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Abstract

In this paper, a bi-level optimization model is proposed for the coordinated management of integrated
transmission and distribution networks. The problem of the security-constrained unit commitment as an
upper-level problem to reduce operating costs, startup/shutdown costs, and no-load along with load
shedding as a mixed integer linear programming model and the problem of optimal operation in
independent distribution networks by considering renewable and non-renewable resources along with
charging stations for electric vehicles as a lower-level problem to reduce the costs of purchasing power
from the upstream network and reduce the costs of power outages. The resources and charging power
of electric vehicle charging stations are considered a linear model. To solve the bi-level problem, the
proposed lower-level model is modeled as Karush-Kahn-Tucker optimality conditions. Several different
networks have been considered for validating the model and the proposed method, and the results
obtained from the simulation prove the efficiency of the model and the proposed method in considering
the coordinated operation of intelligent transmission and distribution networks. To show the superiority
of the proposed method over other algorithms for solving multilevel models, the proposed method has
been compared with decomposition algorithms, and the results show the superiority of the proposed
method in terms of execution time and faster convergence.

Keywords: distribution network, linear programming, optimization, renewable resources, transmission
network

Received: 8 June 2022
Revised: 13 August 2022
Accepted: 12 September 2022

Corresponding Author: Dr. Mahmoud Samiei Moghadam

Citation: R. Tamizkar, M. Samiei-Moghaddam, A. Azarfar, M. Hoseini-Abardeh, M. Vahedi, "Bi-level
optimization model for coordinated management of integrated transmission and distribution systems", Journal
of Intelligent Procedures in Electrical Technology, vol. 15, no. 59, pp. 1-20, December 2024 (in Persian).



http://jipet.iaun.ac.ir/
mailto:vahedi.mojtaba@gmail.com

V=Y NEY 50l (a5 g ol ol foo 3l Jlu /50 Carino j0 diadign sla by, 4 i

https://dorl.net/dor/20.1001.1.23223871.1403.15.59.1.4
iy dlie

S s Kalod Cu oo gl (awgd (g jlwaias Jow SO &
az Sy @8 g JUl

do0 il S dozxo ¢ )b bl ¢ 38 )3T Ly 3T ¢y bl F paiio ctouws Sgozxo (5 35S giils &y juod 4s)9
)Ll\)lﬁ.ﬂ}‘ )6-\9'5 ‘sg:gco s)l.lélﬂ.u}‘

Ol gL ¢ oDl o1 sl8iils 9,0l axlg = 5y oo oaSiiils -
Ol ecylaels ¢ oMl ol3T ol&Kzils ylaals oy = 5 5 cwidigo saSiiils -¥

tamizkar_IEEE@yahoo.com, samiei352@yahoo.com, azita.azarfar@gmail.com,
mohamad.hosseini@gmail.com, vahedi.mojtaba@gmail.com

ol Sleiday az ) LSy Jl 5 gy sloased Soales o e sl (e 99 (sileaie Joo S dlie Gl )0 tenSs
(Sl po e slra s rals Baa b oYL maw alivss laie 4 Jlatl aSil jo cocel 08 b baasly o8 jLis alins .ol
G0y dlies 5 S j0 oo Sas ot 6,40l Jae Su g0 b gkl ol s 4 )b 5 il eelB (p09,
lagyo95 55l ol olyon 4 pdisuaasifné 9 pdynaad wlie (85 Sl )0 b Jis @59 slaaSed )3 aige
Oly 9 e Olys @dad slaan jo 1als g sVl a0l Sl s w5 ladi s (aalS Baa b (ool At plgiear (S
ol b 59 alies o (ol ol 005 455 L5515 e o S, gty B sl o 3 slaolSinl s
e rieione lp it aSeh (paiz 09h o Siledde SU-GB-s,S (St llpd Spedr Sl e Joe
A e o 1y oleiin by 9 Je 9 l)5 (53lwand Sl onal ooty ol a8 Col o a3 S a5 o (soleiin hg) 9
oty iy 5 o1 oS sl bl o S e S Wiz 5 5 JUaS) saeSt Saben (5 5,5
DL ol 48 S o sl a5 (sl b 5ol sy onbaonsiz sla e Jo sloi 9l 100 & S

sl Gy 2150 5 12l Gy Soe y5 solerien By S50
pdsdass mlie casje8 4l ¢ JWl aSils «g Loy (> (65,40l i oS Olods
VEVYNA e Jlwyl & ,6

VEVOIYY callio g ,5530 gu,b
VEVEIYY o b pdy g,

PARo (o S50t SO 1 ghumo (G0 g3 pb
B (emdige 0aSuils — ylaals axly oDl oljT olKisls = e doui ol - ylials : J gl (GOt 93 (3L

M


mailto:vahedi.mojtaba@gmail.com

03 ol Sz dozte = 13,31 Lo 5T —piie caoms Sgamme =I5 juad drg), o (e 90 (g jlwdigy Joo G &l

doddo —)
o 3300 g ] s 3Tl sl sestie ozl oz ) S slaysiS (el a8 slapias 5
il by 580 S o 550l @358 it 53Tl 5 JE! s 31l Slocszla o5 jsblen WS o0 S5 Taie
A5 4y g Aiaign (5loolSinsd o dyasazs slasd il GV S5 g @il Sinlan 5,15 0 4 ISis b ablis 1,
Sanlen oo yiod sblse [N gz ol 03905 555 5 Jitl (slopias (Sialon )3 |, Slidos 5l saz pas wiadsn
A e 3,50 Toglie o Jao S 5l esletal 1) g8 wieems H5ilnl 5 WS s 558l 51 50 alis & ae
Iy axgi BB Ot @398 sopinw j0 pdyasasd lash il YU 355 a5 conl ouls ool )Las [v] &0 S B o
Joe S 1 el Hlgis Jad ailflas Co pae oy, Gk 5l ] digs Co e a5 oS oo ol JU! s 95101 6l
5 oolial b [Y] g ol o il )| JSite ol 08, sl "o e g oo syl 2 (siie hamss (3l
Oseken VIV Loy ab el 9 5 JUnl a5 o (Sinlon pae o ol ol Poglite bz aie S 25w Joe S
&35 SeaSed (m waxr (Sialen sla by, 950 50 Geizd sl Slo5Sl ol cnl il 3 g p55 59, S 0 S i
[F] g o 50 el 00,5 waly3 |, Sy Golidie 1 (65, mlie b o 05l Sinlon Mt 4 Sowus, (sl JEl
ooliasl b Lolis &y g auseh o JEl Sinlas 5l o)1 050 sl |y clal yo dus 0l o8 JLiis Joto Sy S Ay 5
w3z)r So bl g S peted (g3luingy by, o (0] a2 e s0 wiles S sleriny 41l pres 5,055 pysSU S
as Ll sl ool sloitn auie g Jnl s dg Sialen g5lujl o5l al (40,50 Cavsds Gl (5 S el
GloaSis o "ond g jsi sl gl 5 plesl b bLs,I po (sobj slagilly b (lad Jites @595 9 JU! (55,31 S o pias
S e Boyb 5l 098 e 00Ty ah mlie whad @y e o 5Ly Gralidl St aile o tlle cnl Jo el 529 00|
i S g g JUi) 4t (Saalea 51yl S [F] g2 50 0 (alpln g salss lobs (lab allazr (g5
oud gy Thalide pos az ;o (rbawsd (S5 aaliny 2 (s 00l @58 Dygon @8 5 JEI S sl (Rl 4
b gss o JUn! gloaSies ;o pslie ol dige by Sialen > slp )55 pf ouiilaz oy, o V] g2 e 50
Gh9) (e Ml po 53 (85 b9, S AL gy po sl ons slating (il das () 5 o0 4 o Al il eolitd
Slggion 42,60 5 Jolatal 395 5 JUED] (SloaSad (o ol (o i (185 5 50 b Mg s 4t (65 oo
o3y Joh 4y sl i 5 JU (sl (slojso Wiz b mjs sl Sinlor oz lr Sy (8] 2o el o
Sgume (532 )aelip Joo S bl 2 55 peie pud QLS (LY (g 5l eslitul b 508 pitans dilis) (61 o st 4z S
Sl 5ol 425 02 )8 S 2 (e 08 ol s 28 ren g, S [V o] g2 o 50 08 o sleritey N il &,
2325 s o TN g s 5ol oads i)l 5l 55k b)) Sgme slp - JED! (535 Saalon o pas
b G @ bl cwd Conlus (23,5 a5 o b golail b jidy Siales wjes 9 Jll > slp sl )5 (Seals
Joo bl pp 1y ombansgs (g lotinge Jow s VY] i yo ol o slyingy S 51 liza 5 ol Sam 33l (ol
Slaal g 03,5 m558 o3l g (e o age jsboar | cada s 6551 3lwe S Glaasls b oS oo dSl) (a5 YL mhaw
1) osd gjes polie 0,33 (530)aalp o VW] e o iy s5n 1)V Jlisil 5 @595 Sl (Sinlon o (6510 0 0
S (oo Sl 0ol iz @595 5 JUSI Glapiiss sl 0aisS plp iz S @595 SlaaSid gl S e, ol
&5 9 JUl az LSy 4ty b o> sladlslae 5 M (s d (sl (e Sialen Jo ol SO V] g e o
D0l g yo 5o sl o oleiig 3 slaaSied Sllos ansn (20lS sl @8 SlaaSied 13 (5551 gl (28,5 55 0 b
JEl slapne b3k sl 0ol @is8 6551 @loe 51 an Jolaiali Jl i Joo Goll 2 Thas o (35812l S
S ealital b 4zl qis 5 JU slaptans Sinlon giyaabn DVF] gz jo jo sl o0 sty 42 L0 s 5
Sty @9 9 JUS! slaginn (55100 00 S5 anp0 il JBla> @y gl Sdond (Sagm Ligy (masiaalin 9509,
b iy Joe oad Siales @398 5 JU saaSed Jo sl az 03l JLSs alsbie g, S0 DV g e ol ons

olpainy aSll wlali zalS 5 (g,ls po o sloasy s il Plas @ gl p 35 jeie s Silwdings p (o peiins b >

M



V=Y NEY 50l (a5 g ol ol foo 3l Jlu /50 Carino j0 diadign sla by, 4 i

A 5o b i s JUl Sl Julow 1y (sl lagenls oad 595 lgs ol Go9y o VAL g2 ye 50 il oas
2595 Jl -3 0 42l s 5 kg sample; oo o DAL a0 50 sl oud sloriog (sl Ll (255
0 .)LQ‘...»....) LQASH.M: Jsd.u).m uq.,l.m) JSLA? 4’&5‘)" l.@w)..c uﬁLo...A u*‘ﬁ)ﬁ U’“"LM" Sgdone Ls).v)d.ala).: u,ul.w‘).' ol u.a_‘>
loass SKialan sl oS b al)T bt Sz Uigy bl 1 1y 55 petio a5ty S [V ] a2 jo yo ol
sbsre srpnaln Joo S5 IV g ye 58 el 00 sloriog w5 anse (il Bl 4 1y 42 LS @5 5 JUs!
sladlaie (ole)S Al g 4z lSo JUd ms Sl (owe 6551 Lk Slbes sl (rlaw 99 LS o slasl pg 4 e
s w9 JyS o VY] g pe yo el snd slpiinn elainl o) (yaile, iSTas 4 sl JEl piaw b Saalen
53 el oad sleidy mjei- JUsl ased Jlasl bl jo 5y welass sl @s8 sloasied 10 6 5L 6551 0053 Slapcs
5 JUnl 4z )LSs slapiuns Siluting dlins J> Glp (msidsn il 5 325 Sy, 2 e oyl o VY] g e
sleanie jrals Gaa b JWsl 5 &y aSl lojen alivs > jolaie 4y e 90 Jow SO sl 00l &l &y 568
S pivallasl bl gy o 95 Joo S [YO] gz yo jo ol ous @, [YF] x> o 5o aigs )b (25u 5 6,1 0 4
el oy 851, Lol s g ypoke ol gy 5 5 4 Sl Lial33l 5 0yl 0,0 sloaiy 3 L2alS Bun by a8 loasSins
el o0 a8l ) anlie (gl 00 gatainl 3o <S5 oy (sanlllan b i oyl clacslis 8o o oy, sskiie 4
3979 e 5 (5 b (sl pite whaw 93 ;8 )0 45 (b 93 (Siludinge Plas J> sl elSS g, S V8] a2 ya 5o
o o 45 00 @l a5 SBASd 15 (65l Sk glyr gl yo 53 Joe K [YV] o yo sl 0 @l cens] 4zl
loanse olS jslie 4 By g9)055 5L SuSHl Cunde gan Al ge g (S e (6551 Cu e 4 bgrye (T 4l
el w595 aSd 51 6 I8 o e 81y (551 o pae Joo SO IYAD g yo jo el aSiis (6,15 o g0 (sl ol )b o2 g 5,L0
5 [YA] g ye o sl oa @) Lol ey anlipg b olozzl ols, il jsline a4y wiadign slaails 3.5 L o
ooy Sl (28,5 ,180,0 b (55, &y, ladols (mailejle (ulul p el (6,510l Gralidl (6l 55 s0i0nf ooz )lz
ol o Slgii loyi sl aSd o8 lis cyr calio o

o ,Sug, b calies Glanl ey mussr 5 JES! loaSids e (Sialos cory s oy o3l Slool o a5 jsbilen
3O Jgoo 44z g b Slllas gladls Lol il alins coanl oaims )lis oS ool ploul Sglaie slo g, b g alies
A58 @i sladSed () p JUKl a4t 3 1) (al8Tg s wlie @had g Lokt 79,5 Jlaiol 136 a5 0l 0529 9590 (0
5O Oeized e (65w oo sl 99,8 L baasly o8 i alivss 5l JelST Jow G aS 0als o Al ol o ol 48,55
aS Zdlae (B 30 @58 e 5 pdiduasd (65,8l mlice (9381 5, a8l Cde a4y aS el oald cols lis L5l sleallis
Wloa ;S palo 1) pdyaans mlie Glos ahad j5iws @595 slo)gilnl adds 5 )b (e Jolbs Cule) Judo @ 039) )b o5 ptcns
(_gj)sl c:l.;o Q‘ﬁ:’. c.las J&KASOM S aJlae wl BRRRtN) ul.MAJ |) c_gl.;.a Q—.'.‘ )’| J.alf 590 0 pos ..\.:lyb_a Ego90 dﬁ‘ as
Dgb a3 e s we laaSd (ol Blaal 5 (S plyeds 55 pdhaans

Jshiie & age (oloaSed by JUil a5ty (oI5 o e Sialod (sl sxbrgs Lalidee o sas as e o allie ol 4o
I alis 0l slocs 5Ty 4o ysboay .ol ot slyiioy yaduayass ailis 3l )5 o, ial3dl g Shles sloaiyso Lials
225 0o 25 g% 4 OlFee

JEsl g e el Glojen alivss o o gudal 998 L ooty oS [l Jow S &I -

klog 5510 slaoliin] g ouiSTy wdgs wlie pdymaas 655 mlie (38,5 )5 )3 L @je8 slaased (Solas 5bwJoe -
tsh gilwaing Joe S plsie 4 (S STl s

TS 0 o e Lt 5,40l b g0 i > (sl ST- 15— 5e,S s bl das Jowe 5l eolal -
2l 380 s 5 45500 jelaie 4y 00 lailinl calites piww (i (5 5le Joe -

GleaSiis (gom iSu 10 (e 098 o0 o dliis > Bgy e 9 00 &Sl solpiinn (gilwaigy Joe asldl o
Ll 00 43‘)| LSIS 6,.54.7:....' “5>l.'l.v u....?o Pod 09'“(5" d.w.vl.o.o )in) LSLQU""ﬁ) Lu LS)L"‘"M C.sLu 9 03 u’_‘i)m GAMJLA)]

D)



03 ol > dazro — 8,31 L 3T —paie caons Sgamme — IS jed dug), o (rbam 50 (g jludings Joo S &l

Table (1): Comparison between the proposed model and similar papers
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Figure (1): Coordinated plan of transmission and distribution network
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Figure (2): The proposed bi-level problem solving process
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Figure (3): Diagram of the proposed joint system

Table (2): The results of the simulation of the first system in a 24-hour period
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Table (3): Simulation results of the second system
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Figure (7): Diagram of the fourth integrated system
Table (5): Simulation results of the fourth system
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Table (6): Comparison of the proposed method with other methods
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. Transmission system operator (TSO)
. Distribution system operator (DSO)
. Bi-level robust optimization (Bi-RO)

. AC-optimal power flow (AC-OPF)
. Distributed generators (DG)

. Bi-directional network equivalence (Bi-DNE)
. Chance-constrained programming (CCP)
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. Bi-level second order cone programming (Bi-SOCP)

. Bi-level mixed integer quadratic programming (Bi-MIQP)

10. Transmission and distribution AC optimal power flow (TD-ACOPF)

11. Non-linear programming (NP)
12. Online convex optimization (OCO)
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