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Abstract

In this concept, an enhanced idea is proposed for solving the optimal load flow issues with uncertainties. In this article 
the Fuzzy Logic Controller (FLC) technique and Ant-Lion Optimization Algorithm’s (ALOA) with Particle Swarm Optimi-
zation (PSO) based combination is proposed. The ALO imitates the hunting mechanism of ant lions in nature and the 
PSO improves the ALO performance by updating elitism phase of ALO. The FLC is trained based on training dataset and 
testing time which produces the optimal allocation parameters are based on the variation of radial distribution network 
parameters. In this projected hybrid algorithm, Photo-Voltaic and Wind Turbine generations (PV and WT) are consider-
ing as Distributed Generators (DGs). Initially, after defining the multi objective function, then about voltage deviation, 
minimization of power loss and improvement of voltage stability index is discussed. The minimization of cost of operation 
and deviation of voltage indexes are considered as multi objective functions and the projected technique is evaluate 
on IEEE 33 standard radial distribution systems. With new hybrid technique, allocation of multi-DGs like wind and PV at 
different sites, and the optimal load flow at various cases is analyzed.

Keywords Distributed Generations · Ant-lion optimization (ALO) · Particle swarm optimization (PSO) · Fuzzy logic 
controller (FLC) · Voltage stability index (VSI) · Operational cost and power loss reduction

1 Introduction

Evolution of various methodologies had been discussed 
by worldwide to associate the grid and electric power 
market deregulation [1]. The power loss during the trans-
mission from large central power plant is compensated 
by small-scale power station with DG at load centers [2]. 
With the assist of green energy majority of the DG energy 
sources are regarded that is presumed pollution free. DG 
innovations have different technical merits. Gas turbine, 
wind, geothermal, photovoltaic, and biomasses are vari-
ous types of DGs. Moreover, DGs are available in modu-
lar units, and regarded by ease of determining locations 
to, shorter construction times, and small generators and 
small initial cost [3]. Improvement in voltage, power loss 

reduction, power quality enhancement, and enhanced 
utility system reliabilities are the technical advantages 
with DG. By establishing DG at right position with proper 
size, augmented power losses are reduced [4].

The converter is providing real power to local needs 
and supplying reactive power for voltage stabilization 
[5]. While, with DG type will have a significant solution 
on power system quality. Unsuitable site will lead to rise 
in network losses and sometimes it might even shut-
down the total network [6]. At the distribution side there 
is a higher interest in penetration of DG since of major 
issues such as minimization of power loss, environment 
friendly, minimization of cost, and improvement of volt-
age [7]. At the distribution side there is a higher interest 
in penetration of DG because minimization of power loss, 
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environment friendly, minimization of cost, and improve-
ment of voltage will done by DG [8].

Several accesses have been considered for sizing of 
the DG and optimal sitting by economical performances 
and dissimilar optimization method enlightening techni-
cally [9]. Methods specified as, hybrid methods, heuristic, 
and deterministic are predicting and even evolving in this 
area. Settling a DG, minimization of power loss, may be the 
base solution of Tabu Search (TS), direct search algorithm, 
PSO algorithm and Ant Colony Optimization Algorithm 
(ACOA) algorithms. Predictably, the mixed integer linear 
program, Genetic Algorithm (GA), is applied to inquire 
the optimal placement and sizing of DG. Although lay-
ing the DGs emphasis in everyone’s articles, was rendered 
on the decreasing of line loss mostly. System voltage also 
has examined to buildup [10]. Accordingly, deregulation 
of power industry will be employed by the optimization 
methods, the best assignation of the DG will be allowed, 
an effective algorithm is to inspect the load flow effect and 
the location trouble of DG will be suggested by this article. 
In this research, the optimal allocation problem was solved 
with proposed hybrid FLC and ALO algorithm. The power 
loss reduction, operational cost, deviation of voltage index 
and voltage stability indices are the main objective func-
tions in this article. Literature on this research work is pre-
sented in Sect. 2. Next, in Sect. 3 presented mathematical 
problem formulation and objective functions. The detailed 
explanation of the proposed technique is presented in 
Sect. 4. Then, in Sect. 5 presented all the outcomes of this 
research and finally the conclusion part is presented in 
Sect. 6.

2  Recent research work: a brief review

Here this literature presents about the research work has 
done previously on optimal sizing and location of DG in 
power scheme. Some of the works were reexamined here.

The long-term procedure characteristics of distributed 
generation have been proposed by Wang et al. [11]. To 
determine the measuring of Soft open points and sitting 
(SOPs) efficiently was carried by a mixed integer non-linear 
optimization consequence, on the means of stimulated 
by Wasserstein distance will be stimulated by the typical 
operation scenarios. The power electronic devices are the 
SOPs, corresponded to exchange open points in active 
electrical distribution strategies. SOPs should establish 
the regulation of voltage along usual operating conditions 
and real and/or reactive load flow control and fast fault 
separation and provide repair along irregular conditions. 
To evolution the distribution controllability strategies, pro-
gress augment, flexibility, and economy of the framework 
is the SOP’s main function.

A designing pattern for electrical distribution compa-
nies (DISCOs) to optimize profits have been invented by 
Mokgonyana et al. [12]. Optimal network location and 
capacity will be determined by the example for non-con-
ventional energy resource, as independent production 
of power (IPP) and Self Generation (SG) were conceived. 
Sources will be concerned by IPP possessed by investors 
of third-party and associated to a share responsibility 
arrangement. Shorter generators were admitted by SG are 
improved by feed-in tariffs, that concede local consump-
tion for energy, producing surplus generation to the dis-
tribution system. Evaluate network capacity was allowed 
to produced optimal planning model optimize earnings 
if the DISCO is fulfilled to establish network approach to 
IPP and SG. The accusative purpose had a distinguishable 
parts, the resolution of SG is deserve, are recovery, revenue 
loss, and also the excess energy cost.

Selam et al. [13] have presented the work of an alloca-
tion of Distributed Generation (DG) units and Distribution 
Static Synchronous Compensator (D-STATCOM) by propos-
ing an analytical and meta-heuristic hybridization algo-
rithm for power loss minimization in distribution network. 
In this research, by considering Voltage Stability Index 
(VSI), developed a hybrid method with analytical and a 
Sine–Cosine Approach (SCA). The selection of optimal site 
for DG integration was done based on the VSI and the opti-
mal size of D-STATCOM and DG was evaluated by SCA. This 
research was validated with the existing techniques and 
is executed on IEEE-12 and IEEE-69 standard bus systems 
using MATLAB.

Ali et al. [14] has presented by Ant Lion Optimization 
Approach (ALOA) for optimal allocation of DGs with non-
conventional sources for different distribution systems. 
Thus, WT and PV has taken as sources of Distributed Gen-
eration (DG). Initially, vary weak buses are identified with 
Loss Sensitivity Factors (LSFs) for locating DGs. Now the 
projected ALO was utilized to evaluate the allocation of 
DGs from selected buses.

For voltage backup the Battery Energy Storage (BES) 
in distribution side with incorporating solar had been 
invented by Babacan et al. [15]. Minimizes the voltage fluc-
tuations will be produced by a GA based bi-level optimiza-
tion technique done by PV expansion by spreading BESS 
between distribution network acceptable nodes while 
describing for their capital, installation costs and land-of-
use applying a qualitative cost model. BESS capacity and 
installation points will be evaluated by the optimization 
problem and the distribution system as conclusion param-
eters. Linear programming (LP) function will be examined 
by BESS methodology and that reduces the daily coinci-
dent peak demand.

El-Ela et al. [16] has developed a Water Cycle Algorithm 
(WCA) for optimal allocation of DGs and Capacitor Banks 
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(CBs). This projected technique was to get technical, 
financial, and environmental advantages. Various objec-
tive functions: power loss minimizing, minimization of 
voltage deviation, cost of electrical energy, production of 
emissions by sources of generation and enhancement of 
the voltage stability index were considered. WCA imitates 
the flow of water cycle from streams to rivers and to sea.

Samala et al. [17] has done the power loss comparison 
in radial system after and before DG integration. For com-
parative analysis the conventional Bat algorithm (BA) and 
Gravitational Search Algorithms (GSA) has been consid-
ered. To determine the initial power loss at base case with-
out DG integration was done by using Backward/Forward 
Sweep approach. Then by using BA and GSA algorithm the 
optimal location and capacity of DGs were investigated 
and the minimization of real power loss has been exam-
ined. The Photo-Voltaic based energy is considered as 
DG in this work. The research has been carried on IEEE-33 
radial test system by using MATLAB software.

3  Problem formulations and objectives

Here, the issue is about optimal allocation of multiple DGs 
with different power factors in distribution systems. Ini-
tially, the Wind turbine (WT), PV system based DG char-
acteristics are analyzed and evaluated Voltage Stability 
Index (VSI) of IEEE-33 standard test system. Based on VSI 
data, the numbers of sites are determined for achieving 
the optimal allocation and sizing. Before that, the instabil-
ity in output power should be balanced by the combina-
tion of all generator outputs and reserve. Generally, the 
proper allocations are determined including the power 
loss, power factor and cost of WT, PV system based DGs. 
The multi objective solution is evaluated from the follow-
ing equations,

Where, ZF is denoted as the multi-objective function. 
The parameter Ψ1, Ψ2, Ψ3 and Ψ4 is denoted as the power 
loss, operational cost, voltage deviation index, and volt-
age stability index. Here, this objective function should 
be minimized to obtain the optimal allocation of WT, PV 
based DG.

3.1  Power loss reduction

The power loss minimization done by wind, PV based DG 
allocation was measured as the ratio of before DG total 
power loss to after WT, PV based DG allocation in the net-
work and it is represented by [18],

(1)Z
F
= Min (�

1
+ �

2
+ �

3
+ �

4
)

Where,

Here nb is total number of branches. The net power loss 
reduced with wind and PV based DG location in the net-
work will be maximized by minimization of ΔPLPV, WT.

3.2  Minimization of operational cost

The cost of operation of DISCOs has two components. Very 
first cost is for active power supplied from substation. This 
will be reduced by reducing the total system power losses 
[18]. The next is the cost of active power supplied by the 
WT, PV based DGs connected. This cost will be reduced by 
reducing the quantity of active power supplied by DGs. 
So the minimization of Total Operating Cost (TOC) is given 
as [18].

Where, α1, α2, and α3 are the coefficients of active power 
supplied by substation and WT, PV based DGs in $/kW.  
PPVDG

T and PWTDG
T is the total real power drawn from con-

nected PV, WT based DGs. PPVDG
TLoss and PWTDG

TLoss is the total sys-
tem power loss. The total operating cost (ΔOC) of PV, WT 
reduced is calculated as [18],

The system TOC with DG connection can be reduced 
by reducing ΔOC.

3.3  Voltage deviation index (VDI)

Bus voltage maintenance within the constraints is the 
most significant issue. A small difference in the voltage 
disturbs the entire network and might be leads to block 
out situation. The voltage which diverges from rated value 
of voltage is represented as [18],

Where, Vrated is the system rated voltage would be 1.0 p.u. 
Vi is the ith bus voltage in p.u. N is the system total number 
of buses.
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3.4  Voltage stability index

In radial distribution network voltage stability index is rep-
resented by [19],

The objective function to improve voltage stability index 
is [19],

Where, Vmi is the voltage of bus mi, Pni(ni) is the total active 
power load injected through bus ni, Qni(ni) is the total reac-
tive power load injected through bus ni, Rni is the reac-
tance of branch i, the reactance of branch i is denoted by 
Xni. Pni and Qni are any bus ni is obtained from the Eqs. (9a) 
and 9b [19],

Here,

Ini is the branch current of the radial system, Vni is the volt-
age of bus ni and Vmi and Vni is the voltage of bus mi and ni 
respectively. For the optimal allocation and sizing analysis, 
the following constraints are defined and utilized.

3.5  Constraints

DG limits and line flow limits are have their own minimum 
and maximum limits and mathematically given by [19],
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Where, Pmin
cm

 and Qmin
cm

 are the minimum reactive and 
active power limits of compensated bus m. Pmin

DG
 and Pmax

DG
 

are the lower and upper limits of active outputs DGs, Qmin
DG

 
and Qmax

DG
 are the lower and upper limits of reactive out-

puts DGs, S
Li

 is the complex power in line i and SLi(rated) is 
the rated complex power in that line i respectively.

3.6  Power flow equations of DGs

In power flow studies DGs will be modeled as PV or PQ 
buses. Compared with conventional power plants the DGs 
voltage regulation capability is limited as they are small-
capacity units. DG might reach their limits of reactive power 
and the PV bus changes into a PQ bus if it is modeled as PV 
bus [20]. In an optimal allocation problem DGs were consid-
ered as negative loads. In this research DG output is a source 
of constant reactive and active power generation.

Here m is source node and m + 1 is destination node [21]. 
From the Fig. 1 reactive and active powers are measured by 
utilizing the following of Eqs. (16) and (17) [21]: 

Line voltage is calculated using Eq. (18) [21]:

Actual power loss of the system is determined with 
Eq. (19) [21]:

Entire power loss of the network is obtained by adding 
total losses in the line given in expression (20) [21].
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Fig. 1  General radial distribution system
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Here, from bus m the reactive and real power flows 
are Qm and Pm, reactive and real power demand at bus 
m, QL(m+1) and PL(m+1), reactive and real power demand at 
bus m +1, Rm,m+1 is resistance connected between buses m 
and m + 1, Xm,m+1 is the reactance connected between the 
buses m and m + 1 and Vm is the voltage at bus m. DGs are 
categorized into various types and to validate results pro-
posed hybrid technique is applied to the first three types 
[22]. In the paper, the WT, PV system is considered as a DG. 
For locating the maximum power loss location FLC based 
ALO-PSO is used and the optimal DGs are placed. From 
next part, detailed study of projected hybrid methodology 
based optimal allocation and sizing with Wind Turbine and 
PV based DGs troubles are described.

4  Proposed hybrid technique for multiple 
PV and wind turbine based DGs allocation

In the paper, the proposed hybrid technique is utilized for 
solving the optimal allocation and sizing issues. To ana-
lyze the optimal allocation and sizing problems, the multi 
objective function are defined a radial distribution system. 
Initially, the normal line power flow is analyzed after that, 
the corresponding real and reactive power capability is 
determined. During the uncertainty period, the generators 
are considered as PV and WT placement of optimal allo-
cation and sizing. For that analysis, the power loss reduc-
tion, minimization of operational cost, minimization of 
voltage deviation index and improving voltage stability 
index are determined with help of the proposed hybrid 
technique. While applying the proposed hybrid technique, 
the cost function should be minimized and reduced the 
losses of the system also. Before that, the bus data, line 
data, number of DG units, power flow limits is given as 
the input of the proposed hybrid technique. After that, 
the multi-objective function is achieved. The overall work-
ing process of the proposed method based OPF issues is 
illustrated in the Fig. 2. It shows that the detailed process 
of the computational procedure for optimal allocation of 
multiple DG units.

4.1  Fuzzy logic controller

The modeling approach used by FLC is similar to many 
error minimization techniques. Generally, FLC model has 
four layers such as fuzzifier, inference engine, knowledge 
based and defuzzifier is hypothesized. Next the input/
output the data is gathered for training the proposed 

(20)PTotalLoss=

n−1
∑

m=1

PLoss(m,m + 1)

system [23]. FLC can use to train the ALO-PSO to emulate 
the training data presented to it by modifying the param-
eters according to a chosen error criterion. The controller 
has been trained for all kinds of real and reactive power 
flow, power losses, power factor and enhancement voltage 
stability in the PV and WT based DG system. These changes 
allow the controller to achieve better when operating in 
strong control.

Step 1: Definition of the input/output characteristics.
The first step is called knowledge, which is for selecting 
the position of fuzzy membership functions and choos-
ing the number of inputs and outputs. In this work, the 
FLC represents line data, bus data, real and reactive 
power, line flow limits for the PV and WT system.
Step 2: Fuzzification structure.
The second step represents the inputs with convenient 
linguistic value by analyzing every input into a group. 
This step knows a unique MF label for example, “big”, 
“medium” or “small”. Thus, the FLC depends on the num-
ber of MFs used in the linguistic label. The MFs of the 
control the real and reactive power and allocate the WT 
and PV based DG system are defined as trapezoidal and 
triangular MFs.
Step 3: Inference Engine formation.

Fig. 2  Flowchart of overall Working process of proposed hybrid 
technique
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The third stage explains how the fuzzy logic speed con-
troller makes decision for WT and PV based DG system 
based on control rules and linguistic terms. In general, 
inference systems have two types, namely, Mamdani and 
Takagi–Sugeno [24].
Step 4: Defuzzification process converts fuzzy values into 
the crisp values.
Defuzzification is the final step in the fuzzy logic con-
troller. This process generates the output values from 
the controller as a crisp value. Moreover, this process 
contains the important part of adjustment as well as the 
crisp value control of the output membership functions. 
However, these MFs are needed to select the number of 
the MFs and boundaries. Each MF must be suitable to give 
the optimized result through trial-and-error method.

4.2  The ALO for optimal allocation of DG

The ALO algorithm for selecting optimal training dataset has 
been briefly explained by following section.

4.2.1  The random placements of the ant’s and ant‑Lion’s

The random placements of the ant’s and ant-Lion’s are rep-
resented in Mant-lion, Mant [25],

Fitness function of every ant-lion and ant have been given 
in the matrix MOAL, MOA [25] and function f is given as,

(21)

Mant−lion =

⎛
⎜
⎜
⎜
⎝

AL1,1 AL1,2 … AL1,n
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⋮ ⋮ ⋮ ⋮
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⎞
⎟
⎟
⎟
⎠
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⎜
⎜
⎜
⎝
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4.2.2  Movement of ants randomly

For food search all the ants allowed to move randomly. 
This ants movement [25] is given by (24),

Here, cumsum is total sum, n signifies as total number 
of ants, t described as random walk step and generation 
of random number denoted with r(t) [25], rand is a ran-
dom number produced with uniform distribution in [0,1],

The ant’s position will be updated as [25],

Here, qi and pi are upper and lower values of ant’s 
random walk, ri

t and si
t represents lower and higher mth 

variable at tth iteration.

4.2.3  Ants trapping

Ant’s random walks are affected by traps of ant lion’s 
traps given by [25].

4.2.4  Trap construction

This ALO is to select ant-lions by using roulette wheel 
operator to select ant lions depends on ant-lion fitness 
[25].

4.2.5  Ants sliding into pits

Ants sliding into pits represented by [25],

(24)X(t) =

[

0, cumsum(2r(t1) − 1), cumsum(2r(t2) − 1),

… , cumsum(2r(t
n
) − 1)

]
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Here, I = 10w t/s, t is present iteration, S is the total 
iterations and w is a constant, its value is given by [25],

4.2.6  Prey catching and pit reconstruction

Ant-lions now update their location to hold the new prey. 
This is represented by [25],

4.2.7  Elitism

Here each ant is expected to associate with an ant-lion by 
Roulette wheel is represented by [25],

Here, at tth iteration around the elite and selected ant 
lion are RB, RA. From all the above it is clear that ant’s ran-
dom walk is highly constrained around the elite ant-lions 
and as a significance, this approach faces poor examina-
tion. It is a well-known fact that, the efficiency of meta-
heuristic approach is highly depends on appropriate sta-
bility between exploitation and exploration.

PSO has been employed to improve the performance of 
the ALO, with the help of updating the elitism phase of the 
ALO. PSO is a stochastic population-based metaheuristic to 
solve continuous optimization problems. The main idea of 
the metaheuristic came from the observation of behavior 
of natural organisms to find food. PSO works with a swarm 
of particles. Each particle is a solution to a problem in the 
decision space and has two characteristic: its own position 
and velocity. The position represents the current values in 
the solution; the velocity defines the direction and the dis-
tance to optimize the position at next iteration. For each 
particle i its own past best position p best i and the entire 
swarm’s best overall position G are remembered [26]. In 
basic PSO the velocity and position of each particle are 
updated in the following Eqs. (34) and (35),

(31)w =
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⎪
⎨
⎪
⎪
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2 if t > 0.1S

3 if t > 0.5S

4 if t > 0.75S
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6 if t > 0.95S
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m
if f (Antt

m
) > f (Ant − liont

j
)
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t
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t

A
+ R

t

B

2

(34)

vi(k + 1) = wvi(k) + �
1
c
1
(pbest

i
− Xi(k)) + �

2
c
2
(GXi(k))

(35)X
i
(k + 1) = X

i
(k) + v

i
(k + 1)

Where, i is a particle index, k is an iteration number, vi(k) 
is velocity, Xi(k) is the position of particle i at iteration k, 
Pi

best is the best position found by particle i (personal best), 
G is the best position found by the swarm (global best, 
best of personal bests), w is an inertia coefficient, (ρ1,ρ2) 
are random numbers in [0,1] interval, c1,c2 are positive 
constants representing the factors of particle’s attraction 
toward its own best position or toward the swarm’s best 
position [27].

Over other optimization techniques, PSO has distinct 
advantages. It is simple in concept, ease in implementa-
tion, and efficient in computation in terms of both mem-
ory requirements and speed. For capacitor allocation prob-
lem each particle i corresponds to a capacitor, the position 
Xi(k) is a vector with components Xij(k) corresponded to a 
voltage magnitude at bus j and capacitor i. The values of 
all the parameters such as the size of a swarm, inertia coef-
ficient, factors of attraction have been defined by default 
in toolbox of MATLAB. After getting the optimal solution 
and it will update to the ALO parameters. Finally the ALO 
performances are improved with the help of PSO and to 
evaluate the effectiveness of the proposed technique.

After statement updating and all parameters were final-
ized, appropriate set of membership function and selec-
tion of rule base for FLC has done. To train FLC, the system 
was trained in off-line with IEEE-33 radial system. Detailed 
simulation analysis is worked out in the following section.

5  Outcomes and discussions

Application of projected hybrid scheme is carried on MAT-
LAB. Result is tested in the IEEE 33 Radial scheme, which 
is having of branches 32 and buses 33 given in Fig. 3. Line 
data and load data of test bus network are illustrated in 
[28]. 12.66 kV and 100 MVA are base values and 3715 kW 
is total actual and 2300 kVAR is total reactive power load. 
Power factor of load this network is 0.85 lag, 0.85 lead and 
Unity. For the implementation purpose, proposed hybrid 
technique and conventional scheme parameters are given 
in Table 1.

The result is estimated from the proposed hybrid tech-
nique and then it compares with the existing techniques 
with the parameters of the power losses reduction, opera-
tional cost and VSI then the comparison parameters are 
estimated from PSO and ALO and proposed hybrid tech-
nique. The proposed techniques is hybrid optimization 
technique, which is stands with the FLC technique and 
ALO-PSO algorithm, the testing is made up of 10 popula-
tion sizes and it compares with the traditional techniques 
to reach the better solution in the proposed hybrid tech-
nique. For the hybrid technique has taken the maximum 
random generation is 100. The following case studies were 
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carried out to get reducing optimal allocation WT, PV bases 
DGs. In this study there are different cases, first one is the 
33 bus system without PV and WT DGs, second one is with 
2-PVs and 2-WT DGs with power factor of unit, third one is 
with 2-PVs and 2-WT DGs with power factor of 0.85 lag and 
the fourth one is with 2-PVs and 2-WT DGs with power fac-
tor of 0.85 lead and finally optimal allocation of capacitors 
using proposed technique. Firstly, the discussion about the 
PV and DGs are without condition in 33 bus system.

6  1st Case: without DGs

This section describes the analysis of optimal allocation 
and sizing problems are optimized in without WT, and PV 
based DGs at normal condition. Table 2 presents outcomes 
of base case.

7  2nd Case: with 2‑WTs, and 2‑PVs based 
DGs with unity power factor

In this study the maximum capacity of 2-PV DG units 
is 70% of total power demand of test system. The total 
reactive and actual power loss after 2-PV DGs with unity 
power factor placement are 64.75 kVAr and 90.98  kW 
respectively and reduction of real and reactive powers are 
51.59% and 54.93% respectively with minimum value of 
voltage enhanced from 0.9040 to 0.92337 p.u. 2-PV DGs 
are optimally placed at multiple buses with capacity of 
385.0456 kW at 32 bus and 2154 kW at 7 bus. The mini-
mum VSI enhanced from 0.69526 to 0.84153 p.u. TOC of 
system is also reduced from $19382.5701 to $12062.8373. 
The results are presented in Table 3. It is clear that pro-
jected hybrid technique considerably minimize the power 
loss and voltage is enhanced.

Here in this scenario type-1, type-2 and type-3 WT and 
PVs are sited simultaneously in the network.

Scenario: Simultaneous placement of type-1, type-2 
and type-3 WT and PV.

If a type-1 and a type-3 WT and PV are sited together at 
various optimal positions, hence the losses further mini-
mized when compared with type-1 and type-2 WT and 
PV placement and type-2 and type-3 considered. The out-
comes attained for concurrent location of a type-2 and a 
type-3 WT and PV are given in Table 4.

In this study the maximum capacity of 2-WT DG units 
are 70% of total power demand of test system. The total 
reactive and actual power loss after 2-WT DGs with unity 

Fig. 3  IEEE 33 test bus

Table 1  Implementation parameters of projected technique

Description Algorithms Values

Ant lion pits ALO 3

Number of Ant lions 10

Max iteration 100

Table 2  Load demands, power 
losses, TOC and minimum 
at normal condition for IEEE 
33-Bus system

Parameters Active 
power (kW)

Reactive 
power (kVAr)

VSI (p.u) TOC ($) Minimum voltage (p.u)

Load demands 3715 2300 0.69526 19382.5701 0.9040

Normal power loss 201.8 134.6413
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power factor placement are 62.12 kVAr and 89.3  kW 
respectively and reduction of real and reactive powers are 
53.86% and 55.74% respectively with minimum value of 
voltage enhanced from 0.9040 to 0.92337 p.u. 2-WT DGs 
are optimally placed at multiple buses with capacity of 
951 kW at 31 bus and 696 kW at 17 bus. The minimum VSI 
enhanced from 0.69526 to 0.89264 p.u. TOC of system is 
also reduced from $19382.5701 to $8496.0656. The results 
are presented in Table 3. It is clear that projected hybrid 
technique considerably minimize the power loss and volt-
age is enhanced.

8  3rd Case: with 2‑WT, and 2‑PV based DGs 
with 0.85 lagging power factor

In this study the maximum capacity of 2-PV DG units are 
70% of total power demand of test system. The total real 
and reactive power loss after 2-PV DGs with 0.85 lagging 
power factor placement is 47.4 kW and 36.86 kVAr respec-
tively and the minimization of the reactive and real powers 
are 76.38% and 72.64% respectively with minimum value 
voltage enhanced from 0.9040 to 0.98979 p.u. The 2-PV 
DGs are optimally placed in multiple buses with capac-
ity of 924 kW and 1223 kVAr at 32 bus and 665 kW and 
710 kVAr at 14 bus. The minimum VSI enhanced from 
0.69526 to 0.93093 p.u. TOC of system is also reduced from 
$19382.5701 to $8037.6482. The results are presented in 
Table 3. It is clear that projected hybrid technique consid-
erably minimize the power loss and voltage is enhanced.

In this study the maximum capacity of 2-WT DG units 
are 70% of total power demand of test system. The total 
reactive and actual power loss after 2-WT DGs with 0.85 
lagging power factor placement is 26.23 kVAr and 35.5 kW 
respectively and the minimization of the reactive and real 
powers are 80.52% and 82.40% respectively with mini-
mum value voltage enhanced from 0.9040 to 0.99168 
p.u. The 2-WT DGs are optimally placed in multiple buses 
with capacity of 993  kW and 1667 kVAr at 8 bus and 

606.0038 kW and 913.5104 kVAr at 30 bus. The minimum 
VSI enhanced from 0.69526 to 0.9397 p.u. TOC of system 
is also reduced from $19382.5701 to $8038.9. The results 
are presented in Table 3. It is clear that projected hybrid 
technique considerably minimize the power loss and volt-
age is enhanced.

9  4th Case: with 2‑WT, and 2‑PV based DGs 
with 0.85 leading power factor

In this study the maximum capacity of 2-PV DG units 
is 70% of total power demand of test system. The total 
reactive and actual power loss after 2-PV DGs with 0.85 
leading power factor placement is 81.1 kVAr and 116 kW 
respectively and the minimization of the reactive and real 
powers are 39.75% and 42.38% respectively with mini-
mum value voltage enhanced from 0.9040 to 0.96437 p.u. 
The 2-PV DGs are optimally placed in multiple buses with 
capacity of 1669 kW and − 416 kVAr at 7 bus and 1179 kW 
and − 29 kVAr at 30 bus. The minimum VSI enhanced from 
0.69526 to 0.83882 p.u. TOC of system is also reduced from 
$19382.5701 to $137100.0273. The results are presented in 
Table 3. It is clear that projected hybrid technique consid-
erably minimize the power loss and voltage is enhanced.

In this study the maximum capacity of 2-WT DG units 
are 70% of total power demand of test system. The total 
reactive and actual power loss after 2-WT DGs with 0.85 
leading power factor placement is 77 kVAr and 109 kW 
respectively and the minimization of the reactive and real 
powers are 42.80% and 45.90% respectively with mini-
mum value voltage enhanced from 0.9040 to 0.95214 p.u. 
The 2-WT DGs are optimally placed in multiple buses with 
capacity of 2300 kW and − 273 kVAr at 4 bus and 934 kW 
and − 38 kVAr at 30 bus. The minimum VSI enhanced from 
0.69526 to 0.79711 p.u. TOC of system is also reduced from 
$19382.5701 to $15611.3215. The results are presented in 
Table 3. It is clear that projected hybrid techniques consid-
erably minimize the power loss and voltage is enhanced.

Table 4  Simultaneous type-1, type-2 and type-3 PV and WT placement using proposed hybrid technique

Analytical approach Capacity Losses in kW

Bus no PV WIND

kW kVAr kW kVAr PF PL QL

Simultaneous type-1 and type-3 DG placement 32 793 – – – – 37.3361 27.0355

9 – – 1156.5784 1227.275 0.85 lag

Simultaneous type-1 and type-2 DG placement 13 964 – – – 77.6564 48.1984

30 – – – 599 –

Simultaneous type-2 and type-3 DG placement 29 – – 1115.754 1183 0.85 lag 57.6498 38.3879

30 – – – 67 –
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10  5th Case: size and optimal allocation 
of 2‑capacitors using proposed hybrid 
technique

In this study the maximum capacity of Capacitor units is 
70% of the total power demand of test system. The total 
reactive and real power loss after 2-capacitors placement 
is 90.37 kVAr and 135 kW respectively and the minimi-
zation of the reactive and real powers are 32.88% and 
32.69% respectively with minimum value of voltage 
enhanced from 0.9040 to 0.95639 p.u. The 2-capacitors 
are optimally placed in multiple buses with capacity of 
956 kVAr at 29 bus and 583.8713 kVAr at 13 bus. The min-
imum VSI enhanced from 0.69526 to 0.81313 p.u. TOC of 
system is also reduced from $19382.5701 to $7964.4959. 
The results are presented in Table 3. It is clear that pro-
jected hybrid technique considerably minimizes the 
power loss and voltage is enhanced.

10.1  Comparative analysis

The proposed hybrid FLC technique have been examined 
for solving IEEE-33 test scheme with testing for various 
studies. The outcomes of projected hybrid FLC technique 
also evaluated with the outcomes found from ALO algo-
rithm and ALO-PSO method.

Figures 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13 presents out-
comes in graphical format. With the proposed method 
actual and reactive power losses reduction, TOC reduc-
tion, minimum value of voltage improvement and the 
minimum VSI improvements are 82.22%, 80.32%, 8138.9 
$, 0.98168 and 0.9279 respectively. The ALO and ALO-
PSO methods power losses reduction, total operational 
cost and voltage stability index values are 78%, 70%, 
70%, 60%, 10,000$, 12,000$, 0.965, 0.969 respectively.

Fig. 4  Comparative analysis of real power loss at 0.85 lagging pf Fig. 5  Comparative analysis of reactive power loss at 0.85 lagging 
pf

Fig. 6  Comparative analysis of real power loss at 0.85 leading pf

Fig. 7  Comparative analysis of reactive power loss at 0.85 leading 
pf
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11  Conclusion

This research proposed an efficient technique to solve 
optimal DG allocation problems of power system. Ini-
tially, the IEEE 33 test bus was considered for optimal 
load flow issues. In addition, the WT, and PV based 
DGs are utilized and the corresponding operating cost 
index and VSI are also determined. Formulated optimal 

power flow issues have been resolved while satisfying 
network inequality and equality constraints. Projected 
hybrid technique has verified its efficiency by starting 
the iteration procedure with a decent primary value 
and reaches an absolute finest value in minimum num-
ber of iterations. Hence, it is decided that the ultimate 
enhancement in loss minimization, improvement in VSI 
with together location of WT & PV. This projected hybrid 
technique will work on any type of radial distribution 
network.

Fig. 8  Comparative analysis of real power loss at unity pf

Fig. 9  Comparative analysis of reactive power loss at unity pf

Fig. 10  Comparative analysis of total operating cost

Fig. 11  Comparative analysis of reactive power loss at every bus
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