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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfillment of the requirement for the Degree of Master of Science 

OPTIMAL LOCATION AND SIZE OF DISTRIBUTED GENERATION 
TO REDUCE POWER LOSSES AND IMPROVE VOLTAGE PROFILES  

USING DIFFERENTIAL EVOLUTION OPTIMIZATION METHOD 

By 

    AHMED SAHIB HAMMADI  

October 2016 

Chairman : Associate Professor Noor Izzri Abdul Wahab, PhD 
Faculty : Engineering 

There are numerous advantages that can be obtained when Distributed 
Generation (DG) is integrated into the distribution systems. These advantages 
include improving the voltage profiles and reducing the power losses of the 
distribution system. Such advantages can be accomplished and confirmed if the 
DG units are optimally located and sized in the distribution systems. In fact, there 
are several algorithms used for optimizing the size and finding the best location 
to install DG units in the power system. Some existing algorithms need to be 
improved while others, need to add a new parameter for improving the 
performance of optimization methods and making it more effective and efficient. 
This research aimed to reduce both total real and reactive power losses and 
improve voltage profiles of the distribution system by proposing a differential 
evolution (DE) algorithm to optimize DG size and location by taking into 
consideration different types of DG units. The multi-objective function, which 
represents the summation of product five indices by corresponding weights, was 
utilized to identify the candidate buses to reduce the search space of the 
algorithm. The suggested algorithm of DE was tested using IEEE 30 bus test 
system and IEEE 57 bus test system taking into consideration three types of DG 
units. The results obtained by using the DE method were compared with those 
obtained by genetic algorithm (GA) method. It was observed that the DE method 
gives a better result in terms of improving the voltage profile and reducing real 
and reactive power losses compared to GA method. In the IEEE 30 bus test 
system, the percentages of reduction in the real power losses obtained by the 
DE method were 20.58 %, 22.08 % and 20.40 % compared with 15.03 %, 16.81 
% and 19.66 % obtained by the GA method for type 1, type 2 and type 3 
respectively, while the percentages of reduction in the reactive power losses 
were 23.28 %, 19.20 % and 23.14 % by using the DE method compared with  
17.01 %, 14.41 % and 22.49 % by using the GA method for type 1, type 2 and 
type 3 respectively. The voltage profile of the system also improved after 
optimizing DG sizes and locations using the DE method. However, in the IEEE 
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57 bus test system, the percentages of reduction in the real power losses were 
17.08 %, 21.53 % and 20.20 % by DE method compared with 16.72 %, 15.91 % 
and 16.86 % by the GA method for type 1, type 2 and type 3, while the 
percentages of reduction in the reactive power loss were 9.64 %, 11.67 % and 
9.42 % by DE method compared with 9.32 %, 10.81 % and 9.08 % by the GA 
method for three types of DG units respectively. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk Ijazah Master Sains 

LOKASI DEN SAIZ OPTIMUM PENJANA TERAGIT UNTUK 
MENINGKATKAN KEHILANGAN KUASA DAN MEMPERBAIKI PROFIL 

VOLTAN DENGAN MENGGUNAKAN KAEDAH EVOLUSI 
PENGOPTIMUMAN PENGKAMIRAN 

Oleh 

      AHMED SAHIB HAMMADI  

Oktober 2016 

Pengerusi : Profesor Madya Noor Izzri Abdul Wahab, PhD  
Fakulti : Kejuruteraan 

Terdapat banyak kebaikan yang boleh diperolehi apabila Distribution Generation 
(DG) disepadukan ke dalam sistem pengedaran. Kebaikan yang pailing utama 
adalah menambah baik penjanaan profil voltan dan mengurangkan kehilangan 
kuasa sistem pengagihan. Banyak kebaikan boleh dicapai dan disahkan jika unit 
DG diletak secara optimum dan ditempatkan dengan sistematik dalam sistem 
pengedaran. Malah, terdapat beberapa algoritma yang digunakan untuk 
mengoptimumkan saiz dan mencari lokasi yang lebih baik untuk memasang unit 
DG dalam sistem kuasa. Beberapa algoritma yang sedia ada perlu diperbaiki 
dan diubahsuai manakala yang lain perlu dinaik tarafkan dan ditambahkan 
dengan parameter baru untuk meningkatkan prestasi kaedah pengoptimuman 
dan menjadikannya lebih berkesan dan cekap. Kajian ini bertujuan untuk 
mengurangkan kedua-dua jumlah kehilangan kuasa sebenar dan reaktif dan 
meningkatkan profil voltan sistem pengagihan dengan mencadangkan algoritma 
pengkamiran evolusi (DE) bagi mengoptimumkan saiz DG dan lokasi dengan 
mengambil kira jenis unit DG. Fungsi pelbagai objektif, yang mewakili 
penjumlahan produk lima indeks mengikut wajaran sama telah digunakan untuk 
mengenal pasti kaedah ‘buses’ untuk mengurangkan ruang carian algoritma. 
Algoritma DE yang dicadangkan telah diuji menggunakan IEEE 30 ‘bus’ sistem 
ujian dan sistem IEEE 57 ujian ‘bus’ yang mengambil kira tiga jenis unit DG. 
Keputusan yang diperolehi dengan menggunakan kaedah DE itu kemudiannya 
dibandingkan dengan keputusan diperolehi daripada kaedah algoritma genetik 
(GA). Kajian ini terbukti bahawa kaedah DE dapat memberikan hasil yang lebih 
baik dari segi meningkatkan profil voltan dan mengurangkan kehilangan kuasa 
sebenar dan reaktif berbanding kaedah GA. Dalam IEEE 30 ‘bus’ sistem ujian, 
peratusan pengurangan kehilangan kuasa sebenar yang diperolehi dengan 
kaedah DE tersebut ialah 20.58%, 22.08% dan 20.40% berbanding dengan 
15.03%, 16.81% dan 19.66% yang diperolehi dengan kaedah GA untuk jenis 1, 
jenis 2 dan jenis 3 masing-masing. Manakala peratusan pengurangan 
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kehilangan kuasa reaktif adalah 23.28%, 19.20% dan 23.14% dengan 
menggunakan kaedah DE berbanding dengan 17.01%, 14.41% dan 22.49% 
dengan menggunakan kaedah GA untuk jenis 1, jenis 2 dan jenis 3 masing-
masing. Profil voltan sistem juga bertambah baik selepas mengoptimumkan saiz 
DG dan lokasi menggunakan kaedah DE tersebut. Walau bagaimanapun, dalam 
IEEE 57 ‘bus’ sistem ujian, peratusan pengurangan kehilangan kuasa sebenar 
adalah 17.08%, 21.53% dan 20.20% dengan kaedah DE berbanding dengan 
16.72%, 15.91% dan 16.86% dengan menggunakan kaedah GA untuk jenis 1, 
jenis 2 dan jenis 3. Manakala peratusan pengurangan kehilangan kuasa reaktif 
adalah 9.64%, 11.67% dan 9.42% dengan mengaplikasi kaedah DE berbanding 
dengan 9.32%, 10.81% dan 9.08% dengan kaedah GA bagi tiga jenis unit DG 
masing-masing. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1 Background  
 
A crucial role of an electric power system is to generate electricity to meet 
customer demands, with an acceptable level of reliability in an economical 
manner. The main functional areas in an electric power system are power 
generation level, transmission line level, and distribution system level. The main 
function of the power generation plants is to ensure enough capacity is available 
to meet customer demand at any time. Usually, transmission line and distribution 
systems need to be stable and reliable to ensure the electricity can be delivered 
to the consumers where it is needed and when it is needed (Singh et al., 2015).  
 
 
For many years, electricity distribution networks were used and designed to 
supply electrical energy to customers; no generation was present on the 
customer side or on the distribution systems and distribution systems must 
supply electricity to the customer at an appropriate voltage rating. In the 
distribution levels, the ratio of X/R is lower compared to transmission levels that 
cause a drop in voltage magnitude and high power losses through radial 
distribution lines. Approximately13% of the total power generated is wasted at 
the distribution level as real power losses (Kavitha et al., 2014). 
 
 
Nowadays, due to major changes in the electricity market in terms of the 
environmental policies, technological evolution and also the expansion in power 
markets, the new concept of allowing the electricity to be generated in small 
capacity generation is increasingly being added to the distribution systems of the 
power network (Torres et al., 2014). The generating of electricity energy at the 
customer site or through the distribution networks is known as Distributed 
Generation (DG). These new technologies utilize both unconventional and 
conventional sources of energy. Often, it may be operated by the utility or the 
customer. The following reasons have brought this technology to the attention of 
the electricity companies (Payasi et al., 2011): 
 
 Availability of small unit generating plants. 
 Ease of finding places for smaller generation units. 
 Competition or deregulation policy. 
 Provision of diverse energy sources. 
 National power requirements. 
 Lower capital costs and short building times. 
 Reduced transmission costs because the generation is sited closer to the 

load. 
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The operation of DG units may be considered random depending on the 
customer load. The location of DG units in the distribution system and amount 
of power delivered from it can increase or decrease the efficiency and reliability 
of the system and have an effect on its operation. Technical and safety problems 
may be created by huge supplied power from the DG units. Depending on its 
size and location, DG may cause voltage oscillations, interfere with voltage-
control processes, increase fault currents, increase or diminish losses. 
Additionally, it can reverse the direction of power flow, etc.  
 
 
If the DG unit is installed at a non-optimal location in the distribution system, the 
amount of power may change that lead to an increase in the power losses and 
undesired in the voltage profiles. Therefore, suitable position and rating of the 
DG unit is very critical in determining system performance (Kamdar and Karady, 
2014).  
 
 
Basically, allocation of DG unit is a complex combinatorial optimization problem 
which requires synchronous optimization of several objectives such as 
decreasing of total active and reactive power losses, improving voltage deviation 
of buses and reducing the short circuit level to maximize the reliability of the 
network. The multi-objective optimization pattern offers an attractive option to 
address the complex optimization issues like optimal DG sizing and placement. 
Besides, it is important to measure the success of DG implementation in terms 
of economic feasibility and it is also important to ensure that deployment of DG 
units in power system improves the technical parameters of the system 
(Adefarati and Bansal, 2016).  
 
 
Thus, many optimization techniques have been employed to solve different 
multi-objective optimization problems. Artificial intelligence (AI) methods have 
been used to solve complex DG unit problems as they can provide global or near 
global solutions. Artificial intelligence techniques include mainly Genetic 
Algorithm (GA) method, Particle Swarm Optimization (PSO) method, Artificial 
Bee Colony (ABC) method, Ant Colony Optimization (ACO) method, Bacterial 
Foraging Optimization (BFO) method, Clonal Selection (CS) method, and Firefly 
Algorithms (FA) method. The main advantage of the AI techniques is that they 
are relatively versatile for applying various qualitative constraints (Mohandas et 
al., 2015). 
 
 
1.2 Problem Statement 
 
Day after day, power electricity demands are growing very fast and the electricity 
demands in a power utility service vary as a function of location depending on 
the types and number of consumers in each locality. The main tasks of the 
electricity companies is to generate electricity from new sources such as 
renewable energy sources or distributed generation units to overcome the new 
demand of energy consumption and delivering the power into the distribution 
system (Dahal and Salehfar, 2016). Despite the numerous benefits that are 
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offered by the integration of the DG unit, the technical problems increase when 
the new generation is added at an unsuitable location in the power distribution 
network (Karimyan et al., 2014). An unsuitable location with a non-optimal size 
of DG units may lead to increase of total active and reactive power losses 
together with adverse effect on voltage magnitude. The increase or decrease in 
the power flow could cause overtaking of the boundary in some of the lines, and 
integration of DG units may increase the short circuit current of the system 
depending on size, location and type of DG units.   
 
 
Several researches have proposed artificial intelligence techniques (AI) for 
determining the optimal sizing and the best location of DG units to improve the 
voltage profile of buses and reduce power losses of the distribution system.  
 
 
Recently, the Differential Evolution (DE) technique has attracted the attention of 
researchers because it provides a fast speed of convergence, ease of 
implementation, and higher accuracy in finding the optimal solution (Jiang et al., 
2013). The DE will be employed in this research with multi-objective functions in 
order to determine optimal allocation of DG units in terms of reduction of total 
power losses and improvement of the network’s voltage profile. 
 
 
1.3 Research Objectives 
 
The present study aims to find the optimal size and location of different types of 
DG units to reduce power losses and improve voltage profile of the distribution 
system. 
 
 
The specific objectives of this study are: 
 

1) To formulate a multi-objective function for solving the optimal DG 
placement and sizing problem by considering various indices like real 
and reactive power loss reduction index, voltage deviation index, line 
loading capacity index, and short circuit index.  

2) To propose a Differential Evolution (DE) technique for optimizing DG 
size and location in the distribution system. 

3) To investigate the effect of penetration three types of DG unit (type1, 
type2 and type3) on the power losses and the voltage profiles of power 
system and validate the results with those obtained by genetic algorithm 
(GA).  

 
 
1.4 The Scope of Work 
 
The current research focuses on finding the best location and optimal size of 
different DG unit models which can improve the stability of distribution networks 
and maximize the benefits of significant penetration. Technical issues that arise 
when connecting the DG unit to distribution systems are taken into consideration. 
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The technical challenges presented in this research are minimization of losses, 
improving voltage profile, and reducing the short circuit level, also taking into 
consideration the line loading capacity. The technique presented in this work 
involves determining the optimal plan for integration of DG unit by using a DE 
optimization algorithm, then comparing the results with those obtained from the 
application of genetic algorithm. The limitations and technical constraints in 
power system operations are considered to ensure a good result. The algorithm 
is tested on both medium size (IEEE 30-bus) and large test systems (IEEE 57-
bus) to demonstrate the extensiveness and applicability of the technique. 
 
 
1.5 Organization of the Thesis 
 
The thesis is organized as follows: 
 
 
Chapter 1 provides information about distributed generation (DG) and its effects 
on power systems.  Also, it gives an overview on the research background and 
statement of the research problem with regard to the importance of optimal sizing 
and the best placement of DG units to ensure voltage stability exists in the 
network at all times. The objectives of the study as well as the scope of work are 
also presented in this chapter. 
 
 
Chapter 2 reviews previous studies in three sections: the first section is a 
summarized introduction to the chapter, follow by a description and discussion 
of the distributed generation and its impact on the power networks, while, the 
multi-objective evolutionary Algorithm is discussed in the second section. In the 
last section, the highlights on optimization approaches for location and sizing of 
DG are presented. 
 
 
Chapter 3 describes the methodology and development of the proposed 
algorithm for best placement and optimal sizing of DG units in the distribution 
system. Some theoretical backgrounds of corresponding artificial intelligence 
(AI) techniques are introduced here. The GA and selected AI technique (DE) are 
combined in the overall optimization algorithm. 
 
 
Chapter 4 shows the implementation of the proposed optimization technique in 
two widely-used test systems. Test results are analyzed and discussed to verify 
the applicability of the proposed technique.   
 
 
Chapter 5 presents the conclusions and recommendations for future work. 
 
  



© C
OPYRIG

HT U
PM

86 
 

REFERENCES 
 
 
Abbagana, M., Bakare, G. and Mustapha, I. (Eds.) (2011). Optimal Placement 

and Sizing of a Distributed Generator in a power distribution System 
using Differential Evolution. Paper presented at the Proceedings of the 
1 st International Technology, Education and Environment Conference. 

 
Abedini, M. and Saremi, H. (2012). A Hybrid of GA and PSO for Optimal DG 

Location and Sizing in Distribution Systems with Load Uncertainty. J. 
Basic. Appl. Sci. Res, 2(5): 5103-5118.  

 
Ackermann, T., Andersson, G. and Söder, L. (2001). Distributed generation: a 

definition. Electric Power Systems Research, 57(3): 195-204.  
 
Adefarati, T. and Bansal, R. (2016). Integration of renewable distributed 

generators into the distribution system: a review. IET Renewable Power 
Generation.  

 
AlRashidi, M. and AlHajri, M. (Eds.) (2011). Proper planning of multiple 

distributed generation sources using heuristic approach. Paper 
presented at the Modeling, Simulation and Applied Optimization 
(ICMSAO), 2011 4th International Conference on. 

 
Alsac, O. and Stott, B. (1974). Optimal load flow with steady-state security. IEEE 

transactions on power apparatus and systems(3): 745-751 
 
Aman, M., Jasmon, G., Bakar, A. and Mokhlis, H. (2012). Optimum capacitor 

placement and sizing for distribution system based on an improved 
voltage stability index. International Review of Electrical Engineering-
Iree, 7(3): 4622-4630.  

 
Aman, M., Jasmon, G., Solangi, K., Bakar, A. and Mokhlis, H. (2013). Optimum 

simultaneous DG and capacitor placement on the basis of minimization 
of power losses. International Journal of Computer and Electrical 
Engineering, 5(5): 516.  

 
Amanifar, O. (Eds.) (2011). Optimal distributed generation placement and sizing 

for loss and THD reduction and voltage profile improvement in 
distribution systems using particle swarm optimization and sensitivity 
analysis. Paper presented at the Electrical Power Distribution Networks 
(EPDC), 2011 16th Conference on. 

 
Arafa, M., Sallam, E. A. and Fahmy, M. (Eds.) (2014). An enhanced differential 

evolution optimization algorithm. Paper presented at the Digital 
Information and Communication Technology and it's Applications 
(DICTAP), 2014 Fourth International Conference on. 

 
 



© C
OPYRIG

HT U
PM

87 
 

Babu, P. S. and Mohan, R. M. (Eds.) (2015). Optimal performance enhancement 
of DG for loss reduction using Fuzzy and Harmony Search Algorithm. 
Paper presented at the Electrical, Electronics, Signals, Communication 
and Optimization (EESCO), 2015 International Conference on. 

 
Barker, P. P. and De Mello, R. W. (Eds.) (2000). Determining the impact of 

distributed generation on power systems. I. Radial distribution systems. 
Paper presented at the Power Engineering Society Summer Meeting, 
2000. IEEE. 

 
Bhuyan, S., Hazarika, S. and Bardalai, A. (Eds.) (2014). Power flow analysis on 

IEEE 57 bus system using MATLAB. Paper presented at the 
International Journal of Engineering Research and Technology. 

 
Boyerahmadi, S. (2013). Evaluation of power loss reduction with the place of 

shunt capacitors and distributed generation power plant in the radial 
distribution systems using genetic algorithms. American Journal of 
Advanced Scientific Research (AJASR), 1(6).  

 
Brunette, E. S., Flemmer, R. C. and Flemmer, C. L. (Eds.) (2009). A review of 

artificial intelligence. Paper presented at the ICARA. 
 
Busam, S., Hota, S., Kumar, G. N. and Naidu, R. S. K. (Eds.) (2015). 

Multiobjective optimization of radial distribution system with multiple 
distributed generation units using genetic algorithm. Paper presented at 
the Electrical, Electronics, Signals, Communication and Optimization 
(EESCO), 2015 International Conference on. 

 
Chakraborty, U. K. (2008). Advances in differential evolution (Vol. 143): 

Springer. 
 
Commission, F. E. R. (2007). The potential benefits of distributed generation and 

rate-related issues that may impede their expansion. USDOE,(Ed.).  
 
Dahal, S. and Salehfar, H. (2016). Impact of distributed generators in the power 

loss and voltage profile of three phase unbalanced distribution network. 
International Journal of Electrical Power & Energy Systems, 77: 256-
262.  

 
El-Ela, A. A., Allam, S. M. and Shatla, M. (2010). Maximal optimal benefits of 

distributed generation using genetic algorithms. Electric Power Systems 
Research, 80(7): 869-877.  

 
El-Zonkoly, A. (2011). Optimal placement of multi-distributed generation units 

including different load models using particle swarm optimization. 
Swarm and Evolutionary Computation, 1(1): 50-59. 

  
Elnashar, M. M., El Shatshat, R. and Salama, M. M. (2010). Optimum siting and 

sizing of a large distributed generator in a mesh connected system. 
Electric Power Systems Research, 80(6): 690-697.  



© C
OPYRIG

HT U
PM

88 
 

Ganguly, S. and Samajpati, D. (2015). Distributed generation allocation on radial 
distribution networks under uncertainties of load and generation using 
genetic algorithm. IEEE Transactions on Sustainable Energy, 6(3): 688-
697.  

 
Georgilakis, P. S. and Hatziargyriou, N. D. (2013). Optimal distributed generation 

placement in power distribution networks: models, methods, and future 
research. IEEE Transactions on Power Systems, 28(3): 3420-3428.  

 
Ghosh, S., Ghoshal, S. P. and Ghosh, S. (2010). Optimal sizing and placement 

of distributed generation in a network system. International Journal of 
Electrical Power & Energy Systems, 32(8): 849-856.  

 
Glover, J. D., Sarma, M. S. and Overbye, T. (2012). Power System Analysis & 

Design, SI Version: Cengage Learning. 
 
Gopiya-Naik, S., Khatod, D. and Sharma, M. (Eds.) (2012). Optimal allocation of 

distributed generation in distribution system for loss reduction. Paper 
presented at the Proc. IACSIT Coimbatore Conferences. 

 
Grigg, C., Wong, P., Albrecht, P., Allan, R., Bhavaraju, M., Billinton, R., . . . 

Kuruganty, S. (1999). The IEEE reliability test system-1996. A report 
prepared by the reliability test system task force of the application of 
probability methods subcommittee. IEEE Transactions on Power 
Systems, 14(3): 1010-1020.  

 
Haidar, A. (2011). Optimal location of distributed generation using intelligent 

optimization.  
 
Harini, M. and Reddy, M. D. (Eds.) (2015). Optimal location and sizing of 

distributed generation units for maximum loss reduction using Teaching 
Learning Based Optimization through Matlab GUI. Paper presented at 
the Electrical, Electronics, Signals, Communication and Optimization 
(EESCO), 2015 International Conference on. 

 
Heydari, M., Hosseini, S. and Gholamian, S. (2013). Optimal Placement and 

Sizing of Capacitor and Distributed Generation with Harmonic and 
Resonance Considerations Using Discrete Particle Swarm Optimization. 
International Journal of Intelligent Systems and Applications, 5(7): 42.  

 
Isac, S. J., Kumar, K. S. and Kumar, P. V. (Eds.) (2013). Optimal capacitor 

placement in radial distribution system to minimize the loss using fuzzy 
logic control. Paper presented at the Smart Structures and Systems 
(ICSSS), 2013 IEEE International Conference on. 

 
Jaganathan, S. and Palaniswami, S. (2014). Control of voltage profile with 

optimal control and placement of distributed generation using the refined 
bacterial foraging algorithm. Journal of Vibration and Control, 20(13): 
2006-2018.  

 



© C
OPYRIG

HT U
PM

89 
 

Jagtap, K. M. and Khatod, D. K. (2016). Loss allocation in radial distribution 
networks with various distributed generation and load models. 
International Journal of Electrical Power & Energy Systems, 75: 173-
186.  

 
Jamian, J. J., Mustafa, M. W., Mokhlis, H. and Baharudin, M. (2012). 

Implimentation of evolutionary particle swarm optimization in distributed 
generation sizing. International Journal of Electrical and Computer 
Engineering (IJECE), 2(1): 137-146.  

 
Jiang, L. L., Maskell, D. L. and Patra, J. C. (2013). Parameter estimation of solar 

cells and modules using an improved adaptive differential evolution 
algorithm. Applied Energy, 112: 185-193.  

 
Kamdar, K. and Karady, G. G. (Eds.) (2014). Optimal capacity and location 

assessment of natural gas fired distributed generation in residential 
areas. Paper presented at the Power Systems Conference (PSC), 2014 
Clemson University. 

 
Kansal, S., Kumar, V. and Tyagi, B. (2013). Optimal placement of different type 

of DG sources in distribution networks. International Journal of Electrical 
Power & Energy Systems, 53: 752-760.  

 
Kansal, S., Sai, B., Tyagi, B. and Kumar, V. (2011). Optimal placement of 

distributed generation in distribution networks. International Journal of 
Engineering, Science and Technology, 3(3).  

 
Karimi, M., Shayeghi, H., Banki, T., Farhadi, P. and Ghadimi, N. (2012). Solving 

Optimal Capacitor Allocation Problem using DE Algorithm in Practical 
Distribution Networks. Przegląd Elektrotechniczny, 88(7a): 90-93.  

 
Karimyan, P., Gharehpetian, G., Abedi, M. and Gavili, A. (2014). Long term 

scheduling for optimal allocation and sizing of DG unit considering load 
variations and DG type. International Journal of Electrical Power & 
Energy Systems, 54: 277-287.  

 
Kauhaniemi, K. and Kumpulainen, L. (Eds.) (2004). Impact of distributed 

generation on the protection of distribution networks. Paper presented 
at the Developments in Power System Protection, 2004. Eighth IEE 
International Conference on. 

 
Kavitha, D., Renuga, P. and Priya, S. M. (Eds.) (2014). Optimal placement and 

location of distributed generators in distorted distribution system. Paper 
presented at the Circuit, Power and Computing Technologies (ICCPCT), 
2014 International Conference on. 

 
Keane, A., Ochoa, L. F., Vittal, E., Dent, C. J. and Harrison, G. P. (2011). 

Enhanced utilization of voltage control resources with distributed 
generation. IEEE Transactions on Power Systems, 26(1): 252-260.  

 



© C
OPYRIG

HT U
PM

90 
 

Khanjanzadeh, A., Arabi, M., Sedighizadeh, M. and Rezazadeh, A. (2011). 
Distributed Generation Allocation to Improve Steady State Voltage 
Stability of Distribution Networks Using Particle Swarm Optimization and 
Genetic Algorithm. Canadian Journal on Electrical and Electronics 
Engineering, 2(6): 250-254.  

 
Khorram-Nia, R., Baziar, A. and Kavousi-Fard, A. (2013). A novel stochastic 

framework for the optimal placement and sizing of distribution static 
compensator.  

 
King, R. T. A., Rughooputh, H. C. and Deb, K. (Eds.) (2011). Solving the 

multiobjective environmental/economic dispatch problem with prohibited 
operating zones using NSGA-II. Paper presented at the 
Communications, Computers and Signal Processing (PacRim), 2011 
IEEE Pacific Rim Conference On. 

 
Kontis, E., Dimos, K., Papadopoulos, T., Papadopoulos, P. and Papagiannis, G. 

K. (Eds.) (2014). Comparison of static and dynamic calculations of short 
circuit currents in distributed generation networks. Paper presented at 
the Power Engineering Conference (UPEC), 2014 49th International 
Universities. 

 
Kumar, A. and Kumar, N. Optimal DG Placement using Multi Objective Firefly 

Optimization with Eco-Technical Considerations. 
  
Kumar, S., Mandal, D. P. K. and Chakraborty, N. (Eds.) (2014). Optimal 

allocation of multiple DG units in radial distribution system using 
modified differential evolution technique. Paper presented at the 
Control, Instrumentation, Energy and Communication (CIEC), 2014 
International Conference on. 

 
Kumaraswamy, I., Tarakalyani, S. and Prasanth, B. V. (2014). Optimal Location 

of Distributed Generation on Radial Distribution System for Loss 
Reduction and Voltage Profile Improvement.  

 
Lalitha, M. P., Reddy, N. S. and Reddy, V. V. (2010). Optimal DG Placement for 

maximum loss reduction in radial distribution system using ABC 
Algorithm. International journal of reviews in computing, 3: 44-52.  

 
Magadum, R. B. and Kulkarni, D. (Eds.) (2015). Power loss reduction by optimal 

location of DG using fuzzy logic. Paper presented at the Smart 
Technologies and Management for Computing, Communication, 
Controls, Energy and Materials (ICSTM), 2015 International Conference 
on. 

 
Mancer, N., Mahdad, B. and Srairi, K. (2012). Multi objective optimal reactive 

power flow based STATCOM using three variant of PSO. International 
Journal of Energy Engineering, 2(2): 1-7.  

 



© C
OPYRIG

HT U
PM

91 
 

Mehdi, N. (2012). Pso-basedoptimal placement of Dgs in distribution systems 
considering voltage stability and short circuit level improvement. journal 
of basic and applied scientific research, 2(1): 703-709.  

 
Mohan, B. and Ramesh, M. (Eds.) (2012). Optimal DG placement under 

Standard Market Design using GA. Paper presented at the Emerging 
Trends in Electrical Engineering and Energy Management (ICETEEEM), 
2012 International Conference on. 

 
Mohandas, N., Balamurugan, R. and Lakshminarasimman, L. (2015). Optimal 

location and sizing of real power DG units to improve the voltage stability 
in the distribution system using ABC algorithm united with chaos. 
International Journal of Electrical Power & Energy Systems, 66: 41-52.  

 
Moradi, M. H. and Abedini, M. (2012). A combination of genetic algorithm and 

particle swarm optimization for optimal DG location and sizing in 
distribution systems. International Journal of Electrical Power & Energy 
Systems, 34(1): 66-74.  

 
Murthy, K. R., Karayat, M., Das, P., Shankar, A. R. and Rao, G. S. (2013). Loss 

less distribution using optimal capacitor and type-3 DG placement. 
International Journal of Engineering Trends in Electrical and Electronics 
(IJETEE-ISSN: 2320-9569) Vol, 3: 57-60.  

 
Musa, H. and Adamu, S. (Eds.) (2013). Distributed Generation placement and 

sizing using newly improved PSO for radial distribution systems. Paper 
presented at the 2nd International Conference on Energy Systems and 
Technologies. 

 
Ng, S. and Lee, Y. (2000). Variable dimension Newton-Raphson method. IEEE 

Transactions on Circuits and Systems I: Fundamental Theory and 
Applications, 47(6): 809-817.  

 
Payasi, R. P., Singh, A. K. and Singh, D. (2011). Review of distributed generation 

planning: objectives, constraints, and algorithms. International Journal 
of Engineering, Science and Technology, 3(3).  

 
Paz, M. C. R., Ferraz, R. G., Bretas, A. S. and Leborgne, R. C. (2010). System 

unbalance and fault impedance effect on faulted distribution networks. 
Computers & Mathematics with Applications, 60(4): 1105-1114.  

 
Peikherfeh, M., Seifi, H. and Sheikh-El-Eslami, M. (Eds.) (2011). Optimal 

dispatch of distributed energy resources included in a virtual power plant 
for participating in a day-ahead market. Paper presented at the Clean 
Electrical Power (ICCEP), 2011 International Conference on. 

 
Pinto, T., Morais, H., Oliveira, P., Vale, Z., Praça, I. and Ramos, C. (2011). A 

new approach for multi-agent coalition formation and management in 
the scope of electricity markets. Energy, 36(8): 5004-5015.  

 



© C
OPYRIG

HT U
PM

92 
 

Pisică, I., Postolache, P. and Edvall, M. M. (2010). Optimal Planning of 
Distributed Generation via Nonlinear Optimization and Genetic 
Algorithms Handbook of Power Systems I (pp. 451-482): Springer. 

 
Prakash, P. and Khatod, D. K. (2016). Optimal sizing and siting techniques for 

distributed generation in distribution systems: A review. Renewable and 
Sustainable Energy Reviews, 57: 111-130.  

 
Prasanna, H. M., Kumar, M. L. and Ananthapadmanabha, T. (Eds.) (2014). 

Genetic algorithm based optimal allocation of a distributed generator in 
a radial distribution feeder. Paper presented at the Circuit, Power and 
Computing Technologies (ICCPCT), 2014 International Conference on. 

 
Price, K. and Storn, R. (1997). Differential evolution: a simple evolution strategy 

for fast optimization. Dr. Dobb’s journal, 22(4): 18-24.  
 
Rao, G. S. and Obulesh, Y. (Eds.) (2015). ABC and ANN based minimization of 

power loss for distribution system stability. Paper presented at the 
Industrial Electronics and Applications (ICIEA), 2015 IEEE 10th 
Conference on. 

 
Rawat, S. S. and Das, D. (Eds.) (2015). Optimum placement and sizing of DGs 

using analytical method for different types of loads. Paper presented at 
the 2015 Annual IEEE India Conference (INDICON). 

 
Reddy, G. N. and Kumar, G. P. (Eds.) (2013). Best Location of Distributed 

Generation on Distribution Networks Using GA. Paper presented at the 
International Journal of Engineering Research and Technology. 

 
Reddy, S. C., Prasad, P. and Laxmi, A. J. (2012). Power Quality Improvement 

of Distribution System by Optimal Placement and Power Generation of 
DGs using GA and NN. European Journal of Scientific Research ISSN: 
326-336. 

 
Saadat, H. (1999). Power system analysis: WCB/McGraw-Hill. 
 
Sedighizadeh, M., Dakhem, M., Sarvi, M. and Kordkheili, H. H. (2014). Optimal 

reconfiguration and capacitor placement for power loss reduction of 
distribution system using improved binary particle swarm optimization. 
International Journal of Energy and Environmental Engineering, 5(1): 1-
11.  

 
Seifinajmi, E. and Sakhavat Saghi, M. N. (2014). Optimal Placement of DGs in 

Radial Distribution Systems Considering Power Quality Improvement 
and Reduce Losses. Bull. Env. Pharmacol. Life Sci, 3: 37-41.  

 
Shukla, T., Singh, S. and Naik, K. (2010). Allocation of optimal distributed 

generation using GA for minimum system losses in radial distribution 
networks. International Journal of Engineering, Science and 
Technology, 2(3): 94-106.  



© C
OPYRIG

HT U
PM

93 
 

Singh, B., Mukherjee, V. and Tiwari, P. (2015). A survey on impact assessment 
of DG and FACTS controllers in power systems. Renewable and 
Sustainable Energy Reviews, 42: 846-882.  

 
Singh, B., Mukherjee, V. and Tiwari, P. (2016). Genetic algorithm for impact 

assessment of optimally placed distributed generations with different 
load models from minimum total MVA intake viewpoint of main 
substation. Renewable and Sustainable Energy Reviews, 57: 1611-
1636.  

 
Singh, D., Singh, D. and Verma, K. (2009). Multiobjective optimization for DG 

planning with load models. IEEE Transactions on Power Systems, 
24(1): 427-436.  

 
Sirish, T., Rao, G. S. and Murthy, K. R. (2013). Optimal Capacitor and DG 

Placement for Loss Less Distribution on 69-Bus System using KVS–
Direct Search Algorithm. International Journal of Engineering Trends in 
Electrical and Electronics (IJETEE-ISSN: 2320-9569), 3(1): 31-34.  

 
Soroudi, A. and Ehsan, M. (2011). Application of a modified NSGA method for 

multi-objective static distributed generation planning. Arabian Journal for 
Science and Engineering, 36(5): 809-825.  

 
Stankovic, A. M. and Aydin, T. (2000). Analysis of asymmetrical faults in power 

systems using dynamic phasors. IEEE Transactions on Power Systems, 
15(3): 1062-1068.  

 
Storn, R. and Price, K. (1995). Differential evolution-a simple and efficient 

adaptive scheme for global optimization over continuous spaces (Vol. 
3): ICSI Berkeley. 

 
Subbaraj, P. and Rajnarayanan, P. (2010). Hybrid particle swarm optimization 

based optimal reactive power dispatch. International Journal of 
Computer Applications, 1(5): 65-70.  

 
Sulaiman, M. H., Mustafa, M. W., Azmi, A., Aliman, O. and Rahim, S. A. (Eds.) 

(2012). Optimal allocation and sizing of distributed generation in 
distribution system via firefly algorithm. Paper presented at the Power 
Engineering and Optimization Conference (PEDCO) Melaka, Malaysia, 
2012 Ieee International. 

 
Tan, W., Hassan, M. and Majid, M. (Eds.) (2012). Multi population genetic 

algorithm for allocation and sizing of distributed generation. Paper 
presented at the Power Engineering and Optimization Conference 
(PEDCO) Melaka, Malaysia, 2012 Ieee International. 

 
Tan, W. S., Hassan, M. Y., Rahman, H. A., Abdullah, P. and Hussin, F. (2013). 

Multi-distributed generation planning using hybrid particle swarm 
optimisation-gravitational search algorithm including voltage rise issue. 
IET Generation, Transmission & Distribution, 7(9): 929-942.  



© C
OPYRIG

HT U
PM

94 

Torres, S. P., de Araujo, R. A., Castro, C. A. and Pissolato, J. (Eds.) (2014). 
Security constrained transmission expansion planning for smart 
transmission grids based on the AC network model. Paper presented at 
the Transmission & Distribution Conference and Exposition-Latin 
America (PES T&D-LA), 2014 IEEE PES. 

Valipour, K., Dehghan, E. and Shariatkhah, M. (2013). Optimal placement of 
capacitor banks and distributed generation for losses reduction and 
voltage THD improvement in distribution networks based on BBO 
algorithm. International Research Journal of Applied and Basic 
Sciences, 4(7): 1663-1670.  

Vatankhah, M. and Hosseini, S. (2012). PSO based voltage profile improvement 
by optimizing the size and location of DGS. International Journal on 
Technical and Physical Problems of Engineering (IJTPE)(11): 135-139.  

Wang, L., Ng, A. H. and Deb, K. (2011). Multi-objective evolutionary optimisation 
for product design and manufacturing: Springer. 

Wang, M. and Zhong, J. (Eds.) (2011). A novel method for distributed generation 
and capacitor optimal placement considering voltage profiles. Paper 
presented at the 2011 IEEE Power and Energy Society General 
Meeting. 

Yang, X.-S. (Eds.) (2009). Firefly algorithms for multimodal optimization. Paper 
presented at the International Symposium on Stochastic Algorithms. 



© C
OPYRIG

HT U
PM

105 
 

BIODATA OF STUDENT 
 
 
Ahmed Sahib Hammadi Tuky was born 1974 in Al Hindiya. He received her 
early education at School Ibn Senaa from 1981-1986 during primary School, and 
at Al Hindiya school from 1987-1991 during secondary school. He was then 
accepted to further studies in College of Engineering in the University of 
Technology, Baghdad, Iraq from 1992-1997. After that, he was accepted to 
Higher Diploma in the University of Technology, Baghdad, Iraq from 2000-2001. 
He has worked in different places, such as: From 2002 to 2003 working as an 
electrical engineer in Sanaa, Yemen. From 2006 to 2010 he was working as an 
electrical engineer in the Karbala University, Iraq. From 2010 to 2014 he was 
working as a head of electrical department in the same university. Then he 
continues his master study in the department of electrical and electronic in the 
UPM under supervision Dr. Noor Izzri from 2014-2016. During his studies for 
masters research, he had produced five papers related to his field of research. 
 
 
  



© C
OPYRIG

HT U
PM

106 

LIST OF PUBLICATIONS 

Ahmed Sahib Hammadi, Noor Izzri bin Abdul Wahab, Mahmod Khalid.2015. 
Artificial Intelligence Techniques used for Optimum Allocation and 
Sizing of Distributed Generations (DG) in Distribution System: A 
Review. International Conference on Electrical & Electronic Technology, 
UPM. (Accepted). 

Ahmed Sahib Hammadi,.Noor Izzri a.2016. Optimal Location and Size of 
Distributed Generation to reduce power losses based on Differential 
Evolution Technique. International Conference on Electrical & Electronic 
Technology,UPM. (Accepted).  

Ahmed Sahib Hammadi, Noor Izzri Abdul Wahab, Mohammad Lutfi Othman, 
Effect of Distributed Generation Model to Reduce Power Losses and 
Improve Voltage Profile of Distribution System, World Research & 
Innovation Convention on Engineering & Technology 2016, Langkawi, 
Kedah, Malaysia, 24-25 October 2016 (Accepted). 

Noor Izzri Abdul Wahab, Ahmed Sahib Hammadi, Mohammad Lutfi Othman, 
Optimal Location and Sizing of Distributed Generation to Improve 
Distribution System Performs based on Optimization Technique, World 
Research & Innovation Convention on Engineering & Technology 2016, 
Langkawi, Kedah, Malaysia, 24-25 October 2016. (Accepted).  

Ahmed Sahib Hammadi a, Noor Izzri b, Muhamed Lutfeb.2016. Optimal Location 
and Sizing of Distributed Generation to reduce power losses and 
Improve Voltage Profile of distribution system based on Differential 
Evolution Technique. International Transactions on Electrical Energy 
System. (Submitted).   



© C
OPYRIG

HT U
PM

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 

ACADEMIC SESSION: 

TITLE OF THESIS / PROJECT REPORT: 

OPTIMAL LOCATION AND SIZE OF DISTRIBUTED GENERATION TO REDUCE POWER 
LOSSES AND IMPROVE VOLTAGE PROFILES USING DIFFERENTIAL EVOLUTION 
OPTIMIZATION METHOD 

NAME OF STUDENT :  AHMED SAHIB HAMMADI 

I acknowledge that the copyright and other intellectual property in the thesis/project report 
belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be placed at 
the library under the following terms: 

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational
purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

I declare that this thesis is classified as : 

*Please tick (√ )

CONFIDENTIAL (Contain confidential information under Official Secret 
Act 1972). 

RESTRICTED (Contains restricted information as specified by the 
organization/institution where research was done). 

OPEN ACCESS I agree that my thesis/project report to be published 
as hard copy or online open access. 

This thesis is submitted for : 

PATENT Embargo from_____________ until ______________ 
(date) (date) 

Approved by: 

_____________________ _________________________________________  
(Signature of Student) (Signature of Chairman of Supervisory Committee)  
New IC No/ Passport No.: Name: 

Date :  Date : 

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from 
the organization/institution with period and reasons for confidentially or restricted. ] 


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



