
























LIST OF ABBREVIATIONS

DME Department of Minerals and Energy

DSM demand side management

EE

EMS

energy efficiency

energy management system

ESCo energy services company

ESI electricity supply industry

GW giga watt

IEP

giga watt hour

integrated electricity planning

GWh

kW kilowatt

kWh kilowatt hour

MW megawatt

NERSA

NEP

National Energy Regulator of South Africa

national electrification programme

PLC

REMS

SCADA

programmable logic controller

real-time energy management system

supervisory control and data acquisition

SSM supply side management

TOU time of use
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Chapter 4 - Real saving results

Table 4-6: Influence of condonable days at Tau Tona mine

The average manual, load-shift optimised pumping profile that was realised during the

evaluation period is shown in Figure 4-3. This profile excludes condonable days and is

compared against the normalised baseline profile and the simulated optimised profile in

the figure.
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Figure 4-3: Load shift profile that was realised at Tau Tona mine

The average optimised profile in the figure is very similar to the simulated optimised profile.

This shows that the potential that was calculated in chapter 3 can be realised if more

preparation work is done before peak periods, and less pumping is done during peak
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Condonable
Month Weekdays days Main reason for condonables
Jun.o6 22 2 Pump maintenance
Jul.o6 21 5 Pump maintenance
Aug.o6 23 4 large increases in water usage
Sep.o6 21 8 Broken settlers influenched pump schedulina
Oct.o6 22 15 Burstwater columns

Average 22 7
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periods. If the average optimised profile is compared with the normalised baseline profile,

the true influence of the load-shiftingstrategy can be observed.

4.4.2 Electricity cost savings

The financial savings brought about by the load-shifting strategy is shown in Table 4-7.

The estimated saving results show that a large financial saving was realised through the

implementation of the load shift strategy.

Table 4-7: Estimatedfinancial savings realisedfor Tau Tona mine

The full potential was however not realised due to the reduced load shift performance

during both morning and evening peak periods. For this reason, the financial saving was

not nearly as much as the calculated potential for each month. The big effect of

condonabledays can again be seen by examiningthe financialsavings for October2006.

There were 15 condonabledays during this month, which played a large role in not

realisingthe estimatedpotentialsavings.

The average optimised pumping profile is again shown in Figure 4-4, together with the

simulated optimised profile. By comparing the average optimised profile with the electricity

tariff structures, which is also seen in the figure, the reason can very easily be identified

why the maximum savings potential was not realised. From this figure, it is also clear that

more preparation has to be done before peak time, to ensure that the maximum amount of

dam capacity is available for load shifting during peak periods.
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Average Average Estimated Monthly
Morning Evening Financial Savina

Load Shift Load Shift
Month IMWI IMWI Potential Obtained

Jun-06 4.50 6.88 R 315,000 R 237,580
Jul-06 0.94 7.05 R 315,000 R 115,156
Auu-06 4.72 6.35 R 315,000 R 201,695
Sen-06 2.60 6.32 R 55,000 R 16,394
Oct-06 1.19 5.18 R 55,000 R 9,094
Total R 1,055,000 R 579,920
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Figure 4-4: Real load shifting results for Tau Tona mine

4.4.3 Change in system control strategy

A strategy was devised to control the Tau Tona pumping system to shift load by manual

operator control. This was done by controlling the system as in the past with a few

alterations. The following methodology was used to incorporate load shifting into the

original control strategy:

1. An automatic alarm is issued in the control room, warning the control room operator

(CRO) that a peak period will start in two hours.

2. CRO notifies PO on each pump station to start a maximum number of pumps, to

prepare for peak time.

3. PO on each pump station start the maximum number of pumps.

4. An automatic alarm alerts CRO that peak time has started.

5. CRO alerts POs to stop all available pumps.

6. POs stop all pumps.

7. Automatic alarm alerts CRO that peak time is over.

8. CRO notifies the POs that they may start pumps and commence as normal.
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The automatic alarm was used to remind the CROs at Tau Tona mine as they have other

important tasks that may overlap with this load-shifting strategy. Except for the steps that

are followed during this strategy, the CROs and POs must always be aware of the

system's characteristics and make sure that there are no chances of flooding during peak

periods.

For this reason, the following changes to the strategy were made: (a) if the dam levels rise

above a certain level, a PO is allowed to start a pump, and (b) the CRO supervises the

process from the control room and has to be aware of all of PO operations at all times.

4.5 Measured results for Beatrix 1#, 2#, 3# mine

As with both other case studies, implementation of the proposed load-shifting strategy

relied on the automation of the collective Beatrix mine pumping system. The installation of

a real-time energy management system was also required. This process was completed

during June 2006 and the results for the period thereafter are discussed below.

4.5.1 Real load-shifting results

The results that will be discussed were generated by automatic, real-time control of the

Beatrix 1#, Beatrix 2# and Beatrix 3# pump stations. As these three shafts were analysed

as a single water pumping system, the results will also be discussed and analysed

collectively. The results generated by the load shift strategy are shown in Table4-8.

Table 4-8: Real load-shifting results for Beatrix 1# shaft
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Average Average Morning Average Evening
Daily Load Shift fMWI Load Shift fMWI

e Ie ctri city
Month usaae fMWh} Potential Obtained Potential Obtained

JuUJ6 154 3.00 0.53 5.30 5.57
Auq-06 137 3.00 0.77 5.30 5.06
Sep-06 159 3.00 0.85 5.30 5.52
Oct-06 168 3.00 0.48 5.30 5.16

Average 155 3.00 0.66 5.30 5.33
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As can be seen in the table, an evening load-shift average of more than the potential was

realised during two of the four months, while the average for the other two months were

just below the potential. This shows that the evening load shift can be realised at a

sustainable rate. The average daily electricity usage also stayed constant, except for

August 2006. During this month, this may have had an effect on the overall load shift

performance.

The morning, load-shift performance was however not satisfactory during any month. The

average performance is little more than a third of the actual potential for morning load

shifting. This can however again be attributed to the increase in water usage due to mining

activities during these periods. As the dams at Beatrix 3# are also very small, they cannot

handle any excess water if sufficient load must be shifted.

Table 4-9: Influence of condonable days at Beatrix mine

There were again a certain amount condonable days recorded for each month. These and

the main cause of condonable days during each month are shown in Table 4-9. Again,

there was an average of seven condonable days during a month, caused mostly by

unreliable infrastructure.

The profile of the average optimised results, generated at Beatrix mine, is shown in Figure

4-5. By comparing the average optimised profile with the simulated optimised profile, a

distinct difference can be noted before the morning peak period. This shows that the

preparation for the morning peak period by the strategy is not sufficient to allow the

maximum down time during morning peak periods.
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Month Weekdays Condonable days Mainreason for condonables

Jul.o6 21 4 Pump maintenance and communication problems
Auq.o6 23 10 Burst columns
Sep.o6 20 6 Pump maintenance and power failures
Oct.o6 22 1 Increase of water durina critical periods of dav

Averaqe 22 1
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Figure 4-5: Real load shift results at Beatrix mine

In addition, the slight dip before the evening peak period, can explain the need for pumps

to start pumping before the evening peak period is over. The fact that the baseline is also

so low during morning peak periods complicates the process to shift the maximum

potential of load.

4.5.2 Electricity cost savings

The estimated financial savings that were realised by the load shift strategy at Beatrix mine

is shown in Table 4-10. The financial saving potential that was calculated for Beatrix mine

was not fully realised. The loss in savings can be attributed to the bad morning load-shift

performance, compared to the potential, and the large amount of condonable days that

was recorded.
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Table 4-10: Financial savings generated at Beatrix project for period of analysis

The average, load-shift optimised, pumping profile for Beatrix mine is again shown in

Figure4-6. By comparing this profile with the simulated optimised profile, the reason can

easily be seen why the obtained savings is lower than the potential savings. This is as the

average optimised profile is higher than the simulated profile during periods with high

electricity tariffs, and below the same profile during periods with a lower tariff.

0.00 -5
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour

Figure 4-6: Cost saving results for Beatrix system
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Average Average
Morning Evening Estimated Monthly

Load Load Financial Savinq
Shift Shift

Month IMW) IMW\ Potential Obtained

Jul.o6 0.53 5.57 R 170,000 R 100,449
Aua.o6 0.77 5.06 R 170,000 R 98,021
SeD.o6 0.85 5.52 R 29,000 R 22,192
Oct.o6 0.48 5.16 R 29,000 R 18,354
Total R 398,000 R 239,016
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Figure 4-7: Parallel pumping operation

On implementing the load-shifting strategy, the decision was made to install a third

column. Owing to this, it is currently possible to have three pumps running simultaneously,

each pumping into a separate column. Allof the pumps can therefore now pump closer to

their rated flowrates, which makes the pumping on the pump station much more efficient.

b) Beatrix2#

At Beatrix 2#, the control strategy also remained as in the past, with only the real-time

energy management strategy having an influence on the scheduling of the pumps. The

dam level is still being controlled between 10% and 60% with a maximum of three pumps

allowed to run at anyone time.

c) Beatrix 3#

Currently Beatrix 3# has three pumps - one with a 1 600 kW pump motor and the

remaining two with 800 kW motors. In the past the 1 600 kW pump was operated

continuously with one of the 800 kW pumps running as a second pump. Both of the pumps

pumped into a single column.
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Chapter 5 -Closure

.

5. CLOSURE

.

This chapter gives an overview of the dissertation, and subsequently derives a conclusion

based on the comparison of the simulated results with the real system results for each

case study. Recommendations for further research in this field of study are also made.
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