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Abstract

This paper presents a multi-objective optimization model for optimal placement of fixed capacitors
and voltage regulators to manage the voltage profile of radial distribution networks, in which the
realities of the distribution network of Ahvaz city (as representing the tropical regions of southern
Iran) are considered. The objective functions include minimizing the investment cost, minimizing the
sum of absolute value of the node’s voltage deviations from 1 p.u., and minimizing the cost of energy
losses on the planning horizon. The optimization model is formulated by considering two different
load patterns according to the warm and temperate periods of the year in Ahvaz city. The loads are
modeled as a combination of constant power and constant impedance components and the share of
each component in the warm and temperate periods of the year is considered in accordance with the
actual conditions of the Ahwaz power distribution network. The cost of energy losses as well as the
final profit of the project is calculated based on the current rules of Iranian power market for active
and reactive powers. The optimization problem is solved using multi-objective non-dominated-sorting
genetic algorithm-11 (NSGA 1), and in order to choose the best answer among none-dominated Pareto
front, a selection index is introduced. The proposed model is implemented on two 33 kV test feeders
(i.e., a 33-bus test feeder and a real 123-bus feeder from Ahvaz distribution company) and the results
are analyzed.
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Figure (1): Normalized curve of the average daily load of a typical feeder in Khuzestan province in two warm and temperate periods [22]
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Figure (3): The overview process of the solution algorithm
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Figure (4): Hourly electricity market price chart for warm and temperate periods for the first year, a) Active power b) Price coefficient of
reactive power compared to active power
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Figure (5): Single line diagram of 33 radial system [2]
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Figure (6): Single line diagram of 123 radial practical system [22]
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Figure (7): Voltage profile diagram for 33-buses test network in the basic state (maintaining the existing conditions)
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Table (3): Numerical indicators of 33-buses test network in the years of the planning horizon in the basic state (maintaining the existing
conditions)
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Figure (8): Voltage profile of the 33-buses test network in the first scenario related to the third Pareto response, a) Peak consumption hour of
the first year and the last year, b) Lowload hour of the first year
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Figure (9): Voltage profile diagram of the 33-buses test network in the second scenario with the implementation of the plan related to the
fourth Pareto response
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Figure (10): Voltage profile diagram of 33-buses test network in the third scenario with the implementation of the plan related to the second
Pareto
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Table (4): Non-dominated Pareto responses in different scenarios of 33-buses test network
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Figure (11): Voltage profile diagram of 123-buses practical network while maintaining the existing conditions

Table (5): 123-buses System conditions in the state of maintaining the existing conditions
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Table (6): non-dominated Pareto responses for 123-buses practical network
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Figure (12): Comparative voltage profile diagram of 123-buses practical network during the peak consumption hour of the second
year with and without the implementation of the plan related to the fourth Pareto responses.
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Figure (13): Comparative voltage profile diagram of the test network of 123-buses practical network during the peak consumption hour of
the last year with and without the implementation of the fourth Pareto responses plan
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. Network reconfiguration

. Distributed generation units

. Static VAR compensators

. Voltage regulators

. Plant growth simulation algorithm
. Flower pollination algorithm

. Multiverse optimizer

. Under load tap changer

. Tap stagger

. Stackelberg Solution

. Mixed-integer linear programming model
. Full load feeders

. Voltage diviation index

. Pareto

. Selection index

. Pareto front

. Evolutionary algorithms

. Non-dominated sorting genetic algorithm
. Reproduction

. Test and set
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