J Electr Eng Technol Vol. 9, No. 3: 782-788, 2014
http://dx.doi.org/10.5370/JEET.2014.9.3.782

ISSN(Print)  1975-0102
ISSN(Online) 2093-7423

Long Term Variation Trend of Wind and its Impact Upon Wind Power
Generation in Taiwan
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Abstract — Wind power generation has been viewed as a promising renewable energy to meet
challenge of climate change. However, wind power is susceptible to climate change because previous
investigation shows there are declining trends of the land surface wind speeds over middle and lower
latitudes. Since long term variation trends is notably different from inter-annual random variation and
could have notable impact on wind farm from planning perspective, observed meteorological data of
Taiwan is investigated to find out long term variation trends of wind speed and its impact on wind
power generation. It is discovered that wind speed in majority of stations in west coast of Taiwan have
ascending trends while that of all investigated stations in east coast have descending trends. Since east
of Taiwan is not suitable for wind power development for its higher likelihood suffering Typhoons and
most of established wind farm locate in west coast of Taiwan, it is speculated that long term variation
trend of wind do not have notable negative impact on wind power generation in Taiwan.
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1. Introduction

With the advances in technologies and the booming
development of industries, carbon dioxide emission from
the conventional energy accelerates the global warming
effect. As the global warming intensifies, the anomaly
climate changes, and severe ecological damages occur
more often. Therefore, governments world-wide are
mobilizing initiatives to exploit renewable energy sources
to mitigate increasing demand of energy and environmental
concerns. Renewable energy (wind/solar) based power
system is a nature-friendly option for power production to
foster sustainable development challenges [1]. Wind power
is currently being evaluated as one of the most viable
alternative energy resources.

The wind resource assessment is one of the most
important phases in the development of large scale wind
farms. Initially, knowledge of climatology and any existing
background wind data or available broad-scale regional
maps is utilized to determine region of interest to
development. Then, wind masts will be established in
several prospective sites to collect wind data at various
heights for one or more years. Thereafter, the energy
production estimates that are generated based upon the
results of the wind measurement can be utilized to
determine the feasibility of a proposed wind farm. Since
the cycles such as El Nino/La Nina could produce notable
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variations in annual mean wind speed, the variation in
inter-annual wind speed should also be investigated with
historical meteorological wind data [2]. However, wind
resource is susceptible to global climate change. Climate
evolution related changes will likely either positively or
negatively impact development of the wind energy industry,
with such gains and losses depending on the region under
consideration [3].

Previous investigation shows that there are declining
trends of the land-surface wind speeds presenting over both
middle and lower latitudes, such as China and India [4, 5].
From the panning perspective, the long term decline trend
is notably different from inter-annual random variation.
Moreover, slight decline trend in wind speed could trigger
notable decrease in wind power generation since wind
power is proportional to cubic of wind speed. Therefore,
long term variation trends of wind speed and its impact on
wind power generation deserves in-depth study.

2. Calculation of Wind Power Generation

2.1 Calculation of wind power generation

The theoretical derivation of wind power initiates from
the consideration of the kinetic energy definition in physics,
and for any given instantancous wind speed, V, the
instantaneous wind power, E, expression becomes as [8].

(M

where E denotes energy density (Wm?); ¥ denotes wind
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speed at hub height (ms'); and p denote standard air
density. It is approximately1.225 kg/m® at sea level and at
15 °C according to International Standard Atmosphere. Air
density decreases with increasing elevation. Moreover, it
changes with variances in temperature or humidity, too.
Since aim of the article is to investigate long term variation
of wind power generation and the factors that affecting
atmosphere density (elevation, average climate such as
temperature and humidity of the meteorological station) did
not change significantly, their impact is not investigated in
the article.
The wind energy captured by wind turbine is
P=C,(V)Spl*/2 )
where C,(V) is wind turbine’s performance of the wind
speed V and S is swept area of wind blades.

2.2 Variation of wind speed with height

The wind speed measurements to determine the wind
potential in the site are generally made at the standard
elevations such as 10m. The wind data also used in this

study is measured at 10 meters height above ground level.

The wind speed is proportional to elevation. Therefore, it
is necessary to know the wind speeds at the various
turbine hub heights for the wind farm projects. The
power law described in (3) is used to obtain the
extrapolated wind speeds for investigated observation
station [8].

V(o) = v(hy)*In(ha/ho)/ In(hy/ho) 3)
where v(#,) is original wind speed recorded at anemometer
height (4,), v(h,) is the wind speed to be determined for the
desired heights #4,, A, is the surface roughness. Approximate
values of surface roughness length for various terrains are
listed as Table 1.

In this study, roughness length of 30mm and typical hub
height of 80 meter is utilized. Bring them to (1) get

v(hy) = 1.358v(h)) ()

Table 1. Surface roughness for various types of terrain
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Fig 1. Power curve of Vetas V80-1800 wind turbine

2.3 Variation of wind speed with height

In this study, annually thousands of wind measurements
have been collected in each meteorological station. Since
there are about 10 to 40 wind measurement a day, the
annual generation E,,;,; could be calculated according to (5).

8760

E Pdt

®)

wind 0

where P can be calculated according to power curve of
wind turbine.

Since capacity of mainstream wind turbine are among 1
to 2 MW, Vestas 80-1800 with 1800kW of installed power
is selected as typical wind turbine for investigation. It is
installed at 80m of height with blade diameter of 80m, area
swept of 5026.5 m?, cut-in wind speed of 4 m/s, nominal
wind speed of 15 m/s, and cut-out wind speed of 26 m/s.
The data are collected from manufacture specification
sheets via [9] and the wind power curve is plotted as Fig. 1.

3. Wind Data Collection and Process

3.1 Wind data

Altogether, there are 73 stations recording hourly wind
speed with various durations [10]. Of which, 20 stations
records data longer than 2 decades while only 14 of
these 20 stations have satisfying wind power with annual

Table 2. Details of typical stations

Very smoo thzi:?:riis(icrlpnon hoo(.lg lm ) Station Name Elevation | Duration Mean (v;ﬁ;l(li) speed
Calm open sea 0.20 466960 Taipei 6 1973-2011 3.4906
Blown sea 0.50 466860 Taoyuan 33 1980-2011 5.3775
Snow surface 3.00 467560 Hsinchu 8 1973-1998 49186
Lawn grass 8.00 467700 Taizhong 5 1970-1998 3.9046
Rough pasture 10.00 467430 Tainan 19 1973-1998 3.6582
Fallow field 30.00 467340 Penghu 1 31 1973-1998 6.5365
Few trees 100.00 467300 Penghu 2 45 1975-1998 6.9455
Many trees, hedges, few building 250.00 467610 | Cheng-Kung 37 1973-1998 3.9323
Forest and woodland 500.00 467600 Chihhang 37 1973-1998 3.4150
Suburbs 1500.00 595670 Lanyu 325 1975-2011 8.5965
Center of cities with tall buildings 3000.00 595590 Hengchun 24 1973-2011 3.9032
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Fig 2. Investigated meteorological stations

utilization hour higher than 1000 hours as plotted in Fig.
2. Moreover, Since Mazu, Chinmem, and Dongsha are
too far away from Taiwan Island to transmitted wind
power generation to TaiPower, climatic wind data of the
remaining 11 stations are utilized to investigate long term
variation trend of wind power generation under context of
climate change. Details of these stations are listed as Table
2 and their location is plotted as Fig. 2.

It can be observed that all the stations are in coastal area,
which is consistent to [11]. According to [11], area along
west coast of Taiwan has promising potential for large
scale wind power development since there is strong north
east trade wind in the winter. Stations in west coast of
Taiwan are plotted as green circle in Fig. 2. The east
coastal stations with low wind speed in the winter and high
likelihood suffering typhoon in the summer, are analyzed
separately and marked in red in Fig. 2.

Investigated data spanned from 1973 to 2011. No
procedures were undertaken for remedy of missing data.
Since dense measurement lays foundation for correct wind
power calculation, the annual data with measurements less
than 2000 is discarded to preserve data quality. Moreover,
the months with measurements less than 150 are discarded
and the annual data is discarded correspondingly. Thereafter,
288 months to 468 months data are utilized to analyze long
term variation trends of wind power in Taiwan. Since the
wind turbine equipped with yaw system can accurately
capture wind direction, the wind direction is not analyzed
in the article.

3.2 Process of wind power data

Calculation of wind power is listed as follows.

1. Wind speed measured at 10m high is transferred to

wind speed at 80 meter high according to (4).

2. Inquire wind power according to power cure.

3. Calculate duration of a measurement and generated
electricity by multiplying power & duration.

4. Calculate monthly mean wind speed & power.
Calculate annually mean wind speed & power.

5. Accumulate monthly & annual generation.

6. Calculate annual utilization hour and mean decadal
annual utilization hour.

4. Long Term Variation Trends
of Wind Power

4.1 Seasonal variation of wind speed & power

The monthly mean wind speed & power of stations in
west coast are plotted as Figs. 3 and Fig. 4, respectively. It
can be observed that the wind speed & power climb up
periodically in the winter for the strong trade winds. Both
stations in Penghu outperform the others notably. Since
wind power is proportional to cube of wind speed, it can be
observed that the peak-valley difference of wind power is
more impressive than that of wind speed.

The monthly mean wind speed & power of stations in
east coast are plotted as Figs. 5 and Fig. 6, respectively.
Since Lanyu is away from east coast of Taiwan, its largest
mean wind speed and wind power occurs in summer with
typhoon present. Since the strongest wind exceed cut out
speed of wind turbine can not be used for wind power
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Fig. 3. Monthly mean wind speed of stations in west coast
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Fig. 4. Monthly mean wind power of stations in west coast
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Fig. 5. Monthly mean wind speed of stations in east coast
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Fig. 6. Monthly mean wind power of stations in east coast

generation, the wind power generation in the summer is not
as high as expected. On the contrary, the monthly wind
power generation in the winter could be higher than that of
the summer for the strong and stable trade wind.

4.2 Long term variation trend of wind & power

In order to investigate long term trends of wind speed &
power, the annual mean wind speed & utilization hours
calculated with meteorological data are plotted as Figs. 7 to
Fig. 10. The fit curves of long term trends are plotted in
dash lines.

It can be observed from Figs. 7 and Fig. 8 that there are
different trends in the wind speed & power of stations in
west coast. Both wind speed & power have increased
significantly in Taizhong and Penghu 1 from 1973 to 1998.
Increase in decadal mean wind speed & utilization hour of
Taizhong climb from 3.3302m/s and 1326 in 1970s to
4.333m/s and 2277 in 1990s, respectively. The decadal
mean annual utilization hour in Penghu 2 increase from
3344 in 1970s to 3949 in 1990s. Since Penghu is not far
away from Taiwan Island and large scale wind farm could
be connect to Taipower via submarine transmission
cable, the increase in long term trend is inspiring. There is
detectable decrease trend in wind speed & power of
Hsinchu. The wind speed decrease from 4.8215 ms™ in
1970s to 4.6726 ms™ in 1990s, while the decadal mean
utilization hour decrease from 3119 to 2904. There are
slight variation in decadal mean wind speed and power in
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the other stations. However, the trend is not as clear as
aforementioned stations.

It seems that there are declining trend in both wind
speed and wind power generation in all stations of east
coast. This is different from inter-annual random variation.
The most impressive change occurs in Lanyu station. The
decadal mean wind speed decreases from 9.7837 ms™ in
1970s to 8.6236 ms™ in 2000s. Since extreme wind speed
over cut out speed of wind turbine is not useful for wind
power generation, the decrease in decadal mean annual
utilization hour is much mild than the wind speed. Similar
decrease in utilization hour occurs in Cheng-Kung.
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Fig. 7. Variation trend of annual mean wind speed of stations
in west coast
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Fig. 10. Variation trend of annual utilization hours of
stations in east coast

Decadal mean utilization hour decreased significantly from
2005 in 1970s to 1244 in 1990s, which is not worth of
wind power investment.

4.3 Discussion

In order to see the trend more clearly, the decadal mean
wind speed & utilization hours are listed in Table 3. The
variation of wind is also calculated and listed and the
stations with decline trend in wind speed are listed in
shaded area.

It can be observed from Table 3 that there are declining
trends in wind speed of majority of investigated stations.
Since wind speed and wind power generation in all stations
in east coast suffered declining, it seems there is spatial
correlation in variation trends of wind. In order to depict
the spatial correlation clearly, the variation trend is plotted
in Fig. 11.

In Fig. 11, the scale of a circle denotes the mean wind
speed. The bigger the circle, the higher the mean wind
speed, and vice versa. The color of the circle denote
variation trend of the station. The station in red underwent
ascending trend and the station in green suffered declining
trend. It can be observed from Fig. 11 that there is notable
spatial correlation in variation trend of wind speed. All the

Table 3. Decadal mean wind speed and details of typical

stations

Variation Wind speed (m/s) Utilization hour
Station r:]r/znfga 1970s | 1980s | 1990s | 2000s | 1970s [1980s| 1990s | 2000s
Taipei | -0.0539 |3.7097|3.6304 | 2.7386 |3.5021| 1700 | 1467| 980 | 1318
Taoyuan | 0.0810 54585 5.1171|5.5331 3572|3343 | 3549
Hsingchu | -0.0896 |4.8215(5.1932( 4.6726 3119 |3412] 2904
Taizhong | 0.4559 [3.3302(4.0212[4.3333 1326 | 1926 2277
Tainan | 0.0098 |3.6171|3.67803.6747 1314 | 1348 1423
Penghu 1 | 02275 |6.1281]6.8203 | 6.5902 4131 (4509 4331
Penghu 2 | 0.0331 |6.6097|7.3400 | 6.7042 3344 4089 ] 3949
Cheng | ) 4569 |4.4464| 3 8285 3.5992 2005 | 1413 | 1244
Kung
Chihhang | -0.0395 [3.4059] 3.4295[ 3.4059 1172 [1215] 1385
LanYu |-0.7522 [9.7837]9.1548 | 8.6236 | 7.4168| 4675 | 4699 | 4278 | 4058
Hengchun | -0.0823 |4.1919]3.7149| 4.033 |3.7464| 1932 | 1488 1809 | 1576
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Fig. 11. long term variation trends of wind in Taiwan
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Fig. 12. Location of wind farm in Taiwan

stations in east coast suffered decline in wind speed more
or less. On the other hand, majority of stations in west
coast have ascending trends. Moreover, there are only slim

declining trend in Taipei and Hsingchu.

In order to find out the long term variation trend impact
on wind farm development, established wind farm in
Taiwan is plotted in Fig. 12 according to statistics in [12].

It can be observed from Fig. 12 that most wind farms
located in the west coast Taiwan while only a few wind
farms located in east coast. Since majority of stations in
west coast have ascending trend in wind speed, it is
speculated that climate change related long term variation
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of wind speed could have positive impact on wind power
generation. Since the east coast of Taiwan has higher
likelihood of suffering Typhoons, it is not suitable to
develop wind farm over there. Therefore, it is speculated
that the declining in east coast will not negatively impact
wind power generation in Taiwan notably.

5 Conclusions

Meteorological data of 11 stations in Taiwan was
analyzed in the article to investigate long term variation of
wind power in Taiwan. The contribution of the article is
listed as follows.

e It is discovered wind speed in most station are not stable
and there are detectable declining or ascending long
term trend in most of stations.

* The long term variation trend of wind in Taiwan has
spatial correlation. All stations in east coast of Taiwan
have declining trends while majority of stations locate in
west coat of Taiwan underwent ascending trends during
past decades.

* Since ascending of wind speed occurs in west coast with
many wind farm and descending of wind speed occurs in
east coast that are not suitable for wind farm development,
it is speculated that climate change related variation in
wind speed could benefit or at least no negative impact
on wind power development in Taiwan in all.

It should be pointed out that since only very limited
data is available for analysis (most of stations with 24
years data), this is only an initial study. In order to get
comprehensive knowledge of long term variation trend and
their impact on wind power industry in Taiwan, more data
and precise climate modeling is highly preferred.
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