Turkish Journal of Computer and Mathematics Education Vol.12 No.13 (2021), 7693 — 7709

Research Article

A new method for solving power flow problem in low voltage islanded
microgrids based on loss control in generation units

Sayed Yaser Derakhshandeh, Associate Professor?, Rohallah Pourbagher, PhD Student®, hamed
mahdiyan, MSC Student®

2 Department of Electrical Engineering, Faculty of Electrical Engineering,
Shahrekord University, shahrekord, Iran
y_derakhshandeh@eng.sku.ac.ir

® Department of Electrical Engineering Faculty of Engineering,
University of Shahrekord, Shahrekord, Iran

pourbagher@stu.sku.ac.ir

¢ Department of Electrical Engineering, Faculty of Engineering,
University of Shahrekord, Shahrekord, Iran
hamedmahdiyan68@gmail.com

Article History: Received: 14 July 2020; Accepted: 2 January 2021; Published online: 5 February 2021

Abstract: Conventional power flow methods could not be used in islanded microgrids (IMGs) because
the reference bus frequency and voltage are assumed to be constant. Usually, the presumptions of the
power flow problem cannot be generalized to the intended characteristics of an islanded microgrid, and
all distributed generators (DGs) play their role in providing active and reactive power to keep the
frequency constant in a microgrid. Under such a situation, the problem should be modeled without the
reference bus and taking into account the steady-state frequency and the reference bus voltage as a power
flow variable. In this case, parameters such as load and line admittance change with changing frequency
in every iteration, affecting the convergence of such networks and increasing the number of iterations. To
reduce the number of iterations in such networks, new mathematical methods, such as the Levenberg—
Marquardt method, are used.

By using a new equation for calculating various values voltages and angles as well as presenting and
calculating coefficients to reduce iterations, this method speeds up the process of solving the power flow
problem. The new method performs the calculations regarding power flow by approximating the first-
order solution from the Jacobin matrix. It has also speeded up the solution process by calculating the
coefficients of the power differences at each stage.

Keywords: Microgrid, power flow, Levenberg—Marquardt algorithm

Introduction

The microgrid control strategy should be designed in different modes, i.e. centralized, decentralized,
and distributed. Any combination of these modes can also be implemented. Centralized control strategies
require significant amounts of data in a reliable communication link [1].

To solve the power flow problem in networks, conventional and new power flow methods are used.
Due to the structures and conditions of microgrids, some of these methods are not used in the problem of
microgrid power flow, and some make changes in the structures or equations. In solving the microgrid
power flow problem, due to the structural difference of these networks and power networks as well as
changed in the parameters of the lines, new problems arise that require appropriate methods to be solved.
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Until now, many methods have been proposed to solve the power flow problem in distribution systems,
which could be divided into three general categories: the deterministic method, the probabilistic method,
and the evolutionary method. In all of these methods, the parameters required for the power flow are the
same, differing only in terms of convergence speed, number of iterations, and accuracy. It should be noted
that in islanded microgrids, the frequency parameter is added to other power distribution parameters [2].

Backward/Forward sweep Method: This is one of the most widely used methods for power flow in
radial networks. These methods have a low computational burden and high accuracy. In some distribution
networks, a loop is used to increase the reliability and improve the voltage rate of the busbars. The
advantages of this method are high speed, low memory storage, and good convergence. This method faces
problems in distribution networks that have a mesh [3].

One of the most well-known methods for solving nonlinear problems is the Newton-Raphson method,
in which, we start with an initial conjecture, write the Taylor series for the equations, and then discard
the high orders. The result is the conversion of a nonlinear equation into a linear one. In this method, the
number of iterations does not depend on the number of busbars and often converges. Since fixed point
methods, such as that proposed by Gauss-Seidel, have little or no convergence in radial networks, our
method can be a good alternative to fixed-point methods such as that of Gauss-Seidel [3, 2].

Mathematical methods are required to determine indefinite values and what is ignored in definite
methods. Thereby, the probabilistic power flow method was first introduced in 1974 and further
developed and extended to power system analyzes, including fuzzy logic or interval analysis. [1]
presented a comprehensive review and history of probabilistic power flow articles. Probabilistic power
flow solution can be divided into two categories of numerical and analytical solution methods.
Probabilistic power flow methods emphasize a definite power flow using nonlinear equations for an
extended period with different inputs and combinations. To use the real power flow equations, the results
obtained from these methods are usually used as a reference for the results of other probabilistic power
flow solutions to examine the accuracy level. However, some power flow methods require a long time to
calculate [4, 5]. The main idea of analytical solutions is to obtain volumetric functions and line currents
from random state variables and the functions of lots of random input variables, respectively. But there
are two problems for the probabilistic solution of power flow equations. The first problem is nonlinear
equations and the second is the interdependence of input power variables. In addition, abstractions that
enhance the probabilistic power flow using the analytical method cause errors in the solutions. These
power flow equations are linearized around the estimated points of the system using Taylor's first method
[1-6].

In addition to analytical models, several studies examine power flow models based on evolutionary
algorithms. These models depend on the boundary values of the problem variables. For example, Al-Riah
[7] provides an algorithm based on the PSO technique to solve the power flow problem in an islanded
microgrid. PSO is used to estimate the loss parameters to optimize the reactive power flow. However,
their algorithm fails to calculate the active power flow between distributed generation resources.

An improved genetic algorithm (IGA) was proposed in [5] to solve the power flow problem. IGA
responses include gradient methods. The combination of PSO and GA in [8] is used to solve the power
flow problem in two different steps from PSO and GA. The proposed method takes a lot of time to make
the power flow using PSO\GA [9].

A large number of the above studies are related to the power flow analysis models, which consider a
constant frequency for the system. However, in an islanded microgrid where no reference bus exists, the
frequency cannot be considered constant and must be calculated as one of the power flow variables. The
power flow models, which only consider P-V or P-Q nodes as the distributed generation units, fail to
measure the performance of islanded microgrids [5].
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Problem statement:

The high-order Newton-Raphson method is used to solve the power flow problem in low voltage
islanded microgrids based on the loss control methods in distributed generation units. This method has
the following advantages:

e Highly accurate solution
e Low number of iterations to achieve convergence

e Increased convergence rate due to higher-order in the new method compared to traditional
methods

e Controllability of the CPU time using the controlling parameters, such as the damping parameter
)
e Guaranteed convergence of solutions
e Possibility of method convergence for systems with a high R/X ratio
Proposed methodology for power low

Newton-Raphson power flow method is an old methodology for nonlinear flow in power networks,
which is widely used due to its advantages. In the universal power network, due to the ideal conditions
such as the sufficient generation, appropriate impedance to network admittance ratio, and the presence of
infinite or reference bus, this method has a very good convergence rate. Adding accelerating coefficients
to this method further improves the situation and accelerates the convergence rate. However, favorable
conditions do not always exist, and as each of these advantages is omitted, the convergence conditions
deteriorate. Deteriorated conditions in such iterative methods, the number of iterations increases, and in
some cases, it leads to divergence of the existing algorithm. Naturally, with increasing frequency, the
time to obtain the solution increases based on conditions, type, and the number of network buses, which
makes this solution seem implausible and impractical [6].

One of the cases in which sub-optimal conditions prevail is microgrids. The conditions of this type of
network are different from other power systems such as universal power networks. In these networks, the
generation rate is limited and is often in the form of distributed generation. This does not cause major
problems in microgrids that can connect to the universal power system, but the problem occurs when the
microgrid is unable to connect. In these cases, the generation sufficiency, reference bus voltage stability,
voltage control bus generation stability, and frequency stability, which are the fixed points in the Newton-
Raphson algorithm, will be uncertain. This leads to a sharp decrease in the convergence rate and a sharp
increase in the number of iterations [9-10].

Another problem in both connected and islanded microgrids is that the%the ratio of these grids is

high. This is because these grids generally operate at distribution-level voltages or have a radial structure
or serve a small area. This has been shown to reduce the convergence rate and increase the number of
iterations.

As mentioned above, in islanded microgrids, due to the uncertainty and insufficient generation, the
actual power of the voltage control bus is not possible to be kept constant. This also contributes to the
poor conditions of this type of grid and increases the non-convergence rate and the number of iterations
[11-14].

Considering all of the above, to solve this problem as well as to calculate the reference bus voltage
and network frequency accurately, an evolutionary type of Newton-Raphson power flow method is
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provided, which has the potential to both calculate the mentioned factors and to overcome the problem of
convergence and number of iterations in this type of network. It should be explained that there are
methods, such as the recursive method, that are suitable for calculating this type of power flow, but the
main problem of such methods is that they can only be used in radial networks and are not suitable to
solve the loop network problem.

Modification of convergence of Newton-Raphson method

After solving the problem of reference bus voltage and grid frequency using the Newton-Raphson
algorithm, the remaining problem will be reducing the number of iterations in this method. Iterations have
increased due to the above-mentioned conditions and have reduced the efficiency of the algorithm.
Several methods are used to increase the speed of this algorithm, such as the Levenberg—Marquardt
method or acceleration coefficient.

Acceleration coefficient method:

The acceleration coefficient is the simplest method for increasing the convergence rate, which is used
in many cases. In this method, a constant, usually experimental coefficient, which is often a number
between 0 and 2, is multiplied by the difference between the previous iteration solution and the current
iteration solution. This results in solutions closer to the optimal solution.

Xri+l — Xri T HCC(X'Hl _Xri) (1)

One of the problems of this method is that the coefficient is assumed to be constant in all iterations.
This reduces the accuracy in finding solutions that are closer to the optimal solution. Also, at the
beginning of the algorithm, if the differences are wide, they can cause non-convergence or an increased

number of iterations. In the set of boundary solutions, this method creates a fluctuation of the solution
around the operating point, and therefore, loses its efficiency in some cases.

Levenberg—Marquardt Method:

In this method, the slope of changes of variables in each step is compared to the previous step, and
using this slope, acceleration coefficients are created which help speed up the convergence rate of the
algorithm. One of the advantages of this approach compared to the previous ones is that the previously
constant acceleration coefficient changes in several iterations. One of the problems with this method is
that there is still the possibility of errors in the initial repetitions. The number of internal iterations is
constant and the method loses its efficiency in case of a small number of errors.

Self-correcting quasi-Schimanski Levenberg—Marquardt Method (new method):

The Levenberg—Marquardt method is an algorithm that is applicable to the Newton problem in the
Newton Trust area. Using coefficients that are created according to the obtained solutions, this method
accelerates the solution of such problems. In this method, using the algorithms that have been added, the
coefficients change in each period and each function.

In this method, the correction factor is modified in each step according to the error rate and the number
of iterations. This advantage makes the algorithm perform well with high error rates and have good
accuracy at a low error rate.

New Levenberg—Marquardt mathematical algorithm
This algorithm is formulated as follows.

Step one:
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First, the following initial constant values are selected by default; where m is the iteration limit at
each stage of the inner loop, PO is the acceptable error rate and N is the total iteration limit of the loop.
Here, p is the impact factor.

o <pu<0 2)
0<P,<r 3
m=1,N=>0 @)
Flog[ﬂmiw m ax] (5 )
e6[1,2] (6)
Step two:

The initial values are given below. One of these values is the parameter 3, which is one of the major
differences between the new method and the Levenberg—Marquardt method. This is called the
nonmonotonous parameter, which is defined as follows.

lIFiell® ifk=0
_ mk)=1_m(k)—ix (; 8
AL = . IV (D) + || F
k Lizo m:_?k)_l .k(l) [ Fl ifk>0 T
Ei:{j nm{_k)—! +1
Where Fy (i) is defined as follows:
A if k<N &)

Fre (i) ={ .
g IFeeysisill®  ifk=N

The value of Ao, which is the initial value of the correction parameter, is defined as follows.

Ao = Holo 9)

Where, p is the lower limit of the method, which prevents the high number of iterations at lower and
close-to-solution limits.

Step three:

At this step, the Jacobean values and the difference vector are defined as follows. It should be said
that these are the values of every iteration (10).

E = F(xk) (10)

IJx = ](xk) (11)

The following equality should be established for the algorithm to be completed.
i =0 (12)

To calculate the correction values in the required iterations (i) and at the K" step, the following
equation is used

-1
dix ==l + Al) JEdPy (13)

The initial values in each step are modified as follows
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Xii = Xiji—1 + dii—1 (14)
Generally, the total correction values are as follows

Sk = Xivo dii (15)
Step four:

Then, the maximum error rate in this step is calculated as follows. Aredy is the difference between
the values from the beginning to the end of the interval and Predy, is the difference between the values
in two consecutive iterations

1, = Aredy /Pred; (16)

If this error rate is acceptable, changes resulting from calculations will be applied. If this is not the
case, the setting parameters will be adjusted automatically.

s = {otherwise 'y @
Step five:

The two parameters of A,..q and P.qq are calculated as follows.
Aredy = ||Fll? = IF (xxc + si)I? (18)

By selecting the new m for the upper limit of the iterations and replacing k + 1 in the iterations, the
new p value will be calculated as follows and the algorithm returns to the third step.

Hie+1 = max{p, peq (i)} (20)
Where the parameter q is as follows.

q(r) = max(;,1 - 2(2r — 1)%} (21)
Implementation of the proposed method in power problem
Step one:

First, the following initial constants will be selected by default just as the mathematical method.
Where m is the iteration limit at each stage of the inner loop, Po is the acceptable error rate and N is the
total iteration limit of the loop. Here u is the impact factor of small errors of the problem.

Ug < U< 0
0<Py<rT
m=1,N=0

The soft power of the problem (8) and the initial values of p, within their limits, are determined as
follows.

Ho€ [.umin' :umax] (25)
€8[1,2] (26)
Step two:
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Then, the values of the primary variables are defined as follows: A, a parameter called B, is a
nonmonotonous parameter that is defined as follows in the first iteration. The values of AP and AQ should

[ 4P
replace F in the mathematical problem, which is given here in the form I[Ptot _ Psstl .
Qtot - sts X
I AP R
AQ }
Bo = [Ptot - Psys (27)
Qtot - sts Xo
Ao = Holo (28)

The initial values are m(0) = 0, k = 0 and i = 0. Then the following loop is executed.
Step three:

First, the algorithm termination condition is defined as follows.

11 AP 11
A
Vi L’m ’ l =0 @9

- Psys
Qtot - sts k

This algorithm uses two loops, one internal loop, and one external loop. The internal loop performs
the power flow calculations up to the number required by the external loop using the variable (counter) i.
Then the correction factors are modified in the external loop and applied again to the internal loop. The
value of the internal loop counter is determined based on the conditions of the external loop. It should be
noted that the external loop counter is a variable k.

The power difference to the number of internal counters i is calculated as follows. d; j is the vector of
the power difference and the voltage with the number of iterations of i in the k" step.

AS AP

AV -1 AQ

Awl = —UiTe + ) /;[pmt _ psyj (30)
AV ik Qtot — sts ik

Then at each stage of the internal loop, the problem variables, including V', §, w, V; are updated as
follows, as the normal methodology.

6 é AS

%4 |V AV

O —
iy Wil 1AV,

Then again, in the external loop, the counter of the internal loop becomes zero and the unit will be
added to the external counter. The total correction is then calculated for the main loop. sk is the sum of
all corrections in all rounds of the internal loop in each iteration.
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|5] é 32)
vl _|v
w w
Vilio  Wily
m—1[ A8 33
_ AV
Sk = Z Aw
= '&Vl ki
Step fourth:

Then, the maximum error rate in this step is calculated as follows, where, Aredy, is the difference
between the power differences from the beginning to the end of the interval and Predy is the difference
between the power differences in two consecutive repetitions.

r, = Ared; /Pred, (34)

Now, if this error rate is acceptable, changes due to calculations will be applied. If not, the setting
parameters are automatically modified.

)
If VI 45, 7 >p
s a) k Tk 0
Vi = (35)

NE< o

V.
TTk+1 Otherwise [

Step fifth:
Then with the increase in parameter m, the number of iterations increases as follows. Using the
obtained data, the main parameter of the acceleration coefficient A, which is A and p, is calculated as

follows.

m(k + 1) € [0, min{m(k) + 1, N}] (36)
Where q(ry) is the correction factor p based on the error coefficient ry.

22 10

I AQ I if k=0

[ Piot — sys J ; -

Qtot — Qsysl,
Ay = Ap s (37)

- , A
ZZYZL(Ok) 1nm(k)—lf'k(i)+ lPtOtPPSyS“
Qtot‘sts k .
Z‘,I:’r:lgk)—lnm(k)_i_'_l ) lf k > O

Hie+1 = max{u, e q ()} (38)

Where Zis calculated as follows.
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mr AP 1 11°
AQ .
Ptot_Psys lfk<N
-Qtot - sts-
AOER k 39
k( ) AP né ( )
AQ .
Ptot_Psys if k=N
_Qtot - QSyS'k—N+i+1
Where parameter q is as follows:
1 3
q(r) = max{z, 1-22r-1) } (40)
[
is calculated again. If it is equal to zero, the algorithm terminates;

7| I
Then ]klptot_ sys |

Qtot - sts k
otherwise, the algorithm repeats.

The two parameters of A,..q and P4 are calculated as follows.

NI AP 117 AP
AQ AQ
Aredk = Ptot _ Psys - Ptot _ Psys (xk + Sk) (41) Predk =
thot - stsJk thot - stsJ
AP z AP As1 1P
AQ } [ AQ ‘ AV
m-—1 —
i=0 [Ptot - Psys Ptot - Psys +]k Aw (41)
Qtot — sts ki Qtot — sts ki AV, k,i

Systems studied:

Standard 6-bus system: This system is as set out in Fig. (1). This network consists of two loads on
buses No. 1 and 3 and three generators on buses No. 4, 5, and 6.

38-bus system simulation:

This system is shown in the following. There are five generators in the system, which are located on
buses No. 34, 35, 36, 37, and 38. Details of the buses are given in the appendix.
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DG1

DG2

DG3

(a) (b)
Figure 1. a. Schematic of IEEE 6-bus system [4], b. Schematic of IEEE 38-bus system [2].
Numerical results

To test and implement the new method, conventional networks were used to simulate its algorithms.
This method has been implemented on IEEE tested networks and the results have been compared with
the simple Newton-Raphson methods in microgrids as well as with the usual Levenberg—Marquardt
method and the Newton-Raphson method using acceleration coefficient.

Results of simulation of 6-bus system with a typical loss

According to the simulations of this system, the number of iterations required for system convergence
in different methods is as follows. According to the simulations, the error considered is e = 107°. The
number of repetitions required for convergence is 69 in the simple Newton-Raphson method, 30 in the
Newton-Raphson method with a correction factor, 14 in the usual Levenberg—Marquardt method and 13
in the proposed method. The diagram of this simulation is as shown in Fig. 2. In this diagram, due to a
large number of repetitions, the Newton-Raphson method was omitted. The figure below shows that in
the initial iterations, the diagram of the new method converges more rapidly due to the change in the
acceleration coefficient at low iterations. The obtained frequency is 0.9964.
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012345678 9101112131 41516171819202122232425262728

== correction coefficient triple Levenberg new method

Figure 2: Power error in a 6-bus system with a typical loss

Results of 6-bus system simulation with reverse loss:

According to the simulations of this system, the number of iterations required for the convergence of
the system in different methods is as follows. Based on the simulations, the error considered is e = 107°.
The number of iterations required for convergence is 74 in the simple Newton-Raphson method, 27 in
the Newton-Raphson method with a correction factor, 16 in the normal Levenberg—Marquardt method
and 14 in the proposed method. The diagram of this simulation is as follows. In Fig. 3, the Newton-
Raphson method is omitted due to a large number of iterations. As can be seen, the new method converges
more rapidly in the initial iterations. In addition, using the parameter 1 in the final iterations the slope of
convergence increases in the diagram.

1

01 ® \_‘_\_
0.01
0.001
0.0001
0.00001
0.000001

0.0000001
0123456738 9101M12131415161718192021222324

—s— Ccorrection coefficient triple levenberg- new method
method Marquardi method

Figure 3. Power error in a 6-bus system with reverse loss

Results of 6-bus system simulation with a combined loss
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According to the simulations of this system, the number of iterations required for the convergence of

the system in different methods is as follows. According to the simulations, the error considered is € =
1076, The number of iterations required for convergence is 35 in the simple Newton-Raphson method,
15 in the Newton-Raphson method with a correction factor, 14 normal Levenberg—Marquardt method,
and 11 in the proposed method. The diagram of the simulation is as shown in Fig. 4. In this diagram, due
to a large number of iterations, the Newton-Raphson method was omitted. The obtained frequency is
0.9997.

uuuuu

0.000001

0 1 2 3 4 5 6 7 8 9 10 11 12
g COtTECtiOn cOctiicients g triple levenberg- . new method
method Marquardl method

Figure 4. Power error in a 6-bus system with a combined loss

Results of 38-bus system simulation with typical loss:

According to the simulations of this system, the number of iterations required for the convergence of
the system in different methods is as follows. According to the simulations, the error considered is € =
107°. The number of iterations required for convergence is 21 in the simple Newton-Raphson method,
14 in the Newton-Raphson method with a correction factor, 9 in the normal Levenberg—Marquardt
method, and 7 in the proposed method. The simulation diagram is as follows. The frequency is 0.9965

(Fig. 5).

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

==o== Newton -Raphson method === correction coefticient method

triple levenberg- Marquardl method new method

Figure 5. Power error in a 38-bus system with a typical loss
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Results of 38-bus system simulation with reverse loss:

According to the simulations of this system, the number of iterations required for the convergence of
this system in different methods is as follows. According to the simulations, the error considered is € =
1076, The number of iterations required for convergence is 27 in the simple Newton-Raphson method,
27 in the Newton-Raphson method with a correction factor, 16 in the normal Levenberg—Marquardt
method, and 16 in the proposed method. Fig. 6 shows the simulation results. Its frequency is 1.003.

Chart Title
10
1
0.1 N
0.01 e
0.001 o
0.0001
0.00001 on S
0.000001 :
012345678 91M1112131415161718182021222324
==o= Newton -Raohzon method s correction coetlicient method

triple levenberg- Marquard) method new method

Figure 6. Power error in a 38-bus system with reverse loss

Results of 38-bus system simulation with combined loss:

According to the simulations of this system, the number of iterations required for the convergence of
the system in different methods is as follows. According to the simulations, the error considered is € =
107°. The number of iterations required for convergence is 21 in the simple Newton-Raphson method,
11 in the Newton-Raphson method with a correction factor, 10 in the normal Levenberg—Marquardt
method, and 9 in the proposed method. The diagram of this simulation is Fig. 7. Its frequency is 0.9997.
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3

=== Newton -Raohson method

triple levenberg- Marquardl method

7 8 9

n_ .

10 11 12 13 14 15

g cOMrection coetticient method

new method

Figure 7. Power error in a 38-bus system with a combined loss

16 17 18

Table 1 shows the percentage change in the number of iterations of the proposed method compared to
other methods.

Table 1. Percentage change of iterations of the proposed method compared to other methods

Newton -Raphson

Newton -Raphson
method with the

Triple Levenberg—

New Levenberg—

method . . Marquardt method Marquardt method
correction coefficient
Number Number Number Number
of Improvement of Improvement of Improvement of Improvement
. . Percen . . Percen . . Percen . . Percen
iterations ercentage iterations ercentage iterations ercentage iterations ercentage
6-bus
system
with 69 81 30 56 14 7 13 -
normal
loss
6-bus
system
with 74 81 27 48 16 12.5 14 -
reverse
loss
6-bus
system
with 35 68 15 26 14 21 11 -
combined
loss
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38-bus

system
with

normal
loss

21

66

14

50

38-bus

system
with

reverse
loss

27

40

27

40

16 0

16

38-bus
system
with
combined
loss

21

61

11

27

10 20

Table 2 shows the percentage change in time consumption of the proposed method compared to other

methods.

Table 2. Percentage change in time consumption of the proposed method compared to other methods

Newton -Raphson Newton -R_a phson Triple Levenberg— New Levenberg—
method meth_od with t.h? Marquardt method Marquardt method
correction coefficient
Time Improvement Time Improvement Time Improvement Time Improvement
Percentage Percentage Percentage Percentage
6-bus
system
with 0.81 27 0.65 9.2 0.65 9.2 0.59 -
normal
loss
6-bus
system
with 1.1 45.5 0.64 6.2 0.71 15 0.60 -
reverse
loss
6-bus
system 0.74 17 0.59 -3.3 0.65 6.1 0.61 -
with
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combined
loss

38-bus
system
with 1.5 13 1.3 0 1.4 7 1.3 -
normal
loss

38-bus

system
with 1.5 -40 1.5 -40 1.9 -10 2.1 -

reverse
loss

38-bus
system
with a 1.6 . 1.1 -45 1.6 0 1.6 -
combined
loss

Conclusion

A microgrid consists of the internal connection of sources of distributed generation, which provide
electrical and thermal loads such as energy storage. Power quality and reliability in microgrids can be
enhanced by using electronic power relations and controllers. The microgrid operates in connected and
islanded states. In the connected state, the main network determines the voltage and frequency of the
microgrids. In the isolated state, the control units of the distributed generation sources, which manage the
active and reactive powers, are responsible for voltage and frequency regulation [15, 16]. There are many
different ways to solve the power flow problem in the power system, each of which has advantages and
disadvantages. But all of these methods could not be used in practice for solving the power flow problem
in low voltage, islanded power systems. Methods based on the Jacobean matrix are suitable for such
problems and may result in appropriate solutions. The number of iterations and time taken for the
problem-solving in these methods has always been under discussion and many researchers have tried to
reduce these two parameters. The results of this study showed that the Levenberg—Marquardt algorithm
is a mathematical method that can solve this problem in fewer iterations and time.
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