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Keywords: Abstract: In this paper, a novel mathematical formulation
voltage deviation, based on Mixed-Integer Nonlinear Programming (MINLP) is
distribution system reconfiguration, proposed, which for the first time solves the integrated problem
mixed integer programming, of distribution system reconfiguration and distributed
active power losses, generation (DG) placement without using trigonometric
distributed generation. functions and Without considering linear approximations;

instead, it leverages the node-branch incidence matrix and the

real-imaginary components of voltage and current. This model
reduces computational complexity; it also ensures that a global
optimal solution is attained through the branch-and-bound
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Extended Abstract

Introduction

Power distribution in distribution systems is
carried out wusing a radial configuration.
Unfortunately, the losses that occur in the power
transmission and distribution process are a matter
of concern and cannot be ignored.
Approximately 70% of losses occur at the
distribution level and about 30% at the
transmission level. The radial structure of
distribution systems and an increase in loading
due to industrialization have increased power
losses at the distribution level. The radial
structure facilitates the coordination of protective
devices and also leads to a reduction in the
investment in the infrastructure and support. To
reduce power losses in the distribution system,
power sources such as distributed generation and
capacitor banks are commonly used. Today,
power generation companies are moving towards
increasing their costs and maximizing the level
of consumer satisfaction, so they are focused on
the optimal management of the distribution
system. In addition to the presence of distributed
generation, a reliable and cost-effective method
that ensures improved services is the
reorganization of the distribution system.
Improving the voltage profile and limiting power
losses are two major challenges in the
distribution system that can be solved by
installing distributed generation as well as by
reconfiguring the distribution system. The
process of locating distributed generation to
identify the most optimal bus for installation
must be carried out with precision and
comprehensiveness, which can only lead to a
violation of the operating constraints of the
distribution system. As a result, the optimal
location must be determined by taking into
account sensitivity calculations.

Materials and methods

In distribution systems, there are two types of
switches, namely sectionalizer switches and
communication switches, which are normally
closed and open respectively. These switches
adjust their open and closed positions by
changing the configuration of the distribution
system to maintain the system performance
within the allowed range. In general, the problem
can be described as: ‘Determine the best subset
of lines that creates a radial configuration system
from an initial solution space corresponding to
closed lines (sectionalizers) and open lines
(communication switches) that allow reducing

the total active power losses in the system
devices (current in the lines and power
generation in the sources), ensuring power
balance and voltage limits at all nodes’. In
mathematical terms, this problem can be solved
using a nonlinear programming model. The
discussion of distribution system rearrangement
along with the location of distributed generation
is raised in this research as a dual-objective
optimization problem. To solve the problem of
distribution system rearrangement or distributed
generation location, several methods have been
proposed by researchers, including optimization
methods such as the heuristic method (HM),
arithmetic  optimization algorithm  (AOA),
intelligent water droplet algorithm (IWDA),
training-based optimization (TLBO), firework

algorithm (FWA), and uniform voltage
distribution algorithm based on constructive
rearrangement (UVDA).

Considering the difficulty of solving the
problem using metaheuristic  optimization
methods presented in research and the existence
of very limited studies on solving the problem of
optimal rearrangement of distribution systems
simultaneously with the location of distributed
generation units, in this paper a mixed integer
nonlinear programming (MINLP) model is
proposed to solve the problem. A new
formulation is implemented, which replaces the
formulation of trigonometric functions of power
balance equations to solve the problem of
integrating distribution system rearrangement
with the location of distributed generation units.
For the first time, an attempt is made to
overcome this problem by presenting a novel
mathematical formulation. In this method, there
is no need to use trigonometric functions, and the
complexity of optimization calculations is
significantly simplified. The proposed model
minimizes the objective functions, including
active power losses and voltage deviation under
different single-objective and dual-objective
conditions, and ultimately improves the voltage
profile. The implementation of the proposed
model formulation is presented in the specialized
software GAMS. The accuracy of the proposed
model has been evaluated on medium (33 buses)
and large (69 buses) test systems. The following
can be briefly mentioned as the innovations of
the study:

1. It introduces a new approach to
mathematical formulation without the presence of
trigonometric functions and linear approximation
to solve the problem of distribution system
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reorganization simultaneously with the location of
distributed generation units, with the multi-
objective objectives of reducing power losses,
reducing voltage deviations, and consequently
improving the voltage profile.

2. it examines the proposed model on medium
and large systems to optimize the network layout
and also to determine the location and size of
distributed generation units under different
scenarios and multiple modes.

3. It demonstrates the significant impact of
the proposed model on reducing active power
losses and modifying the voltage profile in the
problem of integrating distribution system
reorganization with the location of distributed
generation units.

4. 1t offers a better performance of the
proposed model compared to other existing
methods in the optimization of distribution
systemsandfinding the global optimal solution.

Result
Simulation results on 33-bus and 69-bus
distribution  systems show the superior

performance of the proposed method compared
to the other existing approaches. It is found that
the percentage reduction of total active power
losses in 33-bus and 69-bus distribution systems
has reached 72.97 and 83.55 percent
respectively. Also, the voltage deviation in these
two systems has been reduced by 94.77 and
96.99 percent respectively.

Discussion and Conclusion

In this paper, the MINLP model is presented to
solve the problem of simultaneous distribution
system rearrangement with distributed generation
location. In general, this complex hybrid problem
aims to find the best network arrangement and
location for installing distributed generation to
reduce power losses and to improve the voltage
profile. The proposed model effectively
improves the optimization problem in the radial
distribution system by satisfying the technical
constraints for the bi-objective function. The
performance of MINLP in 33 and 69 bus radial
distribution networks has been evaluated for
three different scenarios and multiple modes in
the GAMS software. The new formulation of the
node-branch intersection matrix in power
distribution calculations has been used to manage
simultaneously ~ the  distribution  system
rearrangement and the allocation of distributed
generation units. Significant improvements in the
active power loss indices, voltage deviation, and
voltage profile have been observed in the case of
simultaneous distribution system rearrangement
with distributed generation location. For dual-
objective conditions in the third scenario
(reducing total active power losses as well as
voltage deviation), the simultaneous
reconfiguration mode with distributed generation
location provides promising results.
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1. Active power loss reduction index
2. Voltage deviation reduction index
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1. Linear, interactive, and discrete optimizer
2. Continuous nonlinear programming
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