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Executive Summary. 

A master electrical plan has four main objectives; 

 determine the status quo of the electricity network 

 estimate the future demand, needs and challenges 

 calculate where the network can best be strengthened or expanded 

to meet the future demand 

 estimate the capital budget required over the next five years 

 estimate the maintenance budget required over the next five years 

The condition of the Bethal main substations is reasonable. Emzinoni and 

Standerton Road substations are overloaded. 

The condition of the minisubs is poor. 

The condition of the street boxes is very poor. They are beyond maintenance. 

Two underground copper cables have been stolen. This has a serious impact 

on the capacity and reliability of the network. 

Domestic electricity consumption will increase by 18,75% and commercial 

electricity consumption will increase by 11.53% from 2020 to 2030.  

 

 build two new 22 kV lines from Eskom substation to Emzinoni and 

Standerton Road substations 

 build two new ring substations. 

 increase two 10 MVA transformers to 15 MVA transformers. 

 institute a maintenance program that sandblasts, paints, repairs, 

changes oil for minisubs. 

 institute a replacement program for street kiosks. 

 

The recommended total capital budget for the next five years is XXXXX 

The recommended total maintenance budget for the next five years is XXXX 
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1 Introduction 

The master electrical plan first establishes the status quo of the network. The 

installed capacity, the connected load, the average load, and the maximum 

demand are determined. The condition of the switchgear, minisubs, street 

boxes and overhead lines is determined. 

It then estimates what the future demand will be. An analysis of the network is 

done to determine where it must be strengthened to meet the future demand.  

Cost estimates are obtained. From this information a five year capital budget 

and a five year maintenance budget are produced. 

2 Status Quo 

The Bethal Network is a mixture of old reticulation and new reticulation. Power is 

delivered by underground 11 kV cables and overhead 11 kV cables. There are 

11kV/400V/231V minisubs and 11lV/400V/231V pole mounted transformers. 

Single line diagrams of the network and plot plans showing the location of the 

substations, overhead power lines, underground power lines and minisubs are in 

the appendix. 

2.1 Bulk Supply from Eskom 

Eskom has two 20MVA, 88/11kV transformers that supply Bethal town. 

Eskom has two 10MVA 88/22 kV transformers that supply Standerton Road and 

Emzinoni substations. There is a 5 MVA 22/11kV transformer at Standerton 

Road substation and a 5 MVA 22/11kV transformer at Emzinoni substation. One 

of the Eskom 10 MVA, 88/22kV transformers is shared with another Eskom 

load. Assume 50 % of the transformer is available for Emzinoni and Standerton 

Road. 

In total the Eskom Installed capacity is 40 +10 +5 =55 MVA. 

2.2 Distribution System 

There are 12 substations that supply power to Bethal. The condition of these 

substations is illustrated by the following photographs and text. 
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1. Eskom 22 kV Substation 

2. Eskom 11 kV Substation 

3. Bethal 11 kV Main Substation 

4. Ext 6 11kV Substation 

5. Ext 14 11 kV Substation 

6. NBO 11 kV Substation 

7. Nestle 11 kV Substation 

8. Kleynhans 11 kV Substation 

9. OTK 11 kV Substation 

10. Rugby 11 kV Substation 

11. Standerton 11 kV Substation 

12. Emzinoni 11 kV Substation 

 

 

 

 

 

 

 

 

 

 

 

 

 vacuum switchgear is installed 

 condition of switchgear is good 

 some protection relays are not working 

 no confidence that the protection relay settings are correct 

and will grade properly upstream and downstream 

 substation roof is leaking 

Picture 1 Eskom 11 kV Substation 
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 bulk oil switchgear is installed 

 some protection relays are not working 

 no confidence that the protection relay settings are correct 

and will grade properly upstream and downstream 

 four 11000/110V VT’s are missing 

 repair leaking substation roof 

 

 

 

 

 

 

 

 

 

 

 

 

 

 bulk oil switchgear is installed 

 battery charger and dc system not reliable 

Picture 3 Kleynhans 11 kV Substation  

Picture 2 Bethal 11 kV Substation  
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 some protection relays are not working 

 no confidence that the protection relay settings are correct 

and will grade properly upstream and downstream 

 

 

 

 

 

 

 

 

 

 

 

 

 

 vacuum switchgear is installed 

 some protection relays are not working 

 no confidence that the protection relay settings are correct 

and will grade properly upstream and downstream 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 4 Standerton 11 kV Substation  

Picture 5 Rugby 11 kV Substation  
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 bulk oil switchgear is installed 

 some protection relays are not working 

 no confidence that the protection relay settings are correct 

and will grade properly upstream and downstream 

 

 

 

 

 

 

 

 

 

 

 bulk oil switchgear is installed 

 busbars exposed from theft of panel covers 

 some protection relays are not working 

 no confidence that the protection relay settings are correct 

and will grade properly upstream and downstream 

 

 

 

 

 

 

 

 

 

 

 

 

 switchgear was manufactured in 1972 

 bulk oil switchgear is installed 

Picture 6 Extension 14 11 kV Substation  

Picture 7 NBO 11 kV Substation  
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 some protection relays are not working 

 no confidence that the protection relay settings are correct 

and will grade properly upstream and downstream 

 

 

 

 

 

 

 

 

 

 

 

 bulk oil switchgear is installed 

 repair damaged ceiling 

 some protection relays are not working 

 no confidence that the protection relay settings are correct 

and will grade properly upstream and downstream 

 

 

 

 

 

 

 

 

 

 

 substation is overloaded 

 bulk oil switchgear is installed 

 numerous flashovers have occurred at back of switchgear in 

cable termination boxes 

Picture 8 Extension 6 11 kV Substation  

Picture 9 Emzinoni 11 kV Substation 1 
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 cable box covers are missing 

 some protection relays are not working 

 no confidence that the protection relay settings are correct 

and will grade properly upstream and downstream 

 

Two 11 kV overhead lines and two 11 kV underground cables carry electricity 

from the Eskom 11 kV substation to the Bethal 11 kV Substation. The overhead 

lines are 3500 meters, ACSR, Wolf, 194 mm2 conductors. The underground 

lines are 3500 meters Cu/PVC/SWA 300mm2 cables. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two underground cables carry electricity from Bethal 11 kV Main Substation to 

Kleynhans 11 kV Substation. Both cables are 649 meters of 3 core, 95 mm2 

Cu,PVC,SWA. 

 

There is one feeder from Kleynhans 11 kV substation to Standerton 11 kV 

substation. The feeder is a combination of 95 mm2 Cu, PVC, SWA underground 

cable and 194mm2 Wolf ACSR overhead line. The feeder is 1295 meters long. 

 

Figure 11 22 kV Overhead Lines 
Emzinoni 1 

Picture 10 Overhead Lines to Bethal 
11kV 

Picture 11 Overhead Lines Emzinoni 
22 kV  
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There is one feeder from Kleynhans 11 kV substation to Emzinoni Ext 4 11 kV 

substation. The feeder is a combination of 75 mm2 Cu, PVC, SWA underground 

cable and 38.71 mm2 Mink ACSR overhead line. The feeder is 1345 meters 

long. 

There is one feeder from Standerton 11 kV substation to Emzinoni 11 kV 

substation. The feeder is 194 mm2 Wolf ACSR overhead line. The length is 

4990 meters. 

A 22 kV overhead line runs for 11 000 meters from the Eskom 22 kV substation 

to a 5MVA, 22/11 kV transformer at Standerton 11 kV substation. The line is 

122mm2 Hare ACSR. 

A 22 kV overhead line runs for 11 000 meters from the Eskom 22 kV substation 

to a 5MVA, 22/11 kV transformer at Emzinoni 11 kV substation. The line is 

122mm2 Hare ACSR. 

2.2.1 Condition of Minisubs 

The following photographs show the failure modes of the mini substations.  

 broken hinges 

 missing doors 

 rust  

 flashover on ring main units 

 oil change in transformer 

 broken and missing locks 

 vegetation control 
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Picture 12 Croeser Street ES 01052 Extensive Rust 

Picture 13 De Beer Street ES 00120 Missing Panels 
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Picture 14 Festenstein Street ES01044 Extensive Rust 

Picture 15 Percy de Kock Street ES 00182 Picture 16 High Voltage Compartment ES 00182 
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Picture 17 Spoorweg Street ES 00353 Rust and Missing Panels 

Picture 18 TPA Housing Transformer Vegetation Control 
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Picture 19 Vera Street ES 00366 

Picture 20 Bypassed Ring Main Unit Aldelox 2nd Street 
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2.2.2 Condition of Street Kiosks 

Street kiosks are in a poor condition and are beyond maintenance.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 21 Metering Kiosk Picture 22 Rusted Kiosk Picture 23 State of Wiring 

Picture 24 Missing Doors 
Picture 25 State of Kiosk Picture 26 State of Kiosk Wiring 

Picture 27 State of Metering Picture 28 State of Metering Picture 29 State of Metering  
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Picture 30 Missing Doors Picture 31 Missing Doors Picture 32 State of Kiosks 

Picture 33 State of Street Kiosk Picture 34 State of Street Kiosk 

Picture 35 State of Street kiosk Picture 36 State of Street Kiosk 
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2.2.3 Condition of Metering 

An age analysis of outstanding electricity debt spreadsheet called 

2019_LP_GROUPED_AGE_ISA.xlsx was used to estimate the number of 

electricity accounts in Bethal. The spreadsheet lists 7557 accounts for Bethal 

Town and 11306 accounts for Emzinoni. The total number of accounts is 18 863. 

The average losses for electricity in GMM is 50%. Losses are caused by faulty 

meters, illegal connections, or intentional straight connections. It is estimated that 

half of the metered points ie 9432 meters require attention and repair. 

A dedicated team of electricians need to tackle the problem of faulty meters. 

 

 

 

 

 

 

 

 

 

2.3 Current Connected Load 

There is no updated single line diagram for Bethal. The connected load is 

estimated from various sources of information. 

 The drawing “ Single Line Diagram of Bethal 11kV and 22 kV Reticulation” 

dated 12-07-2006 drawing number UCS1055-03V1 shows 85 minisubs 

connected to the 11 kV busbars of the various substations. 

 The GMM GIS layer for minisubs and pole mounted transformers shows ; 

 32 minisubs in Bethal north 

 37 minisubs in Bethal central 

 67 minisubs and pole mounted transformers in Bethal south 

Picture 37 Metering Kiosk Picture 38 Unmetered Connections 
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 40 minisubs and pole mounted transformers in Emzinoni 

 Sechaba Mokoena, senior technician for Region 3 stated that 10 minisubs 

have been added to the network that he knows of. 

 From this information it is concluded that 185 is a reasonable estimate for 

the number of minisubs and pole mounted transformers connected to the 

network. 

 The following table shows the estimated connected load for each 11 kV 

busbar. 

 

 

 

 

 

 

 

2.4 Current Demand 

The following point of delivery average demand and maximum demand 

readings were obtained from Metering Online;  

 

 

 

 

 

 

 

 

 

substation  
no of 

minisubs 
connected 

average 
size kVA 

estimated 
connected load 

kVA 

Eskom 11 kV 39 369 14390 

Bethal 11 kV 32 386 12340 

Kleynhans 11kV 7 359 2515 

Standerton 11 kV 67 300 20095 

Emzinoni 11 kV 40 315 12600 

Total 185    61940 
Table 1 Connected Load  

Account Name Customer No Ave Demand for 2019 

Bethal Town pod_06_tot 2761 kVA 

Emzinoni pod_07_tot 4333 kVA 

Bethal Total pod_bet_tot 7023 kVA 
Table 2 Average Load 1 

Account Name Customer No Max Demand Time of occurrence 

Bethal Town pod_06_tot 9300 kVA 2019-07-01 @ 19h00 

Emzinoni pod_07_tot 12600 kVA 2019-07-08 @ 19h00 

Bethal Total pod_bet_tot 21708 kVA 2019-07-01 @ 19h00 

Table 3 Maximum Demand 1 
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Graph 1 Bethal Town Consumption Graph 2 Emzinoni Consumption  

Graph 3 Bethal Total Consumption  Graph 4 Bethal Total Summer Profile  
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The total maximum demand divided by the total connected load is 0.3535. 

The following table shows an estimate of the maximum demand for each 11 kV 

busbar. The max demand per busbar is obtained by multiplying the connected 

load by 0.3535. 

 

 

The total current demand can be summarised as follows; 

 Eskom Installed capacity is 55000 kVA 

 total connected load is 61940 kVA 

 total average load for 2019 is 7023 kVA 

 total maximum demand for 2019 is 21896 kVA. 

The demand for Bethal town is summarised as; 

substation  
no of 

minisubs 
connected 

average 
size kVA 

connected 
load kVA 

max 
demand/conne

cted load 

max 
demand 

kVA 

Eskom 11 kV 39 369 14390 0.3535 5087 

Bethal 11 kV 32 386 12340 0.3535 4362 

Kleynhans 11 kV 7 359 2515 0.3535 889 

Standerton 11kV 67 300 20095 0.3535 7104 

Emzinoni 11kV 40 315 12600 0.3535 4454 

Total 185    61940   21896 

Table 4 Maximum Demand per Busbar  

Graph 5 Bethal Total Winter Profile  
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 installed capacity is 2 by 20 MVA = 40 MVA 

 connected load is 14855 kVA 

 average load for 2019 is 2761 kVA 

 maximum demand for 2019 is 9300kVA 

The demand for Emzinoni and Standerton Road is summarised as; 

 installed capacity is two by 5MVA = 10 MVA 

 connected load is 32695 kVA 

 average load for 2019 is 4333 kVA 

 maximum demand for 2019 is 12600 kVA 

These figures show that Emzinoni and Standerton Road substations are 

overloaded. 

2.5 Problems Currently Being Experienced 

 Sections of the underground copper cable from Eskom 11 kV substation to 

Bethal 11 kV substation have been stolen. The result is that these two cables 

are not being used any more. 

 Bethal is thus supplied by the two 11 kV overhead lines only. The maximum 

capacity of each line is 8955 kVA. If one line trips the second line will not be 

able to carry the full load and will also trip resulting in a total black out of the 

town. This has happened in the past. 

 One of the underground cables from Bethal 11 kV substation to Kleynhans 

11 kV substation has more than ten joints in it. The cable is old and 

unreliable and keeps on failing. The municipality has run a temporary mink 

overhead line from the 11 kV busbar to the incomer in Kleynhans as a 

bypass to supply power if the underground cable fails. 

 The second feeder to Kleynhans is being taken from the incoming circuit 

breaker in Bethal main 11 kV substation. 

 The 5000 kVA, 22/22kV transformer at Standerton substation is overloaded 

 The 5000 kVA, 22/11 kV transformer at Emzinoni substation is overloaded. 

 The peak maximum demand of Emzinoni is 12600 kVA. The installed 

capacity is 10000 kVA 
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2.6 Efficiency Levels and Losses 

 

3 Future Demand, Needs and Challenges 

3.1 Spatial Development and Land Use 

The Govan Mbeki Spatial Development Framework 2014-2034 identifies ten 

future residential development zones as shown on the Bethal & Emzinoni 5 

Year Spatial Development Plan. 

 

 

 

 

 

 

 

 

 

 

 

 

The surface area of three residential areas was measured using QGIS software 

and the number of substations in the area counted to determine the power 

density in Bethal. 

Area (km2) No of 
minisubs 

Ave size of 
minisub 
(kVA) 

Connected 
load (kVA) 

Power 
density 
(kVA/km2) 

Minisub 
density 
(per km2) 

2.362 39 315 12285 5201 16.5 

1.474 21 315 6615 4487 14.24 

Development Zones Zone Area (Ha) 

Future Residential R1 124.1 

Future Residential R2 75.7 

Future Residential R3 125.5 

Future Residential R4 17.3 

Future Residential R5 214.3 

Future Residential R6 38.9 

Future Residential R7 1.2 

Future Residential R8 117.4 

Future Residential R9 677.3 

Future Residential R10 31.7 

CBD  60.9 

Industrial / Commercial  129.1 

Mixed use area  382.0 
Table 5 New Residential Development Area  
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1.085 19 315 5985 5516 17 
Table 6 Power Density  

 

The power density varies from 4487 to 5516 kVA/km2. The Guidelines for 

Human Settlement Planning and Design in table 12.1.2 classifies medium 

density stands sized from 1000m2 to 4000m2 as having a power density 

between 300 and 5000 kW/km2. 

The following table shows by what percentage the connected load of Bethal will 

increase if the new areas are reticulated at a power density of 5000 kW/km2. 

 

 

 

 

 

 

 

 

 

Area R3 will increase the connected load by 10% 

 

  

Zone 
AREA 

Ha 
Area 
km2 

kW (@5000 
kW/km2) 

% of 2019 
connected 

load 

R1 124.1 1.241 6205 10% 

R2 75.7 0.757 3785 6% 

R3 125.5 1.255 6275 10% 

R4 17.3 0.173 865 1% 

R5 214.3 2.143 10715 17% 

R6 38.9 0.389 1945 3% 

R7 1.2 0.012 60 0% 

R8 117.4 1.174 5870 9% 

R9 677.3 6.773 33865 55% 

R10 31.7 0.317 1585 3% 

Table 7 Percentage Load Increase  
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3.2 Economic Development 

The master plan requires an estimate of the future load so that a decision can be 

made where to increase the capacity of the network in order to meet the load. 

The CSIR published a document “Forecasts for Electricity Demand in South Africa 

(2017-2050) using the CSIR Sectorial Regression Model for the Integrated 

Resource Plan of South Africa “dated May 2017. The report is used to estimate 

the increase in domestic and industrial electricity consumption from 2020 to 2030. 

The report shows six future scenarios. The lowest scenario has been selected 

because of the current state of the South African economy. 

 

 

 

 

 

 

 

 

 

In 2020 the lowest scenario predicts that the domestic annual electricity 

consumption will be 48 000 GWhr and in 2030 it will be 57 000 GWhr. Domestic 

consumption will increase by 18.75%. 

In 2020 the lowest scenario predicts that the commercial annual electricity 

consumption will be 130 000 GWhr and in 2030 it will be 145 000 GWhr. 

Commercial consumption will increase by 11.5%. 

The following table shows maximum demand data for six towns in GMM for 

2016, 2017, 2018, 2019. The data is obtained from the Mothapo Report and 

from Metering on Line. 

 

Graph 6 Domestic &Commercial Consumption  
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Table 8 Average Maximum Demand 1 

 

The average of the maximum demand figures for 2016, 2017, 2018, 2019 for 

Bethal 11 kV substation is 26.96 MVA. This is used as a baseline. 

Assume that the ratio of domestic consumption to commercial consumption is 2 

to 3. 

In 2020 Bethal’s domestic consumption maximum demand will be 10.78 MVA 

and the commercial consumption maximum demand will be 16.17 MVA. 

In 2030 the domestic consumption will be 12.80 MVA 18.75% higher than 2020 

and the commercial consumption will be 18.04 MVA, 11.53% higher than 2020. 

Bethal’s electricity consumption will reach 30.85 MVA in 2030 an increase of 

14.42%. 

3.3 Levels of Service 

 Seed potatoes cool rooms 

 Hospital 

 

   

Mothapo 
Consulting 

Data  

DATA TAKEN FROM METERING 
ON LINE 

   1.1475 

Point of 
Supply 

Installed 
Capacity 

Notified 
Maximum 
Demand 

Actual 
Max 

Demand 
2016   

Actual 
Max 

Demand 
2017 

Actual 
Max 

Demand 
2018 

Actual 
Max 

Demand 
2019  

Average 
Max 

Demand 
baseline 

 Forecast 
Max 

Demand 
2030 

  (MVA) (MVA) (MVA)   (MVA) (MVA) (MVA)  (MVA)    

Bethal 11 kV 
Substation 20.00 18.00 28.90   28.02 29.21 21.71  26.96  30.85 

Bethal 22kV 
Substation 10.00 8.00 11.50     13.51 12.60  12.54  16 

Secunda 
Substation 80.00 60.00 39.70     23.31    31.50  27 

Evander 
Substation 15.00 12.00 9.30   11.43 10.25 10.04  10.25  12 

Kinross 15.00 7.72 8.00   8.06 9.06 8.56  8.42  10 

Embalenhle 40.00 34.40 41.70     41.85    41.77  48 
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3.4 Legislation 

NERSA regulates the Energy industry in accordance with government laws and 

policies, standards and international best practices in support of sustainable 

development. The organisation issues licences, with conditions, to electricity 

distributors and therefore requires audits to be conducted to determine the level 

of compliance with the licence conditions. NERSA conducted an audit of GMM 

on 22 to 25 May 2018. NERSA recommends the following; 

1) The electricity affairs of Govan Mbeki Local Municipality must be ring 

fenced from the other activities of the Municipality 

2) The critical vacancies should be filled. 

3) The Licencee’s exceedance of the NMD at Embalenhle and Bethal 

should be addressed with immediate effect. 

4) The regular inspections on the network and plant equipment should be 

formally recorded and filed accordingly. 

5) Proper inspection sheets should be developed for all assets 

(electrical). 

6) A maintenance plan that is in line with the existing maintenance policy 

must be developed. 

7) The asset register should be updated to indicate all the critical 

attributes of the assets and linked to the GIS. 

8) The personnel responsible for the network operation must be properly 

authorised through the issuing of authorisation certificates as per the 

ORHVS requirements. 

9) The ground and pole mounted transformers that have oil leaks should 

be replaced or repaired. 

10) Simulation packages should be sourced to empower existing personnel 

for network planning. 

11) The budget and the expenditure for repairs and maintenance should be 

according to the NERSA tariff guideline. 

12) All open trench covers should be closed and faded warning signs 

replaced. 
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13) The Licensee should apply for the rectification of Schedule 1 of its 

licence by contacting NRSA’s Licencing Officer, Mr Tshepo Ramokoka 

at 012 401 4774/4600 or Tshepo.ramokoka@nersa.org.za. 

14) The fire prevention equipment must be serviced as a matter of 

urgency. 

15) The Ring Sub 1, Rugby Sub and Extension 6 substation need 

maintenance as the roofs were leaking and damaged. 

16) The NBO substation needs maintenance as the walls are cracked and 

the switchgear is obsolete. 

17) All transformers and mini substations that are bypassed should be 

attended. 

18) All trees encroaching on the overhead lines must be cut. 

19) The Licensee should also implement vegetation management around 

the substations. 

4 Analysis and Modelling 

A model of the network was built in ETAP. Lumped loads representing the 

estimated maximum demands were added to the main 11 kV busbars as 

follows; 

 Eskom 11 kV busbar    5087 kVA 

 Bethal 11 kV busbar     4363 kVA 

 Kleynhans 11 kV busbar    880 kVA 

 Standerton Road 11 kV busbar   7104 kVA 

 Emzinoni 11 kV busbar    4454 kVA 

 TOTAL      21896 kVA 

Various scenarios were simulated in ETAP. 

If one overhead line is lost the whole network can collapse. 

 

 increase maximum demand lumped loads and re run model 

 findings of increased load 
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4.1 Demand Management 

There is no demand side management in Bethal eg Bethal cannot ripple off all 

the geysers from 17h00 to 20h00 to reduce their maximum demand. Bethal can 

control their load only by load shedding consumers. 

Eskom asserts that the Notified Maximum Demand (NMD) is a technical 

requirement it needs to run the network effectively and efficiently. The NMD is 

the agreed load required by Eskom’s customers to supply their customers. If a 

municipality exceeds the agreed upon NMD, Eskom levies penalty fees. 

However, when municipalities want to upgrade and apply for a higher load 

usage, Eskom does not allow them if they have arrear debt. Eskom and NERSA 

have been tasked with looking at the rules that are applied in the NMD penalties 

and provide  much more relaxed rules which will achieve the same objective of 

staying within the agreed load usage. 

In January 2019 the Eskom bill shows the notified maximum demand (NMD) as 

7720 kVA and the maximum demand (MD) as 9022 kVA. The network capacity 

charge (NCC) is R15.29/kVA. Bethal thus exceeds the NMD by 1302 kVA 

(7720- 9022 kVA). Each time the notified maximum demand is exceeded a 

penalty is paid. The first time the NMD is exceeded there is no penalty. The 

second time the penalty is 2 X the amount exceeded, the third time the penalty 

is 3 X, and the fifth time the penalty is 5 X. The penalty is levied for 12 months 

and is reset after 12 months if the NMD is not exceeded in the 12 months. 

This penalty can amount to R 1 194 455 per year, (1302 X 5 X R15.29 X 12). 

The Municipality could better use the penalty to repair meters thereby 

increasing municipal revenue. 
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4.2 Upgrades and Refurbishments 

 Street kiosks 

 Minisubs 

 Protection relays 

 Vacuum circuit breakers 

 Building maintenance 

 

4.3 Alternative Technologies, Solutions and Standards 

 Vacuum switchgear 

 Digital relays 

 Smart meters 

 

 

 

5 The Five Year Master Plan  

 Eskom installed capacity 

Graph 7 Eskom NMD Rules 1 
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 Repair underground cable feeders that have been stolen 

 Build a second 22 kV line to Standerton 11 kV substation 

 Build a second 22 kV line to Emzinoni 11 kV Substation 

 Purchase 2 by 15 MVA transformers for Emzinoni and Standerton Road 

 Build a new ringsub in EXT 13 

 Build a new ringsub in Emzinoni 

 Budget for 10% minisub refurbishments per year for five years 

 Budget for street kiosk replacement 

 Put larger ACSR on existing poles to Standerton and Emzinoni 

5.1 Five Year Capital Budget 

 Repair underground cable feeders that have been stolen 

 Purchase 4 by 15 MVA transformers for Emzinoni and Standerton Road 

 Build a new ringsub in EXT 13 

 Build a new ringsub in Emzinoni 

 Build a second 22 kV line to Standerton 11 kV substation 

 Build a second 22 kV line to Emzinoni 11 kV Substation 

5.1.1 Build Two New 22 kV lines to Emzinoni and Standerton Road 

Substations 

The load flow study indicates that the Standerton Road and Emzinoni 

substations are overloaded. Numerous flashovers have occurred in the 11 kV 

cable boxes at the rear of the switchboards and there are signs of overheating 

on the outgoing cables. Protection relay settings have been raised to the 

maximum. In some cases the relays have been switched off or removed. 

The Bethal Emzinoni 5 Year Spatial Development Plan 2014-2019 table 5.2.2 

identifies region R3 for future residential growth. 

The maximum demand for Emzinoni was 12660 kVA on 8-07-2019 at 19h00. 

There is one 5000 kVA transformer at Standerton Road substation and one 

5000 kVA transformer at Emzinoni substation as shown on the Bethal Single 

Line Diagram. The transformer capacity of the two substations is 10000 kVA. 
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The balance of the load is drawn from the Bethal Main Substation via the 

Kleynhans substation. The two 5000 kVA transformers are running on overload. 

The supply to this area can be strengthened by building two new 22 kV lines 

from the Eskom Main Substation to Standerton Road and Emzinoni. These lines 

run in the same servitude as the existing lines. The two 5 000kVA transformers 

must be replaced with four 15000 kVA transformers. 15000 kVA transformers 

are recommended because they will carry a 14 % increase in the maximum 

demand of Emzinoni over the next 10 years (12660 X 1.1442 = 14485 kVA.) 

Four transformers are recommended, two at each substation to improve the 

reliability of the network. If one transformer fails the second one can carry the 

full load. 

Two new 22 kV circuit breakers are required in the Eskom 22 kV substation. 

The estimated cost of these expansions are shown in the following table. 

 

 

 

 

 

 

 

 

 

The total capital cost estimate is R 32 628 400. 

If the capital is spread over five years then the cost is R6 525 680 per year. 

5.1.2 Build two New Ring Substations 

The urban underground reticulation philosophy in Bethal is to connect 315 kVA 

minisubs in an 11 kV ring using 70mm2 Cu\XLPE\PVC\ SWA. The full load 

current rating of 70mm2 cable is 240A. The full load current of a 315 kVA 

Item Qty  Unit Unit cost Total Cost 

build 22 kV line from Eskom sub to Emzinoni 12.114 km R600,000 R7,268,400 

build 22 kV  line from Eskom sub to 
Standerton Road 10.6 km R600,000 R6,360,000 

22 kV circuit breaker in Eskom sub 1 each R300,000 R300,000 

22 kV circuit breaker in Eskom sub 1 each R300,000 R300,000 

15 MVA transformer  at Emzinoni substation 1 each R4,600,000 R4,600,000 

15 MVA transformer at Emzinoni substation 1 each R4,600,000 R4,600,000 

15 MVA transformer at Standerton Road 
substation 1 each R4,600,000 R4,600,000 

15 MVA transformer at Standerton Road 
substation 1 each R4,600,000 R4,600,000 

Total       R32,628,400 

Table 9 Five Year Capital Budget 1 
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minisub at 11 kV is 16 A. The maximum number of minisubs that can be carried 

by a 70mm2 cable is 14.  

Build a new ring substation in the centre of Milan park as shown on drawing 

“Bethal Central Reticulation”. The ring substation houses ten 11 kV circuit 

breakers and three rings can be connected each ring carrying 14 minisubs. 

This will provide power to future domestic expansion regions R3, R1 and R9. 

The estimated cost of the new ring sub is shown in the table. 

 

 

 

Table 10 Ring Substation Capital Cost 1 

 

5.2 Five Year Maintenance Budget 

Make provision in the annual maintenance budget for the following maintenance 

programs. 

 Budget for 10% minisub refurbishments per year for five years 

 Budget for street kiosk replacement 

 Budget for protection relay injection testing 

 Budget for building repairs 

 Budget for vegetation control 

 Replacement of oil in bulk oil circuit breakers 

5.2.1 Budget for Minisub Refurbishment 

There are 90 minisubs and 95 pole mounted transformers in Bethal. Assume 20% 

of the minisubs require refurbishment ie18 minisubs. ArmCoil is a company that 

refurbishes minisubs. They offer to do the following; 

 measure doors or panels to replaced on site 

 manufacture new doors or panels 

 shot blast and spray paint primer 

Item Qty Unit Unit cost Total Cost 

build a new ring substation in 
Milan Park 112 m2 R7,552 R845,824 
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 grind and remove old hinges 

 weld hinges and locking mechanisms to doors 

 clean posters from minisub 

 repaint minisub 

 change transformer oil 

 erect palisade fence if required. 

The total cost estimate for refurbishing the minisubs is 18 X R 45000 = R810 000. 

Put R810 000 / 5 = R162 000 into the maintenance budget every year for five 

years. 

5.2.2 Budget for Ring Main Unit Replacements 

Some of the ring main units in the minisubs have flashed over. The three cables 

have been bolted together leaving no protection for the transformer. Of the 95 

minisubs assume 10 % of the ring main units have been bypassed. 

The total cost estimate for replacing ring main units is 10 X R25 000 = R250 000. 

Put R250 000 / 5 = R 50 000 into the maintenance budget every year for five 

years. 

5.2.3 Budget for Street Kiosk Replacement 

The following numbers are used to estimate the number pf street boxes in 

Bethal. The Spatial Development Framework states the population of Bethal is 

60799 people. On average there are 3.3 people per house so the number of 

houses is estimated to be 18418. The number of erven in Bethal is 14919. If 

one assumes that 6 erven are connected to a street box the number of street 

boxes is estimated to be 2486. Assume that 50% of the street boxes require 

replacement. 

Budget for the replacement of 1000 street boxes at R 10 000 per street box = 

R10 000 000. Put R 2 000 000 into the maintenance budget per year for five 

years. 
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5.2.4 Budget for a Grading Study of the Bethal Network 

The Bethal network needs a grading study to determine the settings for the 

protection relays. This will improve the reliability of the network and help prevent 

expensive failures. An updated single line diagram of the whole network is 

urgently required. It is fundamental to the successful operation of the network. 

Budget 200 manhours at R1000 = R 200 000 for a protection grading study. 

The study must be done using reticulation software eg ETAP, Digsilent or 

Reticmaster. A single line diagram is included in the study. 

5.2.5 Budget for Protection Relay Injection Testing  

There are 94 by 11 kV circuit breakers in the Bethal network. Assume injection 

testing takes 2 hours per relay at R1000 per hour = R 188 000.  

Budget R 188 000 / 5 = R37 600 per year for relay testing. 

5.2.6 Budget for Substation Battery Charger Maintenance 

Each of the 12 main substations has its own battery charger and battery. In order 

to keep them in a good state of repair budget R5000 for maintenance on each 

charger 12 X R 5000 = R 60000. 

Budget R12000 per year for five years. 

5.2.7 Budget for Building Repairs 

Bethal has 12 substations. Some of the roofs are leaking, gutters are rusted, 

ceilings have fallen down, and roof tiles have come loose. Put money into the 

maintenance budget each year to address these failures over five years. 

Budget R 20 000 per year for five years. 

5.2.8 Budget for Vegetation Control 

There are 90 minisubs. Assume 50% require vegetation control. The vegetation 

control can be done by 2 people working 4 hours per minisub at R 200 per hour. 

Total budget is R 72 000. Put R 14 400 into the maintenance budget every year 

for five years. 
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5.2.9 Budget for Replacement of Bulk Oil Circuit Breakers with Vacuum 

Circuit Breakers. 

Of the 94 by 11 kV circuit breakers in Bethal 23 are vacuum breakers and 71 

are oil breakers. 

 

 

 

 

 

 

 

 

Table 11 No of Circuit Breakers 1 

Budget to replace the oil circuit breakers with vacuum circuit breakers. Vacuum 

switchgear is safer to operate and requires less maintenance. 

ABB offer a vacuum circuit breaker that can be retro fitted into the cubicles for 

oil circuit breakers. Cost estimate is R250 000 per breaker. 

Total cost for 71 breakers is 71 X R 250 000 = R 17 750 000. 

Budget R 3 550 000 per year for five years. 

5.2.10 Budget for Replacing the Switchgear in Rugby 11 kV Substation 

The 11 kV switchgear in Rugby substation was manufactured in 1972. It is bulk 

oil switchgear. Bulk oil switchgear requires regular oil changes. It is dangerous 

to operate because of the risk of explosion and oil fire. Budget to replace the 

switchgear with vacuum switchgear. 

Six panels at R250 000 per panel requires R 1 500 000. Budget R 300 000 per 

year for five years. 

Substation Oil breaker Vacuum Breaker 

Eskom 22 kV Substation   3 

Eskom 11 kV Substation   12 

Bethal 11 kV Main Substation 20   

Ext 6 11kV Substation 6   

Ext 14 11 kV Substation 6   

NBO 11 kV Substation 5   

Nestle 11 kV Substation 6   

Kleynhans 11 kV Substation 10   

OTK 11 kV Substation 6   

Rugby 11 kV Substation 6   

Standerton 11 kV Substation   8 

Emzinoni 11 kV Substation 6   

Total 71 23 
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5.2.11 Budget for Metering Maintenance 

It is recommended that one bakkie and two electricians are dedicated to the task 

of repairing the estimated 9 432 meters. This team goes from house to house 

repairing electricity meters for the next five years. 

Budget R 2 263 680 for labour per year. 

Budget R 21 600 for petrol per year. 

6 Summary 

The expenditure plan and the five year maintenance plan are shown in the 

appendix. 

The capital expenditure plan estimate is R 6 525 680 per year or R 32 628 400 

for five years. 

The maintenance expenditure plan estimate is R 8 474 000 per year or R 42 370 

000 for five years. 

7 Conclusion 

 The infrastructure decays slowly over time 

 It requires maintenance to combat the decay process 

 It is better to do something rather than nothing 

 This master plan highlights areas where something can be done. 

 Everything costs money, money makes the world go round. 

 It must be spent wisely, on the right things 
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7 Appendix : 

 

Item Description Document Number 

1.  Single Line Diagram of Bethal 11 kV and 

22 kV Reticulation 

UCS1055-03V1 dated 

12/07/2006 

2.  Single Line Diagram of Bethal 11 kV and 

22 kV Reticulation (coloured in ) 

 

3.  Bethal GIS Plot Plan  

4.  Bethal Single Line Diagram showing main 

feeders 

 

5.  Bethal ETAP Load Flow Study  

6.  Bethal North Reticulation  

7.  Bethal Central Reticulation  

8.  Bethal South Reticulation  

9.  Bethal Town 11 kV Summation  

10.  Bethal Emzinoni Township 22 kV 

Summation 

 

11.  Bethal Total  

12.  Five Year Capital Budget and Five Year 

Maintenance Budget 
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