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1. Introduction 

 

With the increase in renewable energy production over the past decade due to the increased 

demand for electricity and the significant depletion of fossil fuels, more attention is being 

paid more specifically to the benefits and problems of integration of wind energy [1-2].  

Wind energy is affected by weather and daytime variations, making it an intermittent and 

stochastic energy source providing additional uncertainty in assessing the reliability of the 

electrical system to which it is added [3].  

Given that any interruption in electrical power can have huge consequences and that 

building a new transmission line is very expensive [4], competition between energy 

distributors is increasing in order to improve quality of the energy supplied and to realize 

more benefits and those by choosing a topology appropriate to any daily variation in load or 

wind power to inject during the operation of electricity distribution networks [5-6]. 

The reconfiguration of distribution network is one of the most important tasks for reducing 

losses and improving the reliability of distribution networks. So far, most researchers have 

studied the static problem of network reconfiguration with a constant wind power integration 

by using a fixed loads level and due to the time-varying nature of the loads in the distribution 

networks and the stochastic characteristic of wind speed, the reconfiguration found presents 

a sub-optimal solution [7]. With a variable demand for a load consumption and a variability 

of wind power output over a planning period, the reconfiguration problem presents a complex 

problem of a combinatorial nature [8]. Moreover, the determination of a reconfiguration 

topology considering time-varying variables presents a dynamic problem and the solution 

found presents the optimum annual reconfiguration scheme. 

The reconfiguration of the distribution network has been the interest of several papers. In 

reference [9] Malekpour et al studied the reconfiguration problem using the distributed wind 
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power and fuel cells. The fluctuation of wind power was included, in this case the adaptive 

particle swarm approach is used to solve the reconfiguration problem. In [10], a probability-

based network reconfiguration model was used to reach the best configuration for each 

season, taking into account load variations and renewable generation. Sicong Tand et al. [11] 

presented an approach to solve both of microgrid load dispatch and network reconfiguration 

problems. Wind and PV powers, fuel cells and batteries are presented in the network taken 

into account the uncertainty of the renewable energy generation. To solve the reconfiguration 

problem, four bio-inspired optimization method were used. In reference [12], the heuristic 

approach is used to solve the reconfiguration problem while simultaneously identifying the 

optimal DG locations. In reference [13], a comparison is made between the hourly 

reconfiguration and the fixed configurations. While the hourly reconfiguration gives the 

greatest loss reduction, a fixed configuration is most preferred due to the overvoltage 

transient problems and switching costs of frequent switching operations. In [14], taking into 

account the reconfiguration network as a mean control, MINLP and MIQC models are used 

to reduce the generation curtailment of DGs. In reference [15], new real time algorithms were 

developed to be used in power flow, charge estimation and optimal reconfiguration of smart 

systems distribution. For a distribution system with DGs the reconfiguration problem was 

solved while load and renewable generation variations were not considered. This work 

focused on the development of methods to find the optimal configuration in the distribution 

network with DG. However, no method can evaluate whether intraday reconfiguration is 

profitable or not.  

 

1.1. Contributions 

The originality of the present work lies in proposing not only point-valued results, but also 

interval-valued estimated results to demonstrate the usefulness of reconfiguration. The wind 

speed data used in the following study were collected over a 24-hour period for the Metline 

region, Bizerte, Tunisia for the day of 04 February 2020 [16]. Then, from the hourly values 

of the wind speed, an estimate of the output wind power as a function of the time of a wind 

turbine (WTDG) was made based on the wind equations given in section 4 and using the 

parameters of the power curve. For the load request, the hourly load fluctuations are modeled 

using the chronological daily load curve of the RTE [17]. 

In order to clearly illustrate that the reconfiguration based on the proposed PSO method 

is capable of providing reliable results, an optimal reconfiguration of the IEEE 33-bus test 

network is made by trying two scenarios, static reconfiguration at a well-determined load 

consumption point and with constant power integration of the WTDG into the network and 

dynamic reconfiguration over an entire hourly interval of load consumption and with the 

injection of the variable output power previously estimated and obtaining the corresponding 

optimal reconfiguration for each scenario. 

 

 

 

 

 

 



J. Electrical Systems 16-1 (2020): 131-147 
 

 133

1.2. Paper Organization 

The paper is organized as follows. Section 2 provides a representation of the problem on 

which this study is based. In section 3, the reconfiguration procedure using PSO method 

proposed in this work is given. A wind energy conversion system with some useful equations 

are detailed in section 4. Section 5 estimates the hourly wind power output, illustrates the 

simulation results and attempts a brief discussion of them. Finally, section 6 gives some 

concluding remarks to the paper. 

 

2. Problem formulation 

2.1. Objective Function 

Distribution Network Reconfiguration with WTDG is a nonlinear, multi-objective, 

discrete, multistage planning problem [18]. In this study, minimization of network losses is 

reflected to be objective, so the reconfiguration of network with the minimum of real power 

losses in the whole radial distribution network presents the main objective of our simulation 

study as expressed in equation (1) [19]. 

FObjective = min  ∑ K�R� (PX2 
 QX2VX2  )�����  

Where, X is branch number, nb is total branch numbers, K� is the state of switch (0 means 

open state and 1 means close state), R� is the resistor of branch X, P� and Q� are the active 

and reactive power of branch X , and V� is the up-layer node voltage of branch X. 

2.2. Constraints 

Based on certain constraints, distribution network reconfiguration with and without DGs 

insertion is to ensure that the network topology is radial and determine the distribution 

network achieving a number of indicators to achieve the best operation state of the 

distribution network [20]. The constraint conditions are as follows: 

� Power Flow Constraint Conditions 

P� + P��� = P�� + P�����,� 
Where, P�  is  the active power into node X, P��� is the WT’s active power into node 

X, P�� is the active power of node X load, P�����,� is active power losses in the section 

between busses x and y. 

� Nodal Voltage Constraint Conditions 

V��� ≤ V! ≤ V�"! 
Where, V! is the voltage magnitude at bus X, V��� and V�"! are the minimum and 

maximum allowable voltages of node X, respectively. 

� Branch Current Constraint Conditions 

I� < I��"! 

Where, I� is the current of branch X, and I��"!  is the extreme allowable current of branch 

X. 

� Network Topological Constraint Conditions 
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Radial network structure; this indicates that no loops are allowed in the networks. 

Load connectivity; each and every bus should be connected via one path to the substation. 

�  Wind turbine constraints 

0 ≤  P�� ≤  P& (5) 

Where,  P�� is the power output of wind turbine, and P& is the rated power output. 

 

3. PROPOSED METHOD 

3.1. Particle Swarm Optimization Technique 

To get the best possible configuration respecting all constraints, a metaheuristic 

optimization method, called PARTICLE SWARM OPTIMIZATION “PSO” is applied, 

where the principle and its parameters are shown below. The principle of PSO is simple, 

robust and easy to achieve [21]. PSO technique can generate high quality solutions within 

less calculation time and have more stable convergence characteristic than other stochastic 

methods. 

The PSO based approach is considered as one of the most powerful methods for resolving 

the non-smooth global optimization problems. Particle swarm optimization (PSO) technique 

was first discovered by James Kennedy and Russell C. Eberhart in 1995 [22]. The technique 

was inspired by simulation of social psychological expression of birds in searching of food. 

The model of the swarm movement can be used as a powerful optimizer. PSO includes two 

terms pbest "the particle best experience" and gbest "the best global swarm position 

optimization" [23-24]. 

Velocity of each particle is computed based on initial velocity of each personal, the 

distance from the personal best position, and the distance from the global best position, as 

can be seen in the equation (6): 

 v�(
� = w(. v�( + c�. r�. -pbest� − x�(4 + c5. r5. (gbest − x�() (6) 

Where, c1, c2 are acceleration constants, k is the current iteration number and r� and r5 

are two random numbers within the range [0, 1]. 

Each particle’s position is updated as in equation (7): 

x�(
� = x�( + v�(
�
 (7) 

Where, v�( and x�( are the velocity and current position of particle i in the search space at 

iteration k, respectively. 

The inertia weight constant w( of the particles which controls the exploration of the search 

space, given by equation (8): 

w( = w�"! − w�"! − w���
k�"! ∗ k 

(8) 

Where, w��� and w�"! are the initial and final inertia factor weights, k�"! is the 

maximum iteration number, and k is the current iteration number. 
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The conventional PSO algorithm proposed in this paper has been combined with 

MATPOWER toolbox and both of them are implemented in MATLAB programming 

language. 

3.2. Reconfiguration procedure 

Generally, two types of switches are known in the electrical system for the protection and 

the configuration of radial distribution network. The first are normally closed switches 

(sectionalizing switches) and the second are normally open switches (tie switches). The 

closure of all switches in the radial distribution system creates network loops, thereby 

determining which elements must be opened. 

Changing the state of these switches engenders a change in the configuration of the 

distribution system. The loads are transferred between the lines, thereby maintaining the 

radial power configuration by means of loops identification. This, in turn, ensures that only 

one line segment is switched open at any given time. Consequently, different topologies are 

generated guaranteeing the evaluation of the configuration process and the determination 

from each identified loop, the element to disconnect to form a radial network [25]. 

To say that the distribution system is radial requires a ; number of ringsA =; number of contact switchesA as mentioned in [26]. So, the number of open switches is ; N -CS A = ;(total network branch)-(effective node number) + 1A. 
As indicated in [27], the opening and closing of network switches well represented the 

method of reconfiguring the power system.   

 

4. WIND ENERGY CONVERSION SYSTEM 

 

The wind turbine is a device that converts the kinetic energy of wind into mechanical 

energy. So, Wind speed can be converted to wind energy (wind power output) using the 

following wind energy equations: 

The wind power and the mechanical torque are presented by the expressions: 

P�� =  12  ρ πR5 CG(λ, β) VJ 
(9) 

T� = P��ΩM  
(10) 

where  R is the turbine radius (m), 

 ρ the air density (kg/m3), 

 V the wind speed (m/s), 

 Cp the power coefficient, 

 Ωt the mechanical rotor speed (rad/s). 

The power coefficient Cp is a nonlinear function, it depends always on the tip speed ratio 

λ and the pitch angle β [28-29]: 
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CG(λ, β) = C� NC5λ� − CJβ −  COP exp (−CQ  λ� ) 

λ� = ( 1λ + 0.08β − 0.035βJ + 1)U� 

λ =  R ΩMV  

where C� = 0.22, C5 = 116, CJ = 0.4, CO = 5, CQ = 12.5 

When the nominal speed of the turbine is changed, it directly affects the normalized power 

and the power coefficient of the turbine. Figure 1 shows a power output curve for a WTDG.  

 

The output power and energy capture of a wind turbine are affected by Vci, Vr and Vco, 

the height of the hub and the nominal output power Pr for a given location [1].  

 

 

Fig.1. Power output curve of WTDG [1]. 

 
The wind parameters used in our simulation study (detailed in section 5) are represented in 
the following table: 

 

Table 1: WTDG Functional Data 

Cut-in Speed 2.5 (m/s) 

Rated Speed 11.4 (m/s) 

Cut-out Speed 25 (m/s) 

 

From figure 1 we can explain that when the wind speed is below a minimum threshold, 

known as the trigger speed, the output power is zero [30].  Between the switching speed and 

the nominal speed, there is a rapid increase in the power produced. A nominal output power 

Pr is produced when the wind speed is between the nominal speed and the cut-off speed, 

while beyond the cut-off speed, the WTDG is shot down for safety reasons and no power is 

therefore produced [31-32]. This operation is also explained by equation (14): 
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P�� =
XY
Z
Y[0,                                                  for v < v\�12  ρ πR5 CG(λ, β) VJ,      for v\� < v < v&P&,                                        for v& < v < v\�0,                                                   for v > v\�

 

 
(14) 
 
 
 

Where     Vci, Vr and Vco respectively denote the cut-off speed, the nominal speed, the 
cut-off speed. 

 

5. CASE STUDIES AND NUMERICAL RESULTS 

5.1. Simulation Procedure 

In order to evaluate the reliability of the anticipated method, PSO is tested on standard 

IEEE 33-bus radial distribution network with different scenarios to improve network’s 

performance (by the maximization of voltage deviation) and to attain the loss minimization 

objective preset for the present study. 

The radial system consists of one main feeder and three laterals. The system has 33 buses 

and 32 sections. The switch of the system consists of 32 sectionalizing switches (buses that 

are normally closed) and 5 tie switches (buses that are normally open) which are branches 

number [33, 34, 35, 36, 37], as shown in figure 2. 

 

Fig.2. IEEE 33-bus radial distribution network model at the initial state. 
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In this current work, two different scenarios are applied to the mentioned distribution 

system: 

Scenario 1: All load points have the same 24 h load profile + a well-defined output power of 

the WTDG during a day, 

Scenario 2: All load points follow the specific value given by the hourly load curve during 

a 24 h + a variable output power of the WTDG. 

Considering the operation state of the system at normal conditions which represent the 

initial state of the network, so the IEEE 33-bus radial distribution network has 12.66 kV 

operation voltages, 100 MVA power base, 3715 kW total power load, 202.67 kW initial real 

power loss and 135.14 kVAR initial reactive power loss. 

5.2. Scenario 1: All load points have the same 24 h load profile + a well-defined output power 

of the WTDG during a day 

The study of the first scenario consists in determining the optimal reconfiguration of the 

system verifying the objective function of our study while being based on an exact load 

consumption point and on a well-defined power output from the wind turbine. The study in 

this stage will be based on previous work presenting the optimization of the size and location 

of DGs and the results found are mentioned in table 2 where two WTDG are implemented 

simultaneously on buses number 12 and 32 with respective size of 0.97 MW and 1.053 MW 

such as in figure 3) (before applying optimal reconfiguration to the network).  It must be 

mentioned that: 

- The DG unit is a wind turbine generating only active power.  

- The DG unit is considered as a negative active power load. Hence, the bus this WTDG 

unit is connected to represents a PQ-type bus.  

Network reconfiguration using the proposed algorithm has resulted that there are four tie 

switches that must be closed, i.e., switches of 33, 34, 35, and 37, while the sectionalizing 

switches to be opened are switches of 7, 8, 14, and 28, so the final state vector corresponding 

to the reconfiguration of the network after DGs insertion is X = [7, 8, 14, 28, 36] as shown 

in figure 4.  

 

The first scenario results show improving in voltage profile and decreasing in total power 

losses of the system. Figure 5 shows the voltage at each bus for the original network and 

reconfigured one. 

WTDG penetration and network reconfiguration affect the voltage profile, so an 

improvement in the voltage level for each bus is recorded. The initial state has a minimum 

voltage level of 0.9131 p.u. at bus 18 which increases to 0.9705 p.u at bus 29 after the system 

reconfiguration in presence of WTDG in optimal place and with optimal size. 

From this table, as two WTDG are optimally implemented into the network as mentioned 

below, it can be seen that there are a noticeable decrease in active power loss from 202.6771 

kW to 88.4176 kW with a reduction of 56.3751 % compared with the initial state. After 

applying the reconfiguration method on the IEEE 33-bus network with WTDG penetration, 

an important improvement in active power losses is recorded with an amount of 69.67 kW. 

The reduction of real power losses reached a maximum value with a rate of 65.6233 %. 
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Table 2:  Optimal sizing and Placement of WTDG 

Name of 

WTDG  

Access 

point 

WTDG 

size 

(MW) 

Total 

WTDG 

size (MW) 

Losses without 

WTDG (kW) 

Losses with 

WTDG 

(kW) 

Power Saving 

(kW) 

WTDG1 12 0.97 
 

2.023 

 

202.68 

 

88.42 

 

114.26 

WTDG2 32 1.053 

 
Fig.3. IEEE 33-bus radial distribution network model with optimal WTDG penetration. 
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Fig.4. IEEE 33-bus radial distribution network model with WTDG and after reconfiguration 

(scenario 1).  

 

 

Fig.5. Voltage profiles of the distribution IEEE-33 bus after PSO reconfiguration for the 

case with WTDG comparing with the base case (scenario 1). 
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Table 3:  Comparative results of IEEE-33 bus radial distribution System (scenario 1). 

Scenario 1 

Real 
power 

loss (kW) 

Minimum 
voltage  

(p.u) 

Location 
of Vmin 

% of real 
power loss 
reduction 

Tie switches 

 

Base Case  202.6771 0.9131 18 _ _ _ _ _   33, 34, 35, 36, 37 

 

Case 
With 

WTDG  

Before 
Reconfiguration 88.4176 0.9719 18 56.3751 33, 34, 35, 36, 37 

After 
Reconfiguration 69.6736 0.9705 29 65.6233 7, 8, 14, 28, 36 

 

5.3. Methodology to Estimate Wind Power Output 

In our simulation study, Hourly wind speed data of the Metline /Tunisia region for the day 

of 04/02/2020 also the daily load consumption data were collected as shown in the following 

figure [16-17]. 

 

 

Fig.6. Evolution during the day of electricity load consumption and wind speed variation 

The parameters of the wind farm used in all of the following study are presented in table 

4 and the wind turbine chosen in our study is a variable speed wind farm based on an 

asynchronous double feed machine “DFIG”. 
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Table 4:  Parameter of the wind farm used in the whole study 

Parameters Values 

Number of Generators  2 identical generators for each bus 12 and 32 of the 

IEEE-33 bus network, 

Nominal Power (Mw) 2*0.5=1 

Number of Blades 3 

Rotor Surface (m2) 1.275 

Hub Height (m) 42/48/65 

Diameter (m) 40 

Nominal Frequency (Hz) 50 

Nominal Line Voltage (V) 550 

Disconnection Speed (m/s) 25 

Nominal Wind Speed (m/s) 11.4 

Starting Speed (m/s) 2.5 

Maker Enercon 

Since wind energy is a function of the variation in wind speed, power forecasts are 

generally calculated based on mathematical equations. To perform the adequacy assessment 

on a one-day horizon, the hourly average wind speed values are calculated for every 24 hours 

(every hour of the same day). From the time series presenting the wind speed for a day and 

the various equations presented in section 4, the curves giving the blade orientation angle 

"β", the power coefficient "Cp" and the output power of the wind turbine "PWT" as a function 

of the times are found and presented in figure 7, figure 8 and figure 9, successively. 

 

 

Fig.7. Hourly blade orientation angle 
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Fig.8. Hourly variation of the power coefficient 

 

Fig.9. Wind Power Output estimation of the Metline region for the day of 04/02/2020 

5.4. Scenario 2: All load points follow the specific value given by the hourly load curve 

during a 24 h + a Variable output power of the WTDG 

It is obvious that a topology which is optimal at one time is no longer for another. For 

example, a configuration that is optimal for peak hours may no longer be optimal for off-

peak hours due to the change in the behavior of loads on the network and also the variability 

of wind Speed during a day, for this the simulation of scenario 2 becomes essential. 

The results of the feeder system in relation to the above mentioned procedure are reported 

in table 5 where the 5th column of the table clearly shows the various change to be made in 

switcher’s topology while going from one hour to another during the 24 hours of the day. 

This summary table clearly shows that over the 24 hours, we consider that there are 8 

reconfigurations which have been calculated as being optimal for losses over contiguous hour 
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intervals. For example, the reconfiguration [7/9/14/30/37] is optimal for the hours {10.00, 

11.00 and 19.00} of the day. 

Table 5:  Results of reconfiguration of the IEEE-33 bus network (Scenario 2). 
H

o
u

r
s 

(h
) 

Before Reconfiguration After Reconfiguration 

P
.lo

sses re
d

u
c
tio

n
 

(%
) 

S
w

itch
ers 

P.losses 

(kW) 

Vmin 

(pu) 

S
w

itch
ers 

P.losses 

(kW) 

Vmin 

(pu) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
 

 

3
3

, 
3
4

, 
3
5

, 
3

6
, 
3

7
 

155,1291 

141,3654 

141,3654 

132,2193 

127,1885 

128,5702 

124,3639 

105,6195 

156,9821 

157,6462 

157,2335 

157,2434 

172,8910 

180,5898 

169,7743 

157,7263 

153,4953 

140,3953 

154,1448 

155,1325 

149,6365 

136,3695 

126,6507 

164,7528 
 

0,9590 

0,9645 

0,9641 

0,9678 

0,9699 

0,9693 

0,9594 

0,9591 

0,9514 

0,9520 

0,9521 

0,9438 

0,9475 

0,9503 

0,9539 

0,9542 

0,9557 

0,9492 

0,9524 

0,9399 

0,9535 

0,9485 

0,9513 

0,9556 
 

7/8/14/28/32 

7/8/14/28/32 

7/8/28/32/34 

7/8/28/32/34 

7/8/14/28/32 

7/8/14/28/32 

7/8/14/28/32 

7/8/14/28/32 

6/8/14/30/37 

7/9/14/30/37 

7/9/14/30/37 

7/8/14/28/32 

7/8/14/28/32 

7/8/14/28/32 

7/14/28/32/35 

7/8/14/28/32 

7/8/14/28/32 

7/9/28/32/34 

7/9/14/30/37 

7/14/30/35/37 

6/9/14/30/37 

7/8/14/28/32 

7/8/14/28/32 

7/8/14/28/32 
 

92,7057 

78,8119 

78,5677 

69,4957 

64,6363 

65,9608 

81,7294 

76,4694 

134,1294 

133,7811 

133,3358 

129,6394 

124,5433 

120,0599 

108,2734 

103,4724 

98,88282 

109,9056 

131,0584 

147,7111 

125,1795 

110,3007 

100,4348 

102,8814 
 

0,98366 

0,98530 

0,98530 

0,98648 

0,98716 

0,98697 

0,98430 

0,98456 

0,97903 

0,97910 

0,97914 

0,97962 

0,98032 

0,98094 

0,98206 

0,98235 

0,98281 

0,98132 

0,97930 

0,97654 

0,97988 

0,98123 

0,98212 

0,98259 
 

40,2396 

44,2495 

44,4222 

47,4390 

49,1806 

48,6966 

34,2815 

27,5991 

14,5575 

15,1383 

15,1988 

17,5549 

27,9641 

33,5178 

36,2250 

34,3975 

35,5792 

21,7170 

14,9770 

4,78392 

16,3442 

19,1162 

20,6993 

37,5541 
 

 

However, the changes between these reconfigurations during a day could be a heavy task 

for network operation and even a waste of time and energy, hence the idea is to choose a 

single reconfiguration used throughout the day. We identify, among the 8 resulting 

reconfigurations, the one that would lead to the lowest value of the power losses with the best 

value of minimum voltage magnitude (objective function of our study) and maintain it during 

all the day which will be the reconfiguration of the hour 05.00 of the day allowing to have a 
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minimization of power losses equal to 49,1806 % and a maximum improvement in minimum 

voltage equal to 0,98716 pu comparing respectively to losses and voltages in the initial state 

without reconfiguration as it is shown in both  figure 10 an figure 11. 

 

 
Fig.10. Hourly variation of minimum voltage value before and after reconfiguration 

(scenario 2) 

 

Fig. 11.  Power losses variation before and after hourly reconfiguration (scenario 2) 
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5. Conclusion 
 

The study discussed in this paper highlights, on an example of an IEEE 33-bus radial 

distribution network and for a possible daily load consumption curve and hourly wind power 

output values, that the operation of distribution networks with the topology identified as 

optimal for the scenario 1, is not optimal for the scenario 2 when switching from one hour to 

another one during all 24 hours of the day. 

The results obtained by Particle Swarms Optimization (PSO) combined with the 

MATPOWER toolbox and following calculations of the so-called sub-optimal 

reconfiguration at specific point of the load curve and with a well-defined output power of 

the WTDG, have proved the effectiveness of this proposed method to identify the optimal 

reconfiguration for the entire interval of the given consumption curve and with a variable 

output power of the WTDG, leading to significant reductions in power losses with a 

remarkable improvement in all minimum voltage values. 
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