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Network Reconfiguration in Balanced Distribution Systems for Loss Reduction
and Service Restoration with Optimally Located Distributed Generation

ABSTRACT

There are two types of switches to manage protection and configuration in
distribution systems; normally closed sectionalizing switches and normally opened
tie switches. As the effeciency of power transferred from substation to load is
affected by system configuration; power companies are interested in reconfiguring
the network to find the most efficient configuration that maximizes loss
reduction.Network reconfiguration basicly means changing the status ( open/close)
of sectionalizing and tie switches. Network is reconfigured during normal operation
to achieve loss reduction and during emergency situation to achieve service
restoration by isolating the faulted area and supplying power to non-faulted but out
of service area with minimun load shedding.

Due to topological constraints,electrical constraints and operational constraints that
must not be violated while seeking an optimal configuration ,distribution system
reconfiguration is said to be a complex problem. The benefits of reconfiguration are
as following:

e Maximizing loss reduction.

e Achieving load balancing.

e Modifying voltage profile.

e Maximizing the restored load after fault occurance.

During normal operation , because of asymmetric load variations at each primary
feeder, distribution companies are obsessed with the possible increase in total real
power losses . Therefore, they try their efforts to change the status of sectionalizing
and tie switches to maintain favorable configuration for best loss reduction.Network
reconfiguration can also be applied during normal operation for feeder load
balancing in order to make all feeders loaded at the same rate. An amount of load can
be transfered from heavily loaded feeder to lightly loaded feeder by closing feasible
tie switch and opening neigbour sectionalizing switch .

During emergency, when fault occurs the faulted area is isolated by opening feasible
sectionalizing switch. The resulted non faulted but out of service area can be restored
by closing feasible tie switch. By this, service can be restored with new
configuration.

On another side , small sized distributed generation are becoming widely used and
attractive to both utility and customer due to power quality, emession, economic ,
security and reliabiity benifits.Integrating these distributed generations are sensetive
such that the benefits are conditional and dependent on the installation characteristics
specially on the location and on size limitation

This thesis presents simple and effective approach for reconfiguration of radial
distribution system in both normal operation and emergency to emphasize the

XiX



effectiveness of loss reduction and service restoration plans in the cases : 1) without
distributed generation (DG) , 2) with optimally located DG using Fuzzy logic model.
A semi optimal presence of DG is presented by optimal DG placement to ensure it’s
positive behaviour.

The effectiveness of the proposed approach has been emphasized by applying it on
33-node balanced radial distribution sysetm.Power System Analaysis Toolbox
(PSAT) has been used to simulate the distribution system and to run apparent power
flow .Switching Index has been coded using MATLAB script window. Fuzzy
Inferencing System (FIS) has been used to place DG optimally and the replacement
has been evaluated again using MATLAB SIMULINK and FUZZME for educational
purpose and for extra knowledge. The optained results uncover that the proposed
approach is favorable in distribution system reconfiguration when it is compared
with similar works results.
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Kayip Azaltma ve Hizmet Restorasyonu igin Optimal Yerlestirilen Dagitilms
Uretim ile Dengeli Dagitim Sistemlerinde Sebekenin Yeniden Yapilandirmasi

OZET

Elektrik sebekeleri, ¢esitli bozucu etkenlere karsi tedbirli ve dayanikli bir sekilde
tasarlanmalarina ragmen, o6zellikle kararlilik sinirlarina yakin isletme durumlarinda
meydana gelebilecek ciddi arizalarda kararsiz hale gelebilmektedirler. Sebekeyi
etkileyen biiyiik bozucularin sebepleri olarak deprem, firtina gibi gesitli dogal afetler,
insan kaynakli isletme hatalari, kontrol sistemlerinde karsilasilabilen sorunlar,
koruma sistemi tarafindan tespit edilemeyen arizalar, sanal saldirilar, zayif
baglantilar ve daha bir¢ok ¢esitli faktor siralanabilir. Sebekenin tiiketici kisminda ise,
kullanicilar ve yiiklerin hassas kontrol, kaliteli ve kesintisiz enerji beklentileri
yiikselmektedir. Bu nedenlerden otiirii, sebekenin kapsamli yonetimi ile ilgili
arastirmalara ve ¢oziimlere duyulan ihtiya¢ giin gegtik¢e artmaktadir.

Otomatik olarak kontrol edilen sistemler daha az sorunlara maruz kalmaktadir. Fakat
baz1 yerlerde sistemin otomatik olarak kontrol edilmesi projeye daha biiyiik bir
masraf getirmektedir. Harcanan masraf ve elde edilebilecek yararlar arasinda
kiyaslama yapilirsa , boyle yerlerin otomatik olarak degil , geleneksel yontemleri
uygulayarak kontol edilesi tercih s6z konusudur.Benzer durumlarda , miisterilerin
ithtiyaclarim1 karsilamak amaciyla dagtim sirketleri sistemin istikrarini saglamak
adma siirekli planlamaktadir. Hem otomatik hem geleneksel kontrollerde ag'in
yeniden yapilandirilmasi bu ¢oziilmesi gereken sorunlardan biridir.

Dagitim sistemlerinde koruma ve yapilandirmasin1 yonetmek i¢in, normalde kapali
olan ayirici anahtarlar ve normalde agik olan baglanti anahtarlar1 olmak tizere iki tur
anahtar vardir. Bu iki anahtar tiirii, yapilandirmay1 yonetmek i¢in insaa edilmektedir.
Trafo merkezinden yiike aktarilan gii¢ verimliligi sistem yapilandirmasinda etkilenir
ki enerji sirketleri de kayiplar1 azaltmay: en iist diizeye ¢ikarmak amaciyla en verimli
yapilandirmay1 bulmak i¢in sebekeyi yeniden yapilandirma ile ilgileniyorlar.

Sebekenin yeniden yapilandirilmas:t temelde ayirict ve baglanti (agik/kapali)
anahtarlarinin durumunun degistirilmesi demektir. Sebeke normal ¢alisma sirasinda
kayiplarin azaltilmasin1 saglamak icin ve acil durumlarda hizmet restorasyonunu
saglamak icin, hatali alan izole edilerek ve kagaksiz enerji verilerek yeniden
yapilandirilir.

Topolojik kisitlamalar, elektriksel kisitlamalar ve isletme kisitlamalar1 nedeniyle bir
optimum yapilandirmayr aramanin ihlal edilmemesinin gerekliligi, dagitim sistemi
yeniden yapilandirilmasinda karmagsik bir sorun oldugu sdyleniyor. Yeniden
yapilandirmanin yararlar1 sunlardir:

* Kayiplar1 azaltmayi en iist diizeye ¢ikarma
* Yiik dengelemesinin saglanmasi
* Gerilim profili degistirme

* Hata olusumundan sonra iade edilen yiikii en iist diizeye ¢ikarma
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Ag1 yeniden yapilandirma sorunu esitlik ve esitsizlik kisitlamalari ile genellikle tek
objektif optimizasyon sorunu olarak formdile edilmektedir. Yapilandirilmasi
karmasik bir bilesik optimizasyonu sorundur. Bunun nedeni,bir optimal bulurken
birden fazla kisitlamalarin olmasidir.

Normal caligma sirasinda , her birincil besleyici asimetrik yiik degisikliklerine
maruz kalabilmektedir.Bu nedenle dagitim sirketlerinin ~ gercek gii¢c kayiplar1 olasi
artis ile saplantist vardir ve kaybmnin azaltilmasi i¢in uygun yapilandirmay1
korumak i¢in baglantili ve ayirici anahtarlarinin durumunu degistirerek gerekli
islemleri yapmaya 6nem gostermektedir.

Ag'in yeniden yapilandirilmas: , tim besleyiciler ayn1 oranda yiiklenmis hale
getirmek i¢in  besleyici ylik dengelemesini saglayarak normal islem sirasinda
uygulanabilmektedir .Bir yiik miktar1 agir yiiklii besleyiciden hafif yiiklii besleyiciye
transfer edilmesi i¢in uygun baglantili anahtar1 kapatarak ve uygun komsu ayirici
anahtar1 agarak gergeklestirilebilmektedir.

Acil durumlarda , hata olustugunda, hatadan etkilenen bolumler gerekli ayirici
anahtar1 acarak izole edilmektedir . Etkilenmeyen ama hizmet disinda sonuglanan
boliimler uygun baglantili anahtar1 kapatarak restore edilmektedir . Bu sayede,
hizmet, yeni yapilandirma ile restore edilebilir.

Normal galigma sirasinda ise , her birincil besleyici asimetrik yiik degisikliklerine
maruz kalabilmektedir.Bu nedenle dagitim sirketlerinin ~ gercek gii¢c kayiplar1 olas1
artis ile saplantist vardir ve  kaybimin azaltilmasi i¢in uygun yapilandirmay1
korumak ig¢in baglantili ve ayirici anahtarlarinin durumunu degistirerek gerekli
islemleri yapmaya énem gostermektedir.

Makul yapilandirma elde etmek igin kapatilacak baglantili anahtarlar ve agilacak
ayirict  anahtarlar uygun olmast gerekmektedir. Bu nedenle bir planlayict
sorumlulugu uygun yontemi uygulayarak su anahtarin uygun olup olmayacagini
ortaya ¢ikarmaktadir.

Baska bir tarafta, kiiciik 6lcekli Dagitilmis Uretiminin  giig kalitesi, ekonomik ve
giivenlik yararlari i¢in yaygin olarak kullanilmaya baslanan hem miisteri i¢in hem
de dagitim firmalan icin cazip hale gelmektedir. Giines, riizgar veya fosil yakit
olarak dagitilmis iiretimin teknolojileri yenilenebilir kaynaklardir.Bu sayede DU ,
geleneksel tiretimden daha az merkeziyetcidir ve genellikle doga daha az zarar
vermektedir.

Bu dagitilmis iiretimi faydalart 6zel konumu ve boyutu smirlamasi kosullu ve
kurulum o6zelliklerine baglidir . Ayrica, hem koruma konularina hem de fiyat
zorluklar yoluyla maliyetine baglidir.Asgari kayiplar igin, DU boyutu yeterli derece
kiigiik olmas1 gerekmektedir ve yerlestirildigi bolim yeterli sekilde yiiklere yakin
olmasi1 gerekmektedir.

Bu tez o dagitim sistemleri i¢in ariza izolasyonu ve yeniden yapilandirma algoritmasi
onermekte olup dagitim iiretimleri yerlestirmek igin bir yontem gelistirmektedir..
Dagitim sistemlerindeki standart olan yapilarin ve yiiklerin sisteme dahil olmasiyla,
normal kosullarda ve anormal kosullarda ¢alisamktadir.

Bu tez, kayiplarin azaltilmasi ve hizmet restorasyon etkinligini vurgulamak igin hem
normal hem de acil ¢calismada radyal dagitim sisteminin yeniden yapilandirilmasi
icin: 1) Dagitilmis Uretim olmadan, 2) Optimal yerlestirilen Dagitilmis Uretim ile
Bulanik mantik modeli kullanilarak durumlari i¢in basit ve etkili bir yaklagim
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sunuyor.Bulanik mantik modeli, en biiytik hata azaltma oram ve en iyi gelirim
profiline gore dizayn edilmektedir .Bu sayede Tez DU optimum sekilde yerlestirerek
yar1 optimum kurulum 6zelliklerini sunmaktadir.

Bu tez karmasik hesaplamalari 6nlemektedir. Yapilandirilmanin en iyi agilis noktasi
ve DU yerlestirmek i¢in en iyi bolim igin basit yaklasimlarla
degerlendirilmektedir.Bir miihendis, bir sorunu ¢ézmek istedigi zaman , ¢ézimiin
stresini en aza indirmelidir . Karmasik hesaplar daha iyi bir ¢c6zim sunabilmesine
ragmen , ¢ozliim siiresi uzun olmasi takdirde , bu siire yeni ve gereksiz bir kayip
sayllmaktadir .

Sunulan yontemler, dengeli radyal sistemlere uygulanabilmektedir. Dengeli olmayan
sistemlerin  U¢  akiminin  ortalamasini  hesaplayarak  dengeli  olarak
degerlendirilmektedir. Degismekte olan yiikler degil , timi yiikleri dikkate alarak
uygulanabilen sunulan yontemler ¢6zim siresi s6z konusu olunca daha uygun bir
¢Ozlim sunmaktadir.

Onerilen yaklagimin etkinligi 33-diigiim dengeli radyal dagitim sistemi iizerinde
uygulayarak vurgulanmigtir.32 boliim, 32 ayirici anahtar ve 5 baglantili anahtari
iceren sistem, bir besleyici kaynak sistemidir.

Gug Sistemi Analiz Ara¢ Cubugu (Power System Analysis Toolbox) dagitim
sistemini simiile etmek ve goriiniir gii¢ akisimi galistirmak i¢in kullanilmistir.
Anahtarlama Dizini MATLAB komut penceresi kullanilarak kodlanmistir. Bulanik
Cikarmm Sistemi (Fuzzy Inferencing System) Dagitilmis Uretimi (DU) en iyi sekilde
yerlestirmek i¢in kullanilmistir ve yerine egitim amaghi ve ekstra bilgi i¢in
MATLAB/SIMULINK ve FUZZME yazilimi kullanarak tekrar degerlendirilmistir.

Elde edilen yapilandirma sonuglari ve DU optimum yerlesimi igin her boliimiin
uygunluk derecesi, benzer c¢alismalart sonuglari ile kiyaslandiginda, Onerilen
yaklasim dagitim sisteminin yeniden yapilandirilmasinin olumlu oldugunu ortaya
cikarmaktadir.

Yapilandirmaya calisan arastirmalarin sadece az sayis1t DU’iin sistemde var olmasini
dikkate alarak uygulanmistir.Yalniz bu tez yapilandirmaya ¢alisirken DU optimum
sekilde yerlestirerek yar1 optimum kurulum 6zelliklerini sunan ilk arastirmadir.
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1. INTRODUCTION

Thanks to a group of advances in communication and data processing ,Distribution
Automation (DA) has been developed to make utilities able to realize the required
improvement in customer service by solving the problems of distribution system’s
performance [1] ; (i.e., voltage level at load, frequency and duration of service
interruption, energy losses , theft, forced shedding of loads and location and
isolation of fault). Utilities ,as well , became interested in automating some tasks that
were done manually.These technologies allowed electric companies to save around

10% of their annual maintanance [2].

One of DA’s tasks is network reconfiguration to minimize losses and to increase
system security[1],[3]. Network Reconfiguration refers to the change in the structure
of distribution feeder by changing the status of normally open tie switches and

normally closed sectionalizing switches [4].

Distribution system (DS) can be reconfigured during normal operation to make
feeders and transformers loaded at the same rate by transfering load from heavily
loaded transformers/feeders to lightly loaded transformers/feeders which is known as
load balancing[4]. As well, real power losses can be reduced during normal operation
by reconfiguration. DS can be also reconfigured during emergency situations for
service restoration by isolating the faulted area and supplying power to out-of service
area with minimum load shedding[5].

Moreover, over the last decade small scaled generators known as Distributed
Generation (DG) became widely used in distribution systems. The benefits of
developed DG technologies such as wind,solar and fuel cells and its contribution in
minimizing losses and improving security made utilities interested in locating DGs

near the end customers [6],[7].

In this thesis , simple approach for network reconfiguration is proposed for both loss
reduction and service restoration .The benefits of DGs and its contibution in

improving distribution system performance is uncovered in the proposed approach .



The effectiveness of DGs changes according to its location ; a simple Fuzzy logic

model has been built in this thesis to determine the optimal location of DGs.

1.1 Literature Review

Many algorithms have been proposed to reduce losses and to restore out-of-service

loads, these methods can be classified into four: heuristic _ expert systems _ meta

heuristic _ mathematical programming [8]. A few of these algorithms based on the

assumption that load is variable, while the most considered fixed load. Most of these

works applied reconfiguration for loss reduction or for service restoration while a

few number of works applied the reconfiguration for both of them. DGs have been

included in a very few number of researches.

Leonardo M.O,Queiroz and Christiano Lyra proposed an approach for loss
reduction using hybrid genetic algorithm considering load variations, but
they neither studied network reconfiguration in emergency situations nor
included DG [9].

Enrique Lopez, Hugo Opuzu, Luis Garcis and Patricj Bastard proposed
online reconfiguration for loss reduction considering variability demand
[10]. They solved minimal loss reconfiguration by dynamic programming

approach with graph compression and radial load flow.

E.Zehra,M.Moghavvem and K.amuttagi presented costly and time
consuming approach for network reconfiguration to reduce losses in
distribution system branches . They used PSAT to run power flow analysis

and applied the approach on simple 16-bus radial distribution system [11].

Refined genetic algorithm has been used in W.M.Lin , F.S.Cheg and Tsay’s
research [12]. They used the algorithm for feeder reconfiguration in normal
operation and applied the algorithm on balanced system providing overall

switching decision.

Distribution feeder scheduling considering variable load profile and outage
costs has been proposed by Shin-An Yin and Chan- Nan Lu [13].A binary
particle swarm optimization (BPSO) search was adopted to determine the

feeder switching schedule.



C.S Chen and M.Y.Cho represented a systematic method to derive an
optimal switching plan to achieve energy loss minimization. DG’s are not

included in Chen and Cho’s study, and they considered hourly loading [14].

Robert, Asif and Hesham used data structure to model loads and to store
switch reconfiguration as a function of time to reduce distribution losses

through reconfiguration [15].

Unlike [9-15], Men.Shen Tsai proposed the reconfiguration for service
restoration. Men considered the load level at the time just before the fault
occurred °* pre-fault load °’ to build restoration plans. In Tsai’s paper, a rule

based system has been used to solve service restoration [16].

Power restoration control in an electric distribution network after a
permanent fault has been concerned by Vaibhav Donde , Zhenyan Wang,
Fang Yang and James Stoupis. They presented a methodology to determine
back feed strategy for distribution network power restoration taking into
account short term load forecasts [17].

Differently , Chao.Chen ,Yu.Lung.Ke and Jaw.Shyang applied the artifically
intelegent PETRI-NET approach for power distribution system to find
optimal switching operation for service restoration and load balancing.In
this study [18] , PETRI-NET with parallel like inference capability has been
applied to find the switching operation for fault detection,isolation and

restoration.

Node-Depth Encoding (NDE) has been served as feeder reconfiguration and
the objective function and constraints have been presented by Fuzzy
numbers based on Fuzzy goal,Fuzzy constraints and on Fuzzy decesion in

the research presented by Jutanun.K and Somporn.S [19].

The case studies proposed in [9-12, 15, 16] are balance distribution systems. [9-15]

focused on energy loss minimization. Moreover, most of the proposed algorithms

didn’t include DGs. A few number of researches intigrated DGs while studying

network reconfiguration .

A simple approach for balanced and unbalanced distribution networks with

DGs has been presented in Ziden.A and El-Saadany.F paper. They studied



reconfiguration for both loss reduction and service restoration with DGs
included. Zidan and El-saadany located DGs randomly and paid the attention

to the type of load used in tested results considering load variations [20].

e Joon-Ho.Choi and Jae-Chul.Kim represented an integration of distributed
generation to automated network for reconfiguration [21].They introduced an
algorithm to achieve the positive effect of DG located in DS. Joon and Jae
proposed reconfiguration for both loss reduction and service restoration
paying the attention to the type of DG located in the system .There is no
optimal replacement of DG detected in this study.

This thesis uses Fuzzy logic model to find the optimal location for each DG and
proposes simple approach to reconfigure network for loss reduction and for service

restoration in the cases :
1) Without DGs.

2) With DGs included and optimally replaced based on largest loss reduction

and best voltage profile according to specific constraints.

1.2 Thesis Organization

An introduction and literature review have been presented in this chapter.Chapter 2
will be about the proposed network reconfiguration approach for loss reduction and
service restoration.Benefits of Distributed Generation and it’s impact on loss
reduction are the main parts of Chapter 3.Then, an introduction of fuzzy logic
controller and step by step implementation of DGs placement using fuzzy will be the
subject of Chapter 4 attention.Chapter 5 will test the proposed methods on case study
and compare the results with previous results.Finally , thesis is concluded and an

overview on the future work is represented.



2.PROPOSED RECONFIGURATION ARRPOACH

Produced electricity reaches customers through generation,transmission and
distribution system, where the load of service area is met by installed power
generating stations.Then electric power is step down to subtransmission level and
again to primary distribution level through transmission network. Feeders come out
of the distribution substation and it’s voltage level is then step down to secondary
distribution level for the end user, where voltage level is step down by distribution
transformers [22].

2.1 Electric Power Distribution Systems

This thesis pays the attention to distribution networks where  network
reconfiguration can be applied. The main components of overall distribution system
are as following :

= Subtransmission system.

= Distribution substation.

= Primary distribution system (PDS).
= Secondary distribution system (SDS).

2.1.1 Subtransmission system.

Subtransmission system supplies distribution substation with energy taken from the
transmission grid through lines.The range of subtransmission lines is 30 — 250 MVA
and it’s range of operation is 34.5 — 230 KV.In order to ensure the reliability of
supplied energy, one distribution substation is supplied through at least two

subtransmission lines [23].

2.1.2 Distribution substation

Each distribution substation lies at the end of subtransmission lines and serves one or
more primary feeder after stepping down the voltage level of subtransmission to

lower distribution level through substation transformers [24].



2.1.3 Primary distribution system

PDS receives electricity from distribution substation and delivers it to distribution
transformers which in turn supply industrial, commercial and residential loada.
Voltages of PDS are usually in the range 4 — 35 KV. The main equipments of PDS

are: distribution transformers, reclosers, fueses and switches [43].

2.1.4 Secondary distribution system

Distribution transformers step down the voltage level of distribution system to
secondary distribution level and feed SDS. SDS , the connection of energy meter of

each customer with utility, are mostly radial networks [25].

2.2 Network Reconfiguration

Regulation and customer’s rising awareness make utilities more interested in
network management. Network reconfiguration is substantial to improve distribution
network quality [26]. Distribution networks containing normally closed and normally
open switches are normally operated as ‘’radial’’ networks. Normally closed
sectionalizing switches connect the line sections while normally open tie switches
connect two substations or loop type laterals. These switches are built to allow
configuration management and other protection purposes.Distribution network is
reconfigured periodically opening and closing switches so as to reduce losses in line
sections , transfer load from heavily loaded feeders to lightly loaded feeders or to
help service to be restored after fault occurs.

Figure 2.2.1 shows an illustrative radial distribution system with one feeder and 3

laterals.

The proposed network reconfiguration approach in this thesis is based on the
research done by El-Saadany [20]. However,this thesis modifies the inclusion of

DGs by optimal DG placement using Fuzzy Logic Model.
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Figure 2.1: Illustrative Radial Distribution System

2.3 Reconfiguration For Loss Reduction.

There are asymmetric commercial,residantial and industrial loads variations at each
feeder in the distribution system.Consequently,a possible increase in real power
losses needs to be reduced periodically by utilities to enhance the quality and the
security of distribution system. In another words, the current configuration needs to
be changed in order to reduce losses in line sections.Some of sectionalizing switches
must be opened and some of tie switches must be closed to reconfigure the network
.Therefore, there are an optimal and specific switches can achieve loss reduction.

This thesis presents a little bit altered simple approach from [20] to be feasible for
balanced distribution system with fixed loads in order to find these specific switches
that achieve largest loss reduction taking in account the necessary constraints.

2.3.1 Problem formulation and objectives.

The main objective of network reconfiguration for loss reduction is minimizing real

power losses in line sections and can be formulated as :

n
minz 2R, 2.1)
i=1



n : number of lines.

R;: resistance of line .

I;: current in line .

It is understood from eq. (2.1) that minimizing line current causes minimization in
losses subject to all necessary constraints.

2.3.2 Constraints.

The switch to be closed or opened must be feasible to make configuration reasonable
according to a group of constraints can be classified into four:

1. Topological constraints.
2. Electrical constraints.
3. Operational constraints.

4. Load constraints.

2.3.2.1 Topological constraints.

The structure of the network must be radial which means that no meshes are allowed
as shown in Figure 2.2.1 . Each node must be included Via at least one path to
substation.

2.3.2.2 Electrical constraints.

Electrical constraints refers to satisfying Kirchoff’s voltage and current laws.

2.3.2.3 Operational constraints.

Maximum allowable current is restricted to certain thermal limitation in every

component in the system.Therefore, current must not exceed maximum value.
I; <Imax (2.2)
I;: Current in line i.

Imax: Maximum line current.



2.3.2.4 Load constraints.

A certain voltage level at each node must be maintained to meet customer’s

requiremenets. As well, all loads need to be fed.

= Vi = Vmax (2-3)

Vmin
V;: voltage at ith node.

Vinin» Vmax - Minimum and maximum bus voltages respectively.

2.3.3 Proposed approach switching index.

The method starts with meshed network by closing all tie switches forming closed
loops. The best point in each loop for higher loss reduction is determined by
evaluating the apparent power flow index. The radial topology of the network is then
restored by opening one switch in each loop. Complex power flow between node i
and node j can be formulated as:

Ay = Py +jQj (2.4)

P j;: Active power flow from ith node to jth node.
Q j;: Reactive power flow from ith node to jth node.

Thus, minimizing apparent power flow by minimizing line current provides lower
active and reactive losses. Switching index for each branch n to determine switches

to be opened can be defined as :

UA, = abs (e_w(;‘%)> (2.5)

A,,: Apparent power flow in branch n.

A,,: Average apparent power of all branches in the loop.

w: Weighting factor [27].

Weighting factor is calculated as the degree of closeness between each closed
switch and the open switch , divided by the total number of switches in a loop as

shown in Figure 2.3.3.1.
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Figure 2.2: Switch Weighing Factor in A loop.

Figure 2.3.3.2 shows the flow chart of the proposed method for loss reduction and

can be explained in steps:

e Convert the radial network to meshed one by closing all tie switches. Radial

network will be restored by closing single optimal switch in each meshed

loop for largest loss reduction.

e Select the meshed groups and close tie switches in these loops one by one.
e To set apparent power flow values, AC power flow solution is performed.

e Switching index for each branch in the meshed loop is calculated .Therefore;

the switch with the largest switching index is selected to be opened.

e |If the chosen switch causes any violation, the switch with the next largest

index is opened instead.
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Figure 2.3: Flow Chart of The Proposed Method, Recon. for Loss Reduction.
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2.4 Reconfiguration For Service Restoration

As an inevitable response to a fault, normally closed sectionalizing switch needs to
be opened to isolate the fault. Consequently, some of loads loose the connection with
main feeder to be out-of-service . The stages of service restoration can be

summarized as following :
e Occurance of fault.
e Isolating fault.
e Restoring out-of-service loads.

In order to restore out-of-service loads , one or more of tie switches must be closed.
Some of tie switches are feasible to be closed and some are not feasible and cause

constraints violation.

This thesis presents simple approach to detect these feasible tie switches in order to
maximize the restored loads taking into account the necessary constraints.

2.4.1 Problem formulation and objectives.

The main objective of network reconfiguration for service restoration is maximizing

restored load [20],and can be formulated as :
n
maxZXl- X L; (2.6)
i=1

n: Number of energized nodes after restoration
L;: load at ith node.

X;: Status of load at ith node; 1 for restored load and O for un-restored load.

2.4.2 Constraints.

The tie switch to be closed must be feasible to make restoration reasonable
according to a group of constraints can be classified as mentioned before in section
2.3.2 into four:

1. Topological constraints.

Keeping the radial structure of the network.

12



2. Electrical constraints.

Satisfying Kirchoff’s voltage and current laws.

3. Operational constraints.

Maximum allowable current is restricted to certain thermal limitation in every

component in the system.
I; <Imax (2.7)
I;: Current in line i.

Iimax: Maximum line current.

4. Load constraints.
Voltage at each node must lie within bounds
Vinin < Vi < Viax (2.8)
V;: voltage at ith node.

Vinins Vimax - Minimum and maximum bus voltages respectively

2.4.3 Proposed approach switching index.

The same switching index calculated in section 2.3.3 is used again for servise

restoration . The restoration method can be explained in steps:

e Divide network after fault occurs into groups and select out-of-service
groups.

e Select all tie switches that connect out-of-service groups with feeder groups.
Figure 2.4.3.1 shows an example of how network is divided into groups .The
tie switch with the smallest switching index is closed for restoration.

13



Group 1

. Out of service Group 4
Out of service Group 2

Out of service Group 3

Figure 2.4: Dividing System into Feeder Group and Out-of-Service Groups

The figure above shows one feeder group and 3 out-of-service groups. Each one of
the out-of-service grouprs needs to be restored by closing one of the tie switches that
connect it with the feeder group. For group 2, the tie switch with the smallest

switching index between Sa and Sb is the one to be closed for restoration.

e If the selected switch causes any violation, choose the switch with the next
smallest Switching Index to be closed instead.If all candidate switches cause
constraints violation, load shedding is displayed. Figure 2.4.3.2 shows flow

chart of the proposed method for service restoration.
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Figure 2.5: Flow Chart of The Proposed Method for Recon.Service Restoration.
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3.DISTRIBUTION SYSTEM AND DISTRIBUTED GENERATION

Distributed generation DGs is being redefined continuously according to improved
technologies and ongoing researches about it’s range of usage, characteristic of
installation and size limitation with respond to cost via price challenges. Selectively ,

it is defined by International Energy Agency IEA [28] , as :

Distributed Generation: ”is a generating plant serving a customer or providing

support to a distribution network,connected at distribution level voltages’’.

In the purpose of refining power quality and reliability , these small highly effecient
and easy to fit DGs,are becoming attractive to many utilities specially across United
States [29].

The benefits of developed DG technologies such as wind,solar and fuel cells and its
contribution in minimizing losses and improving security made utilities interested in

locating DGs near the end customers [6],[7].

This thesis detects the contribution of integrated DGs to DS in enlarging the
percentage of loss reduction. Size of DGs ,issues of protection and cost via price
challenges are out of scope of this thesis ; only DGs optimal location is the
concern.As mentioned before , there are some researches applied reconfiguration on

distribution networks with hypothetically replaced DGs such as [20] and [21].

3.1 Benefits Of Distributed Generation.

DGs are generally located near consumption area and can be owned by utility or by
the customer according to specific agreements and views. Figure 3.2.1 shows an

illustrative distribution system with wind DG.

17
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Figure 3.1:llustrative Distribution System with DG Powered by Wind Energy.

Several benefits make both utility and customer being interested in integrating DG to

the distribution network . These benefits can be classified as following [30],[31] :

e Power quality benefits.

DGs help to improve voltage profile and to reduce harmonic distortions.
However,it can be a source of voltage waveform distortion without intervention
of power electronics that can theoretically cancel distortion and help regulate

voltage

e Emission benefits.

Reduce line losses . Using renewable generators realizes these benefits , but this
realization is dependent on the structure of power network and the installation of
DGs.

e Economic benefits.

DGs reduce costs associated with power losses and reduce fuel costs due to
increased effeciency.

e Reliability and security benefits.

Increased security for critical loads , relieved distribution congestion and
increased generation diversity are the summarized benefits of DGs for security
and reliability. However, realizing these benefits depends on characteristics of

18



DG installation (size,location) and characteristics of both distribution network

and power system.

Emission benefits of DGs will be noticed from the result of tested case study in
chapter five before and after network reconfiguration.

3.2 The Impact Of DG Location On Loss Reduction.

LOAD

Source H ,
Ul

e

Figure 3.2 : Schematic of A radial System with The Inclusion of DG.

Figure 3.3.1 shows DG located at distance G from the source .The amount of loss

reduction after integrating DGs can be calculated according to [32] ,as following

_rG

LR
3Vp?

(2PP; —2QiQ¢ — Pe* — Q%) (3.1)

Where :

G: Distance from source to DG location.
r: Line resistance.

V,: reference voltage per Km.

P,: Real power of load.

P;: Real power of DG

Q;: Reactive power of load.

Q¢: Reactive power of DG.
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The result of LR in eq. 3.1 depends on two factors : 1) DG size , 2) DG location .
Positive sign detects that integrating DG reduces losses in the network , DG size

affects the sign of the equation .

The magnitude of LR is affected directly by the distance from the source to DG

location .1t is obvious that LR gets larger when DG is closer to the load.

In this thesis the interest is in the location of DG . There is an optimal location for
each DG for maximum loss reduction. A simple Fuzzy logic model is applied to
determine the suitability degree of each DG .The node with largest suitability degree
will be chosen for maximum loss reduction.Contribution of distibuted generation in
loss reduction will be examined before and after network reonfiguration to see
whether DG affect reconfiguration or not . Network reconfiguration will be

compared between two cases : 1) without DGs, 2) with optimally located DGs.
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4.0PTIMAL DG PLACEMENT USING FUZZY LOGIC CONTROLLER

Fuzzy control, introduced in 1970’s, occupies an obvious attention among intellegent
controllers [33].Fuzzy set theory, which has been derived to overcome the roughness
of classical set theory, is the kernel of fuzzy logic based on approximating rather than
precision.Knowledge based systems developers developed fuzzy logic to define
system values as true or false.Unlike traditional Pl and PID controllers which depend
on mathematical model, fuzzy logic depends on information provided by
membership functions (MFs) and uses fuzzy sets and rules for controlling actions
[33].

There are many available computer applications and softwares for designing and
building such fuzzy logic model. In this thesis MATLAB with its Graphical User

Interface (GUI) Fuzzy Logic Toolbox is used for the proposed implementation.

4.1 Set Theory.

Figure 4.2.1 , taken from [33], shows how fuzzy set theory differs from classical set
theory.As shown on the left side of the figure, there is roughness in classical set in
making decesion that is any value less than 30 is considered as short and any value
equals or exceeds 30 is considered as tall, but what would 29.99 hight be considered
?. In classical set theory the output is defined by one input only, so 29,99 is
considered as short and this is the main difference between classical and fuzzy set

theories.

20 — 20

lleL

Shaort Tall

lleL

Short Tall

=1
o

T T T T T T T T T T
10 20 30 40 an 10 21 30 40 a0
Height {m) Height {m)

Representation of Clasical

Representation of Fuzzy Set
Set theory

theory

Figure 4.1: Set theory representation [30].
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On the right side of Figure 4.2.1 , the output of fuzzy set is not defined by single
input .1t is defined by a set of MFs and rules as part of both inputs. Fuzzy set theory
gives more realistic answer such that 29.99 hight is 90% tall and 10% short or

something different according to how user defines MFs.

In fuzzy logic there is number of linguistic terms can be used in defining MFs.Table
4.2.1 shows some of these terms.These terms, however, are just representation and

fuzzy set theory is the responsible for manipulation.

Table 4.1 : Typical Linguistic Terms in Fuzzy Logic [33].

Linguistic term Meaning

PL Positive large
PM Positive medium
PS Positive small
ZE Zero

NS Negative small
NM Negative medium
NL Negative large

Again, fuzzy set is represented by MFs divided into regions (linguistic terms). If we
apply these information to detect the price of a house keeping into account that it is
dependent on the newness and the location of the house, inputs and outputs need to
be defined by MFs as shown in Figure 4.2.2. Now, location and newness are the

inputs while the price is the output. Next ,rules must be defined for the system such
that :

If house is old and location is far, price is cheap.

If house is old and location is relatively far, price is cheap.

If house is old and location is close, price is average.

If house is new and location is far, price is average.

If house is new and location is relatively far, price is expensive.
If house is new and location is close, price is expensive.
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Figure 4.2: Fuzzy Set Membership Function Representation

4.2 Basic Fuzzy Logic Controller.

Fuzzy set is defined as : set F in a universe U and takes values between zero and one

[33],[34]. U can be discrete or continuous and F can be characterized by pF.

If U is continuous universe, F can be formulated as [33]:

F= Y (W) /%) (4.1)
And for discrete U :

F=f, uF (O/x (4.2)

Fuzzy set is defined according to the representation of MFs as [34]:

Numerical definition

Each input in the fuzzy set is a range of numerical values and the output is evaluated
only for those values.

Functional definition

Unlike numerical definition, MFs are represented functionally. Function can be

sinusoidal, trapezoidal,triangular and sigmoid ..etc.

Figure 4.3.1 is a representation of basic Fuzzy Logic Controller (FLC).

23



I

Fuzzification Defuzzification|
Interface Interface
A
\4
‘ Decesion
uzzy . Fuzzy
Making
Logic
Process Actual
Output Control
AND state Nonfuzzy
Process <

Figure 4.3: Basic Fuzzy Logic Controller.

The block diagram in Figure 4.3.1 contains the basic components of FLC , the most
important components can be summarized as :
Fuzzification:
- Measures input variables [34]
- Related to fuzzy set definitions, Fuzzification converts numerical values in
MFs [33].
Knowledge base
It is data based and rule based where , data base defines fuzzy sets and rule base
defines the control rule [34].
Desecion making logic
In this step, fuzzy logic rules examines knowledge representations from previous
step [33].
Defuzzification

Converts logic values taken from fuzzy set to scaled values. Away from accounting
all methods, CENTROID and MAXIMUM are the most common for
Defuzzification [33].

24



4.3 Implementation of DG Placement using Fuzzy Logic

4.3.1 Objective

Applying fuzzy logic model in this thesis is to find suitable ( optimal or semi

optimal) location for DGs based on largest loss reduction and best voltage profile

Objective: getting real power losses minimized eq.(4.3)

n
minz I*R; (4.3)
i=1
n : number of lines.
R;: resistance of line i.
I;: current in line i.
Subject to maintaining voltage within limits:
Vinin < Vi < Voo (4.4)
V;: voltage at ith node.
Vinins Vmax - Minimum and maximum bus voltages respectively

Firstly, load flow is run to obtain network losses.Then power loss reduction is
evaluated by compensating the same minus active load at every node, so again load
flow solutions are required. Power Loss index [35] can be evaluated by eq.4.5 that
normalizes loss reduction to take values between zero and one [0,1] such that the
highest reduction takes the value of one and the lowest reduction takes zero.

(lossreduction(i) — lossreduction(min))

LRI =

~ (lossreduction(max) — lossreduction(min)) (4.5)

4.3.2 Step by step implementation

There are many softwares used to design and build fuzzy controller.In this chapter
MATLAB, Fuzzy Logic Toolbox is used. For extra knowledge and for educational
purpose the model has been rebuilt using MATLAB SIMULINK and FUZZME
(APPENDIX C).
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First step is to define inputs and outputs to Fuzzy Inference System (FIS). Power loss
index PLI and the constraint voltage VOLT are considered as inputs while

Suitability-Degree is considered as output.

PLI

PLI is the fisrt input and represented by five triangular MFs shown in Figure 4.4.2.1.
Figure has been captured from designed FIS. Table 4.4.2.1 summarizes the linguistic

values description and ranges .

L ' T M ' " HM ' H

1 1 e - 1 | 1 -

iﬁ;;ut vaﬁable PLI“
Figure 4.4: Specifying the First Input Variable as PLI

Table 4.2: Ranges for Input PLI Variable

PLI Description | Linguistic term Range
Low L 01t00.25
Low medium LM 0t0 0.5
Medium M 0.25t00.75
High medium HM 05t01
High H 0.75t0 1

VOLT

The second input VOLT is represented by five triangular and trapezoidal MFs shown
in Figure 4.4.2.2. Figure has been captured from designed FIS. Table 4.4.2.2

summarizes the linguistic values description and ranges.
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Figure 4.5: Specifying the Second Input Variable as VOLT

Table 4.3 : Ranges for Input VOLT Variable

VOLT Description | Linguistic term Range
Low LL 01t00.94
Low medium LM 0.93 t0 0.95
Medium M 0.96 to 1.04
High medium HM 1.03t0 1.05
High HH 1.06t01.1

Suitability-Degree

The output Suitability-Degree which measures the suitability of locating DGs at each
bus is represented by five triangular MFs shown in Figure 4.4.2.3. Figure has been
captured from designed FIS. Table 4.4.2.3 summarizes the linguistic values

description and ranges.

L : o : M ' HM ' H

= 1 1 1 ! 1 1

01 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

output variable "Suitability egree”

Figure 4.6 : Specifying the Output Variable Suitability-Degree.
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Table 4.4: Ranges for Output Suitability-Degree Variable.

Suitability-Degree | Linguistic term Range
Low L 01t00.25
Low medium LM 0to 0.5
Medium M 0.251t00.75
High medium HM 05to1l
High H 0.75t01

Buses with highest Suitability-Degree are detected as suitable buses for DGs
replacement,such that the larger loss reduction and the smaller voltage will enhance
the suitability of the ralated bus. Suitability-Degree value is evaluated by
CENTROID Defuzzification depending upon the inputs and the rules defined in
fuzzy inference system . IF-Then operation is the rule controller . 25 rules are written

and shown in Table 4.4.2.4. Figure 4.4.2.4 shows rule editor captured from designed

FIS.
Table 4.5 : Fuzzy Decision Matrix.
AND VOLT
PLI LL | LN N HN | HH
L LM | LM L L L
Suitability | LM M |LM| LM L L
Degree M HM | M LM L L
HM | HM | HM M LM | L
H H | HM M LM | L
1. If (PLIis L) and (VOLT is LL) then (Suitability_degree is LM) (1) ~
2. If (PLlis L) and (VOLT is LN) then (Suitability_degree is LM) (1)
3. If (PLIis L) and (VOLT is N) then (Suitability_degree is L) (1)
4_If (PLlis L) and (WOLT is HN) then (Suitabilty_degree is L) (1)
S. If (PLIis L) and (WOLT is HH) then (Suitability_degree is L) (1)
6. If (PLIis LM) and (VOLT is LL) then (Suitability_degree is M) (1)
7. 1f (PLlis LM} and (VOLT is LN) then (Suitability_degree is LM) (1)
8. If (PLlis LM} and (WOLT is N) then (Suitability_degree is LM) (1) v
and Then
VOLT is Suttability dea
L A
2" Dl
M
HM
i1 v

Figure 4.7: Rule Editor from FIS.
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5. TESTING AND RESULTS

MATLAB is the most famous software for technical computing.It has the property
of working within one environment by consolidating programming,visualisation and
computation in the same environment.It can express and solve problems in frequent

mathematical notation.

This thesis required running power flow many times and Power System Analysis
Toolbox (PSAT) has been used for this purpose. PSAT was developed by
Milano,2005 [36].1t is MATLAB toolbox with GUI for power system analysis.The
main lineaments of PSAT are: power flow,optimal power flow,small signal stability
and time domain simulation.The tested network in this thesis has been designed by a
SIMULINK based library provided by PSAT itself.

MATLAB has been also used for building fuzzy logic model ( Chapter- Four).
Proposed fuzzy logic model has been rebuilt for educational purpose and for extra
knowledge using MATLAB SIMULINK and using the software FUZZME
(APPENDIX C).Switching Index and checking constraints violation have been coded
using MATLAB script window.

5.1 Case Study

The feasibility of the proposed approach has been tested on 33-bus radial distribution
system [37].All the available line data, load data and rating KV and MVAR are
attached in APPENDIX A. Figure 5.2.1 shows one line diagram of the tested

network.

33-bus radial distribution system is one source feeder system with 32 bus,32
sectionalizing switches (NO.1_32) and 5 tie switches (NO. 33_37).
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Figure 5.1: One Line Diagram of 33-bus Radial Distribution System.
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The initial configuration of the network has total real power loss equals 211.43 KW
and has minimum voltage equals 0.9040 per unit. The fuzzy logic model built in
chapter four has been applied on this network to find the optimal DGs
locations.Network reconfiguration for loss reduction and for service restoration have
been applied on this network by the proposed approach as two cases : 1) without
DGs, 2) with optimally placed DGs.

The results are compared with other methods results to emphasize how feasible the

proposed approach is.

5.2 Results

5.2.1 DGs placement using fuzzy logic

In order to run power flow properly, DGs are modeled in some studies as PV bus and
in other studies as PQ but with minus loads.In this thesis it has been modeled as load

with minus active power and reactive power is calculated according to [32] as :

_ ()" Pe/T= (PFp)”)
PF

G

Q¢ (5.1)

{ 1 leading power factor}
G= .
2 lagging power factor

PFg = power factor.

Determining the optimal size of each DG is out of scope of this thesis.Thus, the
capacities that have been used in similar researches are used in this thesis in order to
make comparison between results.After running power flow the inputs of fuzzy logic
model PLI and VOLT has been calculated and so the output as well for each node in
the network. After running power flow the inputs of fuzzy logic model PLI and
VOLT has been calculated and so the output as well for each node in the network.
The Suitability-Degree of each node is summarized in Table 5.3.1.1 and voltage

profile before and after integrating DGs is shown in Figure 5.3.1.1.
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Table 5.1 : Suitability-Degree values.

BUS | SUITABILITY-| BUS | SUITABILITY-
DEGREE DEGREE

2 0.080 18 0.920

3 0.232 19 0.089

4 0.250 20 0.136

8 0.301 21 0.140

6 0.528 22 0.145

7 0.555 23 0.243

8 0.696 24 0.250

9 0.751 25 0.267
10 0.753 26 0.546
11 0.755 27 0.583
12 0.759 28 0.667
13 0.752 29 0.751
14 0.755 30 0.777
15 0.775 31 0.778
16 0.755 32 0.780
17 0.776 33 0.775

Table 5.3.1.1 shows that the optimal locations for integrating four DGs are:
bus18,bus32,bus3land bus30 with Suitability-Degree values 0.92,0.78,0.778 and
0.777 respectively.Figure 5.3.1.1 shows that there is an improvement in voltage

profile after integrating DGs with 1.1817% increment in minimum voltage value.

Voltage Profile
1.02
1 -‘-‘ —
0.98 {
0.96 i
0.94 = |
0.92 N Ny
0.9 Mhanan..
0.88
0.86
0.84
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
=== \\ith DGS ==0==without DGs

Figure 5.2: Voltage Profile Before and After Integrating DGs.
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5.2.2 Network reconfiguration

Case |: Without DGs

A) Network Reconfiguration for Loss Reduction.

After running power flow and calculating Switching Index for each switch in each
meshed loop it has been detected that the switches S7,511,514,S37 and S32 are the

switches with largest Switching Index in meshedl,meshed2,meshed3,meshed4 and

meshed5 respectively.Network has been reconfigured and power flow has been run

for reconfigured network to examine any constraint violation.Table 5.3.2.1

summarizes Switching Index for each switch in each meshed loop.Values inside red

borders in Table 5.3.2.1 are not considered in related meshed loop calculations

according to topological constraints.

Table 5.2 : Calculated Swtich Index for Case |.

Meshedl | Index | Meshed2 | Index | Meshed3 | Index | Meshed4 | Index | Meshed5 | Index
switch switch switch switch switch

S2 0.1953 S8 0.6031 S9 0.9208 S3 0.4407 S25 0.1683

S3 0.2656 S9 0.6800 S10 0.8268 S4 0.3902 S26 0.2414

S4 0.3862 S10 0.8511 S11 0.6754 S5 0.4132 S27 0.3372

S5 05212 | S11 0.9684 | S12 0.2366 | S22 0.4840 | S28 | 0.4839

S6 0.9216 S21 0.8014 S13 0.5073 S23 0.6640 S29 0.8040

S7 0.9892 S33 0.3803 S14 0.9084 S24 0.9119 S30 0.9286

S18 0.6309 S35 0.8324 S34 0.8569 S25 0.6079 S31 0.9286

S19 0.7754 S26 0.7214 S32 1.0062

S20 0.9264 S27 0.8354 S36 1.0060

S33 0.9401 S28 0.9477 S15 0.6800

S37 0.9511 S16 0.7765

S17 0.8659

S34 0.4963

S6 0.1143

S7 0.6700

S8 0.7760

No constraint violation has been detected and the switches S7,511,514,S37,S32 are

selected as optimal switches to achieve maximum possible loss reduction . The

percentage of loss reduction due to closing tie switches and opening the selected
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switches are 33.08%.Table 5.3.2.2 shows comparison between the resilts of proposed

approach and other results.Table 5.3.2.2 uncovers that the proposed approach is

feasible for network reconfiguration planning in the case without DGs.

Table 5.3: Comparison Between Proposed Approach Results and Similar Researches Results ,Case |

Goswami | Goswami | Goswami Baran Baran Whei Yuan- Joon-Ho- Proposed
method1 method2 method3 method1 method2 | & Hong Kan.... Choi.. method
[38] [38] [38] [39] [39] [39] [37] [41]
Final S7,89,S3, | S7,89,S1, | S7,S9,81, | S6,S11,S3 | S6,5S34,S1 | S7,59,S1 | S7,59,S14 | S7,S9,S14 | S7,S11,S14
configurati | S14,S32 S32,537 S32,S37 1,528,533 | 1,531,837 | ,S32,S37 | ,S28,S32 ,532,S37 ,532,837
on
No of 14 14 8 10 6 8 10 8 8
switching
operations
Loss 31.148% 31.148% 31.148% 27.83% 23.83% 31.148% | 31.259% 33.5% 33.08%
reduction
percentage

B) Network reconfiguration for service restoration

Assuming two faults occur at bus5 and bus22. After applying the first step in service

restoration process which is fault isolation we had one feeder group and two out-of-

service groups.Next, we select the candidate open switches that connect out-of-

service-groups with the feeder group. Two switches S11 and S14 connect the out-of

service group number 2 and three switches S7,S37 and S37 connect the third group

with feeder main group.Figure 5.3.2.1 shows the network divided into three groups

with open switches selected as candidate switches.

Group 1

Out of service Group 2

Out of service Group 3

Figure 5.3: Candidate Switches Connect Groupl with Out-of-Service Group.

According to the presented flow chart in chapter two , for the group of switches that

connect feeder group with one of out-of-service groups, the switch with smallest

34




switching index must be closed for service restoration.If an open switch is common
switch between two meshed groups ,which means that the switch has two Switching

Index values,the lowest Switching Index value is chosen.

Table 5.3.2.3 summarizes the Switching Index values for each of candidate
switches.Switch S11 and switch S7 are selected to be closed in order to restore out-

of-service group 2 and out-of-service group 3 respectively.

Table 5.4 :Candidate Switches for Srevice Restoration ,Case |

Path Switch to be closed INDEX
1(G1-G2) S11 0.9684/0.6754
2(G1-G2) S14 0.9084
3(G1-G3) S37 0.9511
4(G1-G3) S7 0.9892/0.6700
5(G1-G3) S32 1.0062

After closing S11 and S7 power flow has been run again to check any constraint
violation and there was obvious voltage violation under 0.85 at many nodes in the
network.Thus, switch S11 or S7 must be closed and the switch with next smallest
Switching Index must be opened. The flow chart for service restoration has been
followed repeatedly until finding the optimal switches for service restoration subject
to necessery constraints. Finally, switch S11 and S37 have been selected for service

restoration as summarized in Table 5.3.2.4

Table 5.5 : Optimal Switches for Service Restoration ,Case |
Path Switch to be closed

1(G1-G2) S11

3(G1-G3) S37

The open switches in the new configuration after service restoration are
S7,522,514,S5,S32 .The resulted total real power loss is 189.03 KW and the

minimum voltage is 0.92797 per unit.

CASE II: With optimally replaced DGs

In order to make comparison between previous results of other approaches and
proposed results,taking in consideration that DGs capacities are out of scope of this
thesis, the most commonly used capacities by other approaches have been used here

as following:

e 100 KW /0.9 lagging.
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e 100 KW / unity.
e 200 KW /0.9 lagging.
e 50 KW /0.8 lagging.

Recovering subsection 5.3.1, the optimal nodes for placing DGs are 30,31,32 and 18
with Suitability-Degree equals 0.777 , 0.778 ,0.780 and 0.920 respectively.Figure
5.3.2.2 shows one line diagram of 33-bus radial distribution system with optimally

replaced DGs.

O] Reference

—— Bus

—— Sectionalizing switch
——— Tie switch

__» Load

O Distributed Generation

bl 3
20 m= e p— 23
0=l 4 Spes
21 . ;=- 3§=5‘ — . 24
22 4 o - 25
| 17 Lo |

,,,,,,,,,

,,,,,,,,,,,,,

Figure 5.4 : One Line Diagram of 33-Bus System With Optimally Located DGs.

36



DGs with the above capacities have been integrated at these nodes in order to
uncover the contribution of DGs in loss reduction and to study network

reconfiguration in distribution network as following:

A) Network Reconfiguration for Loss Reduction

Again , power flow has been run and Switching Index has been calculated for each
swich in each meshed loop.It has been found that the switches S7,511,514,S28
and S36 are the switches with largest Switching Index in meshedl, meshed2,
meshed3, meshed4 and meshed5 respectively.Network has been reconfigured and
power flow has been run for reconfigured network to examine any constraint
violation.Table 5.3.2.5 summarizes Switching Index for each switch in each meshed
loop.Values inside red borders in Table 5.3.2.5 are not considered in related meshed
loop calculations according to topological constraints.

Table 5.6 : Calculated Swtiching Index for Case II.

Meshedl | Index | Meshed2 | Index | Meshed3 | Index | Meshed4 | Index | Meshed5 | Index
switch switch switch switch switch

S2 0.1878 S8 0.5580 S9 0.8926 S3 0.3859 S25 0.2067

S3 0.2943 S9 0.6499 S10 0.8203 S4 0.3450 S26 0.2562

S4 0.4240 S10 0.8445 S11 0.6945 S5 0.3738 S27 0.3128

S5 0.5593 S11 0.9694 S12 0.2316 S22 0.4409 S28 0.3811

S6 0.8846 S21 0.7712 S13 0.5071 S23 0.6358 S29 0.1367

S7 0.9792 S33 0.5061 S14 0.9129 S24 0.9143 S30 0.9919

S18 0.6157 S35 0.8086 S34 0.8631 S25 0.6067 S31 0.9826

S19 0.7675 S26 0.7292 S32 1.0016

S20 0.9246 S27 0.8470 S36 1.0018

S33 0.9410 S28 0.9942 S15 0.5716

S37 0.9703 S16 0.6674

S17 0.9219

S34 0.6990

S6 0.8287

S7 0.9775

S8 0.6555
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No constraint violation has been detected and the switches S7,511,514,528,536 are

selected as optimal switches to achieve maximum loss reduction. Table 5.3.2.6

shows comparison between the results of proposed approach and other results.

Table 5.7: Comparison Between Proposed Approach Result and Similar Results,Case I1.

Joon-Ho-Choi [38] Yuan-Kang [34] Nattachate [40] Murthy [39] Proposed method

DG 3 6 24 | 29 3 6 24 | 29 22 29 16 6 22 30 | 31 | 32 | 18
location

capacity 50 | 100 | 200 || 100 | 50 | 100 | 200 | 100 | 250 500 | 250 2560 960 100 | 100 | 200 | 50
(Kw)
Final conf. S$7,59,514,528,S32 5$6,510,S14,517,528 533,534,59,532,528 | S7,59,S31,S35,S37 S7,511,514,528,536
No of 10 10 6 6 8
switching

Loss 45.7% 44.626% 54.76% 68.8% 56.68%
Reduction

The resulted total real power loss equals 91.59 KW . The percentage of loss

reduction due to closing tie switches and opening the selected switches are 56.68%.

This result and Table 5.3.2.6 uncover that the proposed approach is feasible for

network reconfiguration planning in the case with DGs

An improvement in voltage profile is noticed after reconfiguring network with

optimally replaced DGs. The minimum voltage in reconfigured network is 0.9567

with 5.571% increment. Figure 5.3.2.2 shows the voltage profile before integrating

DGs, after integrating DGs and after reconfiguration in the case with DGs.

1.02

1

0.98

0.96

0.94

== \Vithout DGs

== \vith DGs before

0.92

0.9

reconfiguration

with DGs after
reconfiguration

0.88

Figure 5.5: Voltage Profile After Network Reconfiguration ,Casell.
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B) Network Reconfiguration for Service Restoration

The same faults at bus 5 and bus 22 are assumed again in this case. After isolating
fault by opening the sectionalizing switches S5 and S22 , two groups have been
selected as out-of-service groups. Figure 5.3.2.3 shows the network divided into one
feeder group and two out-of-service groups.The switches S11 and S14 are the
candidate open switches that connect out-of-service group 2 with feedeg group 1
while the connection between feeder group and out-of-service group 3 can be

restored by closing one of the candidate switches S7 and S28.

Group 1
Y/ \J;’CP
(9
74 N \
/ N AYON \
2 N
Out of service Group 2 Out of service Group 3

Figure 5.6 : Candidate Switches for Restoring Service in Case II.

For each out-of-service groups, the switch with smallest switching index must be
closed for service restoration.If an open switch is common switch between two
meshed groups ,which means that the switch has two Switching Index values,the
lowest Switching Index value is chosen.Candidate switches and Switching Index

values are recorded in Table 5.3.2.7.

Table 5.8: Candidate Switches for Service Restoration in Case Il.

Path Switch to be closed INDEX
1(to-G1) S11 0.9694/0.6945
2(to-G1) S14 0.9129
3(to-G2) S28 0.9942/0.3811
4(to-G2) S7 0.9792/0.9775
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Switch S11 and Switch S28 have been selected and closed to restore service in out-
of-service groups 2 and 3 respectively.After running power flow to check constraints
violations it has been found that S11 and S28 are the optimal switches for
servicerestoration where no violation has been detected.Table 5.3.2.8 summarizes

these optimal switches for service restoration .

Table 5.9 : Optimal Switches for Service Restoration Case Il.

Path Switch to be closed
1(to-G2) S11
2(to-G3) S28

The open switches in the new configuration after service restoration are
S7,522,514,S5,S36 .The resulted total real power loss is 144.47 KW.

5.3 Summary of Results

The resulted reconfiguration from case | and case Il are the same of the results
proposed by El-saadany.However, El-saadany summarized the details only for hourly
loads.The total real power loss of initial configuration of 33-bus radial distribution
system is 211.43 KW. The proposed approach for network reconfiguration achieved
33.08% loss reduction by reducing the total real power loss to 114.47 KW.In
comparison with other results, this results shows that the proposed approach is
effective and feasible in network reconfiguration planning.The total real power loss
of initial configuration with optimally replaced is 133.47%.Placing DGs using the
proposed fuzzy logic model achieved 38.84% loss reduction before determining the
optimal configuration .Using the proposed method for network reconfiguration with
DGs achieved 56.84% loss reduction and improved the minimum voltage by 5.571%.

The summary of these results is written in Table 5.4.1.
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Table 5.10 :Summary of Network Reconfiguration Result.

Without DGS With DGs
initial reconfigured initial reconfigured
Open switches $33,534,535, S7,511,514, $33,534,535, S7,511,514,
S36, S37 S37, 832 S36, S37 S28, S36
Minimum 0.90359 0.93838 0.92012 0.9567
voltage (p.u)
Total loss 211.43 141.47 133.52 91.591
(KwW)
Loss reduction |  -------- 33.08% 38.84% 56.68%

The obvious improvement in the network shows that the proposed approach for
network reconfiguration and the built fuzzy model for DGs placement are notonly
feasible but also effective for balance distribution systems planners.
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6. Conclusion and Future Work

6.1 Conclusion

This thesis aims to provide a favorable approach to enhance distribution network

performance and can be divided into two axes :

1. As the advantages of DGs are conditional and dependent on the installation
characteristics,in this thesis semi optimal installation characteristic is
provided by finding the optimal location for integrated DGs.The size of DGs
are out of scope of this installation, that is what it is considered as semi

optimal.

2. Distribution companies are obsessed with keeping the network secure and
reliable.For this purpose they try to maintain network automated and
periodically reconfigured to find the most efficient configuration that

achieves the necessary security and reliability.

This thesis tries to provide an approach to provide such a configuration for balanced
distribution systems. Many researches studied network reconfiguration.Some of
these researches applied network reconfiguration for either loss reduction or service
restoration and some of them applied it for both. A few number of researches applied
network reconfiguration on distribution system with DGs without taking into
consideration that the advantages of DGs are conditional and dependant on

installation characterestics.

This thesis firstly, provides a fuzzy logic model with normalized power loss
reduction and voltage as inputs and Suitability-Degree as output to find the optimal
location of DGs to examine the appropriate contribution of DGs in loss
reduction.Then provides a simple approach of network reconfiguration for loss
reduction and service restoration in balanced distribution system with optimally
located DGs.

The proposed approach and the built fuzzy logic model have been applied on 33-bus
radial distribution system in order to test the feasibility.Network reconfiguration has

been applied as two cases : 1) without DGs , 2) with optimally located DGs.
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The percentage of loss reduction and minimum voltage increment have been
calculated and recorded after optimally locating DGs, after case 1 and after case
2.All the results prove that the proposed approach are not only favorable but also
effective and can be applied on balanced distribution systems.

6.2 Future Work

Gaza Strip Distribution Systems have many problems because of Israeli occupation
who bombarded the distribution systems many times. As a result, Palestinian people
suffer the absence of electricity between 8 to 16 hours per day.The future work will
focus on making the proposed methods more comprehensive to make it applicable
for Gaza Strip Distribution Syestems by taking into account the characteristics of

unbalanced distribution systems and the variable load demand.

A vision of such multi objective future work including loss minimization, load
shedding minimization, cost minimization ,optimally locating DGs and optimally
sizing DGs requires widespread use of artificial intelligent methods and machine

learning algorithm.
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APPENDIX A

Table A.1: 33-bus Distribution Branch Data.

Node i Nodej Resistance Reactance
R (Q) X(Q)
1 2 0.0922 0.047
2 3 0.493 0.2511
3 4 0.366 0.1864
4 5 0.3811 0.1941
5 6 0.819 0.707
6 7 0.1872 0.6188
7 8 0.7114 0.2351
8 9 1.03 0.74
9 10 1.044 0.74
10 11 0.1966 0.065
11 12 0.3744 0.1238
12 13 1.468 1.155
13 14 0.5416 0.7129
14 15 0.591 0.526
9 15 2 2
15 16 0.7463 0.545
16 17 1.289 1.721
17 18 0.732 0.574
2 19 0.164 0.1565
19 20 1.5042 1.3554
20 21 0.4095 0.4784
*8 21 2 2
21 22 0.7089 0.9373
*12 22 2 2
3 23 0.4512 0.3083
23 24 0.898 0.7091
24 25 0.896 0.7011
6 26 0.203 0.1034
26 27 0.2842 0.1447
27 28 1.059 0.9337
28 29 0.8042 0.7006
*25 29 0.5 0.5
29 30 0.5075 0.2585
30 31 0.9744 0.963
31 32 0.3105 0.3619
*32 33 0.341 0.5302
*18 33 0.5 0.5
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Table A.2: 33-bus Distribution Bus Data.

Node P(KW) | Q(KVA)
2 100 60
3 90 40
4 120 80
5 60 30
6 60 20
7 200 100
8 200 100
9 60 20
10 60 20
11 45 30
12 60 35
13 60 35
14 120 80
15 60 10
16 60 20
17 60 20
18 90 40
19 90 40
20 90 40
21 90 40
22 90 40
23 420 200
24 420 200
25 60 25
26 60 25
27 60 20
28 120 70
29 200 600
30 150 70
31 210 100
32 60 40
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APPENDIX B
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Figure B.1: One Line Diagram of 33-bus Distribution System Using PSAT.
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Figure B.2: One Line Diagram of 33-bus Distribution System Using Microsoft Visio.
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APPENDIX C
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Figure C.1: Snapshot of The Designed Fuzzy Model Using SIMULINK.
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Figure C.2: Outer Snapshot of Designed Fuzzy, SIMULINK.
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= Name Fuzzy number
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Figure C.6: Membership Functions Defining and Editing, FUZZME.
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Figure C.7: Defining and Editing Rules, FUZZME
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