
 

 

 
Ain Shams University 

Faculty of Engineering 

Department of Electric Power and Machines 

Contingency Re-planning in Smart Distribution Systems 

Thesis Submitted by 

Hatem Mohamed Mahmoud Mohamed Zaki 

B.Sc. Electric Power Engineering, Ain Shams University, 1992 

M.Sc. Electric Power Engineering, Ain Shams University, 2000 

for partial fulfillment of the requirements of Ph.D. in Electric Power Engineering 

SUPERVISORS 

Prof. Dr. Tarek Saad Abdel Salam 

Assoc. Prof. Dr. Rania Abdel Wahid Swief 

Faculty of Engineering, Ain Shams University 

 

 

Cairo-2019 



2 

 

  



iii 

 

      



iv 

 

 

Ain Shams University 

Faculty of Engineering 

Department of Electric Power and Machines 

 Researcher Data 

Name: Hatem Mohamed Mahmoud Mohamed Zaki 

Date of Birth: 24/12/1969 

Place of Birth: Cairo, Egypt 

Current Academic Degree: M.Sc. in Electric Power Engineering 

Field of Specialization: Electrical Power and Machines   

Issuing University: Ain Shams 

Year of Degree: 2000 

Current Job Independent Engineer 

 

  



v 

 

 

Ain Shams University 

Faculty of Engineering 

Department of Electric Power and Machines 

Statement 

This Thesis is submitted to Ain Shams University in partial fulfillment of the 

requirements for Ph.D. degree in Electric Power Engineering.  

 

The work included in this thesis has been performed by the author at the 

department of Electric Power and Machines, in the Faculty of Engineering, Ain 

Shams University.  No part of this thesis has been submitted for a degree or a 

qualification at any other university or institution.         

 

Name: Hatem Mohamed Mahmoud Mohamed Zaki 

Signature:  

Date:  

  



vi 

 

 Acknowledgments and Dedication 

The author would like to express his sincere gratitude to his fundamental 

advisor Prof. Tarek Saad Abdel Salam. A special extended relationship that 

has changed from a student-professor relationship to a special case 

friendship characterized by respect, support and continuity. Special thanks 

to Professor Mahmoud Mostafa whom I have known since I was an 

undergraduate student. His sincere behavior and preparedness to help have 

greatly affected for me. I would also like to extend my sincere appreciation 

and gratefulness to Dr. Rania Swief, whom I never got to know before 

initiating this work. Her specialization, experience and guidance made the 

difference during some unrecognizable critical times. 

 

With Special memories of a beloved professor who was a major attraction 

to students, Professor Mohamed Abdullatif Badr. I was honored to know 

you. Your humbleness is never forgotten.  

 

The Author would like to recognize his professors and lecturers who have 

accepted him and provided their best support during the critical time of 

finishing the main courses prior to this research work. Your support 

allowed me to make a miracle of registering all six subjects at once and 

scoring the highest scores in all of them. Thanks for making me discover 

my limits and abilities. 

 

To my Mom and Dad, you have bared me and taken my volatility for more 

than 49 years. While I might have not been the best son, you are to me the 

best parents. 

 

To my beautiful wife Inas, I certainly remember the electrical machines lab 

in the faculty of engineering of Ain Shams University when we first met. 

Your innocent look made a difference in my life. Living with me for more 

than 23 years makes you a special woman. 

  



vii 

 

This work is especially dedicated to my daughter Mirna who is almost 22 

and my son Omar who is almost 19. Please make sure you build your 

future and become strong to face our instable, volatile, challenging and 

tough life. I love you the most. 

 

Hatem Zaki 

December 2018 

Vancouver, British Columbia 

Canada 

  



viii 

 

 Abstract 

This dissertation discusses changing the Distribution System (DS) 

topology and re-planning it under Smart Grid (SG) framework. The 

purpose of this research work is to resolve some of the problems 

required to change the topology of the DS aiming towards re-planning 

the DS from its existing topology to the open loop topology as the 

foundation of the DS modernization techniques. As part of the SG 

framework, Contingency re-planning has been considered using 

redevelopment of the mathematical model including development of a 

new Contingency Index (CONDEX) in addition to the Cost Index 

(COSTINDEX). A hierarchical SG framework is presented with 

emphasis on the building foundation which is the planning aspect of 

SGs. Multiple topologies are presented with a comparison of the 

advantage and the disadvantage of each topology. 

The mathematical model has been rebuilt with a new combined multi-

objective formula, minimizing the system expansion Capital Costs, 

Operations and Maintenance (OM) costs and achieving the best 

combined performance measure consisting of a combination of 

Reliability, Resiliency and Vulnerability. A new practical weighted 

combined system contingency index is applied and tested to be used by 

utilities replacing the common simple reliability indices. The new 

model uses the application of multi-objective optimization utilizing 

integer design variables, which include a combination of multiple 

logical and technical constraints to provide the best description of the 

real existing system constraints.  

In addition to the new CONDEX, new iterative algorithms and 

approaches are proposed to form the constraints of the problem. Several 

algorithms are presented, discussed and compared aiming to simplify 

the problem and represent real life systems. Some constraint algorithms 

are discussed in details covering common techniques and proposing 

new techniques for the same goal.  
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To apply the new proposed SG mathematical model, three basic 

planning problems are being presented and resolved. These problems 

are: The Distribution System Expansion (DSE) Problem, the Switch 

Allocation (SA) Problem and the Distribution System Reconfiguration 

(DSR) Problem. An overview study of common DS protection strategy 

aspects is also provided with some highlights of new industry trends in 

the field of open loop high speed protection systems suitable for modern 

DSs. 

The proposed SG model was applied to multiple standard and modified 

DS test cases including a system from real life applications. Results 

obtained from the application of the SG model to the three problems on 

standard DSs, demonstrate improvements in the objectives satisfying all 

constraints and utilizing the proposed model including the proposed 

new constraint algorithms.  

The solution technique followed in solving the stated three problems is 

the Genetic Algorithm. This algorithm was chosen due to its readiness 

with default parameters within the solution software. The dissertation 

also provides conclusions and recommendations for future work. 
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