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Abstract

Long-term variations in wind speed and capacity factor (CF) on Seongsan wind farm of Jeju Island, South Korea
were derived statistically. The selected areas for this study were Subji, having a year wind data at 30 m above
ground level, Sinsan, having 30-year wind data at 10 m above ground level and Seongsan wind farm, where
long-term CF was predicted. The Measure-Correlate-Predict module of WindPRO was used to predict long—tem
wind characteristics at Seongsan wind farm. Each year's CF was derived from the estimated 30-year time series
wind data by running WAsP module. As a result, for the 30-year CFs, Seongsan wind farm was estimated to have
8.3% for the coefficient of variation, CV, and -16.5% ~ 13.2% for the range of variation, RV. It was predicted
that the annual CF at Seongsan wind farm varied within about +4%.
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Nomenclature

Vmax © The maximum of yearly average ¥y © Wind speed averaged over 30 years
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1. Introduction

The importance of development of new
and renewable energy needs no further
elaboration. Wind energy technology is one
of the fastest growing technologies in new
and renewable energy. At the end of 2010,
total global wind power capacity was
approximately 200 GW with the biggest
installed capacity of China, followed by
United States.l) It is predicted that about
2,500 GW worldwide wind power capacity is
expected by 2030, which would correspond
to 17% of total global electricity consumption.2)
It is very important to select stronger windy
sites in a country for the purpose of producing
more electricity. Since wind speed varies
from year to year, particular care should be
taken to assess wind energy in a given site.
Namely, it could have high uncertainties to
estimate potential wind energy in a site
using the wind data for just one year or
less.

Earlier investigations have pointed out
that the yearly average wind speed varies
from year to year but within +10% of the
long term mean. However it is more
important for the prospective owner of a
wind farm to understand the variability in
annual CF than that in yearly average
wind speed. Weisser et al.” showed that in
their case study wind velocity significantly
fluctuated seasonally and diurnally, which
should be considered where specific electricity
loads are required. Based on modelling of
wind speed data measured from 66 onshore
sites across the United Kingdom, Sinden”
reported that the capacity factor was in the
range between 24.1% and 35.7% for 34
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years from 1970 to 2003. Yoreley et al.”
showed yearly average wind speed varied
with years and regions. In Germany and
Denmark, the wind index which is an
energy delivery index within a certain
period, has been analyzed since about 1990,
because there is a need to assess wind
energy fluctuation with years.ﬁ)

Jeju Island is known to be one of the
windiest regions in South Korea. Although
there was some research™ on inter-annual
variations in wind speed in Jeju Island, no
study on variability in CF has been carried
out for the Island. That is because it is
very difficult to collect wind data at real
wind turbine hub height for a long-term
period. However, some researchers have
been applying Measure—Correlate—Predict
(MCP) method to obtain long-term predicted
wind data for more reliable analysis of
wind regime.

In this study, the wind data for 30 years
at Seongsan wind farm of Jeju Island were
predicted using MCP method. This investigation
aims to clarify the coefficient of variation
and the range of variation for annual CF
as well as annual wind speed at Seongsan
wind farm. In addition, the values are
compared with those in the United Kingdom
to understand the difference in inter—annual
variations of CF between Seongsan and
the United Kingdom.

2. Sites description and method
Jeju Island is located off the southern
coast of main land Korea. Figure 1 shows

Jeju Island and locations of three sites for
this study, which are all located on eastern
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part of Jeju Island. Seongsan wind farm is
situated inland, while the other two sites,
Subji and Sinsan, are located near the
coastline.

Seongsan WF

Subji

Sinsan

Fig. 1 Jeju Island of South Korea and locations of
three sites for this study

WindPRO software that was developed
by EMD international A/S of Denmark was
used for this study. Roughness map for
indicating topographical conditions is presented
in Figure 2. Roughness classes were drawn
from class 0 corresponding to water area to
class 3 corresponding to small town.” Subji
site, where hourly wind data for one year of
1998 was collected at 30 m above ground
level, and Seongsan wind farm, where
annual CFs are predicted, are also shown in
Figure 2.

At Sinsan site of the Figure, there is an
Automated Synoptic Observation System (ASOS)
which is operated by Korea Meteorological
Administration. It has been measuring meteorological
data for a long time. The 30-year hourly
wind data from 1981 to 2010 was measured
at 10 m above ground level and collected
from ASOS. Meteorologists have pointed
out that the 30-year wind data is needed to
determine long-term values of climate.'” In

other words, the reliable conclusion on
wind energy at a site can be derived from
the analysis on the basis of the 30-year
wind data at the site.

Fig. 2 Roughness map

In this investigation, the 30-year hourly
wind data at Subji is predicted using MCP
technique. Then each year's CF at Seongsan
is obtained by running WAsP module of
WindPRO based on each year’s the Wind
Statistics at Subji. Both the coefficients of
variations and the ranges of variations are
calculated from annual CFs to clarify
inter—annul variations in CF.

3. Results and discussion

3.1 Wind conditions at measurement
and reference sites

The wind data at measurement site of
Subji and reference site of Sinsan was
analyzed to clarify wind characteristics at
the two sites. Figure 3 displays Weibull
distribution at 30 m above ground level at
Subji site. Two parameters of Weibull
distribution were 7.39m/s for scale parameter
and 1.90 for shape parameter, respectively.
The annual average wind speed was 6.57 ny/s.
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Fig. 4 Wind rose at 30 m above ground level at Subji

Wind rose at 30m above ground level at
Subji site is shown in Figure 4. Prevailing
wind direction is from the north-north-west,
which accounts for 21.9% of total time. The
wind rarely blew from the west and the
south.

Figure 5 represents inter—annual variations
in wind speed and wind power density for
30 years at 10 m above ground level at
Sinsan site. It can be seen that fluctuation
in yearly average wind speeds and wind
power density occurs at the site. Also wind
speed and wind power density averaged
over 30 years were 3.1 m/s and 38.7 W/m®,
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respectively. The yearly average wind speed
and wind power density had random trend
without any increasing or decreasing trends.
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Fig. 5 Inter-annual variations in wind speed and wind
power density at 10 m above ground level at
Sinsan

3.2 Application of matrix method of
MCP technique

MCP technique is widely used for estimating
long-term wind statistic at a target site
having the short-term wind data based on
the long-term wind data at a more or less
nearby site, that is, the reference site. The
long-term wind data at a target site is
predicted from the transfer model derived
from concurrent wind data at the two sites.

WindPRO has four types of MCP modules
that are Regression, Matrix, Weibull Scale
and Wind Index. The Regression and
Matrix methods were recommended" in
case the wind data was available as high
quality and detailed time series at both the
measurement and the reference sites. In
this study, since the wind data at Sinsan
and Subji met the requirements, Regression
and Matrix methods were applied to predict
long—-term wind data at Subji. The wind
speed data predicted by means of Regression
and Matrix methods was compared with
the measured wind speed data. The correlation
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coefficient was derived from the comparison.
The correlation coefficient on the basis of
Regression method was about 74%, which
was almost the same as that based on
Matrix method. Meanwhile, it was reported
that Matrix method was better to estimate
long-term wind data more accurately in

12 Accordingly

Jeju than Regression method.
Matrix method was adopted in this study.

Figure 6 shows an example of concurrent
wind speed data at Subji and Sinsan sites.
Although there is difference in values of
wind speeds between the two sites, two
types of wind speeds have a similar pattern

in shape with elapsing time.
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Fig. 6 An example of concurrent wind speed data at
Subji and Sinsan sites

The scatter plot was obtained from the
measured wind speed data at the two sites,
which is shown in Figure 7. The correlation
coefficient was 81.4%, which is good for
applying MCP technique.g)

The 30-year wind data at Subji was
predicted by running Matrix MCP module.
The predicted wind speed data for the year
1998 was compared with the measured
wind speed data. The result is represented
in Figure 8. The correlation coefficient
between the two was 73.6%, which was
considered to be acceptable.g)
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Fig. 7 Scatter plot of measured wind speed data at
Sinsan and Subji sites

30

+ Wind speed data
y=07576x+ 1.8419
r=0736

Estimated wind speed at Subji (m/s)

0 15 20 30
Measured wind speed at Subji (m/s)

Fig. 8 Scatter plot of the measured and the estimated
wind speed data at Subji sites

Each year's wind data was extracted
from the predicted 30-year hourly wind
data set. Then each year’s wind data was
input into the WASsP interface module of
WindPRO to create the Wind Statistics at
Subji, which was used for calculating each
year’s CF at Seongsan. Though Seongsan
is about 10 km away from Subji, it was
considered that the Wind Statistics of Subji
could be used in Seongsan because the
Wind Statistics created by running WAsP
module is available within a maximum
radius of 100 km from the original site.
Although the height of the met mast at
Subji was different from the 78 m-hub
height of VESTAS V-80 turbine at Seongsan,
the error caused by wind shear extrapolation
was neglected because the error rate of
each year was considered to be the same,
and the purpose of this investigation was to
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clarify inter-annual variations in wind
speed and CF at Seongsan, not to clarify

wind speed and CF themselves.

3.3 Inter-annual variation in CF at Seongsan

wind farm

By running the WASP interface module,
annual average wind speed and CF can be
obtained. Since VESTAS V-80 2 MW wind
turbines are being operated in Seongsan
wind farm, the same type of wind turbine
was used for calculating CF.

Figure 9 shows estimated variability of
normalized annual average wind speed and
normalized annual CF at Seongsan wind
farm. It is clear that both the yearly average
wind speed and the CF vary year by year.
The CF increases with an increase of annual
average wind speed. The annual CF for
Seongsan wind farm was estimated to vary
within about +4%. Also, it was predicted
that the fluctuation of the annual average
wind speed at the turbine hub height of
78m was in the range between +0.5 m/s.

In order to quantify variability in the CF,
the coefficient of wvariation, CV, and the
range of variation, RV, were calculated by
the following equations:

o M A~ O

Normalized CF (%)

Normalized wind speed (m/fs)

o & AR

:IPQSO 1585 19=90 1955 20=00 20=05 20=107
Year
Fig. 9 Predicted variability of normalized annual average
wind speed and normalized annual CF at Seongsan
wind farm
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cr=2100%
y (1)
Ry =Loex O Vi = 1
y (2)

where, O is the standard deviation for
y s the
wind speed averaged over 30 years. V s

and V., are the maximum and the
minimum of yearly average wind speeds,

yearly average wind speeds and ¥

respectively.

The CV and the RV are listed in Table 1.
The CV and the RV for the 30-year CFs at
Seongsan wind farm were estimated to be
83% and —165%6~13.2%, respectively. Considering
that the yearly average wind speed generally
varies within +10% of the long-term mean,
which results in variation of +30% in wind
power densitylg), the RV and the CV for
those at Seongsan wind farm are slightly small.

For the comparative study, the CV and
the RV for the CF in the United Kingdom
were introduced4), which are also presented
in Table 1. It can be seen that the CV and
the RV for the CF in Seongsan wind farm
are slightly smaller than those in the
United Kingdom. The result shows that
Seongsan wind farm is a normal one for
inter—annual variation in wind speed and CF.

Table 1. Coefficient of variation, CV, and range of
variation, RV
Ttems CV (%) RV (%)
Average wind speed 4.0 -76~6.5
Wind power density 9.6 -20.2~16.0
CF 8.3 -16.5~13.2
CF in. the Uﬂited 95 2191~213
Kingdom

* CF: capacity factor
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4. Conclusions

Using MCP technique provided in WindPRO
software, annual average wind speeds and
CFs in Seongsan wind farm were predicted
to clarify variation of the wind. The VESTAS
V-80 2 MW wind turbine was used for
calculating the CFs. The results are as follows.
(1) The CV and the RV for the 30-year

CFs at Seongsan wind farm were
estimated to be 8.3% and -16.5%~13.2%5,
respectively.

(2) Seongsan wind farm was estimated to
be normal for inter-annual variation in
wind speed and CF.

(3) It was estimated that the annual CF and
the annual average wind speed for
Seongsan wind farm varied within
about 4% and +0.5 m/s, respectively.
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