VOLTAGE SAG MITIGATION BY OPTIMIZING THE LOCATION OF
DISTRIBUTED GENERATION USING GENETIC ALGORITHM FOR THREE
DISTRIBUTED GENERARION TYPES

AHMED MOHAMED ABDRABOU AHMED

A thesis submitted in fulfilment of the
requirements for the award of the degree of

Master of Engineering (Electrical)

Faculty of Electrical Engineering
Universiti Teknologi Malaysia

MAY 2014



ABSTRACT

Voltage sag is considered to be one of the most serious hazards of power
quality and can produce a harmful effect on electrical power system stability and
most electronic devices such as personal computers, programmable logic controllers
and variable speed drives. At the same time, Distributed Generation (DG) is playing
an important role in power system and is widely used nowadays to improve grid
performance and system flexibility and stability, and is predicted to play an
increasing role in the future. Many rescarchers used one DG type for different
purposes but few of them used two DG types to mitigate sag while none used more
than two. The locations of DGs have to be optimized to improve the grid
performance and to avoid degradation of power system networks using an
optimization algorithm such as Genetic Algorithm (GA). The type of DG directly
influences the penetration level and the placement of DG. GA is used to determine
the optimum locations for three DG types namely synchronous, Wind Turbine (WT)
and Photovoltaic (PV). The performance of power system for the three DG types is
compared in terms of the optimum location. Effect of three DGs on voltage sag is
studied in this thesis when connected to power system grid. This approach is applied
on IEEE 13 bus system. Optimizing each type individually will become increasingly
important because each type has different features and response. The locations of DG
installation in this study are optimized using GA. GA is a capable optimization
technique which is used to find the optimum solution of multi-objective functions;
the objective function combines the overall number of buses experience voltage sag,
the overall number of buses experience voltage drop, the overall number of buses
experience voltage less than 10% and the overall number of buses experience voltage
swell. Finally, it is found that the best location of each DG varies according to the
type of DG and synchronous generator mitigates voltage sag better than WT and PV.

Particle Swarm Optimization is used for comparative studies.



ABSTRAK

Voltan lendut dianggap sebagai salah satu masalah kualiti kuasa yang serius
dan boleh memberi kesan merbahaya kepada kestabilan sistem kuasa elektrik dan
kebanyakan peralatan elektrik seperti komputer peribadi, pengawal program logik
dan penggerak berubah kelajuan. Pada masa yang sama, Generasi Teragih (DGQG)
memainkan peranan penting di dalam sistem kuasa dan kini diguna secara meluas
bagi memperbaiki prestasi grid dan fleksibiliti serta kestabilan sistem, dan dijangka
akan lebih berperanan di masa hadapan. Ramai penyelidik telah menggunakan satu
jenis DG untuk tujuan-tujuan berbeza, tetapi tidak ramai yang telah menggunakan
dua jenis DG untuk mengurangkan lendut dan tiada seorang pun yang menggunakan
lebih daripada dua jenis. Lokasi-lokasi DG perlu dioptimakan bagi meningkatkan
prestasi grid dan mengelakkan gangguan jaringan sistem kuasa yang menggunakan
algoritma optima seperti Algoritma Genetik (GA). Jenis DG  secara langsung
mempengaruhi tahap penetrasi dan penempatan DG. GA diguna untuk menentukan
lokasi-lokasi optimum tiga jenis DG iaitu segerak, Turbin Angin (WT) dan
Photovoltaik (PV). Prestasi sistem kuasa ketiga-tiga jenis DG dibandingkan atas
dasar lokasi optimum. Kesan kesemua DG ke atas voltan lendut dikaji di dalam tesis
ini apabila dihubungkan dengan grid sistem kuasa. Kaedah ini diaplikasikan ke atas
system IEEE 13 bas. Setiap jenis dioptimakan secara individu yang menjadi semakin
penting kerana setiap jenis mempunyai ciri-ciri dan tindaktalas berlainan. Lokasi
pemasangan DG di dalam kajian ini dioptimakan menggunakan GA. GA ialah teknik
pengoptimum yang baik yang digunakan untuk mencari penyelesaian optima bagi
fungsi pelbagai objektif; fungsi objektik menggabungkan keseluruhan jumlah bas
yang mengalami voltan lendut, keseluruhan jumlah bas yang mengalami kejatuhan
voltan, keseluhuran jumlah bas yang mengalami voltan kurang daripada 10% dan
keseluhuran jumlah bas yang mengalami voltan menggelembung. Akhirnya, didapati
bahawa lokasi terbaik bagi setiap DG berbeza bergantung kepada jenis DG dan
penjana kuasa segerak mengurangkan lendut voltan dengan lebih baik berbanding
WT dan PV. Particle Swarm Optimization digunakan untuk kajian perbandingan.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Everybody does not agree with the use of the term power quality, but they do
agree that it has become a very important aspect of power delivery especially in the
second half of the 1990s [1]. There is a lot of disagreement about what power quality
actual incorporates; it looks as if everyone has her or his own interpretation. Various
sources use the term power quality with different meanings [1]. There are various
terms of power quality; the common is the quality of power supply or voltage quality.
What all these terms have in common is that they treat the interaction between the
utility and the consumer or in technical between the power system and the load.
Treatment of this interaction is in itself not new. The aim of power system has
always been to supply smooth electrical energy to the consumers, what is new is the

emphasis on this interaction.

The fact that power quality became an issue recently does not mean it was not
important in the past. Utility all over the world have for decades worked on
investment of what is known as power quality. And actually, even the term has been
in use for rather long time already. The oldest mentioning of the term power quality

is in 1969 in a study by U.S. Navy after specifications for the power required by



electronic equipments [1]. This study gives a remarkably good overview of the power
quality field, including the use of monitoring equipment and even suggested the use
of static transfer switches. Several studies appeared soon after, which use the term
power quality in relation to airborne power system. In 1970 high power quality is
being mentioned as one of the aim of industrial power system design together with
safety, reliable service and low initial and operating costs [1]. At the same time the
term voltage quality was used in Scandinavian countries and in the Soviet Union,

mainly with reference to slow variation in voltage magnitude [1].

Voltage sag is considered as one of the most serious hazard of power quality
problems and can lead to significant damage in sensitive devices [2,3]. It is defined
as a short reduction in RMS (Root Mean Square) voltage magnitude and can be
produced due to short circuit, wind contamination on electrical insulator and starting
of large motors such as large induction motors. The sag phenomena ranges from 2
cycles up to 10 cycles or 200 ms and its magnitude ranges from 0.1-0.9 [2,3].
Induction motors is accounted as 60% of the total electric load and is considered an
important source that generates voltage sag [4] besides all types of faults generate

sag.

Many solutions are proposed to mitigate voltage sag such DVR (Dynamic
Voltage Restorer) as series and shunt configuration to inject active and reactive
power to compensate the voltage [3,5]. Other solution is placement DGs (Distributed
Generations) in the electrical network due to a lot of benefits such as improving
protection reliability [6] and the voltage profile, reducing losses [7,8] and to mitigate

voltage sag and most of them are environmentally friendly [2] .

1.2 Problem Statement

Voltage sag phenomena frequently occurs in power system and it produces a
severe effect in quality of the power system in-addition to the harmful damage to
most of electronic devices such as PCs, PLCs and Variable Speed Drives [1], so it is
strongly helpful to propose solutions to mitigate this phenomena. Distributed
Generation is used to mitigate voltage sag but the location of DG must be correctly

defined and optimized using an optimization technique such as Genetic Algorithm



[2,8] so that the DG improves the performance of the electrical network not
degrading the performance. Furthermore, different types of distributed generations
are widely used nowadays due to lot of benefits but each of them has its own
characteristics and response in the electrical network [2,7,9]. So that, it is highly
important to place each type at the correct location to avoid the bad performance of
the electrical network grid and these problems could lead to serious damage in the
power system. For example, if the number of buses experience voltage sag increased
when DGs are inserted in the electrical network grid increased than the case without
DGs or there is no optimum DG location then more and more devices and
equipments connected to these buses will exposed to serious damage and lot of
control systems may breakdown in-addition to many operations controlled by the
sensitive devices may stopped or blocked. All these problems lead to a great amount
of financial loss. The failure and malfunction of sensitive equipments or the process
control to the buses exposed to voltage sag lead to substantial financial losses. The
end users are concemed to find such a method to characterize voltage sag and
estimate accurately as possible the expected number of production interruptions then
techno economical analysis will be useful to determine the estimated financial loss
[4]- The problem statement summary is briefly provided in points 1 to 3.

1. Voltage sag produces severe effect on electrical network grid and
harmful damage on sensitive device and can be mitigated using
distributed generation. Electric network to be selected to actually,
represents the real distribution network is highly requested

2. Distributed generation must be located at the optimal location for better
mitigation voltage sag. And not to increase the number of buses
experience voltage sag then more sensitive loads and electronic
devises are exposed to damage. Incorrect placement of DGs in
distribution system will generate problems in power quality such as
voltage sag.

3. Different types of distributed generation are widely used due to
improving the grid performance and environmental purposes and each
type has its own features and impact on the electrical grid [8,9]. So, it
is highly important be located at the correct location for better

mitigation of voltage sag.



1.3

1ii.

iv.

1.4

Research Objectives

The objectives of the research are:

To develop GA optimization technique to identify the optimal location for DG
installation.

To develop model for IEEE 13 bus system for applying the proposed approach.

To develop three models for three types of DG to be used in the proposed
approach.

To prove that the optimum location of the three types of DGs varies according

the optimum location.

Research Scope

This research focuses on three major problems voltage sag mitigation,

optimizing the location of distributed generation and studying the impact of each

type and optimizing their locations.

1.

il.

iii.

Voltage Sag mitigation is highly important to improve the network performance
by reducing the number of buses experience voltage sag then many loads will be
protected by introducing distributed generation in the grid but selecting the best
location must considered because not all the location improve the grid
performance.

Optimizing the location of DG is highly appreciated because some location can
degrade the performance of the grid, this can be achieved by choosing suitable
method to optimize the DG locations, besides some locations improve the
performance but these locations are not the best location then finding the
optimum one is very important using an optimization technique.

Many types of DGs are widely used nowadays due to several reasons such as

the environmental purposes, the economical and financial purposes by reducing



1.

the large investment, improving the system reliability, losses reduction and as in
this research mitigating voltage sag. In this study three DG types are connected
individually in the electrical network and are optimally located, these types are
synchronous generator, wind turbine and photovoltaic. Different DG type at

different time.

1.5 Significance of Study

Based on the previous studies in voltage sag mitigation and distributed
generation, most of researchers used optimized DG location to reduce losses
and improve voltage profile. Other researchers mitigate sag by introducing
DVR [3,18] (Dynamic Voltage Restorer) and STATCOM (Static
Compensator) [20,22], the authors focused on the control procedure and used
battery banks with limited energy stored not to use DGs or optimize the
distributed generation . Another author used genetic algorithm optimization
technique to mitigate voltage sag [2] but with many dropouts and
disadvantages such as using combination of single phase DG and three phase
DG which is not realistic to propose single phase DG with approximately 500
KW. In-addition the researcher used only general type of DG, the researcher
applied three phase short circuit to simulate voltage sag too while single phase
short circuit is frequently occurs, almost 80% [1], so both of them should be
applied to the system. All the previously mentioned limitations are recovered
in this study, this leads to better results and improved solutions. Other authors
used different types of optimization techniques to reduce losses and improve
the voltage profile [3,5,8,9] and many others in literature review not to
mitigating voltage sag. Based on the literature, the majority of authors divided
into two groups, some of them used DVR and STATCOM to inject active and
reactive power at specific location. The others optimized DGs locations and

size to reduce losses and improve voltage profile.

Since three phase and single phase short circuits are considered in this study
than only three phase as proposed in the model conducted by the previous
researchers. Then better results are achieved by improving the model proposed by

the previous researchers then more loads are protected against damage.



1ii.

iv.

Viii.

1.6

Furthermore, three phase DGs are used in this study not single phase DG as
introduced in the model of the previous researchers. Since the proposed size of
each DG is 500 KW (according to the DG penetration percentage target in US is
25% [2]), this is not realistic to propose large power DG at single phase.

The objective function proposed by previous researchers is modified by
excluding the repeated items such as the overall number of buses experience
voltage sag and SARFIy, because both are representing similar events.

Proofing that the optimum location varies according to the type of distributed
generation by introducing three different types of DGs, these types are
synchronous generator wind turbine and photovoltaic.

Integrating the three different DG types in electrical network grid based on
optimum location to mitigate the sag phenomena which is not considered till
now.

This research reduced the search space by proposing reference or threshold
value in genetic algorithm for all solutions not just comparing the solutions by the
others.

This research protects sensitive devices from damage by reducing the number
of buses experiences voltage sag and protects control process in industry from
stoppage or blocking which leads to saving a lot of money.

This research increasing the penetration level of renewable energy resources

then reduction the emission of greenhouse gases.

Thesis Outline

This thesis consists of five chapters and organized as follows:



Chapter 2 covers the literature review of various distributed generation
penetration targets. Reviewing the previous study methods to mitigate voltage sag
and reviewing the proposed optimization techniques in these studies. Literature

review of the various DGs used to mitigate the voltage sag.

Chapter 3 presents the research methodology that used to formulate and
model the genetic algorithm technique to allocate the distributed generation at the

optimum location and shows the flow chart of the optimization procedures.

Chapter 4 discusses results and analysis for the three types of distributed
generations including their impacts on voltage mitigation and data validation using

another optimization technique.

Finally, Chapter 5, conclusion of the work done in the thesis and

recommendation for future work are presented.



128

REFERENCES

Bolen, M. (2000), Understanding Power Quality Problems Voltage Sag and
Interruptions (2““1 ed.), IEEE Press series on power engineering. 2000, Wiley
IEEE Press.

Jahromi, M. Farajah, E. Zolghardi, M. (2007), Mitigation Voltage Sag by
Optimal Allocation of Distributed Generation Using Genetic Algorithm, 9¢h
International Conference, Electrical Power Quality and Utilization, 9-11 Oct.
2007, Barcelona, Spain, 1-7.

Dhas, G. Prakash, T. (2011), A Novel approach for Voltage Sag Mitigation
Using FACTS Device Interline Dynamic Voltage Restorer, Electronics
Computer Technology ICECT, 2nd International Conference, 8-10 April 2011,
Kanyakumari, India, 37-41.

Milanovic, V. Vegunta, S. Aung, M. (2008), The Influence of Induction Motor
on Voltage Sag Propagation-Part II Accounting for the Change in Sag
Performance at LV Buses, Power Delivery IEEE Transaction volume 23, April
2008, 1072-1078.

Martinez-Velasco, J. (2007), Distributed Generation Impact on Voltage Sags in
Distribution Networks, Electrical Power Quality and Utilization EPQU 9*

international conference, 9-11 Oct 2007, Barcelona, Spain, 1-6

Collins, E. Jiang, J. Voltage Sags and the Response of a Synchronous
Distributed Generator: A Case Study (2008), Power Delivery, IEEE
Transaction Volume 23, January 2008, 442-448.



10.

11.

12.

13.

14.

129

Gozel, T. Hocaoglu, M. Eminoglu, U. Balikkci (2005), A. Optimal Placement
and Sizing of Distributed Generation on Radial Feeder with Different Static
Load Models, Future Power System, 2005 International Conference, 18-18
Nov 2005, Amsterdam, Netherland, 2-6.

Kamalinia, S. Afsharnia, S. Khodayar, M. Rahimikian, A. Sharbafi, M. (2007),
A combination of MADM and Genetic Algorithm for optimal DG Allocation of
Distribution System, Universities Power Engineering Conference (UPEC) 42™
International Conference, 4-6 Sept 2007, Brighton, UK, 1031-1035.

Sedighzadeh, M. Rezzadeh (2007), A. Using Genetic Algorithm For
Distributed Generation Allocation to Reduce Losses and Improve Voltage
Profile, IEEE, UPEC2007, Sustainable Power Generation and Supply, 6-7
April 2009, Nanjing, China, 1-6.

Aghaebrahimi, M., Amiri, M. Zahiri, S. (2009), An Immune-Based
Optimization Method for Distributed Generation Placement in order to
Optimize Voltage Profile, Sustainable Power Generation and Supply
SUPERGEN International Conference, 6-7 April 2009, Nanjin, China, 1-7.

Soo-Hyoung, L. Jung-Wook, P. Selection of Optimal Location and Size of
Multiple Distributed Generation by using Kalman Filter Algorithm (2009),
Power IEEE Transaction Volume 24, 1393-1400.

Elnashar, M. El-Shatshat, R. Salama, M. (2010), Optimum sitting and sizing of
a large distributed gencrator in a mesh connected system, Electric Power

System Research Volume 80, 2010 Elsevier, June 2010, 690-697

C. Almeida (2009), Allocation of Power Quality Monitors by Genetic
Algorithms and Fuzzy Sets Theory, Intelligent System Applications in Power
System ISAP 2009 15th International Conference, 8-12 Nov. 2009, Curitiba,
South Africa, 1-6

Hajizadeh, A. Golkar, M. (2008), Control of Hybrid Fuel Cell/Battery
Distributed Power Generation System with Voltage Sag Ride-Through
Capability, Power and Energy Conference 2008 PECon IEEE 2™ International
Conference, 1-3 December 2008, Johor Baharu, Malaysia, 463-467.



15.

16.

17.

18.

19.

20.

21.

130

Vallem, M. R. (2005), Sitting and Sizing of Distributed Generation for Optimal
Microgrid Architecture, Power Symposium 2005 Preceding of 37" Annual
North America, 23-25 Oct 2005, USA, 611-616.

Wang, L. Singh, C (2008),. Constrained Optimum Placement of Reclosers and
Distributed Generators in Distribution Networks Using an Ant Colony System
Algorithm, System, Man and Cybernetic Part C Application IEEE Transaction
Volume 38, 6 Nov. 2008, 757-764.

Kuan, Z. Jian-hua, Z. Wen-xia, L. (2010), Distribution Network Reliability
Considering Complementary Distribution Generation with Wind and
Photovoltaic Powers, Critical Infrastructure (CRIs) 2010 5th International
Conference, 20-22 Sept. 2010, Beijing, China, 1-5.

Song-cen, W. Kun-shan, Y. Guang-fu, T. (2008), Mitigation of Voltage Sags
by Grid-Connected Distributed Generation System in Series and Shunt
Configuration, Power System Technology and IEEE Power Indian conference
joined with international conference POWERCON, 12-15 Oct 2008, New
Delhi, India, 1-8.

Alibabadi, M. Behbahani, B. Jalilvand, A. (2008), Combination of GA and
OPF for Allocation and Active and Reactive Power Optimization in Distributed
Generation Units, Power and Energy (PECon) International Conference, 1-3
Dec 2008, Johor Bahru, Malaysia, 1541-1544.

Kolaiyan, A. Shiekholeslami, A. Kordkheili, A. (2008), Voltage Sag
Compensation Utilizing Autotransformer Switching by Hysteresis Voltage
Control, Electrical and Computer Engineering (ICECE) International
Conference, 20-22 Dec 2008, Dhaka, Bangladesh, 545-550.

Alinejad, Y. Sedighizadeh, M. Sedighi, M. (2008), A Particle Swarm
Optimization for Sitting and Sizing of Distributed Generation in Distributed
Network to Improve Voltage Profile and Reduce THD and Losses, Universities
Power Engineering Conference UPEC2008, 43rd International, 1-4 Sept.
2008, Padova, Italy, 1-5.



22.

23.

24,

25.

26.

27.

28.

29.

131

Prommee, W. Ongsakul, P. (2008), Optimal Multi-Distributed Generation
placement by Adaptive Weight Particle Swarm Optimization, Control,
Automation and Systems, 14-17 Oct. 2008, Seoul, South Korea, 1663-1668.

Zou, K. Aglalgaonkar, A. Muttaki, K. Perera, S. (2008), Optimisation of
Distributed Generation and Shunt Capacitors for Economic Operation of
Distributed System, Power Engineering Conference (AUPEC), Australian
Universities, 14-17 Dec. 2008, Sydney, Australia, 1-7.

Berg, A. Krahl, S. Paulun, T. (2008), Cost-Efficient Integration of Distributed
Generation into Medium Voltage Networks by Optimized Network Planning,
Smart Grid for Distribution 2008 (IET-CIRED) CRIED Seminar23-24 July
2008, , Frankfurt, Germany, 1-4.

Omar, R. Rahim, N. (2009), Implementation and Control of a Dynamic Voltage
Restorer Using Space Vector Pulse Width Modulation for Voltage Sag
Mitigation, Technical Postgraduates (TECHPOS) International Conference,
14-15 Dec 2009, Kuala Lumpur, Malaysia, 1-6.

Jabr, R. Pal, B. (2009), Ordinal Optimisation Approach for locating and Sizing
of Distributed Generation, Generation, Transmission and Distribution, IET
Volume 3, August 2009, IET, England, 713-723.

Ananthababu, P. Trinadha, B. Charan, K. (2009), Performance of Dynamic
Voltage Restorer (DVR) Against Voltage Sags and Swells Using Space Vector
PWM Technique, Advanced Computing, Control & Telecommunication
Technologies International Conference, 28-19 Dec 2009, Kerala, India, 206-
210.

Aghaebrahimi, M.r, Amiri M. Zahiriy, S. (2009), An Immune-Based
Optimization Method for Distributed Generation Placement in order to
Minimize Power losses, Sustainable Power Generation and Supply

SUPERGEN International Conference, 6-7 April 2009, Nanjin, China, 1-7.

Xiaobo, T. Guoqing, T. (2009), Risk Distribution Network Planning Including
Distributed Generation Based on Particle Swarm Algorithm with Immunity,



30.

31.

32.

33.

34.

35.

36.

37.

132

Sustainable Power Generation and Supply (SUPERGEN) 9th International
Conference, 6-7 April 2009, Nanjing, China, 1-5.

Zhili, L. Xin, A. Mingyong, C. (2010), Coordinated Control Strategy Based
on Parameter for Voltage Sag Compensating in Microgrid, Critical
Infrastructure (CRIS) 5th International Conference, 20-22 Sep 2010, Beijing,
China, 1-5.

Chang, R. Chen, S. Chang, Y. (2010), Modified Particle Swarm Optimization
for Solving Distribution Feeder Recognition Problem with Distributed
Generation, TENCON 2010-2010 IEEE Region 10 Conference, 21-24 Nov.
2010, Fukuoka, Japan, 1796-1801.

Dang, K. Yu, T. Dang, J. Han, B. (2011), Benefits of Distributed Generation
on Line Loss Reduction, Electrical Control Engineering (ICECE), 2011
International Conference, 16-18 Sep 2011, Yichang, China, 2042-2045.

Ramalakshmi, S. (2011), Optimal Sitting and Sizing of Distributed Generation
Using Fuzzy-EP, Recent Advancement in Electrical, Electronics and Control
Engineering (ICONRAEeCE) International Conference, 15-17 Dec. 2011,
Sivakasi, South Indian, 470-477.

Wang, A. (2011), Optimization of Fuzzy Power System for Distributed
Generation System Using Genetic Algorithm, Computer Distributed Control
and Intelligent Environmental Monitoring (CDCIEM), International
Conference, 19-20 February 2011, Changsha, China, 537-540.

Yan, W. Yan, W Sheng, S. (2011), The Research on Fault Restoration
Considering Distributed Generation Based on Particle Swarm Optimization,
Power and Energy Engineering Conference (APPEEC), 2011 Asia Pacific, 25-
28 March 2011, Wuhan, China, 1-4.

Abou-Mouti, F. Fl-Hawary, M. (2012) Heuristic Curve-Fitted Technique for
Distributed Generation in Radial Distributed System, Generation, Transmission

and Distribution IET, Volume 5, February 2012, IET, England, 172-180.

Geysen, D. Kesseles, K. Thewis, S. Hommelbreg, M. Tielemans, Y. Vinck
Merket, K.(2012), Optimization of Revenue of Distributed Generation Portfolio



38.

39.

40.

41.

42.

43.

44.

45.

133

Industrial Pilot Result, Energy Conference and Exhibition (ENERGYCON)
2012 IEEE International, 9-12 Sept 2012, Florence , Italy, 823-828

Moein, M. Dehghanian, P. Hosseini, S. (2011), Optimal Distributed Generation
in a Reinstructed Environment via multi-objective Optimization Approach,
Electrical Power Distributed Network (EPDN) 16th International Conference,
19-20 April 2011, Bandar Abbas, Iran, 1-6.

Ipinnimo, O. Chowdhury, S. Chowdhury, S. (2012), Mitigation of Multiple
Voltage Dips in a Weak Grid Using Wind and Hydro-Based Distributed
Generation, Transmission and Distribution Conference and Exposition (T&D),

7-10 May 2012, Orlando FL, US, 1-9.

Nasrolahpour, E. Ghasemi, H. Monsef, H. Khoup, E.(2012), DG Placement
Considering Sag Voltage and Losses, Environment and Electrical Engineering
International Conference (EEEIC), 18-25 May, 2012, Venice, Italy, 909-913.

Dias, B. Oliveira, D. Gomes, F. Silva, 1. (2012), Hybrid Heuristic Approach for
Distributed Generation Placement and Sizing, Power and Energy Society

General Meeting, 22-26 July 2012, San Diego, US, 1-6.

Hanghifam, M. Hadian, A. (2010), Distribution System Adequacy Assessment
With Consideration of Stochastic Distributed Generation, Probabilistic
Methods Applied to Power Systems (PMAPS), 14-17 June 2010, Singapore,
553-557.

Zheng, W. Cai, J. (2010) A multi-Agent System for Distributed Energy
Resources Control in Microgrid, Critical Infrastructure International

Conference (CRIS), 20-22 Sep. 2010, Beijing, China, 1-5.

Huang, W. Gan, D. Xia, X. Kobayashi, N. Xu, X. (2010), Distributed
Generation on Distribution System Voltage Regulation: An Optimization-
Based Approach, Power and Energy Society General Meeting 2010 IEEE, 25-
29 July 2010, Minneapolis, Italy, 1-7.

Hadian, A. Hnaghifam, M. (2010), Placement of DG with Stochastic
Generation, Transmission and Distribution Conference and Exposition 2010
IEEE PES, New Orleans LA, USA, 19-22 April 2010, 1-7.



46.

47.

48.

49.

50.

51.

52.

53.

134

Long, Y. Rahim, S. Sulaiman, H. Aliman, M. (2010), Distributed Generation
Installation Using Particle Swarm Optimization, Power Engineering and
Optimization Conference 4th International, Shah Alam, Malaysia, 23-24 June
2010, Shah Alam, Malaysia, 159-163.

Liu, B. Yuan, Z. (2011), Intelligent Optimization Algorithm for Locating and
Sizing of Distributed Generation Planning, China International Electricity
Distribution, 13-16 Sept. 2011, Nanjing, China, 1-6.

Haidar, A. (2011), Optimal Location of Distributed Generation Using
Intelligent Optimization, Zools with Artificial Intelligence (ICTAI) 23rd
International Conference, Boca Raton, 7-9 Nov. 2011, FL, US, 89-893.

Nabavi, S. Hajforoosh, M. Masoum, S. (2011), Placement and Sizing of
Distributed Generation Units for Congestion Management and Improvement of
Voltage Profile Using Particle Swarm Optimization, Innovative Smart Grid
Technologies Asia (ISGT), 2011 IEEE PES, 13-16 Nov. 2011, Perth-WA,
Australia, 1-6.

Soeprijantom, A. Abdillah, M. (2011), Type 2 Adaptive Fuzzy Binary Particle
Swarm Optimization for optimal placement and sizing of Distributed
Generation, Instrumentation, Communication, Information Technology and
Biomedical Engineering (ICICI- BME) 2nd International Conference, 8-9
Nov.2011, Bandung, China, 233-238.

Golestani, S. Tadayon, M.(2011), Distributed Generation Dispatch
Optimization by Artificial Neural Network and Particle Swarm Optimization
Algorithm, European Energy Market (EEM) International Conference, 25-27
May 2011, Zagreb, Croatia, 543-548.

Rois, F. Lagos, G. Joya, G. Atencia, M. (2011), Optimization of Distributed
Generation Penetration in Distributed Power Electric System, Power
Engineering, Energy Electrical Drives (POWERENG) International
Conference, 11-13 May 2011, Malaga, Malaysia, 1-6.

Amanifar, O. (2011), Optimal Distributed Generation Placement and Sizing for
Loss and THD Reduction and Voltage Profile Improvement in Distribution



54.

55.

56.

57.

38.

59.

60.

61.

135

System Using Particle Swarm Optimization and Sensitivity Analysis, Electrical
Power Distribution Network (EPDC), 19-20 April 2011, Bandar Abbas, Iran.

El-Zonokly, A. (2011), Optimal Placement of Multi-Distributed Generation
Units Including Different Load Models Using Particle Swarm Optimization,

Swarm and Evolutionary Computation, Volume 1, Elsevier, March 2011, 50-59.

Dalwadi, P. Shrinet, V. Meheta, C. Shah, P. (2011), Optimization of Solar-
Wind Hybrid System for Distributed Generation, Engineering (NUiCONE)
2011 Nirma University International Conference, 8-10 Dec. 2011, Ahmadabad,
India, 1-4.

Cui, H. Dei, W. (2011), Multi-Objective Optimal Allocation of Distributed
Generation in Smart Grid, Electrical and Control Engineering (ICECE 2011
International Conference, 16-18 Sept 2011, Yichang, China, 713-717.

Elmavazuthi, I. Ganesan, T. Vasant, P. (2011), A Comparative Method of HNN
techniques and Hybrid HNN-PSO in the Optimization of Distributed
Generation (DG) Distributed System, Advanced Computer Science and
Information System (ICACSIS) International Conference, 17-18 Dec. 2011,
Jakarta, Indonesia, 195-200.

Musa, I. Zahawi, B. Gadoue, S. Giaouris, S. (2012), Integration of Distributed
Generation for Network loss Minimization and Voltage Support Using Particle
Swarm Optimization, Power Electronics, Machines and Drives (PEMD 2012),
6th International Conference, 27-29, March 2012, Bristol, UK, 1-4.

Cui, H. Optimal Allocation of Distributed Generation in Distributed Network,
Power and Energy Engineering Conference (APPEEC) 2012 Asia Pacific, 27-
29 March 2012, Shanghai, China, 1-4.

Yujun, H. Petit, M. Dessante, P. (2012), Optimization of Steady State Voltage
Profile in Distribution System by coordinating the Control distributed
Generation, Innovative Smart Grid Technologies (ISGT Euorop) 3rd IEEE PES
International Conference, 14-17 Oct. 2012, Berlin, Germany, 1-7.

Mohsenzadeh, A. Haghifam, M. (2012), Simultaneous Placement of

Conventional and Renewable Distributed Generation Using Multi-objective



62.

63.

64.

65.

66.

67.

68.

69.

136

Optimization, Integration of Renewable into the Distribution Grid
(CIRED)Workshop, 29-30 May 2012, Lisbon, Portugal, 1-4.

Gomez, M. Lopez, A. Jurado, F. (2012), Optimization of Distributed
Generation Systems Using a New Discrete PSO and OPF, Electric Power
System Research Volume 84, Elsevier, March 2012, 174-180.

Hedayati, M. Mariun, N. (2012), Assessment Different of Voltage Sags on
Performance of Induction Motors Operated with FACTS,3rd Power Electronics
and Drives Systems Technology (PEDSTC), 15-16 February 2012, Tehran, Iran,
483-489

Biswas, S. Goswami, S. Chatterjee, A. (2012), Optimum Distributed
Generation Placement with Voltage Sag Effect Minimization, Energy

Conversion and Management 53, Elsevier, January 2012, 163-174.

Andres, J. Garcia, M. Mena, A. (2012), Optimal Distributed Generation
Location and Size Using a Modified Teaching-Learning Based Optimization,
International Journal of Electrical Power & Energy Systems, Volume 50,
Elsevier, 2 September 2012, 65-75.

Mistry, K. Bahvsar, V. Roy, R. (2012), GSA Based Capacity and location
Determination of Distributed Generation in Radial Distributed System for Loss
minimization, Environment and Electrical Engineering International

Conference (EEEIC), 18-25 May 2012, Venice, Italy, 513-518.

Tan, W. Hassan, M. Majid, M. Rahman, H. (2012), Allocation and Sizing of
DG Using Cuckoo Search Algorithm, Power and Energy Conference (PECon),
2-5 Dec. 2012, Kota Kinabalu, Malaysia, 133-138.

Prahaba, D. Mageshvaran, R. Raghunath, E. (2012), Determining the Optimal
Location and Sizing of Distributed Generation Using Particle Swarm

Algorithm, Computer Communication Informatics International Conference

(ICCCI), 10-12 Jan 2012, Coimbatore, India, 1-7.

Nurcin, C. Pablo, J. Xiaoran, S. (2012), Optimization of Distributed Generation
Penetration Based on Particle Filtering, Winter Simulation Conference (WSM),
9-12 Dec. 2012, Berlin, Germany, 1-12.



70.

71.

72.

73.

74.

75.

76.

77.

137

Amanifar, O. Golshan, M. (2012), Optimal DG Allocation and Sizing for
Mitigation Voltage Sag in Distributed Systems with Respect to Economic
Consideration Using Particle Swarm, Electrical Power Distribution Network
(EPDN), 2-3 May 2012, Tehran, Iran, 1-9.

Viral, R. Khatod, D. (2012), Optimal Planning of Distributed Generation in
Distributed System, Elsevier, Renewable and Sustainable Energy Reviews,
Volume 6, Oct 2012, 28-36.

Dai, W. (2009), Multi-Objective Locating and Sizing Optimization of
Distributed  Generation, Environmental and Electrical Engineering

International Conference (EEEIC), 5-8 May 2013, Wroclaw, Poland, 113-123.

Venkatesh, C. Madhusudhan, B. Sama, D. Sydulu, M. (2009), Voltage Sag
Mitigation Using Ration Control Autotransformer, TENCON 2009-IEEE
Region 10 Conference, 23-26 Jan. 2009, Singapore, 1-6.

Wang, B. Dong, X. Pan, Z. (2011), Voltage Sag Mitigation with Feeder Fast
Tripping Over Current Protection, Electric Utility Deregulation and
Restructuring of Power Technologies, DRPT, 14th International Conference,
Weihai, 6-0 July 2011, Shandong, China, 67-72.

Hu, X. Zhao, Y. (2008), Study of Impact two types Distributed Generation on
Distribution Network Voltage Sag, Power System Technology and IEEE Power
India International Conference POWERCON 2008, New Delhi, India, 12-15
Oct 2008, New Delhi, India, 1-5.

Farag, H.E.Z. Elsaadany, E. F. Seethapathy, R. (2012), A Two Ways
Communication-Based Distributed Control For Voltage Regulation in Smart
Distribution Feeders, Smart Grid, IEEE Transaction on Volume 3, March 2012,
271-281.

Martine, C.R, Renato, G, Arturo, S.B, Roberto, C.L. (2011), System Unbalance
and Fault Impedance Effect on Faulted Distribution Network, 3rd Global
Conference on Power Control Optimization, Computer Mathematics with

Applications Volume 60, Elsevier, August 2010, 1105-1114.



78.

79.

80.

81.

82.

83.

84.

138

Abdrabou, A. Soliman, A. Safawi, A. (2013), DG types effect on the optimal
location for Voltage Sag Mitigation, (JCECECE 2013) International
Conference on Electrical, Computer, Electronics and Communication

Engineering, Japan, May 2013.

Gupta, R. (2010), Modeling and Design of MPPT Controller for a PV Module
using PSCAD/EMDT, Innovative Smart Grid Technologies Conference Europe
(ISGS Europe) 2010 IEEE PES, Gothenburg, Sweden, October 2010, 1-6.

Singh, M. Panigrahi, B. Abhyankar, A. Mukhrejee, R. Kundu, R. (2013),
Optimal Location, Size and Protection coordination of Distributed Generation
in Distribution Network, Swarm Intelligence (SIS) 2013 IEEE Symposium,
Singapore, 16-19 April 2013, 221-227.

Variani, M. Tomsovic, K. (2013), Distributed Automatic Generation Control
Using Flatness-Based Approach for High Penetration of Wind Turbine, Power
System IEEE Transaction on Volume 28, April 2013, 3002-3009.

Pandi, V. Zeineldin, H. Weidong, X. (2013), Determining the Optimal Location
of Distributed Generation Resources Considering Harmonic and Protection
Coordination Limit, Power System IEEE Transaction on Volume 28, May 2013,
1245-1254.

Hossam-Eldin, A. Elserougi, A. (2013), Renewable Energy Fed Interline DVR
for Voltage Sag Mitigation in Distribution Network, Electricity Distribution
(CIRD 2013) 22nd International Conference and Exhibition, Stockholm, 10-13
June 2013, 1-4.

Kwang, L. El-Sharqawi, M. (2008), Modern Heuristic Optimization
Technigues, (2™ ed.), IEEE Press series on power engineering. 2008, Wiley
IEEE Press.



