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 شكر و عرفان
 

وأود أن أعبر عن تقديري   أعانني علي إتمام هذا العملفقدعلى كل شيء  احمد اهللا تعالي 

المشرف علي مشروع انتاج النظائر  صالح الدين سليمان /وشكري وامتناني لألستاذ الدكتور

المشعة والرئيس السابق لمركز المعامل الحاره على جهده القيم في اإلشراف على هذه الرسالة 

سيد  /كما أود أن أسجل عظيم شكري و امتناني وأن أرد الفضل إلي صاحبه إلى السيد الدكتور

ذي إن تحدثت عن فضله ال - جامعة األزهر–المدرس بقسم الهندسة الكهربية  ناجي أحمد

وعطائه فلن أعطيه حقه فقد ساعدني في إختيار هذا الموضوع وأعطاني من جهده ووقته وعلمه 

كي أتم هذا العمل فاهللا أسأل أن يجازيه عني خير الجزاء ثم أتوجه بالشكر إلي كال من  السيد 

 -هيئة الطاقة الذرية- المدرس بقسم تكنولوجيا الوقود النووي سالمه إبراهيم إبراهيم /الدكتور

 على -جامعة األزهر –المدرس بقسم الهندسة الكهربية  كمال أحمد محمد /والسيد الدكتور

 القيمة والتي كان لها عظيم األثر في إتمام هذا ا ونصائحهماإشرافهما على الرسالة ومساعدتهم

 .العمل
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ABSTRACT 

 

 Distribution system is a critical links between the utility and the 

nuclear installation. During feeding electricity to that installation there are 

power losses. The quality of the network depends on the reduction of 

these losses. Distribution system which feeds the nuclear installation must 

have a higher quality power. For example, in Inshas site, electrical power 

is supplied to it from two incoming feeders (one from new abu–zabal 

substation and the other from old abu–zabal substation). Each feeder is 

designed to carry the full load, while the operator preferred to connect 

with a new abu–zabal substation, which has a good power quality. Bad 

power quality affects directly the nuclear reactor and has a negative 

impact on the installed sensitive equipments of the operation.  

The thesis is Studying the electrical losses in a distribution system 

(causes and effected factors), feeder reconfiguration methods, and 

applying of genetic algorithm in an electric distribution power system. In 

the end, this study proposes an optimization technique based on genetic 

algorithms for distribution network reconfiguration to reduce the network 

losses to minimum. The proposed method is applied to IEEE test 

network; that contain 3 feeders &16 nodes. The technique is applied 

through two groups, distribution have general loads, and nuclear loads.  

In the groups the technique applied to seven cases at normal operation 

state, system fault condition as well as different loads conditions. 

Simulated results are drawn to show the accuracy of the technique.       
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     الرسالة الرسالة الرسالة الرسالةملخصملخصملخصملخص

     تعد نظم التوزيع الكهربية حلقة الوصل بين المصدر الكهربي والمنشأة النووية وكفـاءة             

وألن المنشاة النووية تحتوي علي أجهزة . هذه النظم تعتمد علي مقدار الفقد في القوي الكهربية     

خطأ فـي   قياسات وحماية كهربية وإشعاعية حساسة جدا وحدوث الهزات الكهربية يؤدي إلي            

قياسات هذه األجهزة كما قد يؤدي إلي تكرار إجراء بعض العمليات النووية مرة أخري ممـا                

بشرية لذلك يجب أن تعمل الشبكة الكهربية بكفـاءة عاليـة           أضرار  يؤدي إلي خسائر مادية و    

لضمان األمن واألمان داخل المنشاة وخارجها ويتضح ذلك مثال في موقع أنشاص الذي يـتم               

ولكن المشغل دائما   ) محطة أبو زعبل القديمة ومحطة أبو زعبل الجديدة       ( مصدرين   تغذيته من 

 .يفضل التغذية من محطة أبو زعبل الجديدة حيث الجودة العالية للشبكة

 يتم إعادة تشكيل الشبكة باستخدام خوارزيم جيني لتقليل الفقد في نظم التوزيع             ه الرسالة في هذ 

عادية أو الحاالت الطارئة علي الشبكة من تغيـر الحمـل أو            الكهربية خالل حاالت التشغيل ال    

 . حدوث أعطال مفاجئة لضمان الجودة العالية بها

  هذا الفقد   الكهربية والمكونات التي يحدث فيها     شبكات التوزيع في البداية تم توصيف الفقد في       

 في الشبكات   فقدبها تقليل هذا ال   يمكن  التي  المختلفة   الطرق   استعرضت الرسالة  .اتداخل الشبك 

 .تنظيم الشبكات والتي هي موضوع الرسالةإعادة ومن هذه الطرق تم اختيار طريقة 

تتطلب وقتا طويال الختيار الحل األمثل لذلك تـم          أنها عند دراسة إعادة تشكيل الشبكة وجدنا     

بواحدة من طرق البحث عن الحلول المثلي من طرق الذكاء الصناعي والتي تعتمـد       االستعانة  

يقدم البحث طريقة مقترحة بنيت علي بعض الشـروط والقيـود            .لي الخواريزمات الجينية  ع

الموضوعة للمحافظة علي مواصفات التشغيل وتم عمل خواريزم جيني للوصول إلي الحـل             
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) IEEE contains 3 feeders and 16 nodes(ثـم اختيـار شـبكة   .والشكل األمثل للشبكة

الختبار الطريقة المقترحة وقد أظهرت النتائج جودتها خاصة في الشـبكات ذات الموزعـات              

 :والرسالة مقدمة علي النحو التالي. اإلشعاعية

د وكيفية  يتناول الفصل األول مقدمة حول مكونات الشبكة التي يمكن أن يحدث بها الفق             •

 .بسط للهدف من الرسالةتقليل هذا الفقد ثم عرض م

 ويبـين   عامة لطرق تقليل الفقد في الشبكات الكهربيـة       فصل الثاني مراجعة     ال يوضح •

  وبعض ما تم في هذا السياق من أبحاثعلي هذه الطرقالتطور الذي طرأ 

يقدم الفصل الثالث بالتفصيل طريقة من أحد طرق تقليل الفقد في الشبكات التي هـي                •

 .دة في تنفيذ هذه الطريقةمحل الدراسة وهي إعادة تنظيم الشبكات والصعوبة الموجو

يقوم الفصل الرابع بإلقاء الضوء علي أحد طرق الذكاء الصناعي وهي الخواريزمات             •

الجينية التي تم االستعانة بها للوصول إلي الحل والشكل األمثل عنـد إعـادة تنظـيم                

 . الشبكة

 الفصل الخامس شرح مبسط لكيفية تكوين الطريقة المقترحة وتحقيق الشروط           يتضمن •

الالزمة للتشغيل ثـم تطبيـق الطريقـة المقترحـة علـي أحـد شـبكات التوزيـع                  

وذلك في التشغيل الطبيعي ) IEEE contains 3 feeders and 16 nodes(الكهربية

أو في حاالت التشغيل الطارئة من تغير الحمل أو حدوث أعطال بالشبكة أيضـا تـم                

 .االت التشغيلاختبار الحل وتطبيقه للشروط الالزمة للشبكة في كل ح

 النهائية من هذه الرسالة والممكن عمله في المستقبل التوصياتالفصل السادس يعرض  •

 البحثلتطوير 
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CHAPTER ONE 

INTRODUCTION 

1.1 Prelude 

The rapidly increasing construction costs of electrical generating 

stations and the fuel used therein have focused attention on the need to 

reduce the power and energy losses in transmission and distribution lines. 

Accordingly there is interest in methods that lead to energy savings and 

deferment of need for construction of new facilities. 

Generally throughout the developed industrialized countries, the 

consumers of electrical energy are guaranteed a good quality of power, 

which means within certain tolerance of voltage (±5%), frequency 

(±0.5%) with minimum harmonics and with as possible interruption time. 

It is important to continue to make improvements in the distribution 

system to satisfy the load demand at a lower cost [1].  

1.2 System Losses 

The amount of power losses in the electric distribution system and 

where they largely occur in the system are of a great interest to the 

engineers in developing a rate structure for different classes of customers. 

It is necessary to supply additional energy over that required to satisfy the 

load to compensate for the losses in the system. The locations of these 
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losses may be found in the various components of the power system as 

follows: 

1) Transmission system losses:  

a) High voltage transformer losses (the stepping-up transformer). 

b) Transmission line losses. 

 c) Substation transformer losses (the stepping-down transformer). 

 

2) Distribution system losses: 

a) Primary feeder and line equipment losses. 

b) Distribution transformer losses. 

c) Secondary and service losses. 

d) Meter losses. 

 

Generally, loss reduction techniques on the transmission network 

are not as effective as those on the distribution network. Hence, this thesis 

focuses only on the reduction of power losses in distribution networks. 

The aim of this thesis is Studying the electrical losses in a 

distribution system (causes and effected factors), feeder reconfiguration 

methods, and applying of genetic algorithm in an electric distribution 

power system. In the end, This study introduces an optimization 

technique based on genetic algorithm for distribution network 

reconfiguration to reduce the network losses to minimum. Simulated 

results are drawn to show the accuracy of the technique. 
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1.3 Distribution System Losses Reduction 

In recent years, there has been a continuous need to accommodate 

higher loads and overcome delays in the construction of new generating 

facilities arising from environmental concerns and higher investment 

costs.  Distribution systems have been reported over the years [1-40] and 

these will be critically reviewed in Chapter 2. 

 There are three basic methods to reduce system losses in the 

distribution system: 

a) Reduce the equivalent resistance. 

b) The placement of compensating capacitors .  

c) Network reconfiguration .  

 

The first method is to reduce the equivalent resistance of the 

system conductors. The power loss in the conductor is given by I
2
R. 

Where I is the conductor current, and R is its equivalent resistance. 

Reducing the value of R results in a proportional reduction in the power 

losses. This can be achieved by replacing the small size conductors 

(overhead lines and underground cables) with a larger cross-sectional 

area, as the resistance is inversely proportional to the cross-sectional area, 

or by installing auxiliary conductors to work in parallel with the existing 

ones. So that the equivalent resistance is reduced. Although these 

methods could give a large loss reduction, it is not cost effective, and it is 

not used unless there is a special need, as the cost of conductors and their 

installation are usually in excess of the cost of the energy saved. 
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The second method of power loss reduction in distribution system 

is the placement of compensating capacitors at specific load nodes.The 

reactive power flow in power system produced losses. These losses can 

be kept to a minimum by applying compensating capacitors in 

distribution points, to inject reactive power, and thus compensate for the 

inductive load power. Using this method, the reactive power flowing in 

the system conductors are reduced, and consequently the losses 

therefrom. As the compensating capacitors affect the losses due to the 

reactive power component, their effect is more pronounced when the 

power system has a low power factor. Additional advantages of the 

installation of capacitors include the boosting of voltage. This is to 

provide the feeder with the prescribed voltage range within the maximum 

and the minimum allowable values, respectively at light and heavy load 

conditions and improving the power factor. The optimum size and 

location of the capacitor can be determined on the basis of the maximum 

cost savings in the energy loss and on the peak power loss reduction [20-

40] on the condition that the voltage limits are not violated. The trend in 

recent years has been to install the capacitors in the primary distribution 

feeders rather than in the substations .This trend has been due to both the 

availability of pole-mounted equipment and because it is more 

economical to place the capacitors close to the reactive loads. 

The  third method to reduce the power and energy losses on 

distribution systems is by system reconfiguration. Reconfiguration of the 

distribution system can be used as a planning tool as well as a real-time 

control tool. Most of the distribution systems are reconfigured radially 

[2], and modifying the radial  structure of the distribution feeders from 

time to time, by changing the open/closed states of the switches to 



CHAPTER I   INTRODUCTION 

15 

 

transfer loads from one feeder to another , may significantly improve the 

operating conditions of the overall system. Feeders reconfiguration 

allows the transfer of loads from heavily-loaded feeders to relatively 

lightly-loaded feeders and from higher-resistance routes to lower-

resistance routes to obtain the least I
2
R,where the resistance route is the 

total resistance from the source to the load point. Such transfers are 

effective not only in terms of altering the level of loads on the feeder 

being switched, and reducing the losses, but also in improving the voltage 

profile along the feeders and affecting reductions in the overall system 

power losses. Studies and experiments on feeder reconfiguration are 

ongoing in several utilities. The recent publications reflecting these 

efforts are critically reviewed in Chapter 2. 

In this thesis the first two methods for reducing the system losses 

are considered. So the last method (network reconfiguration) for loss 

reduction is performed in this study . 

1.4 Outline Of The Thesis 

The materials in this thesis are organized as follows: 

• Chapter one introduces the thesis and clarifies the goals and 

direction of the research work. 

• Chapter two is a survey and a Critical review of the relevant 

previous work that has been published regarding the losses 

reduction in distribution systems. 

• Chapter three shows the methods used for 

reconfiguring the distribution systems to minimize the 
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power losses on the distribution feeders and examines 

the difficulties in implementing loss minimization 

through reconfiguration. 

• Chapter four explains how genetic algorithm (GA) is an 

optimization and search technique based on the principles of 

genetics and natural selection. 

• Chapter five is an illustration of how to make Fitness 

function, solve network reconfiguration problem by genetic 

algorithm. It discusses the results obtained by applying the 

technique to an example test system. 

• Chapter six shows conclusions drawn from the previous 

chapters and from the results and discussions. 

• The Thesis contains also a list of references. 

 

 

 

 

 

 

 

 



   

 

  

 

CHAPTER TWO 

REVIEW OF LITERATURE 

2.1 Introduction 

This chapter reviews the published literature on the reduction of 

the losses in distribution feeders. It is divided into two sections: 

1) The techniques of reconfiguration of the distribution  network 

for attaining an optimal configuration with minimum system losses.  

2) The application of compensating shunt capacitors to reduce the 

feeder losses due to the reactive component of the current. 

2.2 System Reconfiguration for Loss Reduction 

 Generally, electric distribution feeders are configured radially [2], 

for effective coordination of their protective systems.  

  Distribution feeders contain switches some of which are normally 

open. In response to a fault, some of the normally closed switches are 

opened in order to isolate the faulted network branch. At the same time, 

some of the normally open switches are closed in order to transfer part or 

all of the isolated branches to other feeders. All switches are restored to 

their normal positions after the clearance of the fault [3]. 

Under normal operating conditions, distribution engineers 

periodically reconfigure the feeders by opening and closing switches 

(switching operation) in order to increase the network reliability and/or 
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reduce line losses. The resulting feeders must remain radial and satisfy all 

load requirements and voltage constraints. Coordination of the protective 

scheme of the newly configured system is also necessary to ensure that 

the reliability is maintained at the required level. 

 Many previous techniques [4-18] for system reconfiguration have 

been reported to obtain loss reduction.  

The following section summarizes these different techniques: 

� Linear  programming method. 

� Discrete branch and bound method. 

� Branch exchange method. 

� Loop cutting method. 

� Heuristic search method. 

� Other system reconfiguration methods and research: 

o Transshipment. 

o Simulated annealing. 

o Genetic algorithms. 

o Neural networks. 

o Discrete ascent optimal programming. 

 

2.2.1 Linear Programming method 

Linear programming methods have been used extensively for a 

number of years by power system planners to minimize the capital costs 

of constructing new or expanding existing power systems. The planner's 



CHAPTER II                                                                                                                          REVIEW OF LITRATURE  

19 

 

attempts include the calculation and reduction of the system losses I
2
R 

(where, I is the current in and R the resistance of the feeder). It is 

important to review the linear programming method to determine its 

suitability for system reconfiguration. The linear programming method is 

a mathematical optimization technique initiated by Danzig in 1947 [4]. 

The problem is formulated as 

Minimize                Z = CX 

Subject to               AX = B                                                        (2.1) 

                                X> 0 

Where Z is the cost function (objective function) which needs to be 

minimized, X is a vector that represents the variables such as currents, 

voltages, switch status, etc. C is a transposed vector that represents the 

coefficients of the variables in the cost function. A is a coefficient matrix 

of the variables in the constraints equations and B is a vector representing 

the constraint limits. The linear programming method is only applied to 

the objective function with constraints all in the linear form. And when 

linear programming is applied to reconfigure the system, for the purpose 

of reducing the I
2
R losses, the objective function is no longer linear and 

linear programming is not valid unless a linearization technique is used. 

Even when a linearization technique is used, the calculation of the system 

losses is not accurate, and in order to increase the accuracy, a piece-wise 

linear approximation of the cost factor has to be applied [4]. 

2.2.2 Discrete Branch and Bound Method 

The only method known to produce a guaranteed optimal 

reconfiguration is “branch and bound” [5]. This amounts to an exhaustive 

search, except that a search direction will be terminated when it becomes 
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obvious that its result will be less optimal than a previously found 

Solution. Branch and bound method will work better if the initial solution 

is close to optimal, because more pruning will occur. Branch and bound 

also benefits from breaking the problem into sub problems, each of which 

can be optimized separately. Even so, branch and bound is a 

combinatorial method and hence too slow for practical use. 

Therefore, most of the recent work on reconfiguration has used 

either a branch exchange method or sequential switch opening method. 

Heuristics are applied in most cases to reduce the number of switching 

options considered. Even so, approximate loss formulas, linearized costs, 

and other simplifying assumptions are typically used to avoid repetitive 

solution of system load flows. Attempts have also been made to use 

neural networks, genetic algorithms, and simulated annealing solutions 

for the reconfiguration problem. 

2.2.3 Branch Exchange Method 

Branch exchange starts with a feasible solution with the 

distribution network operating in a radial configuration. One of the tie 

switches is closed, and then another switch is opened in the loop created, 

which restores a radial configuration. The switch pairs are chosen through 

heuristics and approximate formulas for the change in losses. The branch 

exchange process is stopped when no more loss reductions are available. 

As developed by Civanlar [6], this method requires a full system 

load flow analysis at the current operating condition. The change in losses 

affected by operating a pair of switches is estimated from:   

PP = Re {2(∑iЄD Ii) (Em - En)} + Rloop |  ∑iЄD Ii |
2
                    (2.2)
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For the sample system [6] as presented in Figure 2.1, to analyze a 

possible exchange of RC3 and SW2, the resistance Rloop would be the 

series resistance of LN8, 7, 6, 5, 4, 9, 13, 14, 15, and 16. Em and En are 

the resistive components of the voltage drop from source to bus on each 

side of the switch to be opened, RC3. En is defined on the load transferred 

from side of the switch to be opened, or the SS1 side of RC3. Therefore, 

the losses are predicted to decrease when En>Em, or when load is 

transferred from the higher voltage drop side of the open switch. The 

transferred load is represented by ∑Ii, the sum of the load currents in LN5 

and LN6. After the switch operation, the system load flow is solved again 

to analyze the next switch exchange. 

 

Figure (2.1): A simple distribution system 

This method is very fast and good for use in real-time operations. 

Even though it is easily trapped in a local minimum, it can be used to 

provide a loss reduction after an emergency reconfiguration. The method 
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can be used with the total number of switching operations limited to some 

number that reflects crew availability and switching time. 

A variation on the branch exchange method has been used in 

Japan, where the density of automatic switches is evidently rather high. 

An “arc” is defined as a segment between two branch points; it usually 

has several automatic switches along its length. On an open loop, the arc 

containing the tie point is moved in one direction or the other. 

Then, a continuous piecewise quadratic problem is solved to determine 

the point on the arc where the break should occur. This solution is then 

rounded to the nearest actual switch location. 

2.2.4 Loop Cutting Method 

The loop cutting or sequential switch opening method [3] starts 

with all tie switches closed. The typical distribution system would be 

“weakly meshed” in this state, compared to the transmission system. A 

load flow of the meshed system will provide a minimum-loss solution (in 

the absence of any control action). However, the system must be brought 

into a radial configuration. This is done by opening switches that carry 

the least current, on the premise that these will least disturb the meshed 

load flow solution. After each switch opening, the meshed load flow is 

solved again before selecting the next switch to open. The algorithm stops 

when the system is radial.  

For the sample system in Figure 2.2, all three switches A, B, and C 

would be closed initially. If switch C was opened first, switch B could not 

be opened without isolating some of the load, and vice versa. The number 

of weakly meshed load flows that must be performed is usually low, at 

most two in the case of Figure 2.1. 
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Figure (2.2):  A weakly meshed distribution network. 

2.2.5 Heuristic Search Methods 

Heuristic methods [7-10] are used mainly to reduce the large 

number of the switching options available to a manageable level. These 

methods do not result in an optimal solution, but they provide near-

optimal results in a much shorter time. The computational time is an 

important factor especially for large systems. However, there is a 

limitation for applying the heuristic methods to very large distribution 

systems where the number of nodes is of the order of thousands. The 

number of switching options is very large and using load flow 

calculations is not only inefficient from the point of view of 

computational time, but also not practical for real-time control. By using 

the heuristic method, the number of computations and thus feeder's 

reconfiguration, even for a large system, becomes more manageable. 

A B

C 
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2.2.6 Other System Reconfiguration Methods and Research 

2.2.6.1  Transshipment 

The linearized transshipment method [11] is most closely related to 

the method presented in this dissertation. The network starts with just the 

distribution substations, and the feeder segments are switched in one at a 

time. Of the segments available to switch in, the one with minimum unit 

transshipment cost is chosen first. Then, of the other segments available 

to serve that new load point, the chosen segment is checked to make sure 

it results in the minimum increase in losses. The increase in losses for 

each switching is an approximate quadratic formula. The algorithm stops 

when all loads are served; the system is kept radial as the segments are 

switched in. It is also a greedy search.  

 

 

 

 

 

 

 

 

 

Figure (2.3): Linearized feeder transshipment costs. 

The transshipment cost was linearized to the feeder resistance 

multiplied by maximum current capacity. Figure 2.3 shows the I-squared 

L
O

S
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W

] 

Linearized power losses 

Imax[Amps] 

Feeder 1 Feeder 2 
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R power loss for two feeders of different capacity, along with linear 

approximations through the points of maximum current. The linearized 

Transshipment cost defines these straight lines. For feeder one, the 

linearized transshipment cost is 10 amps multiplied by 1.5 ohms, or 15. 

For feeder 2 the linearized cost is 15 amps multiplied by 0.7 ohms, or 

10.5. Thus, feeder two has the lowest cost per unit ampere, but its cost 

relative to feeder one is greater than the simple ratio of resistances. Note 

that the transshipment cost does not depend on the actual load current or 

on any other operating condition. 

The two-stage comparison feature is important. If the segment that 

results in minimum loss is chosen at each step, the tendency will be to 

add the smallest loads first, using the best feeder segments. Obviously, 

this will not lead to an optimal or even a good solution. In a discussion of 

Glamocanin’s et al, Baldick et al, showed this problem for the simple 

system shown in Figure 2.4.[11] Adding the minimum loss segment at 

each step resulted in feeders 1-2-3 and 1-4, with total losses of 6.25 kW.  

 

Figure (2.4): Baldick’s problem with shunt capacitor banks. 
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In his closure, Glamocanin et al, showed that his transshipment method 

produced the optimal solution of one feeder, 1-2-3-4, with losses of 5.25 

kW. He also recommended that feeder reconfiguration and capacitor 

placement must be solved as separate problems in any case. 

The transshipment problem can be solved with linear programming 

techniques. However, the linear transshipment cost is an approximation 

for distribution networks. If there are fixed costs, these must be ignored. 

Further, the solution from a general transshipment algorithm may not be 

radial [12]. 

2.2.6.2 Simulated Annealing 

 Simulated annealing is not a reconfiguration algorithm by itself, 

but it is a modification to some other basic algorithm [13, 14]. Its purpose 

is to avoid being trapped in local minima, by not always taking the best 

choice at each step. Under simulated annealing, a random choice is 

accepted with a probability that decreases exponentially with each 

iteration. Simulated annealing has more potential to find the global 

optimum, though this can't be proven. It is readily applied on decision 

tree or branch exchange methods, by adding an extra outer loop to the 

basic algorithm. Because of the extra analysis time, simulated annealing 

is more applicable to planning rather than operations. 

2.2.6.3 Genetic Algorithms 

 Genetic algorithms have become very popular as a method of 

finding global optimums. As applied to reconfiguration [15, 16, 17], the 

switch states are encoded in strings of 0/1 "chromosomes", and a 

population of, for example, 50 topologies is built at random. At each 

iteration, two parent topologies are selected at random for crossbreeding, 
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which is a process of combining the chromosomes according to some 

defined algorithm. Then mutation, a random alteration of some 

chromosomes, may occur with a certain probability. If the resulting child 

is better, it replaces an existing topology in the population of 50. This 

process of crossbreeding continues for a number of iterations. The 

population also has to be re-seeded periodically with random strings to 

avoid in breeding. As the population evolves, there will always be a best 

solution that should steadily improve. 

Genetic algorithms are most attractive for parallel processing 

environments, and when each child can be evaluated quickly. The cross 

breeding and mutation algorithms must be custom designed and tested for 

each application. Parameters such as the number of crossbreeding per 

generation, mutation probability, number of generations, population size, 

and percentage of population reseeded must all be determined by testing. 

Applications to reconfiguration have used simplified network analysis 

because many thousands of topologies are considered, so the resulting 

solution may not be optimal with a more detailed model. The method 

presented in this dissertation uses more comprehensive analysis with less 

iteration.  

2.2.6.4 Neural Netwoks 

Neural networks have been applied to recognize a load pattern 

from feeder measurements and other data, and then select a pre-analyzed 

topology and switching strategy to reconfigure the network for loss 

reduction [18, 19]. It is necessary to discrete load levels and combines 

similar topologies; otherwise, the trail sets become too large. The neural 

network serves as a state estimator but doesn’t analyze the topologies, so 

this method is not really applicable to the problem statement.  
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2.2.6.5 Discrete Ascent Optimal Programming 

    Discrete Ascent Optimal Programming (DAOP) has been 

applied to optimal load flow and phase balancing for distribution systems 

[20]. In DAOP, the load is picked up in step increments, with each step 

added at the ending node that will produce the smallest increase in total 

losses. At each step, the loss will increase in discrete increments, hence 

the name “discrete ascent” optimal programming. DAOP is essentially a 

greedy algorithm, although it was proved to converge to the global 

optimum in the case with three substations and no constraints. 

  In this thesis, the DAOP method is extended to the reconfiguration 

analysis problem. This method provides advantages similar to the 

linearized transshipment algorithm, but with more accurate load flow 

analysis. Rather than increment load in steps, the network size is 

incremented in steps of one switching operation. At each step, each 

candidate switching operation is evaluated from the increase in loss, 

divided by the switched segment’s apparent load power. This measure is 

similar to the linearized transshipment cost, except that it includes 

nonlinear load flow analysis. Capacitor switching and voltage regulator 

operation have to be considered as part of the reconfiguration problem, 

and this is another improvement over the transshipment method. Since 

DAOP is a greedy search, it cannot be assured of reaching the global 

optimum except in simplified or special cases. The minimum loss 

problem is quadratic or piecewise quadratic, so one might expect that 

with no constraints, DAOP would converge to a global optimum. 

However, as switches are closed in a DAOP algorithm, certain 

subsequent switch closings will be ruled out by the radial constraint. Even 
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when all voltage and current limits remain satisfied, the DAOP algorithm 

will encounter constraints. 

2.3 Capacitor Applications On Power System: 

With the growth in the size of power systems, research in the area of 

reactive power compensation is needed as an alternative to installation of 

new generating plants. Many researchers have tackled this problem [20-

41] but due to the increased complexity of the power system, a cost 

effective and near optimum technique are needed. 

2.3.1 Neagle and Samson: 

Neagle and Samson et al,  [21] have pioneered the application of 

compensating capacitors on the distribution feeders for the purpose of 

minimizing the losses due to the reactive power component. They 

concluded that the connection of a single capacitor rated 2/3 of the total 

reactive load at the 2/3 of the total length of a uniformly distributed load 

feeder, can reduce the losses due to the reactive power component by 

89%. They also derived a formula giving the optimal rating and location 

of the compensating capacitors to obtain the maximum loss reduction for 

a fixed load level on the distribution feeders. 

 Neagle and Samson et al,   [21] also discussed the optimal loss 

reduction on feeders with uniformly distributed load, a uniformly 

deceased load, and the loss reduction when more than one capacitor is 

used. They did not cover the operation of feeders with varying loads that 

are normally encountered in practice. 
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2.3.2 Compensating Capacitors with Varying Loads: 

    Cook et al, [22] commented that the traditional method of 

estimating the power loss in the distribution network, which used the loss 

factor concept, was not accurate. The loss factor, as defined by Cook 

[21], is the squared ratio of the mean squared to the maximum currents. 

Loss Factor = (Irms/Imax)
2   

  (2.3) 

He gave a rigorous method for calculating the power and energy 

losses on the distribution feeder using a single capacitor. He gave an 

example for comparison, and proved the correctness of his method which 

used the load factor, the ratio of the average to the maximum currents, 

rather than the loss factor. Although Cooks paper considered the 

application of compensating capacitors, it did not deal with optimizing 

the loss reduction.
 

Duran et al, [23] got the optimal number, locations and sizing of 

the shunt capacitors by implementing a cost function containing the 

number, locations and sizes of compensating capacitors. He deduced his 

formula for specific cases; i.e., when the capacitor cost is proportional to 

the installed capacity and when the cost is proportional to installed 

capacity plus a fixed cost per installed bank were considered. 

Chang et al, [24] suggested a computer model to calculate the 

power loss for any number of radial distribution circuits. His model is 

used to calculate the losses in every line section, loss reduction due to 

compensating capacitors, the losses in other equipment such as 

transformers and voltage boosters, and the power losses at the peak load. 
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Chang et al, [25] discussed the application of the shunt capacitors 

for voltage control and peak loss reduction. Although the power loss was 

reduced by this method, the control of the feeder voltage could not be 

adjusted value. This program contains two main parts : 

1) it calculates the profile of the feeder for both the light and full load 

conditions, and indicates if there is a voltage violation.                                                    

2) it determines the optimal ratings and locations of the fixed and 

switched capacitors for improving the voltage profile, and for maximum 

power loss reduction. 

In addition, Chang et al, [26] analyzed mathematically the 

applications of the shunt capacitor for loss reduction in distribution 

feeders, and derived generalized equations for an optimum loss reduction. 

He presented the loss reduction results as a function of compensating 

capacitors values. 

Bae et al,  [27] derived the best, though not the optimal, loss 

reduction in distribution feeders to suit the variations in the load levels, 

by obtaining the best location of a single capacitor and using the best 

capacitor rating. He got about 80% loss reductions at the peak load. He 

also minimized the yearly energy loss. 

 Bae based his idea on three consequent steps; first, he obtained the 

optimal location of the compensating capacitor and the corresponding 

loss reduction for the fixed load level condition, exactly as Neagle and 

Samson et al,  [21] did. The second step was to develop an equation for 

the best location of the compensating capacitor and the loss reduction for 

varying load level condition. To develop such an equation, Bae based his 

method on minimizing the difference between two optimal loss reduction 
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values. The first one is the optimal loss reduction where the capacitor 

banks are optimally relocated at every new compensation rang, and the 

second is the optimal loss reduction under fixed bank location condition. 

 Schmill et al,  [28] derived an equation for calculating the optimal 

locations, ratings of the fixed compensating capacitors, and timing of the 

switched capacitors for obtaining the optimal loss reduction condition on 

the distribution feeders. His study was for a uniformly loaded distribution 

feeder, but with eight cases of distribution operations. These eight cases 

included deriving loss equations on a uniform distribution feeder with a 

uniform resistivity without, and then with a different numbers of 

optimally located compensating capacitors. Also, he included in his cases 

the fixed and switched capacitor combination with considering the 

switching time to gain maximum loss reduction when the system was 

subjected to load variations. Finally, he provided a group of equations for 

loss reduction on a non-uniform distribution feeder with discrete loads 

using an optimally located compensating capacitor. 

Fawzi et al, [29] implemented a dynamic programming technique 

to obtain the optimal number, locations and ratings of the compensating 

capacitors on a uniformly distributed load feeder, when there is an excess 

of the load at certain load points. They studied the application of the 

capacitors on a system already having a group of capacitors, and 

subjected to load increase. 

     Salama et al [30, 31] described the method of controlling the 

reactive power, necessary for reducing the total power loss on the 

distribution feeders. They considered the fixed, and then the variable load 

level conditions, but with end load, and obtained the equations of the loss 

reduction using a single capacitor. They calculated the energy loss in the 
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feeder and the energy saving using the method suggested by Cook [22]. 

They studied the effect of the end load growth on the energy loss and on 

the location and rating of the compensating capacitor. 

     Amer et al, [32] suggested a dynamic reactive power 

compensator, using a fixed capacitor, an inductor and two Silicon 

Controlled Rectifiers (SCR) to control the reactive power injected to the 

distribution feeder by changing the firing angle of the SCRs. 

     Following Amer et al. [32], keene et al, [33], described a 

method to control the reactive power to obtain maximum loss reduction 

on the feeder. Using a microprocessor, a certain value of firing pulses are 

injected to the SCR group to adjust the equivalent compensator 

susceptance in order to obtain the maximum loss reduction for any load 

level. Also, they studied the harmonics of the compensation power, and 

concluded that the fundamental component has a very large effect on the 

loss reduction compared to the upper  harmonics. Keene et al, s [33] work 

stopped at the design and analysis of the dynamic compensator, but they 

did not apply the method to a power system. As a general application of 

amer, s [32] and keene, s [33] work. Kearley et al, [34] applied the 

dynamic compensation on a real-time closed loop system. A data 

acquisition system is logged to a power system model to read the reactive 

component of the load current. Then using the 2\3 rule given by Neagle 

and Samson et al, [21], the optimal level of compensation is calculated, 

and is injected to the power system to perform the optimal loss reduction 

on the feeder at every change in the load level.                                                                

 Grainger and lee et al, [35] solved the problem of minimizing the 

losses on the distribution feeders. They presented a generalized method to 
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find the optimal size and location of the compensating capacitors using 

the equal area criterion.                                       

Grainger et al, [36], presented a new scheme for continuously 

controllable capacitive compensation for a primary distribution feeder. 

They studied the peak power loss, the energy loss and the cost of the 

compensating capacitors. Grainger  and civanlar et al,  [37] reported on 

the maximization of the loss reduction in a distribution system having 

lateral branches (tree structure) using a group of switched and fixed 

capacitors. Also they suggested a direct approach to solve the problem. 

Nayer and kuppurajulu et al, [38, 39] applied a non- linear 

programming technique and a voltage correction method to minimize the 

use of the reactive power in distribution feeders. They minimized the use 

of capacitors by dividing the year into subdivision, the day into intervals, 

assumed that the load is constant during each interval, and used the 

transformer tap setting for the voltage control [38].                                       

 Salama and chikhani et al, [40] presented a simplified method for 

reducing the power distribution system losses and for voltage regulation, 

using a group of optimally located compensating capacitors. They applied 

the method to a multi-lateral distribution system, with lumped loads. 

Their results included the voltage profile at the main feeder with 

capacitors, without capacitors and with a combination of capacitors and 

voltage regulators.     

Bishop and lee et al,  [41] applied a commercial package, CADPAD, 

(Computer Aided Distribution Planning and Design) to a real network in 

Pennsylvania for the purpose of replacing the PCB-filled capacitors with 

non-PCB insulting fluid capacitors. They studied the loss reduction and 
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voltage profile improvement. Their method was based on the 2\3 rule 

given by neagle and Samson et al,  [21] to have an initial solution, and 

then they studied all possible combinations of capacitors to reach a 

minimum loss condition.   

2.4 Loss Reduction by reconfiguration and Capacitor 

Placement 

 A recent work has been published by Lee and Brooks et al,  [42, 43] 

dealing with the continuous system reconfiguration of switches and 

capacitors with Automated Distribution Control. Lee and Brooks 

suggested a scheme for reconfiguration and capacitor application, and it 

can be summarized in six steps:  

                                                                               

1. Determine the losses of the existing system. 

2. Remove capacitors and optimally reconfigure the system.                        

3. Determine losses of the reconfigured system.                                           

4. Apply capacitors to the reconfigured system.                                             

5. Perform final load flow analysis to determine losses.                               

6. Tabulate and compare system load and loss results.   

                                    

Also Lee and Brooks included the load variation during the year in the 

calculation by dividing the year into a finite number of periods assuming 

the load is constant during each of them. They used a program named 

Constrained Multi-Feeder (CMF) for the system reconfiguration, but they 
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did not show the mathematical algorithm of the program or even a 

reference to it. Also they used a capacitor application technique based on 

installing a pre-estimated number of capacitors at each feeder in the 

network. Lee and Brooks technique for capacitor application depends on 

changing the- physical locations of the capacitors to have minimal losses 

whenever the load changes. 

 

                                   

 

 

 

 

 

 

 



   

 

  

CHAPTER THREE 

GFJGJG 

DISTRIBUTION SYSTEM RECONFIGURATION 

3.1 Introduction 

Many of the distribution systems are reconfigured radially [2], 

because the radial  system furnishes a better protective scheme than any 

other system of distribution, against faults. Usually the power distribution 

system has switches that are used for diverting some of the loads to other 

feeders in the events of a fault. Diverting of loads also occurs to make a 

balance between heavily loaded feeders and lightly loaded feeders. Also 

these switches are very important for sectionalizing the distribution 

feeder for a proper protective scheme. These switches can be used to 

improve the efficiency of the distribution system by optimizing the path 

with a minimum resistive route from the substation to the customer load 

point. 

This chapter shows the methods used for reconfiguring the 

distribution systems with all the assumptions and the mathematical 

models for the purpose of minimizing the power losses on the distribution 

feeders. The main goal of the distribution system reconfiguration is to 

find the optimal distribution scheme that gives minimum losses and 

satisfies all system constraints such as node voltages and line currents. 

3.2 Mathematical Techniques 

Many muthematical methods have been employed for the purpose 

of optimal reconfiguration of the distribution systems in order to 
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minimize the feeders losses [4-19]. The next section is a summary of 

these methods. 

3.2.1 Linear Programming Method 

The linear programming method has been used for more than forty 

years as an optimization technique for system planning, transmission and 

distribution costs, etc.. The general formula of a linear programming 

problem is a cost function needs to be minimized or maximized within 

certain limits described by system constraints. This can be written in a 

mathematical form as 

 

 (3.1) 

Where  Z  is the cost function to be minimized or maximized and the X
 

are the variables affecting that function C, are constants coefticients to 

describe the proportionality of the cost function to the variables and n is 

the number of these variables. The limitations of the optimization 

technique are specified by the constraint equations, so that 

 

 (3.2) 

where bj is the limit for J
th
 constraint. and aij is the proportionality factor 

of the variable Xi in the equation of the J
th

 constraint, while m is the 

number of constraints limits. 

Experience in linear programming shows that the solution of the 

problem is an intersection point (vertex) of the constraint equations. 
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As the loss equation is not linear and is proportional to the squared 

value of the current (I
2
R). The linear programming technique is not 

suitable for losses minimization unless it is modified with some 

assumptions such as the linearization technique. 

3.2.2 Linearization Technique 

One of the linearization techniques used for linear programming 

approximation is the step-wise method. Here the non-linear cost function 

describing the system losses can be divided into ranges Fig.(3.1) [4]. For 

each range an approximation is used to consider the cost function linear, 

and the proportional coefticient Ci is the slope of the straight line joining 

the two ends of the function. By increasing the number of ranges, the 

accuracy of calculation is enhanced, but the computational time also 

increases. Although this method gives a near optimal result, the 

calculation of the losses is not accurate [4]. 

 

Figure (3.1): Linearization technique used for linearzing the non-

linear cost function. 
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3.3 Heuristic Method 

Heuristic methods have been proposed [9-10]for finding the 

optimal or near optimal solution with fast computational time. Usually 

the heuristic technique requires a fewer number of iterations compared to 

any analytical method. One of the heuristic methods to reach an optimal 

configuration for minimizing system losses was proposed by Wagner et 

at, [4]. They considered all the possible switching options that may lead 

to a reduction in losses,calculated the losses and determined which option 

leads to minimum losses. Switching option means closing anormally open 

tie swich and opening a normally closed sectionalizing switch to restore 

the radiality of the distribution system. Figure (3.2) illustrates a flow 

chart to demonstrate this method. 

Wagner et al. [4] based their method on results given by Civanlar 

et al. [6]. These results show that the switching options that may lead to 

reduction in the system losses can be reduced to a workable number after 

disregarding those options that may lead to an excess in the system 

losses, lead to voltage limit violation, current excess or customer outages. 

Therefore the proper switching options can be predicted before 

calculating the losses. This can be performed by calculating the system 

voltages. And then the open switches with negligible voltage differences 

across are disregarded from switching options because closing these 

switches does not lead to a reduction in the losses [6]. Then, to obtain a 

reduction in the system losses the switches having large voltage 

differences are considered.Then the transfer of the loads should be from 

the low voltage side of the switch to the higher voltage side. This means 

that the two voltage drops from the substation to the open switch ends are 

calculated and it is necessary to transfer loads from the higher voltage  
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Figure (3.2): A flow chart for the heuristic method to find the optimal 

system configuration.  
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drop side to the lower voltage drop side. Using this technique the number 

of considered switching options are reduced. Although this method gives 

good results for system reconfiguration it is still difficult regarding the 

large number of switching options considered and the optimal solution is 

not guaranteed to be reached especially for a very large system where the 

number of nodes are of the order of thousands. Also a drawback of this 

method is that the final solution depends mainly on the original 

configuration. A better and faster method used for system reconfiguration 

is the optimal load flow method. 

3.4 Optimal Load Flow Method 

The method used in this thesis for reconfiguration is proposed by 

Merline and Back [42] and then modified by Shirmnhammadi and Hong 

[3], with an additional subroutine by Wagner et al. [4] to ensure that no 

voltage or curent violation exists during the switching operation. This 

method is based on a heuristic technique that can reach convergence in a 

few iterations which is very important in regard to the computational time 

[3-4]. 

Figure (3.3) shows a flow chart explaining the method proposed by 

Merline and Back [44] for reconfiguration of distribution systems. The 

first step in this method is to read the system data. These data include 

static data such as number of sections, number of nodes, number of 

feeders, section resistances and reactances and dynamic data such as 

system configuration, switch table, node voltage and nodal load power 

components (active and reactive). The next step in this method is to close 

all the normally open switches to form a weakly meshed network and to 

perform an AC load flow. This step is important to represent the loads as  
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Figure (3.3): A flow chart for the optimal load flow method for 

system reconfiguration. 
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constant power loads therefore the load currents vary with voltage 

variations, and this is needed for the convergence determination at the 

end of calculations. The next step is to apply the optimal load flow 

technique to the weakly meshed network. The optimal load now 

technique is the same as the AC load flow except that the feeder section 

reactances are set to zeros. To reach a radial system, some of the switches 

should be opened, and this can be done in steps by opening the switch 

carrying the lowest current as determined by the optimal load flow 

technique. If the voltage or the current limits at any part of the network, is 

violated due to the opening that particular switch, then this particular 

switch is closed and the switch carrying the next lowest current is opened. 

This procedure is repeated until radial configuration is reached. This 

radial configuration is the optimal configuration regarding to the system 

losses for a certain load level and static system data. 

3.4.1 Load Flow Analysis 

For a large system, where the number of nodes is the order of 

thousands, computation time is important and system reconfiguration 

techniques require an efticient load flow calculation algorithm. 

Shirmohammadi et al. [3] presented a fast and robust load flow algorithm 

for a radial system, and they suggested some modifications to use the 

same algorithm for a weakly meshed network. The weakly meshed 

network is a radial network containing only a few number of closed 

loops. The first step in this algorithm is to number the radial system 

branches and nodes. The numbering technique divides the network into 

layers (Fig.(3.4)). and gives a number to each section in a layer before the 

next layer is reached. Then each section L is identified by two end 

numbers (L1 L2), and the number of the end closer to the power source is 
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smaller than the other end number. The next step in the load flow 

algorithm is to calculate the current at each node using the following 

equation [11]: 

 

 (3.3) 

where is the voltage at node i in the (k-1)
th

 iteration and Si is the 

apparent power at node i, Yi is the summation of the total admittances 

at node i. Then the current at every section is calculated using the 

backward sweep (Equation (3.4) ). The backwared sweep starts the 

farthest section from the source and works back towards the source, 

JL
(K)

 = IL2
(K)

+∑(all currents aminating from L2)      (3.4) 

where JL
(K)

  , is the current flowing at section L  at the k
th
  iteration. Il2 is 

the load Current at node L2,where node L2 is the downstream end of 

section L. Then the volltage at each node can be calculated by forward 

substitution in the equution: 

 
 (3.5) 

where ZL is the series impedance of section L, while L1, and L2 are the 

two end nodes of the section L. This procedure is repeated until 

convergence is reached. Convergence can be determined by the power 

mismatch. The injected power at each iteration can be calculated from the 

following equation: 
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 (3.6) 

and the power component mismatched can be calculated as: 

 

Figure: (3.4) Numbering technique 

 

 

 

 (3.7) 

Where P and Q are the real and imaginary power components. When the 

values of  and  are less than a permissible tolerance, 

convergence is reached and calculations stop, 

Layar 1 

Layar 2 

Layar 3 

Layar 4 
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This method[3] can be applied to a weakly- meshed network by 

opening these loops at certain points (break points) to form a radial 

system.The procedure is continued as before with an addition that the 

break point can be considered as two ends of an open switch, with 

acurrent injection at each end, and if this current injection can be 

calculated the radial load flow analysis can be fllowed to find the break  
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Figure (3.5): A flow chart of the load flow analysis 
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point injected currents, the Thevenin's equivalent impedance is 

determined for each break point. This is done by injecting a unit current 

at each of the break points and the voltage across the two ends of the 

break point is calculated using the radial load flow analysis. The break 

point currents are set initially to zero, and the incremental changes in 

these currents are calculated from 

 
 (3.8) 

where is the incremental change in the break point current at the   

k
th
 iteration, V

(k)
 is a vector representing the break point voltages at the k

th
 

iteration, [Z] is the equivalent impedance matrix at the break points and k 

is the iteration number, [z]
-1

 is the inverse of the matrix [Zl. When the 

incremental currents are obtained, the break point current J is updated by 

adding the incremental value to the previous value. 

 
 (3.9) 

This procedure is repeated until convergence is reached. 

Convergence is determined when the break point voltages are zero, or 

less than a permissible tolerance. 

Figure (3.5) shows a flow chart describing the method of load 

flow [3]. 

3.5 Difficult of  Reconfiguration Problem 

As noted in the previous sections, few utilities have implemented 

reconfiguration to minimize system losses. The main objection to 
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reconfiguration is that it is computationally expensive, i.e., as system size 

grows, so does computation time. If there are N switches in a distribution 

network, there are 2
N
 possible configurations. For modem urban 

distribution systems, the number of distribution transformers may reach 

two to three thousand, and each transformer may be supplied by four or 

five different feeders and substations [45]. Such systems are very 

complex, very difficult to monitor, and difficult to control optimally in 

real-time. Losses associated with each configuration must be calculated, 

and this requires a load flow. The problem is compounded by the desire 

to maintain the radial configuration of the distribution system and by          

operational constraints, i.e., ensuring feeders and transformers are not 

overloaded and ensuring voltage drop limitations are not exceeded. As 

well, there is a need for efficient data structures and algorithms that will 

permit reconfiguration in real-time. 

3.5.1 The Reconfiguration Problem 

3.5.1.1 Mathematical Representation of the Reconfiguration 

Problem 

The reconfiguration problem can be expressed as follows[45]: 

Minimize 

 

(3.10) 

Subject to 

 

(3.11) 
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(3.12) 

 

 

 

(3.13) 

 

 

(3.14) 

where the variables are defined as follows: 

Ri   :the resistance of line section i 

Ii  :the current in line section i 

Xi   :the state value of switch i, 

 

 where    

 1, if switcll is closed  

Xi=                                                                                           

  o, if the switch is open 

(3.15) 

n    number of buses 

     power flow along line section ij 

   demand at bus j 

      voltage drop across line section ij 

.  maximum allowable voltage drop across line section i 

Sft     power flow for feeder f 

Sftmax   maximum rated power flow for feeder j 
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ft   subset of feeders supplied by transformer t 

 

In the above formulation of the reconfiguration problem, equation 

(3.10) represents the total losses of the distribution system. Equation 

(3.11) ensures that supply equals demand at every bus. Equation (3.12) 

ensures that a feeder is not overloaded (current, or thermal  limitation). 

Feeder voltage drop constraints are modeled by equation (3.13). Equation 

(3.14) ensures that transformer buses are not overloaded. As noted earlier, 

the system must also remain in a radial configuration. 

Distribution losses are 1
2
R losses, and thus the problem is a 

nonlinear integer optimization problem, with a quadratic objective 

function, 0-1 type state variables, and linear constraint equations with 

state-dependent constraint formula. The value of the objective function is 

determined from the power flow solution given settings of the control 

variables. At each iteration, a new power flow is required to determine a 

new system operating point This issue will be addressed in detail shortly. 

The problem presents a heavy computational burden for even a 

moderately-sized distribution system. 

3.5.1.2 Other Representations of The Problem 

Other representations of the problem are possible. Roytelman et al 

[46] indicated that the problem could be formulated in various fashions, 

including: 

1. minimizing active power loss: 

2. minimizing power demand (losses + customer demands): 
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3. keeping system within constraints using minimum number of 

control actions. 

 

Minimizing power demand is equivalent to determining the power 

injected at the substation buses. This representation is used in this thesis. 

3.5.2 Power Flow Analysis 

Power flow analysis is used to determine the steady-state powers 

and voltages at each bus in a distribution system, and is well described in 

many textbooks (for example, [47]). Two of the more popular methods of 

power flow analysis are the Gauss-Seidel and Newton-Raphson 

techniques. 

Although both the Gauss-Seidel and Newton-Raphson methods can 

be carried out very quickly on modem computers, the Gauss-Seidel 

method is the preferred method for distribution systems [47]. The method 

has the advantages of relative insensitivity to initial voltage estimates, 

small memory requirements and programming simplicity. For the 

Newton-Raphson method, the low X/R ratios of distribution systems 

often leads to ill-conditioned jacobian matrices, with the result that the 

method fails to converge, or even diverges. 

Reconfiguration for loss reduction typically involves evaluating 

many combinations of switching options to determine which option offers 

the lowest losses. Obviously, in a large system, even with a very fast 

computer, the time needed to complete a load flow to evaluate every 

option would be prohibitive, and is the main reason for not carrying out 

an exhaustive search of all switching combinations. 
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3.5.3 Dynamic Nature of Distribution Systems 

Calculation of the losses for a configuration provides values for 

only one instant in time, based on current bus loads. However, 

distribution systems are very dynamic, and customers include industries, 

commercial centres and residential homes, all of which have changing 

load demands throughout the day, week and season of the year. A typical 

load profile over a twenty four hours period for a residential load is 

shown in Figure 3.6. Thus, reconfiguration must be carried out on a 

regular basis (i.e., on-line and in real-time) as demand changes, further 

increasing the computational load. 

 

Figure (3.6): Load curve for a residential load for a winter weekday 

(based on data taken from Reference [4]). 

3.6 Summary and Conclusion 

This chapter discusses the problem of the network reconfiguration, 

the main goal of the distribution system reconfiguration is to find the 

optimal case switch which gives minimum losses, and achieves all system 

constraints such as node voltages, radial network, and all load bus 
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servese. It discusses the methods used for reconfiguring the distribution 

systems which is asummarised as fllowing : 

� Mathematical techniques. 

� Linear programing method. 

� Linearization technique. 

� Heuristic method. 

� Optimal load flow. 

� Load flow analysis. 

 

Distribution system reconfiguration for loss minimization is a 

nonlinear optimization problem that presents an enormous computational 

burden for even systems of moderate size. Power flows must be carried 

out at each iteration to evaluate possible configurations, further adding to 

the computing time. Finally, the solution must be available in real-time if 

it is to be useful, due to the dynamic, time-varying nature of feeder loads. 



   

 

  

CHAPTER FOUR 

GFJGJG 

GENETIC ALGORITHMS 

4.1 Introduction to Optimization 

Optimization is the process of making something better. An 

engineer or scientist conjures up a new idea and optimization improves 

on that idea. Optimization consists in trying variations on an initial 

concept and using the information gained to improve on the idea. A 

computer is the perfect tool for optimization as long as the idea or 

variable influencing the idea can be input in electronic format. Feed the 

computer some data and out comes the solution. Is this the only solution? 

Often times not. Is it the best solution? That’s a tough question. 

Optimization is the math tool that we rely on to get these answers [48]. 

4.2 The Genetic Algorithm 

The genetic algorithm (GA) is an optimization and search 

technique based on the principles of genetics and natural selection. A GA 

allows a population composed of many individuals to evolve under 

specified selection rules to a state that maximizes the “fitness” (i.e., 

minimizes the cost function). The method was developed by John 

Holland (1975) over the course of the 1960s and 1970s and finally 

popularized by one of his students, David Goldberg, who was able to 

solve a difficult problem involving the control of gas-pipeline 

transmission for his dissertation [49]. Holland’s original work was 

summarized in his book. He was the first to try to develop a theoretical 
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basis for GAs through his schema theorem. The work of De Jong (1975) 

showed the usefulness of the GA for function optimization and made the 

first concerted effort to find optimized GA parameters. Goldberg has 

probably contributed the most fuel to the GA fire with his successful 

applications and excellent book (1989). Since then, many versions of 

evolutionary programming have been tried with varying degrees of 

success. 

Some of the advantages of a GA include : 

� Optimizes with continuous or discrete variables, 

� Doesn’t require derivative information, 

� Simultaneously searches from a wide sampling of the cost 

surface, 

� Deals with a large number of variables, 

� Is well suited for parallel computers, 

� Optimizes variables with extremely complex cost surfaces (they 

can jump out of a local minimum), 

� Provides a list of optimum variables, not just a single solution, 

� May encode the variables so that the optimization is done with 

the encoded variables, and 

� Works with numerically generated data, experimental data, or 

analytical functions. 

 

These advantages are intriguing and produce stunning results when 

traditional optimization approaches fail miserably. 
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4.3 Genetic Algorithms: Natural Selection 

Genetic Algorithms (GA) are direct, parallel, stochastic method for 

global search and optimization, which imitates the evolution of the living 

beings, described by Charles Darwin. GA are part of the group of 

Evolutionary Algorithms (EA). The evolutionary algorithms use the three 

main principles of the natural evolution: reproduction, natural selection 

and diversity of the species, maintained by the differences of each 

generation with the previous. Genetic Algorithms works with a set of 

individuals, representing possible solutions of the task. The selection 

principle is applied by using a criterion, giving an evaluation for the 

individual with respect to the desired solution. The best-suited individuals 

create the next 

generation. The large variety of problems in the engineering 

sphere, as well as in other fields, requires the usage of algorithms from 

different type, with different characteristics and settings [44]. 

The genetic algorithm uses three main types of rules at each step to 

create the next generation from the current population: 

� Selection rules select the individuals, called parents, that contribute 

to the population at the next generation. 

� Crossover rules combine two parents to form children for the next 

generation. 

� Mutation rules apply random changes to individual parents to form 

children. 
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The genetic algorithm differs from a standard optimization algorithm 

in two main ways, as summarized in the following table 4.1. 

Table 4.1 Genetic algorithm and standard optimization algorithms 

Standard Algorithm Genetic Algorithm 

 

Generates a single point at each 

iteration. The sequence of points 

approaches an optimal solution. 

 

Generates a population of points 

at each iteration. The population 

approaches an optimal solution. 

 

Selects the next point in the 

sequence by a deterministic 

computation. 

Selects the next population by 

computations that involve random 

choices. 

 

Figure 4.1 shows the analogy between biological evolution and a 

binary GA. Both start with an initial population of random members. 

Each row of binary numbers represents selected characteristics of one of 

the dogs in the population. Traits associated with loud barking are 

encoded in the binary sequence associated with these dogs. If we are 

trying to breed the dog with the loudest bark, then only a few of the 

loudest, (in this case, four loudest) barking dogs are kept for breeding. 

There must be some way of determining the loudest barkers—the dogs 

may audition while the volume of their bark is measured. Dogs with loud 

barks receive low costs. From this breeding population of loud barkers, 

two are randomly selected to create two new puppies. The puppies have a 

high probability of being loud barkers because both their parents have 

genes that make them loud barkers. The new binary sequences of the 

puppies contain portions of the binary sequences of both parents. These 

new puppies replace two discarded dogs that didn’t bark loud enough.  
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Figure (4.1): Analogy between a numerical GA and biological 

genetics.  
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Enough puppies are generated to bring the population back to its original 

size. Iterating on this process leads to a dog with a very loud bark. This 

natural optimization process can be applied to inanimate objects as well. 

4.4 Main ingredients of GA [16] 

4.4.1 Chromosomes 

During the division process of the human cells the chromatin 

(contained in the nucleus and built from DNA (deoxyribonucleic acid), 

proteins and RNA (ribonucleic acid)) become shorter and thicker and 

forms spiral strings – chromosomes. In these chromosomes are the genes, 

that carry the inherited cell information. Every gene codes particular 

protein and is independent factor of the genetic information, which 

determines the appearance of different peculiarities. 

For the genetic algorithms, the chromosomes represent set of 

genes, which code the independent variables. Every chromosome 

represents a solution of the given problem. 

Individual and vector of variables will be used as other words for 

chromosomes. From other hand, the genes could be Boolean, integers, 

floating point or string variables, as well as any combination of the above. 

A set of different chromosomes (individuals) forms a generation. By 

means of evolutionary operators, like selection, recombination and 

mutation an offspring population is created. 

4.4.2 Selection 

In the nature, the selection of individuals is performed by survival 

of the fittest. The more one individual is adapted to the environment - the 
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bigger are its chances to survive and create an offspring and thus transfer 

its genes to the next population. 

In EA the selection of the best individuals is based on an 

evaluation of fitness function or fitness functions. Examples for such 

fitness function are the sum of the square error between the wanted 

system response and the real one; the distance of the poles of the closed-

loop system to the desired poles, etc. If the optimization problem is a 

minimization one, than individuals with small value of the fitness 

function will have bigger chances for recombination and respectively for 

generating offspring. 

4.4.3 Recombination 

The first step in the reproduction process is the recombination 

(crossover). In it the genes of the parents are used to form an entirely new 

chromosome. The typical recombination for the GA is an operation 

requiring two parents, but schemes with more parents area also possible. 

Two of the most widely used algorithms are Conventional (Scattered) 

Crossover and Blending (Intermediate) Crossover. 

4.4.3.1 Conventional (Scattered) Crossover 

In this recombination type, the parents exchange the corresponding 

genes to form a child. The crossover can be single- or multipoint Figure 

4.2. For the recombination a bit Mask is used. The equations describing 

the process are: 

 

(4.1) 

P1, P2  : parent’s chromosomes; 
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C1, C2 : children’s chromosomes (offspring individuals); 

Mask1, Mask2  : bit masks (Mask2 = NOT(Mask1) ) 

& : bit operation “AND”. 

For the example at Figure 4.2b: 

Mask1 = [1 1 1 0 1 1 0 0 0]; Mask2 = NOT(Mask1) = [0 0 0 1 0 0 1 1 1]; 

P1 = [2 7 5 8 0 3 1 5 9]; P2 = [8 8 4 5 1 6 9 7 1]; 

 

Figure (4.2): Crossover with bit mask 

Geometric representation of this type of crossover of a 

chromosome with two genes is shown at Figure 4.3. This crossover type 

(with bit mask) could be used with all gene types listed above. 

Examples for this type of genetic information transfer in the nature 

are color of the eyes, gender, etc. 

 

Figure (4.3): Graphical representation of a scattered crossover 

4.4.3.2 Blending (Intermediate) crossover 

The mathematic description of this crossover is: 
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(4.2) 

 

 
(4.3) 

P1, P2  : parent’s chromosomes; 

C1, C2 : children’s chromosomes (offspring individuals); 

α - exploration coefficient – user defined (α ≥ 0); 

r – random number between 0 and 1; 

The graphical representation is shown on Figure 4.4.  

 

Figure (4.4): Graphical representation of blending crossover with: (a) 

α =0. (b)  α > 0 

The coefficient α allows the user to change the area in which the 

value of the resultant (offspring) gene can appear. When α=0 it is 

guaranteed that the value of the resultant gene is between the values of 

the corresponding genes of the parents. When the value of α is above 0, 

neighbor areas could be explored Figure 4.5. 

In the nature in a similar way is transferred the information about 

skin pigmentation, body structure, etc. 



CHAPTER IV                                                                        GENETIC ALGORITHMS 

65 

 

 

Figure (4.5): Change of the search diapason at change of a 

4.4.4 Mutation 

The newly created by means of selection and crossover population 

can be further applied to mutation. Mutation means, that some elements 

of the DNA are changed. Those changes are caused mainly by mistakes 

during the copy process of the parent’s genes. In the terms of GA, 

mutation means random change of the value of a gene in the population 

Figure 4.6 a. The chromosome, which gene will be changed and the gene 

itself are chosen by random as well Figure 4.6 b. 

 

Figure (4.6): Mutation in the genetic algorithms 

4.5 Scheme of the Evolutionary Algorithms[47] 

The EA holds a population of individuals (chromosomes), which 

evolve my means of selection and other operators like crossover and 

mutation. Every individual in the population gets an evaluation of its 

adaptation (fitness) to the environment. In the terms of optimization this 

means, that the function that is maximized or minimized is evaluated for 
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every individual. The selection chooses the best gene combinations 

(individuals), which through crossover and mutation should drive to 

better solutions in the next population. 

One of the most often used schemes of GA is shown on Figure 4.7 

in which the following steps are carried out: 

1. Generating initial population – inmost of the algorithms the first 

generation is randomly generated, by selecting the genes of the 

chromosomes among the allowed alphabet for the gene. Because of 

the easier computational procedure it is accepted that all 

populations have the same number (N) of individuals. 

2. Calculate the values of the function that we want to minimize of 

maximize. 

3. Checking for termination of the algorithm – as in the most 

optimization algorithms, it is possible to stop the genetic 

optimization by: 

� Value of the function – the value of the function of the best 

individual is within defined range around a set value. It is 

not recommended to use this criterion alone, because of the 

stochastic element in the search the procedure, the 

optimization might not finish within sensible time; 

� Maximal number of iterations – this is the most widely used 

stopping criteria. It guarantees that the algorithms will give 

some results within some time, whenever it has reached the 

extremum or not; 
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� Stall generation – if within initially set number of iterations 

(generations) there is no improvement of the value of the 

fitness function of the best individual the algorithms stops. 

 

 

Figure :( 4.7) General scheme of the evolutionary algorithms 
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4. Selection – between all individuals in the current population are 

chose those, who will continue and by means of crossover and 

mutation will produce offspring population. At this stage elitism 

could be used – the best n individuals are directly transferred to the 

next generation. The elitism guarantees, that the value of the 

optimization function cannot get worst (once the extremum is 

reached it would be kept). 

5. Crossover – the individuals chosen by selection recombine with 

each other and new individuals will be created. The aim is to get 

offspring individuals, that inherit the best possible combination of 

the characteristics (genes) of their parents. 

6. Mutation – by means of random change of some of the genes, it is 

guaranteed that even if none of the individuals contain the 

necessary gene value for the extremum, it is still possible to reach 

the extremum. 

7. New generation – the elite individuals chosen from the selection 

are combined with those who passed the crossover and mutation, 

and form the next generation. 

4.6 Areas of Application of the Genetic Algorithms for 

Optimization[48] 

The Genetic Algorithms are direct, stochastic method for 

optimization. Since they use populations with allowed solutions 

(individuals), they count in the group of parallel algorithms. Due to the 

stochastic was of searching, in most cases, it is necessary to set limits at 

least for the values of the optimized parameters. 
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4.6.1 Single- and Multi-parameter problems 

Depending on the number of optimized parameters, the problems 

are divided into: 

Single parameter problem )(min
1

xf
Rx∈

              (4.4) 

Multi-parameter problem )(min xf
nRx∈

    (4.5) 

Although that the standard algorithms for genetic optimization are 

designed for multi-parameter (design variables) optimization, there are 

modifications allowing single parameter optimization. Such possibility 

exists in the offered here toolbox as well. Every gene, representing a real 

valued variable is divided into sub-genes, coding different powers of 10. 

Every sub-gene is modified independently from the others. For example, 

the gene, coding the number 435.5391 is divided into 7 sub-genes: 4, 3, 7, 

5, 3, 9, 1. Another possible way of representation is the Boolean, where 

the sub-genes code powers of 2. Drawback of those representations is the 

non-linear transformation from one space to another. This makes possible 

values, which are close to one-other in one space to have a big difference 

in the other (phenomena known as Hamming cliffs). Example for such is 

the representation of 15 and 16 in decimal and binary systems, shown in 

Table 4.2. 

Table 4.2: Example for decimal and binary system     
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4.7  Selection [48] 

As it was explained above, the selection is a process, in which the 

individuals which will be applied to the genetic operations and which will 

create the offspring population are chosen. The selection has two main 

purposes: 

1. To choose the most perspective individuals, which will take part in 

the generation of next population or will be directly copied 

(elitism); 

2. To give an opportunity to an individuals with comparatively bad 

value of the fitness function/functions to take part in the creation 

process of the next generation. This allows us to preserve the 

global character of the search process and not allow a single 

individual to dominate the population and thus bring it to local 

extremum. 

4.7.1 Single-Objective Optimization 

In this case, we have only one function, which we want to 

optimize. For each individual in the generation the fitness value is 

evaluated and later used to choose those individuals, which will create the 

next generation. 

There are three methods of selection: 

4.7.1.1 Proportional to The Fitness Function Selection 

The probability (P) of each individual to be selected is calculated 

as the proportion of its fitness function to the sum of the fitness functions 

of all individuals in the current generation. It should be noted, that this 

type of selection is for maximization problems, whereas the toolbox 
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searches always for the minimum. This is done by recalculating the 

fitness values in such a way, that the best individuals (minimal function 

value) receive the maximal fitness and vice versa. 

For the choice of parents the roulette wheel method is used. With it 

a circle is divided into N sectors, where N is the number of individuals in 

the population. The arc of each sector is proportional to the selection 

probability P of the corresponding individual Figure 4.8. After each 

rotation of the wheel, the individual opposite the “selection arrow” is 

chosen. You can think about the real roulette wheel, where at each turn, 

the ball stops randomly at number. 

 

Figure (4.8): Roulette wheel method 

 

 

Figure (4.9): Program realization of the roulette wheel method 
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In the programs, a linear representation of the roulette wheel Figure 

4.9 and a random number generator within [0,1) are used. This random 

number is multiplied by the sum of the fitness functions for the 

generation and bottom-up addition is started (1-1,1-2, 1-3, …), until the 

sum of the numbers exceed the random number. The index of the last 

added fitness function is taken and added to the parents set for the next 

gene. 

This selection method however has a disadvantage in case that one 

of several individuals has fitness function, which is in magnitudes better 

than the others. In that case, those individual/individuals will dominate 

the generation and will cause convergence to a point, which could be far 

from the optimum. The next two methods try to solve this problem. 

4.7.1.2 Rank Selection 

The individuals are sorted according to the value of their fitness 

function and than they are assigned a rank. The rank of the best individual 

is 1, of the second best 2 and so on. The selection probability for each 

individual is calculated according the following non-linear function: 

 
(4.6) 

Where β is a user defined coefficient. For the selection is used the 

method of the roulette wheel. 

4.7.1.3 Gauss Selection 

The generation is again sorted according to the value of the fitness 

function. After this a random number with Gaussian distribution is 

generated and scaled to the size of the generation Figure 4.10. The section 
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of each individual on the x-axis has the same width. Adjustable parameter 

is the standard deviation. 

4.7.2 Multiobjective Optimization 

Quite often, in the engineering tasks, there are several criterions 

that need to be simultaneously satisfied. Often those criterions are 

contradicting and cannot have optimum at the same time, thus improving 

the value one-criterion means getting worst values for another. This arises 

the question how to use those criterions to find the optimal solution and 

how to search the parameter space. The created here selection methods 

count in the group of Pareto methods. By those types of methods a set of 

non-dominated solutions is obtained, from which the user could choose 

the one that best suits the requirements and needs. 

Let is assume we have k objective functions we want to minimize: 

 

 

(4.7) 

Definition 1: Dominating: Vector v is said to dominate vector u, if: 

 
(4.8) 

thus for at least one fitness function v is giving smaller value than 

u. 

 Definition 2: Pareto optimality: Vector x∈  S is a Pareto-optimal 

solution, if and only if there is no vector y∈S, for which  f(y) = (f1(y)…. 

fk(y)) dominates f(x) = (f1(x)…. fk(x)). 

The set of Pareto-optimal (non-dominated) solutions forms a 

Pareto-surface P (Figure 4.11). 
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Figure (4.10): Gaussian selection 

 

Figure (4.11): Pareto surface 

Two methods for multi-objective optimization are created – non-

dominated sorting and Pareto-optimal sorting. In both methods, before 

finding the Pareto-optimal individuals for the current generation, the 

Pareto-optimal individuals from the previous generation are added. This 

in fact is the elitism operator. 
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4.7.2.1 Non-dominated Sorting Method 

The individuals in the population are sorted and the Pareto-surface 

is found. All non-dominated individuals in the population receive the 

same rank (1). Then they are taken out and the rest of the population is 

sorted again. Again, a Pareto-surface is found and the individuals forming 

it receive rank 2. The process is repeated until all individuals receive 

rank-Figure 4.12a. Than the ranks are recalculated, so the rank of the 

individuals on the first Pareto-surface gets maximal. The roulette wheel 

method is used. 

4.7.2.2  Pareto-ptimal Sorting 

From all individuals in the current generation only the Pareto-

optimal are taken. At Figure 4.12b those are A, B and C. The recombine 

with each other and generate the next generation. When there is only one 

individual that dominates the whole generation, than also the second 

Pareto-surface is found and used for the recombination. Drawback of this 

method is that several individuals “steer” the search and the algorithm 

can stuck in local minima. Advantages toward the non-dominated sorting 

are the fastest selection and convergence. 

In both methods the number of Pareto-optimal (for the generation) 

individuals is limited, when it exceeds the defined number. This is done 

by calculating a function of closeness between the individuals: 

 

(4.9) 

where   are individuals on the Pareto-surface. The 

individual with smaller value of D (distance to the other points) is 

removed. This process continues until the desired number of points is 
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achieved. Beside limiting the number of points this helps to keep the 

diversity of the Pareto-set and obtain better spread surface. 

 

Figure (4.12): (a) Non-dominated sorting method. (b) Pareto-optimal 

sorting method. 

4.8  Summary and Conclusion 

This chapter introduces one of the most efficient methods in the 

process of optimization and search techniques, which is the genetic 

algorithms. The genetic algorithms are based on the principles of genetics 

and natural selection. The chapter explains the difference between a 

genetic algorithm and a standard optimization algorithm. It discusses the 

terms, chromosomes, selection, recombination or crossover and mutation, 

which represent the main ingredients of genetic algorithms. In addition, it 

gives an overview on the area of application of the genetic algorithms for 

optimization 



   

 

  

CHAPTER FIVE 

GA BASED PROPOSED TECHNIQUE 

5.1 Introduction 

The complexity of any optimization problem depends on the 

objective function formulation and what constraints are considered. In 

this work, an illustration of how to make Fitness function and solve 

network reconfiguration problem by genetic algorithm for power loss 

reduction is introduced,  and this solution achieves necessary constraints 

in radial distribution system. 

5.2 Problem Formulation 

There are many criteria depending on the performance of the system 

for an operator to determine the switch statuses in the distribution system. 

It is known that network operator hopes the MW losses are minimized if 

the system is in normal state or after the fault clearance. The problem can 

be formulated as follows:    

Min f (V, X) (5.1) 

Where the variables are defined as follows: 

 V: is the vector of voltage magnitudes of the different buses. 

   X: is the vector of the switches status. 

   f (V, X): are the power losses which can be calculated from the 

following equation: 
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 (5.2) 

Where SL(x, h) is the apparent power from node (x) to node (h) which is 

calculated using the following equation:    

 
(5.3) 

Y is the (m,n)th element in the bus admittance matrix, and Vm is 

bus m voltage which is calculated by Gauss iterative method. 

   (5.4) 

Where K= 0, 1, …. etc. (to the maximum allowed number of iterations), n 

is the number of buses. 

As the losses SL varies with (V, Y), and (Y, V) depends on the 

switch status (X), then the fitness function varies with (V, X). The 

objective of the search is to minimize this fitness function under certain 

constraints:  

1. Radial network. 

2. All loads serves. 

3. Node voltage magnitude bounds. 

 

1-Radial network 
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In this constrain, one can define radial feeding as following: 

as shown in figure (5.1), if the bus connected to sw2 is supplied 

by both F1, and F2 a loop is produced, this configuration is not 

correct for calculation, therefore network configuration should be 

corrected; briefly, each node has to be supplied from single feeder. 

In Figure (5.1) any load bus in the configuration is be supplied 

from one of the two feeders (1) or (2) so that no loop can be 

configured. By other means at least, one of switches (sw1, sw2, 

sw3) should be open. 

 

Figure (5.1): show how to radial configuration. 

 

2-All Loads Serves 
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Figure (5.2): show how to all loads served 

Routes of all buses have obtained to satisfy all load serves 

constraints, therefore routes of all buses need to have one main 

bus in first of its rout. Briefly, each load node has to be supplied 

with its load active and reactive power requirement. As shown in 

the Figure (5.2) all load buses (1, 2, 3, 4, and 5) should be served 

such that, only one of the switches (sw1, sw2, sw3) is open. 

3-Node Voltage Magnitude Bounds  

The network reconfiguration is optimized such that the node voltage 

magnitude Vi doesn't be out of the voltage limits, or:    

 

 

(5. 5) 

Where,  and  are equal to 0.95 p.u. and1.05 p.u. 

respectivly. 

5.3 Objective Function Formulation Basaed on GA  

Distribution system loss minimization through system 

reconfiguration is a difficult problem that has been investigated by many 

researchers. One of the methods who can give ours a global optimal 
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solution is GA. Genetic algorithms use the principle of natural evolution 

and population genetics to search and arrive at a high quality near global 

solution. The required design variables are encoded into a binary string as 

a set of genes corresponding to chromosomes in biological system. 

Unlike traditional optimization techniques that require one starting 

solution, GA uses a set of chromosomes as initial solutions. The group of 

chromosomes is called a population. The merit of a string is judged by the 

fitness function, which is derived from the objective function and is used 

in successive genetic operation.                                         

During each iterative procedure (referred to as generation), a new set 

of strings with improved performance is generated using three GA 

operator (normally reproduction, crossover, and mutation). 

This thesis shows the applicability and efficiency of GA in 

reconfiguring the distribution system to get minimum losses. 

5.3.1 Initial Population 

In this stage, the network buses (given table5.1) are entered and the 

genetic algorithm program generates different random solution which 

presents different status for the switches. Figure (5.3) gives an example of 

a single random solution presented by a chromosome with binary genes. 

Accordingly, a different network configuration is randomly initiated. 

 

1 1 1 1 0 1 1 1 1 1 0 … .. … .. … 

Figure (5.3): An example of switch status chromosome 
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5.3.2 Objective and Fitness Function 

Based on the initial random configurations, the objective function 

and the penalty function composed of the constraints are calculated. The 

fitness function of each solution is then calculated as follows.  

 

(5. 6) 

Where  Penalty (v,x) is value added to the objective function 

according to the constraints discussed before in section two.  

The strings are stored according to their fitness which is then 

ranked accordingly. 

5.3.3 Genetic Operators 

Genetic operators are the stochastic transition rules applied to each 

chromosome during each generation procedure to generate a new 

improved population from the previous one. A genetic algorithm usually 

consists of reproduction, crossover and mutation operators. 

5.3.3.1 Reproduction 

Reproduction is a probabilistic process for selecting two 

parent strings. 

5.3.3.2 Crossover 

In this thesis the characters to the right of a crossover point are 

swapped. The probability of parent-chromosomes crossover is assumed to 

be 0.8. 
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Crossover is the process of selecting a random position in the 

parent's strings and swapping the characters either left or right of this 

point with each other. This random position is called the crossover point.    

5.3.3.3 Mutation  

In this thesis the probability of mutation is assumed to be 0.02. 

Mutation is the process of random modification of a string position by 

changing “0”to “1” or vice versa, with a small probability. It prevents 

complete loss of genetic through reproduction and crossover by ensuring 

that the probability of searching any region in the problem space is never 

zero.  

 

5.4 Application and Simulation Resultes 

The distribution network presented inTable (5.1) is used for feeder 

reconfiguration technique. The proposed technique is introduced as a  

computer program, which is written using matlab software. The flow 

chart of the program is given in Figure (5.4).  

The genetic parameters are follows: 

� Population size equal 80. 

� Number of generation equal 100. 

� Mutation probability equal 0.02. 

� Crossover probability equal 0.8. 

Table 5.1: Data of the three-feeder simple system 

Bus line No. bus 

Or sw. 

Line data End bus loading* 
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  Reactance 

(p.u.) 

Resistance 

(p.u.) 

Q 

(MVAR) 

P 

(MW) 

1-4 Sw1 0.10 0.075 1.6 2.0 

4-5 Sw2 0.11 .080 1.5 3.0 

4-6 Sw3 0.18 0.090 0.8 2.0 

6-7 Sw4 0.04 0.040 1.2 1.5 

2-8 Sw5 0.11 0.110 2.7 4.0 

8-9 Sw6 0.11 0.080 3.0 5.0 

8-10 Sw7 0.11 0.110 0.9 1.0 

9-11 Sw8 0.11 0.110 0.1 0.6 

9-12 Sw9 0.11 0.080 2.0 4.5 

3-13 Sw10 0.11 0.110 0.9 1.0 

13-14 Sw11 0.12 0.090 0.7 1.0 

13-15 Sw12 0.11 0.080 0.9 1.0 

15-16 Sw13 0.04 0.040 1.0 2.1 

5-11 Sw14 0.04 0.040 - - 

10-14 Sw15 0.04 0.040 - - 

7-16 Sw16 0.12 0.090 - - 

* Base: 100 MVA, 23 kV 
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Figure (5.4): Flow chart of the program 
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Figure (5.5): Base three-feeder distribution system 

The network used the IEEE contains 3 feeders and 16 nodes. The 

switches in the network are 9 switches; three tie switches and six 

sectionalizing switches. As shown in Figure (5.5), the base configuration  

contains 3 tie switches open (sw5, sw11, and sw16), and 6 sectionalizing 

switches close (sw2, sw4, sw7, sw9, sw14, and sw15) [50]. 

 

5.4.1 Cases Study Group One 

In this groupe of cases, the proposed technique is applied on the 

network in normal load condition - see figure (5.6) -, and the assumption 

that each one of the three transformer can carry the total loads of the 

network. The previous assumption is chosed to give more reliability to 

the power supply of the nuclear installation.  

The power from transformers is calculated and, it depends on the 

switches status. For example, in the base case the switches (sw7, sw9, and 
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sw14) is open, the feeder power can be calculated from equation (5.7 

,8,9). 

F�CPdt�C Pd �D Pd �D Pd �D Pd �  (5.7) 

F
C Pd t
C Pd /D Pd 2D Pd�4D Pd��  D Pd�
   (5. 8) 

F�C Pd t�CPd ��D Pd ��D Pd ��D Pd ��      (5.9) 

Where: 

Pdt1, Pdt2, and Pdt3 is total load demand power at feeders F1, F2, 

and F3.  Pd 4, Pd 5, Pd 6, Pd7, Pd 8, Pd 9, Pd 10, Pd 11, Pd12, Pd13, 

Pd14, Pd1 5, and Pd16 denote the scdualed power demand of the load at 

buses 4,5,6,7,8,9,10,11,12,13,14,15, and 16. 

 

 

Figure (5.6): Feeder power 

 

5.4.1.1 Base Network  

As in Figure (5.5), the switches (sw5, sw11, and sw16) are open. 

the proposed technique is applied to the base network, which has the 

chromosom shown in Figure (5.7).  
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1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 0 

Figure (5.7): case study, base network chromosome 

The results of load flow program for the base case as well 

as the three different cases configuration are illustrated in the 

Tables (5.2 & 5.3) as in Figures(5.13 & 5.14). The values of 

power losses and Fitness function are 0.0036 p.u. and 280.1803 

respectively, for the base network . However, the voltage is not  

the accepted limit ( as presented in Table (5.3)). 

 

5.4.1.2 Case One (Normal Condition)    

The technique is applied to reconfigure the network and 

minimize the losses to optimum value. The new configuration is 

shown in Figure (5.8) where the switches (sw7, sw9, sw16) are 

open. 

The values of power losses and Fitness function are 0.0034 

p.u. and 292.09996 respectively, and the voltage is within the 

accepted limit. the solution after optimization using the present 

developed technique is shown in Table (5.2)  

 

A comparison between the obtained solutions by the 

proposed technique at Case one and the Base network 

configuration is given in Figures (5.9 & 5.10). It is clear that the 

solution obtained here gives lower losses than the base and the 

voltage node becomes within the limit.    
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1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 0 

(a) 

 

(b) 

Figure (5.8):  Group one, Case one (normal condition) 

a): Result network chromosome, 

b): Three-feeder distribution system after using proposed method. 

 

 

Figure (5.9): Compare for voltage profile between  

Base network and Case one (5.8) 
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Figure (5.10): Compare for power losses between  

Base network and Case one 

5.4.1.3 Case Two (Fault Causes Outage of Branch 5)  

When the fault occure, the protection devices clear this fault 

and causes outage of some feeders.  

In response to a fault; some of the normally closed switches are 

opened in order to isolate the faulted network branch. At the same 

time, some of the normally open switches are closed in order to 

transfer part or all of the isolated branches to other feeders. In this 

time the proposed teqnique is applied again to introduce a new 

reconfiguration. All switches are restored again to their normal 

positions after solving the problem that has been caused the fault. 

The thesis studied the network when the fualt occurs first on 

branch (5) and second on branch (14). The result data after 

clearance of fault is given in Table (5.2). 
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When the fault occurs on branch (5), the reconfiguration of 

the network is resulted from the proposed method as shown in 

Figure (5.11), The result shows that in order to reduce the losses 

to minimum, the switches (4, 5, and 11) should be opened. 

 

1 1 1 0 0 1 0 1 1 1 1 1 1 1 1 1 

(a) 

 

(b) 

Figure (5.11): Group one, Case two (fault causes outage of branch 5) 

a): Result network chromosome, 

b): Distribution system after isolating of fault in branch (5). 

The values of power losses and Fitness function are 0.0036 

p.u. and 276.9208 respectively, and the voltage is within the 

accepted limits. 
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5.4.1.4 Case Three (Fault Causes Outage of Branch 14)  

In this case, when fault occurs and cause outage of branch 

(14), and similar to what previously discussed, the new 

configuration result is shown in Figure (5.12) where switch (sw9, 

sw14, and sw16) should open to achievement minimum power 

losses. The values of power losses and Fitness function are 0.0039 

 

1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 0 

                                       (a) 

 

                                        (b) 

Figure (5.12): Group one, Case three (fault causes outage of branch 

(14) 

a):Result network chromosome, 

b): Distribution system after isolating of fault in branch (14). 
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p.u. and 253.2804 respectively, and the voltage is within the 

accepted limit. 

  Table 5.2: Loss analysis of cases study Group one 

 

 

Case 

of network 

fitness 

function 

Losses 

(p.u.) 

Opening switch 

 

 

Base network 

 

 280.1803  0.0036     Sw. no. (5, 11, 16) 

Case one 292.9996 0.0034 

  

Sw. no. (7, 9, 16) 

 

Case two 276.9208 0.0036 

         

 Sw. no. (4  , 5  , 7 ) 

 

 

Case three 

 

253.2804 0.0039 

         

       Sw. no. (9  , 14  , 16) 
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Figure (5.13): Power losses for different cases (Group one) 

      Table 5.3: Voltage profile (p.u.) at Cases study group one 

Node 

No. 

Base 

network 

Case one Case two Case three 

1 1 1.0081 1.0059 1.0081 

2 1 1.0176 1.0185 1.0195 

3 1 1.0079 1.0100 1.0054 

4 0.96 1.0014 0.9991 1.0014 

5 0.95 0.9986 0.9950 0.9986 

6 0.94 0.9985 0.9959 0.9985 

7 0.94 0.9975 0.9955 0.9975 

8 0.94 1.0029 1.0037 1.0027 

9 0.92 0.9938 0.9957 0.9937 

10 0.93 0.9986 0.9987 0.9998 

11 0.92 0.9983 0.9949 0.9983 

12 0.91 0.9879 0.9898 0.9878 

13 0.97 1.0013 1.0020 1.0012 

14 0.96 0.9989 0.9992 0.9991 

15 0.95 0.9990 0.9990 0.9989 

16 0.95 0.9978 0.9971 0.9977 
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      Figure (5.14): Voltage profile for different cases (Group one). 

5.4.2 Cases Study Group Two: 

In this group of cases, the proposed technique is also applied to the 

network in normal load condition, with the new assumption that is the 

three transformers share the total loads of the network. By other meaning 

each one of the three transformer rating is less than the total load, and the 

assumption that the base feeder's load equal 75% from rating power 

transformer of this feeder. 

5.4.2.1 Case Four (Normal Condition) 

In this case, the proposed technique is applied as in case 

one. The new configuration differs from that in previous cases, 

Switches (sw2, sw4, and sw11) are opened, Figure (5.15).  

1 0 1 0 1 1 1 1 1 1 0 1 1 1 1 1 

(a) 
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                                          (b) 

Figure (5.15): Group two, Case four (normal operation) 

a): Result network chromosome,  

b): Three-feeder distribution system after using proposed method. 

5.4.2.2 Case Five (Fault Causes Outage of Branch 5)  

Similar to case two and three, the proposed algorithm is applied to 

the network in this group, when fault occurs and causes the outage of 

branch 5. The new configuration of the network, after fault occurrence 

and before solving the problem, is shown in Figure (5.16). The result 

shows that in order to reduce the losses to minimum, the switches (4, 5, 

and 11) should be opened. 

The results show that the power losses and Fitness function 

are equal to 0.065p.u. and 152.869 respectively, while the 

voltages are within the accepted limit. 

1 1 1 0 0 1 1 1 1 1 0 1 1 1 1 1 

(a) 
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(b) 

Figure (5 .16): Group two, Case five (fault causes outage of branch 5) 

a): Result network chromosome, 

b): Distribution system after isolating of fault in branch (5). 

5.4.2.3 Case Six (Fault Causes Outage of Branch 14) 

In this case, when fault occurs and cause outage of branch 

(14), and similar to what previously discussed, the new 

configuration result is shown in Figure (5.17). This result differs 

from the case three in the previous group, where the switches 

(sw2, sw4, and sw14) are open. The values of power losses and 

Fitness function are 0.0073 p.u. and 147.7873 respectively, and 

the voltage is within the accepted limit. 

 

1 0 1 0 1 1 1 1 1 1 1 1 1 0 1 1 

(a) 
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(b) 

Figure (5.17): Group two, case six (fault causes outage of branch 14) 

a): The result network chromosome, 

 b): Distribution system after isolating of fault in branch (14). 

5.4.3 Case Seven(Variable Load Condition) 

This case study shows another test, which can be performed. When 

the system has dynamic loads and multiple customers, such as industries, 

commercial building and residential area, these customers have variable 

demand loads, which vary throughout the day, week and season of the 

year. At certain time, the bus demand load changes according to changes 

of total connected load, and consequently, the proposed technique should 

be applied again to bring the network to the optimum point of operation. 

Followings are the assumptions made to the system to simulate the new 

loads:   

� Load at bus four decrease from 0.02 to 0.001 
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� Load at bus five decrease from 0.03 to 0.002 

� Load at bus six decrease from 0.02 to 0.001 

� Load at bus sixteen decrease from 0.021 to 0.011 

� Load at bus seven increase from 0.015 to 0.02 

� Load at bus night increase from 0.05 to 0.11 

 

The new network configuration after load changes is shown 

in the Figure (5.18) where, the switches (sw5, sw 14, and sw 15) 

are open. The values of power losses and Fitness function are 

0.0076 p.u. and 331.2948 respectively, and the voltage is within 

the accepted limits. The values of power losses and Fitness 

function in all cases are given in Table (5.4) and is shown in 

Figure (5.19) Table (5.5) illustrates the voltage profile for the 

network under study at cases of group two, as Figure (5.20). 

1 1 1 1 0 1 1 1 1 1 1 1 1 0 0 1 

(a) 
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(b) 

Figure (5 .18): Group two, Case seven (variable load condition) 

a): The result network chromosome, 

 (b): The result of configuration after changing in load. 

Table 5.4: Loss analysis of Cases study group two 

 

Case of network. 

fitness 

function 

Losses 

(p.u.) 

Opening       

switches 

Case(four) 

 

163.1864 0.0061 Sw. no.(2,4,11) 

Case five 

 

152.8695 0.0065 Sw. no.(4,5,11) 

Case six 

 

147.7873 0.0073 Sw. no.(2,4,14) 

Case seven 

 

143.1931 0.007 Sw. no.(4,5,11) 
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Figure (5.19): Power losses for different cases (group two) 

Table 5.5: Voltage profile (p.u.) at Cases study group two 

Node 

No. 

 Case four     

  

   Case five         Case six  Case seven  

1 1.0130     1.0118  1.0130         1.0130     

2 1.0294     1.0294    1.0294     1.0294     

3 1.0101     1.0101    1.0110     1.0101     

4 1.0056     1.0022    1.0056     1.0056     

5 0.9965     0.9982    0.9965     0.9965     

6 1.0023 0.9990 1.0023 1.0023 

7 0.9956     0.9956    0.9958         0.9956     

8 1.0070     1.0070 1.0064     1.0070     

9 0.9973     0.9973    0.9970     0.9973     

10 1.0050     1.0050    1.0012     1.0050     

11 0.9965     0.9965    0.9964     0.9965     

12 0.9914 0.9915 0.9912 0.9914 

13 1.0022     1.0022    1.0039     1.0022     

14 1.0004     1.0004    1.0006     1.0004     

15 0.9991     0.9991 0.9998     0.9991     

16 0.9972 0.9972 0.9977 0.9972 
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Figure (5.20): Voltage profile for different cases (group two). 

 

From the result tables, in all casses the voltage at any node 

is within the limits. The power losses is reduced at normal 

operation as shown in cases one, four, and seven. it is not reduce 

at fault causes outage of any branch  as illustrated in cases 

two,three,five and six because it is important that all load services 

during fault occure with minimum power losses.  

 



   

 

  

CHAPTER SIX 

GFJGJG 

FINAL CONCLUSION 

The final conclusion of the theises could be listed as:  

� Distribution system losses minimization through system 

reconfiguration are a difficult problem that has been 

investigated by many researchers.  

� The main goal of the distribution system reconfiguration is 

to find the optimal case switch which gives minimum losses, 

and achieves all system constraints such as node voltages, 

radial network, and all load bus servese.  

� This thesis  discusses the problem of network 

reconfiguration for loss reduction in distribution systems, 

and specially in those feeding nuclear installation. The thesis 

discusses the previuos methods used in solving that problem 

through the last couple decades. 

� As the distribution system reconfiguration for loss 

minimization is a nonlinear optimization problem, it presents 

an enormous computational burden for even systems of 

moderate size.  

� The thesis proposes an optimization solution technique for 

this problem based on Genetic Algorithm, which represent 

one of the most efficient search technique.  
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� The proposed method is applied on the IEEE 16 nodes, test 

network; that contains three radial feeders in different cases 

to verify its reliability. 

� The technique is applied on two groups: 

1) Distribution systems contain nuclear loads. 

2) Distribution systems in general form (different 

loads).  

 

� Seven cases have been considered through the study, at 

normal operation state, system fault condition as well as 

different loads conditions. In all cases, the reconfiguration 

takes into account all constraints including AC load flow.  

� The tabulated results show high efficiency in power loss 

reduction. 

 

Future work 

� In the future work, Combination of network reconfiguration 

and capacitor placement for loss reduction in distribution 

system with based genetic algorithm can be done.  
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