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What is reconfiguration?

» Reconfiguration is to chgnge the fopology of a
network.

®» Configurations maycs pes” varied with manual or
automatic switching,operations.

®» The change In the°network configuration is performed
by opening sectiondlizing (normally closed)and closing
tie (hormallyopen) switches of the network.

» All the demands shall be met during reconfiguration.
» The radiality of the network shall be maintained.



33-bus network with normally open
switches
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Benefits obtained from reconfiguration

» The optimal network reconfiguration provides the
following benefits:

» power |loss reduction
» Improvement i Bus voltage

» Improvement inrchetwork reliability
» Increase’system security




Network Reconfiguration Problem

Power Distribution Network Reconfiguration: An optimization problem.
The problem can be either single objective or mulfi-objective.
Challenges of Network Reconfiguration Problem:

Extremely large combinatorigbsolgtion space

S N 000

equirement of a very fastdoss estimation technique for repeated and
continuous evaluation of egchthese configuration:s.

Motivations behind the reséarch on Network Reconfiguration Problem:

the gradual emergence of smart distribution systems with growing
penetration ofydistributed generators (DGs) and modern FACITS devices,
advance applications of information and communication techniques (ITC),
availability of new meta-heuristic optimization techniques and growing
stochastic environment



Optimization Objectives and Constraints

Objectives

= Maximization of service restoration

Energy loss minimization

Feeder load balancingor tfranstormer load balancing
Preventioncof transformer and feeder overloading
Minimizing switching cost and number of switching

Maximization of voltage stability index



Optimization Objectives and Constraints

Constraints

» Power balance

Bus voltage

Thermal limit ofdine

Radiality

Distributed generation constraints, if any



Optimization Objectives and Constraints

Examples of Single objective optimization problems
= Minimization of energy loss: min Y5 25Z| R,K,,

where, N, is the number of closed branches. Ry, I, and K, are
resistance, the current and topolegicakstatus of the closed branch
respectively.

inimization financial#osses‘due to voltage sags min |X32, fPP:C]

ere f is the frequency of voltage sags at a particular node; P, is the
robability of a parficular load composition at the node; P; is the
robability of equipment/process failure; C is the cost associated with
the fripping of the equipment/process and N, is the number of buses of
terest.



Optimization Objectives and Constraints

Examples of multi-objective optimization problems

» Minimize power loss, worst voltgdge drop, service Iinterruption
frequency, fransformer load balancing and balanced service of
Important customers.

» Minimize power loss along withiExpected Energy Not Supplied, System
Average Interruption Frequency Index, System Average Interruption
Duration Index and Averagée Service Availabillity Index.

Inimize Power Loss and number of inferrupted customers per year
ubject to voltage,current and radiality constraints

Minimize a cost function defined and energy not supplied

Minimize operating costs by minimizing real and reactive power loss
along with maximizing operating reliability by minimizing total
Inferruption cost with usual voltage constraints




Optimization Approaches Used in Mulfi-
objective problems

» Weighted sum multi-ojective approach

» Fuzzy mulfi-objeciivegpproach

» Pareto-bdsed multi-objective approach




Optimization Approaches Used in Multi-

objective problems

Weighted sum multi-objective approach
» Examples:

® min f = w,PL + w,EENS + wySAIFLE w,SAIDI + weASAI

in f = w,PL + w,TLR % WaW VD + w,SIF + weBSIC

where, PL: power |0ss;EENS: Expected Energy Not Supplied; SAIFI: System Average
Interruption Frequency Index; SAIDI: System Average Interruption Duration Index; ASAI:
Average Service Availability Index; WVD: worst voltage drop; SIF: service interruption
frequency; TLB: Transformer Load Balancing and BSIC: balanced service of mportant
customers.



Optimization Approaches Used in Multi-
objective problems

Fuzzy multi-objective approach

When several objectives are simultaneously considered for
optimization, it is preferred t1x°ge #Or opfimization with soff limits
(rather than hard limits) in fermscofduzzy membership values, the
approach popularly known @s fuzzy multi-objective.

. nb nbr
Xf =wip + Wy 22 Hy; + W3 Yo Ui + Walls

Where, up, uyi, U;;, us are the membership values to minimize the power loss, sum
of membership values to minimize the bus voltage deviations, sum of
membership values to minimize the current violation, and number of switching
respectively.



Optimization Approaches Used in Mulfi-
objective problems

Pareto-based multi-objective approach

Conflicting type of objecCtives formulation, i.e., Cost,
eliability, and powerquality based objectives

In such situations,sbetterevalues for all the individual
objectives do pot exist.

Non-domingnt solutions having best possible frade-off
among objectives are preferred.

The set of such solutions is known as Pareto front



Classification of Opftimization Approaches

Power Distribution Network Reconfiguration methods are broadly
classified intfo three categories;

» Heuristics

Metaheuristic
» Mathematical gptimization based approaches

» Hybrid methods



Optimization Approaches

Optimization Approaches

approaches

Artificial Intelligence based

V

Heuristic based approaches

/Firefly
Algorithm

Fuzzy

Genetic Algorithm

Trial-and-error method

Metaheuristic
based approaches

Mathematical Optimization
based approaches

Population

Deterministic, eg., LP, QP
NLP

Unique

Evolutionary
Programming

Evolutionary Algorithm

Particle Swarm
Optimization

Ant Colony
Optimization

Harmony Search
Algorithm

Artificial Bee Colony

Tabu Search

Simulated
Annealing




Basic Algorithm for Reconfiguration Process

Begin

» Step 1: Read: Network and Switch Data

» Step 2: Close all normally open switches —> MeshedNetwork Formation

» Step 3: Convert loads to nodal current injections angirun-the wower flow for the resulting network.
Step 4: Determine the optimal power flow patterm ofthemetwork

Step 57 Open the switch carrying the lowest current agdetermined from the optimal power flow pattern

6: Close the last switch opened. Openthe switch-garrying the next lowest current as determined by the
timal flow pattern

Step 7: Is there any constraint violagfion?

Step 8: If yes, repeat step 6

Step 9: If no, Then is it radial network?

Step 10: If yes, print the results

Step 11: If no, proceed to step 3 and step 4 and repeat the steps.

Ref. Shirmohammadi, D., Hong, H.W.: Reconfiguration of electric distribution on networks for resistive line loss
reduction. IEEE Trans. Power Deliv. 4(1), 1492-1498 (1989)



An lllustration on Reconfiguration using Genetic
Algorithm

. Read: bus, branch and load data
= Aim: To reduce fthe

amount of power loss
from distribution
syste

|ldentify the initial state of sectionalizing and tie-switches

Run load flow program

Compute voltage, branch currents and
network power losses

hange the state o

Print output results secfionalizing and tie

A

switches using Genetic
algorithm

Ref. S. Mishra et. al, YA comprehensive review ormeéwer distribution network reconfiguration,”
Fnerav Svet (2017) & 2927-784




Aim: To increase the PV
hosting capacity

The PV Hosting Capacity of a
distribution feeder is defined as
the maximum amount of PV
that can be accommodated
withotUt adversely affecting the
network performance during
opgration.

An lllustration on Reconfiguration using Binary
Particle Swarm Optimization

Start

Extract the branch node incidence maftrix

Form the graph of the feeder and determine the search space for each tie-

switch dimension

Generate solution for each tie-switch dimension using BPSO

Update particle

Is there any
violation of
constraintse

No

Yes

Update the best solution

No .
Maximum

ni Anna Jacob et. al, “Distribution Network Reconfiguration to Increase
Ixic Hosting Capacity,” 2020 IEEE Power & Energy Society General
Meetin@ (RESGM), 2020, pp. 1-5, doi: 10.1109/PESGM41954.2020.9281922.

teratione
Yes

Output the optimal tie-switch combination

Stop




33-bus network before and after
Reconfiguration
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Ref. S. Mishra et. al, “A comprehensive review on power distribution network reconfiguration,”
Energy Syst (2017), 8, 227-284.



Results of 33-bus network

Before Reconfiguration After Reconfiguration

Initial Power Loss MlnlmuegP @n@\Power Loss Final open
(kW) Vol’rogg\ﬂgclﬁ (kW) branches

202.68 092131 136.57 7,9.14,32, 37




Reconfiguration Problem in Stochastic
Environment: A hew challenge

= |ncreased penetration of solar photovoltaics, wind
turbine, plug-in-electric vekhigcles

= TEchnigues to handlewné€ertainties: Monte Carlo
Imulation method, analyfical method, approximate
methods



Future Research Directions of Reconfiguration

®» To enhance network voltage stability and'maximize the utilization of DG

» To find the optimal distribution netwark operation by taking info account

dynamic loads and DG operation modes

» To develop an algorithm that isssuitale for real-time network

preconfiguration.

To develop networkireconfiguration strategy with voltage control, which

could be the capacitor bank, battery storage, or voltage regulator.

®» To improve the operational performance of the Smart Distribution Network

by developing the detailed mode scheduling and transfer schemes.
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Thank<You...






