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Abstract—This paper proposes an approach for the
distribution system (DS) feeder reconfiguration (FRC) of
balanced and unbalanced networks by minimizing the total cost
of operation. Network reconfiguration is a feasible technique for
system performance enhancement in low voltage distribution
systems. In this work, wind and solar photovoltaic (PV) units are
selected as distributed energy resources (DERs) and they are
considered in the proposed FRC approach. The uncertainties
related to DERs are modeled using probability analysis. In most
cases, the distribution system is an unbalanced system and the 3-
phase transformers play a vital role as they have different
configurations. This paper proposes efficient power flow models
for the unbalanced distribution systems with various 3-phase
transformer configurations. The proposed FRC approach has
been solved by using the evolutionary algorithm based Ant Lion
Optimization (ALO), and it has been implemented on 17 bus test
system considering the balanced and unbalanced distribution
systems with and without RESs.
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I.  INTRODUCTION

Electrical energy is considered an important source for any
country’s economic growth. Integration of various renewable
energy sources (RESs) into electrical power networks is
increasing due to the importance of environmental safety and
to make less dependency on the gradual depletion of fossil
fuels. Conventional energy sources mainly depend on fossil
fuels for power generation [1]. Large-scale utilization of fossil
fuels causes resource depletion as well as global warming.
Among all the available RESs [2], wind and solar photovoltaic
(PV) energy systems have become popular. However, large-
scale penetration of RESs can lead to various challenges, as
these sources are intermittent and variable. Optimal allocation
and operation of these RESs in the distribution network lead to
a decrease in power losses, enhancement in voltage profile,
and system reliability.

A. Related Works

An optimization approach for the restoration of an
unbalanced distribution system after large-scale outages with
DERs has been proposed in [3]. A methodology for the feeder
reconfiguration (FRC) for three-phase unbalanced distribution
systems (DSs) with DERSs at various bus locations and sizes of

DG units using nonlinear programming and sensitivity
analysis is proposed in [4]. The author in [5] proposes a
distributed secondary control approach for the DGs integrated
with grid-integrated inverters in unbalanced dynamic
microgrids (MGs). A heuristic-based method is proposed in [6]
to simplify the graph of the radial distribution system (RDS)
to reduce the computational complexity by optimizing the
system power losses, switching operations, and the out-of-
service load demands. A chaotic stochastic fractal search
technique for solving the FRC problem to reduce system
losses and to enhance the voltage profile in the distribution
systems is proposed in [7]. A simple FRC technique for the
balanced and unbalanced RDSs is proposed in [8]. The
solution of multi-objective-based FRC with optimal capacitor
allocation problem with multiple time intervals with DERs is
proposed in [9].

An analytical methodology for the FRC with DG hosting
to minimize the system losses in the RDSs is proposed in [10].
A systematic overview of distribution FRC approaches for
mitigating distribution systems' unbalance is described in [11].
A dynamic FRC methodology for a 3-phase unbalanced RDS
is formulated as a problem of mixed-integer linear
programming has been proposed in [12]. The author in [13]
proposes a new FRC approach in unbalanced and balanced
distribution systems to simultaneously optimize the allocation
of distributed generation (DG) and reconfiguration. A
scenario-based approach for addressing the uncertainty in
solar irradiance, wind speed, and load demand is proposed in
[14]. An integrated approach for simultaneous optimal
allocation of inverter-based DGs, passive filters, along with
distribution FRC in unbalanced and balanced microgrids
(MGs) is proposed in [15]. The author in [16] proposes a
dynamic distribution FRC approach over multiple time
intervals operation cost, energy not served, and power loss
objectives.

From the above literature, it is clear that the load flow
studies and FRC studies are performed for the balanced
distribution system, however, in actual practice they are
unbalanced. In this paper, an augmented m model-based
distribution transformer has been implemented by including
the fictitious voltage-dependent current injection sources on
primary and secondary sides to model various connections of
distribution transformers. The remainder of this article is
organized as follows: Section Il describes the distribution load
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flow with different transformer connections. Section 11l is
devoted to the power output and uncertainty modeling of
RERs. Section IV discusses the problem formulation of the
proposed optimal FRC approach. A brief description of the ant
lion optimization (ALO) algorithm has been presented in
Section V. Section VI presents the simulation results and
discussions of the three-phase balanced and unbalanced
distribution systems with and without considering the RESs.
Finally, conclusions are made in Section VII.

Il. DISTRIBUTION LOAD FLOW WITH TRANSFORMER
MODELING

Generally, the distribution systems are unbalanced. Hence,
a three-phase representation of distribution system
components is necessary. The transformer is one of the most
important components in the distribution network, and the
impact of its winding connection is significant. A three-phase
transformer is represented by two blocks as depicted in Fig. 1
[17-18]. The series block shows the winding connection and
leakage impedance and the shunt block on the secondary side
represents the active power and reactive power losses in the
core of the transformer, as a function of voltage. Since the
series block affects the core losses, the main focus is on the
series block and the shunt block is treated as the load at the
secondary of the transformer.

Several approaches have been developed to model various
winding connections of the three-phase transformer. Fictitious
current source injections along with a series branch are used to
decoupled primary and secondary sides. The models involving
primary and secondary voltages are dependent on the current
injections and series branch, are different for different types of
connections. However, this technique slows down the
convergence of the forward/backward load flow method. By
using the nodal admittance matrix (Y;), the voltage and
current relationship of the transformer is represented as,
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In table I,
1 0 0 112 -1 -1
i=(0 1 0 yt,Yn=§ -1 2 -1|yoYu
0 0 1 1 -1

1 [—1_ 1 Ol
=—|[o0 -1 1|y
V3 1 0 -1
A. Y, — A Step-Down Transformer
The augmented m -model for the Y, —A step-down

transformer is described next:

By substituting Yy, Yps, Ysp and Yy, values from Table I,

then the equation (1) becomes [18],

Ip = YIVp + YiVs )
Iy = YV, + Y, Vs ©))

For developing a 3-phase transformer model, equations (2)
and (3) is modified by voltage-dependent injections, and they
are expressed as,

I, = ViV + Y Vi + XV, — XV, @
I = YV + YV + X7V, — X7V, 5)

By selectingX = —-Y;;; — ¥, ,XT = -V,
equations become,

[I;,] [t XV [ Y —YI] [Vp] )
Ll L+ X" =Y Y I L

Here Y; = Y{T and inverse of Y, exists. In the equations (4)
and (5), the left-hand side term corresponds to the fictitious

current injections. The right-hand side term in equations (4)
and (5) represents the m—model, and it is presented in Fig. 2.

— YT, the above

[Ip] _ [YpP Yps] [Vp] _ [Yppvp+YpsVS] 1) P | N | Q
Is Ysp Yss Vs YspVp+¥ssVs | |
Where the matrix Y; is divided into the four (3 x 3) sub- Ys
matrices (Ypp, Yps, Ysp and Yg,) as shown in equation (1) [17].
Table | presents the sub-matrices of Y7, for the common step- l
up and step-down transformer configurations. =
Fig. 1. Three-Phase Transformer Model.
TABLE I. SUBMATRICES FOR THE COMMON STEP-DOWN AND STEP-UP TRANSFORMER CONFIGURATIONS
Primary Secondary Step-down transformer connections Step-up transformer connections
Ypp Y yps Ysp ymv Y Yps ysp
Y Y )/ Y -1 -1 )/ Y =Y =Y
Y Y Y Y =Y =Yy Vi Vi Y Y
Y A Y Yu Yiur Yi; Y Yu Yi; Yin
Y Yy Y | =Yy —Y Y Y =Yy =Yy
Y Y Yi Y =Yy =Yy Yi Yi =Yy =Yy
Y A Vi Yi Yiur Y Vi Vi Y Vi
A Y 1 Y Yiur Yi; Yu Y Yi; Yin
A Y Yll YII YIII Yl’;‘l Yll Yll Yl’;‘l Ylll
A A Yi Y =Yy =Yy Vi Yi =Yy =Yy
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Fig. 2. m—Model of Yg-A Step-Down Transformer with Fictitious Currents.

B. Step-by-Step Approach for the Load Flow with
Transformers

Step 1: Read test system data, and initialize the voltages at
all buses in the distribution network.

Step 2: Select X based on the transformer configuration.

Step 3: Determine the fictitious voltage-dependent current
injections for the transformer.

Step 4: Form the BIBC and BCBV matrices.
Step 5: Run the load flow.

Step 6: Check for the convergence criteria. If satisfied,
then STOP. Otherwise, go to Step 3.

I11. MODELING OF WIND AND SOLAR PV POWER

GENERATION
The uncertain nature of wind speed (v) and solar irradiance
(G) can be modeled by wusing the probability

analysis/probability distribution function (PDF).

A. Modeling of Wind Power Generation

The amount of power output from WEG will depend on
the location and the wind speed, and it can be expressed as
[19],

0 forv <vg, and v > vy

Py 3 vei r
Py = ( 3_,3 )v + (U3_CZ; Py, fOT' Vein SV S, (7)
T cin r cin

T
Ply for v, <v < vy

Here, the Weibull PDF is used to model the wind power
output and it can be represented by [20],

fp (PW) =
k(vr—vcin)

ckP{V [vcin +

(®)

P -
P_E/(Vr - Vcin)k 1] exp |— [ c
w

k
Vcin"'%(”r‘”cin)] ]
B. Modeling of Solar PV Power Generation

Power output from solar PV unit depends on solar
insolation and ambient temperature at a particular location and
it can be expressed as [20],

Ppy = (Npy XV X I X FF) 9)
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The voltage-current (V-1) characteristics of the solar PV
module concerning solar insolation (G) and ambient
temperature (T,) are expressed as,

V="V, (Ky XT,) (10)

I = Gl + K, (T, — 25)] 11)

T,=T,+G (%) (12)

FF = Luepluer (13)
Voclsc

In this paper, the bimodal distribution function is used to
model the solar PV power output. Here, the Weibull PDF is
used to model the power output. This can be expressed as [20,
21],

f(G) = X k
o(®) (i)kl—l @ (=) (%)kz_l @ a

cq1 c1 C2
k,, k, are shape factors, and c;, c, are scale factors,
respectively.

IV. OPTIMAL FEEDER RECONFIGURATION (FRC): PROBLEM
FORMULATION

FRC is an important tool to be used in the operation of the
distribution network at an optimum operating cost and to
enhance the system's security/reliability. FRC refers to
varying the topology of feeders by opening and/or closing the
tie and sectionalizing switches. It is used to minimize the
power losses and to relieve overload in the feeders. The major
objective of the proposed smart distribution network FRC is to
find an optimal set of switches that need to be opened and
closed by minimizing the total operating cost (TOC) of the
system. This objective can be expressed as [22-24]:

Minimize,
TOC = Y5 (CiP) + 2 (CwjPwy) + 2121 (CovicPovi)  (15)

The above equation is solved subjected to the following
constraints.
A. Constraints

The proposed FRC optimization problem must satisfy the
following constraints, and they are presented next:

1) Equality constraints: These constraints refer to the
power balancing in the distribution system, and it can be
expressed as [25]:

T (P + XY (Puy) + 2ps i (Povi) = Po (16)

2) Inequality constraints: The power constraint on feeders
can be expressed as [26]:

P, <P"*i=1.2,..Ng (17)

Power output from WEG can be limited by [27],

Pyj < PPO% j=12,..,Ny (18)
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Power output from solar PV unit can be limited by,

Ppyr S PR k=12,..,Npy (19)
Voltage at each bus can be limited by,

Vi <y, SV p =1,2,.., Ny (20)
Current in each feeder is limited by [28],

L] <I"** 1 =1,.2,..,N, (21)

V. FRC USING ANT LION OPTIMIZATION (ALO)
ALGORITHM

Generally, the DSs are unbalanced, and hence, three-phase
representation of DS components is necessary. There are
several works on load flows and FRC of balanced DSs.
However, in actual practice the DSs are unbalanced. Therefore,
in this section an unbalanced FRC approach for the total
operating cost minimization objective is optimized by using
the ALO algorithm. Here, it is important to consider the effect
of three-phase transformer model as the configuration affects
the system performance. As the FRC is a complex non-linear
optimization problem and it can be solved by using various
meta-heuristic algorithms. In the past several deterministic
approaches have been used for solving this FRC problem.
However, in recent years, various evolutionary-based
optimization algorithms are found to be performing well for
solving these problems.

v

Read test system data, cost data, control variables
data and the data related to ant lion algorithm
v
[ Generate initial population of ants |

Check whether all the random solutions of the problem are
assigned correctly to the ant position. Set iteration count = 0.

Determine the ant fitness function by considering the cost
minimization objective

v
| Construction of traps and apply ants’ random
i’ movement in+ search space

An ant lion is selected for each ant until the termination
criterion using Roulette Wheel technique

L2
[ Sliding ants toward ant lion |

Increment

iteration v
count L{ Catching prey and re-building the pit. Update ant position. |

A

[ Conduct normalization to maintain random walks of ants |

[ Calculate fitness of all ants and sort all ants. |
7

If the fitness of ant is stronger than an ant lion, then
replace it with that ant.

If an ant lion is better than elite in
fitness, then update the best ant lion.

Print the power injections and

optimum total operating cost STOP

Fig. 3. Flowchart for FRC in RDS for Total Operating Cost Minimization
using ALO Algorithm.
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ALO is a meta-heuristic-based technique and it considers
the interaction between the ants and ant lions in our nature
[29]. In this ALO technique, two important stages are
involved, and they are the larvae stage (i.e., hunting prey) and
adult stage (i.e., reproduction) [30]. The flow chart of ALO for
solving the proposed smart distribution network FRC has been
depicted in Fig. 3. Initially, the data related to the test system
and ant lion algorithm is read for solving the proposed FRC
problem. The proposed ant lion algorithm includes various
stages such as determination of fitness, construction of traps,
catching prey, re-building the pit, and they are depicted in
Fig. 3.

VI. SIMULATION RESULTS AND DISCUSSION

The proposed feeder reconfiguration (FRC) approach has
been applied for 17 bus balanced and unbalanced distribution
systems (DSs) [17]. This DS has 17 buses, 3 feeders, 19
branches, 3 tie-switches, and the base MVA is 100 [18].
Transformer (115 kV/13.2 kV) with A—Y, is connected
between buses 1 and 2, 1 and 3, and 1 and 4. The leakage
impedance of these transformers is (0.01+j0.05) p.u. Power
limits in the feeders of phases R, Y, and B are 14.1 MW, 18.1
MW, and 1.3 MW, respectively. The single line diagram (SLD)
of this 17 bus test system has been depicted in Fig. 4. In this
system, a wind farm is placed at bus number 14, and a solar
PV unit is placed at bus number 9. As mentioned earlier, Ant
Lion Optimization (ALO) technique is used to solve the
proposed FRC problem with and without RESs. Three feeders
are coming from a single substation and they are connected
through the 3-three phase transformers.

Rated capacities of WEG and solar PV units considered in
this work are 2 MW. For the WEG, it is considered that the
rated wind speed is 12 m/s, cut-in speed is 3 m/s, and cut-out
speed is 25 m/s. For the solar PV unit, the maximum power
point current (Iypp) IS 7.76 A, maximum power point voltage
(Vupp) is 28.36V, the nominal operating temperature of the
cell (Nyy) is 43°C, short circuit current (Isc) is 8.38 A, open-
circuit voltage (V,.) is 36.96 V, temperature coefficient of
voltage (Ky) is 0.1278 V/°C, and the temperature coefficient
of current (K;) is 0.00545 A/°C.

In this paper, two different case studies are simulated on
17 bus distribution system, and they are:

e Case Study 1: Feeder reconfiguration (FRC) in a
balanced distribution system with and without
renewable energy sources (RESS).

e Case Study 2: FRC in unbalanced distribution system
with and without RESs.

A. Simulation Results for Case Study 1

As mentioned earlier, in this case, a balanced distribution
system is considered. The active and reactive power demands
in the balanced system are 86.10 MW and 51.90 MVAr,
respectively. Here, the total operating cost (TOC)
minimization objective is optimized with and without
considering the RESs in the 17 bus balanced system. Table Il
presents the scheduled powers from the feeders and RESs for
the 3-phase balanced system with and without RESs. Without
considering the RESs, the optimum TOC obtained by using

34|Page

www.ijacsa.thesai.org



(IJACSA) International Journal of Advanced Computer Science and Applications,

the ALO algorithm is 1895 MU/MWh. In this case, the
obtained active and reactive power losses are 3.02 MW and
4.12 MV A, respectively.

In this case, the obtained opened lines for the FRC are
between buses 5-8 (line number 7), 5-9 (line number 9), and 6-
11 (line number 12). Fig. 6 depicts the final topology/after the
FRC. The obtained voltage profile for Case Study 1 without
RESs has been depicted in Fig. 6. The minimum voltages
obtained in phases R, Y, and B are 0.9352 p.u., 0.9352 p.u.,
and 0.9352 p.u., respectively.

Vol. 12, No. 3, 2021

Table 1l also presents the FRC results considering the wind
and solar PV units at buses 14 and 9, respectively. The TOC
obtained, in this case, is 1870.358 MU/MWh, which is less
compared to without considering the RESs. The FRC/opened
lines, in this case, are the same as the case without RESs (this
topology is shown in Fig. 5). The voltage profile obtained in
this case by considering the RESs has been depicted in Fig. 7.
The minimum voltages obtained in R, Y, and B phases are
0.9506 p.u., 0.9506 p.u., and 0.9506 p.u., respectively.

@ 8 © 1

@
Feeder 3—»%{ = l °

T .

14 @ 16

Feeder 2—»%{ 2 l—l > h

1“ e X,
Eh o

Substation >

® j7 @ . 10

Solar

3 4
Feeder 1—>%$— I

S

PV
r—l Plant

Fig. 4. Single Line Diagram (SLD) of 17 Bus Distribution System.

TABLE II. SCHEDULED POWERS FROM FEEDERS AND RESS FOR 3 PHASE BALANCED DISTRIBUTION SYSTEM (CASE STUDY 1)
Balanced distribution system Without renewable power generation With renewable power generation
Active Power (MW) Reactive Power (MVAr) Active Power (MW) Reactive Power (MVAr)
Feeder 1 6.04 4.82 4.77 2.02
Feeder 2 53.56 30.91 51.42 29.54
Feeder 3 29.52 20.29 26.24 19.85
Total generation 89.12 56.02 88.75 55.21
Active power fromWEG | - 1.81
Active power fromsolarPV | - 1.72
Active power demand 86.10 MW 86.10 MW
Reactive power demand 51.90 MVAr 51.90 MVAr
Active power loss 3.02 MW 2.79
Reactive power loss 4.12 MVAr 3.80
Total operating cost (MU/MWh) 1895.486 1870.358
Opened lines between the buses 5-8, 5-9, 6-11 5-8, 5-9, 6-11
Minimum voltage in phase R (in p.u.) 0.9352 at bus 15 0.9506 at bus 15
Minimum voltage in phase Y (in p.u.) 0.9352 at bus 15 0.9506 at bus 15
Minimum voltage in phase B (in p.u.) 0.9352 at bus 15 0.9506 at bus 15
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Fig. 5. SLD of 17 Bus System after the FRC for Case Study 1.

Voltage Profile of Case Study 1 without Renewable Energy Sources
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Fig. 6. Voltage Profile of Case Study 1 without Renewable Power
Generation.

l\/O%Ita\ge Profile of Case Study 1 with Renewable Energy Sources
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Fig. 7. Voltage Profile of Case Study 1 with Renewable Power Generation.

B. Simulation Results for Case Study 2

In this case study, an unbalanced distribution system with
and without RESs is considered. The active and reactive
power demands, in this case, are 86.961 MW and 52.419
MVAr, respectively. Here, the TOC minimization objective is
optimized with and without considering the RESs in the 17
bus balanced system. Table Il presents the scheduled powers
from the feeders and RESs for Case Study 2. Without
considering the RESs, the optimum TOC obtained by using
the ALO algorithm is 1958.351 MU/MWh. In this case, the
obtained active and reactive power losses are 3.464 MW and
0.892 MVAr, respectively.

In this case, the obtained opened lines for the FRC are
between buses 5-9 (line number 9), 6-11 (line number 12), and
8-13 (line number 8). Fig. 8 depicts the final topology/after the
FRC. The obtained voltage profile for Case Study 2 without
RESs has been depicted in Fig. 9. The minimum voltages
obtained in phases R, Y, and B are 0.9495 p.u., 0.9488 p.u.,
and 0.9474 p.u., respectively.

Table 11l also presents the FRC results considering the
wind and solar PV units at buses 14 and 9, respectively. The
TOC obtained, in this case, is 1926.247 MU/MWh, which is
less compared to without considering the RESs. The
FRC/opened lines, in this case, are the same as the case
without RESs (this topology is shown in Fig. 8). The voltage
profile obtained in this case by considering the RESs has been
depicted in Fig. 10. The minimum voltages obtained in R, Y,
and B phases are 0.9657 p.u., 0.9641 p.u., and 0.9628 p.u.,
respectively.

From the above simulation results, it can be observed that
the FRC topology obtained for the unbalanced DS is different
from the balanced DS. However, the topology is the same for
the cases with and without RESs. And also, the TOC obtained
with RESs is less than the TOC obtained without the RESs.
The nomenclature used in this work is presented in Table IV.
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TABLE Ill.  SCHEDULED POWERS FROM FEEDERS AND RESS FOR 3 PHASE UNBALANCED DISTRIBUTION SYSTEM
o Without renewable power generation With renewable power generation
Unbalanced distribution system - - - -
Active Power (MW) Reactive Power (MVAr) Active Power (MW) Reactive Power (MVAr)
Feeder 1 15.112 9.513 12.24 9.563
Feeder 2 45.001 24.053 43.287 42.157
Feeder 3 30.312 19.745 27.86 19.548
Total generation 90.425 53.311 90.012 52.968
Active power fromWEG | - 1.85
Active power fromsolarPV | - 1.76
Active power demand 86.961 MW 86.961 MW
Reactive power demand 52.419 MV Ar 52.419 MVAr
Active power loss 3.464 MW 3.015
Reactive power loss 0.892 MVAr 0.826
Total operating cost (MU/MWh) 1958.351 1926.247
Opened lines between the buses 5-9, 6-11, 8-13 5-9, 6-11, 8-13
Minimum voltage in phase R (in p.u.) 0.9495 at bus 14 0.9657 at bus 13
Minimum voltage in phase Y (in p.u.) 0.9488 at bus 14 0.9641 at bus 13
Minimum voltage in phase B (in p.u.) 0.9474 at bus 14 0.9628 at bus 13
c11® o @ s 81
Feeder 3— %
3
@5 17
A8 Dy 19

Feeder 2 —

Substation

Feeder 1—>

@

@)

14 @ 16 |_ Wwind \<11
Farm
15 I_l -—
10
@ 9 @ Solar
........................... PV
Plant

Fig. 8. SLD of 17 Bus System after the FRC for Case Study 2.

Volsage Profile of Case Study 2 without Renewable Energy Sources
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Fig. 9. Voltage Profile of Case Study 2 without Renewable Power Generation.
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1\{)osltage Profile of Case Study 2 with Renewable Energy Sources
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Fig. 10. Voltage Profile of Case Study 2 with Renewable Power Generation.

TABLE IV. NOMENCLATURE

Vol. 12, No. 3, 2021

Symbol Description
W, Vs 3-phase bus voltages at the primary side and secondary side of the 3-transformer
T, Ambient temperature (°C)
Vein Cut-in wind speed
Ve Per unit transformer leakage admittance
Py, Rated power of wind energy generator (WEG)
Nor The nominal operating temperature of the cell (°C)
v Wind speed at a particular time and location
Veout Cut-out wind speed
G Solar irradiance (W/m?)
W Weight factor (0 < w < )
T, Solar PV cell temperature (°C)
v, Rated wind speed
K, Temperature coefficient of current (V/°C)
Vypp Maximum power point voltage (V)
Iupp Maximum power point current (A)
L, I 3-phase bus injection currents at the primary side and secondary side of the 3-transformer
FF Fill factor
Ng Number of feeders
Voc Open circuit voltage (V)
C; Cost coefficient of i*" feeder
P; Active power injection from the i*" feeder
Py Active power output from j** wind generator
Poyi Active power output from k" solar PV unit
Ng Number of buses
pmax Maximum power injected at i*" feeder
Is¢ Short circuit current (A)
v, The magnitude of voltage at b** bus
ynin | ymax Minimum and maximum bus voltages at b** bus
I, Current in [** line
N, Number of lines
el Maximum allowable branch current
Npy Number of solar PV modules in a solar array
Yr Nodal admittance matrix
Ky, Temperature coefficient of voltage (A/°C)
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VI1. CONCLUSIONS

This paper proposes the FRC approach for the balanced
and unbalanced distribution system for the total operating cost
(TOC) minimization. Generally, the distribution systems are
unbalanced, and hence the 3-phase representation is required.
The importance and the effect of the 3-phase transformer
model and its effect on system performance have been high
lighted in this paper. In this work, wind and solar photovoltaic
(PV) units are selected as distributed energy resources (DERS)
and they are considered in the proposed FRC approach. The
amount of power generation from wind and solar PV units is
determined by using probability analysis. The proposed
approach has been solved by using the ant lion optimization
(ALO) algorithm. The optimal topology for an unbalanced
system is different from that of a balanced system. However,
the topology is the same for the cases with and without RESs.
And also, the TOC obtained with RESs is less than the TOC
obtained without the RESs. Solving the proposed FRC
problem including the battery energy storage units and electric
vehicle charging loads is the scope for future research work.
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