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Abstract

Every year, many blackouts occur all over the world as a result of natural disasters which cause many
economic losses and impose a lot of costs on electricity network in order to restore the network.
Therefore, definition of resilience concept and efforts for the resilient performance of power grids
intensified. One of the important things in the design of resilient power networks is to provide the
required capacity of the system by considering the issue of resilience, which is considered in this
paper. Considering the economic reasons, the presence of more capacity providers will create
competition and improve the efficiency of the market, so demand-side management resources should
also be used in the capacity market. Considering that the stable and efficient presence of demand-side
management resources in the capacity market is possible only with the participation of load supplying
companies, which are considered retailers in this paper, the parameters affecting their behavior and
how they interact with the two market segments (market management and consumers) should be
modeled on both sides of the market. Therefore, in this paper, it has been modeled and evaluated how
the retailer's participation in the capacity market is and to what extent it can be effective in reducing
reliability and resilience costs in the capacity market. It is natural that the retailer's profit in this
business should also be calculated and it should be ensured that the retailer will be present in this
market with an acceptable profit so that the network will also benefit from his presence. Numerical
results have shown that using the retailer as a provider of demand-side resources in the capacity
market will reduce outage costs by 1.5%, equivalent to saving $297,638 per year. Meanwhile, the
retailer will also benefit from this business on an average of $3716 per day.
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Figure (1): Types of temperature-consumption graphs related to consumers of countries with different weather conditions [34]

Al oo Cawdas (YY) alayl ) 5l oozl L FORL

AS if AS>0
FOR,=1{S, (YY)

0 if AS<0
Grdyorrmspse Ll walss 551 (235l 5 b @sTEek sleadly jo S il S lis Sl ojlail Sy 4y FORL
3t aslsl 13 FORZ plgie cod (6550 (o233k 5 )b (2558wl sladeliy s5luosly Sl > 51 5o 005 i
] 00
b 2557l slodsliy (5 pdy s pas )0 Sligad o5 il das o el s, 1liead o5 G5l o -0
99 b 651 205k 5 )b 255zl sboasliyy Jlosl o paniy 5l s 12 9,509, (nl 5o 0,18 S92y (S e (555 (B30 5

(Y%



YYANVAF NF-F sl /90 5 Cuads o)l fooplis Jlw /3 Caio ;0 Jialigd sl oy, 4 il

o 4 gz N Jalds g 0 Shoe Jlai] 0,550, ol o A(F) JSK5) 0,8kae pe 3 0,Slae el sl azlgo >

Pr, =] TPr-] J (¥e)

keU meD
S1Se 2 Gl e N) Sl (ooled Semlior 6551 (2L b b (2858wl slaaeli siluosly sl &Sl (22 L
Dg oo e (YO) 5loolaiwl b laasl y cpl 51 S5y (65 o iwd Jloixl sl 095 o,Slee cdl> o (asli
Pro, =] JPre (YO)

keN
@l Jdoar 655 (203l 5 b (55l slaasly glaasln G pdyoeiwdpas Lot (V0) alal) 4 a9 b cnl e
Dl oo Caws 4 (YF) alal, 51 (FOR2) abogy o &lyapns
FOR, =1-P,, =1-[ [~ (Y%)

keN
FORS ilyie ot o551 a5l 5 b ss5Emly slaasliyy (oo 65050 1 (S e 6y e aald] o
Lol 0l (5 5kw Joe
59 50 &S L wad S e 4SS50 50 165l 25k 9 )b @Rl sleasly pleres 615 B4 Giledse -2
asbiyy o 5l S5 L il o Loasliy ol 51 S o 4 ol S e w3l 2315 1y (5550 03k 5 )b (sl asbi
Oliee @15 yobar ailys oo S iie (5590 Gl b 651 (o3l Slaaeliy a5 sl Bl pal (nl e 355 e 15 S0
5 @5 Eel sl (rizeen ains (alS 1) St b GhelS 4 osSEul 00 T e 5 S e Gloli
Ol el 6550 23l sladsl p Jlesl il ralS e 4y opl a5 aies galS 1) S i Brae ol wilyd oo
a3 FOR3 plyie ot Ll glajad 6,5 500 31 55 5551 ool 5 b (ss5uly sloasly ool Junily tals
Ll 0als Jae (YA) 5 (YY) slo
FOR, = aa,.Ad, (YV)
FOR,; =00.,.Ad, YA)
Ol sl (S i (6 pdy w wdpas j3 Solgils slaauoibsds o S el ooty sladsliy 3L a5 FOR4 aslsl o
o] 00 6)LwJM 9
Sepedl Slislee 12 l3 S92 525l o Sladel  Folgls londilgns 5 (S sl odiinn slaaeln gilu e -0
@55 El pas 5o Wl e 5 (SOl lawusilsns izmen 5 Ssnal ediinn ladlie 5 055 Sk sleel>
plxl loy awe el sl Ly FORA L cand (] 50 o657l pae Jlia| aiil HIa8 50 olaslagss 4 (8 i
el 0ol a8 F L o Olales gloles gl 5g, 40 Sl ¥ olavgie job 4 a5 Cwl 55, 10 dgu> Sl slassl
lr 9y 0 el ¥lawgle 15k 4y a5 Sl oad a8 5 L5 3 5, Ve 390> JLigd Slezplr slasil plxnl oloy S
A0 S i ladsli p j0 a5 w2 cdiin  Se el e Jb e gl el oal aid S ks s 50 Slles ol Gliles
Gyl ol cols plaisl baby pl 4 Celw ¥ g, ;0 0 a5 ool ad,F ey o 5g, Ve wileaid a8 §
Ol el oas a8 5 Gl o Lo F ley ake jo el ol 4 SO e auoibgass Ve s (Solsils slaassiligans
alayl; 3olas FORS (s co JoSid 1) S ie JS oSy Lo,ts (S (08 yiiin aSyl g o o)Ll 0 )lg0 4y a>g5 b
RGP WA ‘_g)LwJ\-\A y9)

Non-operating Operation mode
mode (DOWN) (UP)

H

[¥0] asdlogo juaans Sy o (gliad ol S 2(Y) JSois
Figure (2): State space diagram of a two-mode device [35]

(H‘\’)



bl A =gl dllaie - )0 )5 a3 el [ dige (3,400 40 9,800 5 (g3le Jowe

FORA=15X4+20X4+30X2+20X4=0.0027 v
8760x4x3

plo @ Cas g leeleS Coshisae a5 Solgls sloauojlss 5 Soeli sladsli p 0gd co cdnlin a5 jgblen

o g en s byl YIS Gl e 4l 3 58 (S e 5y st a8 53 55 (o B b el 0 5o
w‘ AW °‘>)9—‘ u-aﬁ)-l" )‘)L’ )‘5 US)L"“"‘Q )5"‘."."'

099,800 ,% Cad b Y g5l Jue YT
)l ol 8 Ll b g Be0 3 oS sl (15 e e )b oV ggazme (b9 ,800 5 Cadyl (YIS 0l (e a5 jsbles
e Cawday (Vo) bl 51 oy 800,50 oyl (VI ol by

. " " o |Adix [1— ; FOR! 1 ] +
UCAP,. = > {UCAPS, +UCAPL } + UCAP == ) +UCAP,,
ii=1 ii=1 o "
Ad;x(l—ZFOR'j}'EE] )
il

5% 3l g (Siledieion (29,3 (B9 00,5 Lawgs 0adis )l B B b Y (e B e 58 Cnl T Gl &5 jsbslea
Lol 208 B Bl g S e b Jolos

b b 513l 3 o o b g 05 Jales jlis L -
ST S (S e Bad el 0als &Sl s ol o S e g o8 b (L s g0 b g y800,5 Ol sl
@ 5w 9,900 ,5 «Oylg pl Hlle o il A [0 gllae (5,910l g el el cud b L Bas g dgu

s_i.m.l) tﬁ)l"“J"\"’ -¥-

[YF] casl onls oolainl (YY) alasly o (byd S, P ) g’b)')l &L 5l Jae o (g ,800,5 S oyl 8 Al 6l

1 NwW
CVaR = Max, E———> TyNw V)
e l-oa W
Nw = Max{¢ —Profit(W),0} (YY)
s (YF) 5 (VF) leakaly gillae 50 Sy asli ml 04,8
¢—Profit(W)<n,, VW ap)
w20 YW ¥t

W¥9y800 > Bud ali -Y-Y
el 00l oo)gi (YO) alayl,y yo 4 Cowl Sag, 58,5 a3 0 Lol o 59,800 > dgu CJL: s o é.:L:
OF =(1-B)x(R-C)+BxCVaR PBe[0.]] (¥0)

09900 5 Lng..\.nT)é -Y-y-\
9 ,5b 4 cud b ssims @l lgie 4 g 80,5 slaawl s el idu g0 Jels cud b adole 5 by 08,5 slaasl o
O 5 )b Sl o byl (B8 5l gl slaaslye Jsl i S e 4 Cudyls 0atdis b lsie 4 g en s asl
S (g8 Jalis (g 800 3 glaaelys gl i el (S stis 4 I3l S0 G 50 )b (398 5l gl wal s pgo

YA



YYANVAF NF-F sl /90 5 Cuads o)l fooplis Jlw /3 Caio ;0 Jialigd sl oy, 4 il

0ds 03,51 (YF) alal, yo laasl o oyl .l lislagas sl > pac Jdody S i 51 8L 0 sladay ;> g o8 b (L s

= ZW {i(i yu pn UCAPW) + CpENd i J:| %)

=1 =1

Selyo .l oo 00,91 (YV) adaly ;o sl )0 ool el (S jiiie 4 Cudyls o9 8 Lol hg,800 5 slavwl o sgs iso
ol 00 03551 (YA) adal, 50 55 b )b dolis 5 bg,800,5 S

Z TcWZpOr " .UCARY v

R= Rff + Rss = ZTCW l:Z[Z(YIJ p| UCAPW) +C\F{\IIENd| +p0| v UCAPW ]j| (VA)
w=1

o990 > slaaiy e —Y-Y-¥

90k & Cedyb ol plgrear (g 800,5 slaan o el i 90 Jeld G Cudyl dlolis 5l (39200 ,5 (slaan 2
oaxmoall)l (lgieay codyl dsle 5l gl slaanze Jol (ide (S e 4y Syl onil 8 plsiedr (g 8005 lady e
Syl ouidg B lyiedy (oS i bk 503 Ceems 53 Syl dlales 5ol slaanpa ped (A5 5 byl ik 0 VI
sl sla! Gl ) (e a8 ie 5l Cudil 0,3 el i 800, sladse sl Lish el
el lagas gzl pae Jdoas phns Jis Jlopo 0 4 ol (G105 slades ;2 g 6095wy anse b oS EL
oo Jow (F1) 9 (F+) slaalal, jo «(¥A) adal, ;0 oadylo (sla paio sl oo 03,51 (YA) alasl) )0 laass s ol

ZRW |:Z( R- DR|+pDR| UCAPI;IM +pEE| UCAP¥|)+C¥Y§Nm +C¥\<l3:| ARY)

i=1
Cotam = {z pent’ .. UCAPW} (F+)
C¥ =A(PY)? +B.PY +C,  B!-4A,C,<0, A,>0 C,>0 (F1)

slaan s .l sais 00,91 (FY) alal, ;o aise ool .l Hl5b 5l s b oy 5 Jolis 55 by ,800,5 slaan s P9 sy
ol 00 03,51 (FY) abal, 50 55 b b alolis 5 hg,800,5 IS

NW Ni
Ce = my2.p UCAP" (fY)
W=1 i=1
NW Ni
C=Cy+Cy=). T:VV.{Z((:;VDR,i + o -UCAPY,  +pit  UCAPY  +p".UCAP" )+ Cll,,, + ng} (%)
W-=! i=1

s 00 00)5] aelal yo altie 4.8

alico 098 - V-Y
ol 4SS 0.8 9 Sy 9.8 cmlio o Sl 068 Al a4y alis 048

S pan g pio b g oSl b 2948 —F-F-)

Wloas Gl (F0) 5 (FF) glaalal, )0 55.3 oyl
1 {0y ™

QAR



bl A =gl dllaie - )0 )5 a3 el [ dige (3,400 40 9,800 5 (g3le Jowe

(fo)

w_ |1 if UCAP"be a winner in the market
i o else

009,300 (6995 Slgi 9 U pan Lo e il 4 3a lgi g S g8 -Y-T-Y
alal) )0 45 ol by P00 3 (5895 ddgi g B pan Cupie mlie au3e wlgi la il )b slacusgase catiS Ly o ol

el 00 Lo (F5)
B/ -4A.C;<0, A >0, C >0 ie{1,23} (%)

EJW T RUTRVR VT IR U RUL S MR VLR TR PRUUE I o P o
CS 0 Byas Copie glaael ;0 dgaome & ygod (1S s a5 WS o Gle Cel oals Jae (FY) alaly (o a5 08 0l

g o &85 a3 10 S i Co8 )l 0o )0 V- Yaare MM (150 0iS e
Ad;,Ad, < MM R

o158 yLio ouicS S guxo wud —V-Y-¥

ol byl il 53 a3l 55 o8 Lie Cudgazme 0aiiS o Conl ond oo (FA) abal, ;3 45 08 ol

I:,C\;\,Imin < PgN < P(\stax (f/\)
aliowwo J.‘? )\3 6-\;.394)&» a-\-\s —\"—Y’—&

Lol SOl gy s solad Slas ) Jlaia! ggamme a5 0iS co lo Gl 0als Jow (FR) alayl) jo a5 03 ()l

NwW
domy=1, YWeNW (f)
w=1

Sy 2L @il 998 —Y-Y-5
londs il (V) 5 (0+) slaalal, ;5 Isasme wilons 53 (FF) 5 (YY) slaalal, 1o 45 5928 o]

W N (N
{Z RW[ZEZ (Y.\;v o -UCAPi}N) + C\Fﬁ\llENd‘i +pg " UCAR" ]
W=
¢-

i1\ j=1

} <ny YW 0+)
NW Ni

{znw.[z(p&,i.ucmx,i+pEWE,i.u<:APg;,i+piW.UCAPiW+c;VDR,i)+chENm+c:g}}

w=1

i=1

Ny =0 YW ((ARD)

Ao bl 5l Cad )b JU! ol ST agS -Y-Y-Y

0 K0S b 4y e ) abyl JE] s saiSsgame Jole 45 WS e le el sd Joe (OF) ala, o a5 o oyl
ool bghas g ]

PY. <P fii®eNi ,leNI oY)

ioi* = Vioi*

Ay Cand pb Lo g 1yl wd -Y-Y-A

AR



YYANVAF NF-F sl /90 5 Cuads o)l fooplis Jlw /3 Caio ;0 Jialigd sl oy, 4 il

Y cpl 5k 5 ian Canlion ojlgen cud b (VIS &) (5 a7 0iS o (Lo el oals Jow (OF) alal, ;o 45" o3 0l
Ol 50 el oad 00,51 (V) S 50 Camg gy o1 b cudybs dlolie jo (9,800 5 a5 (6,5 be coles jo bl aSid o

ol oah e it U o33t 5 s Lt L b b S¥la gl i S
ii:UCAPiW > DEMANDY (O6Y)

i=1

Sad 5B 5150 510 pe o Ao Y- F

85 ool S8 550l 5 lirall CoblS sllae asls pusls (sloass i sjlotineS S ik s poste o g
Jaadb w > slean e sgemme (ilwaieS Bun (sl 0l Lo (OF) akaly ;o a5 jshiles .cul oo Jow (OY)
5y gl Sols> sz Jlatal T byl cnl o ol (Lh9als gladizn Goizan 5 B pas S mlie 5 boygil i3
5 0 e 93 el ol Bl (655100 (2l bl (528,551 jelareas oS cenl a8t bglas I asu (58, Cews
Lyl b jo b Lheels Jleixl rals JLis a4y 1o o o el aseie B cpl 10 a5 jeblan (ol oals &51)1 (B0) akal, o
Lol patie a3l S 4 olepso] Golgs slas g Jls

NGG NDD
CC=(1-1) x(z UCAP™.CP, + > UCAP™ CP,. +EOC" J +
gg=1 dd=1
Ngg Npp (af)
rx[z UCAP™ CP, + > UCAP™ CP + EOC'eSj 1e[0]
gg=1 dd=1
LOLE<LOLE" ©0)

alowo Jo (09, -F

CSG
A 4
Ad,, Al 4
Customer: ., Ad, .| FOR=}FOR,
Self- GREEEEEE -| Maximizing the profit d i
generation !
of retailer I N 0
! A <
:RSS "
| Pee s Por s PENee s PENpr ' STUCAP. o
i | P,
Pss ‘ | Z
. , UCAP,,
i > UCAP_
FORg, UCAP, Retailer: [ _______ i
> Maximizing the profit <
o e
A
> UCAP, p.pen,, > UCAR™ R,
| i i H
c v > UCAP,

o > Capacity market operator: ‘
Minimizing the reliability [~~~ ‘
and resiliency cost

Cad b aloleo jo abio g sy b Jhg 800,85 Jolay U5 LS L (V) S
Figure (3): The overall structure of the retailer's trade with different players in capacity exchange

)



bl A =gl dllaie - )0 )5 a3 el [ dige (3,400 40 9,800 5 (g3le Jowe

GV &I L g tes 5 0yl |y bl il Caams 50y byl 0 ylos s g 08,5 allie ol jliias dalllae 4o
bt oals 5 3y 1 by il 4 (Sl (5355 255 5 (8551 5833kt (s55 ey i Sl (oneS 7 45) 35
S5 yskaie 4 hgy800 3 Jelsd 5L Jol Coans 500,10 955 Sgus (gilusdiniin ;0 (gr ;00 (G3mr )0 (S e Sl 9590
9% 5 Zadyb I3k 5l Cudil w5 il e Casns o 5 a8 18 L s byl 5L 5o (T (39,8 9 S e I Cedyls
plrl (g 800,50 wp0 jl (g3l Jan o5 Ll 1 el onds (3l Joe Ll i 0,50 b o (sl jolate 4 (S o @y
SV o) gdinee b Jgl diwd lonid (Guimmndl diwd 90 4y caiiiwd Coshdose il ol oS 1A Sl el b conls

g bw —F-)
w.x]a.ﬁrad.c as 6).\.:..\.0 u.Js‘ Sl 00 oolawl 6My)Lw g)"’ﬁ) )‘ alswo Lgl.lb).uc‘)b ‘_5}).: w.x]a.ﬁrad.c ‘5)L~;J.M Ls‘)J
ol Caabadaae 4 Cunl (g pate K00 Eudyb Il Cwed el (S i LB, [ exS weal Jow bg, ol eolaisl b ]
|, s glocasd 055 Cob b VI gy byl b Jais] glacasd 4 drg b g yden,d sl sid oo
Jos 093 Slagad 4 igos Jlo po Wil (i 800 5 a5 (5y90 53 Zanl (35,859, Jhlk Ceod po it S oo Sleiiny
2 he8e B dey > Gleisar ( SlelE had jo (355850, sk Caerd nuytier ol S8leS ey 0y Sk IS
@5k 5 )b 2558k Sl 4 295Fb pae Sl Coslabpas hls o)l e oo [TV] ad dalys w85 L

Wl Joe gy ol 5l eolaiwl b aS viivsd (6,550 uite 90 10 (S yidwe Lawgd (55,

W095900 5 ol | alicwo Jo sloinig, -F-Y
oslaiwl (gilwaigy dine Jo jokaieds Sy p o8 5l dllie ol jo sl oals 03,91 (F) UKo ;o altws J> (sleiniy,
adg gl el )b Jols b el )l ol ailoads o200 lade allie [lasawe alive adsl slaosls Vv Soly ;o [YA-YA] conl ouls
e liads aalsl 5 s FOR 5 Sy, (slo ol o5 e 5551 5833l 5l srs il adly o o s095
- i W 6Lm)....’.~o | 00 J&»u y)l.u» u.?-)Q 9 W&J Lby)l.\.w s Lgl.(b)...v...a Lgl.ﬁu..\:.}a.érm).c 6)l.m
@35L 50k (2558wl Glaasly 4 olering Sed Jold b pite (pl ilond wdgs (Bolal &jp0 ¥ Sl o 5l
- 00 00,9] ods leds JSK& (ol O B Y oSl 1o il 6093 0 Glie g b o cud )b al)l e (S piie (655
FSsh 5o S e b 0yl 6l ol Slaine Sladey 2 (rizmed 9 (S ity (9,800 5 (soliny slaced jlade il
A yhg,800,5 Cud,l YIS A Seby o el oad acwle Y Soly o S e a8 b (YIS aslsl jo el ool 48l
5o ol oals @l cud b L e a8 lie jslateds (hg,800 5 (6955 g g (S yidee Cudyb (YU oS 5 O jee
CS s odiy byl plie 5 oads L2l 4l (6,510l 5 Gliebloall Csllas (e el B b byl 1L 4 Sl
& izran 5 hg,800,5 laaiyze g basl,s Gliee Ssl ren o (nlply il selss e Ll )o g s8e0 >
Vo Sobjo hg,800,5 (U5 Bas al dog b colad (58,5 dai o 10 S S 5l g ol aalgs aule alias Gun
gac 53,5 S 3l el dwles sloul GBS )6 adsl Comes slacl coled (gl oailo Jlg;y el oulds dilone
Jlsy cales 5301 S3b) a2l on 332 G 5 it sl Sho 3l sl L Lisel L g ol i (sl ooz 30 51
9@.{‘- UJ‘ (\Y Jjb) KW ..\.Q‘P g.)L?Lu‘ Al 9..4(: 0\9...:4.' Coro> 5..4& g—')—‘-ér' 9 ﬁl.?u‘ LS'AM ()‘)iv) Slass L o..\.wuLu
S & g os S Cuned Sty o a3 Ll 8 e politaty (S ke & Uig od S Aty sloslgiiay ol
l). J.Al;u )I O guw u.!ja.u.a.».ﬁ aS wilouds ul.‘?b.»‘ Ls‘cb;d.v )aQLM Q"‘ o u.uj).%o)? Ay 6&9} J..Jg.w u‘)—uﬁ 9 u.»ﬁ).'a
69l 5 Glblonll Collae (asls (e (rizren wlaiils Jlisas Giges, (sly 1) Cudyb Jlk 5 (o e

RG] WA u.uol.v )...: di..w

O\fY)



YYANVAF NF-F sl /90 5 Cuads o)l fooplis Jlw /3 Caio ;0 Jialigd sl oy, 4 il

Considering the assumptions including cost parameters, scenarios of variables, risk parameters and FOR (block 1)

.4
Random generations including proposed price to DR and EE, selling price in market and amount of self-generation (Block 2)
\ 4
Counter of iterations (block 3)
v
Counter of initial population members (block 4)
L 2
Counter of scenarios (block 5)
v
Providing proposed prices and fines to DR and EE (Block 6)
v
Calculating the customer’s participation in retailer program (Block 7)
v
Calculating the retailer's capacity, considering the self-generation (Block 8)
v
Determining the retailer's winning capacity and calculating the retailer's profit (Block 9)
N The last

scenario?

YV

Calculation of retailer's objective function considering all scenarios (block 10)

The last

member?

YV
Selecting top members and applying GA operators (Block 11)

The last

iteration?

Printing the optimal results (block 12)

Q’;'a,).‘%a).& oFuuo 3l albewe Jo slainig, :(F) i
Figure (4): The flowchart of problem solving from the retailer’s viewpoint
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v

Peak load prediction in the season (Block 1)
v

Determining optimal index of blackout probability by operator (Block 2)
v
Determining min and max amount of capacity purchase (block 3)

v

Receiving bidding from providers (block 4)
v

Drawing capacity curve and determining amount of purchased capacity based on network need (Block 5)

Distributing the capacity
economically based on reliability
index (block 6)

> Evaluating the conditions of weather events (Block 7)

Is there another seller to
provide capacity?

Provide a list of sellers to correct the economic capacity distribution (Block 8)

v

According to limitations, distribute the capacity economically to satisfy the desired index of blackout rate (Block 9)

v

Determine the capacity prices in the capacity market (Block 10)

v
Calculate the purchasing capacity of each customer by equation (11) (Block 11)

v
Calculate the indices and the final cost (block 12)

Cad B 5150 10 p0 52 Lawgi 515 sl Slednig :(8) S
Figure (5): The flowchart of market operation by capacity market operator
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Table (1): The characteristics of DSM resources and self-generations [34]
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Table (2): The characteristics of scenarios about parameters with uncertainties
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Table (3): The characteristics of generators in 30-buses IEEE standard test system
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Table (4): The characteristics of loads in 30-buses IEEE standard test system
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Table (5): The characteristics of lines in 30-buses IEEE standard test system
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Table (6): Load scenarios in 30-buses IEEE standard test system
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Figure (6): The curve of consumption-temperature in the case study
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Table (7): Simulation results from the retailer’s viewpoint
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Table (8): Simulation results from the consumers’ viewpoint
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Table (9): Simulation results from the operator’s viewpoint
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Figure (7): Optimal price of retailer in the capacity market in trade with consumers and market operator
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Figure (8): The amount of profit and risk index of retailer in trade with consumers and market operator
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Figure (9): The amount of consumers’ participation in demand response program
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Figure (10): The amount of consumers’ participation in energy efficiency program
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Figure (11): The amount of consumers’ profit in trade with retailer
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Table (10): Results comparison with [34]
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Table (11): Results comparison between GA and other optimization algorithms
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