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Abstract: This paper presents a new optimization study of the placement and
size of a photovoltaic source (PVS) in a distribution grid, based on annual
records of meteorological parameters (irradiance, temperature). Based on the
recorded data, the production output as well as the daily average power (24-h
vector) of the PVS is extracted over the year. When a power vector is available,
it can be used as an input when searching for the optimal size of the PVS.
This allows to take into account the constraint of the variation of the power
generated by this source considering the variation of the power consumed by
the electrical loads during the whole day. A multi-objective fitness function
has been considered. The latter minimizes the active losses and maximizes the
voltage stability index during the day, while considering the constraints of the
system, that is, the security, technical, geographical, and meteorological con-
straints. This problem was solved using the Non-dominated Sorting Genetic
Algorithm NSGA-II optimization technique under MATLAB 2021. It was
applied to the distribution network of Ghardaia of 59 nodes.

Keywords: Electric  distribution network; intermittent generation;
photovoltaic source; multi-objective optimization; active losses profile;
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1 Introduction

The supply of electrical energy is carried out in different phases, that is, production, transport, dis-
tribution, and consumption. The phase of distribution is considered the most important, researchers
have studied the development of distribution networks of electrical energy, such as the integration of
new technologies, among them the sources of clean energy towards the environment [1]. In this context,
the depletion of fossil sources on the one hand, and on the other hand, the climate warming due to the
use of sources that produce greenhouse gases. Renewable energies (RE) are essential sources to limit
the impact on the planet. Renewable energy sources offer interesting technical advantages such as the
proximity of these sources to the places of consumption, which reduces the losses due to the Joule
effect caused by the transport of electrical energy [2], and the facility of implementation in a shorter
time. The presence of production sources in the distribution network allows us to be independent from
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the transmission network. In case of a general blackout, these sources ensure the continuity of service
locally. RE technology continues to develop to achieve higher efficiency and lower cost per kWh. This
challenge has encouraged governments to promote the field of renewable energy.

On the other side, the potential of renewable energy in the world depends on the geo-climatic
specificities of each country. Indeed, Algeria is located in a region highly exposed to the sun and
naturally has a very large solar potential, which has enabled its government to implement programs to
integrate renewable sources into the electric network [3]. According to the Solar Atlas of Algeria, the
duration of insolation on almost the entire national territory exceeds 5 kWh/m2/day, which represents
a solar potential of 169.44 TWh/year, which is the largest potential in the Mediterranean basin, [4]. The
annual sunshine duration is more than 2000 h, which can reach 3900 h in the highlands and Sahara,
depending on the region and time of year. The exploitation of solar energy through photovoltaics is
an important opportunity for Algeria. Currently, Algeria’s energy needs are met almost exclusively
by hydrocarbons, especially natural gas, the most available energy. Other forms of energy are only
used when gas cannot be used. In the long term, the continuation of the current national energy
consumption model may make the supply-demand balance for this energy source problematic. A
forecast study shows that the level of natural gas needs of the national market would be around
55 billion m3 in 2030. In this context, the Algerian government has set a provisional program of
integration of photovoltaic sources by 2030, with a total power of 10.575 GW [5].

During the optimal integration of renewable sources, the different parameters of the grid are
positively influenced, such as, the active losses are reduced, the voltage is improved in all nodes of the
network, and the power factor is better. However, during the nonoptimal integration of these sources,
negative impacts can be caused [6]. For this reason, it is essential to provide an optimal integration of
these sources. In the literature, a lot of research has been presented discussing the optimization of the
placement problem and the optimal size of renewable sources (photovoltaic or wind) [7]. However, the
majority of these researches have considered these renewable sources (intermittent sources) with fixed
power, while they are variable during the day, as they vary according to the meteorological conditions.

A very few publications consider intermittent sources with variable power, among these publi-
cations as an example, the study in [§] presents a tailored model of photovoltaic production and a
procedure to estimate the optimal placement of SPVs in the distribution network, with the objective
of minimizing losses, using Monte Carlo method. In reference [9], a hybrid optimization method has
been proposed for the optimal placement of wind turbines that combines a multiobjective genetic
algorithm and the market-based optimal power flow to minimize the total energy losses and maximize
the net present value associated with the investment of wind turbines. The method is designed
for distribution system operators owning distributed generators to find the optimal number and
size of wind turbines among different potential combinations. The NSGA-II method is used to
select the optimal sites and sizes of wind turbines from all candidate buses. In [10], a methodology
based on weighting factors is proposed to minimize the annual energy losses by determining the
optimal wind turbine size, using the genetic algorithm. In [11], a methodology has been presented
to optimally provide different types of decentralized generation based on renewable energy in the
distribution network, to minimize the annual energy losses. The latter is based on the generation of a
probabilistic generation/load model that combines all possible operating conditions of the renewable
sources with their probabilities. The planning problem is formulated as a nonlinear mixed integer
programming. They developed a mathematical multistage distribution planning model to optimally
integrate and supply large-scale hybrid renewable sources consisting of photovoltaic, biomass, wind,
and capacitor banks into the distribution network. Probabilistic scenario-based methods, namely, beta
and Weibull distributions, were applied to model the random behavior of solar irradiation and wind
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speed. Biomass was considered as a controllable source. The proposed planning model determines
the optimal timing, number, size, and placement of the hybrid renewable sources in the distribution
network considering reactive compensators, having the objective to maximize the power of these
hybrid sources generated and absorbed in the distribution network. This optimization problem is
formulated as a stochastic linear mixed integer program [ 2]. The research [1 3] presents the problem of
determining the optimal placements and size of renewable energy-based distribution generation with
gravity energy storage in the distribution network, using the Constriction Coefficient Particle Swarm
Optimization (CPSO) technique to reduce total energy losses. The stochastic nature of solar, wind, load
and storage unit sources has been addressed using the probabilistic technique. Others have proposed
a probabilistic method to discretize the continuous joint power distribution of wind sources. They
combined the probabilistic approach with the Multiobjective Particle Swarm Optimization MOPSO
and NSGAII method, to determine the size and placement of distributed generation, considering the
uncertainties and correlations between wind sources [14]. In [15], the authors presented a methodology
for the integration of renewable distributed generation to minimize annual energy losses. Analytical
expressions are first proposed to identify the optimal size and power factor of renewable distributed
generation for each placement to minimize annual energy losses, while considering the time-varying
characteristics of demand and generation. The deterministic and probabilistic optimal placement and
size of wind turbines in distribution power systems were studied having the objectives of minimizing
active losses, improving the voltage profile, and maximizing the voltage stability index, using a method
called spotted B-chaotic sequence hyena optimizer. The wind generation and power demand are
determined by the Monte Carlo method [16]. A method named Hybrid Multi-Objective Optimizer
based on teach-learn-Grey Wolf, has been applied to identify the optimal placements and sizes of
photovoltaic and wind sources in the distribution system, while reducing losses and unsupplied energy
[17]. A method has been proposed in [1 8] based on data clustering to determine the best placement and
optimal size of wind turbines in distribution systems considering wind uncertainty and wake effect.
The intermittency of wind turbine production makes the optimization problem more difficult. The use
of probabilistic methods for such analyses proves effective in giving more reliable results. Monte Carlo
simulation based on data clustering is used to group the wind farm output power into clusters. The
targeted objective function is the minimization of the loss and maximization of the voltage profile. In
the paper [19], a research work has been approached from two points of view, such as the simultaneous
minimization of total energy losses of a distribution network and the improvement of the profit for the
owner of decentralized sources based on renewable energy. The stochastic nature of these sources such
as wind and photovoltaics is taken into account with appropriate probabilistic models. To solve this
problem, a hybrid metaheuristic algorithm is proposed, which combines the phaseurs particle swarm
optimization and the gravitational search algorithm. A study in [20] has been reported to determine
the placement and size of distributed generation to improve voltage stability. The probabilistic nature
of the load and generation of the renewable source is considered in this work. The proposed method
proceeds with the selection of candidate nodes in which to install the sources on the system, favoring
voltage profile sensitive buses and thus improving the voltage stability margin. The placement and
sizing of the sources are formulated using mixed integer nonlinear programming with an objective
function of improving voltage stability; the constraints are the system voltage limits, feeder capacity,
and source penetration level.

The contribution of this work is based on considering the PVS as a variable production during
the day. Therefore, the load profiles and the photovoltaic generation profiles are considered as variable
data (based on the weather conditions of the region where the PVS is located). Then, the metaheuristic
optimization technique based on NSGA-II is used to obtain the optimal placement and size of the PV
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source to be integrated into the GHARDALIA electric distribution network. The objective function
considered in this study is the minimization of the active losses and the maximization of the voltage
stability index while taking into account the constraints of the system (security, technical, geographical,
and meteorological constraints). Meteorological constraints are based on the production history of the
Oued Nechou photovoltaic source. The proposed study has been applied to a real distribution network,
namely, the Algerian distribution network (59 nodes), under the MATLAB 2021 tool.

For this objective, this paper has been structured as follows: the first part deals with the modeling
of the Optimization Problem of the Size and Placement of the Photovoltaic source (OPSPV) in the
distribution network. The second part presents the mathematical tools (soft and hard) used for the
optimization of the studied problem. The third part presents the application of the NSGA-II method
to the OPSPV problem. The fourth part presents the definition of the simulated network and exposes
the results and their interpretations. Finally, a conclusion will close this work.

2 Mathematical Model

To determine the optimal size and placement of the photovoltaic source, a mathematical model is
chosen containing the constraint equalities, constraint inequalities and the objective function.

2.1 Objective Function

The objective function (or cost function) represents the criterion used for the optimization of a
given system by minimizing a fitness function under various constraints. In this study, we will minimize
the active power losses and maximize the voltage stability index, detailed below:

- First function is the minimization of active losses: Losses in a distribution network are one of the
important parameters that determine the costs of electricity supply and the technical problems of the
network. The distributed generation connected to the network should be able to minimize the active
losses without creating a problem, so the first objective function to minimize is:

Nh

fi = min Zr:l Zﬁ PL,, = min ZZ ZZ ri |Ii,l|2 (@

where PL;, represents the power dissipated at the i distribution branch (total active losses) at time .
I, represents the current flowing at a time 7 in the branch i. r;, represents the resistance of branches i.
Nh and NB represent, respectively, the total number of hours and the total number of branches. The
parameter ¢ represents the time. In this study, it is considered in hours (i.e., ¢ takes 24 values, daily
profile).

- Second function is to improve voltage stability: voltage instability can cause network collapse
(blackout) [21]. To avoid this problem, it must be ensured that the network operating point is far
from the voltage bifurcation point. Therefore, the second objective function is to improve the voltage
stability of the network by maximizing the Voltage Stability Index (VSI). The VSI gives a total view of
the voltages at the load nodes, these values vary between 0 and 1 [22]. The voltage stability index for
node (i + 1) is given by

Vi/8i — Vi /8 = L (T +jxi‘i+1) 2

(Vi/ai)* 'Ii,i+l = Pi - JQ1 (3)
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From Eqgs. (2), (3), it can be deduced that:

VL =V Vit (P4 Q) (B +x) =0 @)
The roots of Eq. (4) are real if :

V- 4‘\/(Pi2 + le) . (ri2,i+1 + Xi2,i+1) >0 (5)
The voltage stability index VSI, for node i, is derived as follows:

VSI = Vi — 4. (Px;y — Qitiet) — 4. (Pt — Qi) V2> 0 (6)

For stable operation, the VSI value should be greater than zero for all load nodes, i.e., VSIi (i =
2,3,4....., NL) > 0. As the VSI value approaches 1, all nodes become more stable. The node with
the minimum VSI value is the most sensitive to voltage collapse.

Where V; represents the voltage at node i. r; and x; represent respectively, the resistance and
reactance of the branch node i and i + 1. P; and Q; represent respectively, the active and reactive
power injected at the node i.

To simplify the mathematical manipulation, the second objective function associated with VSI
can be expressed by the following equation:

h
f, = max ZL : VSI;, (7

where VSI;,(t) denotes the minimum value of the voltage stability index of all nodes in the network
with time t. NL represent the total number of load nodes.

2.2 Egquality Constraints

These constraints represent the balance of active and reactive power (in the presence of photo-
voltaic sources) that must be maintained at each time ¢. This balance is translated by the following

equations:
NPV

PO,r + Zi:l vai./ = Z:Ll PDi.l + Z:\Z Pli,t (8)
0,=3 On+y O ©)

The active and reactive powers generated by the reference generator (conventional production)
are represented by (P, Q,). The active and reactive powers consumed by the loads are represented by
(Pp, Op), The active and reactive losses at the i line are indicated by (P,, Q,). The number of load
nodes, the number of strings and the number of photovoltaic outputs are indicated by NL, NB and
NPV respectively. It is important to note that the photovoltaic is modeled as a power source with a
unity factor (only active power).

2.3 Inequalities Constraints

These constraints represent the physical limits of the electrical equipment (generators, lines and
PV sources) as well as the voltage safety limits at the distribution network nodes. These constraints
are detailed in the following paragraphs.
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To maintain the safety of the generators, they must operate within acceptable limits. These limits
are given by the following relationships:

P(r)nin S PO,r S Pgmx (10)
Qg/in S Qo,t S ngx (11)
P < P, <P™ (12)

The power passed through the distribution lines must be within the acceptable operating limits
which is given by the following equation:

Sy, <S8 fori=1....NB (13)

— ~bi

where S,,,, is the apparent power transmitted in the i branch at time # and S} represents the maximum
power transited by the i branch.

To ensure the security of the electrical equipment, it must be operated between the maximum and
minimum values of the admissible voltages, which translates into the following equation:

I/im,'n S V’[J S lyim“x for l = 1 ...... N (14)

During the integration of intermittent sources in the electrical distribution network, perhaps have
an imbalance in power, for this it is essential to limit the penetration rate (z) of these sources [23]. This
constraint is presented by the following equation:

0=> " Pustx (X Po) (15)

2.4 Connection Constraints for Cecentralized Generation

Concerning the connection of a decentralized generation (DG) in the Algerian electrical network,
a ministerial decree was published defining the technical conditions of connection as follows [24]: the
DG of power lower than 120 kW, will be connected in the low voltage network. For the source with
a power lower than 10000 kW, their connection is done on the network 10 and 30 kV. For the source
with a power between 10000 and 40000 kW the connection is made on the 60 kV network. For the
powers higher than 40000 kW, the connection is made on the 220 kV network.

2.5 Geographical Constraints

To achieve the objectives related to the selection of sites for solar stations, a careful examination
of the technical, environmental, and economic criteria used in the world must be carried out. This led
to the identification of relevant criteria, adapted to the physical and socio-economic specificities of
our geographical area. The choice of sites for the implementation of renewable energy production is
based on the following criteria [3]:

— The proximity of the decentralized generation site to the source station.

— Accessibility (proximity of a road for transport possibility), road axis to the next port city.
— Water availability (in the case of a solar thermal plant).

— The availability of surface area.

— Available land space and its topography.

— Meteorological conditions.
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2.6 Adjustment of the Constraints

In the process of optimizing the problem under study, one can probably come across infeasible
solutions, this is due to the random search aspect of the technique used. Penalization methods allow
to take into consideration violations of constraints on continuous variables [25]. One way often used
in such cases is to penalize the objective functions (which measure the quality of a solution). To handle
the inequality constraints on the state variables, including the voltage of the load nodes and the power
transiting to the power line, the augmented objective function is computed as follows:

NL . NB _

Fr=fi+ KD (Vu= ViV +K D (S Sy (16)
Vgax Si VLl > VZ’;(ZX

Vil=qvir st Va< Vi (17

Vi s Vi S VsV

Smax _

bi

(18)

Sy if Sy > Sp
Sy if Su < Sp

where the penalty factors of the load node voltage and apparent power, transmitted in the distribution
lines are represented by K, and K respectively. f, represents the n objective function F” represents the
n™ penalized objective function.

3 Method Used

NSGA-II is a stochastic metaheuristic optimization method that was proposed by Deb et al. [26],
as an improvement of NSGA. The NSGA-II algorithm has been shown to be one of the most efficient
and well-known algorithms for multi-objective optimization [27]. The NSGA-II algorithm based on a
multi-level classification of individuals. The latter uses a sorting procedure based on non-dominance
or Pareto optimal, an elitist approach that preserves the diversity of the populations by saving the
best solutions found in previous generations on the one hand, and on the other hand a comparison
operator based on a crowding distance calculation. NSGA-II is among the most widely used methods
in the literature, due to its efficiency and robustness [27]. Fig. | shows the optimization strategy using
the NSGA-II method.

Pr +] -(..).r +1
i - .............. ’ -
F_‘ ) :l
10; Non-dominated 3 Crowding : Evolutionary
g % sorting : distance sorting . Operators*
R ____ﬂﬂ—' N - - -
- o /
= N V. F, L
- .(.
i— o
- Rejected Solunons
Q), Based on crowding
\_  Rejected Solunons Distances
(" Based va Dociistion (*): - tournament selection
- BLX-u crossover
R - polynomial mutation

Figure 1: NSGA-II strategy
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It is important to note that the NSGA-II algorithm finds a multitude of Pareto optimal solutions.
Among these solutions, the best compromise (unique solution) is chosen using the fuzzy logic method;
this is done by modeling each solution according to each objective by a membership function pu,, which
is defined as follows [26]:

1 lf f; 5 imin
fmax _ f; . )
/’Li — 1— lf‘ f;mm S](" Ef;max (19)
fi max __ f; 'min
O lf‘ f; 2 imax

For each non-dominated solution, we normalize the associated membership function by the
following expression:
uh = Zj”:l V“f

- ND m
kot it
where ND is the number of non-dominated solutions. 72 is the number of objective functions. The best
compromise is the solution whose normalized membership function is maximal.

(20)

3.1 Application of the NSGA-II Technique

In this section, the NSGA-II technique is applied to the OPSPV taking into account the minimiza-
tion of the joule losses and maximization of the voltage stability index, for different combinations of
placement and size of the PVs. Fig. 2 represents the flowchart of the NSGA-II method and its steps:

g

Read network data

line parameters and ' Tournament selection ‘
power demanded l
l Extended Arithmetic
‘ Select NSGA-II parameters ‘ Crossover
‘ Create the initial population P° ‘ ' Polynomial mutations ‘
v [ Combiner Rt = Pt U Qt
Executing the power flow and evaluating the l
objective function for each individual

Apply a non-domine
sort on R*

l

Sort by crowding
distance

Choose the best compromise (unique solution) using
fuzzy logic °

Figure 2: Flow chart of the NSGA-II method




CMC, 2023, vol.74, no.1 1863

Step 1: Insert network data (line parameters, loads, PV generator) and NSGA-II method parame-
ters, namely, population size 7,,,, mutation probability P,, crossover probability P, and the maximum
number of generations N,,.

Step 2: Randomly generate an initial population P°, taking into account the search space as
follows:

P =X, X ... X,... Xyl (21)
Xi = [PVyiue, PVil] (22)
PV . = round (2 + rand x (N — 2)) (23)
PV, = P;”f" + rand x (P — P;ﬁ,"") (24)

where round (.) determines the value of a number rounded to the nearest integer, and rand gives a
uniformly distributed random number that belongs to the interval [0,1]. PV, and PV, represent
the placement and size of the photovoltaic output respectively. Start the iteration counter z = 0.

Step 3: Calculate the power flow for each individual and evaluate the objective functions (f; and
f>) using Egs. (1) and (7).

Step 4: After performing power flow, check the limits of the voltage and apparent powers using
Egs. (13)and (14). If these limits are satisfied, go to the next step, if not satisfied, penalize the objective
function using formulas (16)—(18).

Step 5: Create a new population Q' from the population P’ by applying the genetics procedure
(Extended Arithmetic Crossover, polynomial mutation, and tournament selection).

Step 6: Combine the parent and child populations then create R = P' U Q".
Step 7: Perform a nondominant sort on R’ and determine the variousity F;, i = 1,2, ... etc.

Step 8: Generate a new population P*' = @. Initialize i = 1, as long as |P"*!| + |F}| < N, (the
population is not full), we willdo P*' = P'+ F,and i = i + 1.

Step 9: When all solutions of F; cannot be integrated in P!, we will sort on the crowding distances
and we will include P*' to N,,, — | P*'| most scattered solutions using the crowding distance in the
set F.

Step 10: Create the population of offspring Q' from a population P**' using the genetic procedure.
Increment the iteration counter (z = z + 1).

Step 11: Deduce the Pareto frontier and choose the best compromise.

Step 12: Display the results.

3.2 Dependent and Independent Variables

The OPSPV problem has already been posed by the formulas above, but it is important to define
the dependent (state) and independent (control) variables involved. The vector x”of the dependent
variables is composed of the active and reactive power of the conventional reference generator, the
voltages and their angles of the consumption nodes, and the apparent powers transiting in the lines.
Thus, at time ¢ the vector of state variables will be expressed as follows:

x,T = [PO,ta Qo,n VLl,ta .o VLNL,ra 8L1,17 L] 8LNL,[9 SllAta L] SINB,t] (25)
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The vector u” of independent variables includes the active power generated by the photovoltaic
source (PV Size) PV, and their placement PV, in the distribution network. Therefore, in the time ¢,
the vector of control variables is obtained by:

u,T - [PI/pIawPV\'i:e] (26)

In order to solve the OPSPV problem using NSGA-II, the chromosome structure must be defined
beforehand, which is shown in Fig. 3.

PV placement PV size

| PV piac || PV |

Figure 3: Structure of the OPSPV independent variables

4 Variation of PV Production and Consumption

In this study, we are interested in decentralized production based on renewable energy such
as the photovoltaic source. Contrary to conventional generation, PVS is modeled as a variable
source (intermittent source), this comes back to the character of the primary source (irradiation
and temperature variations). Due to the intermittent character and the level of power injected, PVS
connected to the distribution network, can cause changes in the transit currents and thus changes in the
Joule effect losses (losses are proportional to the square of the current). For this reason, it is more real to
take into account the variation of the PV production in the procedure of optimization of the placement
and size of the PVS in a distribution network. To simulate the variation of the PV production, it is
necessary to have historical data of the daily production depending on the meteorological parameters
(PV production profile) and thus to have historical data of the daily consumption (load profile). These
data are taken into account in the power flow calculation. The study proposed in this paper has been
applied to a real distribution network, namely, the Ghardaia network, which is located in the south
of Algeria. For this purpose, meteorological data (irradiation, temperature, time, and date) have been
recorded during the whole year 2020 in the Ghardaia region. Using daily profiles of meteorological
data of one year, one can easily determine the variation of the average power (daily profile) produced
by a photovoltaic source located in the region of Ghardaia.

4.1 Description of the Studied Network

The distribution network studied is of aerial type, supplied by a 220/60 kV source station,
connected to the national network through two 2%x120 MVA power transformers. This network
contains practically 05 source stations 60/30 kV supplying the various localities of the Wilaya of
Ghardaia, which is located at a distance of 600 km south of Algeria. The network in question actually
contains 1950 nodes (1950 medium voltage/low voltage distribution stations) with a total power
demand in summer of 144.87 MW and 70.9 MVAr (this demand is constituted by three types of
consumers such as, industrial, residential and commercial) with 23254 low voltage customers. Due
to the large size of this network, and to avoid a considerable simulation time, it is considered only the
60 kV distribution network while the 30 and 10 kV parts have been represented by equivalent networks
(see Fig. 4). The reason for this consideration is that most of the 30 and 10 kV network parts are located
in urban areas. After the simplification, the equivalent network contains 59 nodes (including 58 load
nodes and 01 reference node), 12 lines the 60 kV, 43 lines the 30 kV and 04 lines the 10 kV.
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Figure 4: Topology of the overhead network with different voltage levels

It is important to note that the Oued Nechou PV plant is located in the same area of the studied
network (Ghardaia distribution network). This study is based on the records of the power produced
from this PV plant. The annual record in each 30 min (10614 records during the year 2020) is given by

Fig. 5.

Based on Fig. 5, the average annual power generated by the Oued Nechou photovoltaic source
of an average year is shown in Fig. 6. The total average annual power of the overhead distribution

network of 60, 30 and 10 kV of a same year is illustrated by Fig. 7.
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Figure 5: Annual recording of the power generated by the Oued Nechou PV source
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Figure 6: Hourly profile of the photovoltaic production of Oued nechou
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Figure 7: Hourly profile of the total consumption of the Ghardaia network

5 Simulation Results of the OPSPV Problem

To determine the optimal placement and size of the PV source on the Ghardaia network, it is
duly necessary to consider all security, technical, geographical (large areas) and meteorological (large
solar array) constraints. For these reasons, many nodes are excluded from the candidate list. The set
of candidate nodes is therefore relatively small compared to the total number of nodes. Initially, the
optimization process, using NSGA-II adopted in this simulation, sets a location among the candidate
nodes and chooses a PV size randomly (within the permissible limits). Then and since the PV output
varies during the day, the power flow is executed for each hour during the 24 h. Because of the variation
in the power injected by the PV source and the power absorbed by the load, the developed program
then minimizes the sum of all hourly active losses and maximizes the stability index throughout the
day. The NSGA-II method scans the entire search space and finds the appropriate size and the optimal
placement (among the candidate nodes for the PV placement) having the minimum of the sum of all
hourly active losses and the maximum VSI during that same day.

It is important to note that, the size of the PV source, randomly chosen by the NSGA-II method,
is rounded to multiples of a predefined power vector (representing the daily productions of the PV
source according to the meteorological parameters of the Ghardaia region).

It is worth mentioning that in addition to the constraints stated in § I1.3, other constraints have
been considered in this practical study. The first constraint is due to the technical conditions required
for the connection of decentralized productions to the Algerian distribution network (see § 11.4). In
which, it is required that the size of the PV to be installed depends on the voltage level of the node (220,
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60 or 30 kV) where the source should be connected. This constraint is taken care of in the optimization
process by making the selection of candidate nodes based on the voltage levels.

The second constraint concerns the geographical placement (the site must meet the criteria
mentioned by § I1.6). This constraint is met by selecting only those nodes located in large areas, to allow
the implementation of the PV source. In this study, it is important to point out that the meteorological

conditions (irradiation, temperature, humidity, etc.), are assumed to be uniform for the whole region
of Ghardaia.

After optimization, the optimal placement found is node 46 (situated at the locality of Zelfana
which is attached to the departure El-Hassay 30 kV from the source substation 60/30 kV of Guerrara)
with an optimal size to be installed of 5760 kWp as peak power (this power which is less than 10000
kW, therefore verifies well the constraint of the voltage level).

The sum of the total active losses of the distribution network 59 nodes with and without the PV
source installed during the day are respectively, 172.79 and 179.61 MW. Fig. 8 shows the hourly power
injected by the optimal PV source obtained by the optimization method used. From Fig. &, it can
be noticed that the PV source operates from 06:00 in the morning until 20:00 in the evening, this is

explicated by the presence of irradiation in the region of Ghardaia during the day of 16/07/2017 chosen
in this study.
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Figure 8: Hourly power generated by the PV obtained by the NSGA-II method

Figs. 9 and 10 illustrate respectively the hourly minimum values of the VSI and the hourly
minimum voltages in the absence and presence of the optimal PV source found. From these, it can
be clearly seen that the VSI and the minimum voltage improve in the same way and this depends on
the power injected by the PV.
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Figure 9: Minimum VSI with and without PV source for each hour
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Figure 10: Minimum voltages with and without PV source for each hour

The total hourly active losses of the 59-node distribution network, with and without PV deter-
mined by NSGA-II, are shown in Fig. 11. It is found that the difference (between the case of absence
and presence of PV) of the active losses increases when the photovoltaic source is operating. That is,
the more the power injected by PV increases, the more the losses decrease. This confirms the curve
form of the power produced by a photovoltaic source. After determining the best placement for the
photovoltaic source.
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Figure 11: Active power loss with and without PV source for each hour

6 Conclusion

In this work, a new study was presented to determine the optimal placement and size of a
photovoltaic source in a real distribution network (Ghardaia network) considering the variation of
PV consumption and production during the day and based on the meteorological conditions of this
region. A multi-objective function was used considering simultaneously the minimization of the daily
active losses and the maximization of the voltage stability index, using NSGA-II method. This function
is subject to technical, security, geographical and meteorological constraints. This work has shown that
for a better operation of this network, it is required to install a photovoltaic source of optimal size 5760
kW with a suitable placement in the region of Zelfana which is 60 km away from the place of Wilaya
of Ghardaia. As a future work, it is proposed to insert hybrid sources such as photovoltaic-capacitor
bank, to improve the VSI, the voltage profile, and losses.
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