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Abstract:

Distributed generation (DG) placement in distribution networks is commonly formulated as a mixed-
integer nonlinear programming (MINLP) problem, whose direct solution is computationally
burdensome. This paper presents an alternating-current optimal power flow (AC OPF)-based
framework for the direct ranking of candidate buses, such that the suitability of each bus is evaluated
using techno-economic indicators, thereby reducing the need to solve the placement model directly.
Within this framework, three indicators, namely the loss sensitivity factor (LSF), voltage deviation
index (VDI), and locational marginal price (LMP), are derived from three AC OPF formulations with
an identical network model and operating constraints but different objective functions. These
indicators are then normalized using min—max normalization and integrated into a unified composite
index (CI) through the inverse accumulated weighting (IAW) method. The resulting Cl enables the
direct ranking of buses and goes beyond serving merely as a preliminary screening tool. The proposed
framework is evaluated on the IEEE 69-bus test system and benchmarked against a reference MINLP
model. The results show that the top 14 buses identified by the CI, corresponding to the top 20% of
candidate buses, include all 10 buses selected by the reference model, yielding a 100% overlap rate. In
addition, a sensitivity analysis of weight confirms the stability of the proposed ranking under
reasonable variations in the indicator weights. Therefore, the proposed framework can serve as an
effective decision-support tool for the direct ranking of candidate buses in DG placement studies.
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Figure (1): Bifurcated structure of the proposed AC optimal power flow-based framework and the reference mixed-integer
nonlinear programming model for direct ranking and validation of candidate buses in distributed generation placement
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Table (1): Normalized indicator values and composite index for the top 20% ranked buses
oy (g y (G (il Cunnsis woy0 Ve (gl (oS T (S LS g el Jloyi sl pS Ll polie:()) Jguar

R I e el Il R
\ ATERR AR AR R AR EE 70
Y < /24YY < YYYY AR AR ¥
Y DAY ANY AREA AR YA AR 4]
¥ Y241 < IYYAY AR YA <IYYA- 7Y
I DAY <IYYVE AR YA <IYYA- £\
4 </AYA- < IYAAY <IYAVY ARV 7o
\ <AV <IYYY¥ <IYEYY <IYYA- AR
A IvFa¥ AT </Yfay DAtER OA
) iAnYd SARA i< DARRK DARAE oy
\e. 1$O0Y YAV R ¢ DAY o' RPATAR Yy
" AR AT XY DAY o' RPATAR A4
\Y </FOTA LATARR DAY o' RTATAR Yo
\Y ARG ARG <NONY LTATARRS YY
\F XA </VFAQ <NONY LTATARRS Yy

FY FYFF Slacmd o] 5l a9 o)l 8 Casi sy 0 (S 5 e e Jlade (i L PO et (1) Jgoz Gillas
bl Jisu a5 aeo o (LIS PO B OY oL jo 5 slead, 5560 aileols plaisl 0 4 |y gam slaas, £ 9 )
el )5 y53 s 00Ty aldgs JLanal sl Caglsl 5L 5 SO-OF [ud

Cadipmal (i 50 F0 B OV slared dEEE aid £ gl ;5 Cowl )55k SLlS aSes (55dssr ,Lslo b oS o
alols Lo 4y islaml iz )0 il oo aasls £O el jo g amdbolatel O (ol 5l as wijle J18 el l> a8 SO
WS )0 b o Gl olali conlus ¢ 5Ly il icanoVl laas s I red Gle jeue 5 a5 i cilanal
DS e slr 5y by Ssmte 5 DAl 2l sk ST Vgane it cnl o ouiSTy as Lawgt Gls B2,
5o bl e jlasb ol )0 Gles B35 45 wad oo Ol J laged (nl )3 G @l Saed VL polie (lojen
5 55 5l esan oy 5 P B OV (slaged il 5 s 45, 10 50 e 558515 g penlil ool i pdyazs
el sl L6 golail

2 Cewsimly i 50 bt (nl sl Coeal Sl S Glaan S Gl 0 TV BTY lacned jph onl 2 odle
Gy Cowsti 0o, Vol j0 b opl jeb> 068 oo Cauone YV-Y Lol s Lol YV (s g 0dylo J13 Lo
o |y 4SS Jihe g ple aSl woois Sgase ol a3l o @ B0 solpiiny oS 5 oaFli 4w e olis oad
Sk s Jolo ganas; conlply sl 005 plolid witus Cuge hls anje g 5ty olil plojea Jlase 5l a5
el a8 TS Sglite slacanle b asls aw oS anly aly p aSl s byt Sl Condye

Syl laged santuglyl lp (ormlie Gl 5l ooleiinn (oS 5 alh o was e (LiS (V) Joux @l ggerme )
3 ash el )5l 4l mli au goue polde b Laias saslcawady (gamas, ool .l o950 0aiSTyy ael s
5L 5 gove il s Slyen ol el a5 oled @i SRS (Sajed 5, 5 sl e
Slr cmlie (ploe 5 WS (o0 Cugli 0aSTy agi cual ol (e alebid Gln ) soliin by, slitel @Sl
Silese wald Gan slais 5o e Joe b vl

b asli ()39 & Comd Comilus Judoxi 1 gaduady g by (b5, -T-F

14



http://jeps.dezful.iau.ir/article-1-571-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-08-30 ]

Journal of Novel Researches on Smart Power Systems - VVol. 14 - No. 4- Winter 2026

VE-F Gl —pslez ojlod — o0 lo Jlo —diebien &8 (st (o g Oladbod 4,08

@ Comd @S el e Gl )0 skt (55 aPle elul 0l slaceed adsl onas; glAl Sl omy
Sy aFLE w55 (a3ls STl 0y S oo 8 2yl 0550 SxSereal Gloatle (s et
Slade Wlgioo laasll cnl 51 S0 52 (59 59 st ol ol LSS4T S (oo Seend g Wy Sl e ls olils
logasles (359 & Cad Sl Jalo ccnlplty o 5138 5bcos 1) lag)T (sanass; codi ety 5 lapnd olos
ol plxil by 5l ol S 5 S & @l ol (Sadly pue 5l pliebl 5 anas; ©oz )by plSotiul (w)  Soals
595 Olgieds 5 omd VE el obl 1 g 0 ool ayly (lacyss 51 oolil b by adsl gy, cdalllas oyl ) u
e lie aslsl jo a5 5 ls Camal Cyz iyl dcgame cpl OS] Lol Gl A 03l (sl Cands duo o Y
B Sl S50 gz e Jae 5l edslissas aige laplKe b (oS 5 a3le | Jeol> jlacaglsl slaged Sligee
Sy 44 o Joasly] e garm il o 5 ool (5 ool 03 e po oo b (i i S| g 30l 55

g i (glsl i jlrs o aslh Cuenl ol pd (Si2 pdS L g 009 Hlk lapasls o)y 50 B )laie
Oliee 4 allaz &0t (asls a5l (S0 (59 enylem p2 53 Sanl 0ol iy pa5 Sl (G5l B ¢ polate (nl sl 0
it Jlael Lol bogy i oyl o] 00 dslims Todzee Wiy GAidsdy s 3 428L,20lS b ial53l asys Yo
S del mls s « GG ol Cwond 5 Gldg Bl il aslion «olals cawlus o 0”59 S g ool
Dot VF 51 S Bl a5, 5 S AL ke i ol 45 ST sl o &) (1) Ui 5o ol o
5 oIPl Sle iy 4 we? 5 wig? sbeoles (Jeoa cnl po Cl oad (5155 it slag b g 4l S s 5
Vo gmals gl s 4 g
Ol | G (oled Saad (59 ey Ve el g Gl ol 5 win? 9 Wil g Gy Sl pasld 5y gy

5 Win” oS Gree s Sl Coles o pS (g ey Ve a8

Jladls aiz 50 5l e a5 wes o (LS (V) oo 10 Caadt (e VT degozme 1o jga> Slaad aiw (puizred 20 o0
el 0l BL 5 a5 VYl o lores (nlus (g9l il g a0l Sl ol il ) Sl Cin ggesme
] 03 43‘)1 | WB.,..: B M’LAA} J...L?u o LSLQBJ)LM B Lbu)5 @L@H J.:OLQA

Table (2): Stability assessment of the ranking of the top 14 buses under a 20% variation in indicator weights
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Table (A-1): Final indicator weights under the sensitivity analysis scenarios
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