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Figure 4.1: 14bus Sudanese national grid
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4.3 Steady State Operation:

Table 4.2: voltage profile of steady state operation of 14bus Sudanese national grid

Load Flow Calculation Cocmplete System Report: Veltage Profiles
Grid: 16 Bus Sudanese Grid System Stage: 16 Bus Sudanese | Study Case: Study Case I Innex: /1
rtd.Vv Bus - wvoltage Veltage — Deviation [%]
[k¥V] [p.u.] [¥V] [degq] -10 -5 a] +5 +10
ROS2
220.00 213.84 -13.50 =
MRRZ
220.00 211.87 -7.82 [
KLX2
220.00 211.45 -8.98 [ =]
IBA2
220.00 212.64 -8.18 =]
ATBS
500.00 497.%4 -3.91 [ |
MARS
500.00 484.70 -6.89 ||
KRB2
220.00 213.66 -7.38 [an——
ATB2
220.00 219.39 -4.66 1
GER2
220.00 219.62 -5.18 |
M2
220.00 218.75 -0.52 =]
RARB2
220.00 220.39 -5.01 |
KLX1
110.00 104.30 -10.49 =——— 1|
MWES
500.00 S00.00 0.00 |
ROS33
33.00 32.01 -13.69 ==

« oObserve that voltage levels within the specified limit
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4.4 Case One: Sync M/C out of Service:

4.4.1 Discussion and Generalization:

According to simulation results the particulate outage of each sync M/C alone has insignificant impact, hence voltage
profile remains within the specified limit, GER- U14, ROS- U5, And RAB- U4 have been taken as an example to simplify
that.

4.4.2 GER- U14 Sync M/C machine out of service:

Table 4.3: voltage profile when GER- U14 out of service

red.V Bus -voltage Voltage - Deviation [2]
[kV] [p-u.] [kV] [deg] =10 -5 0 +5 +10

RC32 —
220.00 213.83 -13.82

MAR2 —
220.00 211.849 -8B8.04

Fxz —
220.00 211.44 -9.35

IBA2
220.00 212.63 -8.S5 —

ATBS .
S00.00 487.92 -4.07

MARS —
S00.00 484.63 -7.10

KAS2 =
220.00 213.66 -7.64

ATB2 l
220.00 219.40 -4.85

GER2 {
220.00 218.5€ -5.74

MN2 .
220.00 218.75 -0.S2

RASZ ]
220.00 220.3% -5.29

KLX1 e
1i0.00 104.2% -10.8€

MNPS |
S00.00 £00.00 0.00

RCS33
33.00 32.01 -14.02 _
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4.4.3 ROS U5 Sync M/C out of Service:

Table 4.4: voltage profile when ROS U5 out of service

RC32

IBa2
ATSS
MARS
KaB2
ATE2

KLX1
MWPS
RC333

220.
220.
220.
S00.
S00.
220.
220.
220.
220.
220.
110.
S500.

33.

Bus - voltage

Voltage — Deviation [%]

[p.u.l [kV] [deg] =10 -5 0 +5 +10
213.16 -15.1¢ FE
211.78 -B.17 e
211.22 ~-8.83 =
212.46 -B.€6 =
497.88 -4.0€ g
484.42 -7.21 L1
213.54 ~-7.7S -
21%8.38 -4.83 1
218.5% -5.89 I
218.75 -0.S52 o
220.34 -6.06 !
104.18 -11.04 O
£00.00 0.00 I

31.81 -15.35 j—
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4.4.4 RAB- U4 Sync M/C out of Service:

Table 4.5: voltage profile when RAB- U4 out of service

v Bus - voltage Voltage - Deviation [%a)
kvl [pu] V] [deg] -10 -5 0 +5 +10
ROS2
220,00 213.83 -1631 —
MAR2
220,00 21185 -885 —
220,00 21127 -10.16 [
IBA2
220,00 0248 927 -
ATES i
s 500.00 497.86 426
500.00 48440 779 =
KAB2
220,00 20354 832 —
ATB2 |
220,00 21940 -5.07
GER2 [
220,00 21950 -6.12
MW2 u
220,00 21875 032
RAB2 I
220,00 22030 -9.76
ox ]
110.00 10420 -11.67
MWP3 |
e 500.00 50000 0.00
L)
33.00 3201 -16.50 e
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4.5 Case Two: T.L out of service:

4.5.1 Discussion and Generalization:

According to simulation results the particular outage of each T.L alone has insignificant impact, hence voltage
profile remains within the specified limit, MW5-MARS T.L, IBA2-KLX2 T.L have been taken as an example to simplify
that.

4.5.2 MW5-MARS5 T.L out of Service:
Table 4.6: voltage profile when MW5-MARS5 T.L out of service

red .V Bus - wvoltage Voltage — Deviation [%]
[xV] ip-u.l [kV1 {degl -i0 -5 o +5 +10

RC32

220.00 0.9¢&8 213.02 —-1&8.89 =]
uRRz =

220.00€_0.923 > 202.06 -12.02
KiLX2

220_00- 206_.46 -13.84 EE—]
IBaA2

zzc._oo 207.48 -12_88 =]
ATSS

S00.00 0.988 454 .03 -5.859 -
MARS

59(_\,_00- ase_ 27 -12.02 pe———————— ]
KaAsS2

22{_-._00 206.08 -12.22 Eem——m
ATS2

220.00 o.8s8s 217 .58 -&.€7 -
GERZ2 .

220.00 0.5824 218.78 -9.€0
N2 .

220.00 0.9524 218.7S -0.S2
RAS2

220.00 1.000 21S.9€6 —-10.52 l
KLX1

’.LG.OO- 101.77 —-15_42 =]
MNPS |

S00.00 1.000 S00.00 0.0C0
RC333

33.00 0.8&¢e 21.88 —-1i9.08 _
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45.3 IBA2-KLX2 T.L out of Service:

Table 4.7: voltage profile when IBA2-KLX2 T.L out of service

red.V Bus -voltage Voltage — Deviation[2)

(kV] [p-u.] [xV] [deg] -10 -5 0 +5 +10
RS2

220.00 213.64 -14.12 =3
MAR2

220.00 211.87 -7.85 ==y
KLX2

220.00 210.24 -9.76 [oe—
IBa2

220.00 212.58 -8.17 =
ATSS

500.00 497.03 -2.91 §
MARS

500.00 484_66 -6.91 | ]
KAS2

220.00 213.62 -7.238 -]
ATS2

220.00 215.28 -4.66 H
GER2

220.00 218.61 -5.15 1
Wz

220.00 218.75 -0.52 5]
RS2

220.00 220.28 -5.36 I
KLX1

110.00 103.68 -11.28 | — .|
MWES

500.00 $00.00 0.00 |
ROS23

23.00 31.88 -14.32 ||
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4.6 Case Three: Load out of service:

4.6.1 Discussion and Generalization:

This case causes voltage profile moves towards the positive limit; because the total load decreases.

According to simulation results the particular outage of each load alone has insignificant impact, hence voltage profile

remains within the specified limit, MAR2 load has been taken as an example to simplify that.
4.6.2 MAR?2 load out of Service:

Table 4.8: voltage profile when MAR2 load out of service

red.V Bus - wveoltage Voltage — Deviation [%]
(xV] [p.u.] (V]  [deg] -10 -5 ) +5 +10

220.00 214.58 -8.22

MAR2 =
220.00 221.93 -2.18

KLX2 En
220.00 216.01 -4.55

IB22 =a
220.00 217.26 -2.82

ATSS =
500.00 500.84 -2.36

MARS ]
500.00 503.61 -2.28

FAS2 "
220.00 220.61 -2.00

ATE2 | |
220.00 220.72 -z.20|

GER2 | |
220.00 220.36 -1.12

N2 1
220.00 212.75 -0.52

RAB2 ]
220.00 220.82  0.%5%

KLX1 o
210.00 106.61 -6.00

MNES |=——=:]
500.00 500.00 0.00

RC323 |
23.00 32.22 -8.S52 c—
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4.7 Case Four: Load Increasing:

4.7.1 Discussion and Generalization:

This case causes voltage profile moves towards the negative limit; because the total load increases.

According to simulation results Load increasing by 20%, 30%, and 50% of each load alone has insignificant impact, hence

the voltage profile remains within the specified limit, KLX1 load have been taken as an example to simplify that.

4.7.2 20% Increasing in KL X1 Load:
Table 4.9: voltage profile within the when 20% load increasing in KLX1 load

rtda.v Bus - woltage Veltage — Dewviation ([%]
[k7] [p-u.] [kV] [deg] -10 -5 a] +5 +10

ROS2
220.00 213.63 -14.29 _

MER2 I—
220.00 211533 -8.25

KRS e |
220.00 210.186 -S.80

TE E———
220.00 211.886 -8.80

ATRBS .
500.00 497 .&0 -4.13

MEES ——=
500.00 483 .38 -7.30

K&B2 jie———1|
220.00 213.00 -7.89

ATB2 .
220.00 219.24 -4.92

GER2 l
220.00 219.47 -5.82

MW2 '.
220.00 218.75 -0.52

RRB2 l
220.00 220.386 -5.64

JeLXY: ]
110.00 103.34 -11.864

MWPS l
500.00 S00.00 c.00

Rogas —==|
33.00 31.88 -14.48
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4.7.3 30% Increasing in KL X1 Load:

Table 4.10: voltage profile when 30% load increasing in KLX1 load

red.V
[kV]

RC32

KLX2
IBA2
ATBS
MARS
KaB2
ATB2

KIX1
MWNPS
RC333

220.
220.
220.
220.
S00.
S00.
220.
220.
220.
220.
220.
i10.
S00.

33.

0o
0o
oo
0o
oo
0o
00
0o
0o
oo
0o
0o
0o
0o

e Observe that voltage profile remains within specified limit when 30% increasing in KLX1 load.

Bus - wvoltage

Voltage - Deviation [%]

p.u.] [kV] ([deg] -10 -5 0 +5 +10
212.52 -14.69 =
211.01 -8.46 —
209.48 -10.22 =
211.16 -9.25 =
457.41 -4.24 &
482 68 -7.51 r—
212.65 -8.15 re—
218.16 -5.08 |
218.38 -6.15 |
218.75 -0.52 ]
220.34 -5.56 I
102.84 -12.23 |
$00.00 0.00 |

31.96 -14.89 | —
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4.7.4 50% Increasing in KL X1 load:

Table 4.11: voltage profile when 50%load increasing

red.V Bus - voltage Voltage - Deviation [3]
[xV] [Ip.u.] [XV] [deq) -10 -5 0 +5 +10

RCS2

220.00 213.30 -15.52 em— |
MAR2

220.00 210.40 -8.20 I
KLX2

220.00 208.10 -11.06 [i— il
IBR2

220.00 210.11 -9.88 jre—————|
ATES

500.00 487.02 -4.46 A
MARS

500.00 481.24 -7.94 [P—)
EAS2

220.00 211.93 -8.68 ||
ATE2

220.00 218.08 -5.31 i
GER2

220.00 219.23 -6.82 3
M2

220.00 218.75 -0.S52 [}
RAS2

220.00 220.28 -6.61 |
ELX1

110.00 101.82 -13.41 f— |
MWES

500.00 500.00 0.00 |
RC333

33.00 31.03 -15.70 ]

e Observe that voltage profile remains within specified limit when 50% increasing in KLX1 load.
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4.8 Compensation Using SVC System:

This part is to study the effect of SVC in voltage improvement considering two cases as following:

4.8.1 SVC Effect when MW5-MARS T.L out of Service:

Table 4.12: voltage profile when MW5-MARS T.L out of service without using SVC

red. .V Bus - voltage Voltage - Deviation [&]
(xV] [p-u.] [XV]  [deg] -10 -5 0 +5 +10
ROS2
220.00 0.968 212.02 -18.89 ==
vz =]
220 oo- 203.06 -12.03
KLX2
220.00¢_0.838 ) 206.46 -13.84 =
1832
2zo.oo 207.48 -12.98 =
ATES L
500.00 0.988  484.02 -5.59
MARS
500.00€0. 829 ) 464.27 -12.02  E—
FAB2
22c~.oo 206.08 -12.22 1
ATE2 =
220.00 0.988 217.58 -6.67
GERZ 1
220.00 0.984 218.78 -9.60
M2 I
220.00 0.984 218.75 -0.52
RAE2
220.00 1.000 218.96 -10.52 1
e C—
:m.oo- 101.77 -15.42
MBS |
500.00 1.000 500.00 0.00
ROS23
33.00 0.966  31.88 -19.08 =

e Observe that MAR2, MARS5, KLX1, KLX2, KAB2, and IBA2 buses represent the weak buses.
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Table 4.13: voltage profile when MW5-MARS T.L out of service using SVC

red.V Bus - voltage Voltage - Deviation [%]
(kV] f[p.u.] [kV]  [deg) -10 -5 0 +5 +10

ROS2

220.00 0.977 214.93 -18.09 =3
MAR2

220.00 <0850 > 209.08 -12.83 CE—
KLX2

220.00¢0.983 ) 218.57 -13.92 mn
1BA2

220.00 216.77 -12.95 =
ATBS

500.00 0.995 487.62 -5.51 [ |
MARS

500.00 €C0.956 ) 478.23 -11.88 —
FAS2

220.00 C0.969  213.21 -12.08 i—
2TB2

220.00 0.988 218.46 -6.55 |
GER2

220.00 1.001 220.20 -9.27 |
M2

220.00 0.984 218.75 -0.52 l
RAB2

220.00 1.001 220.33 -9.84 |
KLX1

110.00 111.99 -15.27 ==
MINES

500.00 1.000 500.00 0.00 |
ROS23

33.00 0.975 32.17 -18.27 ===

« Observe that MAR2, MARS5, KLX1, KLX2, KAB2, and IBA2 buses have been improved to acceptable voltage
limit when using SVC.
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4.8.2 SVC Effect when MAR2 load out of Service:

Table 4.14 voltage profile when MAR2 load out of service without using SVC

rtd.v Bus - woltage Voltage — Deviation [%]
(kV]  [p.u.] [kV] [deg] ~10 -5 0 +5 +10

ROSZ

220.00 0.975 214.58 -8.33 E—
MARZ

220.00 € 1,000 D 221.94 -2.18 ]
ELXZ

220.00 0.982 216.01 -4.55 ]
IBAZ

220.00 0.988  217.36 -3.82 =]
ATES

500.00€ 1002 500.84 ~-2.38 L
MARS

500.00¢ 2,007 _D503.61 -2.28 O
ERBZ

220.00€C1.003 D 220.61 -3.00 r
ATBZ

220.00 220.72 -2.80 |
GERZ

220.00 € L.002 —>220.36 -1.12 I
MWZ

220.00 0.9%4  218.75 -0.52 |
RLRZ

220.00 € 1.004 ) 220.88  0.59 N
FLXLl

110.00 0.96%  106.61 —6.00 [ |
MWES

500.00  1.000 500.00  0.00 |
ROS533

33.00 0.973 32.12 -8.52 [

e Observe that voltage profile moved towards the positive limit.
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Table 4.15: voltage profile when MAR2 load out of service using SVC

rtd.v Bus - wvoltage Voltage — Deviation [%]

(xv]  [p.u.] [(kV]  [deg] -10 -5 0 +5 +10
ROSZ

220.00 0.975 214.45 -8.40 _
MARZ

220.00 220.00 -2.16 |
ELx2

220.00 0.978 215.22 -4.57 |
IBAZ

220.00 0.984 216.54 -3.82 [
ATBS

500.00 C1.001_>500.29 =-2.37 I
MARS

500.00 C1.000 D 500.21 -2.25 I
EARZ

220.00 < 0.997 _>219.39 -2.97 |
ATB2

220.00 220.44 —2.81 1
GERZ

220.00 C1.001_220.23 -1.16 |
MW2

220.00 0.994 218.75 -0.52 ]
RAEBZ

220.00 22[}.?8 0.53 [
EIX1

110.00 0.966 106.21 —6.02 —
MWES

500.00 1.000 500.00 0.00 |
ROS33

33.00 0.973  32.10 -8.59 _

e Observe that MAR2, MARS5, ATBS5, and KAB2 buses have been improved to acceptable voltage limit when using
SVC.
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