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Abstract

The energy loss minimization problem is increasingly gaining prominence as a result of widespread integration of renewable energy
sources into the power systems. Thus, the optimal planning of power system is required to handle the technical issues due to the
uncertainties in load demands and the intermittent characteristics in photovoltaic (PV) and wind turbine (WT) systems. In this paper,
the impacts of various uncertainty scenarios have been considered while mitigating the total energy losses in the power network,
where PV and WT systems are installed. Particle Swarm Optimization (PSO) algorithm has been implemented to determine the
optimal values of control variables while taking into account the power system technical constraints. The influences of different
uncertainty scenarios have been considered while alleviating total energy losses in the implementation of planning.

Keywords: Energy Loss Minimization, Power System Planning, Uncertainty, Renewable Energy Sources.

Giic¢ Sistemi Kayiplarinda Belirsizlik Etkisinin Analizi: Yenilenebilir
Enerji ve Yiuk Belirsizlikleri

Oz

Yenilenebilir enerji kaynaklarinin gii¢ sistemlerine yaygin sekilde entegre edilmesi sonucunda enerji kaybr minimizasyonu problemi
giderek daha fazla 6nem kazanmaktadir. Bu nedenle, fotovoltaik (PV) ve riizgar tirbini (WT) sistemlerindeki kesikli karakteristikler
ve yiik taleplerindeki belirsizlikler nedeniyle teknik sorunlari ele almak i¢in gii¢ sisteminin optimal planlanmasi1 gerekmektedir. Bu
makalede, PV ve WT sistemlerinin kurulu oldugu gii¢ sebekesindeki toplam enerji kayiplarinin azaltilmasinda ¢esitli belirsizlik
senaryolarmin etkileri dikkate alinmigtir. Gii¢ sistemi teknik kisitlar1 dikkate alinarak kontrol degiskenlerinin optimal degerlerinin
belirlenmesi i¢in Parcacik Siirli Optimizasyonu (PSO) algoritmasi uygulanmistir. Planlamanin uygulanmasinda toplam enerji kayiplari
azaltilirken farkl belirsizlik senaryolarinin etkileri dikkate alinmustir.

Anahtar Kelimeler: Enerji Kayb1 Minimizasyonu, Gii¢ Sistemi Planlamasi, Belirsizlik, Yenilenebilir Enerji Kaynaklari.
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1. Introduction

Distributed generation (DG) integration into the power
system yields optimal results when central generation units are
insufficient for the demands far away from the source. DG has
gained great importance with the increasing load demand in
power systems. DG units, which have small capacity, are
integrated in the proximity of load demands. Minimizing power
network losses, improving voltage profile, enhancing system
reliability, stability can be acquired by optimal integration of
DGs[1-3].

However, the renewable DG resources and load demands in
the power systems have uncertainties in practical operating
conditions. In the planning investigations, the importance is
emphasized on the uncertainties of electricity demands, solar
irradiance and wind speed because of the growing penetrations
of PV and WT units in the power systems. From the uncertainty
standpoint, the examinations on the suitable planning of
renewable integrated power systems are inevitable for analyzing
these active power networks properly. In that manner, the
density functions with probabilistic features are utilized to model
the input variables such as load, solar irradiance and wind speed
uncertainties. The research studies related with the power system
planning consist of these variabilities. With the consideration of
renewable installation, the power system technical problems are
expected to maintain their prominence. By the integration of PV
and WT units, the planning on power quality is needed to be
performed by power system owners. The energy loss
minimization while considering the security problems in the
renewables installed active power systems has an important role
in the optimization planning with uncertainties. This
optimization problem is suitably planned so that the power can
be transmitted to the consumption demand of power system in a
reliable and efficient way.

In the literature, the uncertainties related with the load
demand, photovoltaic distributed generation (PV), and wind
turbine distributed generation (WT) are handled as presented in
Table 1.
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Table 1. Uncertainty modelling in the literature

Literature Load Solar Wind Speed
Irradiance
Normal
[4] Distribution i i
Normal
[5] Distribution i i
Triangular
[6] Fuzzy - -
Number
7] Gaussian i Weibull
Distribution Distribution
[8] Normal i Weibull
Distribution Distribution
[9] Gaussian i Weibull
Distribution Distribution
[10] _No_rma_l _ B_eta_ _\Ne_ibul_l
Distribution Distribution Distribution
[11] _No_rma_l _ B_eta_ _\Ne_ibul_l
Distribution Distribution Distribution
[12] _No_rma_l _ B_eta_ _\Ne_ibul_l
Distribution Distribution Distribution
[13] Normal Lognormal Weibull
Distribution Distribution Distribution
[14] _No_rma_l _ B_eta_ _\Ne_ibul_l
Distribution Distribution Distribution
Bivariate
Normal
[15] Distribution _ B_eta_ _\Ne_ibul_l
(active and Distribution Distribution
reactive load
variables)
[16] _No_rma_l _ B_eta_ _\Ne_ibul_l
Distribution Distribution Distribution

As seen in Table 1, the uncertainties of load, solar irradiance
and wind speed are modelled in various ways. The studies can
be separated into the three categories in terms of uncertainty
modelling. The first category is observed as the papers, where
only load uncertainty has been considered [4 — 6]. Load
uncertainty has been modelled by using normal distribution in
[4, 5] and triangular fuzzy number in [6]. Both load and wind
speed uncertainties are taken into account by utilizing normal
and Weibull distribution functions as the second category [7 —
9]. In the third category, all of the load, solar irradiance and wind
speed uncertainties have been considered [10 — 16]. In this
category, normal, beta and Weibull distributions have been
implemented for representing the uncertainties in some of the
studies [10 — 12, 14, 16]. As a difference, the solar irradiance has
been modelled by lognormal distribution in [13] and the load has
been represented by bivariate normal distribution in [15].

In the relevant literature, the papers related with the impacts
of DG systems on the loss issues can be observed [17 — 21]. In
[17], selective particle swarm optimization (SPSO) algorithm
has been applied to solve the reconfiguration problem of
distribution system with light, normal, and heavy loading
conditions while considering power loss mitigation and voltage
profile improvement as multi objectives. This problem has also
been addressed for radial distribution system considering DG
placement by implementing hybrid simulated annealing —
modified PSO in [18]. It is worthy to note that optimal
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installation of DG systems can present economical savings in
terms of costs concerned with these renewable units and power
system losses. In that manner, these costs have been taken into
account in the objectives for optimal capacity and location of
DGs by applying PSO approaches [19 — 21].

In the present study, the influences of different uncertainty
scenarios have been taken into account while alleviating the total
energy losses in the power system, in which renewable sources
are interconnected. In the optimization framework, the technical
inequality constraints including bus voltages, line flows, reactive
powers of synchronous generators and active power of slack bus
generator have been considered while evaluating the optimal
control variables such as active powers of generators except for
the slack bus, generator bus voltages, transformer tap settings,
PV and WT sizes by using PSO. The planning with the
consideration of the impacts of different uncertainty scenarios
has been implemented by minimizing total energy losses
together with the inclusion of technical limits.

2. Methodology
2.1. Input the Grid Network Parameters

In this paper, the 9 bus power network, which is presented
in Figure 1, has been handled to implement the study simulations
of proposed approach. The power system data can be found in
[22].
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Figure 1. 9 bus power network [22]

2.2. Load, Solar Irradiance and Wind Speed
Uncertainties

2.2.1. Load Uncertainty

In this work, the load demand data is produced with the
consideration of normal distribution [4, 5, 7 — 16]. The
distribution function that shows the uncertainty of load is
presented as follows:

f(PLoad,m)
) exp (_ (PLoad,m - PLoad,m,avg) ) (1)

2
207 m

1
- (UL,m V2m

where Ppoqa.m,avg 1S the average of load power at bus m, Ppoqqm
is the load power at bus m, oy ., is the standard deviation of load
power at bus m.
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2.2.2. Solar Irradiance Uncertainty

In this paper, the solar irradiance data is generated by taking
into account beta distribution [10 — 12, 14 — 16]. The function of
probability distribution representing beta distribution is given as:

f(SRm)
I'la+pB) _ )
0 otherwise
(2)

where SR, is the solar radiation falling on the PV system at bus
m of distribution system, @ and S are the parameters of beta
distribution function. These parameters can be evaluated as:

1_
ﬁ=(1—u)<¥—l> 3)
_uB
a_—l—u 4)

where u and o show average and standard deviation values,
respectively. Depending upon the solar radiation, the PV active
powers can be obtained as in the following:

PPV,m = PPV,ratedSRm (5)

where Ppy ., is the active power of PV at bus m, Ppy ,q¢eq 1S the
rated active power of PV for the solar radiation of 1000 W /m?2.

2.2.3. Wind Speed Uncertainty

In this study, the long term data of wind speed is produced
by considering Weibull distribution [7 — 16]. The distribution
function, which represents wind speed, is presented as:

o) = () e (- (7)) ©

C2
where vyt is the speed of wind on the WT at bus m, c is the
parameter of distribution function. The WT active power at bus
m can be determined as follows:

PWT,m
( Veut-in — Ywr,m

_ )PWT,rated Veut-in < vWT,m < Vwr-rated
Veut-in VwT-rated

PWT,rated Vwr-rated < UWT,m < Veut-out
0 otherwise

()

where Pyr rqreq 1S the rated active power of WT, vyr_rqteq 1S
the rated speed of WT, v.yi—in and v.ys—ou: are the cut-in and
cut-out speeds of WT, respectively.

Due to the increasing installation of PV and WT systems in
the power network, solar irradiance, load consumption and wind
speed uncertainties are maintaining their prominence in the
planning studies. The accurate analysis of PV and WT units
integrated power grids requires the proper active power network
planning investigations with the consideration of uncertainties.
In this context, the inputs of grid planning studies are composed
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of load, solar irradiance and wind speed variabilities that match
the distributions with  probability characteristics. The
uncertainties of these input variables are required to be contained
in the power flow planning researches. Therefore, the
intermittencies of PV and WT systems and uncertainties of
consumption demands are represented by the expressions with
probabilistic features.

2.3. Optimization Process

In this paper, Particle Swarm Optimization (PSO) has been
implemented to determine the optimal values of control
variables comprising of active powers of generators except for
the slack bus, generator bus voltages, transformer tap settings,
PV and WT capacities by considering the technical constraints
such as bus voltages, line flows, reactive powers of synchronous
generators and active power of slack bus generator in
optimization planning process. The investigations on the grid
network optimization planning require the inclusion of both
intermittent features of PV and WT systems and uncertainties of
electricity consumptions. Under different uncertainty cases, the
total energy losses have been minimized taking into account the
constraints. Minimizing the energy losses and maintaining the
grid network technical constraints within the corresponding
limits are the main purposes by considering the uncertainty
effects in the planning examination. The objective function is
illustrated as in the following:

Nst NLine

Elosses = Z Z PLsgss,n (8)

where E; 05 IS the total power network energy losses, Nst is the
total number of states in the uncertainties, Pl is the loss
corresponding to active power on the nt”* line of power system
for the st" state, NLine is the total amount of lines in the power
network. The technical state variables, which have been
evaluated from the repetitive power flow analysis, have been
considered as the constraints in the optimization process. These
constraints have been determined from the power flow algorithm
implemented for Nst states at every epoch of PSO algorithm.
The constraints representing the inequalities are demonstrated as
in the following:

Vinmin < VS

< Vymax M= 1,..,NBUS st =1,..,Nst (9)

.,NLine st =1,..,Nst (10)

Sflown = Sflownmax n=1,.

st
genm = Qgenmmax m=1,.

st=1,..,Nst (11)

., NGEN

Qgen,m,min <

Pgen,1,min < P;etn,l < Pgenamax St =1,..,Nst (12)

where V33t is the magnitude of voltage at bus m of the power
network for st state, Sflow.n is the apparent power flow on the
line n of power system for stt" state, Q5tnm is the reactive
power generation of synchronous generator at bus m for stt"
state, Pgs,ﬁny1 is the active power generation of slack bus generator
for st™ state, Vi min and Vi max, Which are 0.9 pu and 1.1 pu,
are the lower and upper limits of voltage magnitude at bus m,
Stiow,nmax 1 the maximum limit of apparent power flow on line
N, Qgenmmin aNd Qgenmmax are the minimum and maximum
limits of reactive power generation at bus m, Pyen 1min and
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Pyen1max are the lower and upper limits of active power
generation at slack bus, NBUS and NGEN are the total amount
of buses and generators, respectively.

The constraints, which represent the equalities, are
illustrated as given by:
NBUS
Pgen,m - Pload,m - Z |Vm||Vl||ym,l| COS((Sm,l - e‘m + 91)
=1
=0 (13)
NBUS
Qgen,m - Qload,m - Z |Vm||Vl| |y‘m,l|5in(8m,l - e‘m + 91)
=1
=0 (14)

where Pyogq m and Qoqqm represent the loads corresponding to
active and reactive powers, |ym,,| and &,,; show the magnitude
and angle values of admittance matrix corresponding to mt"* row
and [*" column, 6,, depicts the angle of voltage at bus m,
respectively.

In this article, the violations of inequality constraints have
been considered to construct the total objective function by using
the penalty function methodology.

Nst NLine

— st
ftotal - § § PLoss,n

st=1 n=1
Nst NBUS

+cpy Z 2 |VS

st=1 m=1
Nst NLine

+Cp5flow Z Z |S]§ltow,n - Sflow,n,max| (15)

st=1 n=1
Nst NGEN

+CpQgen Z Z |Qgenm Qgen,m,min/max|

st=1 m=
Nst

st
+CpPgen,1 § |Pgen,1 - Pgen,l,min/maxl
st=1

m mm/maxl

where cpy, cps Flow' CPgen: and cpp,,,, are the coefficients of

penalties when voltage magnitudes, apparent power flows,
reactive powers of synchronous generators and active power of
slack bus generator violate their corresponding limits,
respectively. The total power network energy losses are
minimized with the consideration of maintaining the inequality
constraints as demonstrated in (15). Hence, the objective
function gets greater numbers because of the coefficients of
penalties when the inequality constraints violate their limits. In
this context, the PSO planning process investigates more
convenient outcomes while dealing with (15). The control
variables, which are the optimal solutions of PSO planning
process, are given as in the following:

Pgen,z' R Pgen,m' R Pgen,NGEN'

Vgen,l! R Vgen,m: ] Vgen,NGEN:
X = TRy, ....TRpy, ., TRyrR) (16)
PPV,rated,l! L] PPV,rated,m! ey PPV,rated,NPV:
PWT,rated,l' R PWT,rated,m' R PWT,rated,NWT
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where
Pgen,m,min < Rgen,m < Rgen,m,max m= 2: "-'NGEN (17)
Voenmmin < Vyenm < Vyenmmax M =1,..., NGEN (18)

TRy min < TRy < TRymax n=1,.., NTR (19)
Ppy mmin < Ppvrateam < Prvmmax m =1,.., NPV (20)
PWT,m,min < PWT,Tated,m < PWT,m,max m= 1' L NWT (21)

where Pgen,mx Vgen,m- PPV.rated,ma and PWT,rated,m are active
power of generator at bus m, generator voltage at bus m, active
power capacity of PV system at bus m, and active power
capacity of WT system at bus m, respectively. Pgenmmin,
Vgen,m,minr TRn,minr PPV,m,min’ PWT,m,min represent the
minimum limits of generator active powers, generator bus
voltages, transformer tap settings, PV system active powers, WT
system active power outputs, whereas Pjep mmax: Vgenmmax:
TRy max» Pevmmax Pwrmmax ShOW the maximum limits of
these technical parameters, respectively. NTR, NPV, and NWT
are the total amount of transformers, PV and WT systems.

2.4. PSO Implementation

The attitudes of crowds of birds and training of fishes are
socially imitated by the perception algorithm, which is PSO [23].
The particle community, which has resemblance to individuals,
is utilized while the exploration is being administrated by this
approach. The possible outcome is represented by every particle
of community for the problem, which is to be handled. The
randomly beginning that belongs to the community, which is
composed of individuals, is launched and the attitude that
corresponds to the particles is socially processed. Accordingly,
the orientation that is owned by every individual is basically
calibrated to its most suitable position and the finest particle of
the community while discovering the global optimization
outcome at every iteration in the algorithm. In this paper, PSO
algorithm [23] has been applied to solve the constrained energy
loss minimization problem. According to this optimization
method, the velocities and positions of particles are updated with
the consideration of equations (22) and (23), respectively.

Yorr = wydt™ + clrnt (Pbest]™ — 0°™)
+ c?rn®(Gbest} — 6™) (22)

o7 = 07"+ VT (23)

where y,™ and 6" are the velocity and position corresponding
to the n'® member of the m‘* particle for st iteration,
respectively. ¢! and c¢? are the personal and social acceleration
coefficients, rn! and rn? are the random numbers, w is the
inertia coefficient, Pbest;"™ is the best position corresponding
the m®" particle for st" iteration, Gbest? is the swarm’s global
best position for st" iteration.

The iteratively variation of inertia coefficient is presented as
in the following:

max,, —min,,

w = max,, — s (24)

maxg
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where max,, and min,, are the upper and lower limits of inertia
coefficient, max, is the maximum number of iterations. The
flowchart of proposed methodology is shown in Figure 2.

Start

Input the power system data and candidate
buses of PV and WT systems

Produce the states of electricity consumption,
solar irradiance and wind speed

Generate the initial velocity and position
vectors randomly

Perform the power flow analysis

for st state

v
Determine the technical parameters
for s/" state

Evaluate the technical parameters

l for Nst states
s=s+1 Determine the values of objective
e function considering particles
v
Update the Determine the objective function
parameters of with the consideration of violations
particles in technical parameters

Whether the optimization
criteria are met or not

Determine the optimization results

Figure 2. The flowchart of PSO process
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From the standpoint of exploration domain, the optimization
outcome is globally guaranteed by the vigorous PSO approach
[23]. The problems consisting of optimal power flow [24],
optimal renewable units capacity [25], energy loss minimization
with optimal DG systems planning [26], optimal inverter based
DG units penetration levels [27] have been handled by PSO
approach, which presents the most convenient optimization
results. According to [27], this global evolutionary algorithm has
been implemented since the simulation time has no vital
prominence in the planning process and the efficiencies of
optimization algorithms have no considerable difference.
Therefore, PSO approach has been chosen for handling the
proposed problem in this article.

The steps of PSO planning process are illustrated as in the
following:

1) Input the grid network parameters.

2) Produce the states of electricity consumption,
irradiance and wind speed from their density functions.

3) Produce the initial velocity vector and individual population
randomly.

4) Calculate the demand, PV system and WT system active
powers for Nst states (st = 1, ..., Nst).

5) Perform the repetitive power flow algorithms to obtain the
technical parameters for Nst states.

6) Determine the values of objective function with the
consideration of particles.

7) In case the technical parameters violate their corresponding
limits, evaluate the objective function considering the
inequality constraints.

8) Assess whether the criteria of PSO planning process are
satisfied or not.

9) If the criteria are not met, go to step 3, otherwise go to step
10.

10) Print the optimization results.

solar

In this study, the power system data and the candidate bus
locations of PV and WT systems have been firstly included as
the inputs in the proposed methodology. The states of electricity
consumption, solar irradiance and wind speed have been
produced by using their respective density functions. Secondly,
the PSO framework has been started by producing the initial
velocity and position vectors randomly. The repetitive power
flow algorithms have been performed to obtain the technical
parameters by taking into account the demand, PV system and
WT system active powers for Nst states. The objective function
has been calculated by considering the violations of technical
parameters about their corresponding limits. The penalty
function approach has been implemented to evaluate the
objective function considering the inequality constraints when
the technical parameters violate their limits. The PSO algorithm
has been carried out by taking into account the update of particle
parameters in an iterative manner, and this optimization process
has been completed when the criteria are met. The flowchart of
approach performed for testing the optimization results has been
given in Figure 3.
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Input the optimization results

v

Input the power system data and candidate
buses of PV and WT systems

Input the states of electricity consumption,
solar irradiance and wind speed

v

st=0

Perform the power flow analysis
for st state

v

Determine the technical parameters

for si™ state

Evaluate the technical parameters
for Nst states

Figure 3. The flowchart of algorithm for testing the optimization
results

3. Results and Discussion

In this article, the five different scenarios of load, solar
irradiance and wind speed variabilities have been considered for
the observation of the effects of these uncertainties on the energy
losses on the power network taking into account technical limits
in the planning studies. Firstly, the influences of load uncertainty
on the power network energy losses have been considered
without installing the PV and WT systems at the grid. Secondly,
both the intermittent features of PV and WT units and the
uncertainties of electricity consumptions have been taken into
account for the examination of the impacts on the losses. After
that, the additional three scenarios have been constructed by
keeping one of the solar irradiance, demand and wind speed as
constant and considering the uncertainties of the other two
variables. These scenarios have been presented in Table 2.
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Table 2. The scenarios considered in this study

Uncertainties
Solar Wind
irradiance  speed

Scenarios Load Information

Scenario 1 0 0 Only load
1 uncertainty  has
been considered.

Scenario 1 1 1 Load, solar
2 irradiance  and

wind speed
uncertainties
have been
simultaneously
taken into
account.

Scenario 1 1 0 Load and solar
3 irradiance

uncertainties
have been
simultaneously
taken into
account  while
considering the
nominal power
of wind turbine

Scenario 0 1 1 Solar irradiance
4 and wind speed

uncertainties
have been
simultaneously
taken into
account  while
considering
original load
profile of power
network

Scenario 1 0 1 Load and wind
5 speed

uncertainties
have been
simultaneously
taken into
account  while
keeping  solar
irradiance
constant as 1000
W/m?

In this paper, the PSO parameters, which are maximum
number of iterations, population size, personal and social
acceleration coefficients, have been chosen as 100, 30, 2, and 2,
respectively. The PC having 2.80 GHz CPU has been used to
carry out the simulations of optimization problem, which is the
energy loss minimization in the active power system in this
article. The nominal capacities of PV and WT units have been
considered as 100 MW at their corresponding integrated buses in
the power network. The selected candidate buses of 4, 5, 6 are
considered for the integration of WT systems and the nodes of 7,
8, 9 are taken into account for the PV systems, respectively. The
synchronous generators bus numbers are 1, 2, 3, whereas
transformer line numbers are 1, 4, 7 in the power system.

e-ISSN: 2148-2683

The uncertainty characteristic of electricity demand in the
power network has been produced by considering normal
probability distribution expression. The production of demand
states has been achieved by regarding average values as original
active loads of the power network and considering the standard
deviation as 10 %. The variability of total active demand of grid
network is denoted in Figure 4. The states of solar irradiance
falling on PV units have been produced by taking @ and B
parameters as 7 and 3, respectively. These states are illustrated in
Figure 5. The states showing the intermittent features of WT
have been determined by considering 4 m/s for v ,;_n, 16 m/s
for vy r_ratea, @and 25 m/s for v, _ous, respectively. These are
demonstrated in Figure 6. The intermittent characteristics of
renewable units and the variabilities of electricity loads result in
the evaluation of power network in terms of proper planning.
The various states of electricity consumption, solar irradiance
and wind speed have been taken into account and the repetitive
power flow analyses have been carried out for these states in the
optimization planning process.

350

340 r

330t

3207

Total Load (MW

3107

300
States

Figure 4. The total load uncertainty in the power network

800

800 1

FO0 T

600 |

Solar Irradiance {mez]

500 ' ' : :
0 2 4 6 8 10
States

Figure 5. The solar irradiance uncertainty
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Figure 6. The wind speed uncertainty

The optimization outcomes have been illustrated in Table 3
for various uncertainty scenarios with the consideration of PSO
implementation in the planning process. As depicted in Table 3,
the optimal installations of PV and WT systems relieve the
synchronous generators in terms of supplying power to the grid
in scenarios 2, 3, 4, and 5. Thus, the synchronous generators
produce the active power of 10 MW, which is their lower
generation limit, in scenarios 2, 3, and 5, while one of the
generators supply 27.50 MW in scenario 4 in the existence of
renewable units. The optimization planning framework allows
the connection of full capacities of PV systems at buses 7 and 9
in scenarios 2, 3, 4, and 5. Moreover, the upper limits of WT
units have been integrated into bus 5 of the power network in
these scenarios except for scenario 3, in which the wind power
capacity of 93.28 MW has been installed at this bus location.
However, the interconnection of WT systems to bus 6 has not
been allowed by the optimization process in the scenarios, where
the renewable units exist. In all scenarios, the optimal values of
generator bus voltages and transformer tap ratios have been
determined so as to maintain the technical parameters within
their limits in the planning.

Table 3. The optimization results

The objective functions, which are total power network
energy losses, have been demonstrated with respect to the
iterations in Figure 7. The energy losses have been minimized to
24.57 MWh for scenario 1, 8.41 MWh for scenario 2, 3.85 MWh
for scenario 3, 8.38 MWh for scenario 4, and 5.56 MWh for
scenario 5, respectively. The total grid losses have been
mitigated by 65.77 % in scenario 2, 84.33 % in scenario 3, 65.89
% in scenario 4, and 77.37 % in scenario 5 with respect to the
scenario 1, respectively.

50 :

Scenario 1
= ! — — — Scenario 2 |
= 40 | Scenario 3
% — — — Scenario 4
% ok, | == Scenario & [
o
]

L
> 20 \
g i,
A0 NS
w R e s s
0 . . . .
1] 20 40 60 80 100

Iterations

Figure 7. The total energy losses with respect to the iterations

For all scenarios, both the converged optimal values of
objective functions and the execution times of the simulations
have been presented in Table 4 by implementing PSO algorithm.

Table 4. PSO convergence in all scenarios

Convergence
Scenarios Time (s) Objective
Function (MWh)
Scenario 1 306.57 2457
Scenario 2 281.88 8.41
Scenario 3 301.13 3.85
Scenario 4 285.29 8.38
Scenario 5 279.40 5.56

Control - - Scenari_o S - -
variables Scenario Scenario Scenario Scenario  Scenario
1 2 3 4 5
Pyen2 90.11 10 10 10 10
Pyens 72.98 10 10 27.50 10
Vgeni 1.08 1.10 1.10 1.10 1.10
Vgen2 1.09 1.10 0.99 0.98 0.98
Vgen3 1.06 0.97 1.04 1.10 1.00
TR, 0.98 1.00 1.00 1.06 1.00
TR, 0.97 0.90 0.96 1.10 0.92
TR, 0.99 0.99 1.09 1.03 1.10
Pyra - 60.76 0 100 96.80
Pyrs - 100 93.28 100 100
Pyre - 0 0 0 0
Ppy 7 - 100 99.99 100 100
Ppyg - 54.13 35.70 30.75 2.74
Ppyg - 100 100 100 100
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The technical parameters have been observed by testing the
optimization results for all load, solar irradiance and wind speed
states with using the repetitive power flow analysis in scenarios
1 — 5 In testing the optimization outcomes, the states
considered in the optimization process have been taken into
account in the repetitive power flow algorithm.

After testing the optimization results in scenario 1, active
power of slack bus generator, reactive powers of synchronous
generators, power system bus voltages, power system line flows
have been illustrated in Tables 5 — 8, respectively.

With the aid of proposed approach, the technical parameters
have been observed to be within their limits. In all scenarios, the
technical limits have been satisfied for the optimal values of
control variables for all states.
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Table 5. Active power of slack bus generator after testing the optimization results in scenario 1 (MW)

States
Buses 1 5 3 4 5 6 7 8 9 10
1 160.37 156.02 165.21 188.42 151.65 163.65 148.34 149.39 156.29 173.37

Table 6. Reactive powers of synchronous generators after testing the optimization results in scenario 1 (MVar)

States
Buses 7 2 3 4 5 6 7 8 9 10
18.08 15.79 16.85 21.41 13.33 17.20 16.29 15.31 16.91 16.42
-5.05 -5.09 -4.50 -2.65 -4.68 -4.63 -5.91 -5.97 -5.73 -3.40
-23.12  -22.80 -21.99 -20.58 -22.23 -22.40 -23.80 -23.23 -2299 -20.29
Table 7. Bus voltages after testing the optimization results in scenario 1 (pu)
States
Buses 7 2 3 2 5 6 7 8 9 10
1 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08
2 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09
3 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06
4 1.09 1.10 1.10 1.09 1.10 1.09 1.09 1.10 1.09 1.10
5 1.08 1.08 1.08 1.08 1.09 1.08 1.08 1.08 1.08 1.08
6 1.09 1.09 1.09 1.09 1.09 1.09 1.10 1.09 1.09 1.09
7 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08 1.08
8 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09
9 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07
Table 8. Line flows after testing the optimization results in scenario 1 (MVA)
) States
Lines =7 2 3 4 5 6 7 8 9 10
1 161.39 156.82 166.07 189.63 152,23 16455 149.23 150.18 157.21 174.15
2 60.58  62.96 69.67 74.51 63.48 65.53 57.26 65.24 68.13 82.22
3 36.22 33.43 32.70 30.44 29.38 33.21 38.82  37.92 38.87 30.03
4 7748  77.37 77.10 76.65 77.18 7724 T771.72 77.52 7744  76.56
5 46.75  50.11 51.60 56.00 55.82 50.68  44.29  45.09 43.87 56.60
6 49.00 56.19 59.64 60.41 64.87 56.11 47.75 54.01 52.25 71.90
7 90.59 90.59 90.53 90.37 90.55 90.55 90.68 90.69 90.66 90.43
8 4950  43.32 40.80 41.12 36.62 43.60 50.28  44.79 46.42 32.64
9 102.72  96.23 98.38 11568 9151 100.94 94.66  87.91 91.62 93.84

4. Conclusions

In this article, the variabilities of electricity demands, solar
irradiance and wind speed have been handled in the
determination of total losses in PV and WT installed power
network with the consideration of the impacts of various
uncertainty scenarios. The technical issues may be influenced by
the variations in uncertainties in case of integration of these
renewable sources into the power system. With the consideration
of uncertainties in load consumptions and intermittencies in PV
and WT sources, minimizing the total network losses taking into
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account power quality is carried out in this study. Therefore, the
most considerable improvement has been observed when the
uncertainties of solar irradiance and load have been considered
by keeping the wind speed as constant. In that manner, it is
worthwhile noting that observation of total power system energy
losses has a vital importance in terms of maintaining technical
issues in the planning with uncertainty consideration. As a result,
the electricity loads will be able to consume the power
efficiently. The proper planning of total grid energy losses with
the technical constraints is expected to be performed in the
power network. According to the simulation results, the security
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limits of power network are considered to gain importance
depending on the interconnection of renewable energy units.
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