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ABSTRACT

Recent trend has focused on the importance of renewable energy resources in
the electrical energy production system. Although a number of appealing advantages
are expected, a large penetration of generation from renewable energy resources may
cause some undesirable impact on system security and reliability due to the
uncertainty of their generation output. One of the problems is the fluctuation
character of wind energy where the output of wind power generation system is
unpredictable due to the intermittent of wind speed. However, the probability of a
particular wind speed occurring can be estimated. These can cause the output of a
wind power plant is neither continuous nor controllable. Power system analysis
should be able to cope with the influences resulting from the presence of this
generation scheme. In this thesis, the influences of the integration of the renewable
energy into power system via determination of Available Transfer Capability (ATC)
are investigated. To calculate ATC incorporating wind generation, a power flow
algorithm based on Newton-Raphson technique is used. The output of wind
generation is determined by Monte Carlo Simulations (MCS). The limits considered
in this work are bus voltage limit and line thermal limit. Meanwhile the power output
of a Wind Turbine Generation (WTG) is obtained using the relationship between the
power output and the wind speed. To model wind speed, common wind speed is used
in terms of the mean and standard deviation of the wind speed. The proposed method
has been applied on 5-bus system and IEEE 30-bus system. The result shows the
improvement of ATC value due to inclusion of wind energy into the power system.
For 5-bus system, the improvement of ATC value is about 0.28-2.56%, while for
IEEE 30-bus system the improvement is about 10-23.53%. The ATC value will
increase based on the variation of power output of wind energy. Meanwhile, WTG
will contribute to the increase of ATC based on the available wind profile to

compliment the contribution of ATC from conventional generation.
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ABSTRAK

Menjadi kebiasaan pada masa kini untuk memberi tumpuan kepada kepentingan
sumber tenaga diperbaharui dalam sistem pengeluaran tenaga elektrik. Walaupun ia
mempunyai beberapa kelebihan, penembusan besar penjanaan daripada sumber tenaga
diperbaharui boleh menyebabkan beberapa kesan yang tidak diingini terhadap sistem
keselamatan dan kebolehpercayaan kerana ketidaktentuan pengeluaran penjanaannya.
Salah satu masalah adalah sifat tidak menentu tenaga angin di mana pengeluaran sistem
penjanaan kuasa angin tidak dapat diduga disebabkan kelajuan angin yang terputus-
putus. Walau bagaimanapun, kebarangkalian kelajuan angin untuk tempoh yang tertentu
boleh dianggarkan. Hal ini menyebabkan pengeluaran loji kuasa angin adalah tidak
berterusan dan tidak dikawal. Analisis sistem kuasa yang dilakukan hendaklah dapat
mengatasi kesan yang terhasil daripada kehadiran skim penjanaan ini. Dalam tesis ini,
pengaruh integrasi tenaga diperbaharui ke dalam sistem kuasa melalui penentuan
Keupayaan Pindahan Tersedia (ATC) dikaji. Untuk mengira ATC dengan penjanaan
angin, algoritma aliran kuasa berdasarkan teknik Newton-Raphson telah digunakan.
Keluaran penjanaan angin ditentukan oleh Monte Carlo Simulations (MCS). Had yang
diambilkira dalam kajian ini adalah had voltan bas dan garisan had haba. Sementara itu,
keluaran kuasa penjana turbin angin (WTG) diperolehi dengan menggunakan hubungan
antara keluaran kuasa dan kelajuan angin. Untuk mencipta kelajuan angin, model angin
biasa digunakan dalam segi nilai kelajuan min dan sisihan piawai. Kaedah yang
dicadangkan ini telah diuji pada sistem 5-bas dan sistem IEEE 30-bas. Hasil kajian
menunjukkan peningkatan nilai ATC disebabkan oleh kemasukan tenaga angin ke dalam
sistem kuasa. Untuk sistem 5-bas, peningkatan nilai ATC adalah kira-kira 0.28-2.56%,
manakala bagi sistem IEEE 30-bas peningkatan kira-kira 10-23.53%. Nilai ATC akan
meningkat berdasarkan perubahan keluaran kuasa tenaga angin. Sementara itu, WTG
akan menyumbang kepada peningkatan ATC berdasarkan profil angin yang ada selaras

dengan sumbangan ATC daripada penjana konvensional.
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CHAPTER |

INTRODUCTION

1.1 Introduction

Renewable energy resources boast promising potentials for future use, and it
has become a recent trend among electric power utility providers to integrate these
resources into their energy production system. Renewable energy comes from natural
resources such as sunlight, wind, rain, tides and geothermal heat, which are naturally
replenished. Renewable energy is derived from natural processes, either directly or
indirectly from the sun or from heat generated deep within the earth. These sources
are expected to be able of supplying energy to humanity for almost another one
billion years. It produces little to no pollution or greenhouse gases, and they will
never run out. Besides that, renewable energy sources have promising potentials in
the future of electricity production due to its sustainability, and it being

environmental-friendly, apart from a source of low cost energy.

These advantages have attracted both researchers and scientists from various
countries such as Europe, United States (US), Japan, India, and China to focus their
studies on this field. It is reported that US is targeting to increase their renewable

energy resources to more than 55 % as their additional generation capacity [1]. With



the prominent trend of integrating renewable energy into the energy production
systems around the world, the Malaysian government has also shown a keen interest
on the potential of renewable energy [2]. In 9" Malaysian Plan (2006-2010), the
Government of Malaysia also increased the fund for research and development
(R&D) of renewable energy research [3]. It has been reported that by Renewable
Energy Policy Network (REN2007), the potential of wind energy in Malaysia has
increased by 28 %. The research from Universiti Kebangsaan Malaysia (UKM) at
2005 shows that Weibull distribution is the fit distribution for the wind speed data at
Terumbu Layang-Layang, Sabah [4]. Meanwhile, in 2007 two wind turbine was
installed at Pulau Perhentian, Terengganu and it shows that 50 % of the electricity
required at Pulau Perhentian can be fulfil by these wind turbines [5].

The most common types of renewable energy currently in practice are wind,
hydropower, solar, hydrogen fuel cells, biomass and geothermal. Among all these
available sources, wind power is generally considered as one of the most viable
alternative energy resources [6]. The wind energy is an inexhaustible natural
resource as well as a truly indigenous energy resource. As such, wind power has
been receiving considerable attention as one of the most promising source of

renewable energy.

Countries such as the United States, Spain, Denmark and India utilize the
wind to produce electricity in their country. According to Blanco and Rodrigues [7],
wind energy already covers 3% of electricity demand in Europe, 23 % in Denmark
and approximately 8% in Spain and Germany respectively. By 2050, wind energy is
expected to provide half of Europe’s power [8]. There is also a research on the
potential of wind energy in Malaysia, and it has been concluded that wind energy is
the most suitable energy source to be applied and the wind energy system has great

potential to be developed in Malaysia [5].


http://www.renewableenergyworld.com/rea/tech/hydropower;jsessionid=349F8D61F7F6A8423EC386B9C9D672CA
http://www.renewableenergyworld.com/rea/tech/hydrogen;jsessionid=349F8D61F7F6A8423EC386B9C9D672CA
http://www.renewableenergyworld.com/rea/tech/geothermal-energy;jsessionid=349F8D61F7F6A8423EC386B9C9D672CA

Wind energy’s cost of production is relatively lower compared to solar
energy [9]. The installation of wind farm does not require excessively large area as
the land area within a wind farm is still available for development. Also, it has very
little impacts on the environment [9]. To generate electricity, the operation of wind
energy does not pollute the atmosphere and is considered a clean energy because

there are no greenhouse gas emissions.

Despite the many advantages of renewable energy, it also has its
disadvantages where it is considered as an unstable, unreliable, expensive source of
energy. Naturally, any kind of energy resource is bound to have its own pros and
cons. As such, one of the problems with wind energy is its intermittent characteristic.
It is universally known that wind energy is highly dependent on wind speed but
unfortunately, the wind does not always blow in a constant manner. If the wind speed
is too low, wind turbine will not be able to produce electricity. On the other hand, if
the speed is too strong, the wind turbine will shutdown to prevent damage. Besides
that, it also depends on the location of the wind farm. Some regions have low

probability of wind speed which renders wind harvest as a source of energy useless.

In a deregulated power system, the computation of Available Transfer
Capability (ATC) is important to ensure the reliability and security of the system.
The Federal Energy Regulatory Commission (FERC) requires that the information of
ATC be made publicly available through Open Access Same Time Information
Network (OASIS) [10-12]. This information will help power marketers, sellers and
buyers in reserving transmission services. Furthermore, these participants can plan
their strategies in securing access to transmission network. Source bus is also called
seller, who is a generation company that sells the generated power, while sink bus or

the buyer is a distribution company who purchases power generated.



1.2 Available Transfer Capability in Deregulated Power System

ATC in a transmission network is quantified by the allowable highest
magnitude of power (MW) that can be transferred from the source to the sink over
and above the already committed uses (base case) of the network as a whole without
violating any constraints related to the transmission network security. These
constraints are transmission elements’ thermal limits for power flow and bus voltage
limits when the system remains in steady state [13]. By considering these limits, one
can also include aspects of security assessment in the analysis of the state of any
given power system. Meanwhile, United States FERC has defined ATC as the
amount of transfer capacity that is available at a given time for purchase or sale in

the electric power market under various system conditions [14].

ATC has become an important indication for all market participants in
electrical power such Independent Power Producers (IPPs), retailer, distributor and
customer. IPPs are private companies that participate in the generation sector and
they sell electricity to the utilities. Besides that, ATC computation also determines
the reliability of the system in unsecured situations. It becomes a significant index to

indicate the amount of further usable transmission capacity for commercial trading.

The Independent System Operator (ISO) may receive every energy demand
from utility in the interconnected power system. All of these demands may be
accepted if they are less than the ATC between two areas. ATC must also be
calculated by ISO in real time for all the areas under its territory. Deregulation is
significant to keep the transmission network secure and ISO needs to encourage the
participant market such buyer and the seller and honour the viable transactions. For
this objective, 1ISO determines an index on the unutilised transmission capacity
which is ATC. Thus, ATC intimation by ISO is an important issue in deregulated

power market.



1.3 Problem Statement

Many researchers have extensively explored the ATC. Nowadays, researchers
have shown interest in addressing renewable energy into ATC calculation in power
system. As mentioned before, wind energy is the most dynamic in the world because
it is the most viable alternative energy. Although renewable energy has many
advantages, but it is also have disadvantages for example, its generation may cause

some problem and complications due to the uncertainty of their generation output.

There have been attempts to include renewable energy sources in ATC
determination but many of them proved to have some drawbacks. X. Tong et al. [15],
attempted to assess transfer capability with wind energy. However, it appears that
this attempt had setbacks of impairment of ATC after the addition of wind energy
into the system. Meanwhile, Quoging et al. [16] and N. Paensuwan [17] did not
taken uncertain nature of wind energy into consideration in ATC calculation. Since
the power produced by wind energy strongly depends out on fluctuated wind speed,
so the issue of uncertainty of the generation output from wind energy resources
integrated into the calculation of ATC also need to be addressed by the proposed

method.

In this thesis, the effects of integrating wind energy into power system on the
security aspects of the system via determination of ATC are to be investigated.
Besides that, the power system analysis should be able to cope with and examine the
influences resulting from the presence of this sector. The issue of fluctuation of wind
energy or the uncertainty of generation output of wind energy integrated into the

calculation of ATC also need to be addressed.



1.4

1.5

Objectives of the Research

The objectives of the research are:

I. Construct a Wind Turbine Generation (WTG) model to represent

fluctuation in wind energy for power system analysis.

ii. Develop ATC determination of a power system with the peresent wind

energy based on AC power flow method.

Scope of the Research

The scopes of the research are listed below:

The bus-to-bus power transfer based ATC will be determined by considering
the steady-state limit, namely the line thermal and a bus bar voltage limit of
transmission line.

The ATC determination is based on bus-to-bus transaction, while area-to-area
transactions are not considered.

The uncertainty of wind energy will be considered by using Monte Carlo
Simulation technique.

The wind energy model is based on typical power output model. The

converter and control point of the wind system are not considered.



1.6 Contributions of the Research

The contribution of this thesis can be summarized as follows:

I. Methodology to evaluate the power output of wind energy at multistate
level using Monte Carlo simulation.
ii. Comprehensive evaluation of ATC with integration of wind energy at
different penetration level using power flow method.
iii.  Evaluations of the factors need to consider in the ATC calculation with

integration of wind energy.

1.7  Thesis Organization

This thesis is divided into five chapters. Brief descriptions of each chapter are

as follows:

Chapter 2 discusses the basic concepts of ATC and wind energy system.
Besides that, this chapter also reviews the methodology in determination of ATC

with and without wind energy previously done in prior work.

Chapter 3 details the methodology that has been applied in calculation of
ATC incorporating wind energy by using AC power flow analysis. This section also
explains the process to obtain wind energy power output based on Monte Carlo

Simulations.



Chapter 4 presents results and discussions of the proposed method. The
comparisons between ATC before and after adding wind energy are also discussed.
Furthermore, the impacts of wind energy implementation into the system on ATC are

also described in this chapter.

Chapter 5 concludes the thesis by providing conclusions of this research and

several recommendations for future improvement of the work.



79

REFERENCES

Wind Energy Foundation. Interesting Wind Energy Facts. 2012. [Online].
Available:  http://www.windenergyfoundation.org/interesting-wind-energy-
facts. [Accessed July 27, 2014].

Islam, M. R., et al. Renewable Energy in Malaysia. Engineering e-
Transaction. 2009. 4 (2): 69-72.

Darus, Z. M., et al. The Development of Hybrid Integrated Renewable
Energy System (Wind and Solar) for Sustainable Living at Perhentian Island,
Malaysia. Europeans Journal of Social Science. 2009. 9(4): 557-563.
Sopian,K., et al. Potensi Tenaga Angin di Terumbu Layang-Layang. Journal
of Industrial Technology. 1995. 5(1).

Farriz, M. B., et al. A Study on the Wind as a Potential of Renewable Energy
Sources in Malaysia. 2010 International Conference on Electrical
Engineering/Electronics Computer Telecommunications and Information
Technology (ECTI-CON). May 19-21, 2010. Chaing Mai: IEEE. 2010. 651
655.

Ahmed, A. S. Wind Energy as a Potential Generation Source at Ras Benas,
Egypt. Renewable and Sustainable Energy Reviews. October 2010. 14 (8):
2167-2173.

Blanco, M. I. and Rodrigues, G. Can the future EU ETS Support Wind
Energy Investments. Energy Policy. April 2008. 36 (4): 1509-1520.

Moccia, J., et al. Pure Power: Wind Energy Targets for 2020 and 2030.
European Wind Energy Association. July 2011. 1-96.

Xiangning, H., et al. Feasibility Study on Wind Farm Renewable Energy
Development in the Eastern Coast of China. 2010 WASE International


http://www.windenergyfoundation.org/interesting-wind-energy-facts
http://www.windenergyfoundation.org/interesting-wind-energy-facts

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

80

Conference on Information Engineering (ICIE). 4. Aug. 14-15, 2010.
Beidaihe, Hebei: IEEE. 2010. 4: 287-290.

Federal Energy Regulatory Commision. Final Rule: Preventing Undue
Discrimination and Preference in Transmission Sevice. Washington, Order
No. 890. 2007.

Regulatory Alert Bulletin. FERC’s Open Access Final Rule. Troutman
Sanders LLP. Washington, RM05-17-000. 2007.

FERC Order No. 890. The Next Generation of OATT Transmission Service.
Troutman Sanders. Washington, 2007.

North American Electric Reliability Council (NERC). Available Transfer
Capability Definitions and Determination. June 1996.

Hamoud, G. Assessment of Available Transfer Capability of Transmission
Systems. IEEE Transaction on Power System. 2000. 15 (1): 27-32.

Tong, X., et al. A New Approach of Available Transfer Capability
Incorporating Wind Generation. Journal of Systems Science and Complexity.
Nov. 2010. 23(5): 989-998.

Li, G. Q., et al. Calculation of Probabilistic Available Transfer Capability in
Wind Power Integrated System. Applied Mechanics and Materials. 2013.
448-453: 2524-2529.

Paensuwan, N. and Yokoyama, A. Risk-Based Dynamic TTC Calculation in
a Deregulated Power System with a Large Penetration of Wind Power
Generation. 2009 CIGRE/IEEE PES Joint Symposium on Integration of
Wide-Scale Renewable Resources Into the Power Delivery System. July 29-
31, 2009. Calgary, AB: IEEE. 2009.1-10.

Comiere, B., et al. Assessment of the Congestion Cost and the Risk of
Curtailment Associated with Available Transfer Capability (ATC). IEEE
Power Engineering Society Winter Meeting. 2000. 2: 891-896.

Lu, C. and Tsai, C. Bootstrap Application in ATC Estimation. IEEE Power
Engineering Review. 2001. 21(2): 40-42.

Sauer, P. W. Alternatives for Calculating Transmission Reliability Margin
(TRM) in Available Transfer Capability (ATC). Proceedings of the Thirty-
First Hawaii International Conference on System Science. January 6-9, 1998.
Kohala Coast, HI: IEEE. 1998.


http://www.scientific.net/AMM
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5217
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5217

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

81

North American Electric Reliability Council (NERC). Transmission Transfer
Capability. May 1995.

Sauer, P. W. Technical Challenges of Computing Available Transfer
Capability (ATC) in Electric Power Systems. Proceedings of the 30th Hawaii
International Conference on System Sciences. January 7-10, 1997. 5(2).
Wailea, HI: IEEE. 1997. 589-593.

Hamoud, G. Feasibility Assessment of Simultaneous Bilateral Transactions in
a Deregulated Environment. IEEE Transactions on Power Systems. 2000.
15(1): 22-26.

Yadav, N. K. and Sharma, P. Single/Multiple Transaction ATC
Determination For Intact/Contingency Cases Using Sensitivity Factors.
International Journal of Scientific & Technology Research. 2013. 2(7): 60-
65.

Bhesdadiya, R. H. and Patel, R. M. Available Transfer Capability Calculation
Methods: A Review. International Journal of Advanced Research in
Electrical, Electronics and Instrumentation Engineering. 2014. 3(1): 1-6.
Grijalva. S. and Sauer, P. W. Reactive Power Considerations in ATC
Computation. Proceedings of the 32nd Hawaii International Conference on
System Sciences. Jan 5-8, 1999 . Maui, HI, USA: IEEE. 1999. 1-11.

Ejebe, G. C., et al. Available Transfer Capability Calculations. IEEE
Transaction on Power System. 1998. 13(4): 1521-1527.

Gravener, M. H., et al. ATC Computational Issues. Proceedings of the 32nd
Annual Hawaii International Conferences on Systems Sciences, Jan. 5-8,
1999. Track 3. Maui, HI, USA: IEEE. 1999. 1-6.

Ou, Y. and Singh, C. Assessment of Awvailable Transfer Capability and
Margins. IEEE Transaction on Power System. 2002. 17(2): 463-468.

Stott, B. Fast Decoupled Load Flow. IEEE Transactions on Power Apparatus
and System. 1974. 93(3): 859-869.

Patel, M. Y. and Girgis, A. A. New lterative Method for Available Transfer
Capability Calculation. IEEE Power and Energy Society General Meeting,
July 24-29, 2011. San Diego, CA: IEEE. 2011. 1-6.


http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=6293
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=6293

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

82

Gan, D. et al. Min—-max Transfer Capabilities of Transmission Interfaces.
International Journal of Electrical Power and Energy Systems, Jun. 2003.
25(5): 347-353.

Gravener, M. H. and Nwankpa, C. Available Transfer Capability and First
Order Sensitivity. IEEE Transaction on Power System, 1999. 14(2): 512-518.
Fradi, A., et al. Calculation of Energy Transaction Allocation Factors. IEEE
Transactions on Power Systems, May 2001. 16(2): 266272

Patel, M. and Girgis, A. A. Review of Available Transmission Capability
(ATC) Calculation Methods. Power Systems Conference, Mar. 10-13, 2009
Clemson, SC: IEEE. 2009. 1-9.

Venkatesh, P., et al. Available Transfer Capability Determination Using
Power Transfer Distribution Factors. International Journal of Emerging
Electric Power Systems, 2004. 1(2): 1-4.

Hojabri, M. and Hizam, H. Available Transfer Capability Calculation. In:
Tadeusz Michalowski. Application of MATLAB in Science and Engineering.
Mumbai: Intech. 2011. 143-164.

Li, C. Y. and Liu, C. W. A New Algorithm for Available Transfer Capability
Computation. International Journal of Electrical Power and Energy Systems.
Feb. 2002. 24(2): 159-166.

Ejebe, G. C., et al. Fast Calculation of Linear Available Transfer Capability.
IEEE Transaction Power System, 2000. 15(3): 1112-1116.

Kumar, A. and Srivastava, S. C. AC Power Transfer Distribution Factors for
Allocating Power Transactions in a Deregulated Market. IEEE Power
Engineering Review. 2002. 22(7): 42-43.

Kumar, A., et al. Available Transfer Capability (ATC) Determination in a
Competitive Electricity Market Using AC Distribution Factors. Electric
Power Component and Systems. 2004. 32(9): 927-9309.

Manjure, D. P. and Makram, E. B. Investigation of Distribution Factors for
Bilateral Contract Assessment. Electric Power Systems Research, 2003.
66(3): 205-214.

Satish and Ravi. Available Transfer Capability Calculation Using ACPTDF
& DCPTDF on IEEE-24 bus System Under Deregulated Environment.
Current Trends in Technology and Science. 2014. 3(4): 278-282.



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

83

Ajjarapu, V. and Christy, C. The Continuation Power Flow: A Tool For
Steady State Volatage Stability Analysis. IEEE Transaction on Power
System, 1992. 7(1): 416-423.

Min, L. and Abur, A. Total Transfer Capability Computation for Multi-Area
Power Systems. IEEE Transaction on Power System, 2006. 21(3) 1141-1147.
Pankajam, P., et al. ATC Enhancement with FACTS Devices Considering
Reactive Power Flows Using PTDF. International Journal of Electrical and
Computer Engineering (IJECE). 2013. 3(6): 741-750.

Khairuddin, A. B., et al. A Novel Method for ATC Computations in a Large-
Scale Power System. IEEE Transaction Power System. 2004. 19(2): 1150-
1158.

Mozafari, B., et al. A Comprehensive Method for Available Transfer
Capability Calculation in a Deregulated Power System. Proceedings of the
2004 IEEE International Conference on Electric Utility Deregulation,
Restructuring and Power Technologies. 2. April 5-8, 2004. IEEE. 2004. 680—
685.

Bresesti, P., et al. An OPF-Based Procedure for Fast TTC Analyses. 2002
IEEE Power Engineering Society Summer Meeting. 3. July 25, 2002.
Chicago, IL, USA: IEEE. 2002. 1504-15009.

Shaaban, M., et al. Transfer Capability Computations in Deregulated Power
Systems. Proceeding of the 33rd Annual Hawaii International Conferences
on System Sciences. Jan 4-7, 2000. IEEE. 2000. 1-5.

Wankhade, C. M. and Vaidya, A. P. Application of GA to Decide the
Available Load Transfer Capability of the System. International Journal of
Advanced Research in Electrical, Electronics and Instrumentation
Engineering. 2014. 3 (1): 6481-6488.

Yun, C. Available Transfer Capability Evaluation Study in System Operation
Under Electricity Market and Its Enhancement by FACTS Devices. Ph.D.
Thesis. The Hong Kong Polytecnic University; 2005

Luo, X., et al. Real Power Transfer Capability Calculations Using Multi-
Layer Feed-Forward Neural Networks. IEEE Transaction Power System,
2000. 15(2): 903-908.



54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

84

Vaithilingam, C. and Kumudinidevi, R. P. Available Transfer Capability
Estimation Using Fuzzy Logic. International Conference on Computational
Intelligence and Multimedia Applications. 2007. 1: 375-379.

Momoh, J. A., et al. Overview and Literature Survey of Fuzzy Set Theory in
Power Systems. IEEE Transaction Power System. 1995. 10(3): 1676-1690.
Gopikrishna, P. and Gowri, M. T. Available Transfer Capability
Computations in the Indian Sourthen EHV Power System Using Intelligent
Techniques. International Journal of Research in Engineering and
Technology. 2014. 3(11). 90-100.

Nikola K. K. Foundations of Neural Networks, Fuzzy Systems and
Knowledge Engineering. Cambridge: The MIT Press, 1996.

Xia, F. and Meliopoulos, A. P. S. A Methodology For Probabilistic
Simultaneous Transfer Capability Analysis. IEEE Transaction Power System,
1996. 11(3): 1269-1278.

Mello, J. C. O., et al. Simultaneous Transfer Capability Assessment by
Combining Interiour Points Methods and Monte-Carlo Simulation. IEEE
Transaction Power System, 1997. 12(2): 736-742.

Xiao,Y., et al. A Hybrid Stochastic Approach to Available Transfer
Capability Evaluation,” IEE Proceedings on Generation, Transmission and
Distribution. Sep. 2001. 148(5): 420-426.

Freris, L. and Infiled, D. Renewable Energy in Power System, First ed. United
Kingdom: Wiley. 2008.

R. D. Richardson and M. Gerald. Wind Energy Systems. Proceedings of The
IEEE, 1993. 81(3): 378-389.

Muyeen, S. M. et al. Stability Augmentation of A Grid-Connected Wind
Farm. London: Springer. 2010.

Conroy, J. and Watson, R. Aggregate Modelling of Wind Farms Containing
Full-Converter Wind Turbine Generators with Permanent Magnet
Synchronous Machines: Transient Stability Studied. IET: Renewable Power
Generation. 2009. 3(1): 39-52.

Karki, R., et al. A Simplified Wind Power Generation Model for Reliability
Evaluation. IEEE Transaction on Energy Conversion. 2006. 21(2): 533-540.


http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/RecentIssue.jsp?punumber=4159946
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/RecentIssue.jsp?punumber=4159946

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

85

Yeh, T. and Wang, L. A Study on Generator Capacity for Wind Turbines
Under Various Tower Heights and Rated Wind Speeds Using Weibull
Distribution. IEEE Transaction on Energy Conversion. 2008. 23(2). 592—-602.
Muljadi, E. et al. Effects of Turbulence on Power Generation for Variable-
speed Wind Turbines. ASME Wind Energy Symposium, 1997. 1-9.

Mansour, M., et al. Comparative Study of Fixed Speed and Variable Speed
Wind Generator with Pitch Angle Control. 2011 International Conference on
Communications, Computing and Control Applications. Mar. 3-5, 2011.
Hammamet: IEEE. 2011. 1-7.

Murty, D. M. S. R. Wind Turbine Generator Model. [Online]. Available:
www.sarienergy.org/PageFiles/.../Wind_TG_Model.pdf. [Accessed
November 27, 2013].

Kanabar, M. G. and Khaparde, S. A. Evaluation of Rotor Speed Stability
Margin of a Constant Speed Wind Turbine Generator. International
Conferences. on Power System Technology and IEEE Power India
Conferences. Oct. 12-15, 2008. New Delhi: IEEE. 2008. 1-6.

Slootweg, J. G. Wind Power: Modelling and Impact on Power System
Dynamics. Ph.D. Thesis. Delft University of Technology, Netherlands; 2003.
Pao, L. Y. and Johnson, K. E. Control of Wind Turbines: Approach,
Challenge and Recent Developments. IEEE Control Systems Magazine. April
2011. 31(2): 44-62.

Feijdo, A. E. and Cidris, J. Modeling of Wind Farms in the Load Flow
Analysis. IEEE Transactions on Power Systems. 2000. 15(1): 110-115.
Lopes, J. A. P., et al. Simulation of MV Distribution Networks with
Asynchronous Local Generation Sources. Proceedings of 6th Mediterranean
Electrotechnical Conference. May 22-24, 1991. 2. LJubljana: IEEE. 1991.
1453-1456.

Dong, L., et al. Probabilistic Load Flow Analysis for Power System
Containing Wind Farms. 2010 Asia-Pacific of Power and Energy
Engineering Conference (APPEEC). Mar. 28-31, 2010. Chengdu: IEEE.
2010. 1-4.



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

86

Ramezani, M. and Haghifam, M. R. Modeling and Evaluation of Wind
Turbines on Total Transfer Capability. IEEE Power Engineering Society
General Meeting. June 24-28, 2007. Tampa, FL: IEEE. 2007. 1-6.

Anders, G. J. Probability Concepts in Electric Power Systems. New York.
Wiley-Interscience. 1990.

Wangdee, W. and Li, W. Assessing Transfer Capability Requirement for
Wind Power Generation Using a Combined Deterministic and Probabilistic
Approach. IEEE Power & Energy Society General Meeting. July 26-30,
2009. Calgary, AB: IEEE. 2009. 1-8.

Li, Z. C., et al. Probabilistic Available Transfer Capability Calculation of
Wind Farm Incorporated Power System. Advanced Materials Research. Aug.
2013. 724-725: 582-586.

Li, X. and Jiang, C. Short-term Operation Model and Risk Management for
Wind Power Penetrated System in Electricity Market. IEEE Transaction
Power System. 2011. 26(2): 932-939.

Karki, R., et al. A Simplified Wind Power Generation Model for Reliability
Evaluation. IEEE Transaction on Energy Conversion. 2006. 21(2): 533-540.
Cho,K., et al. Probabilistic Reliability Criterion for Expansion Planning of
Grids Including Wind Turbine Generators. 2011 IEEE Power and Energy
General Meeting. July 24-29, 2011. San Diego, CA: IEEE. 2011. 1-6.

Wu, L., et al. Probabilistic Reliability Evaluation of Power Systems Including
Wind Turbine Generators Considering Wind Speed Correlation. Journal of
Electrical Engineering and Technology. 2009. 4(4): 485-491.

Billinton, R. and Dange, H. Incorporating Wind Power in Generating
Capacity Reliability Evaluation Using Different Models. IEEE Transaction
Power System. 2011. 26(4): 2509-2517.

Shaaban, M. and Usman, M. D.. Risk Assessment of Wind Generation
Dispatch Using Monte Carlo Simulation. International Journal of Smart Grid
and Clean Energy. 2013. 2(2): 258-263.

Billinton, R. and Li, W. Reliability Assesment of Electric Power System
Using Monte Carlo Methods. New York: Plenum Press, 1994.



87.

88.

89.

90.

87

Billinton, R. and Gao, Y. Multistate Wind Energy Conversion System
Models for Adequacy Assessment of Generating Systems Incorporating Wind
Energy. IEEE Transaction Energy Conversion. 2008. 23(1): 163-170.

Saadat, H. Power System Analysis. 2nd ed. New York: McGraw-Hill Book.
1999.

International  Electrotecnical Commission. IEC Standard Voltages.
Switzerland, IEC 60038. 2002.

N. A. Rahman. Computation of Available Transfer Capability (ATC) in
Deregulated Power System Using Load Flow Technique. Universiti

Teknologi Malaysia: 2004.



	NorAmiraMFKE2015ABS
	NorAmiraMFKE2015TOC
	NorAmiraMFKE2015CHAP1
	NorAmiraMFKE2015REF



