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Abstract— this paper present a multi-objective optimization 

approach to determine the optimal location and size of 

Photovoltaic Source (PVS) in electrical distribution networks. 

The fitness functions considered in this work to minimize active 

power losses and improvement voltage stability index. The 

hybrid metaheuristic technique based on non-dominated sorting 

genetic algorithm and fuzzy logic(NSGA-II/FL) algorithm is 

applied to determine the best solutions. The proposed technique 

is tested on IEEE networks (10, 34, and 85 bus) and validated on 

Algerian distribution network (116 bus). 

Keywords— Photovoltaic source, distribution network, NSGA-II 

optimization, multi-objective, active power losses, voltage 

stability index. 

I INTRODUCTION 

Sources is massively deployed in power system. Indeed, by 

dint of renewals technological in the field of renewable 

energies, and with the development of new energy laws, 

national and international incentives to use these energies, and 

with the constraint of climate change, it is expected that the 

penetration of renewable sources connected to the Algerian 

electricity grid will continue to increase significantly in the 

coming decades [1]. 

Multiple projects have been set up by the Algerian Ministry 

of Energy to take advantage of this source whose forecast and 

to have 30% of the national production is to provide 

renewable sources by 2030 [2, 3]. The different types of 

sources interested in this program are: solar thermal, solar 

photovoltaic, wind, geothermal and biomass. At the end of 

2017, an important program was developed on the Algerian 

networks namely, 344.1 MW in photovoltaic, a wind farm of 

10.2 MW, a solar thermal source with a capacity of 25 MW. 

According to the projected program for the horizon of 2030, 

photovoltaic energy has the largest share. For this purpose this 

study focuses on the location of PVS. The challenge for a 

power system operator is to have the proper size and location 

of these sources in the power system. Note that a non-optimal 

integration of PVS will cause negative impacts, as example, 

exceeding voltage admissible limits, exceeding transit 

capacity for some equipment, protection dysfunction against 

short circuits, power losses increasing [4].  

The efficient solution to avoid this impact passes throw 

optimal integration of PVS. Size and location optimization on 

PVS in distribution network is a nonlinear problem with 

constraints that requires an optimization technique. In 

literature, many different types of optimization techniques 

have been used in solving the optimal PVS placement and size 

in distribution network. Many methods have been proposed in 

the literature for DG placement and size in distribution 

network [5-22].  

In this paper a hybrid metaheuristic technique based on 

NSGA-II/FL has been proposed to determine the optimal 

placement and size of PVS in distribution network. 

II PROBLEM FORMULATION 

A. Objective function 

The PVS placement and size problem is formulated as a multi-

objective function considering minimization of active power 

losses and enhancement of voltage stability index as 

objectives while satisfying all constraints of distribution 

network. Two objective functions considered in this study are: 

1)  Minimization active power loss 

In radial distribution networks, each receiving bus is fed by 

only one sending bus. From Fig. 1, the line losses between the 

receiving and sending end buses can be calculated 

using eq. 1. 
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Fig. 1.One line diagram of a two-bus network 
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                                   (1) 

 

Therefore, the first objective function is calculated as 

follows: 

                                              (2) 

 

where  is angle and complex voltage at the ith 

bus,  is the impedance of the line connecting 

buses   and , are the active (resp. reactive)  

power injections at the ith bus,   is the number of buses. 

2)  Maximization voltage stability index 

The voltage stability indicator (SI) proposed by 

Chakravorty and Das [23] is chosen as objective for the 

improvement of the stability of the tension. According to Fig. 

1, the stability index calculated as follows: 

                                     (3) 

                                                           (4) 

where I is the current amplitude and ‘*’ symbolizes the 

complex conjugate operator. From Eqs. (3) and (4), we get : 

0                 (5) 

Roots of Equation (5) are real if 

                             (6) 

From this, the voltage stability index for bus i  iSI is 

derived as 

 (7)

   

Under the stable operation, the value of SI should be 

greater than zero for all buses, 

i.e. . When the value of SI 

becomes closer to one, all buses become more stable. The bus 

having the SI minimum value is the most sensitive to voltage 

collapse. In the proposed algorithm, SI value is calculated for 

each bus in the network. For the bus having the minimum 

value of SI, will be considered in the second fitness function. 

                                                                      (8) 

where is the minimum SI value of all the buses. 

B. Equality constraints 

The equality constraints are the power balance constraints 

with shunt capacitor, which include two nonlinear recursive 

power flow equations, for bus i, it can be formulated as: 

 

                                                   (9) 

 
where , are the total active and reactive power of 
generator, respectively,  the total active and reactive 

power of load, respectively, are the total active and 
reactive power losses, respectively, and  represent 
the total active and reactive power of photovoltaic source. 

C. Inequality constraints 

The inequality constraints present the physical limits of 

various equipment of network.  

- Generation constraint 

(10) 

-Voltage constraints 

                         (11) 

where  and   are the minimum and maximum 

voltages of the ith bus. 

 

    -Line thermal limit 

                                         (12) 

where is a line loading and  is a maximum 

permissible loading limit of kthbranch. 

D. Handing of constraints 

It’s agreed upon to mention that the control variables are 
generated in their admissible limits using the random strategy. 
In order to manipulate the inequality constraints of the stat 
variables, including load bus voltage magnitudes and lines 
loading, the extended objective function is mathematically 
formulated as [24, 25, 26, 27, 28, 29]: 

(13) 

where  is nth objective function value, and are 

described as : 

 

                   (14) 

 

               ( 15) 

 

where and are the penalty factors. In this study the 

values of penalty factors have been considered 10000. 
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E. Distributed generation models 

In literature, the distributed generation modelled by four 

types, such as [30, 31]: 

Type 1: DG capable of injecting P only 

Type 2: DG capable of injecting P and Q 

Type 3: DG capable of injecting P and consuming Q  

Type 4: DG capable of injecting Q only 

 

III ALGORITHM BASED ON NSGA-II 

 

In this study a hybrid metaheuristic technique based on 

NSGA-II/FL has been proposed to determine the Pareto 

optimum and the best solution of the problem of optimal PVS 

placement size. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Flowchart of the DG placement and size 

APPLICATION OF THE NSGA-II  

III. 1 SELECTING BEST COMPROMISE SOLUTION 

A fuzzy logic technique is employed in this paper to select 

the best compromise solution from the obtained Pareto-

optimal set. For each objective , a fuzzy membership 

function is calculated as follows [32]: 

 

                          (16) 

 

where , are the minimum and maximum value of 

ith objective function of all Pareto optimal solutions. For each 

Pareto solution k, the normalized membership function is 

found as follows: 
 

V   SIMULATIONS AND RESULTS 

In this section, the proposed algorithm is tested on 10-bus, 33-

bus, 69-bus and validated on Algerian distribution network 

(116 bus). IEEE networks are generally known, but the 

Algerian network is an urban type network comprising 116 

buses, 124 lines including 09 looping lines, and feeds a total 

load of 23886.36 kW and 17914.68 kVAR, this load is spread 

over 09 feeders. The nominal voltage of this network is 10 

kV. The substation is connected to the medium voltage 

network via a 30/10 kV transformer. The lower and upper of 

voltages limits considered in this work are 0.95pu and 1.05pu, 

respectively. 

The application on a real network (116 bus) has been 

proposed in this work. Table. I present the simulation results 

for two cases (before and after installation of PVS). Fig. 4 

present voltage profile of each distribution network. From the 

 

                       (17) 

 

where D is the total number of Pareto solutions and m is 

the total number of objective functions. The best 

compromise solution is that having maximum value of . 

IV   APPLICATION OF THE NSGA-II 

The PVS placement and size problem can be expressed as: 

Minimize  

           (18) 

Subject to the constraints in Eqs. (9) – (12). 

 

The flowchart of the DG placement and size algorithm is 

given as in Fig. 3. 
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simulation results shown in Table. I, we found that the power 

losses were reduced in a significant manner in the presence 

PVS. As well as voltage stability index it was improved after 

PVS installation. According to Fig. 4, it will be noted that the 

voltages of all the networks within the allowable limits. 

According to Table 1, the voltage stability margin has been 

improved and consequently the network operating point is far 

from the voltage collapse point. Fig 5 present the Pareto-

optimal front for various test distributions networks. 

 

 

 

 

TABLE I RESULTS OF PROPOSED APPROACH ON VARIOUS TEST DISTRIBUTIONS NETWORKS 

Distribution 

network 

Before placement of PVS   After placement of PVS 

Real 

power 

loss 

(MW) 

Min SI 

(pu) 

Min 

voltage 

(pu) 

System 

loadability 

(pu) 

  Optimal 

placement 

Optimal 

size 

(MW) 

Real 

power 

loss 

(MW) 

Min SI 

(pu) 

Min 

voltage 

(pu) 

System 

loadability 

(pu) 

10 bus 0.7838 0.5113 0.8375 1.06   9 3.1590 0.3499 0.9006 0.9748 1.11 

34 bus 0.2217 0.7867 0.9416 4.33   27 1.636 0.1924 0.9065 0.9757 4.7 

85 bus 0.3161 0.5767 0.8712 1.57   26 1.1012 0.1469 0.8712 0.9661 1.6 

116 bus 0.1564 0.9428 0.9853 10.9   38 4.1262 0.0937 0.9657 0.9913 10.99 

 

 

(a)  NSGA-II Main Loop Strategy 

 

 (b)  Pareto-optimal determined by NSGA-II                  (c)  Best compromise solution determined by Fuzzy logic 

 

Fig. 2. Multi-objective optimization based on NSGA-II and Fuzzy Logic combination 
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I. CONCLUSION 

This study presents the optimal placement and size of PVS 

in the distribution network. A hybrid optimization technique 

has been proposed, namely, NSGA-II and fuzzy logic. The 

NSGA-II technique was used to determine the Pareto-optimal 

front and the fuzzy logic technique to select the best from the 

obtained Pareto-optimal. The multi-objective function 

considered in this work is maximize voltage stability index 

and minimize active power losses. The proposed method was 

applied on three IEEE networks (10 bus, 34 bus and 85 bus), 

then a validation on a real network (116 buses). 
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