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technique for optimizing the power distribution system is dynamic reconfiguration.
The goalis to propose an optimal dynamic reconfiguration which minimizes the active
power losses and the voltage deviation of the nodes of the power distribution system
according to the energy available at the source, while constantly guaranteeing the
supply of the electrical energy to priority consumers. The reliability indices considered
in this paper are the system average interruption frequency index (SAIFI) and the
system average interruption duration index (SAIDI) and are used to check the reliabil-
ity of the optimal configurations obtained. This study subdivides a day into periods.
The variations in the available power of the source and the power requested by the
load, cause a new optimal configuration of the network at each period. In this work,
the load adapts to the source and the optimal network topology evolves according

to the maximum available power of the source. A mathematical formulation of the
dynamic optimization problem by period or piece is proposed. The dynamic approach
consists in acquiring the power of the load and of the source by period or piece and
to compare them. When the available energy is sufficient, an optimal configuration
that minimizes the power losses and voltage deviation while ensuring the supply of
electrical energy to all consumers in the network is proposed. On the other hand, when
the available energy is insufficient, an optimal topology of the power system minimiz-
ing the power losses and voltage deviation while guaranteeing the supply of electrical
energy to priority consumers of the network is proposed. The optimal solutions per
period are obtained using the MIP and MINLP methods. The approach is implemented
on standard IEEE 15, 33 and 69 node power distribution system. The results obtained
are satisfactory and prove the effectiveness of this new vision for the conduct of the
power distribution system.

Keywords: Dynamic multi objective optimization, Dynamic reconfiguration, Optimal
configuration, Available power, Requested power

Introduction

The supervisor of the power distribution system must always make a decision when
faced with certain situations. The availability of electrical power and the variation of the
power of the load poses the problems for consumer satisfaction. Sometimes, the network
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supervisor may turn off consumers in case of shortage of power supply. It is imperative
to think of an optimal management of the network by a dynamic reconfiguration that
proposes an optimal topology which can satisfy the consumers at each period of the day.

Liu and Wang [1] propose a dynamic reconfiguration of a power distribution network
by considering the dynamic segmentation of the load profile. The objective function is
the minimization of the cost of active power losses, the cost of switching operations
during dynamic reconfiguration as well as the network reliability index. The genetic
algorithm is used to solve the problem of dynamic reconfiguration. In their work, they
do not take into account the improvement in the voltage profile at the node level with
each optimal configuration of the network by period. This method is implemented on
a standard IEEE 33 bus network. Geng et al. [2] propose a dynamic reconfiguration of
an electrical energy distribution network using the PSO (Particle Swarm Optimiza-
tion) algorithm. The objective is to minimize the active power losses and the number
of switching operations. They did not take into account the improvement in the volt-
age profile at the network nodes. Jafari et al. [3] present a combination of EMA-WGA
(Exchange Market Algorithm- Wild Goats Algorithm) to solve the problem of dynamic
reconfiguration of a power distribution network. The objective is to minimize the active
power losses and the reliability indices of the network by period. They implement this
algorithm on IEEE 15, 33 bus test networks. For the 15 bus network. They subdivide
the day into 24 periods of equal width (1 h) and the 33 bus network into 8 periods of
equal duration. Booth et al. [4] propose an algorithm making it possible to determine
all the switching plans of the switches which restore electrical energy in the event of a
fault while isolating the section of the network which is faulty. Dantas et al. [5] propose
an algorithm based on the stochastic MILP which allows a dynamic reconfiguration of
the network in the presence of renewable energy sources. This method always allows
consumers to be satisfied at all times. The proposed mathematical model does not con-
tain weighting coefficients, which is not normal since they used the weighting formula-
tion. Jiang and Zhang [6] present a technique which determines a predictive power of
the load. Unlike the traditional method of measuring the power demanded by the load,
the algorithm uses the predictive value by period or time interval and proposes an opti-
mal configuration of the power distribution system. Wen et al. [7] propose a method that
combines topology analysis and real-time reconfiguration of the power distribution net-
work. The change in the parameters of the initial topology causes a dynamic analysis of
the topology to ensure the continuity of service of the network and to isolate the faulty
areas. The initial configuration in real time is obtained by updating the network param-
eters. The optimal configuration is one that minimizes power losses and improves the
voltage profile at node level in real time. This method is implemented in the absence and
presence of faults in the power distribution system. Xu et al. [8] propose an algorithm
which minimizes the cost of the distribution of the electrical energy in a system through
dynamic reconfiguration. The algorithm used here is the Quantum Particle Swarm Opti-
mization (QPSO). The goal is to minimize the costs of wasted energy and switching
operations. For each scenario, an optimal configuration is proposed. This method takes
into account other energy sources and is implemented on a 33 bus network. The math-
ematical model does not contain weighting coefficients which is not normal because it is
the formulation by weighting which is used. HuPing et al. [9] propose the static method
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to solve the problem of dynamic reconfiguration. The objective reconfiguration function
is used by optimization interval. The decomposition of time in reduced intervals allows
for multiple optimizations. This method is implemented on a 33 bus network. The math-
ematical model takes into account the start and end time of each period as well as the
reconfiguration time. Kovacki et al. [10] propose a method based on Lagrange Relaxa-
tion to determine the optimal configurations of the distribution network at each time
interval. The objective is to minimize the active power losses under the following con-
straints: radial configuration, avoid line overloads, avoid voltage drops, limit the number
of switching operations. Their work does not improve the tension profile. Novoselink
et al. [11] propose a nonlinear predictive control model for the dynamic reconfiguration
of a power distribution system. The goal is to propose a control strategy which finds the
optimal topology of the network and the optimal backup power to be supplied by the
decentralized generators and the energy storage units. Li et al. [12] propose a dynamic
reconfiguration in the presence of photovoltaic and wind generators to improve the sta-
bility of the network. The reconfiguration here makes it possible to minimize the power
losses and the number of switching operations of the switches. The ant colony algorithm
is used on an IEEE 33 bus network to find the optimal configuration. Meng et al. [13]
propose a dynamic reconfiguration of the power distribution system in the presence of
photovoltaic and wind generators based on ant colony algorithms and genetics. The aim
is to minimize the costs of energy and switching operations of the switches. The Markov
model is adopted to predict the value of the active power of photovoltaic and wind gen-
erators every hour. Mosbah et al. [14] propose a dynamic reconfiguration of the power
distribution network which considers the variations of the load. The MST (Minimum
Spanning Tree) based on the Kruskal algorithm is proposed to determine the optimal
configuration of the power distribution system per period. The objective is to minimize
active power losses. This algorithm is tested on the IEEE 33 and 84 bus networks and is
validated on a real network of 116 buses of the Algerian power distribution network. All
these authors have not studied the situation where the available energy is insufficient
and does not minimize the voltage deviation at the nodes.

In this paper, we propose a new approach to the study of dynamic reconfiguration.
The principle is to adapt the load to the source. The approach is based on two scenarios.
The first concerns the periods during which the available power of the source is suffi-
cient. The second scenario concerns the periods during which the available power of
the source is insufficient. For each scenario, the algorithm proposes an optimal system
topology which minimizes active power losses and voltage deviation and which satisfies
consumers. The test of the reliability of the optimal topologies obtained is given by the
system average interruption frequency index (SAIFI) and the system average duration
index (SAIDI). The method used to check the reliability of the optimal configurations
found is borrowed from [3]. However, priority customers must always be supplied with
electrical energy. This approach makes it possible to reduce the load when the available
power is insufficient, to avoid putting all the consumers of the network off. But when
the available power is sufficient, all customers are supplied with electrical energy. In this
work, the associated constraints are: limited available energy source, limited number of
switching operations, avoid voltage drops at the nodes, the power transit must be radial,
avoid line overloads, the maximum possible of consumers must be connected. Unless
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there is insufficient energy where optimization must take into account technical feasibil-

ity, priority consumers must always be supplied regardless of the scenario.

Methods

Problem formulation

Consider the RLC model of a branch of the network given in Fig. 1.
The state model of the circuit is given in Eq. (1).

di(t &1 1
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Y: Output vector
We suppose that C;,=C,=0
Py =Py —Pp1 — Ppp 2)
Q2 =Q1 — Qp1 — Q12 (3)

P,: Active power at node 1, P,: Active power at node 2, Pp;: Active power losses in the
branch 1-2, Q;: Reactive power at node 1, Q,: Reactive power at node 2, Qp;: Reactive

power losses in the branch 1-2.
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Fig. 1 Branch model RLC with the load and connected of the continuation of the network. R;: resistance
of the branch 1-2, L;: inductance of the branch 1-2, C;: capacitor at node 1, C,: capacitor at node 2, R),:
resistance of the load at node 2, L;,: inductance of the load at node 2, R.,: resistance of the continuation of
the network at node 2, L,: inductance of the continuation of the network at node 2, /;: total current in the
branch 1-2, i: current in the branch 1-2 , i current in the capacitor C, , i,;: current in the capacitor C,, .
current called by the load at node 2, i.: total current called by the load and the continuation of the network,
iq: current called by the continuation of the network
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With:
Ppy = RiI? (4)
Qp1 = Xil} (5)

I,: RMS value of the total current in the branch 1-2, X;: reactance of the branch 1-2.
Equations (6) and (7) present the expressions of the total active and reactive power
losses of the network.

Npr 2
Py + Q
loss = Z (6)
Nor p2 2
P2 4 )
Qloss = Z : V2 lXi (7)
i=1 i

P;: Active power at node i, Q;: reactive power at node i, P, ;. Active power at node i+1,
Q;41. Reactive power at node i+ 1, R;: Resistance of the branch i, X;: Reactance of the
branch i, V;: RMS value of the voltage at node i, N,;: Number of node of system.

An electrical network is a hybrid system therefore comprising continuous and discrete
variables. It is continuous by period.

In this work the control variables are the decision variables and represent the state of
the switches. These decision variables are binary (closed / open).

We can therefore adopt a strategy which consists of formulating the mathematical
problem of dynamic optimization by period and using the MIP (Mixed Integer Program-
ming) methods for the linear model and MINLP (Mixed Integer Nonlinear Program-
ming) for the nonlinear model in order to find the optimal solution per period.

The optimal control function here is the set of state vectors of the optimal switches.
An optimal state vector of the switches gives an optimal configuration of the network
per period which minimizes the power losses and the voltage deviation as a function of
the energy available while guaranteeing the supply of energy to consumers and especially
to priority customers whatever the scenario.

The objective function which minimizes the active and reactive power losses per
period is given in Eq. (8).

N, Np Np,

(PI)* + (Q)? (P/)* + (Q)?
minF = Z Z vy LR + Z Bm Z e Xi (8)
i=1 4

N,: number of period of the day. ay,, B weighting coefficients. P;": Active power at

node i at period m. Q/"": Reactive power at node i at period m. V/”: RMS value of the volt-
age at node i at period m.
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Constraints

During the reconfiguration, it is necessary to avoid voltage drops at the nodes.
Vimin < V{" < Vimax; i = 1,2,3, ..., Npus )
Avoid overloading the power lines.
0<I" < Iimax: i =1,2,3,..,Nj, (10)

The number of switching operations must also be limited.
NS S NS max (1 1)

: Maximum value

,max’

With: V; ;,: Minimum value of the acceptable voltage at a node, V;
of the acceptable voltage at a node, I;: Intensity of line current flowing through a branch,
I .o Intensity of the maximum line current defined by the manufacturer, Ni,,: Number of

i,max"

branch, N, Number of node, N;: Switching operations number, N, ,.: Maximum switch-

ing operations number.
Ultimately, the constraints are Egs. (9), (10) and (11).

Reliability assessment
Equations (12) and (13) give the expressions of the SAIFI and the SAIDL

LNk

c

SAIFI = (12)

> Nk

4

SAIDI =

£ (13)

With: Nj: customer impacted by an interruption, N,: total number of customer, :
duration of the interruption.

Problem solving algorithm
In this work, the proposed method is given in Fig. 2.

Description of the algorithm
StepI: Initialization

In this step, we define the number of switches in the system.

Step 2: Initial configuration of the system

We define the initial network configuration.

Step 3: Declaration of the variables and parameters

We define the binary decision variables, the optimization variables and the system
characteristics.

Step 4: Load power acquisition and available power threshold

Acquire the active (Pl) and reactive (Ql) powers of the load as well as the threshold of
the active (Pd) and reactive (Qd) powers available from the source at period m.

Step 5: Minimization of the active and reactive power losses
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Fig. 2 Problem resolution flow chart

If the available power is sufficient, we calculate the power losses and the voltage on the
level of the nodes in the initial structure of the system. We propose an optimal configu-
ration which minimizes the active power losses and the voltage deviation using the MIP
solver (Mixed Integer Programming).

Step 6: Load reduction if voltage is unacceptable

If the voltage at the network nodes is out of tolerance, the load must be reduced to
provide normal voltage to consumers while always minimizing active power losses and
voltage deviation using the MIP (Mixed Integer Programming) solver while now priority
consumers supplied with electrical energy.

Step 7: Load reduction if the available power is insufficient

If the available power is insufficient, the load must be reduced to avoid the interrup-

tion of the distribution of the electrical energy to consumers by always minimizing
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Fig. 3 Structure of the IEEE 15-node system

active power losses and voltage deviation by using the MIP (Mixed Integer Program-
ming) solver while maintaining priority consumers supplied with power electric energy.
Step 8: Show the result
Step 9: Start over at the next period
We repeat the above steps in the next period.

Results and discussion
The program is written in GAMS 23.5. The computer characteristics are: Processor:
1.70 GHz; RAM: 4.00 GB; OS: 64-bit WINDOWS 10.

In this paper, we use three standard IEEE system: 15, 33 and 69 bus.

IEEE test 15-node system
Presentation of the structure
The structure of the IEEE 15 node network used is given in Fig. 3.

The RMS value of the voltage at node 1 of the network is 12.66 kV. The characteristics of
the power lines of the network are borrowed from [15]. The priority consumers are 6, 7 and
8.

In this study the day is divided into 24 periods of one hour duration and the maximum
number of switching operations is 10.

The active powers of the load in each period are borrowed from [10].

Table 1 presents the results without and after reconfiguration in period 1 of the 15-node
system.

Table 2 presents the results without and after reconfiguration in period 2 of the 15-node
system.

Table 3 presents the summary of the results of the dynamic reconfiguration of the
15-node system in each period.

The profile of the active and reactive load powers of the 24 h of the 15-node system is
given in Fig. 4.
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Table 1 Results at period 1 of IEEE 15-node system

Maximum active power available from the source: 2500 kW

Maximum reactive power available from the source: 1700 kVAr

Without reconfiguration After reconfiguration Reduction (%)

Total active power load (kW) 45540 1710.0 6245
Total reactive power load (kVAr) 34155 1278.0 62.58
Open switches No open switches S2 /
Active power losses (kW) 0 82.169 /
Reactive power losses (KVAr) 0 69.633 /
Vmin (p.u.) 0 0.9455 (node 8) /

Vge (p.u) 1 0.0545 /
Supplied node No 1,2,6,7,8,9,10 /
SAIFI (failure/day) 1 0.571 429
SAIDI (h/day) 1 0.571 429

*This situation is due to the fact that there is an interruption in the supply of electrical energy because the available power
is insufficient

Table 2 Results at period 2 of the IEEE 15-node system

Maximum active power available from the source: 5000 kW

Maximum reactive power available from the source: 3500 kVAr

Without reconfiguration After reconfiguration Reduction (%)
Total active power load (kW) 4305.0 1614.0 62.50
Total reactive power load (kVAr) 322875 12120 6246
Open switches No open switches S2 /
Active power losses (kW) 384.67 66.937 82.59
Reactive power losses (kKVAr) 357.37 56.835 84.09
Vmin (p.u.) 0.8752 (node 13) 0.9508 (node 8) /
Ve (PU) 0.1248 0.0492 60.57
Supplied node 11015 1,2,6,7,8,9,10 /
SAIFI (failure/day) 0 0.571 /
SAIDI (h/day) 0 0.571 /

Figure 5 shows the variation of the active and reactive powers available from the source
and those of the load without reconfiguration for 24 h of the 15-node system.

Figure 6 gives the variation of the active and reactive power losses without and after for
24 h reconfiguration of the 15-node system.

Figure 7 gives the minimum voltage profile of the nodes for 24 h and that at period 1 of
the 15-node system.

Figure 8 shows the changes in switch states for a dynamic reconfiguration for 24 h of the
15-node system.

Table 1 presents the results without and after reconfiguration in period 1. The active
and reactive power of the load are, respectively, 4554.0 kW and 3415.5 kVAr. Initially, all
switches are ON and the maximum active and reactive powers available are, respectively,
2500 kW and 1700 kVAr. If there is no reconfiguration, there will be an interruption in
the supply of electrical energy. The load must therefore be reduced by reconfiguring the
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Fig. 4 Load power variation for 24 h of the IEEE 15-node system: a Active power b Reactive power
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Fig. 6 Power losses variation for 24 h of the IEEE 15- node system: a Active power losses, b Reactive power
losses
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network. After reconfiguration, S2 is OFF and the active power of the load becomes
1710.0 kW, a reduction of 62.45% and the reactive power 1278.0 kVAr, a reduction of
62.58%. The active and reactive online power losses are, respectively, 82.169 kW and
69.633 kVAr. The minimum voltage is 0.9455 p.u. (node 8) and the voltage deviation is
0.0545 p.u. Priority consumers (6, 7 and 8) are always supplied. After reconfiguration, the
nodes that have the energy are 1, 2, 6, 7, 8, 9 and 10. Without reconfiguration, the SAIFI
is 1 failure/day and the SAIDI is 1 h/day. After reconfiguration, the SAIFI is 0.571 failure/
day, a reduction of 42.9% and the SAIDI is 0.571 h/day, a reduction of 42.9%. There is a
reduction in the frequency and duration of the interruption after reconfiguration. We
can say that the new configuration improves the reliability of the system.

Table 2 presents the results before and after reconfiguration in period 2. Initially, all the
switches are ON and the active and reactive power of the load are, respectively, 4305.0 kW
and 3228.75 kVAr. The maximum active and reactive powers available are, respectively,
5000 kW and 3500 kVAr. The available power is sufficient. Without reconfiguration, the
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active and reactive power losses are 384.67 kW and 357.37 kVAr, respectively. The mini-
mum voltage is 0.8752 p.u. (node 13). This voltage is unacceptable. The system must be
reconfigured to provide a tolerable voltage to consumers. The voltage deviation is 0.1248
p.u. After reconfiguration, the active power of the load becomes 1614.0 kW, a reduction
of 62.50% and the reactive power 1212.0 kVAr, a reduction of 62.46%. Active power losses
are 66,937 kW, a reduction of 82.59% and reactive 56,835 kVAr, a reduction of 84.09%. The
minimum voltage is 0.9508 p.u. (node 8) and the voltage deviation 0.0492 p.u., a reduction
of 60.57%. After reconfiguration, the nodes that have the energy are 1, 2, 6, 7, 8, 9 and 10.
Without reconfiguration, the SAIFI is O failure/day and the SAIDI is 0 h/day. After recon-
figuration, the SAIFI is 0.571 failure/day.

Table 3 shows a summary of the results of the network of 15 nodes per period over 24 h.
At intervals 1, 7 to 20, if there is no reconfiguration of the network, there will be an inter-
ruption in the supply of electrical energy. During a day, after reconfiguration, the mini-
mum voltage is acceptable and the priority loads are always supplied. Periods 1 and 24 have
the same load power but in period 1, the available power is insufficient, it is imperative to
reduce the load. But at period 24, the available power is sufficient but the power losses are
significant and the minimum voltage unacceptable. The system must be reconfigured to
minimize power losses and voltage deviation. In periods 4 and 5, the optimal configuration
corresponds to the initial topology. All consumers are powered and voltages are normal.
Subscribers are satisfied with the supply of electrical energy. In the other periods, the opti-
mal topology obtained proposes the opening of the switch S2. Without reconfiguration, the
average SAIFI for 24 h is 0.625 failure/day and the average SAIDI for 24 h is 0.625 h/day.
After reconfiguration, the average SAIFI for 24 h is 0.523 failure/day, a reduction of 16.32%
and the average SAIDI for 24 h is 0.523 h/day, a reduction of 16.32%. There is a reduction
in the frequency and duration of the interruption after reconfiguration for 24 h. We can say
that the technique proposed in this study gives optimal configurations which improves the
reliability of the network.

Figure 3 shows the evolution of the active and reactive power of the load for 24 h. It pre-
sents the profile of the power required by the load and that absorbed after reconfiguration.
When the energy available is sufficient, the power initially requested corresponds to that
after reconfiguration of the system (periods 4 and 5). When the available energy is insuf-
ficient (the other periods), the load is reduced. Period 16 is one that has a higher call for
power.

Figure 5 shows the variation of the power available and that initially requested by the load.
During periods 2 to 7 and 21 to 24, the available power is sufficient. But during the other
periods, there is insufficient energy. The highest available power is at period 21.

Figure 6 shows power losses profile for 24 h. Before reconfiguration, in periods 2, 3, 6 and
21 the power losses are significant. After reconfiguration, they are minimized. The power
losses before and after reconfiguration are identical to the periods 4 and 5 because the opti-
mal configuration corresponds to the initial topology. In other periods, there is an interrup-
tion in the supply of electrical energy if there is no reconfiguration.

Figure 7 shows the variation of the minimum voltage of the nodes before and after recon-
figuration and the profile of the tension in period 1. The reconfiguration increases the mini-
mum tension by period consequently minimizes the deviation in tension. In period 1, after
reconfiguration nodes 3, 4, 5, 11, 12, 13, 14, 15 are not supply.
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@  Load or Node 16 17
— Sectionalizing switch
— T " Tie switch
Fig. 9 Structure of the IEEE 33-node system
Table 4 Results at period 1 of IEEE 33-node system
Maximum active power available from the source: 5000 kW
Maximum reactive power available from the source: 3500 kVAr
Without reconfiguration After reconfiguration Reduction (%)

Total active power load (kW) 3635.0 3635.0 0
Total reactive power load (kVAr) 2726.25 2726.25 0
Open switches S33,534, 535, 536, S37 S6,58,513,528,536 /
Active power losses (KW) 185.72 126.56 31.85
Reactive power losses (kVAr) 137.67 130.05 553
Vmin (p.u.) 0.8867 (node 17) 0.9291 (node 17) /
Ve (p.U) 0.1133 0.0709 3742
Supplied node 0to32 0to 32 /
SAIFI (failure/day) 0 0 /
SAIDI (h/day) 0 0 /

Figure 8 shows the chronological change in switch states. It shows that during the
dynamic reconfiguration over a day there are two switching operations of branches or
switches. Only switch S2 changes state. Indeed, S2 is closed during periods 4 and 5 and
open elsewhere. S2 switches twice.

IEEE test 33-node system
Presentation of the structure
The structure of the IEEE 33 node network used is given in Fig. 9.

The RMS value of the voltage at node 0 of the network is 12.66 kV. The characteristics of
the power lines of the network are borrowed from [16]. The priority consumers are 15, 22,
26 and 30.
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Table 5 Results at period 6 of IEEE 33-node system

Maximum active power available from the source: 2500 kW

Maximum reactive power available from the source: 1200 kVAr

Without reconfiguration After reconfiguration Reduction (%)
Total active power load (kW) 3849.0 2390.0 37.90
Total reactive power load (kVAr)  2886.75 1050.6 63.60
Open switches S33, 534, S35, 536, S37 S5,56,57,58,59, 512,515,518, /
S19, S35
Active power losses (kW) 0 76.282 /
Reactive power losses (kVAr) 0 52815 /
Vmin (p.u.) 0 0.9512 (node 5) /
Ve (p.u) 1 00488 /
Supplied node No 0,1,2,3,4,515,16,17,22,23,24, /
25,26,27,28,29,30,31,32
SAIFI (failure/day) 1 0.406 594
SAIDI (h/day) 3 1.218 594

*This situation is due to the fact that there is an interruption in the supply of electrical energy because the available power
is insufficient

In this study the day is divided into 8 periods of 3 h duration and the maximum number
of switching operations is 20.

The active powers of the load in each period are borrowed from [3].

Table 4 presents the results without and after reconfiguration in period 1 of the 33-node
system.

Table 5 presents the results without and after reconfiguration in period 6 of the 33-node
system.

Table 6 presents the summary of the results of the dynamic reconfiguration of the
33-node system in each period.

The profile of the active and reactive load powers for 24 h of the 33-node system is given
in Fig. 10.

Figure 11 shows the variation of the active and reactive powers available from the source
and those of the load without reconfiguration for 24 h of the 33-node system.

Figure 12 shows the variation in active and reactive power losses without and after
reconfiguration for 24 h of the 33-node system.

Figure 13 shows the minimum voltage profile of the nodes for 24 h and that for period
1 of the 33-node system.

Figure 14 presents the voltage profile in period 6 and the change in switch states for a
dynamic reconfiguration for 24 h of the 33-node system.

Table 4 presents the results in period 1 of the 33-node system. The active and reactive
powers available are, respectively, 5000 kW and 3500 kVAr. Initially, S33, S34, S35, S36,
S37 are open and the active and reactive powers of the load are, respectively, 3635.0 kW
and 2726.25 kVAr. Since the available energy is sufficient, the reconfiguration must main-
tain the same charge to satisfy consumers. Without the reconfiguration, the active and
reactive losses are, respectively, 185.72 kW and 137.67 kVAr, the minimum voltage at the
nodes is 0.8867 p.u. (node 17) and the voltage deviation is 0.1133 p.u. These power losses
are significant and this minimum voltage is unacceptable. It is therefore necessary to
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Fig. 10 Load power variation for 24 h of the IEEE 33-node system: a Active power b Reactive power
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Fig. 11 Variation of the available power of the source and the load power for 24 h of the IEEE 33-node
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Fig. 14 a\Voltage profile at period 6, b Dynamic changes in switch states for 24 h of the IEEE 33-node system

reconfigure the network. After reconfiguration, the load power is the same, the switches
S6, S8, S13, S28 and S36 are open. Active and reactive power losses are, respectively,
126.56 kW, a reduction of 31.85% and 130.05 kVAr, a reduction of 5.53%. The minimum
voltage becomes acceptable and equal to 0.9291 p.u. (node 17) and the voltage deviation
is 0.0709 p.u., a reduction of 37.42%. All consumers are supplied and satisfied. Without
reconfiguration, the SAIFI is O failure/day and the SAIDI is 0 h/day. After reconfigura-
tion, the SAIFI is O failure/day and the SAIDI is 0 h/day.

Table 5 presents the results of the 33-node system in period 6. The active and reactive
powers available are, respectively, 2500 kW and 1200 kVAr. Initially, S33, S34, S35, S36,
S37 are open and the active and reactive power of the load are, respectively, 3849.0 kW and
2886.75 kVAr, there will be an interruption in the supply of electrical energy because the
available energy is insufficient. After reconfiguration, the load is reduced. The active and
reactive powers of the load become, respectively, 2390.0 kW, a reduction of 37.90% and
1050.6 kVAr, a reduction of 63.60%. Switches S5, S6, S7, S8, S9, §12, S15, S18, S19 and S35
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are open. Active and reactive power losses are, respectively, 76.282 kW and 52.815 kVAr.
The minimum voltage is 0.9512 p.u. (node 5) and the voltage deviation 0.0488 p.u. The con-
sumers 1, 2, 3, 4, 5, 15, 16, 17, 22, 23, 24, 25, 26, 27, 28, 29, 30 are supplied. Without recon-
figuration, the SAIFI is 1 failure/day and the SAIDI is 3 h/day. After reconfiguration, the
SAIFI is 0.406 failure/day, a reduction of 59.4% and the SAIDI is 1.218 h/day, a reduction of
59.4%. There is a reduction in the frequency and duration of the interruption after recon-
figuration. We can say that the new configuration improves the reliability of the system.

Table 6 presents a summary of the results of the dynamic reconfiguration of the
33-node system for 24 h. From period 1 to 5, the optimal configuration is S6, S8, S13, 528
and S36 OFF and from period 6 to 8 the optimal topology is S5, S6, S7, S8, S9, S12, S15,
S18, S19 and S35 OFF. The dynamic reconfiguration of the network over a day leads to 11
switching operations of the branches or switches, which is less than the fixed limit which
is 20. Without reconfiguration, the average SAIFI for 24 h is 0.375 failure/day and the
average SAIDI for 24 h is 1.125 h/day. After reconfiguration, the average SAIFI for 24 h is
0.152 failure/day, a reduction of 59.46% and the average SAIDI for 24 h is 0.456 h/day, a
reduction of 59.46%. There is a reduction in the frequency and duration of the interrup-
tion after reconfiguration for 24 h. We can say that the technique proposed in this study
gives optimal configurations which improves the reliability of the network.

Figure 10 shows the evolution of the active and reactive powers requested by the load
and those called after reconfiguration. From period 1 to 5, the energy available is suffi-
cient, the power of the load corresponds to that absorbed initially. But from period 6 to
8, there is a lack of energy, the load is reduced to satisfy certain consumers.

Figure 11 shows the variation of the available power and that of the load before recon-
figuration. It is found that the energy available is sufficient from period 1 to 5. In period 6
to 8, this energy is insufficient.

Figure 12 shows the power losses profile per period for 24 h. Initially, from period 1 to
5, the power losses are significant. After reconfiguration, these power losses are reduced.
From period 6 to 8, there is an interruption in the supply of electrical energy if there is
no reconfiguration of the network.

Figure 13 shows the variation of the minimum voltage per period and the voltage pro-
file at the level of the nodes at period 1. Before and after reconfiguration, the voltage at
node 17 is that which is minimum. After reconfiguration the voltage level of the nodes is
satisfactory for consumers.

Figure 14 shows the evolution of the voltage in period 6 and the chronological changes
of the state of the switches for 24 h. It is noted that after reconfiguration the nodes with-
out voltage are 6, 7, 8, 9, 10, 11, 12, 13, 14, 18, 19, 20 and 21. The dynamic change in the
switches shows that the number of switching operations is 11 on a day.

IEEE test 69-node system
Presentation of the structure
The structure of the IEEE 69 node network used is given in Fig. 15.

The RMS value of the voltage at node 1 of the network is 12.66 kV. The position of each
switch are borrowed from [17] and the characteristics of the power lines are the same as
those used in [18].
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Fig. 15 Structure of the IEEE 69 bus
Table 7 Results at period 1 of IEEE 69-node system
Maximum active power available from the source: 4000 kW
Maximum reactive power available from the source: 3500 kVAr
Without reconfiguration After reconfiguration Reduction (%)
Total active power load (kW) 2967.0 2967.0 0
Total reactive power load (kVAr) 2555.0 2555.0 0
Open switches S69, S70,571,572,573 S14,S57,561, 569, S70 /
Active power losses (kW) 102.58 93.85 8.51
Reactive power losses (kKVAr) 56.148 52.285 6.88
Vmin (p.u.) 0.9744 (node 17) 0.9766 (node 14) /
Ve (PU) 0.0256 0.0234 8.59
Supplied node 1t069 1to 69 /
SAIFI (failure/day) 0 0 /
SAIDI (h/day) 0 0 /

The priority consumers are 28 and 36.
In this study, the day is divided into 8 periods of 3 h duration and the maximum num-

ber of switching operation is 40.
Table 7 presents the results without and after reconfiguration in period 1 of the

69-node system.
Table 8 presents the results without and after reconfiguration in period 5 of the

69-node system.
Table 9 presents the summary of the results of the dynamic reconfiguration of the

69-node system in each period.
The profile of the active and reactive powers of the 24-h load of the 69-node system is

given in Fig. 16.
Figure 17 shows the variation of the active and reactive powers available from the

source and those of the load without reconfiguration for 24 h of the 69-node system.
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Table 8 Results at period 5 of IEEE 69-node system

Maximum active power available from the source: 2000 kW

Maximum reactive power available from the source: 1000 kVAr

Without reconfiguration After reconfiguration Reduction (%)
Total active power load (kW) 7000.0 4120 94.11
Total reactive power load (kVAr) 5250.0 3120 94.05
Open switches S69, 570, 571,572,573 S3,54,55,56,57,S8,59,510,S11,  /

$12,513,514, 515,516, 518, 520,
$28,529,530, 531,532, 533,534,
S36, 537,538, 540, 572,573

Active losses power (kW) 0 0.0038 /
Reactive losses power (kVAr) 0 0.0281 /
Vmin (p.u.) o 0.9999 (node 36) /
V. (pu) 1 00007 /
Supplied node No 1,2,3,28,36 /
SAIFI (failure/day) 1 0.941 59
SAIDI (h/day) 3 2.823 59

“This situation is due to the fact that there is an interruption in the supply of electrical energy because the available power
is insufficient

Figure 18 shows the variation in active and reactive power losses without and after
reconfiguration for 24 h of the 69-node system.

Figure 19 gives the minimum voltage profile of the nodes for 24 h and that for period 1
of the 69-node system.

Figure 20 shows the voltage profile at period 5 and the changes in switch states for
dynamic reconfiguration for 24 h of the 69-node system.

Table 7 presents the results in period 1 of the 69-node system. The active and reactive
powers available are, respectively, 4000 kW and 3500 kVAr. Initially, S69, S70, S71, S72 and
S73 are open and the active and reactive powers of the load are, respectively, 2967 kW and
2555 kVAr. Active and reactive power losses are, respectively, 102.58 kW and 56.148 kVAr,
the minimum voltage is 0.9744 p.u. (nodel7) and the voltage deviation is 0.0256 p.u. The
availability of energy avoids the reduction in the load. After reconfiguration, S14, S57, S61,
S69, S70 are OFE. Active and reactive power losses are, respectively, 93.85 kW, a reduc-
tion of 8.51% and 52.285 kVAr, a reduction of 6.88%. The minimum voltage is 0.9766 (node
14) and the voltage deviation is 0.0234, a reduction of 8.59%. Whitout reconfiguration, the
SAIFl is O failure/day and the SAIDI is O h/day. After reconfiguration, the SAIFI is O failure/
day and the SAIDI is 0 h/day.

Table 8 presents the results in period 5 of the 69-node system. The active and reactive
powers available are, respectively, 2000 kW and 1000 kVAr. Initially, S69, S70, S71, S72 and
S73 are open and the active and reactive powers of the load are, respectively, 7000 kW and
5250 kVAr. Insufficient energy means reducing the load. If there is no reconfiguration, there
will be an interruption in the supply of electrical energy. After reconfiguration, switches S3,
S4, S5, Se, S7, S8, S9, S10, S11, S12, S13, S15, S16, S18, S20, S28, S29, S30, S31, S32, S33,
S34, S36, S37, S38, S40, S72, S73 are open. The active and reactive powers of the load are
reduced by 94.11% and 94.05%, respectively. Active and reactive power losses are low and
are, respectively, 0.0038 kW and 0.0281 kVAr. The minimum voltage is 0.9999 p.u. (node 36)
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Fig. 16 Load power variation for 24 h of the IEEE 69-node system: a Active power b Reactive power
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Fig. 17 Variation of the available power of the source and the load power for 24 h of the IEEE 69-node
system: a Active power b Reactive power
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Fig. 18 Power losses variation for 24 h of the IEEE 69- node system: a Active power losses, b Reactive power
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Fig. 20 a\oltage profile at period 6, b Dynamic changes in switch states for 24 h of the IEEE 69-node system.
(f): 53,54, S5, 6,57, 58, 59,510,511, 512,513,515, S16, 518, 520, 528, S29, S30, S31, 532, 533, S34, S36, S37, 538,
S40,572,573

and the voltage deviation is 0.0001 p.u. The nodes supplied are 1, 2, 3, 28 and 36. Without
reconfiguration, the SAIFI is 1 failure/day and the SAIDI is 3 h/day. After reconfiguration,
the SAIFI is 0.941 failure/day, a reduction of 5.9% and the SAIDI is 2.823 h/day, a reduction
of 5.9%. There is a reduction in the frequency and duration of the interruption after recon-
figuration. We can say that the new configuration improves the reliability of the system.

Table 9 presents a summary of the results of the dynamic reconfiguration of the 69-node
system for one day. From period 1 to 4, the optimal topology is S14, S57, S61, S69 and S70
OFF and from period 5 to 8 the optimal topology is S3, S4, S5, S6, S7, S8, S9, S10, S11, S12,
S13, S15, S16, S18, S20, S28, S29, S30, S31, S32, S33, S34, S36, S37, S38, S40, S72 and S73
OFF. Dynamic reconfiguration of the network for 24 h. involves 32 switching operations of
branches or switches, which is less than the fixed limit which is 40.

Figure 16 shows the evolution of the active and reactive powers requested by the load and
those called after reconfiguration. From period 1 to 4, the power available at the source is
sufficient, the power of the load corresponds to that absorbed at the start. But from period 5
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to 8, there is a lack of energy, the load is reduced to satisfy certain consumers, especially the
priority ones.

Figure 17 shows the profile of the available power and that of the initial load. The available
energy is sufficient from period 1 to 4. In periods 5 to 8, this power is insufficient.

Figure 18 presents the profile of power losses per period for one day. Initially, from
period 1 to 4, the power losses are significant. After reconfiguration, these power losses are
reduced. From period 5 to 8, there is an interruption in the supply of electrical energy if
there is no reconfiguration of the network.

Figure 19 shows the profile of the minimum voltage per period and the voltage profile at
node level in period 1. Initially, node 17 has the minimum network voltage and after recon-
figuration, the voltage at node 14 is that which is minimal.

Figure 20 shows the evolution of the voltage in period 6 and the dynamic change in the
state of the switches for one day. After reconfiguration the nodes supplied are 1, 2, 3, 28, 36.
The dynamic change in the switches shows that the number of switching operation is 32 for
24 h.

Conclusion

In this paper, a new approach to the dynamic reconfiguration of the power distribution sys-
tem as a function of the maximum available power was presented. At each period of the
day, an optimal network topology is proposed to minimize the losses of active power and
the voltage deviation at the level of the nodes while minimizing the reactive power losses.
The system average interruption frequency index (SAIFI) and the system average duration
index (SAIDI) were used to check the reliability of the optimal configurations obtained. The
algorithm proposed using the MIP (Mixed Integer Programming) solver is tested on stand-
ard IEEE 15, 33 and 69 node systems. The results obtained show that the algorithm is very
efficient and takes into account certain difficulties in the supply of electrical energy because
it may happen at a given moment that the available energy is insufficient. These results also
show that the optimal topologies found are reliable. This method is a tremendous support
for development and makes it possible to satisfy consumers. It highlights the concept of pri-
ority consumers who must always supplied.
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