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ABSTRACT: This paper proposes a innovative method to solve the network reconfiguration problem in the
occurrence of PV-type Distribution Generation-DG with an objective of minimizing the power loss and enhance
voltage in Electric Distribution System -EDS. A Cuckoo Search Algorithm (CSA) is used to simultaneously
reconfigure and recognize the optimal locations for installation of DGs by Loss sensitivity analysis .Different scenarios
of DG placement and reconfiguration of network are considered to study the performance of the proposed method. The
proposed method has been verified with 33-bus test system to demonstrate the performance and efficacy of the
proposed method.
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I. INTRODUCTION

In the current era of deregulated electricity markets, the EDS have attained a very important and crucial role in the
industry. EDS plays an active and effective role in electricity markets, and can “positively impact” the market
efficiency and make it more reliable, secure and beneficial to customers. There are several methodologies which are
commonly recommended by researchers to lessen the power losses, either “network reconfiguration” or “installing
capacitors” or “installing DGs” etc. However, the benefit of these methods can be achieved if they are cautiously
coordinated in the distribution system.

Amongst totally DA functions, Distribution Network Feeder Reconfiguration (DNFRC) is a planning technique
and a real-time operational control practice. DNFRC is outlined as changing the topological structured of distribution
feeders with the aid of altering the “open & closed” conditions of the sectionalization & tie line switches. “Tie
switches” are switches on the “open lines” and “sectionalizing switches” are those on closed switches. Open lines
which offer an alternative delivery route to a number of buses are called “tie switches”. Closed ones are called
“sectionalizing switches”. The Success of the reconfiguration process in achieving the specified results depends
exclusively on the availability of these ties switches.

DNFRC means that rearranging the loads in the distribution network, area to the bodily infrastructure on hand on the
ground so that you can fulfill the voltage restrictions, reduce “power loss” and balance the load on distinct feeders for
its most ability utilization for steady usual operation at the same time not overloading the feeders and most greatly keep
the radial configuration. In the proposed method, network reconfiguration and DG installation are dealt simultaneously
for improved loss minimization and voltage profile.
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Il. RELATED WORK

In [2] Since DNFRC is a complex combinatorial, optimization problem, numerous calculations are proposed
previously. Merlin and back [3] proposed the idea of energy delivery technique reconfiguration with an empirical
methodology to work out the network reconfiguration with nominal or near “least line losses” grounded on a
“particular variation of the branch-and-bound process”. It requires an iterative process of removing branch with lowest
power flow and then performing minimum power flow till radial network was obtained. This is proved to be time -
consuming.

D.I.H. Sun et al. [4] conferred a new methodology for evaluating energy and potential losses on a distribution
feeder in a rigorous manner. Right here common every day load shapes are built-in with a load flow method to provide
an energy model. An unusual power flow approach for “loss deduction” in “network reconfiguration” crisis utilizing
“branch exchange” process was offered.

S. Civanlar et al. [5] addresses the drawback of feeder reconfiguration within the context of feeder loss
reduction. Right here additionally totally special “power flow” strategies were used for loss reduction in DNFRC
centered on branch alternative methodology. This used to be confirmed on 23 kV systems.D. Shirmohammadi et al. [6]
have developed a heuristic approach for the DNFRC with the intention to lessen their line losses under ordinary
operational conditions. The projected procedure is characterized with the aid of convergence to the optimal or most
appropriate answer and hence the individuality of the ultimate result from the preliminary condition of the network
switches. Numerical results indicate that its appropriate for each planning and operational reports.

Chiang et al. [7] suggestion of the DNFRC problem as an overwrought, “multi-objective“&”’non-differential”
problem through both “equality and inequality constraints”. Here the target was to minimize losses and load
equalization. A structure is offered that employs DNFRC as a “planning and/or real-time control tool” to rearrange the
prime feeder for loss deduction.R. P. Broadwater et al. [8] projected DNFRC algorithm on account that the time various
loads. Both labour-intensive and programmed switches are the measure used to track the procedure for periodic
revisions, whereas the simplest computerized switches rectangular measure idea of for day-to-day reviews. The weight
estimation algorithmic program used to be accustomed get information for every time cause to be analyzed.

JI Yuan Fan et al. [9] grants an easy and amazing theme to with efficiency confirm the switch exchanges inside
a hoop for leased line losses, and proposes an experimental theme to increase the most valuable switch launch with
least switch operations so as to achieve the change from the preliminary configuration to the most suitable
configuration.Hugh Rudnick et al. [10] have projected heuristic search algorithm supported branch exchange method
for DNFRC problem and power summation process was used for load flow solution. This was utilized to 38 kV
distribution network with 3 feeders. With this process, it’s ascertained that the C.P.U. Time was lowered. Young-Jae
Jeon et al. [11] grants a cost-effective algorithm for loss cut down by exploitation a computerized switching operation
in huge scale distribution procedure. Simulated annealing methodology used to be used on an account that it
appropriate for an enormous scale distribution system.R. SrinivasaRao et al [12] discussesthe reconfiguration for power
loss minimization in the occurrence of DG. Here they used meta heuristic Harmony Search Algorithm for optimization
and sensitivity analysis to identify optimal location for DG connection.

In this paper, CSA procedure has been projected the DNFRC problem in the presence DG. The algorithm is
tested on 33-bus system and results obtained are compared with other methods available in the literature. The rest of the
paper sorted by the following; the problem formulation of proposed work described in section Ill and also the
sensitivity analysis for DG allocation is provided, section IV discuss about algorithm, Section V discusses the test
system and results and Section VI presents conclusions of the work.

111.PROBLEM FORMULATION

To Maximize the power loss reduction in the distribution network the objective function is set to:

A. Objective function
Maximize f = max. (APR . + APPS,)
Where, APR . : power loss reduction after reconfiguration
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APPS. - power loss reduction after DG placement
B. Constraints
Vmin < |Vk| =< Vmax
and |l g1l < e r1,man |
C. Sensitivity analysis for DG connection
Sensitivity analysis is used to calculate sensitivity factors of candidate bus locations to connect DG units in

the system. Estimation of these candidate buses helps in reduction of the search space for the optimization procedure
[16].

Consider a line section consisting an impedance of R, + jX; and a load of Py .rf + jQui . CONNected between
k-1 and k buses shown in fig. 1.

k-1 ke
| Rp+iXy |

| EP o line

Prier IO e

Fig..1. Line section between nodes k-1 and k.

Active power loss in the kth-line between k-1 and k buses is given by

(Pheesr + Qfcesr )Ri
Plineloss = VZ (1)
fi

Now the loss sensitivity factor (LSF) can be obtained with the equation

aPlineloss — 2% PLk,eff * Rk (2)
0P oy, 7 SRR
Using above equation, LSFs are calculated from load flows and values are organized in descending order for all
buses in system. It is price to note that LSFs adopt the order in which buses are to be selected for DG connection.

IV. CUCKOO SEARCH ALGORITHM

Cuckoo search (CS) is proposed by Yang and Deb in 2009 [15] it is an optimization algorithm inspired by the brood
parasitism of cuckoo species, which lay their eggs in the nests of other host birds nests.It has been applied into the
engineering optimization problems and shown its promising efficiency. This algorithm is based on the obligate brood
parasitic behavior of some cuckoo species along with the Lévy flight behavior of some birds like fruit flies. There are
mainly three principal rules during the search process as follows:

1. Each cuckoo lays one egg at a time and dumps its egg in a randomly chosen nest among the fixed number of
available host nests.

2. The best nests with high quality of egg (best solution) will be carried over to the next generation.

3. The number of available host nests is fixed, and a host bird can discover an alien egg with a probability Pa €

[0, 1]. In this case, it can either throw the egg away which is discovered by the host bird so as to build a

completely new nest .

For a maximization problem, objective function is proportional to the fitness or quality of the solution. For
simplicity, we can use the simple representations that is each egg in a nest represents a solution, and a cuckoo egg
represent a new solution, the aim is to have the new and potentially better solutions (cuckoos) to replace a not-so-good
solution in the nests. For generating new solutions a L evy flight is done. The initialized population of the host nests is
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set to the best value of each nest Xbesti (i = 1,. .. ,N) and the nest corresponding to the best fitness function is set to the
best nest Gbest among all nests in the population.
Generation of new solution via Lévy flights
All the nests except for the best one are replaced based on the quality of new cuckoo eggs (solution) which are
produced by Lévy flights from their current position as follows:
X"™"=round[Xbest; + @ x randx AX;"" ] ................ (3)
where a > 0 is the step size parameter rand is a normally distributed random number in [0,1] and the increased value

X;"" determined by:

randx ox (B)

new _ _ ranax N !
AX; Gandy 77~ oy < Obesti-Ghesti)....... 4)

where randx and randy are two normally distributed stochastic variables with standard deviation oy (B) and oy (B)
given by:

[ ra+pyxsiniL) 1k
ox(B) = r—@xpxz(ﬁfl)/z

oy (B)=1
where B is the distribution factor (0.3 < <1.9)

I' is the gamma distribution function.

The action of discovery of an alien egg in a nest of a host bird with the probability of Pa also creates a new solution
using Lévy flights. Existing eggs will be replaced with a best quality of new generated ones from their current
positions through random walks by appropriate step size.

X" = rand[Xbesti+kxAX{"™"] ................. (6)

where K is the updated coefficient determined based on the probability of a host bird to discover an alien egg in its
nest:

K = {1 if rand < Pa

0 otherwise
And the increased value X;"*" is determined by:

Xi"™ = randx[randp,(xbest;)-randp,(xbest)]........ 8)

where rand is the distributed random numbers in [0, 1] and randp; (Xbest;), randp,(Xbest;) are the random
perturbation for positions of the nests in Xbest; . The value of the fitness function is calculated and the nest
corresponding to the best fitness function is set to the best nest Gbest.

The process of implementation of CSA algorithm is as follows.
Step 1: The input data including network configuration parameter,status of DGs and switches are to be read.
Step 2: Initialize the population
Setup the set of parameters of CSA such as, host nest N, step size o, probability pa, distribution factor . The initial
population is determined by selecting the tie switches and DG size randomly from the set of the original population. A
population of N host nests is represented by ‘ ‘ '

Xi= [ Xll,. . ....de_l,xld] with d=1,2,...n
each Xi represents a solution vector of variables given by:
Xi={S5,53 i cer e St:Dg1)Pg2s e - Pgp }

The variable for tie switches represented by S and as for DG size is represented by p,. Where t is the number of tie
line and D is the number of DG.
Step 3: Generation of cuckoo

A cuckoo is randomly generated by Lévy flight by using equation (3). Load flow is used to evaluate the Cuckoo and
The quality of the solution is determined by the objective function.
Step 4: Replacement (discovering alien eggs)

A nest is selected among n random population, if the quality of egg ( new solution) in the selected nest is better than
the old egg (solution), it will be replaced by the new egg (solution) (cuckoo).
Step 5: Generation of new nest
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Based on the probability (pa) the worst nest are not considered they are abandoned and new eggs are built by using
equation (8).

Step 6: End conditions.

Check the end condition, if it is reached the algorithm stops, otherwise, repeat steps 3 to 5 until the end conditions
are satisfied. The fitness value is recorded and the nest corresponding to the best fitness function is set to the best nest
Gbest.compared with G, . If the fitness of any particle is better thanG,.; , then replace G, .

Step 7:Bring up-to-date the velocity and position of the particles. Eq.(3) is applied to update the particles. Meanwhile,
Eq.(4) is applied to update the position of the particles.

Step 8: End conditions. Check the end condition, if it is reached the algorithm stops, otherwise, repeat steps 3 to 7 un
till the end conditions are satisfied.

V.RESULTS AND DISCUSSIONS

In order to establish the effectiveness of the projected PSO method, applied on test system. Five cases are simulated
and measured to investigate the supremacy of the anticipated method.
Case I: Without Reconfiguration and DG (Base case);
Case II: only reconfiguration.
Case I1I: Only DGs are connected
Case IV: DGs are connected after Reconfiguration
Case V: System with simultaneous feeder reconfiguration

and DG allocation.

Figure 2. shows the IEEE 33-bus radial distribution system with five tie-switches and 32 sectionalizing
switches. In the network, sectionalize switches are numbered from 1 to 32, and tie-switches are numbered from 33 to
37. The total real and reactive power loads on the system are 3715 kW and 2300 kVAR. The parameters of CSA
algorithm are pa=0.5, 0=0.5,$=3/2 and population size is 10.

Sensitivity factors are calculated are sorted and ranked to connect the DG units at bus locations. Only top three
localities are selected to connect DG units in the system. DG locations for cases Ill, IV, and V are given in Table I. To
evaluate the performance, the system is simulated at three different load levels: 0.5 1.0 and 1.5 and corresponding
results are tabulated in Table I. The deliberations of results for specific cases are described below

Substation

oJele) elexe)
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500606060

lasa

T Load

e Tie switches
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@
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Fig.2. IEEE 33-Bus Radial Distribution System
Case I:Without Reconfiguration and DG

The base case power loss in KW and minimum voltage in pu are tabulated in Table 1. For light, nominal and
heavy load conditions computed losses are 49 kW, 208 kW, 589 kW respectively
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Case II: The system with only reconfiguration.

In this case the network is reconfigured by changing the status of the sectionalizing switches. Here the
switches 6, 8, 13, 16 and 27 are identified for opening, by keeping all other switches closed along with tie switches load
flow is carried out and results are tabulated in Table I.

For a nominal load condition the loss is reduced from 208 kW to 146 kW. The loss reduction compared to case |
is 28.57%, 29.8% and 31.91% for light, nominal and heavy load condition respectively. The enhancement in voltage
contour for nominal load condition matched to case | is shown in figure 3a.

Case Il1: only DG units are connected

In this case only 3 PV-type DGs are connected at the sites recognized by the loss sensitivity analysis.

Simulation is carried out for the changed system and the results are tabulated in the Table I. From the table its
observed that, for a nominal load condition the loss is reduced from 208 kW to 99.10 kW. The loss reduction compared
to case | is 53.06%, 52.3% and 59.14% for light, nominal and heavy load condition respectively. The enhancement in
voltage profile for nominal load condition compared to case | is shown in figure 3b.

Case IV: DGs connected after reconfiguration

In this case the DGs are connected for the reconfigured network from case Il. The load flow is carried out for the
modified system and the results are tabulated in the Table 1. From the table it is observed that, for a nominal load
condition the loss is reduced from 208 kW to 70.98 kW. The loss reduction compared to case | is 64.73%, 65.8% and
72.11% for light, nominal and heavy load condition respectively. The enhancement in voltage profile for nominal load
condition compared to case | and case Il is shown in figure 3c.

Case V: Simultaneous feeder reconfiguration with DG allocation.

In case V, reconfiguration and simultaneous DG connection are carried out. Here the network is reconfigured by
opening the switches 7,8,27,14 and 36 the corresponding DGs are installed. From the result it is observed that the loss
is reduced to 56.05 kW which is less than all the scenarios. The improvement in voltage from case | to case V with the
minimum voltage is 0.9775, is shown in the fig. 3d.

Similarly the benefits of perfection voltage and power loss minimization are obtained for light load and medium load
condition. In all loading conditions, power loss decrease especially in case V is highest, which elicits the superiority of
the proposed method over the other cases.

1 T T T T T T 1

Befr-reconfig N
— Aftr-reconfig 09}

without-DG
| —with-DG

%

voltage magnitude inpu

I . . . . . .
0 5 10 15 20 2 30 35 0 5 10 15 2 5 0 ¥
Bus number Bus number

Fig,3a. Voltage profile of case | and Il Fig.3b. Voltage profile of case | and Ill
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Fig.3c. Voltage profile of case | and IV Fig,3d. Voltage plot for case | and V
TABLE | TABLE II:
RESULTS OF 33-BUS SYSTEM COMPARISON OF SIMULATION RESULTS OF 33-BUS SYSTEM
Details Load Level Method | Item Case 1 Case Ill | CaselV | CaseV
Light Nominal Heavy Switches | 6,8,13,16, | 33,34,35, | 6,8,13,16, | 7.8,14,
(0.5) (1.0) (1.5) opened | 27 36,37 27 27,36
A 33,34, 35, 36, 37 33,34,35,36, 33,34, 35, 36, 37 Proposed ["poyer 146 99.10 70.98 56.05
37 CSA Loss
B 49 208 589 (kW)
Casel | — % 298 523 6538 722
0.9572 0.9108 0.848 Power
A 6,8, 13, 16, 27 6,8,13,16,27 | 6,8,13, 16,27 Loss
B 35 146 401 (kW)
Min. 0.9327 09622 | 0.9602 0.9775
C 28.57% 29.8% 31.91% voltage
Case Il (p.u)
D 0.9673 0.9327 0.8879 Switches | 7, 14, 9, | 33,34, 7149, 7, 14,10,
33, 34, 35, 36, opened 32,37 35,36, 37 | 32,37 32,28
A 3834353637 33,34,35, 36, 37 Power | 13806 | 96.76 | 97.13 | 73.05
Loss
0.7902(8) 1.5952(8) 1.9734(8) HAS13] | (ew)
E 0.2230(24) 0.7248(24) 0.8824(24) ‘;{0 31.88 52.26 52.07 63.95
ower
Case Il 0.2700(25) 0.4566(25) 0.8409(25 Loss
B 2309 9910 22063 Min. 0.9342 0.9670 | 0.9479 0.9700
Voltage
C 53.06% 52.3% 59.14% (p.u)
D 0.9640 0.9622 0.9258 Switches 33, 9, 34, 33,34, 33, 9, 34, 7,10,
opened | 28,36 35,36, 37 | 28,36 28,32,34
A 168131627 68131627 | 68131627 argg | POWer | 14160 | 1001 98.36 7513
0.663(8) 1.1733(9) 0.8184(8) [13] | Loss
(kw)
E 0.2520(24) 0.6184(24) 1.0459(24) % 3015 5060 5176 5792
ﬁi\se 0.5671(25) 1.3020(25) 1.7924(25) Power
Loss
B 1728 70.98 164.25 Min. 09310 | 0.0605 | 0.9506 | 0.9766
C 64.73% 65.8% 72.11% Voltage
u
D 0.9703 0.9622 0.9249 (p.)
CaseV | A 7.8,27,14,36 7.8,27,14,36 7.8,27,14,36
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0.0690(3) 0.7403(8) 1.0580(8)

E 0.5003(20) 0.9799(20) 0.6322(20)
0.2745(31) 0.6308(31) 1.4920(31)

B 14.92 56.05 129.03
69.54% 72.2% 78.09%
0.9863 0.9775 0.9712

A: Switches Opened, B: Power loss (kW), C:%loss reduction D :Minimum Voltage (p.u, E: Size of the DG in MW/(Bus number)

From Table I, it is seen that development in power loss reduction and voltage profile for case V are higher when
compared to case IV. This implies that DG connection after reconfiguration does not yield desired results of
maximizing power loss reduction and improved voltage profile.

To compare the performance of CSA, all the cases are simulated with HSA [13] and GA[13] only at nominal load
and results are provided in Table Il. The population size, crossover rate, and mutation rate are selected as 50, 0.8, and
0.05 for GA respectively. From the table, it is observed that the performance of the CSA is better compared to HSA and
GA in terms of the quality of the solution in all cases.

In this proposed CSA method, the percentage of loss reduction is more in case V compared to case I, Il and IV
shown in fig 4. The system power loss obtained are 75.13 kW, 73.05 kW and 56.05 kW for GA,HAS and proposed
CSA respectively. It is observed that proposed CSA method results in minimum power loss compared to other
algorithms shown in fig 5.

80 72:2 80
5 10 65.8 s 70
S coa ~ 60 -
8 60 94.9 E
g 50 a 50 -
S < 40
5 20 T 298 5
z 30 - g 30 -
s ] & 20 -
L 20
10 | 10
0 - r . ; 0 - T r T .
case Il case Il case IV case V GA HAS proposed CSA

Fig.4.Power Loss reduction in different cases Fig.5.Comparison of Power Loss reduction

VI.CONCLUSION

In this paper, a new approach has been projected to reconfigure and DG connection simultaneously in distribution
system. An efficient Cuckoo Search Algorithm is used in the optimization process. In addition, different cases are
simulated to establish the superiority of the planned method. The proposed methods are tested on 33-bus systems at
three different load levels. The results show that simultaneous network reconfiguration and DG connection method is
more effective in reducing power loss and improving the voltage profile compared to other cases. The results obtained
using CSA are compared with the results of Harmony search algorithm (HAS) and Genetic algorithm (GA) The
computational results revealed that enactment of the CSA is better than HAS and GA.
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