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Optimization of Power Flow (Part 5)

by Susumu YAMASHIRO and Yoich NAKAMURA

The authers have been discussing about the optimization of power flow using DC
power flow calculation method. The advantage of using DC method is in it’s fast
calculation and furthermore this method can give us nearly equal results compared with
those using more rigorous methods such as Newton-Raphson.

One of the recent subjects of study pertaining to the power system optimization was
to develop a fast solution technique corresponding to the on-line control of power systems.

One problem is that DC optimization method can be applied only for real power
flow. Another important control problem of power systems is voltage-reactive power
control. This paper intends to discuss about the general power flow optimization
considering reactive power from the standpoint of calculation speed.

Firstly, making use of the stiffness between real power and voltage-angle and
between reactive power and voltage-magnitude, we can treat P—d phase and Q—V
phase separately. For P—d phase, we used DC method and for Q—V phase, we use
Lagrange multiplier and the gradient method.

Secondly, we must give consideration for an iterative optimization technique
which can get an optimal solution by alternately iterating these two independent
phases and give some calculated results for the simple model system.
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Fig. 3. Flow chart for optimization.
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£-1 WESIOCBEHORE#EME (Vi=1(p.u))
Table 1. Optimal value of voltage and power

(a) ffi=250 (MW)

| % IE | % 7
| V (p.w) 5 (rad) | P (p.u) Q (p.v)
1 ‘ 1.00000 0.00000 [ 1.30556 —0.41650
2 | 1.00105 —0.03794 ' 0.88241 —0.28996
3 1.00970 —0.10949 ‘ 0.40557 —0.15815
4 1.00147 —0.06285 ; —0.62500 0.18571
5 1.02080 —0.16791 | —0.75000 0.37361
6 | 1.01830 —0.15853 ‘ —1.12500 056149
(b) A% =300 (MW)
e | 2 FE | 4 vl
| V (p.u) 0 (rad) 1 P (p.u) Q (p.u)
1 ‘ 1.00000 0.00000 | 1.4932 —0.42891
2 \ 0.99952 —0.04238 1.07061 —0.35028
3 1 1.00785 —0.11972 056549 —0.31048
4 \ 0.99975 —0.07142 ‘ —0.75000 0.22293
5 | 1.02098 ~0.19439 ! —0.90000 0.44819
6 ] 1.01929 —0.18554 | ~1.35000 0.67354
(€) f#F=350 (MW)
- | ® E | ® 7
| Ve 3 (rad) P (p.u) Q (p-u)
1 | 1.00000 0.00000 1.68168 —0.42202
2 | 0.99728 ~0.04681 \ 1.26127 —0.41086
3 1 1.00446 —0.12997 | 0.72921 —0.26307
4 ‘ 0.99723 —0.08005 —0.87500 0.26049
5 ? 1.01956 —0.22153 —1.05000 052299
6 ‘ 1.01685 —0.21326 | —1.57500 0.78573
(d) fafit=400 (MW)
|
posige | 0 i3 | w 7
i V (p.u) o (rad) ‘ P (p.u) Q (p.u)
1 | 1.00000 0.00000 \ 1.95047 —0.37501
2 | 0.99280 —0.05349 ‘ 1.53761 —0.49493
3 j 0.99782 —0.16253 1 0.75000 —0.27381
4 0.99213 ~0.09340 ! —1.00000 0.29875
5 1.01459 —0.26478 ‘ —1.20000 0.59823
6 1 1.01153 —0.25280 ‘ —1.80000 0.89924
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Table 2. Output of generator, total fuel cost, transmission
loss at 250 MW Load
& W 5% | & 1 5 (MW) P ———
i S S, C & Ca (F-Fi/h) (MW)
250 130.556 88.241 40.557 407.913 9.355
(130.447 88.192 40.711) (407.922) (9.350)
300 149.325 107.061 56.549 495.124 12.934
(149.230 107.029 56.701) (485.182) (12.959)
350 168.168 126.127 72.920 586.899 17.216
(168.097 126.113 73.041) (586.974) (17.251)
400 195.047 153.761 75.000 684.807 23.809
(194.993 153.726 75.000) (684.650) (23.720)
F—3 HHx0IWEIEHEC BT A R
Table 3. Optimal solution for various values of reference voltage

(a) fAfF=250 (MW)

i #E B JE / — FREEOKE X (p.u) EEHEK | BB MR
ool BEILC DN S LS orey. L o, iR el Rl /i)
1.05 1.05179 1.06078 1.05226 1.07146 1.06900 i 0.08536 406.467
1.04 1.04167 1.05063 1.04216 1.06141 1.05893 0.08691 406.740
1.03 1.03155 1.04045 1.03203 1.05132 1.04883 0.08880 407.020
1.02 1.02138 1.03021 1.02180 1.04113 1.03856 0.09013 407.308
1.01 1.01112 1.01976 1.01149 1.03072 1.02825 0.09181 | 407.605
1.00 1.00105 1.00970 1.00147 1.02080 1.01830 0.09355 | 407.913
0.99 0.99122 0.99977 0.99184 1.01087 1.00836 0.09529 | 408.224
0.98 0.98111 0.98987 0.98163 1.00124 0.99859 | 0.09716 : 408.555
0.97 0.97098 0.97971 0.97149 0.99120 0.98853 ‘ 0.09905  408.893
0.96 0.96085 0.96957 0.96136 0.98118 0.97849 0.10101 | 409.242
0.95 ‘ 0.95072 0.95940 0.95121 0.97114 0.96842 0.10302 i 409.602

(b) fa#§=300 (MW)

% T IE | /~ FBERAE S (p.u) %R K | R R R

T/ S W / W—t L/ Vs Vo | (p.w | (FF/h)
1.05 ‘ 1.05066 1.05973 1.05105 1.07237 1.06978 ‘ 0.11767 442.998
1.04 1.04045 1.04940 1.04082 1.06213 1.05944 0.11985 493.398
1.03 1.03023 1.03903 1.03055 1.05185 1.04917 0.12213 493.811
1.02 ‘ 1.02000 1.02866 1.02030 1.04159 1.03890 0.12446 494.233
1.01 1.00977 1.01827 1.01003 1.03129 1.02861 | 0.12686 ‘ 494671
1.00 0.99952 1.00785 0.99975 1.02098 1.01829 \ 0.12934 495.124
0.99 0.98925 0.99741 0.98945 1.01064 1.00796 0.13195 495.602
0.98 0.97897 0.98692 0.97912 1.00025 0.99758 0.13455 496.077
0.97 i 0.96868 0.97643 0.96880 0.98987 0.98720 0.13729 496.578
0.96 | 0.95838 0.96590 0.95845 0.97945 0.97680 ‘ 0.14012 497.098
0.95 | 0.94804 0.95532 0.94807 0.96897 096634 | 0.14315 497.655




Fig. 5.

Relation between reference voltage and total fuel cost
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(c) fa#i=350 (MW)
& E ) - FREOKE 5 (p.u) REEAk | EBRR
aqd by 5 o nBaeemne Foe o 3P Vs (pw) | (FAM)
1.05 ‘ 1.04831 1.05573 1.04842 1.06987 1.06733 0.15614 583.895
1.04 1.03863 1.04685 1.03876 1.06150 1.05873 0.15908 584.443
1.03 1.02832 1.03631 1.02841 1.05107 1.04831 0.16219 585.026
1.02 1.01799 1.02573 1.01804 1.04060 1.03786 0.16552 285.652
1.01 1.00764 1.01510 1.00763 1.03008 1.02736 0.16886 586.279
1.00 0.99728 1.00446 0.99723 1.01956 1.01685 0.17216 586.899
0.99 0.98689 0.99376 0.98678 1.00897 1.00629 0.17572 587.569
0.98 0.97645 0.98298 0.97624 0.99828 0.99565 0.17957 588.294
0.97 0.96603 0.97220 0.96576 0.98763 0.98502 0.18340 589.018
0.96 0.95560 0.96140 0.95530 0.97698 097440 | 0.18719 584,738
0.95 | 0.94507 0.95047 0.94466 0.96614 0.96359 \ 0.19193 590.553
(d) fafif=400 (MW)
M e B JE /— FEEOAE X (p.u) EEHRE | BHBRR
A R R L Fal e s T i R
1.05 1.04551 1.05248 1.04518 1.06870 1.06561 0.21217 680.164
1.04 1.03503 1.04167 1.03467 1.05802 1.05493 0.21694 681.018
1.03 1.02450 1.03077 1.02404 1.04720 1.04413 0.22191 681.908
1.02 ‘ 1.01400 1.01990 1.01351 1.03648 1.03339 0.22704 682.830
1.01 1.00342 1.00889 1.00283 1.02555 1.02248 0.23246 683.797
1.00 ‘ 0.99280 0.99782 0.99213 1.01459 1.01153 0.23809 684.807
0.99 0.98220 0.98676 0.98147 1.00368 1.00060 0.24394 685.858
0.98 ’ 0.97154 0.97557 0.97095 0.99256 0.98952 0.25007 686.959
0.97 ‘ 0.96088 0.96438 0.96000 0.98150 0.97845 0.25648 688.110
0.96 ‘ 0.95012 0.95311 0.94912 0.97039 0.96731 | 0.26322 689.323
0.95 0.93931 0.94171 0.93821 0.95912 0.95604 ‘ 0.27029 690.597
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