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Abstract

In this paper, a three-level scenario-based framework for determining the optimal strategy and planning
of microgrids located in a 118-bus distribution system is presented. This paper considers the uncertai-
nties of renewable energy resources, load demand, and the charge / discharge schedule of electric
vehicles. In order to increase planning flexibility, the operator will be able to change the flow through
the distribution feeder reconfiguration. Also in the proposed model, customers will be able to reduce
their costs by participating in a demand response program. In the first level of the proposed model, the
bidding strategy of microgrids is determined. In the second level, the market clearing price is determined
by the independent system operator and according to the submitted bids. Finally, in the third stage, the
problem of final microgrid programming is solved by a participatory game theory method. The proposed
model is solved by the CPLEX solver in GAMS software and the results show that the dynamic topology
improves the planning flexibility and thus reduces the total operating cost by about 10%. The results
also show that the coordination of electric vehicles with scheduling, the presence of storage systems and
the implementation of the demand response program leads to a significant reduction in the level of
market-clearing price and thus reduce operating costs.
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Figure (1): Flowchart for solving the proposed three step model
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Figure (2): The structure of the 118 modified bus distribution network is examined in this paper

Table (1): Information about case studies
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Table (2): Data related to simulation parameters
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Figure (3): Generation scenarios, a) Load demand, b) Wind speed, c) Solar radiation
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Figure (4): Decreased scenarios, a) Load demand, b) Wind speed, c) Solar radiation
Table (3): Results from the first case study
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Table (4): Results from the second case study
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Figure (5): Deviation of the final value of the objective function of each player from its optimal value in cases 1 and 2
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Table (5): Results from the third case study
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Figure (6): The marginal price of microgrids in cases 2 and 3, a) microgrid number1, b) microgrid number2, c) microgrid number3, d)

microgrid number4
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Figure (7): Market clearing prices in cases 2 and 3
Table (6): Results from the forth case study
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Figure (8): The marginal price of microgrids in cases 3 and 4, a) microgrid numberl, b) microgrid number2, c)
microgrid number3, d) microgrid number4
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Figure (9): Market clearing prices in cases 3 and 4
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Table (7): The results obtained from the fifth case study
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Figure (10): Charging / discharging status of electric vehicles about 5 case, a) parking located in microgrid numberl, b) parking located in
microgrid number3, c) parking located in microgrid number3, d) parking located in microgrid number4

Table (8): The results obtained from the sixth case study
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Figure (11): Market clearing prices in cases 5 and 6
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Table (9): Comparison of the results of this article with the proposed methods in two other articles
A0 dlio 93 53 (goleduian o ie, b Wlie oyl gl s lie :(1) Jour

OYo) iy 3390 09,

(NEECSS) Fasibn, YAy, Y asdn, LS ooliu|
\0-Ya/50 \YYOO/YD \YAAY/F] V\YFO/ES YEYQ/- ¥ 10 o iz sk o)

S e

Of-f-/av Egoo (i oD

wirves | avevaer | avaveny | ovvaany | vesvve 0t 42y 55 jete
OFABY /DO Esome V6] &= 50

vasny | oavraea | oarrass | onasery | v 100 Ais 3 S paia
ofansN g Egomo (I¥Y] &= o)

A\Y)



A5 ol ol il Jadllgl . gl p Glals o ds Coz )l S

S5 Az -0
YA 59 s VI u)f G e, Due olisS (g3 ,aeby e g &yl Oyt alsws ddlio Q..».l 4
adgs 5l ol slacaalad pac Ol 5o a5 w5 &ll glals o aw ozl S jekaie cpl 4y ol op o5 jebas il
2L g Sl 65k 5,98 Ghyy S lawg Al (63,400 p Al (goloiian Jow jo ol a8 S Nl 10 B pae g

85 el 55 4 o3 s o 31955 1 e DR alipy 5 g ooy (slaios BBV L0055 acbiy 58,8 L
aisls lis (gileand mls s )8 o 505 l38le 5 ;0 CPLEX cuiS > lawgi g ol dlge,8 MILP & jg04; ;9530 Jow
Sl p0 00 4z Egame sk (nl 5l g ead 0uiSTn ag wlie aldg B il 5l d eolitul 4 ot Sialips JlSLe &5
Ceod il ay orie lacaalad pae (28,5 Slai jo a8 wisls il mls uoren ol gl ws ) Ve vgas 1) peew
gl e (55 13,5 45 3o (LS 35k iy 008l bl e Congd iz 5 S, slerl
S ks (et 5 oo 3 (Slaptanas j3i> 3B nl p ogdle ad S (610 00 40250 w0 y0 V 390> taliél 4 ke
Gl Az )0 g bl wged Cwd el 4 e o jpas 4 Wil LS mll g b gw Gyaebn o LEV
ol 4y oo Las a5 G985 50 (e DR dli 5y G (s, a5 winls lis ol coles 5o ol piaws (5,10 100 140 sloass 2

ol mals as o Fogas |y IS 6)1s o g anje aSh ol Lolas 56Xl

&yl Rl
OB ot g sl 00 15wl (o)) (e plol J 0l oy oDl ol T olzils jo ol cwlis )15 0,98 aalipbl 5l allia oyl

21y ke aS o ime olyels g oMl oljT olKisls  imgh 059> o) Sad 511, 095 diloas St Cilpe aisls o p3Y 095 5
sled oMel wlosges (g )b allie ol o2 sl ,l g plodl

References

&=

[1] S.A. Mansouri, M.S. Javadi, "A robust optimisation framework in composite generation and transmission
expansion planning considering inherent uncertainties", Journal of Experimental & Theoretical Artificial
Intelligence, vol. 29, no. 4, pp. 717-730, 2017 (doi: 10.1080/0952813X.2016.1259262).

[2] M. Uddin, M.F. Romlie, M.F. Abdullah, S. Abd Halim, A.H.A. Bakar, T.C. Kwang, "A review on peak load
shaving strategies", Renewable and Sustainable Energy Reviews, vol. 82, pp. 3323-3332, Feb. 2018 (doi:
10.1016/j.rser.2017.10.056).

[3] S. Cai, Y. Xie, Q. Wu, Z. Xiang, "Robust MPC-based microgrid scheduling for resilience enhancement of
distribution system", International Journal Electrical Power and Energy Systems., vol. 121, Article Number:
106068, Oct. 2020 (doi: 10.1016/j.ijepes.2020.106068).

[4] S.A. Mansouri, A. Ahmarinejad, M.S. Javadi, A.E. Nezhad, M. Shafie-Khah, J.P.S. Cataldo, "Chapter 9-
Demand response role for enhancing the flexibility of local energy systems”, Distributed Energy Resources
in Local Integrated Energy Systems, pp. 279-313, 2021 (doi: 10.1016/B978-0-12-823899-8.00011-X).

[5] E.A. Javadi, M. Joorabian, H. Barati, "A sustainable framework for resilience enhancement of integrated energy
systems in the presence of energy storage systems and fast-acting flexible loads", Journal Energy Storage, vol.
49, Article Number: 104099, May 2022, (doi: 10.1016/j.est.2022.104099).

[6] A. Sahoo, P.K. Hota, "Impact of energy storage system and distributed energy resources on bidding strategy
of micro-grid in deregulated environment", Journal Energy Storage, vol. 43, Article Number: 103230, Nov.
2021, (doi: 10.1016/j.est.2021.103230).

[7] M. Shafiekhani, A. Ahmadi, O. Homaee, M. Shafie-khah, J.P.S. Cataldo, "Optimal bidding strategy of a
renewable-based virtual power plant including wind and solar units and dispatchable loads", Energy, vol. 239,
Avrticle Number: 122379, Jan. 2022 (doi: 10.1016/j.energy.2021.122379).

[8] L. Wang, Y. Zhang, W. Song, Q. Li, "Stochastic cooperative bidding strategy for multiple microgrids with
peer-to-peer energy trading"”, IEEE Trans. on Industrial Informatics, vol. 18, no. 3, pp. 1447-1457, March
2022 (doi: 10.1109/T11.2021.3094274).

[9] H. Mehrjerdi, "Multilevel home energy management integrated with renewable energies and storage
technologies considering contingency operation”, Journal Renewable and Sustainable Energy Reviews, vol.
11, no. 2, Articael Number: 25101, Mar. 2019 (doi: 10.1063/1.5085496).

[GRRS)


https://www.sciencedirect.com/journal/renewable-and-sustainable-energy-reviews

AV-VVANEY by /il g oloey 0 lads fo0 gz Sl [ 50 Carino )0 diadign sla by, 4 i

[10] S. Aslam, A. Khalid, N. Javaid, "Towards efficient energy management in smart grids considering microgrids
with day-ahead energy forecasting”, Electric Power Systems Research, vol. 182, no. 3, Article Number:
106232, May 2020 (doi: 10.1016/j.jobe.2019.100976).

[11] H.J. Kim, M.K. Kim, "Risk-based hybrid energy management with developing bidding strategy and advanced
demand response of grid-connected microgrid based on stochastic/information gap decision theory",
International Journal Electrical Power and Energy Systems, vol. 131, Article Number: 107046, Oct. 2021,
(doi: 10.1016/j.ijepes.2021.107046).

[12] M. Alizadeh Bidgoli, A. Ahmadian, "Multi-stage optimal scheduling of multi-microgrids using deep-learning
artificial neural network and cooperative game approach”, Energy, vol. 239, Article Number: 122036, Jan.
2022 (doi: 10.1016/j.energy.2021.122036).

[13] X. Ding, Q. Guo, T. Qiannan, and K. Jermsittiparsert, "Economic and environmental assessment of multi-
energy microgrids under a hybrid optimization technique", Sustainable Cities and Society, vol. 65, Article
Number: 102630, Feb. 2021, (doi: 10.1016/j.s¢s.2020.102630).

[14] K. Hamedi, S. Sadeghi, S. Esfandi, M. Azimian, H. Golmohamadi, "Eco-emission analysis of multi-carrier
microgrid integrated with compressed air and power-to-gas energy storage technologies™, Sustainability, vol.
13, no. 9, Article Number: 4681, April 2021 (doi: 10.3390/su13094681).

[15] S.A. Mansouri, A. Ahmarinejad, E. Nematbakhsh, M.S. Javadi, A.R. Jordehi, J.P.S. Cataldo, "Energy
management in microgrids including smart homes: A multi-objective approach”, Sustainable Cities and
Society, vol. 69, Article Number: 102852, June 2021, (doi:10.1016/j.s¢s.2021.102852).

[16] B. Javanmard, M. Tabrizian, M. Ansarian, A. Ahmarinejad, "Energy management of multi-microgrids based
on game theory approach in the presence of demand response programs, energy storage systems and renewable
energy resources", Journal of Energy Storage, vol. 42, Article Number: 102971, Oct. 2021 (doi: 10.1016/j.e-
5t.2021.102971).

[17] F. Sheidaei, A. Ahmarinejad, M. Tabrizian, M. Babaei, "A stochastic multi-objective optimization framework
for distribution feeder reconfiguration in the presence of renewable energy sources and energy storages",
Journal of Energy Storage, vol. 40, Article Number: 102775, Aug. 2021 (doi: 10.1016/j.est.2021.102775).

[18] M.A. Hormozi, B. Bahmani-Firoozi, T. Niknam,"Bi-Level energy management optimization in multi-area
smart grids", Journal of Intelligent Procedures in Electrical Technology, vol. 11, no. 42, pp. 29-40, Aug. 2020
(dor: 20.1001.1.23223871.1399.11.42.3.4).

[19] S. Gorji, S. Zamanian, M. Moazzami, "Techno-economic and environmental base approach for optimal energy
management of microgrids using crow search algorithm™, Journal of Intelligent Procedures in Electrical
Technology, vol. 11, no. 43, pp. 49-68, Oct. 2020 (dor: 20.1001.1.23223871.1399.11.43.4.7).

[20] G.R. Aghajani, H.A. Shayanfar, H. Shayeghi, "Demand side management in a smart micro-grid in the
presence of renewable generation and demand response”, Energy, vol. 126, pp. 622-637, May 2017 (doi:
10.1016/j.energy.2017.03.051).

[21] S.A. Mansouri, A. Ahmarinejad, E. Nematbakhsh, M.S. Javadi, A. Esmaeel-Nezhad, J.P.S. Cataldo, "A
sustainable framework for multi-microgrids energy management in automated distribution network by
considering smart homes and high penetration of renewable energy resources™, Energy, vol 245, Article
Number: 123228, April 2022 (doi: 10.1016/j.energy.2022.123228).

[22] S.A. Mansouri, A. Ahmarinejad, E. Nematbakhsh, M.S. Javadi, A.R. Jordehi, J.P. Cataldo, "Energy
management in microgrids including smart homes: A multi-objective approach"”, Sustainable Cities and
Society, vol. 69, Article Number: 102852, June 2021 (doi: 10.1016/j.5cs.2021.102852).

ac gosxo — A
ac gozxo

Sl el t

29155 pals g
oSl >l mg
LSS Lasls iter

&, Ololpaioy ezl i

i Sholgaig Lo j
Oyl m,n

90, el s

bs a3ls I

o)



A5 ol ol il Jadllgl . gl p Glals o ds Coz )l S

b Sl
b sl
Selo o Sloj al> o a
() 5L 15,L8 Glendl, n" /"
(1) st yo3 J plendl, n”
LSS slass ST iter™
Sl SlgghS” 1 Yo s  ENS a2 P
el SsglS e ally ol s
S ey 2SI [ Jlas 5Ly jlade Ve
ol e ST/ Jilas 5Ly asls o™ / 6™
Erore p Sly o p 3 il (26 G
& yolyb -
e el
el SlyskS 5 Vo el SlgekS 5 Yo foele 5 Vo oy anjp b culyd a, /by /¢
(1) 325l Jlo! Ps
ok <oz Kix
Sb bl olg co o tan)™
(/) DR &S )l jiSTlas / J3las sy /8
(6) bghs Guilisges [ puliSTas Gy/By
Erera g Sly oy G Gous
Sl SlyolsS e G515 Slagm s Olys SalS [l RUy/RD,
el SlgskS on> a5l EES 5L E
caels SlgelS v 5 EES bbb 2Slas | Jilus ET" / EP™

4l e con p @l e [ Gy sloce poo

ci r O
Vg IV vg

ML)J)MM)JQL&.A—C)—&‘

V

g.ts
Codgr p o> )L.Jj )L\.&A Vn,m
Okl s 5Ly 4l O is

I3shS e S Slo 5 Ay Sl ST | il

Pgt‘min / Pg&,max

g.ts a.ts

SasksS 1 DiSCO /MG Lo

Pload

kit,s

SlashS o 5 ol e 2STas / J3los

market,min / pmarket,max
Py /P

YoslS —OlgglS’ o 98Ty /5.8 gy glolss

load base load base
Pn‘l,s /Qn‘l.s

SlgskS oy 58 [5)5 oly So

ch,max ; pydch,max
P; /P

SlgghS conz p phnass Slady jbre lgs P
el SlgokS 1 Yo o 3,5 Slolgiin S L
Celos DlygleS 31 Yo sy (9,8 Dlolpidiy Cuad Mitis
el Slgale ST 5 Vo iz pdyapand alg Cl8 Ty

Celw OlgelS 5 Yo o p EES ol o
el SlgolS 2 )Y e )l Ceod e
MosksS oy lad 208l S™

(Y9




AV-VVANEY by /il g oloey 0 lads fo0 gz Sl [ 50 Carino )0 diadign sla by, 4 i

Wwgm (G jurio -0

(1) doage alasis 51 81yl N
Y 3 65 g 5l 5510 e 4t ie Cous
DS e pdynaed slaasly 610 po s 4 ze Cots
NS i p EES (515 o g0 aiyjo Cone
Celu-OlgglS s 3 ESS )0 0uls 0,053 (65, E.is
b lgsleS [ ool DlgslS oz 1 25T, /5,51 Lo Prre / Qnis
OlgglsS w1 ol y2 50 0aiti &l lgs Prre™™
SlyshS o 1 (G55 (yg8 damgi 00l wJg8 Bl Pois
SloghS o yp (63b ()58 Jawg ool wdgi ol Pots
OlogleS o 2 Gl y55 iy Lawgs odl wgi Gl Pots
SlsshS ez 50 15l g3 PO/ PS
SloshS ez 2 5L L ol Aol g3 P
NogkeS [ DloghsS w5251, 52251 Blgs sy Pis / Qi
SloghS oy Olg5 DAl Pie
DlyglsS e  Shol a9 DISCO (4 o0 Aol (lgs P:f‘,i

SlgslS oy DR & Lie g3

Pload‘dr— / Pload,dr+

s ! Prts
Sl gl o -0
Sl e o
G ey andg los
P9 Dlolgiiay Cumdy s
Sy Ollgiday Condy letes
bobs conds Iivs
kol el Cands It
DR sl )5 (il ] 2als s /10
5oL 155l Loy s /1o
W 952 5

P OO0 ~NO O WNE

e el N
ONOUTRAWNRO

. Distributed energy resources

. Islanding

. Virtual power plant

. Information gap decision theory

. Point-to-Point trading

. Stochastic

. Quadratic

. Diagonal quadratic approximation
. Smart homes

. Deep-learning artificial neural network
. Multi-carrier microgrids

. Power-to-Gas technology

. Fuzzy approach

. Centralized

. Epsilon-constrained

. Karush-Kuhn-Tucker

. Mixed-integer linear programming

. Wholesale market
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19. Independent system operator
20. Marginal cost

21. Social welfare

22. Distribution company
23. Normalize

24. Relax

25. Ramp-up

26. Ramp-down

27. Mobility coefficient
28. Dynamic

29. State of Charge

YA



