].

ESCOQO’s in South Africa help Eskom in its objective of load shifting, therefore
they qualify for part of the funding provided by Eskom.

7.7.3 A Typrcal Energy Management Systerm (EMS)

In order to appreciate the function of the 1T system that was developed as a part
of this project, it is first necessary to describe work that an ESCO does and the

typical data that it would have to handle.

In this section the work done by an ESCO on a typical deep level mine is

discussed, looking at, in particular, the electricity used for the pumping of water.

To shift load (and hence to save the mine energy costs) requires operational
changes, since the operational schedule on a mine will have to be changed from

its current one.
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However, mines will only change their operations if there is a very high level of
confidence that these changes will not, in any way, affect the safety and
production of the mine. In order to gain the confidence of the mine, it must first
be proven beyond any doubt that there will be no negative influence as a result

of any changes to the load pattern proposed by the EMS system.

This can only be achieved if the fully-integrated operation of the mine can be
simulated in exact detail and extensively verified through the previous years’

detailed operational data.

When building the simulation model for the mine operations, each and every
element in the mining process has to be simulated in exact detail. For each
element a mathematical model must be built which accurately represents that
specific component. The model for the component is verified to ensure that it

reacts in exactly the same way as the real component on the mine.

All the simulated components are then combined into one integration model,
which represents the integrated operation of the complete mine. The full control
system is then integrated with this to arrive at a “real life” simulation of the

mine.

The fully integrated dynamic system and control model for the mine is
extensively verified with detailed measured data. The necessary update of the
integrated model is done until perfect verification proves to the client’s

satisfaction that a successful computer model of the mine has been achieved.

Only after this verification process can it be said with certainty that the
simulation model correctly represents the integrated operation on the mine.

Figure 1.3 shows the pumping simulation model for a typical mine.

Once the simulation model is complete and the confidence of the client is
obtained, the model is integrated with the Supervisory Control And Data-

Acquisition Systems (SCADA) control system of the mine.
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Figure 1.3: Simulation model of the pumping processes for a typical

mine.

Other daily varying influences on the final electricity bill, which must inter alia
be included in such a system include: varying weather data (only when the
cooling systems is also scheduled), maintenance schedules as well as the

electricity price for that specific day, (if the mine’s electricity tariff is on RTP).

The electricity price, as well as the weather forecast for the day, is automatically
sent to the simulation model via the Internet from Eskom and the Weather

Bureau respectively.

The user supplies the model with constraints including upper/lower limits for
the dams, the equipment on/off limits, any other constraints and the

maintenance schedule for the next day.

All this information is then also integrated into the system before the EMS can

optimise operations for minimum energy cost and maximum load shift.
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A dynamic optimisation procedure is then integrated with all the
aforementioned to arrive at the optimum schedule of all the elements to ensure
minimum energy cost and maximum load shift, but taking into account all the

safety, health operation, maintenance or other constraints.

The optimised solution then interacts with the SCADA system on the mine and

controls the operations via Programmable Logic Controllers (PLC’s).

1.2 The need for this study

7.27 Monitoring /oaa sHming

When an ESCO signs a contract with Eskom, they undertake to shift load
consistently. Furthermore, they specify the amount that they will be shifting out
of peak periods. Since the ESCO received the funding from Eskom on the basis
of the contracted load shifting, they must ensure that this actually takes place,

otherwise penalties have to be paid to Eskom

A method of continuously monitoring the relevant electricity consumption on
the mine was therefore needed. REMS was developed to provide a remote
energy management facility which can obtain load shift. This is done by
scheduling, for example, the water pumping system so that optimised pumping

takes place during peak hours.

Because the payment of penalties for non-performance is at stake, a means must
be found to identify what is a permissible shortfall of the promised load shift,
and what is not. Generally speaking, all so-called “Acts of God” are termed
condonable, which means no penalties have to be paid. This term is applied
when neither the mine nor the ESCO can be blamed for an incident which

causes a lesser than contractually agreed load shift.

To ensure that the correct load is shifted on the mine, several procedures can be

followed. One of these would be to physically monitor the status and actions of
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REMS by sitting in front of the computer. Another procedure would be to
monitor REMS through the use of a network connection. When this is done, the

operator can see in real-time what is happening on the mine.

Unfortunately, most mines do not have a direct Internet connection and thus a
dialup connection must be used. This is very expensive and therefore not a very
efficient way of monitoring the mine. On the other hand, by the implementation
of a database, the system could be monitored continuously. This is discussed in

the next section.

1.22 /mproving the sustamabiity of load sHiiting

In order to reduce costs as well as improve efficiency, it was decided to design a

system that could gather data automatically.

The current REMS system as installed on a typical mine logs data into a
database, and in Comma Separated Values (CSV) files. From these files the load
shifted can be calculated for the previous day. Other important operational
information is also logged. This includes, i.a. which pumps were availably
throughout the day, as well as which pumps were broken. If the load shifted
during the previous day was less than contracted, the operator can look at the
other data logged by REMS. If, for example, one of the pumps was out of order,
then this would constitute a condonable reason for the lack of performance and

no penalties would have to be paid.

Since this data is logged at two or three minute intervals, it amounts to an

enormous amount of data that is being logged every day.

The sustainability of load shifting depends on the correct load being shifted as
well as making sure that it is being done consistently. To improve this, a means
was necessary to monitor this performance of REMS by using the data logged to

see were the system can perform better, and accordingly change the system.,
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In the past all of the logged data was manipulated in a spreadsheet program
(such as Microsoft’s Excel package), to do the necessary calculations for the

previous day.

The man hours required by the ESCO’s staff to carry out these calculations on
data logged during one day was about two hours. This is a quarter of a working

day, and this applied to only one mine.

As the number of mines being monitored increased, the amount of time needed
to calculate the load shifted the previous day increased accordingly. This lead to
a time delay before the ESCO could determine whether the correct load was

indeed shifted. These delays sometimes were as long as a few days.

The purpose of this project was therefore to develop a solution that could not
only do all the calculations faster and more efficiently, but also would do them
automatically. These calculations include the load shifted, financial savings,

time REMS was on schedule, and statistics on all the pumps within the mine.

1.3 Overview of this document

The rest of this document consists of four parts: a literature study, the design of

a new Data Management System; the validation of the system; and a conclusion.

Literature Study

Prior to embarking on the development of such a system, the author researched

what other people have done in this field, and how they did it.

Specific components would be required to allow the proposed system to
function and fulfil all its requirements. All of these different types of
components were studied and the advantages and disadvantages of each were

identified. Reasons for using a particular component were given.
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Lastly, the preliminary design specifications are also given. This provides the

detail on how, and with what components, the new system was designed.

The Design of this system

The research culminated in the design of the system. All detail is included, as

well as all logical concepts.

The system is explained in sections relating certain processes that need to take
place in order to achieve the specified goal. Each section contains a brief

description of the concept and the rest of that section is the detailed design.

The Validation of the new system

As with all software, different versions were launched and tested in practice.
Whilst this software was in use, various so-called bugs appeared and needed to

be fixed. Other very useful information was acquired during this phase.

The system has since been implemented on several mines and the results

obtained in this fashion were compared with the manually calculated results.

Conclusion/Recommendation

Finally, a conclusion was drawn on the effectiveness of this newly designed
system. Comparative results were used to draw a logical conclusion on how
effective the system was. Recommendations were made on possible future

work.
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CHAPTER 2 LITERATURE STUDY

2.1 Introduction

A literature survey was conducted to establish whether a system such as the one
envisaged already exists, and what other researchers have done to solve similar
problems. Also, the various tools and sub-systems that could be used for this

project where researched extensively.

2.2 Existing systems

US Pat. No 6701298 to Jutsen describes a system and method for energy
management where data relating to the energy usage and other related activities

is collected with an automated data processing device.

This data is analysed and the results are used to make recommendations on the

effectiveness of the energy management {7].

The pros and cons of US Pat. 6701298 compared to a system that is required

are:
Pros:

<+ The system improves the energy management system by giving

suggestions to improve it.
Cons:

% A system is not needed that improves the energy management system,
but rather one that could give information on the performance, thus

improving the sustainability of the system.
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U.S. Pat. No 6,178,362 to Woolard et al describes an energy and facilities
management system and a method for users with large energy plants. This
provides a more comprehensive understanding of the energy consumption of
their system, thus enabling users to manage their system in a way that makes

sense for their business.

The system uses Transmission Control Protocol/Internet Protocol (TCP/IP)
communication to make a connection to the World Wide Web (WWW), and
provides a real time data retrieval function so that real-time data communication

can be established [8].

The pros and cons of US Pat. 6178362 compared to a system that is required

are:
Pros:

¢ The system provides the user with an understanding of their plant, thus

providing ways to manage the energy consumption better.

% The existing system gives the user information to improve his/her
plant’s energy consumption based on the performance of the system
being used. The DSM program does not want the user to use less energy,
but rather shift the consumption. A system is needed that can improve
the shifting ability of the energy management system not decrease the

energy consumption.

U.S. Pat. 6,553,418 to Collins et al describes an energy management system for
monitoring and analysing the power consumption at a plurality of locations. The
energy management system includes a primary server connected to at least one

building server or other device through a computer network.

The primary server sends a data request to all these building servers, and

receives energy data. The primary server stores the energy usage information in
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a database such that the information can be processed in a variety of manners,
such as aggregating the energy usage information from multiple locations into a

single energy consumption statistic.

The primary server can be accessed by a remote monitoring station, this to view

and analyse the energy usage information stored in the database [9].

The pros and cons of US Pat. 6553418 compared to a system that is looked for

are.
Pros:

% The system provides the user with information on his/her system’s

energy consumption.
Cons:

¢ The patent describes a method giving the user an understanding of the
power consumption of their plant; this is not needed as REMS only
schedules the power consumption of the plants pumping system. The
only place that the power consumption is needed is to calculate the loaf

shifted, but that is received by the specific plant.

IST Otokon has an Automated Meter Reading (AMR) system that collects data

from equipment, such as the temperature, flow parameters, on/off statuses, etc.

This data can then be accessed and transferred through a client’s data
communication network. This data communication network uses several
different communication protocols. Examples of these are Ethernet Local Area
Network (LAN), Wide Area Network (WAN), Global System for Mobile
communications (GSM), and RS232 ports.

The data so transferred can then be stored in a data storage system. By the use

of front-end programs and a data historian, this data is then used to perform
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certain calculations, and generate reports, thus providing information regarding

the system that they are monitoring. [10].

The pros and cons of IST Otokon’s AMR system, compared to the one that is

being sought, are:
Pros:

% This system is very close to what is being looked for. It acquires all the

data of the energy management system and analyses it.
Cons:

*» However, there are still several results and outcomes that the system
cannot provide, since the REMS energy management system has several
unique features. It would require extensive modifications and

adaptations.

The systems mentioned above are all system that are implemented in the energy
management environment and are being used with a variety of results. These
systems provide information regarding the user’s plant, provide suggestions to
improve to energy usage, help the user to understand their plant in respect to
energy consumption, and collect data on their energy consumption, processes

and analyses this data.

The system that is required by HVAC International, and is the subject of this
research, is however, a system that can be adapted to the energy management

system that HVAC International has previously designed.

No additional information is needed regarding the energy consumption of the

plant. The energy management system already controls the energy consumption,
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and the new system that is needed, is only required to process the data that is

collected and generated by this energy management system.

The system marketed by IST Otokon 1s the closest compared to the other system
available, to the system specifications set up for this project. Their system

collects information from a variety of equipment and processes it.

However, since HVAC International has previously developed their own energy
management system, this has largely influenced the decision to rather develop a
new system to do the data processing and analysing, rather than buying a partial

solution from a third party and having to customise it.

HVAC International required a system that was designed and developed
specifically to analyse the data that was being generated by their own unique
energy management system, (REMS). They also provide customised reports to
their clients to enable them to view the performance of this energy management
system. Utilising any of the other available systems, would require alterations

and additions in order to be within these specifications.

The final decision was therefore to develop a new system rather than buying an
existing system. This enabled HVAC International to obtain a system that does

exactly what they need without escalating the costs.

Figure 2.1 gives the five major components that are required for the system that

HVAC International needs.
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Figure 2.1: The five key components required for the system.

Svystem components for such a system would include the following:

® A database system to store the calculated and analysed data.

® A data transferring medium to transfer the calculated and analysed data

to a central storage point.
® A reporting application to generate reports.
e A web page to view this information on the internet.

® An application to calculate and analyse the data generated by the energy

management system.

Taking all these requirements into consideration, an in depth look was needed
into certain components to design such a system. These components include the
compiler, database, communication, and web page language. All these

components will be necessary to design and deliver the required system.
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2.3 Compilers

By definition, a compiler is a Software Development Program that translates
high level programs into machine language so that certain processes can

understand and execute the high-level program within the computer [11].

There are a wide variety of compilers available today in which one can design
programmes. Each of these compilers has its advantages and disadvantages.

Examples of these compilers are:
e Borland Delphi
e Borland C++
¢ Visual C++.Net
e Visual G#.Net
e Visual Basic

From the list given, the compiler that was chosen was Borland Delphi, due to
the fact that this compiler was already available in-house, with no costs

attached. Delphi is also a widely used compiler.

Delphi

Borland Delphi is a development tool for Microsoft Windows applications. It is
a powerful and an easy-to-use tool for development of stand-alone Graphical

User Interface (GUI), or Win32 applications.

When Delphi is paired with Borland Kylix, powerful single source applications
for both Linux and Windows can be designed. By using the Cross-Platform
(CLX) components in Delphi, Windows applications can be designed and easily

recompiled within Linux.
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Delphi is the first programming language that crossed the boundaries between
high-level and low-level programming, thus increasing the power of the

applications that can be developed.

Delphi, being as versatile as it is, can access a number of databases. By using
forms and reports in an application, the Borland Database Engine (BDE) can
access databases like MySQL, Microsoft Access, SQL Server, etc, by using the
Open Database Connectivity (ODBC) component within Windows [12].

Delphi also has Object Linking and Embedding (OLE) components to interface
with application such as Microsoft Word, Microsoft Excel, Microsoft Outlook,
etc. These can be used to generate reports through Delphi to enhance the overall

encapsulation of the application that will be designed.

The information above was obtained from references [12][13].

2.4 Databases

A database is data stored on computer files or on CD-ROM. A database may
contain bibliographic, textual or numeric data. The data are usually structured so

that they may be searched in a number of ways [14].

MySQL

MySQL is fast becoming one of the world’s most popular open source database
systems. This popularity is based on this package’s simplicity, and ability to
function on a wide variety of operating systems and within several applications
[15].

MySQL as a database system consists of several packages that suit any
environment, including the corporate scene. Examples of these packages are;
MySQL Database Server, MySQL Cluster, MySQL Control Centre, and
MySQL Administrator. Combining all these packages gives a fully functional

database system [15].
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The MySQL system has the following advantages and disadvantages:
Advantages:
e Support

o Due to the fact that MySQL is open source, there exist a large
number of skilled developers that can provide software support

[15].
e Platforms

o MySQL is available on more than 20 different operating systems,
which include a multiple number of Linux distributions, Mac OS

X, UNIX and Windows [15].

e Ease of use and deployment

o The Architecture of the MySQL systems enables fast and easy
customisation. Clients can therefore modify their databases to

suite their needs [15].
o Cost

o The MySQL system is open source and thus available to any user

to use as they please [16].
e Stability and Performance

o Before a new version of MySQL is launched, all the developers,
and communities around the world do months of intensive testing

on the new version. This increases the stability and performance

of the MySQL system [15][16].

e Fast and Reliable
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o The system is designed to be less complicated than the Microsoft
Structured Query Language (MsSQL) system, thus making it
much faster. By designing a system that is not very complicated,

it becomes much more reliable [15]{16].
Disadvantages:
e Features

o The MySQL system does not have the wide variety of tools
available, as compared to the MsSQL system [17].

e (Other components

o When using the MySQL system in a Windows environment,
other components have to be installed on that machine to be able
to use the MySQL database. One example is the MyODBC

Driver.

MsSQL

MsSQL is one of the world largest database systems on the market today. This
system provides several unique features and is used by leading companies

throughout the world.

MsSQL provides an Enterprise Manager system, which include several tools to
enhance the robustness of the system. The system’s advantages and

disadvantages are discussed below.
Advantages:
e Robust

o By providing stored procedures and other industrial-strength

features, MsSQL is very robust [17].
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e Tools

o MsSQL has an Enterprise Manager, which consists of several
features such as security management, database management,
data management, distributed transactions, scheduling,

connectivity to any ODBC source, etc [17].
e Security

o Because the Microsoft Corporation is very popular and used by
the majority of computer owners, its systems are constantly
under attack by hackers. The security system of the MsSQL
system is highly efficient in blocking such attacks and protecting

data.

Disadvantages:
e Complex

o The installation and operation of the MsSQL system is very
complex. It requires experienced technicians to install and

operate it [18].
e Platforms

o MsSQL is limited to only the Windows operating environment
[19].

e Cost

o The MsSQL system is not open source, as the MySQL system is,
and therefore has a price tag attached to it. This can be very high

depending on the product that is being purchased [20].
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2.5 Communication

Dial-up Networking

Dial-up networking can be described as a set of protocols and software, which,
when combined with an analogue modem, can connect a computer to an Internet

Service Provider (ISP), an online service, or a remote computer.

Dial-up networking has become one of the most widely used methods of
connecting to the Internet. By the year 2000 more than a quarter of a billion
users worldwide used dial-up networking. Here are some facts on dial-up

networking:

¢ By using a dial-up modem, and a single computer, the user can
connect to a network such as the Internet, with speeds of up to 56 kilo

bits per second (kbps).

e This speed depends on the bandwidth of the telephone system that is
being used, the quality of the telephone line, and Internet traffic load at

that time.

¢ Dial-up networking is one of the simplest ways to connect to the
Internet. The user only needs a telephone line, an analogue modem, and

a subscription to an ISP.

When the user initiates the process to create a dial-up connection to, say, the
Internet, the dial-up network on the computer tells the modem to dial the ISP’s

telephone number.

When this number is dialled, it is answered by another modem from the ISP.
Next, control signals are exchanged by the two modems, which will determine

what the connection speed will be.
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Once the exchange has been completed, the local computer will send the users
username and password to the ISP. On a successful authentication, the user will
have a connection to the Internet and will be able to browse the Internet,

download mail, etc.

This information has been obtained from references [21][22][23][24].

Digital Subscriber Line (DSL)

DSL is a very high-speed communication system that uses the same wires as the
telephone system [25]. The normal copper wires that the telephone system uses
have the capacity to carry more than the normal phone conversations. They can
manage a much higher bandwidth or a higher range of frequencies required by

phone conversations [26].

The extra capacity that these telephone lines provide is used by the DSL
communication system to transfer extra information without disturbing normal

telephone conversations [26].

By limiting the frequencies that are carried over these copper wires, the
telephone system can pack a large amount of wires into a very small space,
without worrying about interference between these lines. A system that needs to
transfer digital data rather than analogue data can use much more of the line’s

capacity.[26].

0 4KHz 3B5KHz 240KHz frequency

Figure 2.2: DSL frequency allocation [27]
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Figure 2.2 shows how DSL uses the current telephone line system’s frequency
to transmit data, and handle up and down stream requests. The telephone system
uses only the first 4 kHz. By using frequencies that are not used by the
telephone system, the DSL system can (by the use of a DSL modem) allocate

the unused frequencies to transmit data [27].
Here follow some advantages and disadvantages of DSL:

Advantages [25]:

® Once a connection to the Internet has been established it can be left

open, and one can still use the telephone line.

e The speed is much faster than that of a dial-up connection (1.5 Mega bits

per second (Mbps) vs. 56 kbps).
e DSL requires no extra new wiring; it can use old telephone lines.
e The ISP usually provides the modem required.
Disadvantages [25]:

® The shorter the distance between you and the ISP, the better this service

will operate, and conversely.
® Data can be received much faster than data that is being sent.

e The service is not available everywhere.

GSM

GSM is the standard throughout the world for cellphone communication. In
1982 a group called “Groupe Spécial Mobile” formed by the “Conference of
European Posts and Telegraphs (CEPT) started research on the merits of a

standard for mobile telecommunications [28].
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GSM was only commercialised in 1991. Whilst the dial-up network is analog,
GSM was developed as a digital system using Time Division Multiple Access

(TDMA) [28].

TDMA is a narrow band frequency, which is 30 kHz wide and 6.7 milliseconds
long, split into 3 time slots. Each conversation gets the radio for one-third of the
time. When voice data is digitised and compressed, it uses less transmission
space than the old analogue system. TDMA thus has three times the capacity of

the analogue system, with the same number of channels [28][29][30](31].

Figure 2.3 gives a generic layout of a GSM network. A GSM network can be

divided into three parts: Mobile Station, Base Station, and Networks Station.

The Mobile Station is carried by the user, which contains the Subscriber Identity
Module (SIM). The Base Station Subsystem controls the radio link with the

user.

The Nerwork subsystem, the main part of which is the Mobile Services
Switching (MSC), performs the switching of calls between the mobile service
and other mobile networks and fixed line network. This MSC also performs
certain - management tasks, such as authentication, location updating,

registration, etc {30][31][32].
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Maobile Station
—> | (MS)

Mobile Services Switching
Centre (MSC)

Network Subsystem

Base Station Subsystem

Figure 2.3: Simplified GSM network

The Mobile Station and the Base Station Subsystem communicate across the
“Um” interface, which is also known as the air interface or the radio link. The
Base Station Subsystem and the network subsystem communicate over the “A”

interface, which is managed by the Base Station Controller [32].

GSM operates in the 900 MHz frequency band (890 MHz — 960 MHz) in
Europe, Asia and Africa. In the Americas the GSM system operates in the 1.9
GHz frequency range [28][30][31]. GSM has a connection speed of 9.6 kbps.
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2.6 Web page design

PHP

Hypertext Pre Processor (PHP) is a scripting language based on the model of
pre-processing Hyper Text Mark-up Language (HTML) pages. PHP is very

similar to programming languages such as C, Perl and Java [33].

When programming in PHP, the segments of code are inserted into the HTML
code. The PHP code/functions can be called just like any other function in Java,
or C programmes. When the HTML page sees the code in Figure 2.4 below, the
pre-processor invokes the PHP engine and executes the PHP code that follows
[33].

<?php

some PHP code

>

Figure 2.4: PHP code encapsulation

PHP has the ability to communicate with a wide variety of databases. Native
drivers such as MySQL, Oracle, and Postgress can be used as well as the ODBC

component to access databases, and perform operations on them [33].
Advantages:
® Designed for the Web [34]

o Designed to handle heavy trafficked sites, and to simplify

common Web programming tasks.
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Ease of use [34]

o Enhanced productivity from development teams and significantly

reduced time-to-market of web applications.
Open Source [34]

o With the source code in hand and millions of experienced
programmers available to give free support, custom design is the

answer.
Cost [35]
o PHP is absolutely free. There are no hidden costs.
Cross Platform [36]

o PHP programmes run on Unix, most Linux distributions, and

Windows.
Speed([36]

o By using memory and not an overhead on the server, the speed of

PHP is very fast.

Disadvantages:

Case Sensitive[33]

o PHP scripting is case sensitive and some programmers might

find that annoying.
Error-Handling [33]

o Unlike ASP, C, and Java, PHP lacks event-based error-handling

instances, and exceptions.
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e Object Orientated Programming (OOP) [33]

o PHP was not designed to be an OOP language, but some of the
latest versions do include OOP, but there is no backward

compatibility for OOP to older versions of PHP.

Active Server Pages (ASP)

ASP is Microsoft’s scripting language for displaying dynamic web pages. ASP

programmers mostly use Visual Basic Script, and Java Script [36].

ASP.Net is the latest version of ASP. ASP.Net works with scripting languages

such as Periscript, Python, Java Script, and compiled languages such as Visual

Basic, C#, C and Cobal [33].

The new .Net framework uses Common Language Runtime (CLR). The ASP
code is compiled into a Microsoft Intermediate Language code, which the CLR

then executes [33].
Advantages:
e (Clean Design and Implementation [33]}

o Because Microsoft is a very big company with a lot of resources
at their disposal, the design is very simple and clean, and the

implementation of ASP is very easy.
e Object Orientated Programming [33]

o With language flexibility and sophisticated object-orientated

features supported, it is an OOP programmer’s dream.
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® Development Environment [33]

o Developers can use WebMatrix, a community-supported tool,
Visual Studio .Net, or various Borland tools to design, debug and

implement their code.
Disadvantages:
» Efficiency [33]

o ASP is very expensive in respect of memory usage and execution

time, due to the longer code path.
® Speed [36]

o ASP is Component Object Modelling (COM)-Based and
therefore whenever a COM-object is called or a database is
accessed, there is an overhead on the server, which reduces the

speed of execution.
® Cost [36]

o ASP.Net is a free software package, but the Windows operating

system is still required, which has a price tag.
® Platform [36]

o ASP.Net is bound to the Windows operating system, and the

Internet Information Server (IIS).

2.7 Preliminary design specifications

A careful investigation was done through sections 2.2 to 2.6. Each component
was researched in-depth and compared technically and financially in respect to

the final solution.
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Although certain components may be better in comparison with other
component, sometimes these components cannot be used in conjunction with
certain other preferred components. An example of is MsSQL, which is a very
good system when used in conjunction with ASP, but it is not as effective when
used with PHP (Not all functions available in PHP can be utilized in MsSQL,
but rather in MySQL).

Compiler

As mentioned in this chapter, the compiler that will be used is Borland Delphi.

Borland Delphi is very versatile and can be used without further costs.

Delphi also has the ability to communicate with nearly any database, which is a
requirement of this project. Furthermore it can, by using OLE, connect to

Microsoft Excel and Word. This can be used to generate the required reports.
Database

Choosing the database system was very easy, since the computer that would be
used for the global database was already running on Linux Mandrake. Secondly,
cost is a big factor when deciding on a system such as this, and in this case
MySQL is free whereas MsSQL is very expensive and can only operate on a

computer which is running the Microsoft Windows operating system.

Databases operate with a language called Structured Query Language (SQL).
With SQL, data can be inserted, modified, and extracted from these databases.
The tables within the database can also be created, modified and deleted with

SQL. SQL is the communication tool between any application and a database
[37].

Communication

The communication devices that are mentioned in this chapter all have their

advantages and disadvantages.
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DSL is the best option, because of its very high communication speed, which is
much higher than Dialup and GSM. DSL can also be used on existing telephone
lines, if they support DSL. If that is the case, then old telephone lines can be

used.

One drawback of the DSL system is that the farther you are from your ISP the
slower the system becomes. This is the same for the dialup system. GSM, on the

other hand, can be used anywhere where there is GSM overage.

DSL is also more expensive than some of the other systems that have been

mentioned.

Once the investigation into the mines’ communication system was complete, it

was concluded that the dialup option would be the best choice for this project.

The mines do not have adequate telephone lines to accommodate the DSL
systems, and the current fixed telephone provider, Telkom, does not plan to

upgrade these lines in the near future.

It was decided not to choose GSM, because of the huge amount of money
required to obtain GSM modems, and the cost of cell phone contracts on each

mine that would be monitored.

The mines all have normal telephone lines, and the connection speed is better

than the GSM system. For these reasons, the dialup system was chosen.
Web Page

For obvious reasons HTML will be used to design the body of the web page, but
PHP was chosen to design the web page, and handle the authentications and

database operations.

PHP was the natural choice because of the prior choice of the MySQL database

system. PHP can be used on a computer that is running on both the Linux
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operating system as well as the Microsoft Windows operating system, and it can

be acquired at no charge.

The ASP system simply cannot be used for the system because ASP.Net
requires Windows and because of the use of a Linux Mandrake computer on this

project.

~ S

.’ Dialup Connection
MySQL

http://www.future.com ‘

Il
|l

Microsoft Excel and

Word HTML and PHP Delphi

Figure 2.5: Five major components selected

Figure 2.5 depicts the five major components that were selected for the new

proposed system.

MySQL will be used for the data storage system. Dialup will be the
communication interface that will be used to transfer the data and information to
and from the databases. HTML and PHP will be used for the webpage to view

the results. The main application will be written in the development package
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Delphi and the final presentable reports will be generated from Delphi into
Microsoft Excel and Microsoft Word.
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CHAPTER 3 DEVELOPMENT OF A REAL-TIME
DATA MANAGEMENT SYSTEM

3.1 Preamble

The need for an automated data management system was described in Chapterl.
Also mentioned were the underlying constraints that this new system should be

able meet.

This chapter contains the detailed design of this new data management system.
The specifications are mentioned first, followed by the design. REMS Sentinel
was the name chosen for the new system. REMS was obviously used since it

will work with REMS, and Sentinel was chosen for no apparent reason.

3.2 Specifications

327 Qoeraltional environment

Before one can design a system such as REMS Sentinel to fulfil a specific
purpose, the environment in which this software will be used, must be fully

understood.

REMS Sentinel will be a software application of which one part will be placed
on a remote computer on a gold mine, and the second on a local computer that

will be in-house at the ESCO.

Certain channels and other applications must be available for this software

application to function optimally.

Figure 3.1 depicts a diagram of the operational environment of REMS Sentinel.
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Database Computer Mine Computer
REMS Sentinel — Local REMS System
(RSL)
)
(3)1 » Internet ‘ Local database : (1)
Global database REMS Sentinel — Remote
(RSR)

Figure 3.1: Operational environment of REMS Sentinel

From Figure 3.1 it can be seen that the following components listed below are

essential for the operation of REMS Sentinel:

1.) A Local MySQL database, where the information can be stored by the
REMS system, and on which REMS Sentinel — Remote (RSR), then

performs certain processes;

2) Methods for RSR to connect to the Internet in order to ultimately
connect to the central database, from where it will transfer the

processed data;

3.) A global database where the processed information can be stored via
the Internet, and which REMS Sentinel — Local (RSL) uses to generate

reports.

B g So/tware aes/grn requirements

As is the case for all software design, there are certain elements that have to be

carefully attended to for the software to be successful and fulfil its purpose.
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The following elements have been identified as being very important for the

REMS Sentinel system to function properly:

e The RSR application must be password protected and restrict
access by unauthorized users. This is because the software will run
on a computer to which users other than those assigned to monitor

the REMS system, will have access.

e The GUI for both the REMS Sentinel applications must be easy to
understand and logically spaced, thus enabling the user to do the

tasks more quickly.

e RSL should have all the required functionality to enable the user to

carry out all the tasks assigned to him/her.

e Both applications should be able to be maintained with very little

effort.
e Both applications should be stable, in particular RSR.

e Installation of both applications should be easy.

223 System oes/ign requiremernts

After a careful study of the existing manual system, (which the REMS Sentinel
system was designed to replace) the specifications of the new system were

drawn up.

The REMS Sentinel system will be designed to achieve the following:
® Access a MySQL database with queries.
e (reate a dial-up connection with a modem.

o Transfer data from one database to another.
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Calculate the electrical power used by the pumping system of a

mine for every hour.

Calculate the savings in Rand, as well as in MW, for the mine as

well as Eskom.
Calculate the load shifted during the afternoon peak.
Determine the number of times a pump was started per day.

Determine the percentage of the day that the specific pump was
on/off.

Calculate the availability of a specific pump during the day.

Generate a report that displays the electrical power profile for a

day.

Generate weekly reports that give sustainability and statistical

information on the REMS system, and of the mine equipment.

Generate reports that contain the average savings and load shifted

per day.

Generate Excel spreadsheets that contain daily electrical power
profiles, for each day selected, as well as their summations and

averages.

Generate a Word document that contains savings, and load shifted

history graphs, as well as a summary of the selected month.

Contain the functionality to carry out all the abovementioned

processes automatically.
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3.3 Design procedure

This new system must be designed in a specific order. For example, RSL cannot
be designed before RSR. This is because RSL needs the data that RSR

calculates, before it can generate any report.

In this section the design procedure will be explained as well as how the

different components where developed.

In Figure 3.2 a simple flow diagram is given that shows the design procedure

that was used to develop the REMS Sentinel.

Databases
* Local Database
* Global Database

|

REMS Sentinel - Remote
* Calculation System
*  Transferring System

!

REMS Sentinel - Local
Connection to database
Daily report

Weekly Report
Monthly Report

Excel Spreadsheet

Interface with Sentinel

MR R I e e

Figure 3.2: Design Procedure
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Databases

Two databases were required to form the complete data management system.
First of all the local database was designed. The existing computer on the mine
already had a database that was used by the REMS system to log data.
Therefore only a few more tables were needed in this database for RSR to place

the calculated data.
Local database

The first table that was created was the “pumpspowerconsumption” table. This
table contains a daily electrical energy consumption profile for each day. This
profile is divided into 24 hours, where each entry contains that specific hour’s

energy consumption for the pumping system.

Secondly, a table with the name “dailypumpinfo” was created. This table

contains statistical information for each pump in the pumping system.

The last table that was added was the “dailyinfo” table. Daily information on the
performance of the REMS system is contained in this table. This is the most
important table, because it contains all the load shift data, as well as the savings

data of that day.
Global database

The global database is where RSL is operational. This database must be a
replica of the three tables (“pumpspowerconsumption”, “dailypumpinfo”, and

“dailyinfo™) was added to the local database.

These tables must be able to accommodate the same information as the three
tables in the local database. RSR then transfers this information to the local

database.
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REMS Sentinel — Remote

After the two databases where updated and created, RSR was designed. As
mentioned before, RSR must be designed after the databases, and before RSL.
This is because RSR needs the data in the databases to perform certain
calculations, and RSL needs that calculated information from RSR to generate

reports.
Calculation system

There are a number of calculations that have to be performed by RSR to obtain
the required results each day. The first calculations that are done are to
determine the amount of electrical energy that the pumping system used in each
hour of the specific day. This has to be done first, because the energy profile is

used to calculate the savings, and the load shifted.

These hourly energy consumption values are then placed into the

“pumpspowerconsumption” table in the local database.

Once the energy profile is available, the load shifted can be calculated. The
original energy profile prior to the installation of REMS (called the Baseline) is
compared with the energy that was actually used during the peak hours for that
day, and the difference between these two figures is the load that was shifted.
(The Baseline profile is usually the average of the energy consumption over a
period of three to six months prior to the installation of any energy management

intervention.)

Again, by using the Baseline profile and the actual energy consumption profile
that was calculated, a cost saving for that day can be obtained. Both the load

shifted and the savings so calculated are then inserted into the “dailyinfo” table.

The last two sets of calculations are the statistical and sustainability

calculations. Statistical information on the pumps is extracted from the local
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database, and the results are placed into the “dailypumpinfo” table in the local

database.

The sustainability information concerns the REMS system, and its performance
on an operational level. For example, this would refer to the time that REMS
was on automatic control, on schedule, or switched off. The results are again

inserted into the “dailyinfo” table.
Transferring system

Only when all the calculations have been done, can the information be
transferred. The transferring system selects the data from the
“pumpspowerconsumption”,  “dailyinfo”,  “dailypumpinfo*, and  the

“operatoraction” tables.

After the information has been selected, the transferring system creates a dialup

link to the global database, and transfers this data.

This creates replicas of the calculated data on the global database. Once this has
been accomplished, RSL can use this information to generate reports and

analyse the information.

REMS Sentinel - Local

Only once both the databases were created, and RSR designed; can the RSL
system be developed. All the reports that RSL can generate are independent of

each other, and can therefore be designed in any order.
The following reports were designed:

® Daily report

® Weekly report

® Monthly report
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e Excel spreadsheet summary
e Savings report in MS Word

Other functions were designed in RSL, which are also independent of each

other. Here are some examples:
e Checking the average load shifted over period
e Checking whether current data in the global database is correct

e Viewing all operator actions logged

Interface with REMS Sentinel

Two web pages were designed to display the calculated data for users that do
not have access to RSL, or when the user is not at the same location as where

RSL is.
Web page

First, a method was developed to ensure that only authorised users can access

this web page.

The cost savings pages were then designed to display the savings for any
selected time period chosen by the user. The load-shifted pages were designed

in the same manner. These pages can be seen in Appendix C.
WAP page

The WAP page was designed to function very similarly to the Web page, but the
WAP page had to fit on to the screen of a compatible cell phone. Furthermore,
the WAP page was designed so that the user could receive averages and totals

over predefined periods.

The WAP page display can be seen in Appendix D.
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3.4 Detail design of Sentinel

347 MySCL darabase

Local database

A Database is required by the REMS system to record data of the pumping
equipment on the mine. For this purpose a local database was installed on the
computer where the REMS system is operational. The information in this
database will then be used by RSR to calculate the information that is required

to monitor the mine.

8) dailyinfo 7) dailypumpinfo 3) damlevelvalve
global global datetime
datetime datetime description
load6to7 description schedule
load7to8 startups status
avgloadshifted utilizationperc opendamlevel
onautocontrolperc availabilityperc closeddamlevel
onscheduleperc
onschedulepeakperc
savings
2) pumpgroups
1 umps datetime

. datetime controlmode
g)—"w'w description dsmpreperationtime
datgume global dsmcontrollevel
action status upstreamdamlevel
operator availability downstreammaxdamlevel
reason downstreammindamlevel

description
5) smsl o
6) pumpspowerconsumption Ezﬁf‘fg S"I']"Stat“s
global et v edulfe -
datetime recipient sumavailability
smstype leveltag

powerused message upperbound

Figure 3.3:

Local database tables.
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Figure 3.3 gives a representation of the tables in the local database. A

description of each table will be given, as well as its primary purpose:

1. Pumps — The pumps table contains information regarding each individual
pump. The pump name, the on/off status, the availability, and the time at that

specific moment, are logged for each pump in the system.

2. Pumpgroups — In Figure 1.3 it can be seen that a typical mine pumping
system has a number of pump groups. The “pumpgroups” table contains all the

data of each pump group.

3. Damlevelvalve — All information regarding the valves between dams, are
logged into this table. The valve name, status, schedules, and the dams

connected by the valve’s levels are also logged.

4. Operatoraction — When REMS is shut down for any reason, the operator

must document this reason, as well as his/her name.

5. Smslog - Built into REMS is a SMS tool, which sends a SMS to an operator

in the case of certain events. The details of each SMS is also logged.

6. Pumpspowerconsumption — RSR uses the information in the Pumps table to
determine the power consumption for all the pumps for each hour per day. This

data is then placed into the “pumpspowerconsumption” table.

7. Dailypumpinfo — RSR calculates statistical information for each pump. The
pump name, the number of start-ups per day, the percentage use, and the

availability percentage per day is calculated and logged into the database.

8. Dailyinfo — This is the most important table for REMS Sentinel. REMS
Sentinel calculates the load shifted during the two peak hours, and determines
the average load shifted for that day. The savings for each day is also calculated

and placed into the table.
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Other information includes the percentage of the day that REMS was on
automatic control, the percentage of time that the pumping system was on
schedule with REMS, and the percentage of time that the pumping system was
on schedule with REMS during peak hours. All of this information is placed

into the database.

All the tables have a field named “global” in them. This is used when
transferring data to the global database. When data is logged into the local

database, the value of the global field is nil.

When the relevant entry has been successfully transferred to the global database,
the value of the “global” field is set to one. This ensures that duplications of the

database entries are blocked.

Global database

RSL requires certain information in order to generate a report, and to determine
the load that was shifted and the actual savings that were achieved for each day
and month. The global database is used for this purpose. Once a day, RSR
connects to this global database to transfer information to it from the local

database.
Figure 3.4 depicts the global database.

The three database tables that are represented in Figure 3.4 are replicas of the
same database tables in Figure 3.3, except that the ‘“global” field has been
removed. Since a description of these tables has been given, only an

abbreviation of what the tables are being used for will be given below:

1. Dailyinfo — This table will mainly be used for the load shift, and savings
reports. A secondary purpose for this table is for the sustainability reports. The

time that REMS was on auto control, etc will be incorporated into this report.

Confidential 48



DEVELOPMENT OF A REAL-TIME DATA MANAGEMENT SYSTEM

1) dailyinfo 2) dailypumpinfo
datetime datetime

load6to7 description

load7to8 startups
avgloadshifted utilizationperc
onautocontrolperc availabilityperc
onscheduleperc

onschedulepeakperc

savings

3) pumpspowerconsumption
datetime

powerused

Figure 3.4: Global database tables.

2. Dailypumpinfo — As mentioned above, all information regarding the pumps
is calculated from the pumps table in the local database, and placed into this

table. The information is mainly used for the statistical report that RSL

generates.

3. Pumpspowerconsumption — This table’s information is used in the monthly
reports on load shift, as well as the cost savings report where the selected

month’s energy usage profile is used.

No calculation is done on the global database. Its only function is to provide

information on the reports that can be generated.
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242 REMS Sentine/ Remote (RSR)

Calculation system

The calculation system consists of a number of components that are used to
obtain the required results of each day. The calculation process is performed in a

specific order.
Figure 3.5 shows the calculation order of the calculation unit.

Firstly, the electrical power used by each mine pump during each hour must be
calculated. Next, the total electrical power usage per hour for all the pumps can
be calculated. When the power used per hour for the day is calculated, the

system can calculate the load shifted for that day.

Once the system has the power consumption of the mine pumping system, the

savings in Rand that the mine has achieved for that day can be calculated.

Next, the sustainability calculations are carried out. Firstly, the percentage of
time that the REMS system was on “auto control” is calculated. The percentage
of time of the day that the REMS and the mine pumping system was on
schedule is then calculated, and the percentage of time that REMS and the
pumping system was on schedule during the afternoon peak hours is also
calculated. The statistical information on the pumping system is then calculated.
The number of times that each pump in the system was started during that day,
the percentage of the day that the pump was on, and the percentage of time that

each pump was available to be started, is calculated.
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Figure 3.5: The calculation order of the calculation unit

Below is an in-depth description of each calculation unit.

Electrical power used each hour by a certain pump

To calculate the electrical power used during each hour, the individual electrical

power consumption of each pump in the mine pumping system is required.
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By supplying this component with the hour of the day, as well as the specific
pump that is under consideration, this component uses a SQL query to obtain

the specified pump’s information for that hour from the local database.

By calculating the time that this pump was on during that hour, and the rated
power consumption of that pump, the power consumption for that pump in that

hour is calculated and returned to the component that follows.

Electrical power used each day

Now that the system has the individual power consumption of the different
pumps, the system can calculate the total electrical power consumption for each

hour of the day.

This component recalls the previous component for each pump and each hour of
the day. The results are added together and the system then obtains an electrical

power consumption profile for that specific day.

The product of this calculation is placed into the “pumpspowerconsumption”

table in the local database using SQL queries.

Load shifted during the afternoon peak

Once the system has the power consumption profile for the day, the system can

easily calculate the load shifted during that day.

This component uses the base load profile of the specific mine and the power
consumption profile obtained in the previous component, and subtracts the
actual power consumption from the base load profile for the peak hours. The

result is the difference in electrical power usage during the peak hours.

The base load is an electrical power profile for the specific mine provided by
Eskom. As mentioned before, the base load is used to calculate whether the

correct load has been shifted.

The value of the load shifted is then placed into the “dailyinfo” table in the local
database using SQL.
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Savings each day

To calculate the savings due to the REMS system, this component requires the
price profile for the specific day as well as the power consumption profile for

that day.

Eskom uses different price profiles for Weekdays, Saturdays, and Sundays.
These profiles also differ for summer and winter months. (June, July and
August are classified as winter months and the rest of the year is classified as

summer months).

o Firstly, the total energy for the specific day is calculated, as well as the

sum total of the base load.

e A scaling factor is then calculated by dividing the total energy by the

total base load.

¢ The hourly base load profile is then multiplied by the scaling factor. This
is done in order to scale the base load to the power consumption profile
so that they exhibit the same energy use. (If the base load were not
scaled, then the savings would appear to be much higher than they

actually are).

Next, for each hour, the base load for that hour is subtracted from the power
usage for that hour. The result is then multiplied by the price profile for that
hour. The final result is the saving for that hour. This is done for each hour, and

finally each hour’s savings are added to obtain the final cost saving for the day.

The saving for the specific day is then placed into the “dailyinfo” table in the
local database, with SQL.

Percentage on auto-control for day

When the term “auto-control” is used, it means that REMS was controlling the

pumps without any human assistance. Manual-control is when REMS provides
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schedules indicating which pumps should be on, but does not itself switch them

on or off.

To calculate the percentage of a certain day that REMS was on auto-control this
component selects information for that day from the “pumpgroups” table in the

local database. This is done with SQL queries.

The component then checks for what time intervals REMS was on auto-control,
and adds all these intervals together. The result is a time, which 1s then divided

by the number of minutes in a day, and a percentage is obtained.

This percentage gives the user an indication of the time that REMS was on auto-

control. The value is placed into the “dailyinfo” table in the local database.

Percentage on schedule for day

This calculation is very similar to the previous one. REMS gives a schedule for
each pump group, which prescribes how many of the pumps in that pump group

should be on.

To be on schedule means that the number of pumps per pump group that REMS

suggested should be on, are actually on.

This component selects data from the “pumpgroups” table in the local database
for a specific day. From this information this component checks and adds the
time intervals in the day that REMS was on schedule. This is then divided by
the number of minutes in a day, thus obtaining the percentage that REMS was

on schedule during that specified day.
The result is then placed into the “dailyinfo” table in the local database.

Percentage on schedule in peak hours

This component is very similar to the previous one. This component only
calculates the percentage of the time that REMS was on schedule in the

afternoon peak hours of that specific day.
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This directly relates to the load that was shifted for that particular day.

Number of start-ups per pump

A few statistical calculations are also carried out for maintenance purposes. The
first of these is to calculate the number of times that a specific pump in the

pumping system was started during the day.

The status of each pump during each logging interval is logged into the database
by REMS. Thus, when a transition from “off” to “on” occurs for a pump, it
means that that pump was started. This is checked for each pump in the

pumping system, and all the start-ups are added together for a day.

Utilization of each pump per day

Utilization of each pump per day refers to the percentage of a day that a pump

was pumping.

This is easily calculated from the database. By adding all the time intervals that
the specific pump was “on” for a day, and dividing that by the total minutes in a
day, a percentage value that represents the percentage utilization for that pump

can be obtained.

Availability of each pump per day

The last of the statistical calculations determines the availability of each pump

for the day. This is also calculated in a “percentage time” value.

The calculation only checks if the pump was available when the pump was not
actually running. This is necessary because a pump cannot be switched on when
it is already on, and thus it does not count as an available pump. Again, the time
intervals that the pump was available are then added and divided by the total
number of minutes in a day. This provides the availability percentage for that

pump for the day.

When the promised load was not shifted on any specific day, the operator can

check the availability of each pump to see if there were enough pumps to start
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for the pumping of water during off-peak periods, in order to switch them off

during the evening peak.

This completes the calculation system. All this is done once on each day, and

the processed data is then handled by the transferring system.

Transferring System

Transfering Unit ]
A

a
Dailyinfo ]
"
»
DailyPumplinfo ]
A
PumpPowerConsumption
OperatorAction ]
\

Figure 3.6: Transferring unit

Figure 3.6 depicts the transferring unit’s structure. This figure shows the order

in which the specific table data will be transferred.

A connection is made to the global database and the data is selected and then
transferred. After this, the data that was transferred is marked in the local

database so that it is not transferred again.
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Creating connection

A connection must first be made to the global database. Different connections
can be made. A dialup connection is the most commonly used connection. Other
connection methods are through a LAN. A selection can be made of the type of

connection method that will be used.

When using the dialup connection, the connection unit dials to an ISP, which
connects to the Internet. When this connection is completed, the application
connects to the global database through the Internet by means of a Domain
Name Service (DNS) Alias. This an Internet address at the global database on
the LAN in the company.

The same principle is used when connecting by means of a LAN. In this case
the application connects to the Internet through the LAN, and not the dialup
connection. This means that the LAN is permanently connected to the Internet
through an ISP. The rest of the procedure is the same as with the dialup
connection. When connecting to the Internet, the application connects to the

global database by means of the DNS Alias address.

Selecting data

Once the connection to the global database has been established, the apphcation
starts to select the data that has to be transferred to the global database with the
use of a SQL query. A system is in place to make sure that data is only sent

once to the global database. This will be further explained below.

Only data that has nor been transferred previously is selected. This is done for
each table that contains data that must be transferred. After each table’s data has

been selected, 1t is transferred. The transferring process is as follows:

Transferring data

Transferring the data is very simple. If a connection to the global database is

made, the application can connect to the global database. Thus by executing a
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simple SQL query that contains the correct data, the data can be inserted into the

global database.

This is done for each table. When a table’s data has been transferred, the data

must be marked so that it will not be transferred again.

Marking data
The data is marked one entry at a time. This means that after the entry has been
successfully transferred, it is marked in the database. An extra field exists in
each table that contains data that will be transferred. This field contains the

number zero or one.

When the number is zero it means that the entry has not been transferred, but
when the number is one the entry has been transferred, and will not be selected

or transferred again.

This concludes the design of RSR. Following is the design of RSL.

343 REMS Sentine/ Local (RSL)

Connecting to database

RSL connects to the local database (where the local database is located on the
same LAN as RSL), thus no connection through the Internet is required. A

connection is established over the LAN to the local database.

Daily Report

The daily report consists of a graph that compares the power used for each hour
of the day and the calibrated baseline. Also, the load shifted for that day, as well

as whether the load not shifted was condonable* or not, can be seen.

*Condonable means that a reason can be used to substantiate why load was not shifted for that specific incident.
Condonable could for example be that some punips where broken and the REMS sysiem could not utilize all the pumps
to shift the required load.
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The daily power used profile for each hour is obtained from the global database
by means of a MySQL query. RSR has transferred this. The base load provided
by the operator is then taken and the sum is calculated. This is also done for the
power used profile. Next, a scaling factor is calculated by dividing the total

power by the total base load.

The base load has to be calibrated so that the cormrect load shift can be
calculated. By using the scaling factor and multiplying each hour’s value of the

base load, a new calibrated base load for that day must be calculated.

The power used profile for that day, and the new calibrated base load, is then

added to a graph.

The load shifted is then obtained from the local database, and added to the

report.

Lastly, the application checks if the day’s load shifted was condonable or not,

and this is added to the report as well as the reason if any was provided.

Figure 3.7 shows a typical report, where the red line represents the actual power

used profile, and the blue line the calibrated base load profile.
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HVAC INTERNATIONAL
DAILY REMS PERFORMANCE REPORT

14,000 = Energy

Elandsrand - 12-Oct-2004 _Bmuml

12,000

10,000

kw

8,000
5,000 -

4,000

01 2 3 456 7 6 9101 121314151617 1819 20 21 2 23

Hour
Load Shifted :
MW during 18:00 - 19:00 5.568
MW during 19:00 - 20:00 3.957
Avg. MW during DSM time 4.762
Failure Type :
Condonable Not Condonable None

Figure 3.7: Daily report for Elandsrand mine on 12 October 2004

Weekly Report

The weekly reports primarily consist of two types of reports. The first report is

the “sustainability report”, and the second the statistical report™.

The “sustainability report” consists of data regarding the status of REMS.
Figure 3.8 shows a typical sustainability report for Elandsrand mine from the 3™

to the 117

October 2004. The percentage on schedule could be so low because
the pump operator still have the ability to put a pump on manual as this

overrides the control by REMS. If the pump is suppose to be off, but the pump
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operator deems it necessary to have the pump pumping, REMS will notice this.
The data logged will then show that the REMS system was not on schedule.

Every time something is not as REMS wanted it it is marked as not on schedule.

All the information contained in this report has been obtained from the
“dailyinfo” table in the local database. The percentage of the times that REMS

was on auto control, and on schedule during the peak hours, can clearly be seen.

The data was selected and transferred from the database by using specific SQL

queries.

The “statistical report”, on the other hand, contains data regarding the clear
water pumping system of the mine. Figure 3.9 shows a statistical report for

Elandsrand mine from the 3™ to the 11™ of October 2004.
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HVAC INTERNATIONAL

REMS Sustainability Report

Elandsrand
From : 3-0ct-2004

2 s S 11-0Oct-2004
% on Auto Control % on Schedule % on Schedule{peak periods)
Total Period : 92.07 19.33 31.57
Date Day % on Auto Control % on Schedule % on Schedule{peak periods)
3-0Oct-2004 Sunday 92,35 21.11 36.67
4-0ct-2004 Monday 99.86 25.28 36.67
5-0ct-2004 Tuesday 100.00 18.61 36.67
6-0ct-2004 Wednesday 92.91 18.94 36.00
7-0ct-2004 Thursday 100.00 21.50 34.67
8-Oct-2004 Friday 100.00 18.78 34,00
9-0ct-2004 Saturday §9.98 17.63 35.33
10-Oct-2004 Sunday 7846 18.36 31.50
11-Oct-2004 Monday 75.09 13.75 2.67

Figure 3.8: Sustainable report for Elandsrand mine (3™ to 11" of
October 2004)
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HVAC INTERNATIONAL

REMS Statistical Report

Elandsrand
From : 3-0ct-2004
T 11-Oct-2004
Pump Start-Ups Utilization (%) Availability (%)
P100-1 50 16.04 100.00
P100-4 96 35.29 100.00
P100-5 93 32.74 100.00
P100-3 57 72.14 100.00
P75-1 96 43,50 100.00
P75-2 0 0.00 100.00
P75-3 95 54.01 100.00
P75-4 i 0.02 100.00
P75-5 95 45.17 100.00
P75-6 92 58.57 100.00
P52-1 109 53.95 100.00
P52-2 < | 2.49 0.00
PS52-3 106 58.09 100.00
P52-4 105 58.01 100.00
P52-5 106 55.04 100.00
P29-1 72 52.79 100.00
P29-2 0 0.00 100.00
P29-3 58 32.24 100.00
P29-4 72 57.31 100.00
P29-5 69 51.84 100.00

Figure 3.9: Statistical report for Elandsrand mine (3" to 11" of
October 2004)

The information was selected and transferred to the report template from the
“dailypumpinfo” table in the global database. The statistical data from the week

for each pump can be seen.
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Monthly Report

The user can chose to generate one of two possible monthly reports. The first is
the general Monthly Load Shifted and Savings Report. This report can be seen
in Figure 3.10.

HVAC INTERNATIONAL
Monthly REMS Report

Elandsrand
From : 1-Sep-2004
To: 30-Sep-2004

Includes Condonable Days Excludes Condonable Days

Load shifted (MW):

Monthly Average per day: 2.991 MW
Savings (R):
Monthly Total: R 22196.75

Figure 3.10:  Monthly load shifted and savings
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The operator has the option to either include or exclude the condonable day’s

data. (Figure 3.10 includes the condonable day’s data.)

The second report is the Monthly Cost Savings Report, which is generated and
converted to Microsoft Word format. A monthly cost savings report can be seen

in Appendix A.

The Cost Savings Report consists of mainly three things; the monthly savings
for the previous eight months in tabular format, the monthly savings in bar
graph format, and a graph containing an average power used profile against an

average calibrated base load profile.

The monthly savings totals were calculated from the database and a Microsoft
Word document is automatically created by the application. The total savings

are then inserted into a table for the appropriate months.

After this a Microsoft Excel worksheet is automatically created. The same
monthly savings totals are then inserted into the spreadsheet. This is then used
to automatically create a chart in the spreadsheet. The chart is then copied from

the spreadsheet and pasted into the word document.

Similar to the savings procedure that was used to insert the data into the word
document, an average monthly load profile is calculated for the month under
consideration. This, as well as an average calibrated monthly base load, is then
exported into another Excel spreadsheet. Here another line graph is created

automatically and copied into the Word document.

Other information regarding the REMS project and the mine in question is also
inserted automatically into Word documents. Finally, the Word document is
displayed and the user can save the report. All connections from the application
to Microsoft Excel and Word are then closed. The document is still open for

further editing should the user deem this to be necessary.
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Excel Power Usage Summary Report

The Excel Power Used Report contains all the days of the specified month’s
hourly power used profiles. The total power is calculated, and the average

power used per day for the month is obtained.

Appendix B displays an Excel Power Used Summary Report. This report only
shows a weeks data. The columns are the day of the week starting on Monday,

and the rows is the power consumption for each hour of the day.

The “power used” profile for each day is selected and transferred from the
“powerused”’ table in the local database to a matrix in the application. This is
done for each day of the selected month. The matrix is then exported to an

automatically generated Excel spreadsheet.

The “Total” and “Average” power per day is then calculated in Excel by the

application. The Excel spreadsheet can then be saved by the operator or user.

Other functionalities

RSL also has a “View Other” function that the user can use to his/her benefit,
and to further enhance the benefits of the load shifted and the savings that the

mine achieves.

Check current average load shifted

At times the need arises for the user/operator to determine the average load

shifted for the current month.

Figure 3.11 depicts this part of the application. The user can select an option to

either include or exclude condonable days.

The load that was shifted for each day is selected from the “dailyinfo” table in
the local database. If the option was selected to include condonable days, all the

days in the selected date range are used. If the option was selected to exclude
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them, the application checks whether the current data that has been selected was

condonable, and if so, then that day’s load shifted is not added to the total.

The selected day’s load shifted is then added together, and the average is

calculated. This is then displayed for the user to see, as seen in Figure 3.11.

Calculate Load Shifted

Start Date:
f2004z‘10,’01 L{ (¢ Inc Condonable days
Stop Date:

o s " Exc Condonable days
|2004/10/15 vl

Total: Avg:

[22.24 [1.59

Calculate

Figure 3.11:  Calculating the current total and average load shifted.

Check daily data

There are certain reports that must be generated for Eskom. At the end of each
month these reports confirm the actual load shifted, and the savings for that
month. Before these reports can be generated, the user/operator must make sure
that all the correct reasons for the condonable days have been provided, and that

all days that are condonable are marked as such.

The user specifies the month and the year. The application will then select all
the days in that specific month that occur in the data base, and display them as

seen in Figure 3.12.

The user can then see what the current status is of every day of the month. If he
suspects that the data for any day is incorrect, he can refer to the daily report

generation tool, and amend that day’s information.
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12-Oct-2004 3.050
13-Oct-2004 1.229
14-0ct-2004 1483
15-0ct-Z004 1.895

-
| Chack All Days Data — ; : =%
Month |[October ~|  vear |2004 'J Get l
Date | Load Shifted | Condonable | Reason |
1-Oct-2004 3.024 o
2-0ct-2004 3.704 o
3-Oct-2004 -1.236 4 Breakdown
4-Cet-2004 2923 0
5-Oct-Z004 1914 ]
6-0ct-2004 -0.744 1 Ereakdown
7-0ct-2004 2.399 1]
i | 8-0ct-2004 1.522 o
9-Oct-2004 2.230 1]
10-Oct-2004 1.559 1]
11-Oct-2004 -0.816 S Breakdown
o
o
o
1]

Figure 3.12:  Check daily data for Tshepong mine for October 2004

Check operator action

Before a day’s missed load shifted can be classified as condonable, the
user/operator must have a very good reason. Commonly the user/operator would
give the specific mine a telephone call, and asks the operator if anything went
wrong on that day. If it was an “Act of God”, then that day’s load shift was
condonable. (If, however, a missed load shift opportunity was not condonable,
then that means that the penalty clause of the Eskom contract will come into

effect).

Furthermore, the user can use the function available in the application to see
what operator actions were logged into the database. In Figure 3.13, for
example, details of all the operator actions for the month of October 2004 for

Elandsrand mine are given.

The user specifies the month and year of which he/she wants to see the operator

actions.
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The application then selects the data from the “operatoraction” table in the local

database. This is then displayed for the user to see, as shown in Figure 3.13.

& Operator action’s : Yol
Month |Octobes vi Year ‘]m v! Get |
Date ] Time ] Operator ! Action | Reason
1-0ct-2004 223341 fred ShutDown Up "Reason for ShutDown" 71 level hot dam empiy"
3-0ct-2004 07:30:20 Betty ShutDown Up "Reason for ShutDown™,"To sheck the cable
30ct-2004 133318 Gemit ShutDown Up "Reason for ShutDown","Pumps does not start on 52 level"
4-0ct-2004 052503 Betty ShutDown Up "Reason fior ShutDown™,"B module tipped”
B-0ct-2004 10:18:08 Genit ShutDown Up "Reason for ShutDown","Faulty pump on 100 level"
6-0ct-2004 11:03:41 Gemt ShutDown Up “Reason for ShutDown","Faulty pumps on 100 level"
B-Oct-2004 11:04:07 Gemit ShutDown Up “Reason for ShutDown","Faulty pumps on 100 level"
6-0ct-2004  13:09:00 Gerit ShutDown Lp "Reason for ShutDown" R.T.P.Contral
9-0ct-2004 07:51:27 Gemt ShutDawn Up "Reason for ShutDown'
9-0ct-2004  22.21:.08 Gemit ShutDown Up "Reason for ShutDown™,"100 | evel dams lower than 32%"
10-0ct-2004 11:57.03 fred ShutDown Up "Reason for ShutDown","shaft work to commence"
11-0ct-2004 130301 fred ShutDown Up "Reason for ShutDown" “artisans work on 52 lewel water colm™
120ct-2004 16:42:34 Anton Prinsloo ShutDown Up "REMS Il Suport - Working in REMS 11"
13-0ct-2004 1358:37 Betty ShutDown Up "Reason for ShutDown"”,"For megaflex”
13-0ct-2004 155952 Betty ShutDown Up “Reason for ShutDown" Megaflex

Figure 3.13:  Operator actions for Elandsrand in October 2004.

3.5 User interface with Sentinel

REMS Sentinel also provides web pages to other persons, e.g. management, that
would like to see certain information concerning their mine. These persons can
contact the REMS team so that they can be given access to the website. Such

access to data will only be given to mines for which they are responsible.

There are two options for the user to use. The one is a normal web page that can
be viewed with the use of a computer and the Internet. The second requires a
Cell phone with Extended Hyper Text Mark-up Language (XHTML) browsing

capabilities.

257 REMS Sentine/ Web page

Appendix C contains 4 figures representing the REMS Sentinel Web page. The

Web page is split into 2 main parts. The first part contains the Savings pages,
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and the second the Load Shifted pages. This web page is composed from HTML
and PHP.

The data is retrieved from the local database through the Internet. A DNS alias

is used to connect to the global database, and SQL selects and transfers the data.

Figure C.1 gives a representation of the login page of this web site. The user
must enter a username and password, and select a mine to access. The user must

therefore have been given access to the mine whose data he/she would like see.

Figure C.2 shows the options that are available to the user. He/she can check the
load shift daily, weekly, and/or monthly. The savings achieved for the same

period can also be viewed.

Figure C.3 shows the screen that would appear if the user selected to view the
savings for the month of October 2004. The total savings, as well as a daily

average, will appear.

In the last figure, Figure C.4 we see the load shifted for October 2004 for the

Elandsrand mine.

352 REMS Sentine/ Ce/ll phone Web page

In Appendix D shows the Web site designed for the Cell phone. This website

has very similar functionalities to the previous one.

As for 3.5.1, the user must have a valid username and password to be able to

access any information contained on this website.
Figure D.1 shows the login page. A username and password must be provided.

Figure D.2 gives the mine selection page. The user must now select the mine

whose data he/she would like to view.

Figure D.3 depicts the options page. The user can select to see a savings

summary, or a load shifted summary.
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Figure D.4 shows the savings for the last seven days, as well as the last 31 days.

Figure D.5 is very similar to that of Figure D.4. It provides an average load

shifted for the last seven days, and the last 31 days.

The date is specified in both the savings and load shifted pages, so that the user

can define the period that is being studied.

3.6 System reliability and risk assessment

Certain precautions have been designed in to prevent malfunctioning.

367 Power 1ai/ure

If a power failure occurs, the computer on which the REMS system, as well as

RSR is installed, will be able to operate until the power is returned.
An Uninterrupted Power Supply (UPS) is supplied to the computer.

In the event that the computer is restarted, the REMS Sentinel application is

added to the computers start-up menu and will therefore automatically restart.

362 Sentine/ Soltware crash

REMS Sentinel is used daily, and therefore in the event that the application
freezes, the user/operator will quickly see that something is faulty, and restart

the computer.

This will cause a delay of a day on the arrival of the data at the global database,

but no data will be lost.

363 Unab/e fo connect ro 0z/36ase

In the event that REMS Sentinel cannot connect to the database to perform its
calculations or when transferring data, the system will not crash due to certain

precaution taken in the applications code.
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The application will still continue, as if no data was obtained. The result will be
that the user will not receive any information, or only certain information. The
user must then check if the database is running, or if the settings in REMS

Sentinel have been changed.

I8 4 Unable to make mternet connect/on

When RSR cannot connect to the Internet through dialup, the application is
programmed to try again every 10 minutes for another two hours. If that does
not work, then the application stops trying, and the user will see during the

following morning that no data has been transferred.

He/she must then perform the necessary procedures to correct the problem.

365 mternet connect/ion breaks adowrn

When RSR is busy transferring data from the mine to the global database, and

the connection to the global database disconnects, the data will not be lost.

As mentioned before, a marking system is in place to ensure that the application

can see whether the data has been transferred or not.

MySQL also has a handshaking procedure whereby the database that is
receiving the query tells the sender of the query if the query has been executed
successfully or not. If the query was nor executed successfully, then the data
will not be marked in the database. This procedure then insures that no data is

lost.
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CHAPTER 4 VALIDATION OF THE SYSTEM:
CASE STUDY

4.1 Introduction

To prove that this new system can fulfil its designed purpose, it was
implemented on three existing mines where REMS was already operational. On

these mines the system was tested to its full capability.

The results were checked during each day, and compared with the manually
calculated results, both for accuracy as well as for speed. Several ‘bugs’
surfaced during this period and these where corrected in order to ensure that the

new system functions reliably.

The information provided by REMS Sentinel was compared with the
information that was calculated manually on a daily basis. A trial period of two

weeks was used to compare these results.

The weekly average power consumption profile provided by REMS Sentinel was
then plotted against the weekly average profile provided by the manual
calculations. The comparison of the load-shifted figures were the most
important, since these determine whether contractual obligations have been met.

Lastly, the savings calculated by the two different systems were also compared.

4.2 Case Studies

427 Weekly energy profile

Six figures are provided below containing weekly average energy consumption

profiles of both REMS Sentinel and the manually calculated system. Each graph
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compares the profile of REMS Sentinel with that of the manually calculated

information.

Figure 4.1 and 4.2 represent a comparison for the Tshepong mine. Figure 4.3
and 4.4 depict the results obtained from the Kopanang mine. The last two

figures, Figure 4.5 and 4.6 give the information of the Elandsrand mine.

In Table 4.1 the differences between the REMS Sentinel and the manually
calculated values is shown. The manual system was used as the base to calculate
these differences. Since the actual loads at all three mines are in the order of 3

mW, (i.e. 3000kW) these differences are insignificant (less than 0.5%).

Mine First week (kW) Second week (KW)
Tshepong 2.7044 0.2292
Kopanang 17.904 3.1149

Elandsrand 3.3094 0.4129

Table 4.1: Weekly differences in kW for each mine.

The graphs below show both the manually calculated values as well as the
values calculated automatically by REMS Sentinel .There are slight differences,
and these are due to the fact that the manual calculation system rounds-off the
hourly energy consumption values to the nearest integer. REMS Sentinel system,
however, calculates these values to the 4" decimal. Thus the REMS Sentinel

system is far more accurate.
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Tshepong 1 -7 October 2004
8000 T e e .
__ 7000
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Figure 4.1: Average weekly energy demand for Tshepong’s clear water
pumping system (1st to 7th October 2004)
Tshepong 8 - 14 October 2004
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Figure 4.2: Average weekly energy demand for Tshepong’s clear water
pumping system (8th to 14th October 2004)
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Kopanang 1 - 7 October 2004 !

W Sentinel |
| | m Manual |

kW (Energy Demand)

Figure 4.3: Average weekly energy demand for Kopanang’s clear water

pumping system (1st to 7th October 2004)

Koponang 8 - 14 October 2004

| | @ Sentinel
| | ® Manual

kW (Energy Demand)

Figure 4.4: Average weekly energy demand for Kopanang’s clear water
pumping system (8th to 14th October 2004)
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Elandsrand 1 - 7 October 2004
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Figure 4.5:

water pumping system (1st to 7th October 2004)

Average weekly energy demand for Elandsrand’s clear

16000 -
14000

Elandsrand 8 - 14 October 2004
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Figure 4.6:

water pumping system (8th to 14th October 2004)

Average weekly energy demand for Elandsrand’s clear
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It may appear on all these figures that only one graph is shown and that the
other one has been left out. However, it merely shows that the two profiles in
each figure are almost identical, thus showing the accuracy and reliability of the

REMS Sentinel system.

422 Dafty load shitted

The daily load shifted figures are given in the six tables below. In each table the
values that REMS Sentinel calculated, and the values that where obtained by the
manual calculations, are given. For each of these sets of values, an average has
also been calculated. Lastly, there are values representing the difference

between these sets of values.

Tables 4.2 and 4.3 give the sets of values for the Tshepong mine. The values
for Kopanang are given in Tables 4.4 and 4.5, and Tables 4.6 and 4.7 depict the

values for Elandsrand.

All these values, for all the mines, are very close and only differ by a few kW,
i.e. again in the order of a 99, 9 — 99, 5 % accuracy. These differences are again
due to the rounding of the manually calculated figures. The REMS Sentinel

values are again more accurate.

Day Sentinel Manual Difference
1 3.024 2.995 0.030
2 3.704 3.689 0.016
3 -1.238 -1.202 -0.035
4 2.923 2.878 0.044
5 1.914 1.906 0.007
8 -0.744 -0.654 -0.090
7 2.399 2.399 -0.001

Avg 1.712 1.716 -0.004

Table 4.2: Daily load shift for Tshepong (in MW) from the 1* to 7t
October 2004
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Day Sentinel Manual Difference

8 1.522 1.533 -0.011
9 2.230 2.244 -0.014
10 1.559 1.564 -0.005
11 -0.816 -0.784 -0.033
12 3.050 3.064 -0.014
13 1.229 1.215 0.015
14 1.483 1.473 0.010

Avg 1.465 1.473 -0.007

Table 4.3: Daily load shift for Tshepong (in MW) from the 8* to 14"

October 2004
Day Sentinel Manual Difference

1 6.060 6.061 -0.001

2 5.240 5.244 -0.004

3 3.080 3.084 -0.004

4 5.480 5.479 0.001

5 5.830 5.827 0.003

6 2.041 2.046 -0.005

7 4.418 4.418 0.000

Avg 4.593 4.594 -0.001

Table 4.4: Daily load shift for Kopanang (in MW) from the 1 to 7%
October 2004
Day Sentinel Manual Difference

8 5.960 5.991 -0.031

9 4.540 4.556 -0.016

10 4.849 4.855 -0.005

11 4.337 4.338 -0.001

12 2.251 2.282 -0.031

13 5.398 5.370 0.028

14 -3.817 -3.852 0.036

Avg 3.360 3.363 -0.003

Table 4.5: Daily load shift for Kopanang (in MW) from the 8 to 14"
October 2004
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Day Sentinel Manual Difference
1 4117 4.069 0.048
2 7.730 7.712 0.018
3 5.076 5.091 -0.015
4 5.744 5.778 -0.034
5 5.210 5.264 -0.054
6 5.208 5.217 -0.009
7 4.740 4.771 -0.031

Avg 5.404 5.415 -0.011

Table 4.6: Daily load shift for Elandsrand (in MW) from the 1%to 7

October 2004

Day Sentinel Manual Difference
8 6.013 6.029 -0.016
9 4,208 4.261 -0.053
10 4.490 4.474 0.016
11 -2.561 -2.579 0.017
12 4,762 4,713 0.049
13 4.798 4.793 0.005
14 3.141 3.095 0.046

Avg 3.550 3.541 0.009

Table 4.7: Daily load shift for Elandsrand (in MW) from the 8" to 14™
October 2004

423 Dary savings

The following six tables show the savings made by the REMS system for all
three mines. The savings calculated by REMS Sentinel, and the savings
calculated by the manual system are both shown, as well as the difference

between the two. A weekly average and total is also provided.

Tables 4.8 and 4.9 depict the savings for the Tshepong mine. The savings for
the Kopanang mine is given in Tables 4.10 and 4.11, and Tables 4.12 and 4.13

shows the savings for the Elandsrand mine.

As with all the other information provided in these case studies, one can see that

there is a slight difference between these values. The difference comes from the
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fact that the average energy profiles from these mines are different, and the
savings are calculated using these energy profiles. However, these differences

are well within the accuracy designed.

Day Sentinel Manual Difference
1 R 557.76 R 556.05 R 1.70
2 R 140.16 R 139.14 R 1.02
3 R Q.00 R0.00 R 0.00
4 R 413.06 R 399.66 R 13.40
5 R 763.49 R 756.44 R 7.05
6 R 115.56 R 130.00 -R14.44
7 R 565.27 R 559.78 R 5.49
Avg R 365.04 R 363.01 R 2.03
Total R 2,555.30 R 2,541.08 R 14.23

Table 4.8: Daily savings for Tshepong from the 1* to 7" October 2004

Day Sentinel Manual Difference
8 R 583.35 R 583.30 R 0.05
9 R 275.01 R 276.62 -R1.62
10 R 0.00 R 0.00 R 0.00
11 -R 37.12 -R 38.28 R 1.15
12 R 431.84 R 447.71 -R 15.87
13 R 263.93 R 265.38 -R 1.45
14 R 641.97 R 641.22 R 0.76
Avg R 308.43 R 310.85 -R 2.42
Total R 2,158.98 R 2,175.95 -R 16.97

Table 4.9: Daily savings for Tshepong from the 8" to 14'" October
2004
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Day Sentinel Manual Difference
1 R 1,965.42 R 1,965.42 R 0.00
2 R 556.28 R 556.28 R 0.00
3 R 0.00 R 0.00 R 0.00
4 R 1,719.78 R 1,719.78 R 0.00
5 R 1,837.96 R 1,837.96 R 0.00
6 R 1,208.58 R 1,322.11 -R113.53
7 R 858.69 R 858.89 -R 0.20
Avg R 1,163.81 R 1,180.06 -R 16.25
Total R 8,146.70 R 8,260.44 -R 113.73
Table 4.10:  Daily savings for Kopanang from the 1* to 7" October 2004
Day Sentinel Manual Difference
8 R 1,151.09 R 1,158.27 -R 7.18
9 R 666.73 R 665.31 R1.42
10 R 0.00 R 0.00 R 0.00
11 R 502.50 R 504.82 -R2.32
12 R 1,146.56 R 1,147.84 -R 1.27
13 R 1,120.98 R 1,110.71 R 10.27
14 -R 188.87 -R 188.33 -R 0.54
Avg R 628.43 R 628.37 R 0.05
Total R 4,399.00 R 4,398.62 R 0.38
Table 4.11: Daily savings for Kopanang from the 8" to 14" October
Day Sentinel Manual Difference
1 R 1,186.36 R 1,184.22 R 214
2 R 515.08 R 513.39 R 1.69
3 R 0.00 R 0.00 R 0.00
4 R 865.46 R 881.44 -R 15.98
5 R 1,766.15 R 1,776.65 -R 10.50
6 R 1,056.01 R 1,054.06 R 1.95
7 R 802.97 R 816.71 -R 13.74
Avg R 884.58 R 889.50 -R 4.92
Total R 6,192.03 R 6,226.47 -R 34.45
Table4.12;  Daily savings for Elandsrand from the 1* to 7" October
2004
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Day Sentinel Manual Difference
8 R 1,253.01 1,246.37 R 6.64
9 R 225.95 221.38 R 4.57
10 R 0.00 0.00 R 0.00
11 R 323.26 329.53 -R6.27
12 R 1,354.53 1,365.92 -R 11.39
13 R 1,285.40 1,288.27 -R 2.87
14 R 844.37 845.89 -R1.52
Avg R 755.22 756.77 -R 1.55
Total R 5,286.52 5,297.36 -R 10.84

Table 4.13:  Daily savings for Elandsrand from the 8™ to 14™ October
2004

4.3 Result summary

The fact that the values of the REMS Sentinel system are so close to the values

calculated by the manual system confirms that this new system carries out all of

its calculations correctly.

In fact, it can be said that it is even more accurate than the manual system, since

the latter is subject to human error.
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CHAPTER5 CONCLUSION

5.1 Conclusion/Recommendations

The main reason for the development of this system was to increase both the
speed of the calculations as well as the availability of the information. The
calculation of the data on average took only one minute per mine, and the

transfer thereof only on average two minutes.

Thus the total process took only on average three minutes per mine. Since all
the different mines are independent of each other, all the calculations and the
transfers from the mines can be done concurrently. This will take only on

average three minutes per day.

These calculations and data transfers were done during the early hours of the
morning when the responsible persons were still at home. Thus, when they

arrived at work, the information for all the mines was already available.

In the past, the manual calculations took on average one to two hours per mine.
This was to acquire the energy profile, and calculate the load shifted and the
actual savings for that day. As work expanded, and more mines decided to
install the REMS system, the time spent in analysing the data and carrying out

the calculations, became too lengthy, and hence costly.

Minor difficulties surfaced during the testing of the new system. The biggest
problem was that some telephone lines from certain mines were very unreliable,
and the transfer of data from the mine to the global database was either nearly

impossible or the possibility of data loss was too big a risk.

In the case where the telephone line was very bad, the system only did all the
required calculations during the morning, and the person using REMS Sentinel

then had to dial-up to the mine and transfer this information manually. The

Confidential 84

——Confdenial T w



CONCIiUS[ON

manual transfer of the information took on average five minutes per mine. The

information was then placed into the database, and was immediately available.

Even when the information had to be manually transferred, the whole process
took on average no longer than six minutes, whereas previously the manual

system took nearly two hours.

The conclusion is that the new system is very useful, fast and accurate beyond

expectations, and fulfilled all its design specifications.

5.2 Suggestions for further work

Further development of this system should include a different type of
communication from the mine to the local database. Examples of these types of
communication are DSL and GSM. This will ensure that all data is
automatically transferred and no data would ever have to be transferred

manually.

The system could also be expanded to be implemented on other energy
efficiency industries. This will improve the energy management systems on

those sites, and help Eskom achieve its goal.
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Appendix A: Monthly Cost Savings Report

MONTHLY SAVINGS ON THE CLEAR WATER PUMPS
AT ELANDSRAND MINE FOR OCTOBER 2004

HVAC International

HARMONY

15-Oci-2004
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Appendix C: REMS Sentinel Web Page

REMS

Username !

riaan

Password |

AAATAA

Mine :

Kopanang |¥|

HOME

Figure C.1:  REMS Sentinel Web page login
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REMS

Elandsrand
Savivs Recorp (R/fc)
DAILY
WEEKLY
MONTHLY
LOAD SHIFTED (MIV)
DAILY

WEEKLY
MONTHLY

LoGcouT

Figure C.2:

REMS Sentinel Web page - option page
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LoGcouT

REMS

Elandsrand
ey : [Doy [
Month :  Month IV|
Year: |Year [VJ

DAILY SAYINGS
WEEKLY SAYINGS
BACK

Montly Savings (R/c)

ote [sovinastare)

01 Oct 2004 R 1186.36

02 Oct 2004 R 515.08

03 Oct 2004 RO

;04 Oct 2004 R 86546

|05 Oct 2004 R 1766.15

|06 Oct 2004 R 1056.01
07 Oct 2004 R 802.97

08 Oct 2004 R 1253.01

09 Oct 2004 |R 225.95
110 Oct 2004 R 0

éll Oct 2004 R 323.26

|12 Oct 2004 |R 1354.53
113 Oct 2004 ;R 12854

14 Oct 2004 R 844.37

15 Oct 2004 |R 438.39

Total |R 11916.94

Avg R 794 .46

Figure C.3:

REMS Sentinel Web page - savings page
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LoGOUT

REMS

Elandsrand
Day: Day |v|

Month :  Month V}
Year: Year V

DAILY LOADSHIFTED
WEEKLY LOADSHIFTED
BACK

Montly Loadshifted (MW)

_[_)ai:.e 'Loadshifted (MW)
01 0ct2004 [4117
'PCIZ éct 2604- -?'?3
03 Oct 2004 5.076
04 Oct 2004 |5.744

05 Oct 2004 ' 5.21

06 Oct 2004 5.208

|07 Oct 2004 4.74

08 Oct 2004 6.013

09 Oct 2004 4.208

10 Oct?[]t-l‘l- 4.49
511 Oct 2004 .-2.561-
1z oot 2008 [4762
73 oot 2004 [4798

14 Oct 2004 |3.141
15 Oct 2004 -0.691

[Total 61,986

Avg 4.132

Figure C.4:

REMS Sentinel Web Page — Load shifted page
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Appendix D: REMS Sentinel Cell phone Web page

@

REMS - CellViewer

Username
riaan

Password :

AR

Figure D.1: = REMS Sentinel Cell phone web page — Login

Select a Mine :

Kopanang |w

Figure D.2:  REMS Sentinel Cell phone web page — Mine selection
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Elandsrand

Savings Record (R/c)
Load shifted (MW)
Back

Logout

Figure D.3:  REMS Sentinel Cell phone web page — Option

Elandsrand

Savings Record (R/c)

Last Week :
Started : 10 Oct 2004
Ended : 15 Oct 2004

Total : R 4,200

Last Month :
Started : 16 Sep 2004
Ended : 15 Oct 2004

Total : R 22,600

Back
Logout

Figure D.4:  REMS Sentinel Cell phone web page — Savings page
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Elandsrand

Load Shifted (MW)

Last Week :
Started : 10 Cct 2004
Ended : 15 Oct 2004

Avg: 2865

Last Month :
Started : 16 Sep 2004
Ended : 15 Oct 2004

Avg: 4141

Back
Logout

Figure D.5:  REMS Sentinel Cell phone web page — Load shift page
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