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Abstract

This paper presents network reconfiguration of distribution system which is carried out by making changes in its topological
structure with the help of switches. These switches were closed or opened such that the final network should be of radial
network. The objective of feeder reconfiguration with Distributed generators is to obtain best arrangement of branches to be
opened from every loop for optimum distribution network with least power loss and to enhance power supply reliability. It is
used to compare losses with different reconfiguration and the one with least losses indicates optimal network and it also
represents new algorithm such as heuristic method called ACOT to solve feeder reconfiguration problem. ACOT is a powerful
swarm intelligence method for solving optimization problem which is inspired from natural action of ant colonies on how they
discover food source and return to their nest by depositing pheromone and is able to find effective shortest way by the utilization
of data collected in terms of deposition of pheromones on the edge of their path. Here the load flow is solved by forward and
backward sweep method. ACOT uses switch transition, local/global updating rule to promote computation and algorithm
involves selecting among possible configuration and identifying the one which has least power loss following a constraint. The
above methodology is demonstrated utilizing test system of 33 buses. The simulation code is composed in MATLAB
programming for analysis.

Keywords: distribution system, network reconfiguration, power loss minimization, ant colony optimization technique
(ACOT)

I. INTRODUCTION

Electrical power distribution system is the section of overall power system which disperse power for local use. It is the terminal
stage of power system and should be ended by consumers. Distribution system (DS) is connected between substation which is
fed by transmission system and consumer terminal. Mainly it comprises of feeders, distributors and service mains. Primary
Distribution lines will carry medium voltage and is located near consumers end. distribution transformer again step down the
voltage to usage voltage level of household appliances and feed more number of customers through secondary distribution line.

The power losses occur in a system when delivering power from stations to consumer ends. The losses come in various
components in distribution system such as transformer and distribution lines and these losses are referred to as core and copper
losses. The technical losses are due to dissipation of energy in conductor and equipment used in transmission and distribution of
power. Since the power loss in distribution system is entirely due to copper losses that are 12R losses. The technical losses are
inbuilt in system and it can be reduced to near optimum level. The commercial losses are caused by error in meter reading,
pilferage and bad meters.

Feeder reconfiguration is the most significant operation which has to be carried out in distribution system for the reduction of
losses and to improve power system security. There are two types of switches which play an important role in system i.e.
normally closed switch (sectionalizing) and normally open switch (tie).distribution network consists of number of switches.

Distribution network reconfiguration is the procedure of modifying the topological structure of distribution feeders by altering
the open/closed position of sectionalizing and tie switches that is, by modifying the radial structure of distribution network from
time to time just by changing the states of switches. The switching operation represents the selection of pair of switches. Such
that the network remain radial, less line losses and each loads are energized A normally open tie switch is closed in order to
transfer load from one feeder to another that is from heavily loaded feeder to relatively less heavily loaded feeders. While a
proper sectionalizing switch is opened to restore radial structure. The configuration may be changed according to manual or
automatic switching operation. For each configuration there is an associated power loss in feeders and it is important to find out
the configuration that has least power loss.

Feeder reconfiguration problem in the presence of distributed generation plays an important role in order to reduce power loss
in system. However due to changing of loads, total system load is greater than its generation capacity. This may tend to an
increase in voltage drop and system losses and the performance of system becomes in adequate due to reduction in voltage and
increase in losses. In order to meet acceptable level of load demand, DG units are incorporated in distribution network
Benefits from reconfiguration during normal and abnormal operating condition.

—  Minimizing the system losses
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— Balancing of loads among the feeders

— Improvement of reliability indices

— Isolating the faulted areas

—  Supply of power to non-faulted areas with minimum load shedding

Il. PROBLEM FORMULATION

Network reconfiguration for loss reduction is a highly complicated combinatorial, non-differentiable and constrained nonlinear
mixed integer optimization problem owing to the extent number of candidates switching combination in distribution system. The
basic aim of network reconfiguration is to get optimal configuration for which there is a maximum loss reduction compared to
that of original system.

There are various operating constraints such as

— Topological constraints

—  Electrical constraints

—  Operational constraints

— Load constraints

The other major constraint on reconfiguration is the limit on voltage magnitude or line capacity. The voltage magnitude (v) at
each node must lie within their allowable ranges and line carrying current close to its thermal capacity. Also, have good voltage
profile with minimum losses and line currents within limit.

Network reconfiguration which theoretically minimizes the real power losses in system might require one or more component
in the system that might be operated at level beyond its physical limitations. Each line, transformer and switch in the system has
certain thermal limits which restricts the maximum allowable current through that component

Current constraints can be relieved by switching; by reconductoring the feeder, voltage constraint can be alleviated by
switching or installing capacitor banks. Usually capacitor banks and voltage regulators can reduce line currents and helps to
alleviate current constraints
In general power loss can be formulated as between bus m and n

Ploss(m,m) = Rm,n(lvm — 1l |Ymn|)2 1)
Where
R, : Branch resistance between bus m and bus n.
V. (V) : Bus m (n) voltage.
Y... . Branch admittance between bus m and bus n.
In general, network reconfiguration for loss minimization could be formulated as

Zploss(mt n) =X Rm,n(lvm - V;l”Ymnl)z (2)
I1l. METHODOLOGY

Consider standard IEEE 33 bus distribution network. This method is mainly composed of power loss calculation, finding bus
voltage and determination of radial topology. Feeder reconfiguration problem with DG, considering the installed node and
capacity of DG, reconfiguration could be made by using loss reduction technique .DGs are represented as negative loads, to
solve feeder reconfiguration problem. The solution process starts with encoding parameters. Network reconfiguration involves
selection of optimal switches that give minimum power loss without searching all other switches in network.

Normally tie switches and sectionalizing switches along with feeders forms a loop. initially all tie switches open for a given
radial network, by running load flow, the voltage difference across all open tie switches are calculated. Closing a tie switch will
form a loop. The switching operation of tie switch will cause maximum loss reduction, improve system voltage and provide
better load balancing, then that tie switch is closed, which creates a loop and the neighboring sectionalizing switch are opened
one by one.

The power losses are evaluated in each configuration and the option which indicates the least power loss is considered. As
loop is formed and switching options which do not satisfy required criteria are continuously eliminated. In next iteration, the
above procedure is repeated for remaining tie switch and so forth. If, in any iteration, this maximum voltage difference across
any tie switch is less than the defined value, then that tie switch operation is discarded. In this way the optimal configuration can
be obtained after little iteration.

Our goal is to find out the optimal opening switch for each loop and during restorative state the goal is to find optimal closing
switch in each loop.

The three switching indices are voltage index, ohmic index and decision index

A. Voltage index pj:

Minimizing, Ry, IV, — VullYma)® can be seen that low voltage drop results in low loss. A voltage index p; is defined for
particular branch N (from m to n) given by
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_o.)(AVn)2

g (my=€xp BVav) (3)

Where,

¥’ (n) : The voltage drop between the terminals of branch
Av,: Mean square voltage drop of all branch for selected loop
w : weighing factor

B. Ohmic index p; :

Line constants R and Y are used to minimize the power loss, low current flow is considered for high value ofR|Y|?. An ohmic
index p ) can be defined
o RIY|? .
UL )= exp FRev¥aw (4)

Where,

Rav : Average branch resistance for a selected loop.

Y., : Average branch admittance for a selected loop.

w : weighing factor.

C. Decision index pug:

Decision index is the product operation of indices of u;and pjas
Decision index= voltage index * ohmic index
Bom) = Bom) * BL () %)

Usually in descending order switching indices were organized and the branches which are having biggest value of index are
the branches of reconfiguration. The best arrangement can’t be gotten from branch opening which has biggest value of index. It
could be made further down and therefore it constitutes determining losses for a chosen number of choices in downward order
and the best option is combination which results in least loss.

Based on above methodology a solution algorithm is presented and the flowchart is as shown in fig.
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Fig. 1: Flow chart for distribution network reconfiguration
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. Algorithm

1) Stepl:
2) Step2:
3) Step3:
4) Step4:
5) Step5:
6) Step6:
7) Step7:

read system input data

close all switches create a meshed network and run AC load flow using forward and backward sweep method
compute the initial power loss

calculate the voltage drop for all branches in each loop

open the branch with maximum switching index in loop

Run AC load flow and check for constraint that is voltage drop across tie switches, radially and isolation constraint
open the switch with next maximum switching index in the loop

8) Step8: take MW power loss from AC load Flow

9) Step9: select the branch, which gives the minimum power loss

Stepl0: repeat the process from 5 to 9 and stop the process until least power loss is obtained.

. APPLIATION OF ANT OLONY SYSTEM ALGORITHM TO NETWORK RECONFIGURATION IN DISTRIBUTION SYSTEM FOR LOSS

REDUCTION

A. Ant Colony Behavior:

Ant colony optimization is recently proposed search technique. It mimics the behavior of natural ants and is also a swarm based
algorithm. Ants are insects, blind animals which finds shortest path between source and destination. Ant colony optimization is a
metaheurastic approach uses probabilistic technique for solving hard combinatorial optimization problem. Initially the first ant
wanders randomly and once it finds a food source (Fs), then it will come back to the nest laying down pheromone trails. A
pheromone trail is a chemical substance which is released by the ant when it goes in searching of food usually it has been
released from tail of ant. And also it acts as communication media among ants. If other ants find such a path, they will not travel
randomly, instead they follow the trail; returns and reinforcing it, if they finally find food. Other ants follow one of the paths at
random also laying pheromone trails. The ants on the closest path lay pheromone trails quicker make it more attractive to future
ants. The ants become increasing like to follow shortest path. Over time, however the pheromone trails starts evaporating results
in reduction of its attractive strength. It takes more time for ants to travel along path and come again by the evaporation of
pheromone. The pheromone trails of longer paths evaporate with respect to time where as it lays more pheromone trails in
shortest path. Thus the density of pheromone is as it is laid on the path as fast as it can evaporate. Pheromone evaporation has
also the advantage of avoiding the convergence to a local optimal solution. Thus, when one ant finds short path from the colony
to a food source, other ants also like to follow same path. The positive feedback leads all the ants following single path by
critical communication known as stigmergy (pheromone laying).ants can share local and entire information which leads to
construction of shortest path.
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Fig. 2: Behaviour of ants

In Fig 6.1(a), the ants will move from food source A to the nest B on a straight line. Once there is obstruction as shown in Fig.

(b), the path breaks. The ants will not be able to follow the original trail in their movements. Under this condition, they have the
same probability to turn right or left. But after some time the path CD is having more pheromones and all the ants will move in
the path ACD. As the ants from C to reach F through D will reach faster than that of the ants through E, i.e., CEF.
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Hence ant at F from B will find pheromone a path FDCA and will go through it, where Fig 6.2(c) shows that the shorter path
CDF will collect more number of pheromone than the longer path CEF. Therefore, more ants will move towards shorter path.
Due to this autocatalytic process, very soon all ants will choose the shorter path. This behavior forms the fundamental paradigm
of the ant colony search algorithm.

& Real and Artificial Ants:

The artificial ants are not identical to real ants. Memory is the key difference between real and artificial ants. Real ants do not
have memory whereas artificial ants offered a limited form of memory. By using memory artificial ants implement number of
useful behavior that allow them to efficiently build solution for more complex optimization problems than simple double bridge
experiment. Real ant’s deposits pheromone in both ways when ants are moving forward and return ways whereas artificial ants
deposit only in return way after solution is constructed and evaluated. The pheromone evaporation of real ants is too slow
making it less significant for the convergence. Artificial ants’ pheromone evaporation is exponential making it significant for the
convergence

The attributes of an ACOT incorporate distributed computation which keeps away stagnation, utilization of productive greedy
heuristics aids finding worthy solutions as quickly as time permits, positive and negative feedback ensures fast look for global
solution. It can also be applied with just insignificant changes to other optimization issues.

V. COMPUTATIONAL RULES IN ACOT

For optimal solution, ant colony system uses three rules namely
—  Switch transition rule
— Local updating rule
—  Global updating rule

As illustrated in Fig.6.1 based on the pheromone intensity, the ants select desired path. Finally, the path which is having rich
of pheromone becomes the best tour, the solution to the problem. This concept develops the growth of the Ant colony search
method. At first, each ant is placed on a starting state. Each will make a full path, from the starting to the end state, through the
repetitive use of state (switch) transition rule. While constructing its tour, an ant also changes the amount of pheromone on the
visited path by applying the local updating rule. Once all ants completed their tour, the amount of pheromone on edge is
modified again through the global updating rule. In other words, the pheromone updating rules are made so that they tend to give
more pheromone to paths which should be visited by ants.

Switch Transition Rule: The state (switch) transition rule is a random-proportional rule. Ants select their next state (switch)
according to rule, which gives the probability with which ant in one node chooses to move to other node.

[t(, DI )IP e )
PG, j) ={ ZltGm)]MmGm)]P jelk ©

0, otherwise
Where,
T: The pheromone deposited on the edge between node m and node n.
n : The inverse of the edge distance, is the set of edges to be visited by ant and
B: A parameter which determines the relative importance of pheromone versus distance. Equation (9) indicates that the state
transition rule favors transitions toward nodes connected by shorter edges and with large amount of pheromone.

Local Updating Rule: While constructing a solution, each ant modifies pheromone by the local updating rule. This can be

written as follows:
@D =A0-p*t@,)+p*1 @)
Where,
T,: The initial value of pheromone,
p  p: Aheuristically defined parameter.

The local updating rule is calculated to shuffle the search process. Hence the desirable paths can be dynamically modified. The
nodes visited earlier by a certain ant can be also examined later by other ants. The search space can be therefore prolonged.
Furthermore, in so doing, ants will make a better use of pheromone information. Without local updating all ants would search in
a narrow neighborhood of the best previous tour.

Global Updating Rule: When all ants complete their tour, the global updating rule is applied to edges belonging to the best
solution. This rule is intended to provide a greater amount of pheromone to best solution, which can be expressed as follows.
i) =>0-0)*t(i,j) +ox87" ®

Where,

§: distance of the globally best tour from the starting of the trail, and is the pheromone decay parameter.
This rule is specified to make the search more directed. Therefore the capability of finding the optimal solution can be increased
through this rule in the problem solving process.
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C. Algorithm

1) Stepl: At starting, the ants are placed on different nodes and the colonies of ants are selected arbitrarily. A random number
generator can be applied to generate number of ants within the viable search space. Initial pheromone value is also given at
this step.

2) Step2: once all ants complete their path. Estimate the fitness of each ant. Fitness function is to calculate performance of
each ant. The fitness of all ants is evaluated based on power loss minimization.

3) Step3: dispatch each ant based on probability of each edge. Calculate the fitness and pheromone intensity by switch
transition rule.

4) Step4: while constructing a solution, an ant changes their pheromone on visited path by applying local updating rule.

5) Stepb: after n iteration, all ants complete a path, by applying global updating rule, the pheromone level is updated and
defines shortest path.

6) Step6: if the maximum number of iteration is reached or each and every ant selected the same path end the process.
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Fig. 3: flow chart for loss minimization in distribution network using ACOT

V1. CASE STUDY AND NUMERICAL RESULTS

A test system of 33 bus balanced distribution network with three phase base voltage of 12.66KV and 100 MV A base is chosen.
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Fig. 4: IEEE Standard 33 Bus distribution Network

The basic configuration of standard radial distribution network of 33 bus system is shown above. It consists of a total 37
branches.32 sectionalizing switches and 5 tie switches indicated by solid and specked lines. It has 5 loops. The power loss of

base or initial configuration is 176.3618KW

Load flow calculation is executed by taking as 12.66KV & as 100 MV A. DG’s are located at bus where load is connected but
not at source bus. Here substation primary voltage is taken as 1pu.
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Fig. 6: Final reconfiguration

Connection of tie lines | Voltage drop across tie lines
8-21 0.0471
9-15 0.01619
12-22 0.0597
18-33 0.0137
25-28 0.0405
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£2. Reconfiguration using ACOT:

Tie switches | Voltage drop across it
8-21 0.0059
9-15 0.0100

The losses in the intial reonfiguration | 176.3618KW

The losses in the final reconfiguration | 132.9971KW

Loss reduction 43.3647KW
Sum of real power 3715MW
Sum of reactive power 2300MVAR
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VII.CONCLUSION

In this work distribution reconfiguration with distributed generators for power loss reduction is presented and how the switching
indices are useful in determining the voltage drop in each branch and also in minimizing losses. The combination of switches
which are used for switching depends on the value of index and its benefits reducing system losses and to balance the loads

among various feeders.

ACOT algorithm can be used to reduce distribution network losses. The algorithm is able to minimize the objective function to
optimal or near optimum value satisfying all constraints. It has been tested on standard IEEE 33 Bus distribution system and
simulation code is written in mat lab software for analysis. It is concluded that the power loss in original configuration was
176.3618 but after implementation of above methodology losses get reduced to 132.9971 and there is percentage loss reduction.
From results ACOT method is very effective for network reconfiguration of system.
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