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Abstract:

In this paper, a novel framework for energy management in smart distribution networks is presented,
which employs a hybrid fuzzy-genetic algorithm to solve a multi-objective optimization model. The
proposed model is designed to reduce energy losses, improve voltage profiles, minimize operational
costs, and mitigate environmental pollution, while effectively addressing the dynamic characteristics of
load demand and uncertainties associated with renewable energy sources. The model incorporates the
interaction among distributed generation resources, energy storage systems, and electric vehicles within
a 24-hour scheduling framework. For optimization, a hybrid algorithm is utilized: fuzzy logic first
identifies priority search regions, followed by the genetic algorithm extracting the optimal solution.
Simulation results on standard 33-bus test systems demonstrate significant reductions in energy losses,
enhanced voltage quality, and improved system efficiency compared to conventional methods. The
proposed approach provides a flexible, efficient, and scalable solution, demonstrating high capability in
addressing the complexities of future-oriented distribution networks.
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Figure (1): Flowchart of the proposed framework for optimizing distribution network performance, considering demand
response, renewable energy resources, batteries, electric vehicles, OLTC, and voltage regulators using a fuzzy-genetic
algorithm.
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Table (1): Simulation results under different scenarios
92, &Wh) 550 JS ol | (pu) s 5Wg Sl | (Vo) JS 4 | (kg COL) SanYl

al Vof.A -0V YYFY- VAT

ARPYR oW VYYL¥ -,aY- \WWee - VYEY

Y gl \YY2 RN AL \Y.YY- V&Y

Y gl ARTARY BN 4 VYA VY OYY
(o) 2l VoA -, 3A) VIaY- VY

Gl azli o 05 Seuge e ge (golgainn Jue j0 J S gl Il 5l glals e oolaiwl a5 was o Lid (V) Jga ol
5L uSlee @Bl alS VYA sga Al Cl 4 Cond (6550 Dlali ( oles s9a b 0 ohigds 0l o A (0, Sles
5 LDG aiaign Co poe cab) a4 yizren ol il 2alS LYY, sgax (5,08 0 00 oles a e g aile aoli8l Y,FY.
el 00 S /Y0 55 COL  San¥T (S xSl slag 045

12,550 (GA) SeadlS S o ys5 Jols 500 pomspe (s dus b Ghovghy ol 50 S5l (S 5 o 68!
Lol 00 aulie (DCHR) (s5aal Gazs s5lule, 2oL, g, 5 (PSO) @l b

alio gy ple b g ls s lio :(Y) Jguar
Table (2): Comparison of results with other similar methods

59 &Wh) 55,1 Js ol | GYo) JS anse | (46) 121 oo | (W) 5Ly eSikee
GAlr-] V15,0 VVYE- Y < AVA
PSOI[v)] VYA yyay- \YF - Avs
DCHR [vv] 1Y A VVPA- Ve -,Av4
oolgriy VeA YVAY- s <AAN

1 5 a5l ns e ) i 5 Sl 1 ol S e 0 (ool g, w05t ool o sblas
oS Sl a8 el YL g, ol 1 g, Cnl 50 Laped 515 (Sl 1aiS e Joe g, ol 51 5L 5 L2l e
3 ol sl 3y il JLaiol 2l 5 e ol
WY 4 olals il 4 e BESS Gis s cwyp (oles Jow 51 goulS Ol 51 Sy B il aalsl jo
2,5 5hS VOAD & Sou¥T iolidl 5 axlg VAT & anse Lildl celb BV Gl ol asl \YAY: 4 ase s kWH
Bl . PU + 488 4 5l oSl malS g YTV B YY) glogd 50 a5y Sllwg celb OLTC (g3lo Jlad e i
05 S o 05T gl ) ad Sy el 1o (PU - AF 15) slme eagime j YA cpad gays wrgo 5y oaisS palass
ot 5olgiing e el S5atign i il sl (o oSinlen 5 357 0 45l 5ol Jon a5 Shes
3 btisn s a5 BB 8IS 4 By o S Sl 555 (55l Sl oS s 3 aslisal
Joe a5 ams oo (LA 500 oty b dmlie el 03,5 L Joud BB mhaw (o 1) aSid 5Ly oS g 00l (SuYl
55 $laaSs Sioan] 5 s slabme 5 5l5 Skl 35 0 3 Khos Ll e 5 e S 15 1l

Caolylo |y dioiion

O


http://dx.doi.org/10.82362/jeps.2025.w.529
https://jeps.dezful.iau.ir/article-1-529-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-27 |

[ DOI: 10.82362/jeps.2025.w.529 ]

Journal of Novel Researches on Smart Power Systems - Vol. 13 - No. 4- Winter 2025

e S5 58 oS 5 e, e3d) 5l oolainl b siedigr mo 398 (sloaSll jo (65, Adaanis (gjleaiyge

o iz ol )3 goleidn Joo 0 Shoe (o p (0 45 05 oo 2 p0 ) (el Jlaged (B 5l (lasgae (V) S0
$g)2955 <5551 (S3lw0 3wl et (JS Dlpagas 5l eatmolis ajloges cnl load (b (solatdl
Olpdd iz S YU logad )0 aiud dialisd & 598 aStl o ,Slas Sgups ;0 5L (sdodisS o lais SOLTC . S pxsUl
o gl Slelo 53 (55b wgdon o0 45 jblan el 0ad 00ndS pgas 4 59,4k (o (SOC) (550 5L cunidy
il 5,8, o81 (pl S 0 3,35 Ol AUl 4 (9 5 3,0ke) 9y Bpae zol Slebu )0 g 05d se 55l Cbass
5100 9 55l Jalbg 4 ) oo YU jloged ciinl (651 b b 5l aigy eoliul )0 (6551 S e s e 5 ,Sles
S ys> g b plojed 5 S Slels 4o Boes lag 355 515 4 loged ol Billas o)l ol oS glog 0>
oS wms a i Sinles ol sl 4355 g0 45 S malS jelite b S Slelo o b 5,L50 5 onhs el
) €S e o 5y Ly o enms g g0 5 (55 iyl e S, oSl Leses WEV
Lo czgn b g ke 5 5ty 0aisS walass « OLTC ) aslit a8 sl o] ;Soles g0 ol a0 ge ki |, (VY
Ly Joges jo . canl oo (5155l Gsl).zg Slelw o 5Ly cdl 5l g ool (PUY, O L +,80 (10) jlxe o5b ,0 byl 5L
A adg g b Slleg b Olss cpl .l ol puw i el Y Job 0 OLTC (5 glal &l i ccanly Conn
oz Seoms (mly Hloged wlond 5Ly b3k g o5 Bl e ge )093 Ojpea Gy il g Sy Slebs )3 5 005 Ll o0
Sl 3B (ol by, 09d o0 odalive a5 jsbijlen aas e alei 1) 6551 Sl 5 (gl po st anie G 9L a0
gl sl B 0 50 Canlbw ulul g Wilgi o Heilpl aS WS adgr lali g 4 je Sl awy sl jo Slage slagul
PSO (GA sin 50 pguspe by dm b (s0lebiin by 0 lae dumlie consly Coomsr (s Hloges coles yo .S Sl
5 Olals am 90 ;8 0 (golaiinn by, g oo 0030 45 jgbyles .l o yLis 4 se g Sl ggee LB Lo 1, DCHR 4
Shaeden )l pose ln anS (n oo (S5l Syg00e (e 9 die (S by AL 650 3 Sles wase
sl o] g8 (gl

Battery SOC Variation Over 24 Hours EV Charging and Discharging Profile
30 —— Charging
90 — Discharging
25
5 80
£ 20
) ES
570 ]
o 515
s g
M 2
g 10
&
50 5
a0 0
0 5 10 15 20 0 5 10 15 20
Hour Hour
Voltage Profile at Bus 33 ‘OLTC Tap Position Over 24 Hours
2.0
1005
15
_ Looo 1o
2 e
] 2
% 0995 £o05
E [
s
= 0.0
0990
-05
0985 10
0 5 10 15 20 0 5 10 15 20
Hour Hour
Pareto Front: Energy Loss vs. Operating Cost Comparison of Optimization Methods
11300 12000 Energy Loss
Operating Cost
11275 =
% 10000
S
¥ 11250 :
< w8000
2 11225 3
H 5 6000
3 El
& nzo0 z
T 2
8 mrs £ 4000
5
11150
Y 2000
1125
0
114 13 112 111 110 GA PSO DCHR Proposed

Total Energy Loss (kWh)
Ol 9 S 5= 518 i yaRIl ol (glepndiny Jubo ol aiand TV & 8 dSindh dlonty (5510 p20 300 i & bg o (SLdond (gl g5 1(Y) S
Kobgn I S

Figure (2): Analytical diagrams of the optimal operation results for the 33-bus distribution network under the proposed
model, including the fuzzy-genetic algorithm and smart control devices
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