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:Computer Simulation -6 NSSC=i STATCOM
STATCOMLF SSCsend(i) STATCOM
X vr (i)
S-buS test Tar VOI (1)
[16] network
VSta(i ;
400 kV @ Lis
on; 0 is off
Psp(i)
821['_1: P Sta (1) 1
. is on; 0 is off
:IEEE 5-bus test network 1-6 Qsp(i)
5-bus test network
QSta(i) 1 :
is on; O 1s off
5- bus (3) (2) V(i)
.100MVA 230 kV Tvr(i)
VvrHi(i)
VvrLo(i)
5 bus Line Data” (2)
Line Bustobus SeriesZ Shunt Y
1 Linel-2 0.02+0.06  0+;0.060
2 Linel-3 0.08+0.24 0+j0.05
3 Line2-3 0.06+0.18 0+;0.04
4 Line2-4 0.06+0.18 0+;0.04
5 Line2-5 0.04+0.12  0+;0.030
6 Line3-4 0.01+0.03  0+;0.020
7 Line4-5 0.08+0.24  0+0.050
“ All values in per unit on 230-kV, 100-MVA base.) 3 (5-bus test
network
Bus Voltage Generator Load
No. | Type V]| o P |Q| Qmin | Qmax P Q
1 1 1.06 0.0 0.00 -2.00 2.00 0.00 0.00
2 2 1.00 0. 40 _1.50 | 1.50 0.20 0.10
3 3 0.45 0.15
4 3 0.40 0.05
5 3 0.60 0.10

"Bus Type: (1) swing bus, (2) generator bus (PV bus), and (3) load bus (PQ bus)
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:STATCOM (5-3) STATCOMLF
Bus Voltage Load Generator ) STATCOM
NG: v.0) (MW, Mvar) | (MW, Mvar) (4-b) (4-2) (base case
pu pu
1 1.06, 0.0 1.3180,
0.0000 0.8848
2 1.0000, 0.2000, 0.4000, (4-3)
-2.0633 0.1000 -0.9143 ‘STATCOM
3 0.9926, 0.4500, 0.0000
-4.7132 0.1500 Gonerator
4 0.9911, 0.4000, 0.0000 Bus | Voltage Load (MW, Mvar)
-5.0576 0.0500 No. | v,0) | MW Mvar)pu o
N T e
. . . 0.0000 0.9082
:STATCOM (5-b) 2 | 1.0000, 0.2000, 0.4000,
-2.0612 0.1000 -0.6159
Line From Bus Power Flow 3 0.9872, 0.4500, 0.0000
No | /ToBus [ p.pu Q.pu -4.6367 0.1500
1 1-2 89.39 73.98 4 0.9841, 0.4000, 0.0000
2 1-3 41.79 14.50 -4.9570 0.0500
3 23 24.35 543 5 0.9717, 0.6000, 0.0000
4 2-4 27.60 -5.48 -5.7649 0.1000
5 2-5 54.95 -17.63 STATCOM (4-b)
6 3-4 19.32 -2.15
7 4-5 6.42 -8.21
Line From Bus Power Flow
No /To Bus P, pu Q. pu
(6) 1 1-2 89.33 74.00
2 1-3 41.79 16.82
STATCOM (6) 3 2-3 24.47 -2.52
4 2-4 27.71 -1.72
STATCOMat bus 5 5 2.5 54.66 556
NSSC =1 PSta (1)=1 6 3-4 19.39 2.86
SSCsend (1)=5 | QSta (1)=0 U ) 6.60 0.52
Xvr (1)=0.1 Vvr (1)=1.0 5-Bus
TarVol (1)=1.0 Tvr (1)=0.0
VSta(1)=1 | VvrHi (1)=1.1 bus 5 STATCOM
Psp (1)=0.0 | VvrLo (1)=0.9 1 pu. (5)
STATCOM (5-b) (5-a)
1e712 6
32 MVAR STATCOM . _@r Bus 1 -l-
5
.1.0p.u.
(voltage profile) "

2

6%
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STATCOM 400 kV (7)
Without STATCOM Bus Voltage
Bus Magnitude angle
No. Type Name (pu) (deg.)
1 Swing DIR-ALI 1.0100 0.0000
2 PQ DIMAS 1.0043 -2.0100
3 PQ ADRA 2 1.0085 -1.6797
4 PQ NASSRIEH 1.0078 -1.8726
5 PV JANDAR 1.0183 -1.6514
6 PV HAMA 2 1.0183 -1.6634
7 PV ZAYZZON 1.0110 -2.2806
8 PQ ALZARBEH 1.0026 -3.5132
9 PQ ALEPPO F 1.0045 -3.5207
10 PV LATAKI-E 1.0067 -2.1499
11 PQ PALMERA 0.9742 -5.0449
12 PQ TAYYEM 0.8811 -10.2735
STATCOM 400 kV (8)
Sending Receiving power
power flow power flow losses
Line  From Bus Active Reactive Active  Reactive  Active Reactive
No ~ /ToBus  Mw MVAR MW  MVAR MW  MVAR
1 1-2 307.70 14.28 -306.84 -35.40 0.86 -21.12
2 -3 206.89 -22.45 -206.41 -11.30 0.48 -33.75
3 2-4 -1735 -4221 17.36 -0.11 0.01 -42.32
4 2-5 -2522 -85.89 25.28 4.63 0.06 -81.26
5 3-4 4787  -3.93 -47.86 -15.79 0.01 -19.72
6 3-5 -5.66 -74.57 5.69 11.84 0.03 -62.73
7 5-6 1.56 -19.54 -1.56 -19.30 0.00 -38.84
8 5-6 1.56 -19.54 -1.56 -19.30 0.00 -38.84
9 5-11 21791 106.66 -216.41 -164.33 1.50 -57.67
10 6-7 55.48 2.23 -55.41 -59.82 0.07 -57.59
11 6-9 108.04 -6.60 -107.73 -76.91 0.32 -83.51
12 7-8 114.10 8.33 -113.88 -59.42 0.22 -51.09
13 7-10 -14.69 14.65 14.70 -51.46 0.01 -36.81
14 8-9 -0.52 -52.38 0.53 41.21 0.01 -11.17
15 11-12 20641 159.13 -203.40  -217.50 3.01 -58.37
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.(11)

STATCOM 9) 2-2-6
casel
STATCOMat bus 11 :STATCOM
NSSC=1 PSta(1)=1
SSCsend (1)=11 QSta(1)=0 (casel)
Xvr (1)=0.1 Vvr(1)=1.0
TarVol (1)=1.0 Tvr(1)=0.0 . )bus 11 STATCOM
VSta(1)=1 VvrHi(1)=1.2
Psp(1)=0.0 VvrLo(1)=0.9
7
.(9)
(10)
bus 11 STATCOM 400 kV (10)
With STATCOM Bus Voltage
Bus Magnitude angle
No. Type Name (pv) (deg.)

1 Swing DIR-ALI 1.0100 0.0000
2 PQ DIMAS 1.0043 -2.0078
3 PQ ADRA 2 1.0085 -1.6771
4 PQ NASSRIEH 1.0078 -1.8701
5 PV JANDAR 1.0183 -1.6443
6 PV HAMA 2 1.0183 -1.6563
7 PV ZAYZZON 1.0110 -2.2735
8 PQ ALZARBEH 1.0026 -3.50061
9 PQ ALEPPO F 1.0045 -3.5136
10 PV LATAKI-E 1.0067 -2.1428
11 PQ PALMERA 1.0000 -5.0565
12 PQ TAYYEM 09116 -9.9851
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bus 11 STATCOM 400 kv (12)
Sending Receiving power
power flow power flow losses
Line From Bus Active Reactive Active Reactive Active Reactive
No /ToBus MW  MVAR MW  MVAR Mw  MVAR
1 1-2 307.37 14.29 -306.51  -35.43 0.86 -21.14
2 1-3 206.57 -22.44  -206.09  -11.33 0.48 -33.77
3 2-4 -17.38 -42.21 17.39 -0.11 0.01 -42.32
4 2-5 -25.51 -85.86 25.57 4.61 0.06 -81.25
5 3-4 47.90 -3.93 -47.89 -15.79 0.01 -19.72
6 3-5 -6.01 -74.54 6.05 11.81 0.03 -62.73
7 5-6 1.56 -19.54 -1.56 -19.30 0.00 -38.84
8 5-6 1.56 -19.54 -1.56 -19.30 0.00 -38.84
9 5-11 217.26 14.63 -216.17  -79.43 1.09 -64.80
10 6-7 55.48 2.23 -55.41 -59.82 0.07 -57.59
11 6-9 108.04 -6.60 -107.73  -76.91 0.32 -83.51
12 7-8 114.10 8.33 -113.88  -59.42 0.22 -51.09
13 7-10 -14.69 14.65 14.70 -51.46 0.01 -36.81
14 8-9 -0.52 -52.38 0.53 41.21 0.01 -11.17

15 11-12 206.17 150.19  -203.40 -217.50 2.77 -67.31

STATCOM (12)
11
(1
364.64 kV 400.00 kV
3.462% 2.648% VSC =Q 55C
bus 11 =Qsenz
(2 STATCOM :(12)
6,5886 MW ) 9.881% Voltage source Vg (B1) 1.0760
(5.9376MW Soa(deg) | —5.0565°
STATCOM (12) (3 Total active transmission losses 5.9376
75.96MVAR (MW)
; P SSC(pu) 0.0
V,g = 10762 5.0565%p.u. Q 55C(pu) 0.8178
1) =0(8,, — Qeana (P 0.759%
(case1)
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(13) (case2)
bus 12 STATCOM 400 kv
With STATCOM Bus Voltage STATCOM
Bus Magnitude | angle ( ) bus 12
No. | Type Name (pu) (deg.)

1 | Swing | DIR-ALI 1.0100 0.0000

2 PQ DIMAS 1.0043 -2.0029

3 PQ ADRA 2 1.0085 -1.6713 ’ ()

4 PQ NASSRIEH 1.0078 -1.8646

5 PV JANDAR 1.0183 -1.6285

6 PV HAMA 2 1.0183 -1.6404

7 PV ZAYZZON 1.0110 -2.2576

8 PQ | ALZARBEH 1.0026 -3.4902 (13)

9 PQ ALEPPO F 1.0045 -3.4978

10 PV LATAKI-E 1.0067 -2.1269

11 | PQ | PALMERA 1.0237 -5.0437 .(14)

12 PQ TAYYEM 1.0000 -9.6838

bus 12 STATCOM 400 kV (14)
Sending Receiving power
power flow power flow losses
Line | From Bus | Active | Reactive Active Reactive | Active | Reactive
No /To Bus MW MVAR MW MVAR MW MVAR

1 1-2 306.63 14.31 -305.78 -35.50 0.86 -21.19
2 1-3 205.85 -22.42 -205.38 -11.39 0.47 -33.81
3 2-4 -17.45 -42.20 17.46 -0.12 0.01 -42.32
4 2-5 -26.17 -85.80 26.23 4.55 0.06 -81.25
5 3-4 47.98 -3.94 -47.96 -15.78 0.01 -19.72
6 3-5 -6.80 -74.47 6.83 11.74 0.03 -62.73
7 5-6 1.56 -19.54 -1.56 -19.30 0.00 -38.84
8 5-6 1.56 -19.54 -1.56 -19.30 0.00 -38.84
9 5-11 215.82 -69.97 -214.79 2.57 1.03 -67.39
10 6-7 55.48 223 -55.41 -59.82 0.07 -57.59
11 6-9 108.04 -6.60 -107.73 -76.91 0.32 -83.51
12 7-8 114.10 8.33 -113.88 -59.42 0.22 -51.09
13 7-10 -14.69 14.65 14.70 -51.46 0.01 -36.81
14 8-9 -0.52 -52.38 0.53 41.21 0.01 -11.17
15 11-12 204.79 -1.77 -203.40 -89.19 1.39 -96.97
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= . (15)
- 1 Withaut STATCOM
=150
s B With STATCOM
§100
= STATCOM (15)
E 50
o
g 0] Voltage source | ¥,z (pu) 1.1283
t
E‘S" ] fualdeg.)  |-9, 6838°
Line Total active transmission losses 4.4855
-100 - . &
1rrilirliilrEed MW)
[EHNE I S S B R
= P S5C(pu) 0.0
400 ®)
0 55C(pu) 1.4477
bus 12 STATCOM kv
Qsaﬂd (pu) 1.2831
(3
.9) (case2)
350 12 STATCOM
- [l Without STATCOM
<« 300
E B STATCOM on bus 12
Ezso 1 (1
. (?) (13)
E 5.081% 400.00 kV  409.48 kV
150
13.494%
100 ~~105
:] Fwithout STATCOM  E'With STATCOM
=
50 =
¥
0 =
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 2
Line 095 4
400 kv 9)
bus 12 STATCOM 08
4
085 7
6.5886 ) 31.92%
(4.4855 MW MW 08 -
'\:'b":h":‘u"\%“ﬁ.@.\'\@
.(10) (15) & o &
400 kV @)
bus 12 STATCOM
(2
Ls 41
.(8) Li1-12

49



STATCOM

35

STATCOM .
=3
2 DOwithout STATCOM
%2'5 W STATCOM on bus 12 E
STATCOM . 5, |
15 —
1
(voltage profile)
0.5 -
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STATCOM -1 128 3IMVAR
-2 T o
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STATCOM e
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