Energy Systems (2024) 15:635-671
https://doi.org/10.1007/512667-022-00517-4

ORIGINAL PAPER

®

Check for
updates

Enhancement of performance indices on realistic load
models with distributed generators in radial distribution
network

Gopisetti Manikanta'® - Ashish Mani' - Hemender Pal Singh' -
Devendra Kumar Chaturvedi?

Received: 8 April 2021 / Accepted: 2 May 2022 / Published online: 1 June 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract

The location and capacity of Distributed Generators (DG) are the two crucial factors
that play a vital role in distribution networks towards reducing power losses. Inde-
pendent implementation of DG injects either active power or reactive power and has
attracted the interest of many researchers. However, some researchers have studied
this important optimization problem with constant power load model or with the
independent implementation of voltage dependent load models. In practical distribu-
tion network, loads provided by distribution utilities are mostly ZIP load models. So
it is necessary to study the effect of DG on ZIP loads in distribution system to reduce
power losses. In this study, an investigation has been performed to observe the effect
of ZIP load models on the implementation of DG. The main objective of the study
is to reduce the power losses with the implementation of DG considering ZIP load
models. In this study, two cases are investigated to reduce the power losses with
different scenarios. In Case-A, ten different scenarios are considered to study the
effect of ZIP load model on the implementation of DG. Seven different independent
ZIP load models have been proposed to study the effect of DG with different perfor-
mance indices such as real power loss index (RPLI), the reactive power loss index
(RePLI), voltage deviation index (VDI) and the real power injected by DG (Ppg).
Optimal placement and sizing of DG is a difficult non linear combinatorial optimi-
zation problem. Many evolutionary algorithms have been used to reduce the power
losses with independent implementation of DG. However, evolutionary algorithms
often suffer from some limitations, so quantum inspired evolutionary algorithm
(QiEA) is used to overcome these limitations. An adaptive quantum inspired evolu-
tionary algorithm (AQiEA) which is the updated version of QiEA is used to find the
optimal location and capacity of DG. In Case-B, effectiveness of the proposed algo-
rithm is tested on two IEEE benchmark test bus system with three different Scenar-
ios. Multi objective function is formulated with real power loss, reactive power loss,
voltage deviation index, and total power injected by DG. Tabulated results demon-
strate that AQiEA is performing better in all aspects such as real power loss, active
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power injected by DG & percentage power loss reduction as compared with Particle
Swarm Optimization (PSO), Symbiotic Organism Search (SOS), Jaya Optimization
(JO), Ant Lion Optimization (ALO) and Dragon Fly Optimization (DFO).

Keywords Realistic load models - ZIP load models - Distributed generator -
Performance indices - AQIiEA - Power losses

List of symbols

%P o Percentage reduction in power loss

%Ppg Total percentage of active power injection with DG
n Number of DGs

Py&Q, Real and reactive powers at rated voltage (V)
Ppg Total power injected by DG

ng‘&ng" Minimum and maximum allowable size of DG
Pl oad Active power load in the system

P,(m) Power injected by DG at particular bus ‘m’

| S Total active power loss

PiwbG Active power loss with DG

PiiwonG Active power loss without DG

Qioss Total reactive power loss

QiewDG Reactive power loss with DG

QiswodG Reactive power loss without DG

RPLI, g Real power loss index with DG

RPLI,, pg Real power loss index without DG

RePLI, g Reactive power loss index with DG

RePLI, pg Reactive power loss index without DG

VDI, pg Voltage deviation index with DG

VDI, .pg Voltage deviation index without DG

Zp, Ip, Pp ZIP coefficients of real power

Zq, Iq, Pq ZIP coefficients of reactive power

P&Q Real and reactive power operating at voltage (V,)

Abbreviations

ABC Artificial bee colony algorithm

AC Air conditioner

ALO Ant lion optimization

AQiEA Adaptive quantum inspired evolutionary algorithm
BPSO-SLFA Binary particle swarm optimization and shuffled frog
DFO Dragonfly optimization

DG Distributed generator

EHOA Elephant herding optimization algorithm

GA Genetic algorithm

IL Incandescent light

JO JAYA optimization

LED LED light
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MOF Multi objective function

MRFO Manta ray foraging optimization algorithm

MWe Microwave

PC Personal computer (monitor and CPU)

PSO Particle swarm optimization

QiEA Quantum inspired evolutionary algorithm

Refg Refrigerator

SKHA Stud krill herd algorithm

SOS Symbiotic organism search

VCm Vacuum cleaner

VDI Voltage deviation index

WOA Whale optimization algorithm

Z1IP load Constant impedance (Z), constant current (I) and constant power
load

1 Introduction

The load composition in distribution network is changing over past few years and
also load at distribution network is increasing day by day due to the technological
advancements. Over past few years, there is proliferation of electronic supplies in
many households such as laptops, cell-phone chargers, fluorescent compact lights
(CFLs) and flat screen TVs [1]. Similarly in case of lighting industry, there is rapid
change in ballast technology. In recent times, electronic ballast (constant power
load) is mostly used as compared to magnetic ballasts (constant impedance load).
In present scenario, new lights i.e., [light-emitting diode (LED) lights and induction
lights] are introduced into the market which creates a major change in the lighting
industry due to its better efficiency [2]. In distribution network, two approaches are
mainly used to build the loads, viz., measurement based method [3] and component
based method [4]. Traditional power system analysis tool often use voltage depend-
ent load models i.e., the load which varies with square of voltage and linear with
voltage. These are constant impedance load (CZ), constant current load (CI) and
constant power load (CP) namely ZIP load model [5]. The main objective of the
study is to present a realistic ZIP load model in distribution network. An investiga-
tion has been done to reduce the power losses with implementation of DG on differ-
ent ZIP load models. In addition to power loss minimization, performance indices
are also analyzed to study the effect with DG on different ZIP load models.
Distribution network acts as main link in power system which has very signifi-
cant importance. It acts as an end link to transfer power from transmission system
to consumers. The main aim of distribution companies is to provide efficient power
with minimum power losses and improved voltage profile. However, distribution
network has high power losses as compared with transmission system because of
its high resistance to reactance ratio. The node voltage of the system is reduced as it
moves away from the substation or reference node. So in order to reduce the power
losses and improve the voltage profile, there is always a demand for power compen-
sation. In recent times, DGs are mainly used in distribution network to reduce the
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power losses [6]. DG is defined as the small scale power generating source that is
placed nearer to load centers, which reduces the transmission cost and minimizes
the power losses in power delivery. DG size generally varies from few kW to several
MW. In this study, real power injection i.e., DG which injects only real power into
the system is studied, which reduces the load burden in the system. Reduction in
energy loss, improvement in stability, power factor, voltage profile and reduction in
peak demand are some advantages of placing DG at optimal location with optimal
size. Optimal location and capacity of DG are two key important factors which play
important role in distribution system to reduce the power losses. DGs are gener-
ally classified into two types viz., one is conventional and the other is non-conven-
tional energy sources. In present scenario, there is depletion in conventional energy
sources, and non-conventional energy resources have gained more importance due
to their numerous advantages.

Optimal location and capacity of DG are two key important factors which play
a major role to reduce the power losses. Many researchers have solved the optimal
location and capacity of DG optimization problem with analytical and metaheuristic
techniques. Viral and Khatod [7] proposed an analytical method to find the optimal
location and sizing of DG. The main objective of the study was to reduce the losses
with implementation of DG. The optimal location of DG is identified by sequence of
nodes, whereas the optimal sizing is identified by optimizing the loss saving equa-
tion. Singh and Parida [8] used an analytical method to find the optimal location of
DG. Two analytical methods such as Loss reduction sensitivity method and Voltage
improvement sensitivity method are used to reduce the power losses and improve
the voltage profile. Acharya et al. [9] proposed an analytical method to calculate the
optimal size and location of DG, to minimize the power losses in radial distribution
system. Alemi and Gharehpetian [10] used an analytical method to determine the
optimal location and capacity of DG with an objective to improve the voltage profile
and reduce the power loss. Loss sensitivity and priority list methods are used to find
the location and size of DG.

Analytical methods are easy and simple to apply on small test bus systems with a
single optimization objective. However, when the analytical techniques are applied
on multi objective functions or large test bus systems, the computational burden
becomes heavier and global optima are not guaranteed. Implementation of DG in
distribution network to reduce the power losses is an interesting and challenging
area of research where many researchers have used different techniques. In compar-
ison with analytical techniques, metaheuristic techniques can provide competitive
solutions at reduced computational burden. Thus, more metaheuristic techniques
are implemented in distribution network to solve this complex combinatorial opti-
mization problem. Metaheuristic techniques are principally population based opti-
mization techniques which mainly work on Darwinian principle. Individuals in the
population are competing with one another, best among them will move to the next
generation. This natural selection often leads to better solutions. Some metaheuris-
tic techniques which are mainly used to solve the optimal location and capacity of
DG are Stud Krill herd Algorithm (SKHA) [11], JAYA Optimization algorithm (JO)
[12], Binary Particle Swarm Optimization and Shuffled Frog Leap (BPSO-SLFA)
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algorithm [13], Dragonfly optimization algorithm (DFO) [14], Symbiotic organ-
ism search (SOS) [15], Whale optimization algorithm (WOA) [16], Particle Swarm
Optimization (PSO) [17], Ant Lion Optimization (ALO) [18], Manta Ray Forag-
ing Optimization algorithm (MRFO) [19], Elephant herding optimization algorithm
(EHOA) [20], Genetic Algorithm (GA) [21] and Artificial bee colony (ABC) algo-
rithm [22].

Chithra Devi et al. [11] used a new metaheuristic technique known as Stud Krill
herd Algorithm (SKHA) to find the location and size of DG. The objective of study
is to reduce the power losses with various constraints such as DG power injection,
location constraint and voltage limit. Jain and Venkaiah [12] solved optimal location
and sizing of DG problem with a Multi-Objective JAYA (MOJAYA) algorithm. The
objectives of the study are stability of the system, voltage profile and reduction in
the power losses. Hassan et al. [13] proposed a hybrid optimization algorithm i.e.,
Binary Particle Swarm Optimization and Shuffled Frog Leap (BPSO-SLFA) algo-
rithm to determine the optimal placement and capacity of DG. Multi objective func-
tion is formulated to reduce the losses, improve the voltage and stability of the sys-
tem. Suresh and Belwin [14] solved optimal location and capacity of DG problem
with a nature inspired algorithm known as Dragonfly optimization algorithm (DFO).
Different types of DGs which are operating on different power factors are considered
to reduce the power losses. Reddy et al. [16] used Whale optimization algorithm
(WOA) to improve the voltage and reduce the power losses. WOA 1is used to find the
optimal size of DG and index vector method is used to determine the optimal loca-
tion of DG.

Kanwar et al. [17] used Particle Swarm Optimization (PSO) technique to reduce
the power losses with simultaneous implementation of DG operating in parallel with
shunt capacitors and network reconfiguration. Reddy et al. [18] and Hemeida et al.
[19] used different metaheuristic techniques [Ant Lion Optimization (ALO) and
Manta Ray Foraging Optimization algorithm (MRFO)] to determine the location
and capacity of DG. Reduction in power loss and improvement in voltage profile are
main objectives considered in both studies. Prasad et al. [20] used a nature inspired
algorithm known as Elephant herding optimization algorithm (EHOA) to determine
the optimal size of DG to reduce the power losses. Optimal placement of DG is
determined by power loss index method which reduces the search space. Prakash
et al. [21] used well known algorithm i.e., Genetic Algorithm (GA) approach to find
optimal placement and size of DG in distribution system to improve the voltage sta-
bility, voltage profile and minimize the power losses. Al-Ammar et al. [22] investi-
gated the impact of DG on optimal location and capacity with a concept to reduce
the energy cost along with voltage drop and power losses. Artificial bee colony
(ABC) algorithm is used to find the optimal location and capacity of DG with multi-
ple objectives. It has been observed from above studies that majority of authors have
used constant power load model to reduce the power losses in distribution network.
To the best of authors’ knowledge, if the optimal location and capacity obtained
with constant power load model is implemented in actual distribution network, it
will induce more power losses and poor voltage regulation in the system because the
load at distribution network is mainly dependent on magnitude of supply voltage.
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Some authors have also solved the DG optimization problem with voltage dependent
load model.

Kashyap et al. [23] used an analytical method for implementation of multiple
DGs with ZIP load model. Simultaneous implementation of ZIP load and economic
load growth for a specific period of time is investigated. An investigation has been
proposed to study the effect of ZIP load models on different DGs to reduce the
power losses and cost of energy loss. Murty and Kumar [24] used loss sensitivity
analysis to determine the optimal location and capacity of Capacitor to reduce the
power losses with ZIP load model. Economic load growth and winter load variations
are considered in the study. However, the objectives of the study are to reduce the
overall cost and loss savings per annum with optimal capacitor placement. Polisetti
and Kumar [25] used optimal power flow approach with ZIP loads to determine the
nodal price along with marginal clearing price by reducing the total operating cost
in the system. El-Zonkoly [26] used particle swarm optimization method to find the
optimal location and capacity of DG. Different load models are considered to study
the effect of DG with different performance indices such as MVA intake by the grid,
voltage profile and power losses in the system. Sadeghi and Kalantar [27] used pri-
ority list method to find the optimal location of DG. The main objective of the paper
is to simulate and compare the results of DG allocation in a power system, when
the loads at each bus are simulated with ZIP load model. Least square optimiza-
tion technique is used to model the load as ZIP load. Murty and Kumar [28] used
power loss sensitivity index-based approach to find the optimal location of Capaci-
tor. Power loss index and index vector are also used for optimal location of Capaci-
tor. The three sensitivity methods are used in the system to provide reactive power
compensation and compared on cost saving, loss reduction, operating cost and total
kVAr support.

Many analytical, heuristic and meta-heuristic techniques are used to solve this
important optimization problem. Some authors have solved this important optimiza-
tion problem with constant power load model. In actual practice, the load at distri-
bution network is mainly dependent on magnitude of voltage because of change in
impedance, power and current. The assumption of constant power load model i.e.,
which is independent of voltage, induces more power losses in the system due to
improper placement and sizing of DG. It has been observed from above literature
review that majority of authors have solved optimization of DG problem with either
constant power load or with voltage dependent load model. The literature review
reveals that static load models are more applicable in distribution system with
respect to the load behavior. In general, there are three types of load models viz.,
constant power load (CP), constant impedance load (CZ) and constant current load
(CI). Combination of all these loads represents a realistic static load model i.e., ZIP
load model. In this study, an investigation has been proposed to study the effect of
DG on realistic static load models. The main objective of the study is to reduce the
power losses with implementation of DG on different ZIP load models. In addition
to power losses, performance indices for different ZIP load models are also studied.
Optimal location and capacity of DG involves combination of continuous and dis-
crete variables. A quantum inspired evolutionary algorithm [29] is used to solve this
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difficult combinatorial optimization problem. Adaptive quantum inspired evolution-
ary algorithm [30] uses probabilistic representation with Q-bits. The proposed algo-
rithm uses two Q-bits, which helps in improving the quantum search. The proposed
algorithm has been applied in many engineering optimization problem [30-36],
AQIEA performs well in all scenarios as compared with the other algorithms which
are used in the study.

The main contributions of the paper are as follows.

1. The objective of the study is to reduce the power losses, an investigation has been
performed to study the effect of DG with different realistic static load models i.e.,
seven different independent ZIP load models are considered.

2. A novel methodology has been proposed to find the location and capacity of
DG. An AQIEA is used to solve the combinatorial optimization problem which
involves continuous and discrete variables.

3. Performance indices such as real power loss index (RPLI), the reactive power loss
index (RePLI), voltage deviation index (VDI) & the real power injected by DG
(PDGQG) are also studied.

4. Multi objective function is formulated with real power loss, reactive power loss,
voltage deviation index and total power injected by DG.

Minimization of power losses is one of the major concerns for distribution utili-
ties, many techniques have been implemented in distribution system to reduce the
power losses. In present scenario, DG has gained more importance in distribu-
tion system to reduce the power losses. However, many researchers have solved
the optimization problem of placement and sizing of DG with different analytical
and metaheuristic techniques with constant power load or single hour load. Con-
stant power load doesn’t vary with time and is also independent of voltage. It is
well known that the load at distribution network mainly comprises of different loads.
In practical distribution network, it has been observed that the consumer load at a
specific bus or all buses uses combination of all voltage dependent load models i.e.,
mixed load model. However combination of all voltage dependent load models at
specific bus or all buses has not been studied adequately. In this study, an investiga-
tion has been proposed to study the effect of DG on realistic static load models. In
addition to power losses, performance indices for different ZIP load models are also
studied.

Rest of the paper is organized as follows, “Problem formulation” section
describe the objective to minimize the power loss by implementation of DG with
different ZIP load models in distribution system. Placement and sizing of DG
is a difficult non differentiable combinatorial optimization problem. A quantum
inspired evolutionary optimization algorithm has been used to solve the optimiza-
tion problem of DG, which has been explained in section ‘Algorithm’. The effec-
tiveness of AQIiEA is compared with other algorithms has been shown in ‘Results
and Discussions’ section. Finally, the findings of the paper is presented in ‘Con-
clusions’ section.
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2 Problem formulation
2.1 Objective function

The main objective of the study is to reduce the power losses with implementa-
tion of DG on different ZIP load models. The individual power loss obtained at
each branch section and overall power losses are calculated as follows.

N,
Min. {le= Zlime}. (1)

m=1

2.2 Distributed generator

Optimal location and capacity of DG not only reduces the power losses and but
also improves the voltage profile in the system. Power injected by DG at a par-
ticular bus m is given as follows.

P (m) = P (m) = Ppg(m) )

Constraints for power loss minimization with DG are given as follows:

(a) Operation of distributed generator:
Improper placement and sizing of DG induces more power losses in the system
with poor voltage regulation. In some case it may damage the system equipment,
it is necessary that power injected by DG have always been in acceptable limits.

min max
PpGi < Ppgi < Ppg- 3)

(b) Power injection for the system:

DGs are placed nearer to load centers, if DG induces high power into the sys-
tem i.e., greater than total power demand and losses, bi directional power flow
may damage the system equipment. It is necessary that, total power injected by
DG always less than demand and losses in the system.

n
Z Ppc.i < Pemand + Ploss “)

i=1

(c) Power injection:

Total power injected by distributed generator and substation has to meet the
demand at load centers including power losses.
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n
PSubStatinn + Z PDG,[ = Pdemand + les (5)
i=1

2.3 ZIP load models

In distribution network, load composition has subsequently changed in last few
years. Over past few years, the appliances used in the household [for example: lap-
top cell-phone chargers, fluorescent compact lights (CFLs), and flat screen TVs], has
modified the over all load composition. In this study a realistic load model is consid-
ered which represents the polynomial equation of voltage magnitude on power—volt-
age relationship. The objective of the paper is to study the effect of DG on ZIP load
models. Where ZIP represents constant impedance load (CZ), constant current load
(CI) and constant power load (CP) respectively. The expressions for real and reac-
tive powers of the ZIP coefficients model are

_‘/i_z —Vi-
P=P0 Zp v +Ip V +Pp , (6)
[ vir vl
Q:QO Zq 7 +Iq 7 +Pq N (7)

where Z, +1,+P,=1&Z +1,+ P, = 1.
In conventional power flow studies, constant power load model is considered with
ZIP coefficients are zero. The coefficients of ZIP load model are given in Table 1.

2.4 Performance indices

The effect of DG on ZIP load models are studied with different performance indices.
The performance indices with DG are given below.

Table 1 Real and reactive ZIP load models

Scenario Components Real power (P) Reactive power (Q)
z, 1, P, Z, 1, P,

1 Air conditioner 1.60 —2.69 2.09 12.53 -21.10 9.58
2 Incandescent lamp 0.54 0.50 —0.04 0.46 0.51 0.03
3 LED light 0.58 1.13 —-0.71 1.78 —0.80 0.02
4 Microwave -0.27 1.16 0.11 15.64 -27.7 13.10
5 Vacuum 0.92 0.07 —0.01 0.91 -0.02 0.11
6 PC 0.18 -0.26 1.08 -0.19 0.96 0.23
7 Refrigerator 1.19 - 0.26 0.07 0.59 0.65 -0.24
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Real power loss index (RPLI): It is defined as the ratio between the real power
losses induced in the system without placing DG to after implementation of DG i.e.,
ratio between P, with DG to the P, without DG.

Py,
RPLI = 2% 5 100. ®)
IswODG

The lower the value of the index indicates the better in terms of reduction in
power loss with optimal location and capacity of DG.

Reactive Power Loss Index (RePLI): 1t is defined as the ratio between the reactive
power losses induced in the system without placing DG to after implementation of
DG i.e., ratio between Q,,, with DG to the Q,,, without DG.

Oy
QLI = =[G x 100. 9)

w0/DG

The lower the value of the index indicates the better in terms of reduction in reac-
tive power loss with optimal location and capacity of DG.

Voltage deviation index (VDI): Improvement in voltage profile mainly dependent
on the location and sizing pair of DG. This index penalizes the sizing and location
pair that provides higher deviation from nominal voltage. The network performance
is better when VDI is close to zero.

[V = [V

VDI = max —
7]

X 100ump; is 2 to N,,. (10)

DG Penetration (%P): It is defined as the ratio of total power injected by DG
into the system to the summation of total power injected by DG and power injected
by the system.

%Ppg = PW—DG x 100. (11)
PWDG + PwoDG

Percentage power loss reduction (%P,,): It is defined as the ratio of difference in
power losses of without and with DG to the power losses without DG in the system.
Higher in reduction percentage indicates the maximum reduction in power losses.

P IswoDG—Py,,,

%P, = x 100 (12)

IswODG

2.5 Multi objective function
Optimal location and capacity of DG is a non linear, non differentiable combina-

torial optimization problem. In this study, a quantum inspired evolutionary algo-
rithm has been used to find the location and capacity of DG. The effectiveness of
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the proposed algorithm is tested with a multi objective function which includes real
power loss, reactive power loss, total power injected by DG and voltage deviation
index. Mathematical problem formulation of multi objective function is given as
follows.

min(MOF) = (x; X P, + o X Qs + X3 X VDI + &4 X P, ;) (13)

where o¢; + o, + o3 + o, =1

The weight values for this typical operation are considered as follows. In the anal-
ysis, real power losses and reactive power losses are considered as most important
weights with factors 0.5 and 0.3. The third and fourth significant weights are voltage
deviation index and power injected by DG with values 0.15 and 0.05.

3 Algorithm

In 90’s many research efforts have been made in the field of quantum computing.
Quantum computers which work on the principles of quantum mechanics can offer
more processing power to solve some engineering optimization problems as com-
pared with classical computers. In quantum mechanics, superposition principle
states that a particle can be simultaneously in two different states, which offers high
degree of parallelism. Shor’s algorithm [37] shown the superiority for factoring the
large numbers, the prime factor of a n-digit number can be found with Shor’s algo-
rithm in polynorlnial time whereas the well known classical algorithms have com-

plexity of 0(2”310g(n)§ > Grover’s algorithms [38] also shown its superiority for

searching the database, the complexity of Grover’s algorithm for searching an item
in an non ordered database with n-items is O(\/ﬁ) whereas the classical algorithms
have complexity of O(n).

The researches on integration of quantum computing and evolutionary algo-
rithms are developed in 90’s. Two different categories are created, first one focuses
mainly on drawbacks of quantum algorithms and the other focuses on developing
new algorithms which are inspired from principles of quantum mechanics i.e., quan-
tum inspired evolutionary algorithms [39]. In later approaches these algorithms are
executed on classical computers.

Quantum computation is generally defined as the study of managing informa-
tion using quantum mechanical system. Narayanan and Moore [40] have proposed
a quantum optimization algorithm by incorporating some concepts and principles
quantum mechanics into quantum computation i.e., interference crossover into
genetic algorithm. Han and Kim [39] initially proposed quantum inspired evolution-
ary algorithms, Q-gates are used for convergence. Like evolutionary algorithms,
QiEAs are also characterized by the use of a fitness evaluation mechanism, popula-
tion diversity and representation of individuals. The algorithm is inspired by merg-
ing some concepts and principles of quantum computing with evolutionary algo-
rithms to optimize some engineering optimization problems on classical computer.
The major difference between QiEA and classical evolutionary algorithm is the
basic unit to store the information. In classic evolutionary algorithm, binary digits
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are mainly used to store the information in one of the two states either ‘1’ or ‘0. In
case of QiEA, quantum bit or Q-bit is used to store the information in superposition
of two states.

Quantum inspired evolutionary algorithms are mainly rely on concept of quan-
tum mechanics i.e., “quantum bit”, in short known as Q-bit viz., smallest unit of
information and superposition of states [34].The state of Q-bit can be represented as
follows:

le) = Bla) + 61b). (14)

where @&¢6 are complex numbers, which represents the probability amplitudes of
the corresponding states. |@|°&|5|> shows the probability of quantum bit to be in
state ‘0’ or in state ‘1’. The normalization of amplitudes can be represented as

13|% + |6) = 1. (15)

QIiEA with binary representation can perform well on engineering optimization
problems where this kind of representation is suited the most. Each individual in the
Q-bit can be represented as g; = [@iéi]T. The population of Q-bit individuals are
represented as Q(t) = {q’l . } where t represents the generation with n-popu-
lation size. The individual Q-bit at t generation with m population size is defined as

& !
q; = [ 5 i ] (16)
1

5t
m

Over a past few decades, many researchers have used QiEA to study different
optimization problems. However, some pending issues are to be studied in QiEA.
QiEA uses simple probabilistic model and unable to represent high order relation-
ship between variables. Secondly, QiEA is unable to deal with multi model land-
scape problems, especially symmetric optimization problems. In QiEA, information
between the individuals can be shared by migration method which makes all the
individuals converge to the same solution.

Adaptive quantum inspired evolutionary algorithm (AQiEA) is used to over-
come some of the limitation in QiEA. In AQIiEA, two Q-bits are used in popula-
tion whereas QiEA uses a single Q-bit to store the information. The first Q-bit in
AQIEA is used to store the solution vector variables and the second Q-bit is used to
scale and rank the solution vector. The operation of quantum computers is mainly
dependent uses Q-bits. The information of Q-bit can be in both states due to the
superposition. Quantum particles which are in superposition of states can be entan-
gled with one another. In quantum systems, parallel computation can be performed
with the use of these entangled particles. Quantum computation is mainly dependent
on three axioms: superposition axiom generally gives the information of Q-bit in the
possible states of a given quantum system. Measurement axiom gives the relevant
information about the states of Q-bit that we can access and the evolution of state of
quantum system with respect to time is generally given by Unitary Evolution axiom.
AQIiEA uses some principles of quantum mechanics such as superposition, measure-
ment and entanglement.

2
52
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The solution string of a quantum system can be generated from Q-bit string (o)
where oe(@, 6) by using a measurement operator. In quantum system, the collapse
of superposition of states can be observed by the application of measurement opera-
tor and in case of classical computers collapse doesn’t occur naturally. A new string
(N,,) which is of same length of Q-bit string is generated. The values in N is varied
between 0 and 1. A new measured value string (V,,,) is generated after measurement
operation on Q-bit string. The length of N, is same as the length of Q-bit string.
The measured value in N, is obtained by comparing the generated random number
at N, to square of @. At ¢ generation the expression is normally given as follows:

200 [ Nos(t) = Z2(0)
Nph <2 (t){ otherwiseN,, (1) = (7). a7

Tabulated results in Table 2 shows the detailed analysis of measurement operator
with different Q-bits.

Entanglement is generally defined as two or more Q-bits which are entangled
with others and separated by a distance. Any operation performed on one of the
Q-bit would affect the sate of other Q-bit. The equation is given as follows

lea () = (e (D)) (18)

In this study, an adaptive quantum based crossover operator is used a variation
operator and is given as follows:

lent+ 1)) = £, (|ex®), [en®), | (D).]en(®))

Two Q-bits are entangled with each other, the amplitude of second Q-bit is deter-
mined by influence of first Q-bit value. Second Q-bit influences the first Q-bit by
adaptive quantum rotation crossover operator. Quantum registers are used to repre-
sent the solution vector of a specified problem with number of variables and used
to store Q-bits. The worst and best fittest solution vectors in the second Q-bit are
considered as value 0 and 1. The remaining solution vectors in the second Q-bit are
given scaled ranks between 1 to 0. If p represents the total population used to deter-
mine the fitness function with x variables.

OR, Dy e e D,
' el I (19)
OR, D,y o e D,
Table2 Measured operator on P 1 5 3 4 N
Q-bit string - 14
(1) 0.82 0.61 0.34 0.29 0.71
82(t) 0.18 0.39 0.66 0.71 0.29
N, (0 0.34 0.92 0.65 0.84 o 0.26
N, 0.82 0.39 0.66 0.71 0.71
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A, ‘ ‘ ‘ A; B, ‘ ‘ ‘BJ-

N ~ ~

[¢— Placement of DG ———p€——  Capacity of DG ——P]

Fig. 1 Chromosome representation of AQIEA With DG

The main objective of the study is to reduce the power losses in the distribu-
tion network with implementation of DG. The solution vector for optimization
problem is given as follows

Dglgl DG,} DGy, - DGy,
DGy, - DGy, DGy, -+ DG,
Opg = El e ;_1... : ot (20)
pa)' ... DG DGR - DG
DG, - DG, DG(, - DG

where p represents the total population used in the system and i&;j represents total
number of variables used in the system for location of DG, size of DG and open
switch. DGgi represents the placement of DG at ith variable with p population. DG’éj

represents the capacity of DG at jth variable with p population.

Optimal location and capacity of DG are two key important factors to reduce the
power losses and optimization of DG in distribution network is a difficult non-linear
combinatorial optimization problem which involves continuous (optimal sizing of
DG) and discrete variables (optimal location of DG). Optimal size of DG is varied
from ng“andPgéx. Optimal location of DG is varied from 1 to N. Quantum chromo-
some representation for implementation of DG is shown in Fig. 1.

In evolutionary algorithms, symbol, binary or numeric values are used to repre-
sent the chromosome. In case of QIiEA, the chromosome representation is mainly
dependent on Q-bit representation. QiEA doesn’t need any operators to maintain the
diversity in the population. The population diversity in QiEA can be maintained by
using quantum gates or Q-gates. In AQIiEA, instead of Q-gates, rotation strategies
are mainly applied to maintain the population diversity.

The proposed algorithm has applied different rotation strategies (three) to con-
verge the population towards global optima.

Rotation towards the Best Strategy (R-1): Individuals in the population are rotated
towards the best individual. It is sequentially implemented for each solution vector
except the best solution vector.

Rotation away from the Worse Strategy (R-11): It is primarily used for exploitation
purpose. Best individual in the population is moved away from the worse. As it is
rotated away from worse the search take place in all dimensions.

Rotation towards the Better Strategy (R-111): It is primarily used for exploration
purpose. Two individuals are randomly selected in the population and the inferior
one is rotated towards the best individual.

The pseudo code of the proposed algorithm is shown below:
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3.1 Pseudo code

Initialization
Ngp=Number of Quantum Registers (QR1)
fori=I: Nob {
OR; (i) =random (0, 1) ;}
Do {
Formation of Measurement Operator (Qun)
Jori=1: Nop {
if random(0,1)<(QR(i))?
varb (k)= (OR:(i))’
else
varb (i)= (1-(QR:(1))’)}
Computing Fitness Calculation
Jor i=1:Ngp{
fitness_function=DLF (varb(i))}
Assign Quantum registers QR> using solution vector of Quantum registers QR
Apply Different Rotation Strategies (Adaptive Quantum based crossover operator) (OR1;)

Elitist selection between QRi. and QR;

} While (Itermination_criteria)

3.2 Description

1. All parameter are initialized such as population size, maximum number of itera-
tions, etc. Quantum inspired register QR is initialized with respect to number of
variables.

2. Solution string is generated by using measurement operator from Q-bit string.
Initially, a random number is generated between [0 1]. If the random number is
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less than the square of QR,, the square of QR, is selected else one minus square
of QR is selected.

3. In order to compute the fitness of each solution vector a direct load flow study is
used.The main objective of the study is to reduce the power losses by implement-
ing DG in distribution network.

4. Quantum register QR, stores the scaled and ranked objective function value of
corresponding solution vector.

5. The proposed algorithm has applied different rotation strategies (three) to con-
verge the population towards global optima.

6. The fittest one in the population is moved to the next generation as per Darwin-
ian principle. Each individual in the population will compete with the other and
the best will move to the next generation. In the study, tournament selection is
generally applied to find the best individual in the population.

7. Termination criterion is executed based on maximum number of iterations.

4 Results and discussion

The effectiveness of the proposed algorithm is tested on IEEE benchmark test bus
systems with an objective to reduce the power losses by implementing DG with ZIP
load models. The proposed method is coded in Matlab software which is installed
in an Intel® Core™ i-3 processor having 1.80 GHz speed with a set up memory
of 4 GB. Two different cases are created to test the effectiveness of AQiEA. First
case represents the independent implementation of DG on different ZIP load mod-
els. Ten different scenarios are used to test the effect of DG on seven different ZIP
load models. Performance indices are also considered in the study. The second case
is used, to test the performance of the proposed algorithm with different ZIP load
models. Two benchmark test bus systems (33 bus system & 69 bus system) are used
to test the performance of AQiEA. Results obtained with AQiEA are compared with
other methods such as PSO, SOS, JO, ALO and DFO. Table 3, shows the initial
data for both test bus system which includes total real load, reactive load, real power

Table 3 Initial load data for

both test bus systems Particular Value (33 Value
Bus system) (69 Bus
system)
Total active power demand (MW) 3.715 3.8100
Total reactive power demand (MVAr) 2.3000 2.6940
Buses 1t033 1 to 69
Sectionalizing switches 1to32 1 to 68
Maximum power rating of DG (MW) 1 1
Active power loss (kW) 202.6200 224.9400
Reactive power loss (kVAr) 135.2300 102.1200
Minimum voltage (p.u) 0.9132 0.9092
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Fig.3 Single line diagram of second test bus system

losses, reactive power losses, minimum voltage etc. Figures 2 and 3 shows the single
line diagram representation of both test bus systems. In Case A, seven different load
models are used with ten different scenarios, last three scenarios represents the prac-
tical ZIP load model which is combination of all seven load models. From Figs. 2
and 3, it has been observed that seven different scenarios are used. Whereas, in both
figures the load acted on the bus is shown with black color which represents con-
stant power load model.

DGs are mainly used in distribution network to reduce the power losses. Optimal
location and capacity plays an important role to reduce the power losses. Improper
location and capacity of DG induces high power losses and poor voltage regulation
in the system. Some constraints and assumptions are considered.
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4.1 Constraints and assumptions

1. All nodes in the network are considered as candidate nodes for optimal allocation
and size of DG.
2. Substation bus or reference bus voltage is 1.0 p.u.

3. Only one DG is allowed in each bus. Repetition of bus numbers are not allowed
for location of DG.

4. Maximum allowable size of DG is limited to 1.0 MW.

5. System operating with voltages S,,.=100 MVA and V,,.=12.66 kV.

6. The parameters of AQIiEA are N,,,,=50, Iter,,,, =100, Con=0.0001.

7. Maximum and minimum allowable voltages in the network are 1.05 p.u. and
0.95p.u.

4.2 Case-A

Minimization of power losses in distribution network is one of the main concerns for
distribution utilities. Implementing DGs into distribution network is considered as
an alternative technique to reduce the power losses. Some researchers have studied
this important optimization problem with fixed load model which doesn’t vary with
time. The load at distribution network is not fixed and changing from time to time
and majority of loads are mainly dependent on ZIP loads. In this study, seven differ-
ent load models are considered to study the effect of DGs. Ten different scenarios
are created with seven different load models, first seven scenarios are independent
implementation of ZIP load models i.e., a single ZIP load model is implemented
on test bus system. In Scenario-I, the total load acted on the system is Air Condi-
tioner, for every individual bus the load is considered as Air Conditioner. Similarly
for other Scenarios, the total load acted on the system is Incandescent lamp, LED
light, Microwave, Vacuum cleaner, PC & Refrigerator. Scenarios VIII, IX and X has
combination of all ZIP load models. In Scenario-VIII random loads are initialized at
every bus, whereas in case of Scenario-IX and X loads are assigned with respect to
lateral and sub-laterals. Figure 4 represents the load acted on the first test bus system
for Scenario VIII-X. Similarly, Figs. 5, 6, and 7 represents the load acted on the
second test bus system for Scenario VIII-X. The total load acted on the system for
different scenarios are given below.

Scenario I: Air conditioner

Scenario II: Incandescent lamp

Scenario III: LED light

Scenario IV: Microwave

Scenario V: Vacuum cleaner

Scenario VI: PC (Monitor and CPU)

Scenario VII: Refrigerator

Scenario VIII: Combination of all loads from Scenario-I to Scenario-VII
Scenario IX: Combination of all loads from Scenario-I to Scenario-VII
Scenario X: Combination of all loads from Scenario-I to Scenario-VII
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Fig.4 Single line diagram of firsttest bus system for Scenario VIII, IX and X
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Fig.5 Single line diagram of second test bus system for Scenario VIII
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4.2.1 33 bus system

The effect of DG on ZIP load models are tested with different scenarios. Table 4
shows the comparative analysis of different scenarios with performance indices. It
has been observed that power losses are reduced in every scenario by placing DG at
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Fig.6 Single line diagram of second test bus system for Scenario IX
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Fig.7 Single line diagram of second test bus system for Scenario X

optimal location with optimal size. Multiple DGs are used for the study to reduce the
power losses. Scenario I to VII represents the independent implementation of seven
different ZIP load models. Scenario VIII to X represents the combination of all ZIP
load models. Total active power losses induced in the system before implementation
of DG for different scenarios from scenario I to III are 169.57 kW, 162.6216 kW
and 140.8218 kW. Reactive power losses induced in the system without DG are
112.85 kVAr, 108.11 kVAr and 93.39 kVAr. Similarly, the active and reactive
power losses induced in the system for scenarios IV-X are shown in the Table 4.
After implementing DG in the system for different scenarios, reduction in power
loss is observed. Total active and reactive power losses reduced for scenario I-III
are 49.17 kW, 59.117 kW, 49.0517 kW and 34.16 kVAr, 40.73 kVAr, 33.81 kVAr.
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Similarly, reduction in power loss is observed for every scenario. High reduction
in power loss is observed in scenario I from 169.57 to 49.17 kW with percentage
power loss reduction of 71%. Scenario X, IV and VIII are also having high reduction
in power loss with percentage power loss reduction of 67.94%, 67.48% and 67.13%.
Multiple DGs (three) are used to reduce the power losses, it has been observed that
total penetration of DG in every scenario is above 75%. The total real power injected
by DG in every scenario is above 2.5 MW. It has been observed from results that
optimal location of DG is similar for scenario I, II, IV, V and X. The optimal loca-
tions for these scenarios are 30, 24 and 14. The remaining scenarios such as scenario
III, VI, VII, VIII and IX are also having same optimal location 30, 13 and 24. The
optimal locations of DG for all scenarios are similar, which is mainly due to the lin-
ear change in load. The optimal sizing of DG is changing for every scenario. Perfor-
mance indices of DG for every scenario are also included in the study. Real power
loss index, reactive power loss index and voltage deviation index are included. Sce-
nario V, VII, II and IX has high real and reactive power loss index. Whereas, sce-
nario I and X has low real and reactive power loss index. Real power loss index for
scenario V, VII, II and IX are 37.23%, 36.72%, 36.35% and 35.6%. Reactive power
loss index for scenario V, VII, II and IX are 38.57%, 38.06%, 37.67% and 36.91%.
Figure 8 shows the voltage profile improvement for all scenarios on first test bus
system. Figure 9a shows the power losses induced in the system for every scenario
before and after implementation of DG. Figure 9b shows the power loss index both
real and reactive in the system for every scenario after implementation of DG. Fig-
ure 9c shows the voltage deviation index for every scenario before and after imple-
mentation of DG.

4.2.2 69 Bus system

The performance of the proposed algorithm with DG is tested on second test bus
system. Similar to first test bus system, it is also considered seven different ZIP load
models with ten different scenarios. Table 5 shows the comparative analysis of dif-
ferent scenarios with performance indices. The total real power losses induced in the
system without DG are 183.89 kW, 171.49 kW and 144.72 kW for scenario I, II and
III. Similarly, the total reactive power losses induced in the system without DG are
84.35 kVAr, 79.04 kVAr and 65.34 kVAr for scenario I, IT and III. After implement-
ing DG in the system for different scenarios, reduction in power loss is observed.
Total active and reactive power losses reduced for scenario I-III are 45.45 kW,
57.01 kW, 46.24 kW and 24.53 kVAr, 29.44 kVAr, 24.7 kVAr. Similarly, reduc-
tion in power loss is observed for every scenario. High reduction in power loss is
observed in scenario I from 183.89 to 45.46 kW with percentage power loss reduc-
tion of 75.28%. Scenario IV, IX and VII are also having high reduction in power loss
with percentage power loss reduction of 71.25%, 71.22% and 68.89%. It has been
observed that total penetration of DG in every scenario is around 60%. The total real
power injected by DG in every scenario is above 2.0 MW. It has been observed from
results that optimal location of DG is similar for scenario I, VI with location 60, 15,
61 and optimal location of DG is similar for scenario II, IV, VIII with location 60,
16, 61. The remaining scenarios have different optimal location i.e., scenarios III,
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Fig. 8 Voltage profile improvement for all Scenarios on first test bus system

V, VII, IX and X have different locations. Scenario V, VII, X and II has high real
and reactive power loss index. Whereas, scenario I has low real and reactive power
loss index. Real power loss index for scenario V, VII, X and II are 34.28%, 33.85%,
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mentation of DG

33.34% and 33.24%. Reactive power loss index for scenario V, VII, X and II are
38.41%, 38.12%, 37.45% and 37.24%. Figure 10a shows the power losses induced
in the system for every scenario before and after implementation of DG. Figure 10b
shows the power loss index both real and reactive in the system for every scenario
after implementation of DG. Figure 10c shows the voltage deviation index for every
scenario before and after implementation of DG. Figure 11 shows the voltage profile
improvement for all scenarios on Second test bus system.

4.3 Case-B

The efficacy of the proposed algorithm (AQIiEA) as compared with other ‘state of
Art techniques’ is tested on two benchmark test bus systems. AQIEA is relatively
new and powerful intelligent evolutionary technique used for solving many engi-
neering optimization problems. AQIiEA uses probabilistic representation with
Q-bits. Three different scenarios which is combination of all seven ZIP loads are
considered to test the effectiveness of proposed algorithm. Optimal location and
capacity of DG not only reduces the power losses but also improves the voltage pro-
file of the system. In this study, a multi objective function is considered, combi-
nation of power losses both real and reactive, voltage deviation index and power
injected by DG.

4.3.1 33 Bus system

Total real and reactive power losses in the system after implementing DG with
proposed algorithm for scenario VIII are 52.44 kW and 36.19 kVAr with optimal
location 24, 13, 30 and capacity 1 MW, 701 kW, 965 kW respectively. Total real
power losses, reactive power losses, power injected by DG, multi objective func-
tion value and percentage power loss reduction values for proposed algorithm
and other state of art techniques are shown in Table 6. PSO, SOS, JO, ALO and
DFO have active power loss of 63.08 kW, 65.29 kW, 62.97 kW, 59.22 kW and
56.41 kW. The total power injected by DG into system for AQIiEA is 2.67 MW.
In comparison with AQiEA other algorithms have high injection of powers into
the system. It has been observed from tabulated results that AQiEA has high
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Fig. 10 Real and reactive power losses and performance indices of second test bus before and after
implementation of DG

reduction in power loss and minimum multi objective function. The proposed
algorithm has minimum value of 37.25. SOS has maximum value of 46.72, fol-
lowed by PSO of 45.34, followed by JO of 44.72, followed by ALO of 42.5,
followed by DFO of 40.15. AQiEA has high percentage power loss reduction as
compare with PSO, SOS, JO, ALO & DFO. Similarly for scenario IX and X, the
real and reactive power losses in the system after DG installation with AQiEA is
57.95 kW, 39.98 kVAr and 51.44 kW and 35.51 kVAr. The optimal location of
DG for scenario IX is same as scenario VIII. Scenario X has optimal location of
24, 14 and 30. The optimal size of DG for scenario IX and X are 1| MW, 723 kW,
924 kW and 1 MW, 659 kW, 1 MW respectively. It has been observed from
tabulated results that, AQIiEA has minimum power loss, maximum percentage
power loss reduction and minimum multi objective function. The total power
injected by DG for three scenarios are low in comparison with other algorithms.
The total power injected by DG for three scenarios are 2.67 MW, 2.65 MW and
2.66 MW respectively. Other algorithms which are available for comparison
have high injection of powers. Figure 12a shows the real power losses in the
system after implementation of DG with different algorithms. Figure 12b shows
the reactive power losses in the system after implementation of DG with differ-
ent algorithms. Figure 12c shows the multi objective function value for different
algorithms. Figure 12d shows the percentage power loss reduction in the system
with different algorithms after implementation of DG. Figure 13 shows the com-
parison of voltage profiles for different algorithms.

4.3.2 69 Bus system
Total power losses induced in the system after implementing DG with proposed

algorithm for all scenarios are shown in Table 7. Scenario VIII has power loss
of 61.09 kW and 31.13 kVAr with optimal location and capacity 60, 16, 61 and
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@ Springer



G. Manikanta et al.

662

9qe) Ay} ur SWLIoS[e 1710 PIm paredwod se 19)0q Surwrogred sT VHIOV ey} s)edIpur pjog

08V6°'L9  99VS9€ 1659  TT99°T 9L0S°S€ STHPIS 00001 16§90 00001 Of ¥ ¥T  VHIOV

SLLL'E9  OITH'T¥ 9668°C T9LT°E 90050 €9€T'8S 98660 89960  TPE60 €T 6 It oda

8S0L'99  9106'LE 9668  8S6T°T 0089°9¢ SOEV'ES  66L60 00001 L6160 1T 0f  ¥C o1V

SY8L'T9  88L6'EY L868T  TTOEY 9TL9'Ey 0S€ET9 00007 L8680  0000T 62 ¥T 9T or

€IL69S  T¥THOS TES6T  YOIE 80€€TS 109069  €v660 00001 68560 T 8T LI SOS

LYLT09  ¥900°9F LS66T  L69TY T8LE9Y T8SL'EY 65660 0000 86660 ST TE 9T 0sd X-OLIBUDdS
100F'%9  SOPT'TH w8P9T  €SSLT LT86'6€ 09S6'LS  €/T60  6£TL0 00007 0 €1 vz VAV

S10979  Ivel'sy LY16T  STHTT 8806° 11 178809  9¢56'0 81660  €6960 €I  0E T odd

T698°09  €TTS'SH LYI6T  SSILT Sve6 by 80TL'€9  YEL6'0  €I¥60  0000T ST O <€ oV

TLOS'LS  SI60°6F ve16c  LTIVT €6vS8Y 168989 #6160 00007 00007 0O ST  9I or

STTYSS  TOKY'IS S9L8T  €099F 61+0'1S 8SPTTL  9TE60  6£¥6'0 00007 €1 T S SOS

€8TS°SS  T6ST'TS ¥S66'T  9ELYY T608°TS T66ETL 00007 00007  ¥S660 ¥T € 9T 0sd XI-OLIBUDS
6ICI'LY  TEST'LE €999  006ST YLOT'9E 9EPP'TS  ¥H96'0  6I0L°0 00001  0f €I ¥T  VAIQV

18Y979  60STOF TEPST  00LLT LTIT6E 890+'9S  0000T  €0060  6TH60 YT 6T  PI odd

808879  €10STH TEPST  00L6'T LLSETY 9977'6S  TSI60  L6V60  €8L60 ST TE 1T o1V

91€5°09  69TLbY €896  00ITY YoTrEY 6VL6'T9  ¥886'0 0000 66460 ST T L or

TSLO'6S  TETLOb 0000€  000€t YL6T 9y L86T°S9 00007 00007 00001 LT 6T #C SOS

€09%°09  YSPESH TL86'T  000EY 9067 S L880°€9 00001  TL860 00001 OE ST 9T 0Sd  IIA-OLRUDS
(%) 'd% dow (MW 2% 2%iaga GvAD 2T (M) 2T (MIN) Surzig 007

wA)sAs snq 1s9) ISIY J0J SWYILIOSE 11e JO 21eIs MM YHIQV JO sish[eue aaneredwo) 9 sjqel

pringer

As



Enhancement of performance indices on realistic load models. ..

663

=PSO = SOS =]JO = ALO = DFO = AQIiEA

EN

«@

o

75 b
=70
_3565
2 60
&ss
50

VIII IX X
Scenario

(a) Real power loss for first test bus system with different algorithms
= PSO uS0S =JO mALO =DFO = AQIEA

VI

Scenario

(c) Multi objective function value for first test bus system with different
algorithm

) EDFO  WAQIEA

=PSO

=S50S

Qloss(kVAr)

X X
Scenario

vir

(b) Reactive power loss for first test bus system with different algorithms
EPSO mSOS mJo HALO uDFO B AQIEA
=3

o
B

%Ploss

59

54 4

Vit

Scenario

(d) Percentage power loss reduction for first test bus system with different
algorithm

Fig. 12 Real and reactive power loss, Multi objective function value and percentage power loss reduction

for first test bus system with different algorithms

101 w— PSO w— SOS 101 - w— PS ) — SOS w— P SO w— SOS
: e JO e ALO : s JO e ALO e JO e ALO
e DFO e AQIEA e DFO e AQIEA 1.005 - s DFO e AQIEA
1 14
0.995
0.99 0.99 1
£} . -
3 5 )
§0 o8 & £0.985
2o % 0.98 - 3
) = =
> S >
0.975 4
097 0.97 -
0.96 J
0.96 - 0.965
0.95
1 5 9 13 17 21 25 29 33 0.95 0.955 drrrrrrrrrrrererere e e
Bus Number 1 5 9 13 17 21 25 29 33 15 9 13 17 21 25 29 33
Bus Number Bus Number

Fig. 13 Voltage profile improvement with different algorithms on first test bus system

1 MW 484 kW and 698 kW by AQIiEA. The power losses with DG for PSO, SOS,
JO, ALO and DFO are 79.12 kW, 77.63 kW, 71.24 kW, 68.71 kW and 67.28 kW
respectively. It has been observed from tabulated results that proposed algorithm
has minimum power loss as compared with state of art techniques. The power loss
with proposed algorithm for scenario IX and X are 54.0575 kW, 28.1317 kVAr
and 53.2112 kW, 27.6549 kVAr respectively. Whereas, power losses with DG by
other algorithms used for comparison are 69.398 kW, 64.1165 kW, 71.163 kW,
61.2836 kW, 59.2654 kW and 54.0575 kW respectively. PSO and SOS has nearly
equal amount of power loss for scenario X. The power losses with DG for scenario
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X are 66.3272 kW for SOS, 66.3235 kW for PSO, 63.1742 for JO, 59.7854 kW for
ALO and 57.2293 kW for DFO. In comparison with AQiEA other algorithms have
high injection of powers into the system. It has been observed from tabulated results
that AQiEA has high reduction in power loss and minimum multi objective function
from all scenarios. The multi objective function for proposed algorithm for scenario
VIII, IX and X is 40.026, 35.6053 and 35.0257. Scenario VIII, PSO has maximum
value of 51.4277, followed by SOS of 50.6187, followed by JO of 46.1536, followed
by ALO of 44.6533, followed by DFO of 43.8947. Similarly, for scenario IX and X,
PSO has maximum value of 44.9903 and 44.4349, followed by SOS of 41.8008 and
43.288, followed by JO of 46.2379 and 41.2483, followed by ALO of 39.9954 and
39.0011, followed by DFO of 38.7447 and 37.4379. The total power injected by DG
for three scenarios are low in comparison with other algorithms. The total power
injected by DG for three scenarios are 2.1828 MW, 2.1796 MW and 1.9802 MW
respectively. Other algorithms which are available for comparison have high injec-
tion of powers. Figure 14a shows the real power losses in the system after imple-
mentation of DG with different algorithms. Figure 14b shows the reactive power
losses in the system after implementation of DG with different algorithms. Fig-
ure 14c shows the multi objective function value for different algorithms. Figure 14d
shows the percentage power loss reduction in the system with different algorithms
after implementation of DG. Figure 15 shows the comparison of voltage profiles for
different algorithms.
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Fig. 14 Real and reactive power loss, multi objective function value and percentage power loss reduction
for second test bus system with different algorithms
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5 Discussions

Distribution network accounts for majority of power losses in power system because
of high resistance to reactance ratio. Many techniques are implemented in distribu-
tion to reduce the power losses. In present scenario, DG which injects active or reac-
tive power into the system has gained more importance to reduce the power losses.
DGs are placed near to load centers the transmission loss and power losses produced
by the distribution system during distribution are reduced. DGs are mainly used in
distribution system due to its ease of implementation and environmental friendly
technologies. Many researchers have solved this important and challenging optimi-
zation problem with constant power load model. Constant power load models are
fixed loads which are independent of voltage and don’t vary with time. However,
in practical distribution network loads are mainly dependent on magnitude of sup-
ply voltage. Few authors have also solved this optimization problem with voltage
dependent load models such as constant impedance load (CZ), constant current
load (CI), industrial load (IL), commercial load (CL) and residential load (RL). The
above mentioned loads are dependent on voltage but performances of ZIP loads are
not considered. In this study, an investigation has been performed to find the effect
of DG on ZIP loads. Seven different ZIP load models are considered. Two IEEE
benchmark test bus system are used to test the effectiveness of proposed algorithm.
Two cases are created to study the effect of DG. First case is used to study the effect
of DG on seven different ZIP load models with ten different scenarios. In addition to
power losses, performance indices are also added. It has been observed from results
that optimal location of DG for first test bus system is similar for scenario I, II, IV,
V and X. The optimal locations for these scenarios are 30, 24 and 14. The remain-
ing scenarios such as scenario III, VI, VII, VIII and IX are also having same opti-
mal location 30, 13 and 24. The optimal locations of DG for all scenarios are simi-
lar, which is mainly due to the linear change in load. The optimal sizing of DG is
changing for every scenario. After implementing DG power losses are reduced to
minimum value. Similarly, for second test bus system the optimal location of DG
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Fig. 15 Voltage profile improvement with different algorithms on second test bus system
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is similar for scenario I, VI with location 60, 15, 61 and optimal location of DG is
similar for scenario II, IV, VIII with location 60, 16, 61. The remaining scenarios
have different optimal location i.e., scenarios III, V, VII, IX and X have different
locations. After implementing DG, reduction in RPLI, RePLI for both test bus are
observed. It has been observed from tabulated results that the total power injected
by DG into the system for both test bus systems are always less than acceptable
limits. The total penetration of DG for all scenarios of first test bus system is 77%
which creates a percentage power loss reduction of 62%. In one scenario it has been
observed that with 75% penetration creates a power loss reduction of 71%. Similarly,
for second test bus system the penetration of DG for all scenarios is below 60%,
which creates a percentage power loss reduction of 65%. In one scenario it has been
observed that with 58% penetration creates a power loss reduction of 75%.

In second case, the performance of AQiEA is compared with other sate of art
techniques. Multi objective function which involves real power loss, reactive power
loss, voltage deviation index and power injected by DG is used test the effectiveness
of proposed algorithm with other state of art techniques. It has been observed from
tabulated results that AQiEA is performing better in all aspects such as power losses,
power injected by DG, multi objective function and percentage power loss reduction
for both test bus systems in comparison with other state of art techniques. The multi
objective function value and percentage power loss reduction value for scenario VIII
with different algorithms for first test bus system is represented as follows AQIiEA,
DFO, ALO, JO, PSO and SOS. Scenario IX has multi objective function value and
percentage power loss reduction values with different algorithms are represented as
follows AQIiEA, DFO, ALO, JO, SOS and PSO. Similarly for scenario X the multi
objective function value and percentage power loss reduction values with different
algorithms are represented as follows AQiEA, ALO, DFO, JO, PSO and SOS. The
multi objective function value and percentage power loss reduction value for second
test bus system with scenario IX by implementing DG on different algorithms are
represented as follows AQiEA, DFO, ALO, SOS, PSO and JO. Scenario VIII and X
has multi objective function value and percentage power loss reduction values with
different algorithms are represented as follows AQIiEA, DFO, ALO, JO, SOS and
PSO. In this study, AQIiEA is used to find the optimal location and capacity of DG.
AQIEA is relatively new and efficient evolutionary intelligent techniques imple-
mented on many engineering optimization problems. AQiEA uses two Q-bits which
are entangled with one another and represented in quantum system with respect to
the superposition of basis state which increases the population diversity. Tabulated
results show the,effect of DG on different ZIP load models with performance indi-
ces. Tabulated results demonstrate that, AQiEA has better performance as compared
with other state of art techniques.

6 Conclusions
In this study an investigation has been performed to reduce the power losses with

implementation of DG on ZIP load models. Two different Cases are considered to
reduce the power losses with integration of DG into distribution system. In addition
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to power losses, performance indices are also used to study the effect of DG on ZIP
load models. First Case uses seven different ZIP load models and ten different sce-
narios to reduce the power losses. In each scenario independent implementation of
ZIP load model has been considered to reduce the power losses. However, in practi-
cal distribution network, consumers at load centre use a combination of all ZIP load
models. In this study, scenario VIII, IX and X uses combination of all ZIP load mod-
els which reflects that the study is conducted on practical load models. In addition
to power losses, performance indices are also considered in all scenarios before and
after implementation of DG. It has been observed from tabulated results that power
losses are reduced to minimum value if DGs are integrated into distribution system.
A comparative analysis has been done for all ten scenarios with performance indi-
ces before and after implementation of DG. Optimal location and capacity of DG
is difficult combinatorial optimization problem which includes continuous and dis-
crete variables. A quantum inspired evolutionary algorithm i.e., AQiEA has been
used to find the optimal location and capacity of DG. The proposed algorithm uses
probabilistic representation with Q-bits and a Quantum Rotation inspired Adap-
tive Crossover operator, which is used as a rotation gate for better convergence. The
effectiveness of proposed algorithm is tested on two different IEEE benchmark test
bus systems with three different scenarios. In Case-B, the effectiveness of AQiEA
is compared with other algorithms. Multi objective function is also used. Tabulated
results demonstrate that AQiEA has high reduction in power losses as compared
with other algorithms.
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