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Abstract

This paper conducts a study with the view of optimizing the reactive power flow on 400 kV and
765 kV Transmission Lines in the Cape Regions, South Africa. The power flowing on the system has
a significant reactive component due to the long transmission distances. The appropriate flow of
reactive power and the management of VAr sources are essential in the overall performance of
this part of the system since it impacts directly on the available levels of supply capacity. The re-
port will provide specific recommendations on optimal SVC voltage set-points and droop settings,
tap-changer reference values and shunt device switching philosophy. As a starting point, the reac-
tive power flow in the year 2006 was examined to establish a “base case” against which “future
year” cases could be referenced. Two future dates were considered in the analysis: 2009 and 2012.
Results show the reason why a VAr originates in a network and how to deal with these problems.
The flow of steady-state reactive power on the system was analysed in 2009 and 2012.
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Table 2. List of contingencies and associated losses for 2006 high load case
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Contingency . Difference in losses Difference in losses
rom System Healthy [MW] based on System Healthy [MW]
System Health
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Beta-Perseus 400 3 0%
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Hydra-Kronos 400 147 12%
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Table 3. List of contingencies and associated losses for 2006 light load case

7 3. 2006 FRHIFN THRLEHFEXHIRFEF

Difference in losses

S From System Healthy [MW]

Difference in losses
Based on System Health [%]

System Health

Alpha-Beta 765 22 3%
Beta-Hydra 765 27 4%
Beta-Perseus 400 0 0%
Beta-Hydra 400 5 1%
Preseus-Grootvlei 400 6 1%
Preseus-Hydra 400 4 1%
Hydra-Droeerivier 400-3 1 0%
Droerivier-Proteus 400 5 1%
Droerivier-Bacchus 400 1 0%
Droerivier-Muldersvlei 400 1 0%
Muldersvlei-Bacchus 400 1 0%
Muldersvlei-Acacia 400 0 0%
Acacia-Koeberg 400 9 1%
Aurora-Juno 400 -2 0%
Hydra-Kronos 400 14 2%
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Figure 10. The maximum and minimum reactive power flows of 2006 low load

[ 10. 2006 FREFIFR THHEAM R/ NI TR




oL A

I e e

e

om |

belered

[

f

\

1/,

34

H

* ¢
e

o b8

..il ‘\I-i
J 1N
r

r‘\

60% —¢-1

| B From%ofMaxQ 4 To%ofMaxQ B From%ofvarationinQ 4 To % of variation in Q =#=% of max Q flow ==®=% of max Q generation |

100%

40% 1—
20%

0%
-20%
-40%
-60%
-80%

-100%

[ oAs-

OAS-

[ oAS+HQINN
[ oAs+NasOd

OASHFVHAAH

| OASHWHAAH
[ ojes-gs”SSHAd-PSSHId

O}el-YS”SSYId-+SSHId

H 0jel-PYHOAH-LYHAAH
| Y4eI-+v138-/v138

Qel-PY138-Av139

[ oJEN-PYHAY-LYHATY

PYHAIV-LYHA TV
FYHTY-LYH Y
FOa30H-PHOANY
7OFI0HTHOEANY
POVOV+OH3ION
FIAILS+O830H
FHOINW-FOE30M
rd1IHd- POV
FdIHd-+OvOY
FOVOY-FHOTINW
FIALLSFHATINN

| #HOTINNFHDIOVYE
| ¥PLWTYd-¥HOOVE

PHOOWE-#S LOUd

[ ¥S1ONd-P43I0NA

FH30YAPHOOYE

| vH30Ha-rHaINW

FYHAAH-#43040

[ #H30YA-PYHAAH

FH3I0LA-FYHAAH
FONNM-PHOENY
FONNI-#ST3H
FSTIIHFSIIHY
FSNOOY-#SIIHY
FNEEHA-PSIIYY
FSIIYY-FSNOYA
FSNOENFYHAAH

| PNLIN-+HJT13A
| #HA130-PNASOd

FSSYHO-PNASOd

[ #SSVHD-¥NASOd
[ PNASOdFVHAAH

PNASOd¥VHOAH
PYHAAH¥V138
FYHAAH-¥SSH3d
PYHAAH-¥SSH3d
PSSu3d-vv.138
FSSYad+Y138
#SSHAd-FSSIHL
FSSHIAL-PUIAANT
PSSUIAFIALYD

| LWHOAH-LV.138

L¥138-LYHA Y

| 2¥138-LvHd VY

Q limit
WHealthy Max Q

E+2% Max Q

O Corridors
B-2% Max Q

north of Hydra

0
[
E
=
=
o
=]
=

NP IE S/ e L faged
BHIERTEARRE SVC IRE = FHTINIhE

400 kV SVCs

=

765/400 KV
transformers

Figure 12. The reactive power flows with different SVC set-points in 2006 high load case

Figure 11. The reactive power flows and generation of 2006 light load
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Figure 13. The bushar voltages for different SVC voltage set-
points in 2006 high load case
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Table 4. List of SVC voltage set-points and associated losses for 2006 high load case
7 4.2006 FEHEHER T SVC BERE M FIRFMEXAHRE

e P T
System Healthy
Perseus SVC 2% 7 0.60%
Perseus SVC +2% -6 —0.50%




Table 5. List of tap-changer set-points and associated losses for 2006 high load case

72 5.2006 FEHAHIFRAT, KM SERNTIZRFEXHIRFE

Continaenc Difference in losses Difference in losses
gency from System Healthy [MW] based on System Healthy [MW]
System Healthy
Beta 765/400 KV —2% 2 0.10%
Beta 765/400 KV +2% -1 —0.10%

400 kV 5VCs

400 KV lines
north of Hydra

OCorridors
Qlimit

B Healthy Max Q

2+2% Max Q

IB-2% Max Q

765/400 kV
transformers

Figure 14. The reactive power flows with different SVC set-points in 2006 high load case
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Figure 15. The bushar voltage with different tap-changer
set-points in 2006 high load case
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Figure 16. The maximum reactive power flows in 2010 light load case
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Figure 17. The maximum and minimum reactive power flows in 2010 low load case
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Table 6. List of contingencies and associated losses for 2010 light load case

72 6. 2010 BH B THRZ EMHFHEXHHFE

Contingency : Difference in losses Difference in losses
rom System Healthy [MW] based on System Healthy [MW]
System Health
Zeus-765400 trafo 0 0%
Acacia-Koeberg 400 4 0%
Alpha-Beta 765 14 1%
Aurora-Juno 400 12 1%
Beta-765400 trafo -2 0%
Beta-Hydra 400 1 0%
Beta-Perseus 765 4 0%
Beta-Persus 400 0 0%
Droérivier-Proteus 3 0%
Droérivier-Kapa 400 0 0%
Gramma-Grassridge 765 85 6%
Gramma-Hydra 765 6 0%
Gramma-Kapa 765 3 0%
Gramma-765400 trafo 83 6%
Hydra-Droérivier 400-3 0 0%
Hydra-Kronos 400 14 1%
Kapa-765400 trafo 0 0%
Kapa-Bacchus 400 0 0%
Kapa-Muldersvlei 400 0 0%
Kapa-Omega 765 2 0%
Zeus-Mercury 765 24 2%
Muldersvlei-Acacia 400 0 0%
Muldersvlei-Bacchus 400 0 0%
Omega-765400 trafo 2 0%
Perseus-765400 trafo -1 0%
Perseus-Gamma 765 11 1%
Perseus-Grootvlei 400 2 0%
Perseus-Hydra 400 1 0%
Perseus-Hydra 765 9 1%
Perseus-Mercury 25 2%

RR B I K TETH T E, L —IRH R 475 1%E$% Beta, Perseus Fl1 Hydra A8 ik i 13 4 1o
Pl 18 Hd ok 1 Vel 17, (B BILTE FH R RN 2 P it sh 1 8 3 7= AR I R Shoh 3, LS i KA 0 E 4 B EoR .
BRI RTTUE B HEA, RE A 100%.  “% of max Q flow” &7 M2k rhfi ik s H i ST o %

O,



/ME.  “% of max Q generation” FRTCTHIRM A . Him TR IF SN &K 4AE Mercury-Perseus Al
Perseus-Beta 765 kv £ #% LA & Hydra £l Omega 765/400 KV 25 [& # H, 1 i e JC B T2 7= 4= #E Zeus-Mercury,
Hydra-Gama £l KapaOmega 765 kv £&#% .

4.4.2.2012 JmRAEER
K19 BoR T 2012 4R, @RI T BRI R, RAEM AL T PR RFERSHTTER T

Table 7. List of contingencies and associated losses for 2012 high load case

7 7. 2012 FEAHIER THRAEHEXMIRFEE R

Contingency . Difference in losses Difference in losses
rom System Healthy [MW] based on System Healthy [MW]
System Health
Acacia-Koeberg 400 3 0%
Alpha-Beta 765 80 5%
Aurora-Juno 400 -9 0%
Beta-765400 trafo —4 0%
Beta-Hydra 400 27 2%
Beta-Perseus 765 55 3%
Beta-Persus 400 1 0%
Droérivier-Proteus 43 3%
Droérivier-Kapa 400 22 1%
Gramma-Grassridge 765 37 2%
Gramma-Hydra 765 75 4%
Gramma-Kapa 765 172 10%
Gramma-765400 trafo 9 1%
Hydra-Droérivier 400-3 12 1%
Hydra-Kronos 400 80 5%
Kapa-765400 trafo 1 0%
Kapa-Bacchus 400 21 1%
Kapa-Muldersvlei 400 18 1%
Kapa-Omega 765 84 5%
Muldersvlei-Acacia 400 2 0%
Muldersvlei-Bacchus 400 -1 0%
Omega-765400 trafo 7 0%
Perseus-765400 trafo -3 0%
Perseus-Gamma 765 147 9%
Perseus-Grootvlei 400 18 1%
Perseus-Hydra 400 24 1%
Perseus-Hydra 765 146 9%
Perseus-Mercury 158 9%
Zeus-765400 trafo 8 0%
Zeus-Mercury 765 161 9%
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Figure 18. The reactive power flows and generator in 2010 light load case
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Figure 19. The maximum reactive power flows in 2012 high load case
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Figure 20. The maximum and minimum reactive power flows in 2012 high load case
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Figure 21. The reactive power flows and generator for 2012 high load
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Figure 22. The reactive power flows with different SVC set-points in 2012 high load case
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Table 8. List of SVC set-points and associated losses for 2012 high load
8. 2012 FEHHBERAT, TUHMERIIRE SFEXHIRFEESR

Contingency from System Heathy [MW] pased on System Heally [MW]
System Healthy
Perseus SVC —2% 9 0.50%
Perseus SVC +2% -8 —0.50%

Table 9. List of tap-changer set-points and associated losses for 2012 high load case
FO0R ESATERAT, RESEFXIGESMHEXRFE

Continaenc Difference in losses Difference in losses
gency from System Healthy [MW] based on System Healthy [MW]
System Healthy
Perseus&Beta 765/400kV —2% 3 0.20%
Perseus &Beta 765/400kV +2% -2 -0.10%
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Figure 24. The reactive power flows with different SVC set-points in 2012 high load case
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Figure 25. The busbar voltage with different tap-changer set-points in 2012 high load
case
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