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In this article, an efficient method to minimize energy losses is presented. The proposed
method uses intermittent loading conditions over a future period of time instead of an
instantaneous network condition. This method obtains the optimal condition during the given
time interval according to the current value of the condition and divides the given time interval
into many smaller sub-intervals. By increasing the number of subintervals or load profiles, the
dimensions of the problem increase, for which an optimal value must be calculated. In this
method, the variables are divided into the group of continuous and discrete control variables.
While only continuous control variables are allowed to change in each sub-interval, continuous
and discrete variables are set at the beginning of each time interval. This problem is solved by
using the General Bend Decomposition (GBD) method. Using this method, the load condition
is solved for each subinterval in the NLP sub-problem. Then, the results of the NLP sub-
problem are used in the main sub-problem. As shown in the simulation results, the proposed
method not only improves the voltage profile, but also reduces the total energy wasted in the
desired time period.
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Bus number Impedance(p.u)
Line number Tap Ratio
from to R X
1 1 6 0.123 0.518 -
2 1 4 0.080 0.370 -
3 4 6 0.097 0.407 -
4 6 5 0.000 0.300 1.025
5 5 2 0.282 0.640 -
6 2 3 0.723 1.050 -
7 4 3 0.000 0.133 1.100

o™ s L1 52 53 duly T s (Sl iy S Yk

Voltage Load
Line number
V (p.u) 6 (deg) P (MW) Q(MVar)
1 1.04 0.0 0.0 0.0
2 1.11 -6.6 0.0 0.0
3 0.85 -14.0 55.0 11.0
4 0.95 -10.1 0.000 0.0
5 0.92 -13.6 30.0 18.0
6 0.91 -12.8 50.0 10.0
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Limits
Variable

Low High

V1 1.00 1.10

V2 1.10 1.15

Vi3 0.90 1.00

Via 0.90 1.00

Vis 0.90 1.00

Vi 0.90 1.00

Qg1 -20.0 100.0

Qg2 -20.0 100.0

Qca 0.0 15.0

Qce 0.0 30.0

Tys 0.9 1.10

Tys 0.9 1.10

Sl oib slez Sy 5L sloge —¢ Jouo
PLe??(gjd Periodl Period2 Period3 Period4
BUS P Q P Q P Q P Q
Number (MW) | (Mvar) | (MW) | (MVar) | (MW) | (MVar) | (MW) | (MVar)

3 55.0 11.0 50.0 10.0 45.0 9.0 44.0 9.0
5 30.0 18.0 26.0 16.0 23.0 14.0 22.0 14.0
6 50.0 10.0 45.0 9.0 40.0 8.0 40.0 9.0
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Solupase Sl o3k plad sl 6550 DU 651 Dl (ilpain Ba500 5 Slej o3l il 5 Oy Ol Ol 5 s

Lgd o
oubz Mol IEEE 4wk ¥+ 4 balas Sledbo! 10 Jgue
LINE NO. BETWEEN R(PU) X(PU) SUPESTANCE(PU)
BUSES
1 1-2 0.0192 0.0575 0.0528
2 1-3 0.0452 0.1852 0.0408
3 2-4 0.0570 0.1737 0.368
4 3-4 0.0132 0.0379 0.0084
5 2-5 0.0472 0.1983 0.0418
6 2-6 0.0581 0.1763 0.0374
7 4-6 0.0119 0.0414 0.009
8 5-7 0.0460 0.1160 0.0204
9 6-7 0.0267 0.0820 0.017
10 6-8 0.0120 0.0420 0.009
11 6-9 0.0 0.2080 0.0
12 6-10 0.0 0.5560 0.0
13 9-11 0.0 0.2080 0.0
14 9-10 0.0 0.1100 0.0
15 4-12 0.0 0.2560 0.0
16 12-13 0.0 0.1400 0.0
17 12-14 0.1231 0.2559 0.0
18 12-15 0.0662 0.1304 0.0
19 12-16 0.0945 0.1987 0.0
20 14-15 0.2210 0.1997 0.0
21 16-17 0.0824 0.1932 0.0
22 15-18 0.1070 0.2185 0.0
23 18-19 0.0639 0.1292 0.0

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023 VP Y Olian g 580 oY osled Vo 055638 5 gwikige 5> (s 8 sladilol 4 25


http://journals.sut.ac.ir/jnsee/article-1-460-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

GBD (ogos o3 435 (b3 5 52551, 0l ainte )b (25 5l eolisinl b )08 s Slils tals

\FY ohaly sl Lojde 5 (cmgb 5300 )9l See
24 19-20 0.340 0.0680 0.0
25 10-20 0.0936 0.2090 0.0
26 10-17 0.0324 0.0845 0.0
27 10-21 0.0348 0.0749 0.0
28 10-22 0.0727 0.1499 0.0
29 21-22 0.0116 0.0236 0.0
30 15-23 0.100 0.2020 0.0
31 22-24 0.1150 0.1790 0.0
32 23-24 0.1320 0.2700 0.0
33 24-25 0.1885 0.3292 0.0
34 25-26 0.2544 0.3800 0.0
35 25-27 0.1093 0.2087 0.0
36 28-27 0.0 0.3960 0.0
37 27-29 0.2198 0.4153 0.0
38 27-30 0.3202 0.6027 0.0
39 29-30 0.2399 0.4533 0.0
40 8-28 0.0636 0.0636 0.0428
41 6-28 0.0169 0.0599 0.013
oz ol IEEE dul F'e 4l (Sl pd Oledb! - 1 Jguer
Bus Info Load
Bus NO. Voltage MW MVar
1 1.05 0.0 0.0
2 1.0338 21.7 12.7
3 - 24 1.2
4 - 7.6 1.6
5 1.0058 94.2 19.0
6 - 0.0 0.0
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7 - 22.8 10.9
8 1.0230 30.0 30.0
9 - 0.0 0.0
10 - 5.8 2.0
11 1.0913 0.0 0.0
12 - 11.2 7.5
13 1.0833 0.0 0.0
14 - 6.2 1.6
15 - 8.2 2.5
16 - 35 1.8
17 - 9.0 5.8
18 - 3.2 0.9
19 - 9.5 3.4
20 - 2.2 0.7
21 - 17.5 11.2
22 - 0.0 0.0
23 - 3.2 1.6
24 - 8.7 6.7
25 - 0.0 0.0
26 - 35 2.3
27 - 0.0 0.0
28 - 0.0 0.0
29 - 2.4 0.9
30 - 10.6 1.9

Journal of Nonlinear Systems in Elect. Eng. Vol.10, No.2 Autumn and Winter 2023

VP Oltns 5 33 ¥ osled Vo 0,53 65 p (owign 5> (ot b (Sladilol & 25



http://journals.sut.ac.ir/jnsee/article-1-460-en.html

[ Downloaded from journals.sut.ac.ir on 2025-07-31 ]

VFF

GBD (ogos o3 435 (b3 5 52551, 0l ainte )b (25 5l eolisinl b )08 s Slils tals

olaaly gole Loyle 5 (cush 5550 550,28 Sezme

Ol Gl Silwposun (e -1-E

53035 5 ot 86 355 or S3loasizn ST Bl 5 el P nee IS 015 a5 015 i el 121

Lopr Sy ) S g 015 S el Ve /A MW s sl o) Sl (1 JS7 015 il ekt (1) e

551018 aug ade asbp (6l ol 5 ey b i alad pi5lie cpiomas L Cawlodiosls A Jgda Vo5l 5 55 eddiosls 5871, Ol g

A3 1) e 5L i Ol DU (g 5leacion @& 5 e &S sbOles (Cloddosls & Joda Vo3l 5 o

Wl ol &G by MY 05l " slie S 5 e o b ol 0,8

oMol IEEE dub Ve s (518 393155 OBl - ¥ Jgao

Bus Min Max Min Max Cost Coefficients
No. MW MW MVar MVA a B c
1 50 200 -20 250 0.0 0.0 0.00375
2 20 80 -20 100 0.0 1.75 0.0175
5 15 50 -15 80 0.0 1.0 0.0625
8 10 35 -15 60 0.0 3.25 0.00834
11 10 30 -10 50 0.0 3.0 0.025
13 12 20 -15 60 0.0 3.0 0.025
(MW)PLM 95 31 03k 55 slezr Sl Olgf QWb - A Jou
Time Period 1 2 3 4
Power Loss 8.47 6.93 5.79 5.62

¥ s 3 o3l ol (aled ln b pSThs Bl ub G1aS 10 03l 5 (b 53 Ll R b 4 s p8 e 5

Qg2 50Qg1 cu\;;ff_.:ﬁ@bjojli?)adil}idn\féﬂféhﬁhl@icMJfSY—\‘ﬁ)An\fd;QL@.@\oMub
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SOl A8 s w53 Ol Ol Sljoil b s le e sled i LA Jgd w a5 s sd o |l Sy 558 08

_PL+PI+P+ P

L =

Bed ol 5O sea Ll g s Ol Ol ‘5‘)'\4#('*:;:#[{0#—"&;«#}4{‘){
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PLM _yg) 3 Jol> J 5 9 b b pitio -1 J9u>

Time periods
Variable
1 2 3 4
Vg1 1.07 1.04 1.00 1.00
Vg2 111 1.10 1.10 1.10
Vis 1.00 0.99 0.98 0.98
Via 1.00 0.99 0.97 0.97
Vis 1.00 1.00 1.00 1.00
Vie 1.00 1.00 0.98 0.98
Qg1 19.37 11.49 0.26 0.56
Qg2 9.15 7.55 10.60 10.48
Qcs 10.0 10.0 10.0 10.0
Qce 30.0 30.0 30.0 30.0
Ty3 0.98 0.98 0.98 0.98
Tys 1.05 1.05 1.05 1.05

ok 0338 Jgder )3 chilodliamlonn 0315 sler (ol 10 551 015 dige ey 4l p L oS J 287 (sla e 5 S5 o510
L g odaTiinsy 015 Sl .l odd (g Slupasin JolS 5L Ll 5 )3 odmSal IEEE aul ¥ 0t 0l 5 Slils ol
2y 4 S S Gl e 5 el g S5 alie ol oBesls Ve sl 53 05l sl e sy o)
63,8 o 5 1) 5l ek gw e Oy Ol Slrpacien B3 s 4l oS bl .Canlods 03,37 VY o)) (slad g

e o (B i O gy (S3lupasizn Do 3 Slas o3l (b 53 "N o5l 53 S SRS (Gl e sl ol L

(MW) PLM g3 31 03 25 e (812 O Sl -1+ Jgar

Time Period 1 2 3 4
Power Loss 39.42 28.40 18.45 11.64
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(PLM) ELM b3, 3f oslai! b by b 565 -11 Joue
Periods
Variable
1 2 3 4

. 1.05 1.05 1.05 1.04

gt (1.05) (1.05) (1.05) (0.99)

, 1.04 1.04 1.03 1.02

92 (1.04) (1.03) (1.02) (0.97)

. 0.99 1.00 1.00 0.98

9° (0.99) (1.00) (0.97) (0.95)

, 1.01 1.01 1.00 0.99

98 (1.01) (0.99) (0.97) (0.96)

. 1.05 1.05 1.05 1.02

e (1.05) (1.04) (1.01) (1.01)

. 1.03 1.03 1.03 1.01

e (1.03) (1.02) (1.00) (1.00)

. 1.02 1.03 1.03 1.02

s (1.03) (1.02) (1.00) (1.00)

. 1.00 1.01 1.00 0.99

28 (1.01) (1.00) (0.99) (0.97)

PLM g ELM (sly 59 5l diund” J 057 (S puiin (Sdpalsd -1V Joo>

Variable PLM ELM variable PLM ELM
0c1 54 57 Ty 0 1.01 1.04
Oc1s 12 9 To10 1.02 1.00
Ocar 26 21 Tipis 1.05 1.02
Tys 0.90 0.9 Tig1o 0.99 0.99
Ty 0.98 1.00 Tysa 0.94 0.95
Ts 0.98 0.98 Tyr 29 0.98 1.00
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1 2 3 4
_PL+PZ+P}+ P

t 4
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ELM 595 3l ooTmddy J 58 9 (wb (S ko — 1T Jous

Time periods
Variable
1 2 3 4
Vg1 1.07 1.06 1.04 1.04
Vg2 1.12 1.10 1.10 1.10
Vi3 1.00 1.00 1.00 1.00
Vig 1.00 1.00 1.00 1.00
Vis 0.99 0.99 1.00 1.00
Vie 1.00 1.00 1.00 1.00
Qc1 21.32 16.12 7.74 8.12
Qco 13.74 9.17 8.75 8.63
Qcs 9.0 9.0 9.0 9.0
Qce 25.0 25.0 25.0 25.0
Ty3 0.98 0.98 0.98 0.98
Tes 1.03 1.03 1.03 1.03
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