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Optimal Design of Residential Microgrids with Regard to Fault
Occurrence and Possibility of Power Qutage
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Abstract: One of the issues which has attracted a lot of attention in the power grid in recent years is the
emergence of microgrids. An optimized microgrid design includes choosing the best combination of the
available options (distributed generation units, energy storage systems, and load response programs) to supply
the microgrid so that the total costs of the microgrid development plan is minimized. In this article, a
comprehensive modeling has been conducted for the problem of optimal design of residential microgrids
considering the renewable distributed generation units, energy storage systems and controllable loads. This
model takes into account the intrinsic stochastic behavior of renewable energy and the uncertainty involving
electric load prediction, and thus proper stochastic models for them has been chosen. In order to find the
optimal solution, the problem of microgrid design is modeled as an optimization problem with the goal of
minimizing the total costs of the microgrid development plan and the optimal response is determined via ant
colony optimization algorithm.
Index Terms: Energy storage, residential grids, generation units, load response programs, colony optimization
algorithm
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Fig. (1): The framework of the method used in this research [25]

9..\.».».»&\” m/Ss\’ Y &..A.:J“)SCU‘VC() er‘VCi ‘_gl.mrnl)b).’ol&.a
L[Y0] el oo ool (Las ¥ Ui jo o1 51 ol @508 e

1.2
z
5 09
3
2 06
3
E
s 0.3

0

0 4 8 12 16 20
‘Wind speed (m/s)

LKW Gy o Jobes (rs3 oly (giomio 1Y) S5
Fig. (2): Output power curve equivalent to 1 kW turbine

Cwgey i lgie W NWT (Jsud b8 (il b 5 [YO] a2 o Bollae
Seldgens axly TkW gadss (g5 .85 walys )18 ) 090
slos 5 (6) « Joima 5005,55 (2l S 5l (ouli & 550 42 Prvi)

53,5 o dmlns 35 590 & (Ta) Lo

T.(t) = T, (1) + IG(t)W QY
o L[, K, 0
P (0 = Y, 2 [ () - )}

aly da()) el ,o 50 Jalome (ol j95 Ll JS (398 alal) )0
Bl 5o pshate Gl (gl s 009 (sl o3 iy €SBl aggly
@ dge gl) Gl 3550 e )3 45 098 o ooliital 4z 3 Ye a5
[vo] 35550 Hled

SFb 5L g §HLe Jue ¥-Y

Ol 9 45 00,8 o iyt 5 Sygo a6k sl 6551 Joles Al
ol 0,33 (g5, 5 b AL cels jo (5 5L 50 0l 0,58 (65,
Wbl et el jo 55lhs ¢ 5, e gt celu o
Qu(t+1)=Qyu(t)+mn, Py (t) =Py () av
by celw ;o 00 5L 3 0ad 0p3S 655 ) dally, b Gllae
30,8 0 05020 SOC jlxe iSlas o Jsloo
-Q, (1) \Y)
QD)

Q,(t) <S0C N,
Q,(t)>S0C N,

AR

fb b bl syl Glsie 4 s [YV] oo aline dllis ) 5o
(Apv) S3l558 (AW) ool glaaly sl g pdymiiws o
IS 2 Gpdw s s Seboe Gyl (AQ) hol S
29 ol 0y anlp vy b jho sas b cels o 50 baasls
Cowd 4 8B 5 65 slaaxly (FOR) (s sl 29 5 2 5 ol
ool (6550 D90 4 (Bran b5l pidu s 590 &jge 0 e
abaly ;0 [YVAYY] aolie alie 5 o dalys a3 8 i jo "Couts
Dy se a8 S i o 5 g0 4 AC b o ly Jole
PO O +pcac Ppy O +Ppy (O] + P
ENS (1) = P, () + P

G ® + )

sg ®

o B S RN e ey &S Sz 5o e ey Gulul  al b

el o1 0 axly o ol il Jao plpt celo jo laaxly )l
g Jle> yao ply

wr Pyr, (DA (1) "

PEC () + PIS () < N oy Py, (DA 4y (1)

ac ac
P () + PA () <N
)
ks (ol 4 oo aisg 8 e b ol Al leads (g lay 5 e

QS jelo olo 8 o ead (S8 lade aSTas b e <)l
*)

PaC ) + P (t) < u(t).Py.Ag (1)

P, () <(1- u(t)).FG Ag () )

Rl 2l bulg) )0 05250 (g,0L e LS AT U paie S5 s
celo ;o 0 g0l wxly kKW o uadg ol pj alaly b

&b oy syl )l g (V) ok ey 5l (b &j90 4 Pwr)

90,5 0 drlore
PWTl (t)=
0, if v(t)<v, or v(t)> v,
vi(t) -V’ @
——%  ifv(t)> v, and [v(t)<v,
Vr - Vci
1, if v(t)> v, or v(t)<v,



FET o el oty Lo gy 05,5 a5 5 b gsSs (slaaSiots atoge b

Table (1): Used electric equipment and their characteristics
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Okinawa, Japan [25]
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Table (2): Information used in the simulation
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Fig. (4): The purchase price of electrical energy from the main
grid
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Table (3): The total uncontrollable load of microgrid for
different load response rates
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Table (4): Economic data of system components
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Table (6): Equipment installed in residential microgrid in

scenario 1
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Fig. (6): Effect of load response on objective function of the
problem in state 1
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Fig. (7). Power distribution chart in microgrid in state 1 for response 0% load
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Fig. (8): The consumption load of the microgrid in state 1
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Fig. (9): Power distribution chart in microgrid in state 1 simulation for 45% load response
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Table (7): Equipment installed in residential grid in scenario 2
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Fig. (10): The Effect of Energy Non-Supplied (ENS) Load Response in Scenario 2

Table (9): Objective Function of the Problem in Scenario 2
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Table (11): Installed equipment in residential microgrid in state
3 simulation
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Table (12): Energy non-supplied (ENS) in state 3 simulation
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Table (13): Problem objective function in state 3 simulation
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