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1. Introduction

Renewable energy is a hottest, but not a new topic in the energy fields. Especially renewable
resources based on wind. Using wind energy to work out a machine is not a new technology in
human history. Today, wind is the fastest growing renewable energy resources in the world [1].
Wind data is the essential study element for wind researcher in either in meteorological field or
renewable. Indeed, a reliable wind data also one of the aspects studies before wind system
been built. However, Malaysia, there is lack of reliable and accurate wind data which present
on spatial [2].

Beside, build a wind system is very costly [3]. Studies on various aspects before building the
wind system are needed to reduce the cost wasted. Study of wind resources is one of the
important and primary aspects for locate the suitable sites to build wind system. A picture can
describe thousand words, the wind speed, if described in an image (spatial mapping) can be
more easily been understand. Spatial wind mapping present the wind energy data in a compact
and full of information ways.
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In this research, there are two objectives need to be achieved. First, study the variation of wind
speed with height. The wind speed at 100m heights is interpolated by using the power law wind
profile. This power law profile is widely used by the wind energy researchers to interpolate the
wind speed variation with height [2,4]. Then, interpolate wind speed in spatial mapping for
Malaysia. Spatial wind mapping are interpolated by the approach of Inverse Distance Weighted
(IDW) method.

2. Methodology

2.1.  Study area

Measured wind data were obtained from Malaysian Meteorological Department (MMD). The
selected study areas are Mersing, Kuala Terengganu, Pulau Langkawi, Sandakan, Kudat, Kota
Kinabalu, Bintulu, Kuching and Tawau, showed in Fig. 1.

Location map of selected meteorological stations
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Fig. 1. Location map of selected meteorological stations
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2.2. Wind speed variation with height

The measured wind data are base on the 10m height. However, the wind speeds at different
heights can be interpolated to assess the availability of wind resources. Vertical wind speed
profile for each station was interpolated by the power law equation [5-7]:

a
V=YV z
0 ZO

where v is wind speed estimated at desired height, z; vy is wind speed measured at the

(1)

reference height, zo, a is the ground surface friction coefficient and calculated by the Counihan
equation [4]. In this study, the vertical wind speed was interpolated at 100m of hub heights.

2.3. Inverse distance weighted (IDW) interpolation of wind speed

In this study, World Geodetic System projection was used to project the map of Malaysia based
on Geographic Information System. Further, IDW method was used to calculate the unknown
wind speed values for the surrounding [8-9]. The expression of IDW:
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where, z,-unknown value of estimated at u, zi-attribute value at control point j, d;,-distance
between point i and u, s-number of control point used in estimation and k-a factor.

3. Results and discussion
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3.1. Wind speed trend and variation with height

Monthly mean wind speeds at study areas for 2009 are given in Table 1. The results show that,
Mersing and Kudat having the high mean wind speed than other stations. The results revealed
that, the monthly mean wind speed for 100m at Mersing and Kudat showed higher than 3 m/s
for whole along the year.

Table 1: Monthly mean wind speed at 10m and 100m heights for 2009

Hub Wind speed (m/s)
Location Height (m)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

10 199 175 181 175 1.65 1.78 1.66 1.82 172 179 174 1.72
Bintulu
100 269 237 244 237 222 241 225 246 232 242 236 232
10 1.89 1.81 1.92 202 2.09 233 243 252 260 248 210 188
Kota Kinabalu
100 237 226 241 253 262 291 304 316 325 311 263 235
Cuala 10 249 186 1.84 166 173 179 179 187 157 159 196 265
Terengganu 100 451 337 333 300 313 324 323 339 283 288 353 479
10 214 186 1.64 1.69 1.65 161 1.8+ 174 171 177 172 169
Kuching
100 3.87 337 295 305 298 291 332 314 309 320 311 3.05
10 261 244 205 256 218 217 253 299 319 277 205 293
Kudat
100 403 376 3.16 394 336 334 390 461 492 428 316 452
10 476 347 240 247 241 262 266 268 255 238 272 351
Mersing
100 6.89 502 347 357 349 378 3.84 387 368 344 394 507
bulau 10 310 217 177 176 144 1.63 172 226 185 165 1.80 2.90
Langkawi 100 419 294 240 237 195 221 233 306 251 223 244 3.92
10 283 270 241 219 211 216 202 224 216 224 206 297
Sandakan
100 383 365 326 296 285 291 273 303 292 303 279 401
10 151 144 156 167 173 1.88 1.81 192 1.8 176 153 179
Tawau
100 246 235 256 272 282 306 296 3.14 3.07 2.87 251 292
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Meanwhile, mean wind speeds vary between 3.44 to 6.88 m/s and 3.15 to 4.92 m/s at 100m
height at Mersing and Kudat respectively. However, the results revel that Kuala Terengganu,
Kuching and Sandakan also have wind energy potential at 100m height, the mean wind speeds
vary between 2.83 to 4.79 m/s, 2.91 to 3.87 m/s and 2.72 to 4.01 m/s, respectively.

3.2. IDW interpolation of wind speed

Spatial wind mapping provide a visual determination of the potentially high wind resources. In
this map, the areas which have low wind speed or high wind speed were indicated by the
colour, red to green (Fig. 2), respectively. IDW method wind speed map of Malaysia is shows
decreasing by the increase of distance for the selected study stations.

Measured Wind Speed (10m) Mapping for April 2009 in Malaysia
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Fig. 2. Measured wind speed mapping at 10m of Malaysia in April 2009 by IDW
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Over the year 2009, most of the high wind speeds were in the south of Peninsular Malaysia. It is
clearly been distinguished that, in January 2009 the state of Johor showed the highest wind
speed distribution (Fig. 3), the range of wind speed in 2.36 — 6.88 m/s. Then, in September 2009
(Fig. 4), the highest wind speeds were found at the tip of Borneo, the range of wind speed in
2.32-4.92 m/s.

Wind Speed (100m) Mapping for January 2009 in Malaysia
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Fig. 3. Wind speed (100m) mapping of Malaysia January 2009 by IDW
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Wind Speed (100m) Mapping for September 2009 in Malaysia
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Fig. 4. Wind speed (100m) mapping of Malaysia September 2009 by IDW

4. Conclusion

Renewable energy is a hottest topic in the energy fields. Especially renewable resources based
on wind. Wind data is the essential for wind energy researcher. In Malaysia, there is lack of
reliable and accurate wind data which present on spatial. The spatial wind mappings leave a
visual determination tool to the decision makers. IDW spatial wind mapping had been showed
distribution of wind speed of Malaysia. Mersing and Kudat potentially high of wind resources to
work out a modern wind turbine which has low cut-in wind speed. The wind profile affected by
the elevation of selected study areas will be studied using the GIS tools.

Acknowledgements

66



UMTAS 2011

Empowering Science, Technology and Innovation Towards a Better Tomorrow

The authors would like to thank the Ministry of Science, Technology and Innovation of Malaysia
(MOSTI) for the financial support. Further, the authors appreciate to MMD for the wind data
provided and Dr. Razak Zakariya for the technical supports.

References

[1] Mathew, S. 2006. Wind energy fundamentals, resource analysis and economics.
Netherlands: Springer.

[2] Muzathik, A.M., lbrahim, M.Z., Wan Nik, W.B., and Samo, K.B. 2009. Wind resource
investigation of Terengganu in the west Malaysia. Wind Engineering, Vol. 33, No.4, pp 389-
402.

[3] Gipe, P. 2004. Wind power. UK: James & James.

[4] Manwell, J.F.,, McGowan, J.G., and Rogers, A.L. 2002. Wind energy explained: theory,
design and application. England: John Wiley & Sons.

[5] Ahmed, S.A. 2010. Wind energy as a potential generation source at Ras Benas, Egypt.
Renewable and Sustainable Energy Reviews, Vol. 14, pp 2167-2173.

[6] Safari, B. 2010. Modeling wind speed and wind power distribution in Rwanda. Renewable
and Sustainable Energy Reviews, Vol. 15, pp 925-935.

[7] Ohunakin, 0.S. 2011. Wind resources in North-East geopolitical zone, Nigeria: An
assessment of the monthly and seasonal characteristics. Renewable and Sustainable
Energy Reviews, Vol. 15, pp 1977-1987.

[8] Zhang, C. and McGrath, D. 2003. Geostatistical and GIS analyses on soil organic carbon
concentrations in grassland of southeastern Ireland from two different periods. Geoderma.
119 (2004), 261-275.

[9] Wang, F. 2006. Quantitative methods and applications in GIS. U.S: Taylor & Francis.

67



