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Abstract:

Optimal placement and sizing of equipment in engineering systems is one of the most important and
challenging practical problems. Installation of capacitors and distributed generations (DGSs) in
distribution systems has many benefits, such as improving the reliability as well as reducing the power
loss, however, includes high investment costs. Hence, the maximum use of these benefits highly depends
on choosing suitable locations for installation. In this paper, the Success Rate Group Search Algorithm
(SRGSO) is used for optimal placement and sizing of DG sources and capacitor banks simultaneously
in distributed systems. The used objective function includes costs of Expected interruption (ECOST),
Energy Not Supplied (ENS), active power losses and DG and capacitor investment, operation and
maintenance. To evaluate the effectiveness of the proposed algorithm in finding the optimal solution,
various capacitor and DG placement scenarios are simulated on the IEEE 33-bus radial distribution test
system. The simulation results show that the proposed method is more effective and has higher capability
for solving the problem of capacitor and DG placement, compared to previously proposed methods.
Using the proposed method in this paper, the value of active power losses as well as bus voltage profile
are improved more than other investigated methods.
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Figure (1): Single line diagram of the 33 bus distribution test system
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Figure (2): Voltage profile of different scenarios

Table (2): Results of 33 bus System Simulation
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Figure (3): Convergence process of the proposed algorithm
Table (3): Results comparison in different algorithms for scenarios 1,2
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Table (4): Results comparison in different algorithms for scenarios 3,4
Fo¥ slog b gl p ciliseo (slapts ;551 )0 gulis dmslio :(F) Jgur

Analytical
SRGSO WCA[Y-] Pso [£Ysv-] IMDE [¥v] | FGA[fY] | BFOAISY] | onoach [+¥]
YO+ (V) -0+ - (VY| ADFIE (V) VIVEIA (A) . o FYY (V)
izei (0% )
DGsizeinKw| vy vay  |veavan| s on 0N Vs OA)
(Bus) NY o | Do
Veoo (¥4) VIAY (Y9) AYAIY (TY) AFY (TY)

TCOST($) ay.qy LTINS VPPV Veevse VYA V- AVA- YO V-
= (KW) sANA Y/- oY Ve OIYD ASIYA Ny A VEY/YE
DG

Vinin (P-U.) . . CJAA- (F- . . AP .

(Bus No) [AFVEOVA) JAVY(XT) 1A (¥ ) [AVAYY | AYBOA) | - /ASF() YN (FT)

SAIFI( fly) IVEEE S IVEES AN SYFAY < IYOAS VST < IYADS

SAIDI(hly) Ay SYesY SV NAEEN YY) SIYEAF JYEY

Yoo 7o am YOYA (VF) | s0- (\F TN O v (PY
i i (V) %) (V7)) < (YY)
Capacitor size YD) VEOY (F0) OFY (F4)
in Kvar (Bus) Ve (te) VY (F) | Aee (FY) Feoo (V)
AT (V) FYA (TY)
Yo- (Y) vy (Y0) o - BEY (V) .
izei A (V) ) AY)
DGsizeinKw) . 1) Vofe () YO $) 17 O
(Bus) AEIE (FY) | VYee (YY) FEY (VA)
YO (Y) BEY (1Y) AR (YY)
s
s | TCOsT(®) 3. .y AreVa- a9 0A AYAF - V1eTa- VITEY . VIFEY.
905
DG PLoss(KW) 19,30 YE/EA 0a/v- Y/ A 04/ FA/F) AFIYA

Vrin (p.U.) C[AAFOA) SAAL (YY) JA00(VA) SAYAY) | AFOA) | JAVAGE) SRSV

(Bus No)

SAIFI( fly) S IVYAS VYT AN AT “IYAV- IYAA- - IYADS

SAIDI(hly) SNasY YevY SIVAAY Jveva L3 SV JYEY

el oot il S Ve 45 by o Lo

& 35 4o -7
&g 8ot 5 DB g 05 plojes ainr bl ln (0295 S92 53le e 02,850 Sl 2 (2B Alie 5o
ooy Blod (6,05 ayle s g 4l el CodilB (Dlal 4y bgs e (sloais s o Slpain goladl Bas ob o 0l &l
W oo lis aliee (slogy liw (gl o laslinl awl VY cas oSl (g9, 0 (o0lpiniion (g, (g5lw ool 3l Jol> b .l
Floy Sgner 5 b falS crge e (e 18I 2 ogdle (S 3590 @j8 B 3 DG 5 515 loyes bl
bl 5l Jols zls (soloion v, sl 5loolaiul b oo 5 oo a4l <> g DG 5 5l ailflas bl OV o o 5L
Olojad dige bl ol a8l dgups «VlEe [0 ol Il gla g, ple 4y s gladaxMo b [skay DG g (5l lojen
@855 18 sz Opge SVl )3 (935 B Al S5 (89,5 (S92 oSl 5l eslitul b (3 g 08T adg aulie
aslllas 5l 52y o go (golaidl Bus Al LS )0 4l S8 sle ddlge Jold dgug e li el )l 5l le e colal o]
30 53 sl Comdl e 5,5 5 53 L anse |y SISl (ol 025 B pnn 4 5 o el golail 5 o
w855 )8 4z g5 9550 (LB SYUe 13 15 peee (n &5 Wiled (655 el (Shle SR ) S (Bl an e SBro b Sl

@Y



Soled jbcdds 8 -6 Yl dome [ Ao o3Il el o L

References

&l

[1] A. Ansari, F. Haghighatdar-Fesharaki, “Placement of phasor measurement units in power networks and
optimal distribution of measurement redundancy”, Journal of Intelligent Procedures in Electrical Technology,
vol. 9, no. 36, pp. 3-14, Winter 2019 (in Persian).

[2] M. Mahdavian, N. Behzadfar, “A review of wind energy conversion system and application of various
induction generators”. vol. 8, no. 4, pp. 55-66, Journal of Novel Researches on Electrical Power, Winter 2020
(in Persian).

[3] M. Doostan, S. Navaratnan, S. Mohajeryami, V. Cecchi, "Concurrent placement of distributed generation
resources and capacitor banks in distribution systems", Proceeding of the IEEE/NAPS), pp. 1-6, Denver, CO,
USA, Nov. 2016 (doi: 10.1109/NAPS.2016.7747935).

[4] S. Nawaz, A.K. Bansal, M.P. Sharma, "Allocation of DG and capacitor units for power loss reduction in radial
distribution system", Proceeding of the IEEE/ICRAIE, pp. 1-6, Jaipur, India, Dec. 2016 (doi:10.1109/ICRAI-
E.2016.7939475).

[5] K.S. Sambaiah, "A review on optimal allocation and sizing techniques for DG in distribution systems",
International Journal of Renewable Energy Research, vol. 8, no. 3, pp.1236-1256, Sept. 2018.

[6] N. Gnanasekaran, S. Chandramohan, P. SathishKumar, A.M. Imran, "Optimal placement of capacitors in radial
distribution system using shark smell optimization algorithm", Ain Shams Engineering Journal, vol. 7, no. 2,
pp. 907-916, June 2016 (doi:10. 1016/j.asej.2016.01.006).

[7] R. Baghipour, S. M.Hosseini, "Placement of DG and capacitor for loss reduction, reliability and voltage
improvement in distribution networks using BPSO", 1.J. Intelligent Systems and Applications, vol.12, no.12,
pp. 57-64, Nov. 2012 (doi:10.5815/ijisa.2012.12.08).

[8] A. J. Mena, J. A. M. Garcia, "An efficient approach for the siting and sizing problem of distributed generatio™,
Electrical Power and Energy Systems, vol. 69, pp.167-172, July 2015 (doi: 10. 1016/j.ijepes. 2015.01.011).

[9] H. Bagheri, M. Shakarami, “Novel fuzzy-iwo method for reconfiguration simultaneous optimal DG units
allocation”, Journal of Intelligent Procedures in Electrical Technology, vol. 6, no. 21, pp. 13-20, Spring 2015
(in Persian).

[10] M. Fooladgar, E. Rokrok, B. Fani, G. Shahgholian, “Evaluation of the trajectory sensitivity analysis of the
DFIG control parameters in response to changes in wind speed and the line impedance connection to the grid
DFIG”, Journal of Intelligent Procedures in Electrical Technology, vol. 5, no. 20, pp. 37-54, Winter 2015 (in
Persian).

[11] C. Wang, M. H. Nehrir, "Analytical approaches for optimal placement of distributed generation sources in
power systems", IEEE Trans.power syst., vol. 19, no. 4, pp. 2068-2076, Nov. 2004 (doi: 10.1109/TPWRS.
2004.836189).

[12] L. F. Ochoa, A. Padilha-Feltrin, G. P. Harrison, "Evaluating distributed generation impacts with a multi
objective index", IEEE Trans.power delivery, vol. 21, no. 3, p.p. 1452-1458, July. 2006, (doi: 10.1109/TPWR-
D.2005.860262).

[13] S. Ganguly, D. Samajpati, "Distributed generation allocation with on-load tap changer on radial distribution
networks using adaptive genetic algorithm™, Applied Soft Computing, vol. 59, pp. 45-67, Oct. 2017 (doi:
10.1016/j.as0c.2017.05.041).

[14] A. Kaviani-Arani, "Optimal placement and sizing of distributed generation units using Co-Evolutionary
particle swarm optimization algorithms", TELKOMNIKA Indonesian Journal of Electrical Engineering, vol.
13, no. 2, pp. 247-256, Feb. 2015 (doi: 10.11591/telkomnika.v13i2.7026 ).

[15] N. Mohandas, R. Balamurugan, L. Lakshminarasimman, "Optimal location and sizing of real power DG units
to improve the voltage stability in the distribution system using ABC algorithm united with chaos",
International journal of Electrical Power and Energy Systems, vol. 66, pp. 41-52, March 2015 (doi: 10.101-
6/].ijepes.2014.10.033).

[16] CH. Yammani, S. Maheswarapu, M. S. Kumari, "Optimal Placement and sizing of DER's with load models
using BAT algorithm™, Arabian Journal for Science and Engineering, Springer, vol. 39, no. 6, pp. 4891-4899.
June. 2014 (doi: 10.1007/S13369-014-1174-8).

[17] D. R. Prabha, T. Jayabarathi, "Optimal placement and sizing of multiple distributed generating units in

distribution networks by invasive weed optimization algorithm", Ain Shams Engineering Journal, vol. 7, no.
2, pp. 683-694, June. 2016 (doi: 10.1016/j.asej.2015.05.014).

[18] H. B. Tolabi, M. H. Ali, M. Rizwan "Novel hybrid fuzzy-intelligent water drops approach for optimal feeder
multi objective reconfiguration by considering Multiple-Distributed generation”, Journal of Operation and
Automation in Power Engineering, vol. 2, no. 2, pp. 91-102, Summer and Autumn 2014.

Aav)


https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://ieeexplore.ieee.org/xpl/conhome/7636702/proceeding
https://doi.org/10.1109/NAPS.2016.7747935
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://doi.org/10.1109/ICRAIE.2016.7939475
https://doi.org/10.1109/ICRAIE.2016.7939475
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/journal/20904479
https://doi.org/10.1109/TPWRS.2004.836189
https://doi.org/10.1109/TPWRS.2004.836189
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S2090447916000149#!
https://www.sciencedirect.com/science/article/pii/S0142061515000307#!
https://www.sciencedirect.com/science/article/pii/S0142061515000307#!
https://www.sciencedirect.com/science/article/pii/S0142061515000307#!
https://doi.org/10.1109/TPWRS.2004.836189
https://doi.org/10.1109/TPWRS.2004.836189
https://doi.org/10.1109/TPWRS.2004.836189
https://doi.org/10.1109/TPWRD.2005.860262
https://doi.org/10.1109/TPWRD.2005.860262
https://doi.org/10.1016/j.asoc.2017.05.041
http://dx.doi.org/10.11591/telkomnika.v13i2.7026
https://doi.org/10.1016/j.ijepes.2014.10.033
https://doi.org/10.1016/j.ijepes.2014.10.033
https://link.springer.com/journal/13369
https://doi.org/10.1109/ICCPCT.2013.6528945
https://doi.org/10.1016/j.asej.2015.05.014

AY-2F NYAQ 5oL faw 5 Joz o)l [p2o3l Jlo /(30 Caio [, diedigr slo g, 4y s

[19] D. B. Prakash, C. Lakshminarayana, "DG placements in radial distribution system for multi objectives using
Whale optimization algorithm", Alexandria Engineering Journal, vol. 57, no. 4, pp. 2797-2806, Dec. 2018
(doi: 10.1016/j.a€j.2017.11.003).

[20] U. Sultana et al, "Placement and sizing of multiple distributed generation and battery swapping stations using
Grasshopper optimizer algorithm", Energy, vol. 165, pp. 408-421, Dec. 2018 (doi: 10.1016/j.energy 2018.0
9.083).

[21] T.P. Nguyen, D. N. VO, T. T. Tran, "Optimal number, location, and size of distributed generators in distribut-
ion systems by symbiotic organism search based method", Power Engineering and Electrical Engineering,
vol.15, no. 5, pp. 724-735, Jan. 2017 (doi: 10.15598/aeee.v15i5.2355).

[22] C. H. Chang, "Reconfiguration and capacitor placement for loss reduction of distribution systems by Ant
colony search algorithm", IEEE Trans. on Power Systems, vol.23, no. 4, pp. 1747-1755, Nov. 2008 (doi:
10.1109/ TPWRS.2008.2002169).

[23] S. Sultana, P. K. Roy, "Optimal capacitor placement in radial distribution systems using teaching learning
based optimization”, International journal of Electrical Power and Energy Systems, pp. 387-398, Jan. 2014
(doi: 10.1016/ j.ijepes.2013.07.011).

[24] N. Gnanasekaran, S. Chandramohan, P. S. Kumar, A. M. Imran, "Optimal placement of capacitors in radial
distribution system using shark smell optimization algorithm™, Ain Shams Engineering Journal, vol. 7, no. 2,
pp. 907-916, June. 2016 (doi: 10.1016/j.asej.2016.01.006).

[25] K. R. Devabalaji, T. Yuvaraj, K. Ravi, "An efficient method for solving the optimal sitting and sizing problem
of capacitor banks based on cuckoo search algorithm", Ain Shams Engineering Journal, vol. 9, no. 4, pp. 589—
597, Dec. 2018 (doi: 10.1016/j.asej.2016.04.005).

[26] G. w. Chang, W. C. Chang, C. S. Chuang, D. Y. Shih, "Fuzzy logic and immune-based algorithm for placem-
ent and sizing of shunt capacitor banks in a distorted power network", IEEE Trans. power delivery, vol. 26,
no. 4, pp. 2145-2153, Oct. 2011(doi: 10.1109/TPWRD.2011.2167246).

[27] J. H. D. Onaka et al, "A posteriori decision analysis based on resonance index and NSGA-II applied to the
capacitor banks placement problem”, Electric Power Systems Research, vol.151, pp. 296-307, May. 2017
(doi: 10.1016/j.epsr. 2017.05.041).

[28] E. R. Biju, M. Anitha, "Placement of DG and capacitor for loss reduction and reliability improvement in radial
distribution systems using BFA", ARPN Journal of Engineering and Applied Sciences, vol. 10, no 20, pp.
9604-9613, Nov. 2015.

[29] V. Kona, R. Kollu, "A Multi-Objective approach for DG and capacitor placement using harmony search
algorithm", Proceeding of the IEEE/ICOAC, pp. 320-325, Chennai, India, Dec. 2017 (doi:10.1109/ICoAC.2
017.8441380).

[30] A. A. Abou El-Ela, R. A. EI-Sehiemy, A. S. Abbas, "Optimal placement and sizing of distributed generation
and capacitor banks in distribution systems using water cycle algorithm", IEEE Systems Journal, vol. 12, no.
4, pp. 3629-3636, Dec. 2018 (doi: 10.1109/JSYST.2018.2796847).

[31] K. Muthukumar, S. Jayalalitha, "Optimal placement and sizing of distributed generators and shunt capacitors
for power loss minimization in radial distribution networks using hybrid heuristic search optimization
technique™, International journal Electrical Power and Energy Systems, pp. 299-319, vol. 78, June. 2016 (doi:
10.1016/j.ijepes.2015.11.019).

[32] E. A. Almabsout, R. A. EL-Sehiemy, O. N. Ucan, O. Bayat, "A hybrid local Search-Genetic algorithm for
simultaneous placement of DG units and shunt capacitors in radial distribution systems", IEEE Access, vol.8
, pp. 54465-54481, Mar. 2020 (doi:10.1109/ACCESS.2020.2981406 ).

[33] S. Kamel, A. Amin, A. Selim, M. H. Ahmed, "Optimal placement of DG and capacitor in radial distribution
systems considering load variation", Proceeding of the IEEE/ICCCEEE, Khartoum, Sudan, Sudan, Sept. 2019
(doi: 10. 1109/ICCCEEE46830.2019.9071384 ).

[34] M. Abbasi, "Optimal capacitor placement to improve distribution network efficiency by considering reliability
of capacitors”, Proceeding of the ICEECET Norway, 1395 (https://www.civilica.com/Paper-ICEECET03-
ICEECETO03_002.html) .

[35] R. E. Brown, "Electric power distribution reliability", New York. Basel, Marcel Dekker Inc., 2009.

[36] IEEE 1366-2012, "IEEE Guide for electric power distribution reliability indices IEEE", Power & Energy
Society, May.2012.

[37]J. A. M. Rupa, S. Ganesh, "Power flow analysis for radial distribution system using backward/forward sweep
method", World Academy of Science, Engineering and Technology International Journal of Electrical and
Computer Engineering, vol. 8, no. 10, pp. 1628-1632, 2014.

[38] A. Zeinalzadeh, Y. Mohammadi, M. H. Moradi, " Optimal multi objective placement and sizing of multiple
DGs and shunt capacitor banks simultaneously considering load uncertainty via MOPSQ approach”, Electrical
Power and Energy Systems, pp. 336-349, vol. 67, May. 2015 (doi: 10.1016/j.ijepes.2014.12.010).

S\


https://doi.org/10.1016/j.aej.2017.11.003
https://www.sciencedirect.com/science/journal/03605442
https://doi.org/10.1016/j.energy.2018.09.083
https://doi.org/10.1016/j.energy.2018.09.083
https://doi.org/10.1016/j.energy.2018.09.083
http://dx.doi.org/10.1109/TPWRS.2008.2002169
http://dx.doi.org/10.1109/TPWRS.2008.2002169
http://dx.doi.org/10.1016/j.ijepes.2013.07.011
https://doi.org/10.1016/j.asej.2016.01.006
https://doi.org/10.1016/j.asej.2016.04.005
https://doi.org/10.1109/TPWRD.2011.2167246
http://dx.doi.org/10.1109/ICoAC.2017.8441380
http://dx.doi.org/10.1109/ICoAC.2017.8441380
https://doi.org/10.1109/JSYST.2018.2796847
https://doi.org/10.1016/j.ijepes.2015.11.019
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639
https://ieeexplore.ieee.org/xpl/conhome/5707362/proceeding
https://ieeexplore.ieee.org/xpl/conhome/5707362/proceeding
https://doi.org/10.1109/ACCESS.2020.2981406
https://ieeexplore.ieee.org/xpl/conhome/5707362/proceeding
https://doi.org/10.1109/PEDES.2010.5712450
https://doi.org/10.1109/ICCCEEE46830.2019.9071384

Soled jbcdds 8 -6 Yl dome [ Ao o3Il el o L

[39] S. He, Q. H. Wu, J. R. Saunders, "Group search optimizer :An optimal algorithm inspired by animal searching
behavior", IEEE Trans. on Evolutionary Computation, pp. 973-990, vol. 13, no. 5, Oct. 2009 (doi: 10.1109/T-
EVC.2009.2011992).

[40] M. Hasanzadeh, S. Sadeghi, A. Rezvanian, M. R. Meybodi, " Success rate group search optimiser", Journal
of Experimental & Theoretical Artificial Intelligence, pp. 53-69, no. 5, Nov. 2014 (doi:10.1080/0952813X.
2014.971467).

[41] S. Banerjee, P. K. Ghosh, "Study of loading status for all branches in chronological order at different
conditions in a radial distribution systems using reactive loading index technique”, Proceeding of the
IEEE/PEDES, New Delhi, India, Dec. 2010 (doi: 10.1109/PEDES.2010.5712450).

[42] A. Khodabakhshian, M. H. Andishgar, "Simultaneous placement and sizing of DGs and shunt capacitors in
distribution systems by using IMDE algorithm", Electrical Power and Energy Systems, pp. 599-607, vol. 82,
Nov. 2016 (doi: 10.1016/j.ijepes.2016.04.002 ).

[43] S. Gopiya, D. K. Khatod, M. P. Sharma, "Optimal allocation of combined DG and capacitor for real power
loss minimization in distribution networks", Electrical Power and Energy Systems, pp. 967-973, vol. 53, Dec.
2013 (doi: 10. 1016/j.ijepes.2013.06.008 ).

By )

System average interruption frequency index
System average interruption duration index
Energy not supplied

Expected interruption cost

Success rate group search algorithm

Group search algorithm

S. HE

Producer

Scrounger

0. Ranger

Hoeo~NoarwdPR

@


https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4235
https://doi.org/10.1109/TEVC.2009.2011992
https://doi.org/10.1109/TEVC.2009.2011992
https://doi.org/10.1109/PEDES.2010.5712450
https://ieeexplore.ieee.org/xpl/conhome/5707362/proceeding
https://ieeexplore.ieee.org/xpl/conhome/5707362/proceeding
https://doi.org/10.1109/PEDES.2010.5712450
https://doi.org/10.1109/PEDES.2010.5712450
https://ieeexplore.ieee.org/xpl/conhome/5707362/proceeding
https://ieeexplore.ieee.org/xpl/conhome/5707362/proceeding
https://doi.org/10.1109/PEDES.2010.5712450
https://doi.org/10.1016/j.ijepes.2013.06.008

