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Abstract

Severe events such as floods, earthquakes and hurricanes cause disruption in the operation of distrib-
ution networks and lead to their islanding. In such cases, if the distribution networks have microgrids,
these microgrids are able to separate from the main network and exchange energy with each other to
reduce the operation and outage costs. Therefore, the energy management in a multi-microgrid netwo-
rk requires a decentralized operating framework to encourage microgrids to have transactions with
each other by providing the necessary incentives.

This paper developes a completely decentralized framework to improve the resilience of microgrids
based on the organization of peer-to-peer energy transactions, taking into account the appropriate
financial incentives for the participation of microgrids. The developed model protects the private data
of each microgrid, such as load information and distributed generation resources, during market
settlement. Using the developed decentralized model, microgrids can increase network resilience in
the context of peer-to-peer energy exchanges, in addition to reducing their operating costs compared to
the island mode. The proposed decentralized approach does not require a central controller and has a
high convergence speed. Simulations are performed on a system with fourteen microgrids and the
results are compared with the island approach to evaluate the performance of the proposed method.
The simulations are performed in MATLAB R2020b environment using YALMIP toolbox. CPLEX
12.9 is also used to solve the optimization problem. The results show the efficiency of the proposed
method in increasing the resilience and reducing the operating costs.
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Figure (6): Operation of microgrid 1 in the first scenario
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Figure (7): Operation of microgrid 7 in the first scenario
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Figure (9): Convergence trend of the proposed decentralized algorithm
Table (2): The results of second scenario
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Figure (10): Operation of microgrid 1 in the second scenario
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Figure (11): Operation of microgrid 7 in the second scenario
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Table (3): Comparison of two scenarios results
925U 99 6 dunlio (V) Jgur

Lal)on 5 0,509, | alllon jmf 0ySg) | b al)es pf 0,509, o
ol ;e sin g NG Sloyjzr <l (<
S (oroad i eNl | S e eI L &3t 55!
OY - OAIAF Y\ - Y/A¥ 0)38V/AF YoVANVE | (GY0) oyl ot Al Egaro
Y/AV) Y/aV) Y/AV) 8108 (el Slyl5e) by Bim ggarme
YY/FOYY FENATIY YIRZ Y YA (ab) 121 e

50 3l lecelo cpl )0 sadsi mee cplplo Wloads z, Jlas 31 sk Cleay ol sy, VA JIO slacels (o
Al B adg ol A Celu o el oad aig 8 Lol 4l 4 b 59,5e o5 Ol Sl V JI O ol
oS )0 sdsi Oly olile A el o a5 ez ALl 4 g 898 b (53l S e 1 0l ge SBran (e b
o1y 095 sadsi Glgi olile g 00,8 &S b F g, ol o alilhn ) YA IV lacels jo cwl odd 0,58 sl
el onils; (B934 L

slocels jo.cwl 0s,S oolaiwl 5.5 0g5 odlio >3 lgd 51 VA JIVE iomen 5 VY g Ve slacelu )0 00,lg 4Kty
Slajluomzd jo aSliln, adss Gley ol VA celu o ailad 3 18 s 0 ool sy e Toae Y JINA
3 el (Brae (g b plp ook Gbaim)g 9 bime e ,See oy Ol Egerme Vo Siele j3 Cunl 00 0,255 (v
kol aSl a4 59,8 pogdle YT el jo Cols )0 g o a3 g,8 Lol aSlls 4y sudsr ol olile YT JIYY slacels
g dulie S00S0 b ogyliw 99 Cnl 5o Tike 3505, 99 aelsl )3l oad oslitul G5 aSeln) lajlee S cod )l
el o0 o T gyl

=W s -Y-Y-¥
s 5l 4 jebolen sl ond Jolow la 29,5 5 amlie SouSy L allie (nl 5o zrkae (652)bw 99 @ls (i (nl 5o
ol 3,50 el pasiie Sty ) S5 51610 no e gl Geigren 5 003,k 5 e (ol AR5 d ()10 o e
Ol g it slacdgels I 5 eaal Ll SoS a6l (el ) loaSicn s 55 slagle; 5o atudlys &y, 555 sla
1) 595 l3le (6551 00,509, cnl 5l eoliitl b wilaiasles oy b (slaaSidi ) 503 (Som 5l rigred oS (6T ol baaiy o
aS ol ol dlie opl slasjlwand mls ol ply 0uals 053 (5,00 o0 sloa s 5l dwl o S L g ol (ig,8 &
GleaSin; sl o8 g andls (5l @dlio 0aiiig b SaSln ) sl o8 ra, @55 sledols 3,50, 65,8

(t#)



YA-0 NFY ol 5 /can g ol ojled foo3ly Jlw /50 o )0 diadigd slo yug,y 4y i

o L 555 3e syl 99 Gl Glosj eiaren 9 )k Bd> ggemme (53 050 slaan 3o ggemme (V) Jou )3 5l >
Sloads duwslae

Lok Bds pliee (2755 9 (6510 0500 438 Eg0ome (S (goloiian 35 yeie ef (G525l a5 00ls (LiS il s lie
Ly ol eyt sloan o ggamme o5 wilatuslys 295 (gay mibis dine (NS STil 4y b beaSid sy ) gyl (l jo 0l
AYNY aS acel cowsass Yo OVAPVAY (610,040 sloai 30 ggamme o380 (S92, ,0 ablo p e jloie JBlas &
AFNY aS ol ol celw-OlglSe YIAYY pg0 (s90,bew )0 )b adad lie yuioran . Conl Jgl (59050 31 yaS asjo
ol 35 e (53t i sl 0313 (L5 Lo st s 45 shpla (s ol gl gl 31 e oy
3loolainl b golpiing 4l o 1d 0,05, .anlSy aSiil (5,910l 5 (5,10 0,00 loan o 5l cmslin Jlos (liue 4y asiilgs
- s o QLU Csl a3 (PSO) TS prez (glwainge o 1SS )l (g5luaigs o ys8l g0
o 5 Sl sl oSl el asiin Jguz ol bl laS jeb leas o 5y SLS1 4 Cplex b allas jlaios (g5l
Al Caws golprias i, oSl aig aladi 4y wilatuilens ol )3

052 45 ¥ 300 Ui silurtonts slyzl o S s ool i o S, Jlin (s tele sloe i 055, 2
@iy 35 ooyl 9,509, U Oloj el 0ads (652,40l Jius g izme & jg0as aSC D55 50 00,800, (n o 1) o]
Ll ool a8 I a5 50 beaSibn ) e 6550 2508, ladols 9,50, cnl 5o Ly casl lops2 0 S0, 5l i (oS
5 Lagilwand glat olog 5l s ol cpl 4z ST.cwl sl V0 sgam 10 50 0,505, ;0 (gilwans sl b
-aSedi 3l oo o paly il 5o &5 ol (plasiloancs 1zl Gl gl Sl Oloj Jlril b el 5l (552 L
5 DS (orez 9 SeSh iyl 90 by g laandt 2l ploy Do 098 o een 9,8l G plej Dae sl b
Slion 2 a3 ol 5 050 (3oL Uy 550l Lo iy s 58y a2 1y el (50l o950 31 S
AUS B o Al abai 3L (6l (g i loy Dae S el b ol S e Jes Comex

G5 At -0

az aSld 6y5lol sge cax (sl Erugs sladels awileile ln wax slopese by o dlia cnl e
el ) Jlo sloopSil g Lad> aSil ) (pogas m > 5 68, Shoe LT cgolerion by, )3 08 &) slasedyn,
Lo @i 8 S wssleiing Py, 0 Shes b)) Sln Geizmen B a8 S L i) sladsls jo oS0 e
sranye alS (golpiiny S paleyed 9,09, 50 D (Gilednd S ekl g Sloniz Gl 90 )0 ALl 00l
(Slorsz 9,59 Jsl soslw 5o 03,z ojlod aSeldpn; aije diges loieay (35 )13 Hlaide baaSidn, jl plos o
Ol Ol ol awloee Yo S AVOVIY (golpaing 55 poiomé 9,505)) poo (Soaslew 0 aje cul a5 0g Yo YFA sg0>
Lol 03,5 55 Sgs S (I g 00l gy ) 095 etz coled pd (552 )Ly aSiD

Sl )3 i (pl b ilonds Joodite (6 7S i 090 (S92l )3 g Sl ) (SL oS ol (LS Laggjludnd @l
P95 oyl )d Ay ) Egeme aja Canl Al ol Jgl (6925l a2 S 13 aSil ) £ g aiyja Ll g0
Egozmo 0ol Cawoddy gl wlol p pooren Casl Jol (s90,liw 3l JieS ao,0 AYVY a8 sl casoas (¥ OVAFYV/AY
gy )l ylee )0 sdel Cowddy Jlade (pyieS a5 Cdl zalS Glgle YIAVY 4 pgd 55,k 50 aSiy, b Bis>
Sy ble ol blae jo cel ails jialS gl (g )liw 4 G ao 0 AFNY ojlal 4y g0yl cpl o )b adad 5
VO cpgd gylim slagloand oy U5 el Cussay Jsl (g5l 51 a8 (Sail pgo (g5l 10 (il ol Se
les Il b e 00 b )T ol 4l B oy o a5 ol sl g3yl 51 oy oS 45 ol 005 Job 4
el (58 BB Gl 525 p9 s,k Slois il lzl sl 4BV 0

(tv)



@L&l) d;b.c —&w&—ob‘)wsbml ..... )Jw;)w).»& &_459)[> uS.:

&l ol

)S.m_' w‘IA J.uloso m}! 03.‘> » ulfdwy w‘ u...o.} A}‘s so)l.ml olj oliw_v‘.) ).b L.S)"S‘b 4.”....4) )‘ C)M AJLCLA u.)‘
i ) a5 6l g plowl 40 1, Lo a5 oyt lsls 5 codbl olsT olSiils gy oi9m o, Kan 51 1, 055 ailosass
i les ra)is:‘ ‘.\3‘005,4.3 G)L’

References

&=

[1] M.M. Arsoon, S.M. Moghaddas-Tafreshi, "Peer-to-peer energy bartering for the resilience response enhance-
ment of networked microgrids”, Applied Energy, vol. 261, Article Number: 114413, Mar. 2020 (doi:
10.1016/j.apenergy.2019.114413).

[2] A. Gholami, T. Shekari, M.H. Amirioun, F. Aminifar, M.H. Amini, A. Sargolzaei, "Toward a consensus on
the definition and taxonomy of power system resilience™, IEEE Access, vol. 6, pp. 32035-32053, June 2018
(doi: 10.1109/ACCESS.2018.2845378).

[3] S. Ma, B. Chen, Z. Wang, "Resilience enhancement strategy for distribution systems under extreme weather
events", IEEE Trans. on Smart Grid, vol. 9, pp. 1442-1451, Mar. 2018 (doi: 10.1109/TSG.2016.2591885).

[4] J. Liu, C. Qin, Y. Yu, "Enhancing distribution system resilience with proactive islanding and RCS-based fast
fault isolation and service restoration”, IEEE Trans. on Smart Grid, vol. 11, pp. 2381-2395, May 2020 (doi:
10.1109/TSG.2019.2953716).

[5] K.S.A. Sedzro, A.J. Lamadrid, L.F. Zuluaga, "Allocation of resources using a microgrid formation approach
for resilient electric grids”, IEEE Trans. on Power Systems, vol. 33, pp. 2633-2643, Aug. 2017 (doi:
10.1109/TPWRS.2017.2746622).

[6] M.H. Amirioun, F. Aminifar, H. Lesani, "Resilience-oriented proactive management of microgrids against
windstorms", IEEE Trans. on Power Systems, vol. 33, pp. 4275-4284, July 2018 (doi: 10.1109/TPWRS.20-
17.2765600).

[71 Y. Wang, A.O. Rousis, G. Strbac, "A resilience enhancement strategy for networked microgrids
incorporating electricity and transport and utilizing a stochastic hierarchical control approach”, Sustainable
Energy, Grids and Networks, vol. 26, Article Number: 100464, June 2021 (doi: 10.1016/j.segan.2-
021.100464).

[8] M. Mehdinejad, H. Shayanfar, B. Mohammadi-lvatloo, "Peer-to-peer decentralized energy trading
framework for retailers and prosumers", Applied Energy, vol. 308, p. 118310, Feb. 2022 (doi: 10.1016/-
j-apenergy.2021.118310).

[9] H. Bastami, M.R. Shakarami, M. Doostizadeh, "Optimal scheduling of a reconfigurable active distribution
network with multiple autonomous microgrids”, Electric Power Systems Research, vol. 201, Article
Number: 107499, Dec. 2021 (doi: 10.1016/j.epsr.2021.107499).

[10] A. Arif, Z. Wang, "Networked microgrids for service restoration in resilient distribution systems", IET
Generation, Transmission and Distribution, vol. 11, pp. 3612-3619, Aug. 2017 (doi: 10.1049/iet-gtd.2017-
.0380).

[11] A. Hussain, V.H. Bui, H.M. Kim, "Microgrids as a resilience resource and strategies used by microgrids for
enhancing resilience”, Applied Energy, vol. 240, pp. 56-72, April 2019 (doi: 10.1016/j.apenergy.201-
9.02.055).

[12] C. Hotaling, S. Bird, M.D. Heintzelman, "Willingness to pay for microgrids to enhance community resil-
ience", Energy Policy, vol. 154, Article Number: 112248, July 2021 (doi: 10.1016/j.enpol.2021.112248).
[13] A. Younesi, H. Shayeghi, P. Siano, A. Safari, "A multi-objective resilience-economic stochastic scheduling
method for microgrid", International Journal of Electrical Power and Energy Systems, vol. 131, Article

Number: 106974, Oct. 2021 (doi: 10.1016/j.ijepes.2021.106974).

[14] R. Nourollahi, P. Salyani, K. Zare, B. Mohammadi-Ivatloo, "Resiliency-oriented optimal scheduling of
microgrids in the presence of demand response programs using a hybrid stochastic-robust optimization
approach”, International Journal of Electrical Power and Energy Systems, vol. 128, Article Number:
106723, June 2021 (doi: 10.1016/j.ijepes.2020.106723).

[15] J. Liu, L. Jian, W. Wang, Z. Qiu, J. Zhang, P. Dastbaz, "The role of energy storage systems in resilience
enhancement of health care centers with critical loads", Journal of Energy Storage, vol. 33, Article Number:
102086, Jan. 2021 (doi: 10.1016/j.est.2020.102086).

[16] Z. Liang, Q. Alsafasfeh, W. Su, "Proactive resilient scheduling for networked microgrids with extreme
events", IEEE Access, vol. 7, pp. 112639-112652, Aug. 2019 (doi: 10.1109/ACCESS.2019.2933642).

(tA)


https://doi.org/10.1016/j.apenergy.2019.114413
https://doi.org/10.1109/ACCESS.2018.2845378
https://doi.org/10.1109/TSG.2016.2591885
https://scholar.google.com/citations?user=Q5GG70wAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=bSvAqDUAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=YaUM3iUAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=ISfdpJAAAAAJ&hl=fa&oi=sra
https://scholar.google.com/citations?user=o5wuiL8AAAAJ&hl=fa&oi=sra
https://www.sciencedirect.com/science/article/abs/pii/S0142061520342678#!
https://www.sciencedirect.com/science/article/abs/pii/S2352152X20319162#!

YA-0 NFY ol 5 /can g ol ojled foo3ly Jlw /50 o )0 diadigd slo yug,y 4y i

[17] H. Bastami, M.R. Shakarami, M. Doostizadeh, "A decentralized cooperative framework for multi-area
active distribution network in presence of inter-area soft open points”, Applied Energy, vol. 300, Article
Number: 117416, Oct. 2021 (doi: 10.1016/j.apenergy.2021.117416).

[18] M. Doostizadeh, M.R. Shakarami, H. Bastami, "Decentralized energy trading framework for active distrib-
ution networks with multiple microgrids under uncertainty", Scientia Iranica, vol. 26, no. 6, pp. 3606-3621,
Sept. 2019 (doi: 10.24200/s¢i.2019.53962.3557).

[19] H. Bastami, M.R. Shakarami, M. Doostizadeh, "A non-hierarchical ATC framework for parallel scheduling
of active distribution network with multiple autonomous microgrids"”, International Journal of Electrical
Power and Energy Systems, vol. 133, Article Number: 107293, Dec. 2021 (doi: 10.1016/j.ijepes.20-
21.107293).

[20] P. Huang, M. Lovati, J. Shen, J. Chai, and X. Zhang, "Investigation of the peer-to-peer energy trading
performances in a local community under the future climate change scenario in sweden", Energy Reports,
vol. 8, pp. 989-1001, Nov. 2022 (doi: 10.1016/j.egyr.2021.12.032).

[21] W. Amin, Q. Huang, K. Umer, Z. Zhang, M. Afzal, A. A. Khan, S. AdreesAhmed, "A motivational game-
theoretic approach for peer-to-peer energy trading in islanded and grid-connected microgrid”, International

Journal of Electrical Power and Energy Systems, vol. 123, Article Number: 106307, Dec. 2020 (doi:
10.1016/j.ijepes.2020.106307).

ac gosxo g b g il —
Slos A 900 g (gt N Slos A gozxo g (g
N Lo e 599 S0 e T o o3l
G, Pl aSiig; 5 05290 oo sl 5155 (saegome T Sirorelin B ) S59e Sloj slaosl sasgeme
| Ay ol
Lot ol — o
olod Flyl Slod Folil
b af s h i i P
Cit ol 655 5l G > ae c pll aSedn) 5o )b ahad ase
ESS,di P . <l - T ESS,ch i <[ - Sy L e
¢ pll &Sty o (S Sl slao o35 5L any 30 ¢ ° pll aSeti; )0 (S Sl slao o33 5)L0 aise
cbom Gilme adgi ced 3, DP9 g Dlyess £ 5 Sl
G, . P T D et - i ; s
A PN Gmy59,50s adgs o)l Sl P plt Slej ol jo 5 pll &Sy (Brae Ol (S
) Ay 0 elt Sles ol 4o (g0l ymyed Oded (o i ) .
pre | TR TR S ORISR | el et ol 45t gl ol B ol 51
F
i i Ll - Sh a4 oA d,ES i i .l - S |
nic pll aSilin )y 50 95250 (o SN jle 153 5L 003k o Al el p ) (SO Sl sluo pusd 5L olgs iSTas
ES i il .l - SN el e d i i .l - R .
Ci All aSiiin ;) 50 99250 (S Sl jlue 8 o8 b e uh Al aSlilin ) 40 9290 (SO S 5lue -3 5L 05k
SOCmaX Gi..,SJ! Glwsopusd 10 00l 0,3 e (65, iSTos SOCmin é-')..S.” Glwo pusd 18 00l 0,33 e (65,50 JSlas
8 ol oSty S S e 238 5L g ST
S S e pico -7
ol gue L ol gue Ly
Pi?t f‘lt Celw jo pll aSils ) 50 8990 (oSSl Sluse o3 5Ll Pi,tom r"t Sloy o3l yo pll aSily ) (s5lme 555155 Glgs
d cel yo fa|i ALy 50 S92 90 (Su Sl jlee 033 5 Las ol G ) L )
Pit it Pt Pt Sles o3k o ol N ,g8135 odss (e
'&
or2e o ol i) 4 5 e Jlail (e e 3,lg s ooy | SVl e ot 0 S ol e
h At by osb 3 &5 4 &) sbealoles h ot el o pll aSossy,
SOC, ot oy o pll gaSids ) (S i8Il Sluo a8 5L Canig Pif': oll asizs ) o plt el jo ons i b ol5ee

()


https://www.sciencedirect.com/science/article/abs/pii/S0142061520314447#!

bl ol - Ll s —00l5 Sy dasea /

@olaidl gla piio -

Py poe ey slod pue VoY
COFDm pll aSiin s ) (3lme slaygil 35 oy iy o Coipzp pll Sy ¢85 sladalo sanyso
COiPZP FURTVESTP Tnt) sledols auze Ti pll 4y (6l o0 sloans 5o Eyome
Crt | 57 Eptes sloddalio il 2 M 4y b8 (soleita Sund

Lo w993 )

O©oo~NOO O WNPE

. Resilience

. Distribution generation resources
. Preventive activities

. Combined random-robust optimization
. Energy storage systems
. Power balance

. Power exchange limit

. Genetic metaheuristic optimization algorithm
. Particle swarm optimization

“+)



