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Abstract

The problem regarding the reconfiguration of electrical distribution grids is addressed in this research through the
implementation of a practical solution using a constructive heuristic algorithm. The most important characteristic of
the proposed heuristic approach is its low-computation effort, given that few power flow solutions are required in order
to solve the reconfiguration problem. The constructive algorithm starts its exploration of the solution space by closing
all the tie lines form a fully meshed distribution network. The distribution line with the minimum current is permanently
opened. A new power flow evaluation is made for the new distribution system, and the distribution line with the
minimum current is opened if and only if this action does not generate isolated nodes. This procedure is repeated until
the number of closed lines is equal to the number of nodes minus one, which is a condition required to maintain a
radial configuration. Numerical validations in test feeders composed of 16, 33, 69, 84, 136, and 415 nodes demonstrate
that the proposed constructive algorithm finds adequate solutions with minimum processing times. The proposed
approach is practical for distribution companies since its implementation only requires a power flow tool for
distribution networks that can deal with radial and meshed configurations.

Keywords: Constructive heuristic algorithm; power flow solution; radial and meshed distribution grids; minimum
current concept; nodal ordering algorithm.

Resumen

El problema de la reconfiguracion de redes de distribucion eléctrica se aborda en esta investigacién mediante la
implementacion de una solucion préactica utilizando un algoritmo heuristico constructivo. La caracteristica mas
importante del enfoque heuristico propuesto es su bajo esfuerzo de computo, pues se requieren pocas soluciones flujo
de potencia para resolver el problema de reconfiguracion. El algoritmo constructivo comienza su exploracion del
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espacio de solucién cerrando todas las lineas de enlace para formar una red de distribucién completamente mallada.
La linea de distribucion con la corriente minima se abre permanentemente. Se realiza una nueva evaluacién del flujo
de potencia para el nuevo sistema de distribucion y se abre la linea de distribucion con la corriente minima si y solo si
esta accién no genera nodos aislados. Este procedimiento se repite hasta que el nimero de lineas cerradas sea igual al
namero de nodos menos uno, condicion necesaria para mantener una configuracidon radial. Validaciones numéricas en
alimentadores de prueba compuestos por 16, 33, 69, 84, 136 y 415 nodos demuestran que el algoritmo constructivo
propuesto encuentra soluciones adecuadas con tiempos de procesamiento minimos. El enfoque propuesto es practico
para las empresas de distribucién, ya que su implementacion solo requiere una herramienta de flujo de potencia para
redes de distribucion que pueda manejar configuraciones radiales y malladas.

Palabras clave: algoritmo heuristico constructivo; solucién del flujo de potencia; redes de distribucién radiales y
malladas; concepto de minima corriente; algoritmo de ordenamiento nodal.

1. Introduction

Electrical distribution grids represent the portion of the
electrical power system with the most rapid growth due to
the new residential, commercial, and industrial users who
require electrical services [1], [2]. Due to their operating
voltages (medium and low), distribution grids present
considerably high-power losses levels in comparison with
large-scale transmission systems [3], [4]. These power and
energy losses are mainly caused by the radial structure
with which these grids are planned and built [5]. Electrical
distribution networks are configured with radial structures
for two main reasons: (i) it reduces the investment costs in
conductors and electrical infrastructure [6], [7], and (ii) it
simplifies the protective device’s coordination schemes

(8l.

To address the power losses in medium-voltage
distribution grids, distribution companies can implement
different optimization strategies [9], [10]. The first
approach involves the optimal siting and sizing of reactive
power compensators (capacitor banks and/or distribution
static compensators). This reactive power compensation is
economic and high reliable, with a long useful life and low
maintenance requirements [11], [12]. The second
approach corresponds to the optimal placement and sizing
of dispersed generation and batteries in distribution grids.
However, the main application of these devices is the
reduction of the greenhouse gas emissions and energy
purchasing costs. In addition, due to their installation costs
and maintenance, these devices do not provide a positive
profit regarding investments and net energy costs
reduction [13]. One of the preferred methodologies to deal
with power loss minimization by utilities corresponds to
the reconfiguration of grids considering the tie lines
available along the distribution network [14], [15].

This is an efficient strategy to reduce power losses with
positive impacts on the voltage profiles. In addition, this
methodology is economic and easily implementable via
remote controlled switches, considering that the tie lines
are installed along the grid in order to improve reliability

indicators when a portion of the system is under a
permanent fault [16].

This research focuses on the optimal reconfiguration
problem for electrical distribution networks. This
optimization problem has been widely studied in the
specialized literature for decades ago. Authors of [17]
addressed the problem regarding the optimal
reconfiguration of small AC distribution networks by
proposing an mixed-integer nonlinear programming
(MINLP) model based on combining the branch and nodal
power flow formulations. Numerical results in 5- and 14-
bus systems showed the applicability of the proposed
MINLP model. Ref. [18] presented a heuristic constructive
algorithm to solve the reconfiguration problem via the
concept of minimum power losses. In this work, a power
flow methodology for meshed networks was implemented,
and the sequence of line disconnections was based on the
loop system identification. Numerical results in test
feeders with 33, 69, and 119 nodes including dispersed
generation showed the effectiveness of the proposed
constructive algorithm.

Authors of [19] presented a heuristic algorithm based on
optimal switching to reconfigure distribution networks.
This algorithm starts its exploration of the solution space
with all the tie lines closed in the first stage. In the second
step, each loop generated in the distribution network is
eliminated by deleting the distribution lines with the
minimum power losses until a radial configuration is
reached. Finally, in the third step, this radial configuration
is improved with the heuristic generation of near solutions
in the area of influence of the tie lines generated in the
previous steps. Numerical results confirm the
effectiveness of this heuristic approach to finding
nearoptimal solutions in test feeders with sizes from 33 to
417 nodes, in comparison with the optimal solutions
reported by [6] and [20]. Other solution methodologies
that can be found in the literature for solving the optimal
reconfiguration problem are listed in Table 1.
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Table 1. Recent advances in the solution of the optimal reconfiguration problem

Solution methodology Ref. | Year
Tabu search algorithm [21] | 2012
Honey bee mating optimization algorithm [22] | 2012
Linear programming [23] | 2013
Minimum spanning three [24] | 2013
Genetic algorithm [14] | 2015
Krill herd algorithm [25] | 2015
Particle swarm optimization [26] | 2016
Salp swarm algorithm [27] | 2019
Sine-cosine algorithm [28] | 2020
Switch opening and exchange method [19] | 2020
Modified sequential switch opening and exchange method | [18] | 2021
MINLP solution using GAMS [17] | 2022
Harris hawks optimization algorithm [29] | 2022

The solution methodologies listed in Table 1 have the
following characteristics. In the first place, they can be
classified into two main groups. The first group
corresponds to mathematical methods based on the
solution of the exact MINLP model and model
reformulations based on mixed-integer programming
approaches, and the second group is constituted by
heuristic and metaheuristic approaches, which deal with
the exact MINLP model based on heuristic evolution rules
and recursive power flow solutions. Secondly, even
though it is one of the most classical problems in electrical
engineering [30], the problem concerning the
reconfiguration of electrical distribution systems has
continued to attract the attention of researchers since it is
an open-research problem from the NP-hard family.

The main contribution of this research is the development
of a constructive heuristic algorithm based on the concepts
of minimum current and nodal ordering to find a practical
solution for the problem regarding the reconfiguration of
distribution feeders to minimize the total grid power
losses. The proposed formulation starts with a fully
meshed configuration, which is evaluated via a power flow
tool for radial and meshed distribution networks. This
allows determining the line with the lower current. This
line is disconnected if and only if all the network nodes
remain connected (this is verified through the nodal
ordering algorithm). Otherwise, the next distribution line
with the low current magnitude is tested.

Note that this heuristic searching process ends when the
number of lines is equal to the number of nodes less one,
i.e., when a radial configuration is found. Note that the
computational effort of this approach is minimal due to the
fact that the number of power flow evaluations is reduced.
Numerical results in test feeders composed of 14, 33, 69,
84, 136, and 417 nodes demonstrate the effectiveness of

the proposed constructive heuristic algorithm compared to
sophisticated optimization algorithms reported in the
scientific literature.

The remainder of this work is structured as follows.
Section 2 presents the exact MINLP formulation for the
problem regarding the optimal reconfiguration of AC
distribution grids using a complex variable
representation. Section 3 presents the proposed
constructive heuristic algorithm with its three main
components: (i) the power flow solution for radial and
meshed networks, (ii) the concept of minimum current,
and (iii) the nodal ordering algorithm. Section 4 shows
the main characteristics of the test feeders and all the
computational validations, analyses, and comparisons
with literature reports. Finally, Section 5 lists the main
concluding remarks of this research, as well as some
proposals for future work.

2. Reconfiguration problem formulation

The reconfiguration problem involving electrical
distribution networks corresponds to an optimization
problem from the family of the mixed-integer nonlinear
programming (MINLP) models. Binary variables define
which distribution lines are activated, while continuous
variables are related to the power flow solution, i.e.,
voltages, currents, and powers, among others. In the
current literature, the typical objective function for the
reconfiguration problem is the minimization of the total
grid power losses under peak load conditions, while the
constraints are related to the power balance equilibrium
at each node, the voltage regulation bounds, and the
current capacities of the distribution lines, among others.
The complete formulation of the optimal reconfiguration
problem in distribution networks is presented below.
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2.1. Objective function

The objective function of the reconfiguration problem is
the minimization of the total grid power losses for a
particular load demand case (typically peak load
conditions). The objective function is presented in
Equation (1).

min Ploss = Z Rllﬂllz: (1)

leL

where Py, represents the objective function value (i.e.,
total grid power losses), R; corresponds to the resistance
of the distribution line I, and I, is the complex current that
flows in the | route. Note that £ is the set that contains all
distribution lines.

Note that in this research is selected as the performance
indicator (i.e., objective function), the minimization of
the total grid power losses since this is the most typical
objective function considered for the reconfiguration
problem [31]; however, additional objective functions
regarding economical or environmental indexes can be
considered in future investigations under a multi-
objective optimization scenario [32].

2.2. Set of Constraints

The set of constraints for the problem regarding the
reconfiguration of the distribution system are listed

below. Equation (2) defines the power balance
equilibrium at each node of the network.
Sy — Sk = VRZAMH?, {k € 3¢} @)

LeL

where S7 is the complex power generation at node k, S
represents the complex power demand at node k, V, is
the complex power voltage at node k, and Ay is row k and
column | of the node-to-branch incidence matrix [17].
Note that I} is the complex conjugate operator applied to
the complex current variable I}, and ¥ is the set that
contains all the nodes of the grid.

Equation (3) defines the current calculation at each
distribution line as a function of its voltage drop.

Hl = & Z Aklvk, {l € L}
= ®3)
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where y; is the binary variable that defines if line | is
connected (y; = 1) or not (y; = 0) in the final grid
configuration, and Z; is the complex impedance
associated with the resistive and inductive effects in
distribution line 1.

The voltage regulation bounds and the thermal capacities
of the distribution lines are defined in inequality
constraints (4) and (5), respectively.

ymin < |V, | < VM {k € K} (4)
L] < 1", {l € £} (5)

where V™" d and V™3 represent the minimum and
maximum voltage regulation bounds admissible for all
the nodes of the network (thee bounds are typically
defined as +10 % of the nominal grid voltage by utilities
and distribution regulation entities), and I™¥ is the
maximum current that can flow though line 1, i.e., its
thermal limit. To ensure that the selected lines define a
radial grid topology, Equation (6) defines the number of
lines that must be part of the final solution.

Qyi=n-1 (6)

here n is defined as the cardinal of the set X, i.e., the
number of nodes of the distribution grid.

The optimization model in Equations (1)-(6) represents
the MINLP formulation of the problem concerning the
optimal grid reconfiguration of distribution networks.
The main characteristic of this formulation corresponds
to the non-convexities in the power balance and current
equations [17], which make it necessary to propose
efficient solution methodologies with  minimum
computational effort and adequate numerical
performance [19], especially for large-scale distribution
networks with enormous solution space sizes.

It is worth mentioning that the dimension of the solution
space of the optimal reconfiguration problem regarding
all the possible grid configurations associated with the
binary variables activated to have a radial configuration
defined by Equation (6) can be calculated as presented in
Equation (7) [33].

I

d=C(l,n_1)=(l_n+15!(n—1)! (7)

where d is the dimension of the solution space, | the
number of lines available for connection, and » — 1 all
the nodes of the network excluding the slack source. Note
that the dimension of the solution space of the studied
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problem is defined by the combination formula
C (/, n — 1) with n — 1 options from | possibilities.

Note that, due to the complexities in the solution of the
exact MINLP model, the next section presents a practical
solution for this problem (a heuristic solution approach
easily implemented by utilities). This solution is based on
the solution of /-n-+1 power flow solution, regardless of
the dimension of the solution space and the number of
nodes of the studied distribution.

3. Constructive Solution Approach

To obtain a practical solution for the reconfiguration
problem in distribution networks, a constructive heuristic
algorithm is proposed which is based on recursive power
flow solutions starting from a fully meshed network (all
the tie lines closed) and ending with a radial topology.

To obtain a radial topology, the distribution line with the
lowest current is always disconnected in such a way that
it does not generate isolated nodes. In the case the
disconnection of the line with the lowest current produces
an isolated node, the next line with the minimum current
is tested. Note that, if there are no isolated nodes after the
disconnection, a new power flow is evaluated in order to
update all the current and repeat the line disconnection
process. The next section explains the core of the
heuristic approach, which consists of the power flow
solution method and the algorithm for detecting nodal
isolation.

3.1. Power flow solution

In order to implement the constructive heuristic solution
algorithm to find a suitable grid configuration with
reduced power losses, it is fundamental to solve the
power flow problem in the distribution network.
However, the power flow tool used must be able to work
with both radial and meshed distribution networks. Here,
we adopt the successive approximation power flow
approach for radial distribution grids reported by [34].
The general iterative power flow formula for the
successive approximation method is defined in Equation

(8).

Vi = —Yai(y) (diag™ (VE7)S5 @
+ Yds (yl)vs):
where t represents the iterative counter, Vy is the vector
that contains all the voltages in the demand nodes, Vs
represents voltage output at the substation bus, S is the
complex vector that contains all the constant power
consumption in the demand nodes, and Y44 (y1) and Y 4
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(yr) are submatrices obtained from the nodal admittance
matrix (Y,,) that associates demand and slack nodes. It
is worth mentioning that these matrices depend on the
grid topology, which implies that these must be
calculated for each possible grid connection (i.e.,
combination of binary variables y)).

The key aspect in the evaluation of the power flow
formula (8) is the inversion of the nodal demand-to-
demand matrix Yy, (yi) since it is non-singular if and
only if the grid topology does not have isolated nodes
[35].

Note that, if the nodal connection between among grid
nodes is ensured, then Y2 (y) exists and the recursive
power flow formula (8) can be evaluated from V= 1,0°
until the convergence criterion is met, which is defined
in Equation (9).

méax {|V5H | — |V4]} < ¢, 9

where ¢ is the maximum convergence error set as 1 x 10
19 as recommended by [34].

The convergence of the successive approximation power
flow method described by the recursive formula (8) can
be ensured by applying the Banach fixed-point theorem
as presented by [34].

Once the power flow problem has been solved, the next
step of the proposed heuristic approach is to determine
all the branch currents. To this effect, the node-to-branch
matrix A can be used [36]. With the A, the voltage drops
are calculated in all the grid branches, and, with the
primitive admittance matrix Y,,, all the branch currents
are calculated as defined in Equation (10).

I'= YWATW' (10)

where V is the vector that contains all the grid voltages,
i.e., the slack and demand voltages.

Note that, when the final grid topology is found, the final
grid power losses can be calculated as defined in
Equation (11).

Poss = real {VT(Ybusw)*} (11)
3.2.  Nodal isolation detection algorithm
The main key in the implementation of the heuristic

approach to determine the grid reconfiguration of the
network based on the concept of minimum current is the
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strategy for detecting nodal isolation [37]. This is
important since it is the strategy that allows identifying
non-supplied nodes and also meshed configurations in
the distribution network. The nodal isolation detection
method adopted in this research is based on the nodal
ordering algorithm [37]. To illustrate the implementation
of the nodal ordering algorithm, let us consider two
possible grid configurations for a distribution grid (one
feasible and the other unfeasible) as depicted in Figure 1.

3
SLACK 1 fl 2 [2
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(a) [q \\\ 14 I(,',"' 5
ales)
3
SLACK I [| 2 [2
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.\ :-
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Figure 1. Small electrical distribution network to
illustrate the nodal ordering algorithm: (a) feasible grid
configuration, and (b) unfeasible grid configuration

From Figure 1 it is possible to note that: (i) Figure la
presents a feasible configuration composed of 4 lines (as
demanded by Equation (6)) with all the nodes connected
between them and with the substation bus; and (ii) 1b
presents an unfeasible solution that also fulfills Equation
(6) with 4 connected lines.

The nodal ordering algorithm is a classical methodology
applied in power flow studies for distribution networks,
especially for efficiently using the backward/forward
power flow method [37]. The main steps of this algorithm
are listed below.

1.Select the root node (i.e., the slack source) and find
all the nodes downstream of this node.

2.For each node identified, repeat the process and find
the all the nodes connected downstream.

3.If node k has no connections downstream, it is an
ending node; then, continue with the next node.

O. D. Montoya, W. Gil-Gonzalez, A. Molina-Cabrera

4.The searching process end when all the lines have
been revised.

If we apply the previous steps to the distribution grids
presented in Figure 1, the following matrices are reached.

1 27

(12)

NN DN
v W

My = (13)

W NN R
UTwWw W N

where M, is the matrix for the configuration in Figure 1a,
and Mb is the matrix that represents the configuration
depicted in Figure 1b.

Note that, in Equations (12) and (13), it is easy to observe
that the electrical network in Figure 1a is feasible, unlike
the configuration in 1b. To understand this, it is just
necessary to find all the different elements in matrix M,,
which produces elements [1], [2], [3], [4], [5], which
correspond to all the nodes of the system. As for matrix
My, these elements are [1], [2], [3], [4], [5], which means
that node 4 is missing, thus confirming that it is an
isolated node.

Note that, if the root node is not contained in the set of
connected lines after it is defined, the configuration is
immediately considered to be unfeasible, since the root
node is indeed the electrical power source that must
fulfill all the electrical requirements of the studied
distribution network.

3.3. Summary of the solution
methodology

proposed

To illustrate the general application of the constructive
solution methodology to deal with a practical solution for
the reconfiguration problem in electrical distribution
grids, the flow diagram in Figure 2 is presented.

Based on the flow diagram in Figure 2, the main
characteristic of the proposed solution methodology is
that the number of power flow solutions of the proposed
solution methodology is the difference between the grid
with the fully meshed configuration and the grid with the
radial structure. This characteristic makes the proposed
solution method independent from the number of nodes
of the distribution grid analyzed, making it a fast heuristic
solution approach with easy logic implementation.
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Test feeder information > - - - - - {

BEGIN: Propo-
sed approach

B KT Close all the tie lines

(" Evaluate the power
flow formula (8)

Calculate all the
line currents with
Equation (10)

l

,

Organize all the
lines with respect
to their currents

S

Remove the line
with the minimum
| current from the grid

Apply the or-
dering method

lines with respect
to their currents

[ Organize all the J

Recover the removed
line by assigning
an infinite current
value and remove
the next line with

the minimum current

yes

Evaluate the power
flow formula (8)

line currents with

Calculate all the
Equation (10)

no

Is the grid
radial?

yes

END: Analy-
sis of results

Figure 2. General implementation of the constructive heuristic approach to reconfigured radial distribution
networks.

4. Computational Validation

4.1. Test feeders

To demonstrate the effectiveness of the proposed
heuristic solution strategy at finding a practical solution
for the problem regarding the electrical grid

reconfiguration in distribution grids, four test feeders
with different number of nodes and tie lines are
considered. These distribution networks and their main
characteristics are listed in Table 2.
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The information in Table 2 shows that the dimension of
the solution space, as defined by Equation (7), has
combinatorial exploitation as a function of the difference
between the number of nodes and the number of available
distribution lines, which implies that, from the 84-bus
system on, it is not possible to find the global solution for
the studied problem with an exhaustive solution method
(exploration of the solution space), which is why it is
mandatory to address the problem with heuristic or
metaheuristic methods in order to obtain an adequate
solution with reduced computational times.

Table 2. Test feeders and solution space sizes

O. D. Montoya, W. Gil-Gonzalez, A. Molina-Cabrera

bus system. As for the 33-bus system, the difference with
the best literature report is just 0, 50 % with respect to the
optimal solution. In the case of the 69-bus system, this
estimation error is about 0, 60 %. Moreover, regarding
the 84-bus system, the difference is about 0, 38 %. For
the 136-bus grid, the estimation error with respect to the
best literature report is about 4, 47 %, and, for the 417-
bus grid, this estimation error is about 9, 62 %. These
values show the efficiency of the proposed heuristic
approach, given that, in all the simulation scenarios, the
maximum difference does not overshoot by more than
10 %.

Table 3. Numerical results for the proposed heuristic

No. of No. of . . optimization method applied to the test feeders
System . Dimension
nodes lines
14-bus 14 16 560 Meshed Radial .
33-bus 33 37 | 435897 System | i) dwy | Lt KW
69-bus 69 73 15 020 334 14-bus 426.17 466.43 466.43
84-bus 84 96 4.0363x10%° 33-bus 123.28 140.25 139.55
136-bus 136 96 5.4351x10%° 69-bus 83.89 105.50 99.59
417-bus 415 473 1.0832x1076 84-bus 462.63 471.66 469.88
136-bus 271.83 293.26 280.14
The information for the 14-bus grid can be consulted in 417-bus 498.13 643.48 581.57

[38] and [39]. The information for the 33-bus and 69-bus
grids is provided in [18], and the information for the 84-
136-bus, and 417- bus systems is available in [19].

4.2. Computational validation

The computational validation of the proposed practical
solution for the reconfiguration problem in distribution
grids was implemented in a personal computer with an
Intel(R) Core (TM) i5-2410M CPU @ 2.30 GHz, 6 Gb
RAM, and the Microsoft Windows 10 Home x64
operative system, using the software Matlab 2021b
version.

Table 3 presents the numerical results reached by the
constructive algorithm when applied to all the test
feeders. This table shows the initial power losses
(meshed configuration) and the final result, i.e., the
power losses for the radial configuration. In addition, it
is reported in the last column, the information regarding
the best literature reports with respect to the power losses
for the studied test feeders considering radial topology.

The results reported in Table 3 show that: (i) the meshed
configurations allow ensuring minimal power losses in
all the distribution networks tested since these
configurations enable a better power flow distribution,
i.e., a reduced current through the lines in comparison
with the radial solution; and (ii) the proposed practical
solution approach finds the optimal solution of the 14-

Regarding the processing times, the proposed heuristic
optimization approach was compared with the optimal
solutions reported by [19] and the exact solution of the
MINLP via commercial optimization tools [6], [20]. This
comparison is presented in Table 4.

Table 4. Average processing times for the proposed
heuristic approach and literature reports

System Meshed Radial
(kw) (kw)

14-bus 0.02 -
33-bus 0.05 19
69-bus 0.15 -
84-bus 0.46 3030
136-bus 1.77 1236
417-bus 89.52 171,425

The values reported in Table 4 show that the total
processing times of the solution with MINLP solvers in
[19] are highly dependent on the dimension of the
solution space reported in Table 2. These times are in the
order of minutes for the 84- and 136-bus grids and hours
for the 416-bus grid, whereas the heuristic solution
proposed in this research takes less than 2 minutes for all
the test feeders studied. This clearly evidences the
practicality of the proposed constructive heuristic
algorithm at finding adequate solutions mainly oriented
towards their applicability in real distribution networks.
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4.3. Validation considering dispersed generation

To demonstrate the applicability of the proposed
constructive heuristic algorithm in dealing with the
reconfiguration problem in distribution networks within
a context of distributed generation, we implemented it in
the 33and 69-bus grids presented in [18] (note that these
solutions are validated in our power flow methodology).
For the 33-bus grid, the sizes of the distributed generators
are 754, 1 099,40, and 1 071,40 kW, and their locations
are nodes 14, 24, and 30, respectively. In the case of the
69bus system, the sizes of the dispersed sources are
526,8, 380,4, and 1 719 kW in nodes 11, 18, and 61,
respectively.

The results in Table 5 confirm the efficiency of the
proposed heuristic solution method since, for the 69-bus
grid, our approach found the same optimal solution
reported in [18], and, for the 33-bus grid, the estimation
error was about 0,94 %, i.e., 0,55 kW with respect to the
optimal value presented in [18]. In addition, the
processing times required to solve the reconfiguration
problem in the presence of dispersed sources is less than
0,15 s for both test feeders, which allows demonstrating
the applicability of our approach in dealing with large
solution spaces with minimum computational effort.

Table 5. Comparative results for the 33- and 69-bus
grids with dispersed generation

Base case | Proposed .
System (kW) (kW) Lit. (kw
33-bus 71.45 58.23 58.78
69-bus 69.55 39.37 39.37

5. Conclusions and Future Work

The problem regarding the optimal reconfiguration of
distribution systems was addressed in this research
through the application of a constructive heuristic
algorithm based on the concept of minimum current, the
nodal ordering method, and the successive
approximation power flow method. The main advantage
of the proposed solution method was its independence
from the dimension of the solution space, in addition to
its fast-numerical performance and its easy
computational implementation. The numerical results
obtained with six different test feeders with sizes from 14
to 417 nodes showed that:

v/ The maximum processing time was about 89,52
s in the 417-node test feeder, which was expected
since most of this period is spent varying the radial
condition of the resulting network. However, for the
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rest of the test feeders, the proposed optimization
method took less than 2 s.

v The gap between the proposed heuristic solution
and the best literature report did not exceed 10 %
for all the test feeders. These results confirmed that,
even though the proposed solution method belongs
to the family of heuristics, it has an excellent
numerical performance and low processing
requirements. Note that the solutions reached by the
proposed approach can be used as the starting point
for  metaheuristic  algorithms  in  future
developments.

v The numerical results considering the presence of
dispersed generation confirmed the efficiency of the
proposed algorithm since, for the 33-bus system, the
difference with respect to the optimal solution in the
current literature was less than 600 W, and, for the
69-bus grid, the heuristic approach found the
optimal solution.

The main advantage of the proposed algorithm is its
simplicity and practicality, since it only requires little
programming skills to be implemented, with the main
advantage that no statistical analyses are required due to
the fact that each run of the solution will be the same (i.e.,
it has a deterministic behavior).

As for future work, it will be possible to carry out the
following: (i) to reformulate the MINLP model in
Equations (1)-(6) as a mixed-integer programming model
in order to apply a convex optimization tool that deals
with binary variables in searching the global optimal
solution for the reconfiguration problem in distribution
networks; (ii) to use the presented constructive heuristic
approach to initialize metaheuristic optimization
techniques in order to boost the exploration and
exploitation of the solution space while also reducing the
processing times required to solve the studied
problem;(iii) to consider in the function formulation
different performance indicators, such as economic or
environmental indexes; and (iv) to propose a multi-
objective optimization approach to reduce the energy
losses, improve voltage profiles, and minimize
greenhouse gas emissions in distribution grids for rural
areas with diesel generation plants and high penetration
of renewable energy resources.
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