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Abstract:

With the increasing penetration of distributed generation resources (DERs) in distribution networks, the strategic
placement of these resources has garnered increased attention. Due to the uncertain power generation of renewable-
based DEREs, it is necessary to use stochastic models. Additionally, in recent years, due to the rise of the occurrence of
weather-related disasters such as hurricanes and floods, which lead to severe damage to power grids, has highlighted the
crucial needs to consider methods for mitigating these damages in installation planning.

This study introduces a comprehensive model for optimizing the deployment of distributed renewable (solar and wind)
and non-renewable (diesel generator) generation sources, accompanied by energy storage systems (batteries), network
reinforcement, and equipment upgrades to enhance its resilience against two specific weather events: hurricanes and
floods. The model is applied to the IEEE standard 33-bus network. The planning problem is defined as a costs function
while considering the environmental constraints. The optimization problem is structured as a probabilistic programming
model and solved using the CPLEX solver in the GAMS software.

The results obtained from case studies on the IEEE standard 33-bus network demonstrate the efficiency of the proposed
model in minimizing costs and increasing system resilience.
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1. Motivation of the work

Energy plays a crucial role in the social and economic
development of countries in the worldwide. Nowadays,
renewable energy sources (RESs) are replaced with fossil
fuels due to their finite nature and the environmental
pollution they generate.
Among these renewable resources, solar panels and wind
turbines are widely utilized. Although RESs can generate
clean energy, their reliance on primary energy inputs,
results in variable power production. To address the
limitations of renewable energy sources and facilitate
their integration into the power grid, microgrids have
been introduced [1].
By increasing adoption of microgrid structures, the
installation planning of renewable resources has gained
significant issue, due to their high investment costs and
their variability and uncertainty.
On the other hand, global warming and climate change
have led to an increase in the occurrence of natural
disasters, such as storms and sudden floods, as modeled
as a resiliency in the microgrid problems.
Although the issue of resilience has attracted significant
attention from researchers today, there are still few
studies that focus on resilience during the planning stage.
A review on the planning studies which focused on the
resilience uncovers several gaps, as listed:
1- Lack of consideration for environmental constraints
in selecting options,
2- Omission of renewable power plant combinations
and their uncertainties in resilience planning,
3- Failure to address the simultaneous occurrence of
floods and storms within a single model.
This study presents a comprehensive model to address
the identified gaps.

2. Contributions

In this study, the contributions are listed as below:

1- Probabilistic planning of distributed generation
resources, including renewable sources (solar and
wind), non-renewable sources (diesel generators),
and storage systems (batteries), are done by
considering uncertainties.

2- The simultaneous occurrence of floods and
earthquakes has been modeled within the
resilience framework.

3- Environmental constraints have been considered
in selecting options to enhance resilience.

4- Hardening of utility poles and solar panels,
elevating of solar panels, and using of flexible
loads are used as options for increasing resilience.

3. Procedures

The objective of this planning issue is to minimize the
total cost, which includes the investment costs of DERsS,
the average or expected hardening costs of the
equipment, and the expected operating costs of the
microgrid over the lifetime of the equipment.

The total investment cost refers to the sum of all
expenses incurred for the installation of equipment in the
microgrid, which includes wind turbines, photovoltaic
units, diesel generators, and batteries.

The expected total cost of hardening includes hardening
costs of poles, photovoltaic units, and the expected cost
of elevating solar panels.Moreover, the constraints of the
problem are defined as follows:

1- the number of distributed generation resources to be
installed in the microgrid.

2- the power output of DERs. It is notable that due to
the variability and uncertainties in wind power
generation and solar radiation intensity, the power
output of wind turbines and photovoltaic units must
incorporate time and possible scenarios to account
for these uncertain variables.

3- power exchange with the upstream grid.

4- the amount of load shedding at each bus.

5- the maximum allowable carbon dioxide emissions
produced by diesel generators in each scenario.

6- load flow constraints at each hour and for each
scenario, where for simplicity, DC load flow is
used.

To validate the results, several cases have been simulated
and the total investment costs, including the number and
location of installed DERSs, as well as the costs associated
with hardening and elevating of equipment, have been
compared with each other.

To implement the proposed model, the standard IEEE 33-
bus radial distribution network has been chosen as the
under study microgrid. A mixed-integer linear
programming optimization problem has been utilized to
model the problem, which is solved using CPLEX solver
of GAMS.

4. Findings

The calculated results show that, the investment cost is
about Y+413¢% § for the installation of three wind
turbines, three photovoltaic units, one diesel generator,
and two batteries.

The results revealed that load shedding occurs at only
seven buses at 21:00 in the third scenario, which
corresponds to peak load conditions with zero wind
power generation. In this situation, the purchased power
from the upstream grid is noted to be 0.5 kW.

Since, the maximum wind speed can change over time,
this study investigates the planning problem under
multiple cases of varying wind speeds. The results
indicate that the main reason of difference in total costs
in different wind speeds is the variation in the expected
costs for hardening of utility poles. This is because of the
significant impact of the maximum storm wind speed
parameter on the selection of the type of poles used for
hardening.

5. Conclusion

In this paper, the resilient and optimal planning of a
microgrid is modeled, taking into account uncertainties in
load, the occurrences rate of flood and storm, and the
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output power of renewable resources. The optimal
solution to this model provides a decision framework for
microgrid planning that coordinate hardening and optimal
installation of DERs, thereby enhancing the microgrid's
resilience against weather-related disasters. Additionally,
by considering load shedding and the scheduling of diesel
generator production and purchasing power from the
upstream grid, resilient operation of the microgrid is
ensured.

The proposed strategy involves installing distributed
generation resources, managing load shedding, hardening
utility poles and solar panels to withstand storms, and
elevating solar panels above ground level to mitigate
flood risks. By installing distributed generation resources,
power can be supplied on-site for critical loads and
equipment during severe weather events and power
outages. In situations of power scarcity, load shedding
can help simultaneously implementing four actions:
prioritize and maintain power for more critical loads.
Hardening equipment with stronger materials can further
enhance their resilience against severe weather
phenomena.

v


http://dx.doi.org/10.61186/jiaeee.21.4.39
http://jiaeee.com/article-1-1636-en.html

[ Downloaded from jiaeee.com on 2026-07-04 ]

[ DOI: 10.61186/jiaece.21.4.39 ]

Ol Syl g § g9 (owiiieo 49 il

BF-FA Slxio A F-T b ip)lez o)lod 050 5 S Jlo (0l SS9 2800 g 30 (ot 225
DOI: 10.61186/jiaeee.21.4.48

29 68l O (8 )5 i yo b Al y (Sobal dogs (539 yaol y
Jow 9 Lgb o>

T 30 Lo yaeme T ililes 4abld ) LS Lo,
S5 olSils - 5 (owadige caSlaile —a | w8 4.‘:.59,J ols =3
rezakiani9221@gmail.com
O3 oIS - 5 g caSiils —Loliul =Y
jahanbani@yazd.ac.ir
03 oIS - 5 (gwdige oaSiils - Loliwl Y
mrmazidi@yazd.ac.ir

sl 4By (g s Conodl gilio (!l el (531 y4oli yr Alino (23595 (SBASD 30 oS Ty wlgi @il Bgki iul3I b todaS
oslatwl Bolal (gjluwaiange e 51U cowl o3l cpdynaad’ ailo adgi olgh olyh (o2 pué b Juds @ Liwl) ol 5o
O O)lg amil 50 g Juw 9 pUgb Jud 5l 592 Tlew €989 T omIPl o a4 m3l sladle 5o plp eglle 00,8
S 4 65958 a3yl )0 O L (nl JalS a2ty (38,5 0 pgil (B A 4 g sLawlus
2dbnad (©ob 3 Gaud)e) piynand owiSly dulgi @be dage cual G aelip o (Joo adlan ol 50 (o0
23259 0T 39T Sl 58 B b aSuds Ol 62U 9 (5515 w50 JUS 50 (5 55L) (§3lwo b ot 9 (I3 5981555
Bad b gjlwdings Aliuwe K O yg0 4 5340l Al 0ad &l Joo 0 .ol ol &Iyl Jow 9 gk ga> ailu g
Joe SO Gjge @ gilwdiagy alous ol oud Gy g o) aCasgame (8,5 Sy b g alage (39,5 dineS
5 8990 Oladllae 3 ol Cawd 4y guli .cawl suls J> GAMS l38le 5 j0 CPLEX ouicS Jo bawgi g (5Ulei! (g3 yaob
i (5,910 ial3l g aigie 3,5 JBlas 4o golpuioy Juw 2yl sidopylis IEEE o jlailiwl aicd Y'Y 4K 9,

P00 (6551 gl camlaBpas (gl S Ay 5 6191 DU At (532540 1 GOlS WlodS

engyy o £ g5

VELYIFNY iedl o

VEYANNA 1,555

VEYIVVA by

Sl aabls 155 1 Jgimo gouums g3 ol

B gmodien 0SSl — 03 olRisls —gziils lab— 05 — ol i ghmen (Godduny g5 Sl

ol Gyl K918 g 5y it (ool o cpl il OB 25 grom OT OB Mgy & leite s oyl il 3>
sl jlme 35 03l 3 godte bl Cole) b g dlio & qrmis il bgyiio (] 51 ()8 oolitl £55 o g o ptitto 5 alS Cov dlis )
Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/)

A


http://dx.doi.org/10.61186/jiaeee.21.4.39
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:rezakiani9221@gmail.com
mailto:jahanbani@yazd.ac.ir
mailto:jahanbani@yazd.ac.ir
mailto:mazidi@yazd.ac.ir
http://dx.doi.org/10.61186/jiaeee.21.4.39
http://jiaeee.com/article-1-1636-en.html

[ Downloaded from jiaeee.com on 2026-07-04 ]

[ DOI: 10.61186/jiaece.21.4.39 ]

Gg‘gi?;wb ‘)JJ.JAAJZ.: é.:L..a )‘ oolaiwl )&kl) 0 l; Ai».w Bl g)s]ub
[Plogi go plonl )15 0Smo 5 )l (2jl o) ol L
oe2 du |y ol yladome Az gi 039 ,l LS)JVU Ao a5 ol b
B |) 6)9is.’b FILEWIFEL Y @L&]Ua.o Wg>g U"‘ lJ Sl ob; d}!ﬂ&n
Slasllae o aslSail wslosls )18 a>g5 3,50 (550 ,a0l , dl> 1o
oot UL ca it pisauass molie 5l eolanal b ojglaie cpay V]
ol s a5 Ll s oy L daails ahe8 el bghas U el
Ol Caad pae sl ol jo 0 el (el 0y deas
ol oaud 0038 b g pdsaasy milie gudg

6 meSome S LSl i ) eolitul b [#] anlllas o
03— u»Ll.: )Lg u.,.mlf 9 6oL 6L°Q:f-3)53 Eeovs Jza ol ‘Josla}
Caabad pae addlle pl ;o 090 ools Lial3dl aSis (6,5l 0l b el
g5 Al b el oads 28 5 a0 3L 5 (0l (58 s Ol
Sl 0g2g Sl 0,33 b pdiasasy il 5l 6,500

Sorte Sy (xhawsd ryaebin Joo S ol Sen 5 el
Lt 0,5 slaglish (lie ;5 6550 mis Slapims 59l
GRT b o loas 3, Jow Jol zhaw jo &les,S slpiiny wyas
L aiy Lo Cogit Jold misi i 5351 U 3500 sy
PP GOSN L RESPT KW Ly S OUS SRS WU SORIp- T-Y-Jv-)
St 50,5 laplish olie o g ksl sl gl 35 625 )0 5
Sl 850 slod e, Jos pgo pdaw (o Al oot oo g
g Lo lawgy glasllas 10 050,85 oo JBlas a5e8 mimeam 5l (510 0 0
Lg)LM:p_i:m ‘v&:)y J_:LB cA..S‘rx.\.Jy @b.a )‘ oolaiw! l.> u\)m
ools iuly sl yligh blie o1, aSis (6,510l b zals g bglas
Gl b Slapiasn uizmen § 65 @S bg, 5 L] el
5 rmb Eolg > olie (o a e a5l 40 (6 ,glol Ll sl
S lodings Lo, caxdlae opl 5o el ou eolitul 3 [V o] axllas
a5 LG gy beha g3 Conlid pas il e sl polie
sl 00

ol Sl aSeln ) iz 5l sladdllas yo ) Ses 5 (o
ooliil Lgl lie 53 3y 5 o plojes mie8 a0 (5,51 S
5 6oL g age 2Ly [£] 50 copl poglle [NV il 005
ol 50 @95 a5 (5510l (il jslate 4 aSit jlis b i
el oo ool Coadad pac (23,5 L s L el LW
sl LS 5 3= @iy &St plegen yaslp 5l oS 5 STl
O )LSed 5 (cowld Crizmon [V Y] wilos S ssliiul (5 psll al3l
50 5| @39 i 3254l 50 (65910l il jslate 4
L L5l 35 (amass w0aiS]y adg mbe aigs cual ibghs )5
oolaiwl o g0 50 )b rolS 55 90,8 bl i ( olml> oo LB

¥

doddio —)

sl eiS golaidl g cloizl aswgs o gloaijle [l (2l (55,5l
ool wl L (65,51 slaz Lol sans iz 0j9,0l 0,10 lex
Lol 595 o (ol (orebs 3 5 s oK JI&5) o sl gun
4 a8 ame Sy sla Sodll 555 Wil gog nduobl Jido o
Bl b mlboe ol (350l JLis & sh9 ] galyz e ls o jon
iz glie ol plas 5l atis (RES) " udpuazs 655
Lacr 5005 5 952 WT) "ol slagrm s 5 o yo3 sladny
039 9 Shy 65l aslgi oo pdumaad 6351 e &Sl b sis
Ole ol (SKals Lal asglod adgi 1) lud Cogus a4 (sl
by C g 9edye3 G asilen 651 adsl e 4 Ll (255
piasass mlie (LS [0 aml jo cwl oals e Glgv aded cely
= dde jelaie 4y 098 e colainl Lo s 5l g Wayeil 55 50 5l Ugese
5 G 45ed o Ll it az e pleol 5 pdaans glie calee
DT siloass 3 m0 aSiis g, 5Ls 390 ,b ol jo Ll J s
Gl Gilize Slels ;o 09 eite 2 oglle piuaass 65,1 mbe
sbady sodg Olgs asged plyie 4 aiis j Cuxbad pac
Ols= it B (Jlos> 5ol ot 55, Jsb 55 g 5>
65 Ol Ol g sl Dlebo B and o5 058 5l 5 (295
Slelw )3 Gaddgs Gl Glime (S Gy 0929 (I L adb oo Sho
A dluly gadg olg jlade a5 |z 0gr walgs Uas (gl jls Al
Sl e 5 (S0l e s slos alaz 5l o0l sla el
S, e
S5 mloe g 4 LSl Sl eslaiul (958139, by L
Lo el Jolss alis ol custi (55020l alis € pidyiyons
5 bl UL (I8 ale o 4o 4 4z 55 L icnlin oS 5 9 o3 )b
| 4_»314 6‘0)_>3 &_A_».Q@‘ L‘bui g_,uo.laﬁ pae g LSJJJJ ).u.'.a S99
goad ol bl i 58, 8 Las s g baie 4y aliee Sladlas
sdaaed (65,5l mlie 2929 b baSili ) e 4z 2 sl
3,5 o,lal [¥] 5 Y] cldlas 4 g3 oo byl alom 5 a5 ouds alos
M—CL\ ‘@‘5_@ 9 u—‘ u‘r‘.:.su 9 (a0 0)5 wLa)f )».>‘ LgL&:JLw 5
oxd (SlSL slacllow g lapisb folai (rnlo wols> 2535 (Al
Sz, s el o ol ol slas ) Jlaxsl a5l b [F] el
il 0] 5 3% &0 e (6 b b Wilgs e colas
I SNEUNTCNOUN JECHN PRV IR e V| IPS J6 PO PRI
390 Sole> cpl blas jo basily, b jo o5l slocslo )
Dy I8 4z

L asad wolgs Jolae ;o i jld, 50,5 Jow jshate a

¢)5_.o.>.£¢_,3uob&_g‘)‘lew}o‘jlk},j@)}gw


https://www.sid.ir/search/paper/%DA%98%D9%86%D8%B1%D8%A7%D8%AA%D9%88%D8%B1%D9%87%D8%A7%DB%8C%20%D8%A7%D8%B6%D8%B7%D8%B1%D8%A7%D8%B1%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%DA%98%D9%86%D8%B1%D8%A7%D8%AA%D9%88%D8%B1%D9%87%D8%A7%DB%8C%20%D8%A7%D8%B6%D8%B7%D8%B1%D8%A7%D8%B1%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
http://dx.doi.org/10.61186/jiaeee.21.4.39
http://jiaeee.com/article-1-1636-en.html

[ Downloaded from jiaeee.com on 2026-07-04 ]

[ DOI: 10.61186/jiaece.21.4.39 ]

oola ol ¥ alal, 51 e o K a6l sl S8 a5 65U
sl aslllas (ol 19) 050 5 T g sk yos Jsb T ool o a5 08
Wl oo (aoyo Ve L

@)’
Do) -1

plpaS Cl Dliges 6,5 oS Uil 5550 a0 EHC

w38 (EHCT) 5 sl (5, 0Some Uil 5590 40038 £gas

a3 5 g ( EHC™ ) Ssldggns slauss G5 pSome HUL] 3 g0
il e (EEC™ ) o Jiy T s UL Uil o 90

9]

EHC,, =EHC® +EHC"" + EEC™
= Z Z Z CHI?‘k‘S'NI? 'uhT.k.s P

se Qg (i,j)e Q. ke Qp

£ Y CHY R, ulY -, ®

seQg e Qpy

+ > D CEV-AV.uel p

L5 i
degorme Qg 5 glays Sobled P omglll alal, ool o
Qp aSiin, byl plad asgome QO dagy Lo [adly 2al5]
IS pSome anim CHEL o B slo s lsil (5900 i a2 gane
A8 gl 3 K gsigp L J obs T ol Joly o> sla s
R Uhijp,k,s dj b 53 05250 30 sl Slaws Ni]? R JUWE
» K e 3 s L] s )68 consy Sl 20
A Sy il st 25 Ko plp 6 S Sme 50 ,0) 6lS 5 les
>y Slggs slaasly (LS Some aizia CH™ (i
sy S oS Sy Sl syl eite UNTY S/MW
235l 5SS Dyg0 1) 6lS gl o gl i Sbdgsid
“pals acgere §) S gyl Jlizl Os Ghe plp &g a2
B s Sllggis oy o Ul ansse CE™ Qg azily
e 1 e S o o Sy aly S cole AT
Sl soly sl Spndy S0l sl it VBT L2
Sys=e ol 2 50 5 S pln UL Ojse 50) FTS 2ol ) ﬁii
2l e Gho 2l
2 ety i S coles I AT oS el S5 eyl
s (Rl ) d= S o9 Ol it (A ) Tt s
(R ) Lads cnl 51 IS Ssldggss asly (sodgd olsd aneen

:‘59‘;:’(5" ML?(A
PV __ PI\/TXX a
A’ - Ppanel Ananel ( )
MAX

sbran;e gaame ply aSiln ;) 5l o)l o e Ul 5550 4 50

o sle,gl sy csew  ECLS ) SIS W ECH IR

350 dalye e g (ECBP) cewsll a5l g5 0,5 ( ECF)
el (EISP ) sl 45 4 g5 g 51 ol M

ol 00t olial iy ayams gulie 5l anlllas oyl 45 el ot
[yr]
AL spalin (a3 a8 S O)g0 Slilllas (o) n b
lacusgaome 528,55 i o g zren lalls (gl (288
R85 ka0 650l Gl slaan T Dbl o e e
P Lol by coalad pae 5 pinaaad slaolSy s <5 5
2 0Bk 5 Jes plojem olas; s dagi pace i g 5l
Ol 0 i o)Ll Jae S p0 g leyen Djgo 4 (5,40l
00038,5 4l o0t ol slalls w3, jelate dy xsl> Jos canlllas
]

aBloy Hlais e alins s 4 pgs A5u 50 bl o
e s3luosly 5 iloand | Jol> @l pgw (Au o Canl 0ad
gl cod IEEE cond a sl YV s (55, 2 s0leinn
Wlis g Szt & plaz Gis wZalgyd sl 00y, @l il
Sl 00y ools plais

Sax b -V-¥
Jolis (S a3 0,5 aieS (g a0l p divcs opl Jo 5l Gon
Sl 0,50 b lawgie aije (1C,) LDER (6,138l jus 450
Sl o ST 3590 4 g (EHG ) Sl )5 pSone
Lol jo ail oo (EOC,,,) Sliszs joe Se b o Sy,
IV] ol ons ooliiul ad (35 oo 5l badiy 5 dnlons (51
Min TotalCost=IC,, +EHC,, +EOC,, Q)
Gl 48 sl glaan 3 ggamme S (6,105 Lo s a4ty 3o 5l jelaie
Lng.\_>‘5 «solo LSL‘”Q—H.)B—.’. J.&:Lw sOJ—S‘ﬁ ..\_Jj.o @l_Lo —ai
09 g0 Byo aSl ) 10 s Sl g (o sbrygil 55 «Saldggus
Gy = 3 KYT1C"T R -2

i€ Qyr
+ 20 KT ACT R 7+ DT KPEHICT RIS - 7°
i i€ Qpg (Y)
. z KBt -(PICBa( 'PN?:; +EICBat. ESIZTX),ZiBa«
i€ Qgyy

degaze i e Qg 9 Qg Qpy Qyppl pas
b5l 55 asgorme (SHlggid sloaxly acgeze ool Sl )95
LaDER (b (35 b Kiogzge slags il acgorme 5 Jino
$/MW > 1 (5L 5> 4) LDER (1384l a3a IC
b e T MW i WDER (g ol axeie Ry
=€ 50 5 S ol el S50 50) LDER ol comsg S olis
AL Ol & bgrye )38 ale s 4o PICGao pl o500
5l 3 4 bgye 5,138 ke yw aryse EIC $/MW o
aibise 6 63 byl By 5 /MW e


http://dx.doi.org/10.61186/jiaeee.21.4.39
http://jiaeee.com/article-1-1636-en.html

[ Downloaded from jiaeee.com on 2026-07-04 ]

[ DOI: 10.61186/jiaece.21.4.39 ]

5 3L QP ag )0 39290 Cumbadaae 5 (09 Slugs Jdo &

Olo Jlaie oaiS s Slobas oS el p3U w95 (0 Guls
Sley 090 25 2,0 « Silgeid slan>ly 5 ok sl s
sl ool Gl (S € Q) (Sas lagy w5 (he )

il (oxlad e

P, =P AWPR, - 2" VieQ,, VEY)
(

Phe=P -z VieQ,, OvY)

hcelo ;o Gob oy (95 Oly Pr:de oy, opl jo a8
=B ool g asye AWP, g el ol 1o ob Ce o 0 495 L
A_>‘5 Lf>3)'> U‘ﬁ_’ Phsgar ‘u._.\mb w‘ S %)LAAJ )é ‘5..:).»...:\)
lge Sy 5 Lails 5l el ol o b
R = (Gys/Gsro) - Pk VheQ,,seQyq D)
OA

Gh,s:GTot'NGs VhEQH!SEQS )

Garp S gybw g Ncelus jo Ll wals G sy ol 5o
S 2 o Gy (e e W/MP ) s sl (aals s
y)L_w)_Q)QGMOIAJLA)JwaUM NGSBJ.-JCJGMAJM.\M)
9 (roﬁl U’“Jb Gl ) )l solaz_uwl l_’GTOt Sl )jé aQ ‘A)U Ml.au;o
all, 51(0) 38 gl Ly iy el gl 5 (G, 5 G) s3500
el 00l dwloee (Y4)
G =G, cos(0)+G,sin(d) VheQ,,seQy )

,l0 5525 g dgmaS by Bl 0 el laSiis, j0 4 Jlej
25 bulgy gt oo 485 5 4 5La0 b 5L (6l sl e s L
sl 2 g el o il an ] 65l s g5l 0g
WS oo o (V1€Q g, heQ,,s€Qy)

b b
€ns=6nast pfr?it 'UCBat - pi[,)hE?esﬁ/ﬂDBat Y
Evn < €hs < Evax ")
s < B (xY)

5o g 5 eaily sammslas 775 s OB Lyl o
2Tl o ea s o, 33 65,1l eib,h,s Ceizmed el (5 5L
(O rin 3 (i yeS o5 4 By 5 By +S slew 5 el
S5 B 5 (65 omas b y) (s 5L 50 0,255 BB (55,1 e
wilos MWH e 5y 5l 55 00 0055 2l
(PCC) S yiio Jlasl alaiis jo a3, a Syl an azg b
o=l iy sgase il anile cewoll 4l b lgy Jols wilgs oo

1wl 00l co)3| 25 Ja.g\j) JERE™ ol Q‘B’T

0< p¥ <P VheQ,, seQ (YFV)
0< p < Pus VheQ,, seQq (Y0)

[\

EOC,, =365x(ECLS+ECF +ECBP—EISP)
=365x(D, >, D VOLL-p.-p

se Qg ie Qpys he Oy

DG DG
FY Y T RCT e )

se Qg ie Qpg he Oy

P Y EP RN A-Y Y sPlp)

se Qs heQy se Qs heQy

asgaze Oy S tpy) lagul asgorme Qg akal) (ol 5o

S 5L oyl olme VOLL (YF LY 5D g a0 SO wlele
5351 (1) L1 iy Olime Pips S/ MWH Ve,
FCP MW s 1 S g i g hcelu o i wbo j0 39290
Ol Pins HMWN o 1 T3 (slaysilis co g ansn
S sl s N celi jo 1 ol 53 oo (i3 531555 50l 551
=2 Sl 4 Sl (65, 0 B Ced BP MW
Al ead (o)l B 9iST e lade pr?:y $/MWh o
G998 Cod SP MW Ce> 15 S gl 5 N el o el
5T Ol ke PRt 5 H/MWN (o y cesslll a5 4 (55,51
e S gl s B ocele o ool 4l 4y ok aisg 8

il e MW
llano 398 —Y-Y

el A3 5 Sl 1B S sloauSTy adg mlie olaws
el 00 SgdZo g Ja."j) .Ia.wy g.)}.u

0< > 7"<|Q,,] )
ie Qyr

0< Y 7<) W\
ieQpy

0< ) 7 <|Oy| @
ieQpg

0< > 2™ <|Qg,] 0
i€ Q gy

= bslsy bawgi LaDER (gu Jgi lgs Cosgasme ¢ i
W PR ey
o<pM <Pl -2 VieQu,heQ,,seQ; )

i,hs — i

0<p <Pz VieQg heQ, seQs ()

0<pe <PLe -z2° VieQ,heQ,, seQ; vy

hs = i

O<pTr<PR 27 VieQg, heQ,,seQ (fy)

i,hs — i

O<pP<PXE -z VieQg,heQ,,seQ; o)

,hs —
. w“ - DG PV WT
e=ST olg Jlade cod 5 a4 Pihsg Pinse Pihs kly, ool 5o
hcelo o0 Jns 55055 5 Sldsgus axly (ool oymyss sdss
H o s e . . DBat CBat .
sl 5lie g5, jlade cudi @ Pihs 9 Pihs oS g)bw s


http://dx.doi.org/10.61186/jiaeee.21.4.39
http://jiaeee.com/article-1-1636-en.html

[ Downloaded from jiaeee.com on 2026-07-04 ]

[ DOI: 10.61186/jiaece.21.4.39 ]

3 5 alie ol sLDER 9 Ol cadyb Cosgume o a
O e caai da wl (soled )b cewsll a5l oains g5 g3

RO PRV PUER SN A1) o [PPSR

$°9,9 Lthmb JLQ.C‘

:

J.al...a t;rJasl....ﬁz 6Lmaolo b t_g)L..\y)L.....;
5 65 g GIg ol sk 5 Jow) D3l £o8g Jlaio]
G yo>

|

syl 2ol g, 5l oolica

'

b oo dags (63,40l dlis (gaiy Jgo,8
3oolitul b aSits (5,5l b (18,5 Ly

:6Lm533|jw|
[=======~ SN === 1
1 ! : 1
St oL PoSare S
1

Vool ' ! slas, )
1 . ! 1
Pl ! Lo
_____ I —qg——————1a

[ g— ‘
u&ﬁ)‘om‘lg\.\‘.‘y@um sDJ..SI).IA‘JBJCALAAM
sl ) bglas (6 )5S ¢ )b sleds UL b o,
Gadyem sladsy 5 (G O b 5l g0t o5

St @S Jelos

aslllao ¢l Jor o ol iy 2(1) JSC

ol 4 b alslie BB olgs jSTas Phs cdaly, cnl 5o

00l Joe yu Sygo dr Gy 50 3L (b lade (uizen

]

0<p;,<PY VieQ,. heQ,, seQ Y)
(g

P =L Pl VieQg,heQ,, seQ (Yv)
S o 5 S gyl 53 9381 5k Py s P edals, ol 5o
sl gyl g2 0 sy Ly g 1ol 4 Jato 52251
bgi oy (COZ) ppSaaligo 5LS (lie 510>
Sygme 4o (VS €Qg) g )lw yo 50 (Emﬁfj ) S sle,gl
el 00l Jow 5

365x( Y S pee -EF:) < Em™ N

ieQpg heQy
s slaasly S aST oo il oy o EF% a5
CO, e ,lazsl mhaws STa> EM®% o kgCO, /MWh (o 5,
bwgi sodsi €O, ggome a5 adln KY oz Jlo S5 0
JReLY jsl.qe; )Lx.'d.a Q_il )'l Lo Jlo S 3O e ‘51)40 Lgl.‘m>|5
Al (5l Jb i 998 U el p3U conds (Lo 9408 5 oglle
Jao (heQ,,5€Qq) g liw 25 el o Gl 4 Hlas 550
S i 3 s S ) 55l sl el (gl 53 00,5
sl o0l oolawl DC
Pins = (Oins = ns)/ Xy Vi, jeQg, )
ey 1 (V) abal, b ol plos jo 5 (10 alal, SLul b o
Pins + Pins + Pive + Plhe — Pine (¥9)

LS Buy Sell L _
+ Pins T Pins — Pins —Pe = Z Pijn.s

je Qpys
p:,,\g,s + pi',DrY,s + pit,’hc,;s + pi?r?,? - pffff + piljﬁ,s )
- PlLs = _ z pij,h,s
Je Qpys
PP viea,
Ogack s =0 ¥YY)
_PMH&V < Pins = Plvlff;v Vi, jeQg, (YY)

5 Ons b b i b 5l eais > lgs Pins sy cnl s
Jols bz LSy X o] wbog 1l 5Ws agly w5 4 0
ity P 5 Sl ol 55 sl Sagens < J ool s 1 b

A8k e (gt b ) Lgkas bugs Jaoni H 300 o
el 0 03 551 anllas ! alosil Wiy, & larsls \ ISS o

alowco (g lwdas Y

o lasliwl ans YY GCLM a8l ‘L;ole(;,i.ﬁ Joe L;)'Lgoolﬁ &ly
(Y S ol 0as,5 Olsl andllas 8,90 a3, oylgie 4 IEEE

oy


http://dx.doi.org/10.61186/jiaeee.21.4.39
http://jiaeee.com/article-1-1636-en.html

[ Downloaded from jiaeee.com on 2026-07-04 ]

[ DOI: 10.61186/jiaece.21.4.39 ]

alo s 430 00,0 B plp PV (65 0S80 a0 dalllas ol o
sl oas B3 Yo BTt L WPV ol a5 das] o 08
SSTas [a] canload 00,51 ¥ Joaz 48 G sl 4 bogs e anje
2V L Rl 58 goed e e s G sle s censs Jlois

19 20 21 22

9 10

112 13

14 15 16

17 18

O PR d.d)f).la..

XU g S0 4 by yo slaady 32 (V) Jguor

[$/Pole 1 i slo s £l coms a5

P es

gy

fes

" ey

Vey Vs

Yoo

VAo o

V6uun

VYeuo

[

G255 Seaed £ HIMWh il cosollly oS 51 (6531 055 anse
3 (VYE/MWh) cewolll oSt 51 o w3 Cand /A (555
IVg ] el onss (2,3 <10 MW Jols L (g5 acies

s

~ 60

I = \_/A\/\
a0 40

%

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Grid

26 27 28 29 30 3 32 3

28 4 2

DVF] IEEE o lasbiw! douss ¥ aSais LinlyT :(Y) S

MM? alaiie gl b *Sis ACSR g0l 5l aSy, bglas o
259 baSl jo 0,5 ) slagole I aS cewl onds eolal V-
..\.Mal)‘sn ~/\°M‘F Q/km J.g‘).g OC Y‘Lng) )d U] WBLQ.A 9 od}g
Ar e Gr 55 90 2 G Aol oS Calond (58 (e
la] asbvo- ft

kgCO,

4 6
ayailed olelu
(&)
16
14}
1 12}
_‘3 10}
3
2 5
—_
@ 6f
el
E |
0 L
[ 34 6 § 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
3858l olebo
(&)
800
700
9 —— e
* 600
e sty s
3 500
2.
4w
= 300
100
o . . L
01 23 456 8 9 10 11 12 13 14 15 16 17 I8 19 20 21 22 23 24 25

39yalad wlelu

()
e g 1(9) b o 50 () (gl 00l S o polio (V) S5
dds y95 il a1 () g 9L
Doy slme lade g Y- $/MWh L Alpasdy cans 5L o))l
)JOLD.A w‘ ol ubw‘ W u—‘ )Lg ..\..o).) \’ l€)‘.")‘.‘ w ).a: 6‘)‘.’
JS5 50 (gard s Gl ol g ol Cee e b sl 00l i Gl
S Sl o0l uo)_e asllao UJ‘ 3O (e o] 00 00)5—‘ Y
plad a5 Cuwl ools 5 asl 5y OA Gy anin b SBgb
oz B 5 F sl Ko o ans e ) 5b cou |, sy,

oy

Kg of alls jlre Liml mho ,iSTlas 5 YAAOIY

L

(5"[3 s UL ‘u—*’l-' é’aﬁ IT-SONENLINN PR w; P A R
ot i85 Hlai o 4l p e VT VOV cos s 4 ol slagm s
Erorie VIO colus b sondyos by ol aneiny [V0] ol

YUY Jolar jo lasin ple Cwl oad (5,8 Slg O+

LA

0 00)5—‘

ol (g0l sl yei golaidl g S8 Wlasinw :(Y) Jeus

(17 9V] (J30 sl ygil 5 g Sl ggud

S g A 50
$
[ MWh !

e Job
U

Ay
SIS 4o s

Oy aicion

ST
[MW]

DER

\§. y. Fouoyonn 1D DG
Y. VYoo onn Y WT
Y. VP, -IY0 PV

IV s 5 gobasdl g S8 Slakin :(Y) Jguar

Ol A
[$/MW ]

adgl (5,

&b

JB 55!

0).:}\)

JB 50

0 >0

YYe,oo

/Y0 MWh

-1\ MWh

16 MWh

S5 4wz
[$/MWh ]

e Job

[ year ]

5,0 003k

55l 003k

V0o e oo

Vo

/14

-/



http://dx.doi.org/10.61186/jiaeee.21.4.39
http://jiaeee.com/article-1-1636-en.html

[ Downloaded from jiaeee.com on 2026-07-04 ]

[ DOI: 10.61186/jiaece.21.4.39 ]

feee VAYO . v e ¥
“fe YA VYD VY/AY Voy e o
RERAY 4 3 EERVIR 2N AZIAY Voo RS 5
A VYD VYAV 0 - v
IVYEA <I¥YO VY/AY Ay - A
-[-VYF A . Voo - q
<[+ AY SV FaY Voo - V.
TS <JAYD FarY Ve - N
NAREVYN R EERVIE I ASIAY Voo - VY
SNy VYD Ve Vv - W
<[+Y0 VYD VY/AY Voo - v

4«60l Gmyg A el Al3e Egee Jald (gl ey anyjo
Jooz 0 a5 wliee 5L 59 9 (Jno sl So SSWgsid wg
=050 Ay ol ool ool las £OSE jo cual dgy Joxe 9 O
Py DG sy o Allle co g slaasa ggome ol 5o
Gr Sy S anpa sl aSis Sl oy w9 5k
Gl a5, JS 50 F g5 Gy 5l sae WA Slow eal Jolss
UL sl iU anze Jolos WPV (gl ayjo ¢ Jlosl 55 L alilio
PV (557080 i3e g (e gl 3 Siilggzd axly ans (4,4

b (omal SHlgid wxly s Cushi ainse Jold oo

ol o )0 4y 325000 5 slaas 32 :(8) Jgur

Uil o g0 dis
P} Sl B o
[$] )35 asle s ais0 [$] Js ause
[$] S,10 pe
OYAMYYAINSD YAYAOT/OYY V-474F4/aFY
JUl 590 a4ty 30 HET o )50 450 HUl 550 4ty 50
slaaxly UL slazly 6,5 oSxe by B pSoe
[$] Sesbggzs [$] sty [$] .-
FYVY/IAAY V- AAIPE YAV < /705
[l 19022

PCClylala 4 5 6 7 8 9 101 1213 14 15 16 17 |18

Tt A

Grid [ [ ] ]
26 27 28 29 30 31 32 33
P\
R e il g
@vc W i\\'T {23 Bat

ol o 53 LDER s dings Joxo g slokws :(5) JSib
@ daxg b oaS s e plas odel Caws a4 il el [S3 4 a5l
E8s Doge 0 &S (Fp b gs G0l (Jlesl plgb 55Xl
LY gs G S (Sobil ol lp yo ailsn Slsb iz
$/Pole cuoid

el VFoe e

Ol oo ool Sy50 Gy by glgl g gt e iy (Sass
Ll 00l 00)5] (? G 89;) axJlao

S Jla]

(m/s) oL e yun

e g Juy SN oo H(F) S5

08
'
= 06 lo#
- ‘.‘
I I 1es
04 [ S B | 288
d £ 4 4 Z
$ PR G O B —3gd
T £ 7 / 4y
$ [/ 4
02 L L +—5¢5
PP dP A 6y
o
0 L
0 20 40 60 80 100 120

(m/s) oL s yw
S Sy gl (Fausl gla Somn :(8) J5b
UL @ad sy 510l e p 2By addllas (pl 3 Sl S5 el
JB 5093 Do ob ey 5y 09 i 3L e
3y Ol gl g98g b azis 50 atnlioe b 28 > 5l g e
S)ly By 4 (ol (g 0ad 485 i 0 sao ok Gy
Mz ol waalad pas (28550850 0 slaie 4 adllas Gl o
T WS, b sle gl @ (s9x i 989 Gl gl
OB Dad 6lp me gl oy ook Ol wdg Gl gl
Sedse Jaliv 1) g )lew O -
g2l 285 o2yl Sl gy Jlw palS jolaie ay canl )58 4y 65U
So S Sy oy ol oa oolitul VO] g e jo (solpiin

GAMS S8le 5 oo o FTENN| oo b (gileaiyy s

slass Gl ool J.> CPLEX o..\.;.;f& )| solawl b 9 00l Ay yai
00)5’1 ¥ Jgaz o a5 adl als g )l VF a4 Wl gy L S

&M)odfw|o~.\m.]cl2j..\w)5>

] 0

23l oS (g Jlosl b aidly ol slags )L :(F) Jgux

) ) Oy ao o
Ol s KW
Jlezs! -G ol ale | ojled
oalojlle 5 3L
25l s Sz | sl
(NGy) (L
(AWF;)
[++V¥§ AR \Y/AY Voo ool \
[+-Y¥ < I¥VO fa/vY Voo RLENS Y
oYY VYO . oy RLENS Y

of



http://dx.doi.org/10.61186/jiaeee.21.4.39
http://jiaeee.com/article-1-1636-en.html

[ Downloaded from jiaeee.com on 2026-07-04 ]

[ DOI: 10.61186/jiaece.21.4.39 ]

2 olRl eizes 5 6L S Gl s el JRe G cea
i Ol Glel Al o a5 laisS sl ooy b by e
VeF MR & Sl cnl o 4 03y el BlggheS ¥ 4/5 L s b

Sl 00wy sl SlgollS

),19202122
oL ]
|| |
PCCl 12 45 6 7 8 9 10111213141 161718
%A B NN MR B

HHHHHH

,
i
T

Grid

-
-

E85 &5 55 il 81 b BDER s aingy Jos 9 olass :(¥) JSci
g

& S axas - ¥

S5 53 b diges aSidi ) G At 9 59l DB s yaalp alie ol o
ok oy plgs (2olg sz Jlaxal b slacgalad poe (2238,5
Sl el So e (nl A Gl Sanl 00 Jae (09>
it el 9 5L S 45w e Al Al ) (650546l
e 1y iy (55510l 5 eogei Sinlen S0usi L, DER
9500 Uy 0990 B Lcnl poglle ams oo (I3l S92 g
S 5l olgs sm P g (Hpd y95lss oy sanple) (omizen
203 oo planil 53 1) a5l )slol (6,00 e e sl

gl wai plidl ez plojen plovl clie (ol (soleiiny 631 %0]
sy 5 (G slo ) bohs )05 b (i, 0aSTy Wy
che 5l st ys> sladiy @l s Olsb b ablie sl go0 )55
lgi e 08Ty 08 glie cead sl s b agzlse 12 o
2 015 008 el (3 onbid 5 G52 s e o2 o 0
Ol 998 45 Lyl ol 5 sl Sl Slaezs 5 Wl sl Joes
DS S8 Seten Lyl eli & Wlgioe )L B3, 01 352
ey Lagl wlgi oo 5 issd lae b ligas (5,05 0Sone
S5k Spslie 557 wad wlgw

&y

[1] F. Mumtaz and I. S. Bayram, “Planning,
Operation, and Protection of Microgrids: An
Overview”, Energy Procedia, vol. 107, pp. 94-100,
Feb. 2017.

[2] P. Singh, M. Pandit, and L. Srivastava, “Multi-
objective optimal sizing of hybrid micro-grid
system using an integrated intelligent technique”,
Energy, vol. 269, p. 126756, Apr. 2023.

[N

oI55 a5 5 b S b ,Blito a5 0380 B b, s i
Sl olg Sl plye cwnl S @ a3l il Jao b gl g0l
Ll 10 MWLl ol aslis G b 5l oo

Sy oads plexl lo conion &5 conl Cowal Bl aSS ol SO
b iol38 ool o ol e amd o (yLid 1 0l sameie UL
Sl 4 az g b (o Dyl el dlgm 50 duoyd 00 Caks
dalllas ol jo S s ley Jsb j0 Wlgh oo ol sy ST
ol o

ol IS anie o Sola obml Jol Jule aos o olis b
S (6 )5S Hlaml 5y50 aiyze jo BULS (s ol ik
dl_é) )lsdgd).: Lgl.m].,.: o 6)l5¢gm Lg‘)" oolawl Sy94 d)“)‘“’
diy b e Lanb wiload 03] £ Jgas o > e e
S 5 SPGB G 5l adl it Jlel g ey
~pSoee AT 5590 ange 1l con Eadge e g 09d aal
(F sz by 0 aslgs 515

Olae 39 yuadi b S &y 32 g ooliiwl 0550 &y £ :(F) 90>

élg S o
Sl s g l391 g LS oy o e e
AT EYAR EAR kol
)90 &y
7 cq O s Yoo ¥ eq
&y &y &y &y ST
5 e
AR VAYY VYO \/-aY 6
[x10°%]

S b LPV e ol slacs ju (ooles il & ecnl 2 oglle
o coyw Gl oles o S5 ol aie a0 Wgd g8
Sl LSS

My e ot 5l K S0 a5 wes e lis olillas mbs
Slaws (o 8L g9 g (o Fauad LS 0 (sl slasls
DAL el wilgu o)

2 R ol & (5,38 5 (592 g £58y (I3l g caalsl o
4 dgdee PR Hskhie (i Sgdise (owyp ) (o0 laaiyie
el Gl oy Ve Gl 4l 50 (g9 gl g985 olaws
GialS w68l slassgyg 5l eidu wllaxsl ol a5 Lbul
2 35 ey 4 ke o] 0 ks s ooliul 9550 (525l
w9 s gl ezl 5 ol (slagy L

Er 50 ol a5 ams e olid gl «d, e Jlanl a5 asiles
Coled 3 5 oral GLDER oS5 50 jesd 4 e Sols> 989
S S anze 50 s (Y JS8) Cenlonys S S i ze (al B


http://dx.doi.org/10.61186/jiaeee.21.4.39
http://jiaeee.com/article-1-1636-en.html

Aug. 2019.

[15] A. SoltaniNejad Farsangi, S. Hadayeghparast,
M. Mehdinejad, and H. Shayanfar, “A novel
stochastic energy management of a microgrid with
various types of distributed energy resources in
presence of demand response programs”, Energy,
vol. 160, pp. 257-274, Oct. 2018.

[16] N. E. Koltsaklis, M. Giannakakis, and M. C.
Georgiadis, “Optimal energy planning and
scheduling of microgrids”, Chem. Eng. Res. Des.,
vol. 131, pp. 318-332, 2018.

[17] S. Bjarnadottir, Y. Li, M. Asce, M. G. Stewart,
and M. Asce, “Hurricane risk assessment of power
distribution poles considering impacts of a
changing climate”, J. Infrastruct. Syst., vol. 19, no.
1, pp. 12-24, 2013.

[18] C. Ozay and M. S. Celiktas, “Statistical analysis
of wind speed using two-parameter Weibull
distribution in Alacati region”, Energy Convers.
Manag., vol. 121, pp. 49-54, Aug. 2016.

L gy

[3] S. Amara, S. Toumi, C. Ben Salah, and A. S.
Saidi, “Improvement of techno-economic optimal
sizing of a hybrid off-grid micro-grid system”,
Energy, vol. 233, p. 121166, Oct. 2021.

[4] Aminifar F, Farhoumandi M. Concepts and
Fundamentals of Resilience Assessment in Electric
Power Grids. Journal of Iranian Association of
Electrical and Electronics Engineers 2018; 15 (3)
:83-91

[5] Karimi M, Najafi Ravadanegh S, Haghifam M. A
Planning Framework for Resilient Distribution
Networks against Natural Disasters. Journal of
Iranian Association of Electrical and Electronics
Engineers 2021; 18 (2) :119-129

[6] S. Nikkhah, K. Jalilpoor, E. Kianmehr, and G.
B. Gharehpetian, “Optimal wind turbine allocation
and network reconfiguration for enhancing
resiliency of system after major faults caused by
natural disaster considering uncertainty”, IET
Renew. Power Gener., vol. 12, no. 12, pp. 1413-
1423, 2018.

[71 X.Wu, Z. Wang, T. Ding, X. Wang, Z. Li, and
F. Li, “Microgrid planning considering the
resilience against contingencies”, IET Gener.
Transm. Distrib., vol. 13, no. 16, pp. 35343548,

! Renewable Energy Source

2 Dispatchable

3 wind Turbines

4 Expected Elevating Cost

Poles

% Expected Cost of Load Shedding
" Value Of Loss Load

8 Mink

20109.

[8] M. Haghsanas, R. Houshmand, and M. Gholipour,
"Stochastic planning to improve the resilience of
electric power distribution systems against severe
dust storms,” Iranian Journal of Electrical and
Computer Engineering, no. 20, pp. 108-120, 2022.

[9] S. Ma, S. Li, Z. Wang, and F. Qiu, “Resilience-

[ Downloaded from jiaeee.com on 2026-07-04 ]

[ DOI: 10.61186/jiaece.21.4.39 ]

g

oriented design of distribution systems”, IEEE
Trans. Power Syst., vol. 34, no. 4, pp. 2880-2891,
2019.

[10] J. Najafi, A. Peiravi, A. Anvari-Moghaddam,
and J. M. Guerrero, “Resilience improvement
planning of power-water distribution systems with
multiple microgrids against hurricanes using clean
strategies”, J. Clean. Prod., vol. 223, pp. 109-126,
Jun. 2019.

[11] H. Zhang, S. Ma, T. Ding, Y. Lin, and M.
Shahidehpour, "Multi-Stage Multi-Zone Defender-
Attacker-Defender Model for Optimal Resilience
Strategy with Distribution Line Hardening and
Energy Storage System Deployment”, IEEE Trans.
Smart Grid, vol. 12, p. 1194-1205, 2020.

[12] Y. Wang, Y. Yang, and Q. Xu, “Integrated
planning of natural gas and electricity distribution
systems for enhancing resilience”, Int. J. Electr.
Power Energy Syst., vol. 151, p. 109103, 2023.

[13] M. Ghasemi, A. Kazemi, E. Bompard, and F.
Aminifar, “A two-stage resilience improvement
planning for power distribution systems against
hurricanes”, Int. J. Electr. Power Energy Syst., vol.
132, p. 107214, 2021.

[14] X. Wu, Z. Wang, T. Ding, X. Wang, Z. Li, and
F. Li, “Microgrid planning considering the
resilience against contingencies”, IET Gener.
Transm. Distrib., vol. 13, no. 16, pp. 3534-3548,


http://dx.doi.org/10.61186/jiaeee.21.4.39
http://jiaeee.com/article-1-1636-en.html
http://www.tcpdf.org

