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This paper presents a load flow algorithm based on the backward/forward sweep principle, flexible with network topology changes,
with an improvement in ensuring a minimum number of searching for connections between nodes in the calculation sequence in
the forward and the backward sweep, by organizing the radial distribution system information into a main line and its derivations.
The proposed load flow analysis is easy to implement and does not require the use of any complex renumbering of branches and

nodes, or any matrix calculation, with the only use of linear equations based on Kirchhoff’s formulation.

1. Introduction

The load consumed or produced in medium- and low-
voltage distribution network at each bus can be measured by
electronic meters [1] and can be transmitted through ad-
vanced metering infrastructures [2], or it can be estimated
from the forecast of load demand [3]and the solar [4] or
wind prevision [5]. However, knowing the loads at each
network node is not sufficient to conceive network control
applications, and further information is needed, such as
voltage magnitude and voltage deviation of each network
node; capturing that information directly requires serious
investments in sensors and new communication infra-
structure [6]. Avoiding those investments is possible, thanks
to a tool named “load flow analysis” [7], which is able to
calculate the needed network information only from the
values of load consumed or injected of each node. Load flow
analysis is a widely used tool transmission system in several
applications, as power generating scheduling [8], and could
also be very useful for many applications in distribution
networks, such as network analysis [9], load control [10, 11],
network reconfiguration [12], integration of generation [13],

optimal allocation of UPQC [14], and integration of electric
vehicle [15]. Several methods had been developed and
deployed in the transmission system such as Gauss-Seidel
[16], Newton-Raphson [17] and fast-decoupled methods
[18].

Unlike transmission systems, the conductors used in
distribution networks are characterized by high R/X ratio
[19] and a radial structure with large number of nodes,
branches, distributed generation [20], and complex topology
configurations [21], which can be changed for maintenance
activities, emergency operations, or network configurations.
Due to the high R/X ratios, transmission grid load flow
methods, or the Jacobian-based methods, such as New-
ton-Raphson, Gauss-Seidel, and fast-decoupled methods,
failed with such networks [22, 23]; even though with some
advancements in the Newton-Raphson methods, the ro-
bustness of the program is obtained, but still the compu-
tational time is large [24, 25]. As the Gauss implicit Z-matrix
presented in [26], adapted for load flow analysis of radial and
weakly meshed electrical systems, the time computation
required for solving a set of equations whose number is
proportional to the network nodes is large.
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The restrictions of the Jacobian-based methods in
dealing with distribution systems have been revealed in a
number of papers, where the authors complained that the
transmission grid load flow methods were not appropriate to
solve practical problems presented when analyzing distri-
bution systems [27, 28] and prefer backward/forward sweep-
based approach. A powerful mathematical efforts had been
developed in [29], proving the convergence of the backward/
forward algorithms. Also the existence of a unique solution
of the load flow in distribution networks had been proved in
[30].

The backward/forward sweep approach had been de-
veloped and presented in [31]; however, the authors do not
define how to automatically identify the end of each branch,
and from where to start the backward calculation, for a
program code preparation. A direct method of backward/
forward sweep is presented in [32], and based on the de-
velopment of two matrices from the topological structure of
the network: bus injection to bus current (BIBC) and bus
current to bus voltage (BCBV), the solution is obtained by a
simple matrix multiplication of BIBC and BCBV. However,
for an electrical system with m branches and » buses, the
dimension of the BIBC is “mx(n —1),” and the size of BCBV
is “(n— 1)xm.” In medium-voltage networks, the number of
branches and buses is very important, and every MV/LV
substation, switching substations, or a network derivation
represent a bus. In low-voltage networks, the number of
branches and buses is even more important as every con-
nector forms a network deviation or consumer connection,
and also every electric LV switchboard represents a bus. The
BIBC and BCBYV are used in every iteration of the algorithm
which may impact the time-consumption of computation
and make the method not fast enough for real-time
applications.

To avoid the use of matrix calculations with large di-
mension matrices in every iteration of the backward and the
forward sweep process, others methods had been developed.
In [33], a feeder-lateral-based method was adopted which
requires the division of network buses and branches into
several layer, and then the network topology information
was converted to a “layer-lateral-based data format”; how-
ever, the definition of layers is very complex and can risk
confusion in the development of the program code. In [22],
authors had developed a method based on first converting
the network topology information into a defined format and
starting a renumbering process of nodes and branches, after
organizing the network information into a defined format,
and they obtained a numeration of network branches and
buses. Each network element was defined by four infor-
mation: “node behind,” “line-ahead-1,” “line-ahead-2,” and
“terminal node,” and then, an iterative process was started
by first ignoring the effect of transmission losses, and as-
suming that the total power crossing a node was accumu-
lated at the node itself, the voltage of the node was calculated
knowing the voltage of the node behind. The line losses are
terminated, the actualization of the total power calculated is
performed, and the process was continued till the difference
between the calculated power losses from two iterations was
within tolerance limits. However, the development of this
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method is made supposing that the intermediate nodes are
having one incoming branch and at most two outgoing
branches, which is not the true in real networks, as the case
of networks with switching substations. This supposing
makes this method not effective or leads to conversion of the
intermediate nodes with more than two outgoing nodes to
several nodes with at most two outgoing nodes and many
virtual branches, which could increase the number of nodes
and branches. Also all the previous methods presented are
not flexible with changes in network topology and are de-
veloped assuming that the topology configuration of dis-
tribution systems is fix.

In this paper, we contribute a new approach of the load
flow analysis with a method that does not require the use of
any complex renumbering of nodes and branches, or any
matrix calculation, flexible with network topology modifi-
cation. The proposed method is an iterative procedure based
on the backward/forward sweep algorithm with the only use
of Kirchhoff’s formulation. From a dynamic data of system, a
preliminary calculation is made to organize the radial dis-
tribution information into a main line and its derivations.
After the organization of the system data information into a
suitable model, voltages of all other nodes are set to the
nominal voltage, an iterative process is started by calculating
currents in derivation lines, and then the branch current in
the main line in a backward sweep is computed using
Kirchhoff’s current law. The node voltages are updated in a
forward sweep using the voltage drop calculation, and this
backward and forward sweep is repeated until voltage
magnitudes at each node in the present iteration and the
previous iteration are lower than a tolerance limit. The
convergence of the proposed algorithm is guaranteed due to
the use of the backward/forward sweep method in the it-
erative process, and the only difference made in the orga-
nization of the distribution information is to facilitate the
programming by ensuring a minimum number of searching
for connections between nodes. A unique IEEE 15-bus
feeder, two meshed IEEE 15-bus feeders, and also an IEEE
69-bus had served as a case study for performing the test of
the proposed method, and the results obtained are compared
with three other existing load flow methods presented in
[34]: primitive impedance-based distribution load flow
(PIDLEF), current injection-based distribution load flow
(CIM), and fast-decoupled single matrix model distribution
load flow (SMM).

The strength of the approach presented in this paper lies
on its simplicity to be implemented, where the complex
branch renumbering is not needed and it is independent
from the first numbering of nodes. The reduction of flow
calculation is obtained by ensuring a minimum number of
searching for connections between nodes and by using only
simple algebraic expressions without any trigonometric
functions or matrix calculation. The proposed load flow
method is valid for radial distribution system with or
without distributed generations, and it is flexible for the
network topology reconfiguration.

In what follows, we present the problem formulation and
what the load flow is done for in Section 2. Next in Section 3,
we provide the theoretical foundation and the proposed
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method. In Section 4, a detailed simulation is done with a
small network of 15 buses to more understand the presented
method and how to identify the main line and derivation
lines, and a comparison of the results obtained is done with
other existing load flow methods. Section 5 concludes this

paper.

2. Load Flow Analysis

Load flow analysis requires two inputs to provide electrical
network characteristics. These two inputs are line data and
load data.

Load data can be established by collecting the active
power injections and the consumptions of the active/reactive
powers at each node. That network information can be
assembled in one table, as shown in Table 1.

Load data can be updated either by exploring digital
meters information, or by forecasting load demand. In
Morocco, digital meters are available and had been already
installed and explored at several MV and HV consumers.
Advanced Metering Infrastructure (AMI) could concentrate
digital meters information and could provide utility com-
panies with real-time load data about power production
and/or consumption.

Line data represent network conductor characteristics;
in utilities, line data are grouped in the geographic system
information (GIS), or it can be brought together manually by
knowing the electrical characteristics of conductors used, the
laying mode, and the year of the conductor laying. The
network information can be assembled in one table, as
shown in Table 2.

However, the topology structure of the network can be
changed for maintenance activities, emergency operations,
or network configurations.

Medium-voltage network SCADA, already existing in
HV/MYV substations in Morocco, is used as the MV network
remote control system to handle network operations and to
receive MV/LV substation details. The SCADA can remote
monitor the MV switch status of the MV/LV substations. So
any change in the topology structure can be detected by this
SCADA, and this information can be used to update the line
data table. In low-voltage distribution systems, the changes
in topology can be done by manual entries as the topology
reconfiguration in LV systems is done manually by the
distribution network technician.

The diagram of the general principle of the proposed
load flow method is given in Figure 1.

3. Proposed Load Flow Analysis Method

The backward/forward sweep approach is based on three key
steps [35].

Starting from the terminal node, considering the elec-
trical characteristics presented in Figure 2 the following
three key steps are formulated.

Step 1 (nodal current calculation): the current injection
at each node “” is calculated using the following
equation:

3
TaBLE 1: Load data table.

Node kVA kVAr
TaBLE 2: Line data table.

Sending node Receiving node R (Ohm) X (Ohm)

P, + % i
I,‘(k) — COnj(%Qn_l)’ i= 1,2, Lo n, (1)
Vn—i

where S; is the power injection at node i and V(k)I is the
voltage of node i calculated from iteration k.

Step 2 (backward sweep): starting from the last ordered
branch, current Ji, i + 1, in branch from the node i to the
node “i+ 17 is calculated using the following equation:

P .+ jx* .
]ﬁ—i = —COl’lj(inl Vi in) + Z]ﬁﬂ,, r=1,...,
n—i r

(2)

where Y,Jk is the current in branches emanating

«:

from node “i.

Step 3 (forward sweep): starting from the root bus, the
node voltages are updated using the following equation:

v —v® _ 70 =23, ,n (3)

where Z; is the series impedance of branch “i—1, i.”

Those three steps are repeated until voltage magnitudes
at each node in the present iteration and the previous it-
eration is lower than a tolerance limit &:

max( [V(k“)] - [V(k)]) <e. (4)

However, it is needed to highlight that, in distribution
systems, there are three kinds of buses: terminal node,
common-intermediate node, and simple-intermediate node,
as shown in Figure 3.

If a network had no common buses and no derivation
lines outgoing from those common buses, the branch cur-
rent calculated in the forward sweep will be calculated only
by the use of equation (2). The presence of common buses
and derivations had lead to develop several methods to
define landmarks able to help browsing all network
branches. As used in reference [9], network elements are
divided into several layers with no common buses which
lead to the use of equation (2) in each layer and then the
results of each layer are added to get the current at the bus of
the substation. In [8], the authors in order to avoid browsing
network elements and searching from where to start and
which path to follow in the backward and the forward sweep,
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FIGUure 1: Diagram of the proposed load flow analysis.
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they use two matrices, BIBC and BCBV. However, the use of
the matrices is repeated in each iteration, which impact the
time computation of the method.

In this paper, a novel method is presented based on the
idea of a new element ordering by dividing the network
elements into a main line and its derivations and the use of
the matrix D as a landmark to browse all network elements.
The proposed element ordering process is carried out to
determine the calculation sequence in the forward and the
backward sweep.

So, from a dynamic line data of the system, a preliminary
calculation is made to identify the main line and its common
buses. The main line, in this paper, is chosen as the longest
sequence of nodes.

It is needed to highlight that the main line can be chosen
according to the need: the most loaded line or the line
allowing a backup in the case of the open loop structure. The

derivation lines are the lines outgoing from the common
buses of the main line.

To facilitate the development of the program code,
derivation lines outgoing from the common buses of the
main line are organized into a matrix named “D,” and a
presentation of the matrix is shown in Figure 4.

C1 the first common node of the main line and C2 the
second common node, and CN are the common bus in the
derivation lines.

The matrix D is developed by putting the first common
bus of the main line and listed its elements. Each time a bus is
spotted as a common bus, a new column is added with the
new subderivations till getting a terminal bus. The number of
column of the first common bus is saved, and the process
continues until all common buses of the main line are listed.

After the organization of the line data information, the next
step is to read the load data, convert it into a per-unit value, and
set the voltages of all nodes to the nominal voltage “1 p.u.”

By preparing the line data and the load data information
into a suitable model, an iterative procedure based on
backward/forward sweep algorithms is started.

3.1. The Backward Sweep. This step is based on the fact that
the complex power, measured by electronics meters and
estimated by load demand forecast, is known at each node.
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FIGURE 4: Derivation matrix.

The first step in the backward step is calculating branch
currents in derivation lines and then computing the branch
current on the main line in a backward sweep using
Kirchhoft’s current law.

Starting from the last column of each common bus in the
matrix D, the current is calculated using equation (2) and put
at a new line created at the bottom of the matrix “D.” Each
time a common bus is spotted, the current between the
common bus and the bus before is computed by the fol-
lowing equation:

P .+ ,
J —conj(%%) + Z Jk . +Di, (5

where Di is the element of matrix D in the last line and the
column number “i—1,” which represents the sum of the
branch current emanating from the common bus.

The next step in the backward sweep is the calculation of
the branch current in every branch of the main line. For a
simple-intermediate or terminal bus, the branch current is
obtained using equation (2). If the bus of the main line is a
common bus, the current in the next branch is obtained
using equation (6).

The electric current between a sending node (1 — i) and a
receiving node (n—i—1) in the main line is

&;w@@ﬂﬁﬂhyzmﬁ > OI©

k
Vn—i derivation

where Y erivation ] 18 the current in branches emanating from
the common bus of the main line.

3.2. The Forward Sweep. Using the computed current, an
updating of voltage values starts from the root bus. The node
voltages are updated using the equation (3).

This backward and forward sweep is repeated until
voltage magnitudes at each node in the present iteration and
the previous iteration are lower than a tolerance limit. The
flow chart of the method is given in Figure 5.

4. Simulation Results

The proposed method program code is made in MATLBAB
and tested on IEEE 15-bus distribution network, which have a

Read line data |

| Element ordering |

| Read load data |

| Convert to per-unit values |

| Set node voltage to 1 p.u. |

Forward sweep
Calculate branch current of derivations
Calculate branch current of main line
using equation (2)

Backward sweep
Update node voltages using equation (3)

%genw ?

7]
L
>

Compute branch power
losses and total losses and
print the results

Yes Topology
change?

<adchange? No

@
L
>

No

FiGure 5: Flow chart of the proposed method.

similar structure as Moroccan medium-voltage distribution
system. The line data are given in Table 3, and the load data
are presented in Table 4. The power factor of the load is



TaBLE 3: Line data of the 15-bus system.

Sending node Receiving node R (Ohm) X (Ohm)
1 2 1.530 1.778
2 3 1.037 1.071
3 4 1.224 1.428
4 5 1.262 1.499
2 9 1.176 1.335
9 10 1.100 1.190
2 6 1.174 1.332
6 7 1.174 1.332
6 8 1.174 1.323
3 11 1.150 1.285
11 12 1.274 1.522
12 13 1.274 1.522
4 14 1.075 1.522
4 15 1.075 1.522
TaBLE 4: Load data of the 15-bus system.
Node kVA
1 00.0
2 63.0
3 100.0
4 200.0
5 63.0
6 200.0
7 200.0
8 100.0
9 100.0
10 63.0
11 200.0
12 20.0
13 100.0
14 100.0
15 200.0

assumed to be 0.7 [11]. The single-phase diagram of the test
system is presented in Figure 6.

From the dynamic line data, presented in Table 1, a
preliminary calculation is made to organize the radial dis-
tribution information into a suitable model: a “main line”
and its “derivations.”

The main line, the line containing the largest number of
successive nodes, of the 15-bus system is [1 2 311 12 13], with 6
nodes (shown as red line in the Figure 11), and the three der-
ivations have been identified from the common nodes 2 and 3.

The matrix D is shown in Figure 7.

The element ordering of the IEEE 15-bus is presented in
Figure 8.

After the organization of the line data information into a
main line and its derivations, the next step is to read the load
data, presented in Table 2, convert it into a per-unit value,
and set all the voltage value of all nodes to “1 p.u.”

Base voltage and base power are considered as 11 kV and
100kVA, respectively.

By preparing the line data and the load data information
into a suitable model, an iterative procedure based on
backward/forward sweep algorithms is started, and the
convergent criterion is chosen as 0.0001.
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FIGURE 6: Single-phase diagram of the 15-bus distribution system.
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The results obtained were been compared with three
other existing load flow methods [11]: primitive impedance-
based distribution load flow (PIDLF), current injections-
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TaBLE 5: Results for IEEE 15-bus system.

Node CIM PIDLF SMM Proposed method
1 1 1 1 1
2 0.97128 0.96885 0.97031 0.97017
3 0.95667 0.95427 0.95571 0.95657
4 0.9509 0.94852 0.94995 0.95078
5 0.94991 0.94754 0.94896 0.94977
6 0.95822 0.95583 0.95726 0.96267
7 0.95476 0.95237 0.9538 0.95974
8 0.95694 0.95455 0.95599 0.96115
9 0.96797 0.96555 0.967 0.96020
10 0.96689 0.96448 0.96593 0.95936
11 0.94995 0.94757 0.949 0.95202
12 0.94582 0.94346 0.94488 0.95006
13 0.94451 0.94215 0.94357 0.94842
14 0.9486 0.94623 0.94766 0.94926
15 0.94844 0.94606 0.94749 0.94775
—— 10A
L 9A 14A —_
V] Open switch o8
Substation A 4A «
R TNE e |
| H R 7 U,
1A . 4B
_\VéA Sla [IB [12B | 13B
<‘|4 15A i R N
7A 124 3B
VgAY
BA 10B 9B B 3B
|| el
1 13A [ B 4L Bl
2B
7B

Substation B

FIGURE 9: Single-phase diagram of two meshed 15-bus distribution systems.

based distribution load flow (CIM), and fast-decoupled
single matrix model distribution load flow (SMM). The
results are summarized in Table 5.

To simulate the flexibility of the proposed power flow
method, let us consider that the IEEE 15-bus feeder used is
meshed with another 15-bus feeder but from two different
substations: Substation A and substation B, as shown in
Figure 9.

A network topology may occur by changing the state
of sectionalize switches and tie switches. Figure 10
presents a topology structure resulting from the previ-
ous scheme, by closing the node “5A-15B” and opening
the node 2A.

The new main line of the feeder supplied from substation
B is {1B, 2B, 3B, 4B, 5A/15B, 4A, 3A, 2A, 9A, 10}. The el-
ement ordering of the new feeder is presented in Figure 11.

By applying the proposed approach, the voltage mag-
nitude obtained is reported in Figure 12.

To prove the effectiveness of the proposed with largest
network, another application is done with the IEEE 69-bus
system, and Figure 13 presents the single-phase diagram of
the network.

Table 6 resumes the network characteristics and the re-
sults obtained by the proposed method and the results ob-
tained by the three other existing methods: primitive
impedance-based distribution load flow (PIDLF), current
injection-based distribution load flow (CIM), and fast-
decoupled single matrix model distribution load flow (SMM).

Comparison of the computational performance of the
proposed approach with other methods is presented in
Table 7.

From Table 6, we can observe that, for small system, the
number of iteration is the same for the 4 methods; however,
with bigger systems, the proposed approach and the SMM
take less computational times compared to the two others
methods.
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FIGURE 13: Single-phase diagram of IEEE 69 bus.
TaBLE 6: Results for IEEE 69-bus system. TasLE 6: Continued.

Node CIM PIDLF SMM Proposed method Node CIM PIDLF SMM Proposed method
1 1 1 1 1 36 0.999925 0.997425 0.998925 0.998838
2 0.999977 0.997477 0.998977 0.998890 37 0.999544 0.997045 0.998544 0.998458
3 0.999953 0.997453 0.998953 0.998866 38 0.999241 0.996743 0.998242 0.998155
4 0.999900 0.997400 0.998900 0.998813 39 0.999161 0.996663 0.998162 0.998075
5 0.999330  0.996832  0.998331 0.998244 40 0.999156  0.996658  0.998157 0.998070
6 0.993216 0.990733 0.992223 0.992137 41 0.997629 0.995135 0.996631 0.996545
7 0.986994 0.984527 0.986007 0.985922 42 0.997086 0.994593 0.996089 0.996002
8 0.985490 0.983026 0.984505 0.984419 43 0.997026 0.994533 0.996029 0.995943
9 0.984708 0.982246 0.983723 0.983638 44 0.997015 0.994523 0.996018 0.995932
10 0.976279 0.973838 0.975303 0.975218 45 0.996936 0.994444 0.995939 0.995853
11 0.974354 0.971918 0.973380 0.973295 46 0.996935 0.994443 0.995938 0.995852
12 0.967557  0.965138  0.966589 0.966506 47 0.999890  0.997390  0.998890 0.998803
13 0.964086 0.961676 0.963122 0.963039 48 0.999720 0.997221 0.998720 0.998634
14 0.960598  0.958197  0.959637 0.959554 49 0.999327  0.996829  0.998328 0.998241
15 0.957287 0.954894 0.956330 0.956247 50 0.999269 0.996771 0.998270 0.998183
16 0.956745 0.954353 0.955788 0.955706 51 0.985447 0.982983 0.984462 0.984376
17 0.955774  0.953385  0.954818 0.954736 52 0.985359  0.982896  0.984374 0.984288
18 0.955762 0.953373 0.954806 0.954724 53 0.983837 0.981377 0.982853 0.982768
19 0.955192 0.952804 0.954237 0.954154 54 0.982887 0.980430 0.981904 0.981819
20 0.954976 0.952589 0.954021 0.953939 55 0.981600 0.979146 0.980618 0.980533
21 0.954645 0.952258 0.953690 0.953608 56 0.980473 0.978022 0.979493 0.979408
22 0.954633 0.952246 0.953678 0.953596 57 0.975240 0.972802 0.974265 0.974180
23 0.954496 0.952110 0.953542 0.953459 58 0.974129 0.971694 0.973155 0.973071
24 0.954277 0.951891 0.953323 0.953240 59 0.973792 0.971358 0.972818 0.972734
25 0.954006 0.951621 0.953052 0.952970 60 0.973437 0.971003 0.972464 0.972379
26 0.953977 0.951592 0.953023 0.952941 61 0.972846 0.970414 0.971873 0.971789
27 0.953969 0.951584 0.953015 0.952933 62 0.972762 0.970330 0.971789 0.971705
28 0.999936 0.997436 0.998936 0.998849 63 0.972679 0.970247 0.971706 0.971622
29 0.999733  0.997234  0.998733 0.998647 64 0.972407  0.969976  0.971435 0.971351
30 0.999457 0.996958 0.998458 0.998371 65 0.972207 0.969777 0.971235 0.971151
31 0.999411  0.996913  0.998412 0.998325 66 0.974214 0971779  0.973240 0.973156
32 0.999247 0.996749 0.998248 0.998161 67 0.974214 0.971779 0.973240 0.973156
33 0.998896 0.996399 0.997897 0.997810 68 0.962995 0.960588 0.962032 0.961949
34 0.998390 0.995894 0.997392 0.997305 69 0.962993 0.960586 0.962030 0.961947
35 0.998130 0.995635 0.997132 0.997045
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TaBLe 7: Comparison of the performance of the proposed
approach.

Number of iterations

CIM PIDLF SMM  Proposed method
IEEE 15 bus 4 4 4 4
IEEE 69 bus 5 7 4 4

5. Conclusion

In this new approach, a load flow program based on the
backward/forward sweep concept is used to solve load flow
problems in radial distribution systems, with an improve-
ment in the element ordering that does not require the use of
any complex numbering of branches or the use of any matrix
calculation. Simply by devising the system element into a
main line and its derivations, the flow calculation is reduced
due to the use of only algebraic expressions without any
trigonometric functions or matrix calculation and by en-
suring minimum number of searching for connections
between nodes.

The proposed load flow method is easy to implement in
the current Moroccan medium-voltage system, load data can
be obtained and updated by the advanced metering infra-
structure (AMI), already existing and used by consumers
connected to the medium-voltage distribution network in
Morocco. The needed data of other loads can be obtained by
equipping MV/LV substation by using digital meters and
connecting them to the advanced metering infrastructure
network. The line data can be established by collecting the
impedance of all the branches constituting the network, and
any change in the topology structure can be detected
manually or by the existing SCADA, installed already in HV/
MYV substation in Morocco, and used as medium-voltage
network remote control system.

The proposed method can be exploited in several dis-
tribution network applications: voltage control, demand-
side management, and energy demand management.

Limitation of the proposed method is that it can be used
only for the radial distribution system and not for meshed
distribution systems or transmission systems.

Data Availability

The IEEE 15-bus structure, line date, and load data used to
support the simulation of the proposed load flow method are
included within the article. The result data of the other
existing load flow methods, including Primitive Impedance
based Distribution Load Flow (PIDLF), Current Injections
based Distribution Load Flow (CIM), and Fast Decoupled
Single Matrix Model Distribution Load Flow (SMM), used to
support the validate the result obtained from the proposed
method are included within the article. The Matlab code
developed and used to perform the proposed method is
available from the corresponding author upon request.
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