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conductors’ bundle, as effective methods

�1 Qgmax Pg Qgmin –Pg

Line Length (km) Line Length (km)
1-2 512.90 7-12 300.00
1-4 474.19 8-11 349.09
1-7 370.91 9-10 447.27
2-3 485.45 9-15 398.18
2-5 294.55 10-14 392.73
3-6 349.55 11-13 261.29
4-8 416.13 12-14 348.38
5-6 519.00 12-16 406.45
5-7 435.48 13-16 490.91
5-10 376.36 14-17 403.64
6-9 316.36 15-17 502.70
7-11 387.09

Bus (Type) |V| 
(p.u.)

ÿ� (MW) Ā�ÿ�Ā (Mvar) Ā�ÿ�� (Mvar)

Bus 3 (PV) 1.025 2600 -780 1560
Bus 6 (PV) 1.010 2600 -780 1560
Bus 8 (PV) 1.040 2700 -810 1620
Bus 10 (PV) 1.020 2600 -780 1560
Bus 12 (PV) 1.020 2700 -810 1620
Bus 13 (PV) 1.020 2700 -810 1620
Bus 15 (PV) 1.000 2600 -780 1560
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<Conven.=

Bus Load Shunt Reactorÿ� (MW) Ā� (Mvar)
Bus 2 1725.00 835.45 100 Mvar
Bus 3 1000.00 484.32 ---
Bus 4 1585.00 767.65 100 Mvar
Bus 5 1360.00 658.67 ---
Bus 6 900.00 435.89 ---
Bus 7 1750.00 847.56 ---
Bus 8 1000.00 484.32 ---
Bus 9 1150.00 556.97 ---
Bus 10 1020.00 494.00 ---
Bus 11 1155.00 559.39 ---
Bus 12 1500.00 726.48 ---
Bus 13 1200.00 581.18 ---
Bus 14 1770.00 857.25 100 Mvar
Bus 15 1600.00 774.91 ---
Bus 16 1460.00 707.11 ---
Bus 17 1010.00 489.16 300 Mvar

case Conductor 
type

L
(mH/km)

C
(nF/km)

R
(Ω/km)

Conven. Macaw, 
ϕ=1.055 In 0.878 12.975 0.0228

Unconven. Chickadee, 
ϕ=0.743 In 0.619 18.199 0.0216

� = �Ā�Ā�                                                 (1)ÿ� + ĀĀ� = ����∗                                         (2)
ÿ� = |��| ∑|��||���|cos(�� 2 �� 2 ���)Ā

�=1       (3)

Ā� = |��| ∑|��||���|sin(�� 2 �� 2 ���)Ā
�=1       (4)�� |��|ÿ � �Ā�Ā��� �Ā�Ā ������ ÿ� Ā�ÿ
0.95 f |��| f 1.05 �. �.                 (5)0.90 f |��| f 1.05 �. �.        (6)20.3ÿ�� f Ā�� f 0.6ÿ��                          (7)��� f ���ÿÿ�                                      (8)

ÿ��ÿ ā���ÿÿ�
√3���ÿÿ�

– –

Bus #
Voltage Generation|�| �. �. � (deg.) Pg (MW) Qg (Mvar)

1 1.050 0.00 2946.9 -1604.8
2 1.050 -12.00 0.0 0.0
3 1.025 12.74 2600.0 -205.5
4 1.050 -13.51 0.0 0.0
5 1.049 -18.29 0.0 0.0
6 1.010 7.93 2600.0 -488.3
7 1.044 -18.29 0.0 0.0
8 1.040 -2.06 2700.0 -550.3
9 1.030 -6.13 0.0 0.0

10 1.020 -7.14 2600.0 -600.6
11 1.048 -13.24 0.0 0.0
12 1.020 -16.19 2700.0 -725.7
13 1.020 -4.49 2700.0 -284.1
14 1.047 -24.15 0.0 0.0
15 1.000 -6.04 2600.0 -194.4
16 1.049 -22.82 0.0 0.0
17 1.050 -24.61 0.0 0.0
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–

–

Bus #
Voltage Generation|�| �. �. � (deg.) Pg (MW) Qg (Mvar)

1 1.050 0.00 4358.5 -839.8
2 1.028 -18.41 0.0 0.0
3 1.025 4.41 2600.0 -170.6
4 1.040 -19.67 0.0 0.0
5 1.024 -29.35 0.0 0.0
6 1.010 -3.69 2600.0 -374.2
7 0.990 -29.99 0.0 0.0
8 1.040 -13.29 2700.0 -398.5
9 1.023 -19.63 0.0 0.0

10 1.020 -22.71 2600.0 -446.0
11 1.029 -29.02 0.0 0.0
12 1.020 -39.07 2700.0 -375.3
13 1.020 -29.87 2700.0 -59.7
14 1.037 -43.21 0.0 0.0
15 1.000 -22.12 2600.0 -111.4
16 1.050 -57.59 0.0 0.0
17 1.037 -42.51 0.0 0.0
18 1.009 -71.58 0.0 0.0

Āÿÿ� < Ā�ÿ                                      (9)ÿÿĀ�2� > ÿ�2�.ÿ�Ā  ÿ, Ā � {1, 2, 3}  ÿ��  ÿ b Ā      (10)ÿÿ�Ā�2� >  ÿ�ÿ�2�                                (11)Symmetry of configuration must be maintained     (12)
Āÿÿ�Ā�ÿ

ÿ�ÿ�2�

of phases is equalized so that the phases’ 

Ā�ÿÿ�2�.ÿ�Ā ÿ�ÿ�2�
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Bus #
Voltage Generation|�| �. �. � (deg.) Pg (MW) Qg (Mvar)

1 1.050 0.00 4369.0 -831.4
2 1.027 -18.46 0.0 0.0
3 1.025 4.343 2600.0 -170.0
4 1.040 -19.72 0.0 0.0
5 1.023 -29.44 0.0 0.0
6 1.010 -3.79 2600.0 -373.0
7 0.989 -30.09 0.0 0.0
8 1.040 -13.38 2700.0 -396.3
9 1.023 -19.74 0.0 0.0

10 1.020 -22.83 2600.0 -444.3
11 1.029 -29.15 0.0 0.0
12 1.020 -39.25 2700.0 -371.3
13 1.020 -30.07 2700.0 -56.9
14 1.037 -43.37 0.0 0.0
15 1.000 -27.25 2600.0 -110.7
16 1.050 -57.86 0.0 0.0
17 1.037 -42.65 0.0 0.0
18 1.015 -72.68 0.0 0.0

Line Conventional (16318, 
3 lines) 

Unconventional HSIL 
(16318, 2 lines)

Line length 463.64 km 463.64 km
Line cost $4061.48 M $2707.65 M
EAC of line cost $430.92 M $287.28 M
Bay cost $29.94 M $19.96 M
EAC of bay cost $3.18 M $2.12 M
Line loss 188340 MWh 237396 MWh
Loss cost $30.76 M $43.32 M
Overall annual cost $464.86 M $332.72 M
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