
J Electr Eng Technol Vol. 9, No. 3: 820-826, 2014 
http://dx.doi.org/10.5370/JEET.2014.9.3.820 

 820 

Power Curve of a Wind Generator Suitable for a Low Wind Speed Site 
to Achieve a High Capacity Factor 
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and Yong Cheol Kang† 

 
Abstract – It is well known that energy generated by a wind generator (WG) depends on the wind 
resources at the installation site. In other words, a WG installed in a high wind speed area can produce 
more energy than that in a low wind speed area. However, a WG installed at a low wind site can 
produce a similar amount of energy to that produced by a WG installed at a high wind site if the WG is 
designed with a rated wind speed corresponding to the mean wind speed of the site. In this paper, we 
investigated the power curve of a WG suitable for Korea’s southwestern coast with a low mean wind 
speed to achieve a high capacity factor (CF). We collected the power curves of the 11 WGs of the 6 
WG manufacturers. The probability density function of the wind speed on Korea’s southwestern coast 
was modeled using the Weibull distribution. The annual energy production by the WG was calculated 
and then the CFs of all of the WGs were estimated and compared. The results indicated that the WG 
installed on the Korea’s southwestern coast could obtain a CF higher than 40 % if it was designed with 
the lower rated speed corresponding to the mean wind speed at the installation site. 
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1. Introduction 
 
Wind energy has become a key solution to environ-

mental problems such as climate change, ozone and 
resource depletion, and water and air pollution. In addition, 
wind power generation has already achieved grid parity 
in some countries due to technological advances and 
economic viability. On the other hand, the price of oil has 
increased significantly since the early 2000’s and, therefore, 
the prices of primary sources (coal, natural gas, and oil) 
of electrical energy have increased as well. Countries with 
fewer primary energy sources, in particular, are keen on 
finding solutions in order to achieve energy security. 

In Korea, approximately 180 billion USD were spent 
on importing 265 million tons of oil equivalence (TOE), 
such as fossil fuel and nuclear fuel, for primary energy 
from overseas countries in 2011 [1], which corresponds to 
96.5 % of Korea’s total primary energy. More than 25 % 
of the primary energy was wasted during the conversion 
process from primary energy to final energy. The conversion 
loss was primarily caused by electricity generation since 
the average conversion rate from primary energy to electrical 

energy is approximately 40 %. Therefore, approximately 
36% of the primary energy is estimated to be used for 
electricity generation, while electrical energy shares less 
than 20% of the final energy such as fuel oil, heat, natural 
gas, and electrical energy. As a result, renewable energy 
will play a very important role in reducing the import of 
primary energy in Korea. 

On the other hand, Korea has the geographical potential 
for wind energy of 550 TWh, which includes 145 TWh 
from onshore and 405 TWh from offshore locations [2]. 
This statistic indicates that Korea’s wind potential is large 
enough to cover nearly 93 % of the electricity consumption, 
which is predicted to be 590 TWh in the year 2020 [3]. 

Global wind power generation has grown substantially 
during the last decade. The global installed capacity of 
wind generation was 282 GW in 2012 and is expected to 
reach 536 GW by 2017 [4]. In Korea, the installed capacity 
of wind generation was approximately 482 MW in 2012 
and a 2.5 GW offshore wind power plant (WPP) project 
was started on the southwestern coast [5, 6] in 2011. This 
project consists of three stages. During the first stage, a 
100 MW WPP will be constructed by 2014 and during the 
second stage, a 400 MW WPP will be constructed for 
diffusion by 2016. During the final stage, a 2,000 MW 
WPP will be constructed by 2019 for commercial operation. 

The levelized cost of energy (LCOE) is a metric used to 
evaluate the economic value of an energy-generating 
system. The LCOE is defined as the ratio of the life-cycle 
cost of generation, which includes all of the costs (initial 
investment cost, operation and maintenance costs, capital 
cost, etc.), to the energy generated over its lifetime. Wind 
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generation requires a large amount of initial investment 
cost compared with conventional generating units. Therefore, 
the LCOE for wind energy is large, and a longer investment 
payback period for wind generation is inevitable. Although 
wind energy has achieved grid parity in some countries, 
the LCOE of wind energy is still high compared with 
conventional thermal power generation. Therefore, the 
reduction of the LCOE of wind energy is essential in order 
to enhance the economic value of wind energy. 

There are many ways to reduce the LCOE of wind 
energy, i.e., to reduce the total cost and/or to increase the 
generated energy. In addition, it is very difficult to evaluate 
the LCOE, because all of the costs depend on the 
installation site. Therefore, we only focused on increasing 
the energy generated by a wind generator (WG) in this 
paper. 

A capacity factor (CF), which is defined as the ratio of 
the actual generated energy to the potential generated 
energy, is directly related to the generated energy. In other 
words, a WG with a higher CF will generate more energy. 
Therefore, the CF of a WG is also used in order to evaluate 
the economic value of the wind generation. In addition, a 
high CF will help achieve high wind energy penetration 
without the installation of many WGs. The CF of a WG 
depends on the generated energy of the WG, which is 
calculated using its power curve and the wind resources at 
the installation site. Therefore, it is known that a WG 
installed at a high wind speed site can produce more energy 
in a cost-efficient manner. 

On the other hand, the mean wind speed on Korea’s 
southwest coast is lower than that in Northern Europe and 
it belongs to Class III or IV, where the mean wind speed 
is less than 7.5 m/s, as specified in the International 
Electrotechnical Commission (IEC) [7]. Therefore, if the 
WGs suitable for the wind conditions in the European 
countries such as Denmark and Germany are installed on 
Korea’s southwestern coast, then a low CF is inevitable. 
However, if the WG is designed with the rated wind speed 
suitable for the mean wind speed at the installation site, 
then the generated energy will increase. 

Several studies on the CF of WGs have been conducted 
[8-11]. In [8], the potential assessment of the wind resource 
from the HEMOSU-1 was performed on Korea’s 
southwestern coast in 2011. The HEMOSU-1 is an offshore 
meteorological tower used to assess the potential of 
offshore WG. The mean wind speed on the southwestern 
coast of Korea is approximately 6.08-7.12 m/s, which is 
significantly lower than that of Northern Europe. The CFs 
of six WGs from three WG manufacturers with rated wind 
speeds above 12 m/s were calculated with the wind speed 
data measured on Korea’s southwestern coast. In [9], the 
installation site’s potential was evaluated by monthly and 
annual CFs using three kinds of mean wind speed data: 
arithmetic mean, root mean, and cubic mean wind speed. 
In [10], the factors influencing the CF were analyzed. 
Among these, such as cut-in, cut-out, and rated wind speed 

of the WG, the rated wind speed had a strong effect on the 
CF. In [11], a program was developed to select the proper 
WG in terms of the CF. However, the characteristics of the 
power curve in the region below the rated wind speed of 
the WG, which is the most important factor for producing a 
large output, were not analyzed in [11]. 

In this paper, we investigated the power curve of a WG 
suitable for Korea’s southwestern coast with a low mean 
wind speed to achieve a high CF. To reduce the LCOE of 
wind energy, this paper only focused on increasing the 
generated energy, which is related to the CF. The 11 
commercial WGs of the six manufacturers with different 
rated wind speeds, rated powers, and blade lengths, as well 
as the probability density function of the wind speed on 
Korea’s southwestern coast, were used. In this paper, the 
probability density function of the wind speed on Korea’s 
southwestern coast was modeled as the Weibull distribution. 
At first, the wind energy was calculated using the power 
curves of the WGs and the wind speed distribution. Then, 
the CFs of the 11 commercial WGs were estimated and 
compared. Finally, the power curve suitable for Korea’s 
southwestern coast to obtain a high CF was suggested. 

 
 

2. Procedure for Calculating the CF of a WG 
 
The CF of a WG is the ratio of the actual generated 

energy to the total potential generated energy. In designing 
a WPP, the CF of the WG is very crucial to the economic 
viability, because a higher CF guarantees a higher return on 
investment (ROI). In order to calculate the CF, the power 
curve of a WG and the probability density function of the 
wind resources at the installation site are needed. In this 
section, a typical procedure for calculating the CF of a WG 
will be described.  

Fig. 1 shows the calculation process of the annual energy 
production (AEP) of a WG. Fig. 1a shows the typical 
power curves of the two WGs with the rated power (Prated) 
of 1 MW. They have different rated wind speeds (vr) of 
10.5 m/s and 14 m/s, while their cut-in wind speed (vci) and 
cut-out wind speed (vco) are the same, 3m/s and 25m/s, 
respectively. 

The power (Pmech) transformed from the wind to the WG 
can be represented by: 

 

 2 31( )
2 PmechP v R v cρπ=   (1) 

 
where ρ is the air density, R is the blade length, v is the 
wind speed, and cP is the power coefficient. 

In the region below the vr, the WG is typically operating 
in a maximum power point tracking (MPPT) control mode 
to produce the maximum power. To achieve this, the cP is 
typically set to the maximum value and, therefore, the 
output power is typically proportional to the cubic of v 
depending on R. Therefore, a WG with a larger blade 
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generates a higher output than that with a smaller blade in 
the MPPT region. In Fig. 1a, the blade lengths of the WGs 
with a vr of 10.5 m/s and 14 m/s are 43 m and 27.9 m, 
respectively. 

On the other hand, a typical wind speed distribution can 
be represented as the Weibull distribution, 

 

 
1

( )
kk v

ck vf v e
c c

− ⎛ ⎞
⎜ ⎟
⎝ ⎠

⎛ ⎞= ⎜ ⎟
⎝ ⎠

 (2) 

 
where k and c are the shape parameter and scale parameter, 
respectively. The wind speed distribution depends on the 
measured height and the site, which affect the Weibull 
distribution parameters. k can be obtained using the 
standard deviation and the mean wind speed, while c can 
be obtained using the mean wind speed and the gamma 
function of k [9]. 

Fig. 1(b) shows the wind speed distribution on Korea’s 
southwestern coast, which was based on the measured 
wind speed data of HEMOSU-1 at 96.31 m in 2011. k and 

c of the wind speed distribution are 1.87 and 7.82, 
respectively. The mean wind speed is 6.94 m/s [7]. 

The AEP of a WG can be represented by multiplying the 
power curve of a WG by the wind speed distribution, 
section by section, and can be expressed as: 

 

 
1

AEP 8,760 ( )
vN

i i
i

f P v
=

= ∑  (3) 

 
where Nv is the number of wind speed values, fi is the 
discrete probability distribution of the wind speed in bin i, 
vi is random variable representing the wind speed in bin i, 
and P is the power of the WG. 

The first step of calculating the AEP of a WG is as 
follows. If the frequency at a wind speed (yellow region in 
Fig. 1b) is multiplied by 8,760, then the cumulative time 
data for the wind speed for one year is obtained. Then, if 
the power curve at the corresponding wind speed is 
multiplied by the cumulative time data, the generated wind 
energy for one year is obtained as shown in Fig. 1c. 
Summing the wind energy production along with the wind 
speed provides the AEP of a WG. 

Finally, the CF is calculated by: 
 

 
rated

AEP 100(%)
8,760 P

CF = ×
×  

 
The AEPs and CFs of WGs with vr values of 10.5 m/s 

and 14 m/s are 3.29 GWh and 37.6 % and 1.87 GWh and 
21.3 %, respectively. 

These results clearly indicate that a WG with a smaller 
rated wind speed produces more AEP than that with a 
larger rated wind speed and, consequently, the former has a 
higher CF than the latter. 

As the CF is proportional to the actual energy, a high CF 
guarantees a high ROI. That is why the CF of a WG is 
crucial to its economic viability for designing a WPP. 

 
 

3. Power Curve of a WG Suitable for an 
Offshore WPP for a High CF 

 
As mentioned in the Introduction, Korea started a 2.5-

GW offshore WPP project on the southwestern coast in 
2011. The construction will be completed by 2019 and 
more than 9 billion USD are to be invested in the project. 
In general, the total installation cost of an offshore WPP is 
estimated to be approximately twice that of an onshore 
WPP. Therefore, the generated energy of an offshore WPP 
should be more than that of an onshore WPP to guarantee 
the economic viability. 

In order to generate more energy, high wind resources 
are necessary. However, the mean wind speed on Korea’s 
southwestern coast is approximately 6.08-7.12 m/s [7], 
which belongs to the IEC wind class III or IV and is 

(a) Power curves of two WGs 

(b) Wind speed distribution of HEMOSU-1 [7] 

(c) AEP 

Fig. 1. Calculation of the AEP of a WG 
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significantly lower than the mean wind speed of Northern 
Europe. Thus, installation of WGs that are suitable for 
Northern Europe on Korea’s southwestern coast will 
produce less generated energy and, in turn, a lower CF. As 
a result, more investment is inevitable in order to achieve a 
high wind energy penetration level and, therefore, the 
LCOE of wind energy will remain high. 

We collected the power curves of 11 commercial WGs 
from six WG manufacturers that had different rated wind 
speeds, rated capacities, and blade lengths to determine a 
WG suitable for Korea’s southwest coast. They were used 
to determine Korea’s southwestern coast wind conditions 
to estimate the AEP and CF. In addition, we compared the 
power curves of the WGs with the same rated wind speed 
and different blade lengths in terms of the CF. Finally, the 
power curve of a WG suitable for Korea’s southwestern 
coast was suggested to guarantee the high CF. 

 
3.1 Power curves of the commercial WGs 

 
Table 1 shows the characteristics of the 11 commercial 

WGs, which had different rated wind speeds, rated powers, 
and blade lengths. The 11 WGs were UP77 and UP82 from 
United Power; MM100, 5M, and 6M from REpower; S95 
and S97 from Suzlon; V112-3MW and V164-8MW from 
Vestas; SWT-3.6-107 from Siemens; and E-126 from 

Enercon [13-21]. Fig. 2 shows the power curves of the 11 
WGs. However, the Korean manufacture s’ WGs were 
not included in this paper, because they are still under 
development. 

 
3.2 CFs of the commercial WGs 

 
In order to determine a WG suitable for a low wind 

speed area such as Korea’s southwestern coast, the AEPs 
and CFs of the commercial WGs shown in Table 1 were 
evaluated with the wind distribution on Korea’s south-
western coast and are shown in Table 2. 

As mentioned in Section 2, at lower wind speeds, the CF 
of a WG with a smaller rated wind speed is higher than that 
of a WG with a larger rated wind speed. To verify this, Fig. 
3 shows the mean CF of the WGs with the same rated wind 
speed. The mean CF of UP77 and MM100 with the 
smallest rated wind speed (10.5 m/s) was 39.8 % and the 
mean CF of E-126 with the largest rated wind speed (17 
m/s) was 25.2 %. The mean CF of the WGs with the 
smallest rated wind speed was 158 % greater than that of 
the WGs with the largest rated wind speed. These results 
indicate that a WG with a smaller rated wind speed can 
achieve a larger CF at a low wind speed site. 

Table 2. AEP and CFs of the commercial WGs 

Company Model vr 
(m/s) 

Prated 
(MW) 

AEP 
(GWh)

CF 
(%) 

United power UP77 10.5 1.5 4.7 35.8 
Repower MM100 10.5 1.8 6.9 43.9 

United power UP82 11 1.5 5.0 38.3 
Suzlon S95 11 2.1 7.0 37.8 
Suzlon S97 11 2.1 6.8 36.7 
Vestas V112−3MW 12 3 9.7 36.9 

Repower 5M 13.5 5 13.4 30.6 
Vestas V164−8MW 13.5 8 23.3 38.1 

Siemens SWT−3.6−107 14 3.6 9.3 29.4 
Repower 6M 15 6.15 14.9 27.6 
Enercon E−126 17 7.58 16.7 25.2 
 

 
Fig. 3. Average CFs of the commercial WGs with the rated 

wind speed

Table 1. Characteristics of the commercial WGs 

Company Model Prated 
(MW)

vci 
(m/s) 

vr 
(m/s) 

vco 
(m/s)

R 
(m)

United power UP77 1.5 3 10.5 25 38.7
Repower MM100 1.8 3 10.5 22 50 

United power UP82 1.5 3 11 25 41.4
Suzlon S95 2.1 3.5 11 20 47.5
Suzlon S97 2.1 3.5 11 25 48.5
Vestas V112-3MW 3 3 12 25 56 

Repower 5M 5 3.5 13.5 30 63 
Vestas V164-8MW 8 4 13.5 25 82 

Siemens SWT-3.6-107 3.6 3−5 14 25 53.5
Repower 6M 6.15 3.5 15 30 63 
Enercon E-126 7.58 3 17 32 63.5

 
Fig. 2. Power curves of the 11 commercial WGs [13-21]
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The mean CF of UP77 and MM100 with the lowest vr 
(10.5 m/s) was 39.8 % and the mean CF of 6M with the 
highest vr (17 m/s) was 25.2 %. 

On the other hand, as noted in Section 2, the output 
power was assumed to be proportional to the cube of the 
wind speed in the region below the vr. However, it should 
be noted that the WGs with the same vr had different CFs. 
To analyze this, the power curves of the commercial WGs 
were normalized and are shown in Fig. 4(a). Figs. 4(b)-(d) 
show the expanded power curves below the vr for vr values 
of 10.5 m/s, 11 m/s, and 13.5 m/s, respectively. 

For a vr of 10.5 m/s, the CFs of MM100 and UP77 were 
43.9 % and 35.8 %, respectively, as shown in Fig. 4(b). It 
should be noted that the area of MM100 between the 
power curve and the wind speed axis below the vr was 
larger than that of UP77. Similarly, as shown in Fig. 4(c) 
for the vr of 11 m/s, the CFs of UP82, S95, and S97 were 
38.3 %, 37.8 %, and 36.7 %, respectively. In addition, for a 
vr of 13.5 m/s, the CFs of V164-8MW and 5M were 38.1 % 
and 30.6 %, respectively.  

These results clearly indicate that the CF of a WG 
depends on the area under the power curve below the vr. In 
other words, the larger the area is, the higher the CF is. 
Among the CFs in this study, the CF of MM100 was the 
largest, because the area below the vr was the largest. On 
the other hand, the cut-out speed did not have a large effect 

on the CF. 
 
 

4. Conclusions 
 
In this paper, we investigated the power curve of a WG 

suitable for an offshore WPP on Korea’s southwestern 
coast with a low mean wind speed to achieve a high CF. 
The power curves of the 11 commercial WGs with different 
rated wind speeds, rated powers, and blade lengths were 
applied in order to determine the wind distribution on 
Korea’s southwestern coast. 

The results clearly indicated that using a WG with a 
smaller rated wind speed ensures a higher CF. In addition, 
a larger area under the power curve below the rated wind 
speed guarantees a higher CF. Therefore, in a low wind 
speed area, such as that on Korea’s southwestern coast, a 
WG with a lower rated wind speed of 10.5 m/s or less is 
suitable for a high CF. 

A WG with a lower rated wind speed requires longer 
blades and, therefore, the production cost will be increased. 
However, the production cost depends on the manufacturers 
and is out of the scope of this paper. This paper only 
addressed the requirements for a higher CF. The LCOE, as 
well as the CF, should be considered when evaluating the 
economic viability of WGs. Countries, including China, 

 
(a) Normalized power curves (b) For the rated wind speed of 10.5 m/s 

 
(c) For the rated wind speed of 11 m/s (d) For the rated wind speed of 13.5 m/s 

Fig. 4. Normalized power curves of the commercial WGs 
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will support the subsidy depending on the wind class. 
 
 

Acknowledgements 
 
This work was supported partly by the New & Renewable 

Energy of the Korea Institute of Energy Technology 
Evaluation and Planning (KETEP) grant funded by the 
Korea government Ministry of Trade, industry & Energy 
(2011T100200064) and partly the National Research 
Foundation of Korea (NRF) grant funded by the Korea 
government (MSIP) (No.2010-0028509). 

 
 

References 
 

[1] Yearbook of Energy Statistics 2012, Korea energy 
economics institute, Dec. 2013. 

[2] New & Renewable energy white paper 2012, Korea 
New and Renewable Energy Center, Jan. 2013. 

[3] The 6th basic plan of electricity supply and demand, 
Ministry of Knowledge Economy, Feb. 2013. 

[4] Global wind report: annual market update 2012, 
Global Wind Energy Council, Apr. 2013. 

[5] B. S. Hwang and Y. Y. Nam, “Status of Korea and 
World Wind Energy Wind Industry”, Korea Society of 
Fluid Power & Construction Equipment, vol. 8, no. 1, 
pp. 33-39, March 2011. 

[6] The Ministry of Knowledge Economy (MKE) report, 
“Master plan for 2.5GW Offshore Project”, Nov. 2010. 

[7] Wind turbines-part 1: design requirements, IEC 
61400-1, 2005. 

[8] M. E. Lee, G. W. Kim, S. T. Jeong, D. H. Ko, and K. 
S. Kang, “Assessment of offshore wind energy at 
Younggwang in Korea”, Renewable and Sustainable 
Energy Reviews, vol. 21, pp. 131-141, May 2013. 

[9] S. H. Jangamshetti and V. G. Rau, “Site matching of 
wind turbine generators: A case study,” IEEE Trans. 
Energy Conversion, vol. 14, no. 4, pp. 1537-1543, Dec. 
1999. 

[10] W. Yichun and D. Ming, “Optimal Choice of Wind 
Turbine Generator Based on Monte-Carlo Method”, 
DRPT 2008, April 2008. 

[11] J. K. Woo, B. M. Kim, I. S. Paek, N. S. Yoo, and Y. S. 
Nam, “Investigation on selecting optimal wind turbines 
in the capacity factor point of view”, Journal of the 
Korean solar energy society, vol. 31, no. 5, pp. 60-66, 
Oct. 2011. 

[12] T. Ackermann, Wind Power in Power System, 2nd 
Edition, England, John Wiley & Sons, Ltd, 2012.  

[13] United power, UP77 and UP82. [online]. Available: 
http://www.gdupc.com.cn/english/tabid/386/SourceId/
1058/InfoID/827/language/zh-CN/Default.aspx 

[14] Siemens Energy, SWT-3.6-107. [online]. Available: 
http://www.energy.siemens.com/mx/en/renewable-
energy/wind-power/wind-turbines/swt-3-6-107.htm 

[15] Vestas, V112 3.0MW. [online]. Available:  
http://www.vestas.com/en/wind-power-plants/ 

procurement/turbine-overview/v112-3.0-mw-offshore. 
aspx#/vestas-univers 

[16] Vestas, V164 8.0MW. [online]. Available:  
http://www.vestas.com/en/wind-power-plants/  
procurement/turbine-overview/v164-8.0-mw-offshore. 
aspx#/vestas-univers 

[17] REpower Systems, MM100. [online]. Available:  
http://www.repower.de/wind-power-solutions/wind-
turbines/mm100/ 

[18] REpower Systems, 5M. [online]. Available:  
http://www.repower.de/wind-power-solutions/wind-
turbines/5m/ 

[19] REpower Systems, 6M. [online]. Available:  
http://www.repower.de/wind-power-solutions/wind-
turbines/6m/ 

[20] SUZLON, S9X. [online]. Available:http://www.suzlon. 
com/ products/l3.aspx?l1=2&l2=44&l3=128 

[21] ENERCON, ENERCON product overview. [online]. 
Available: http://www.enercon.de/en-en/88.htm 

 
 
 

Gihwan Yoon He received his B.S. 
degree from Chonbuk National Uni-
versity, Korea in 2013. He is currently 
pursuing an M.S. degree at Chonbuk 
National University. He is also an 
assistant researcher at the Wind Energy 
Grid-adaptive Technology (WeGAT) 
Research Center, which is supported by 

the Ministry of Science, ICT, and Future Planning (MSIP), 
Korea. His research interest is the development of wind 
energy grid integration techniques. 
 
 

Hyewon Lee She received her B.S. 
degree from Chonbuk National Univer-
sity, Korea in 2010. She is studying for 
her Ph.D. at Chonbuk National Univer-
sity. She is also an assistant researcher 
at the WeGAT Research Center, 
supported by the MSIP, Korea. Her 
research interest is the development of 

wind energy grid integration techniques. 
 
 

Sang Ho Lee He received his B.S., 
M.S., and Ph.D. degrees from Seoul 
National University, Korea, in 1995, 
1997, and 2003, respectively. He has 
been with the Korea Electrotechnology 
Research Institute (KERI), Korea, since 
2003. He is currently a senior researcher 
at KERI, Korea. His research interests 

are the development of an energy management system 
for power system and wind farms, and optimal operating 
schemes for the smart grid. 



Power Curve of a Wind Generator Suitable for a Low Wind Speed Site to Achieve a High Capacity Factor 

 826 

Don Hur He received B.S., M.S., and 
Ph.D. degrees in Electrical Engineering 
from Seoul National University in 1997, 
1999, and 2004, respectively. He is 
currently an Associate Professor in the 
Department of Electrical Engineering 
at Kwangwoon University, Seoul, Korea. 
His research interests relate broadly to 

modeling, analysis, and optimization of electric power and 
overall energy systems to feature the role and possible 
evolution of non-conventional energy resources, such as 
renewable generation and energy storage. 
 
 

Yong Cheol Kang He received his 
B.S., M.S., and Ph.D. degrees from 
Seoul National University, Korea, in 
1991, 1993, and 1997, respectively. He 
has been with Chonbuk National Uni-
versity, Korea, since 1999. He is cur-
rently a professor at Chonbuk National 
University, Korea, and the director of 

the WeGAT Research Center, supported by the MSIP, 
Korea. He is also with the Smart Grid Research Center at 
Chonbuk National University. His research interests are the 
development of new protection and control systems for 
wind power plants and the enhancement of wind energy 
penetration levels. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


