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Abstract

Usually the wind speed for a particular site is given at a standard reference height
of 10 m. However, in the context of wind turbines, the hub height is a natural
choice for estimating the power potential. The wind speed distribution is a
function of roughness parameter. In this paper, wind speeds at various heights are
estimated for different configurations which will help in the estimation of power
potential. It has been observed that for a particular site, the average velocity has
been decreasing continuously over a number of years. The parameter
corresponding to this change has been evaluated. Wind turbines located on shore
are subjected to winds blown from open sea and also from land. The power
potential when the wind blows from the sea and when the wind blows from land
has been estimated for this site with a mean wind velocity of 6.1 m/s.
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Introduction

Wind energy has become a techno-economically viable renewable energy
resource. In recent years, we have seen a steady growth of utilization of wind
energy in power production. The understanding of the wind and its characteristics
will help to accurately assess the potential of wind energy available at a given site.
Wind speeds can vary over a period of time and some years may be windy and
others calmer. The surrounding terrain and height above ground will influence
wind speed. Usually the wind speed for a particular site is given at a standard
reference height of 10 meters. However, in the context of wind turbines, the hub
height is a natural choice for estimating the power potential at a given site. The
objective of this paper is to determine and look into the effect of upstream
condition towards the contribution of power available at a location.

The wind speed distribution can be described by a logarithmic function based on
experiments [1,2,3] and is given below,
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where V(10) is the wind speed at 10 meters above ground level, z is the height
above ground level in meters and z, is the roughness length.
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The roughness lengths can be related to the roughness classes by the
following equations [3].

Roughness class = 1.699823015 + In(roughness length) / In(150) 2)
when the roughness length is less than or equal to 0.03, and

Roughness class = 3.912489289 + In (roughness length) / In(3.3333333)  (3)
when the roughness length is greater than 0.03.

For each different roughness length and roughness class, there exist a
corresponding type of terrain [1,2,3], for example roughness length of 0.0002
corresponds to open sea.

The power of a wind turbine can be estimated using the equation [1,2,3],
P=O.5xpr3><A><Cp 4)

where p is the density of air, V is the wind speed at a particular height, A is the
area and C, is the coefficient of performance. The maximum C, for all types of
wind turbines is governed by Betz limit [1,2,3]. Betz limit states that the
maximum C, value which can be achieved is about 59% for all types of wind
turbines.

Calculation Methodology

Wind speed profile and equivalent available power

A theoretically assumed wind speed of 5.50 m/s at 10 m above ground has been
used for various roughness lengths. From the velocity profiles obtained, power
potential at various heights have been estimated. Another calculation was made by
assuming a constant roughness length (zp=0.002) and for various wind speeds at
10 m above ground. From the velocity profiles obtained, the power potential at
various heights have been estimated.

The roughness lengths and roughness classes

A study made to estimate the wind energy potential of Malaysia using data
collected from 1982 to 1991 has concluded that Mersing has the greatest potential
[4]. From a recent observation by Mr M. A. Bawadi [5], the mean annual wind
speed at a particular site has reduced for the data.

To analyse this particular type of problem, it has been assumed that the annual
mean wind speeds in m/s are 6.1, 5.8, 5.8, 5.3, 4.5 and 4.4 respectively for the
year I to VI at a reference height of 10 m. The roughness length, z, can be
determined by using equation (1) and the corresponding roughness classes by
using either equation (2) or (3). It is assumed that this variation is not due to
climate and the effects are due to changes in the upstream condition. The assumed
value of 6.1 m/s for year I was used as a reference point. The relevant upstream
condition for this year is open sea (zp=0.0002). From this, the wind speeds at
different heights above ground are calculated. From the assumption, if the wind
speed reaches a constant velocity at a certain height, we can determine the value
of zy by using the wind speed data at two elevations (at 10 meter from measured
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wind speed and the wind speed at a height above ground when surrounding terrain
has negligible affect on the wind velocity).

Power comparison between two different upstream conditions

Here the two different conditions are z,=0.0002 (open sea) and z,=0.03 (open
country without significant buildings). The wind velocity profiles for each
condition are calculated using equation (1) and the corresponding power for
different heights are also calculated. p is taken as 1.225 kg/m’ for all heights
because the changes are small for the ranges of heights that are being considered.
The area, A is taken as 1 m” and the C,, as 0.59.

Results and discussions

Wind profile and equivalent available power

Figures 1 and 2 show the wind speed profile for different upstream conditions and
their equivalent power potential at various heights above ground. From the graphs
plotted, the wind speed profile and available power changes more if z, has a
higher value. For z; of 0.0002 (open sea), the wind speed changes from 5.50 m/s
at 10 m to 6.67 m/s at 100 m and with the equivalent power at 10 m of 60.12 watts
to 107.26 watts at 100 m. When z, is equal to 0.4 (forests and suburban areas) the
wind speed changes from 5.50 m/s at 10 m to 9.43 m/s at 100 m and the
equivalent power of 60.12 watts at 10 m to 303.46 watts at 100 m.
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Figure 1. Wind profile for different z, with same wind speed at 10 m.
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Figure 2. Available power for different z, with same wind speed at 10 m.
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Table 1 shows the wind speed profile and available power for the same upstream
condition but with different wind speeds measured at 10 meters as in ref. [5].
Average wind speed at reference height has changed from 6.1 m/s in year I to 4.4
m/s in year VI. The maximum power that can be extracted by wind turbine as we
move up from ground level will increase most rapidly near the ground (<40 m).
As the height above ground increased, the additional increase of power will
decrease. An example of power potential increase of 10.91 watts when the
comparison is made at 30 m above ground (118.04 watts) and 40 m above ground
(128.95 watts), but the increase of power potential of only 4.87 watts when the
comparison is made at 90 m above ground (163.29 watts) and 100 m above
ground (168.16 watts) for the upstream condition of z; =0.002 (open sea with
waves) and wind speed of 6.10 m/s measured at 10 m above ground. The higher
wind speed at measured height above ground (10m) will give a larger increase of
available power as the height increases from 10 m.

Table 1. Wind profile and available power for different wind speeds with same z.

Height"Wind speed Power |'Wind speed Power |Wind speed Power [Wind speed Power [Wind speed Power
[CY s (147 {m's) (A7 (m/'s) (A7) s ] {m's) (A7
10 6.10 82.03 580 70.51 530 53.20 4.50 3203 4.40 30.78
a0 640 103.73 6.27 20164 157 85.03 487 41 .64 476 B3
30 .50 118.04 6.55 101 46 598 742 508 47.39 497 4430
40 o9 12895 6.74 11085 f.16 8458 533 3177 512 4550
50 T5 13786 6.90 118.51 &.30 90.43 535 5535 523 51.74
li] 738 145.45 702 12502 f.41 85.40 545 5850 533 54.58
70 749 15207 713 13072 f.51 P0.74 353 61.03 54 507
0 759 15797 T 13579 £.59 103.61 540 63.42 547 5028
o0 TET 163.29 730 14036 .67 107.10 566 63,56 554 61.28
100 TS 168.16 737 144.55 .73 110.29 372 67.51 559 63.11

The roughness lengths, z) and roughness classes determination

Table 2 shows the roughness lengths and the corresponding roughness classes
calculated. The year I has been taken as reference and the known z, of 0.0002 has
been applied. The upstream condition has shown changes from years I to VI. The
upstream condition values in years I, II and III have values ranging from 0.0 to 0.6
that corresponded to terrain with open water areas and few surface features. From
years IV to VI, the roughness class values have increased from 1.0 to 3.6. From
the roughness class values obtained, for the years I to III show that the upstream
condition has relatively no surface features and the wind blow over open water.
From years IV to VI, the upstream condition has changes to a terrain that has
more surface features (buildings, trees or farmland).

Table 2. Equivalent roughness length and roughness class in bracket.

‘fear I Il Il [ W 4l

ind speed, (m/fs) B.1 58 58 53 4.5 4.4

Height, {m)

A0 0.0002 {0.0y| 0.0044 {0.6)(0.0044 (0.6)|0.0677 {1.7)|0.5566 (3.4)(0.6614 (3.6
=] 0.0002 (0.0)|0.0036 {0.6)|0.0036 (0.6)|0.0527 (4.5)|0.4555 (3.3)(0.5453 (3.4)
70 0.0002 (0.0)|0.0031 {0.5)|0.0031 (0.5)|0.0435 {1.3)|0.3850 (3.17({0.46584 (3.3)
a0 0.0002 {0.0y|0.0028 (0.5)|0.0028 (0.5)|0.0374 {1.2))0.3421 (3.00({0.4136 (3.2)
a0 0.0002 (0.0)|0.0025 {0.5)|0.0025 [0.5)|0.0331 {1.13)0.3071 2.N(03726 3.1)
100 0.0002 (0.0)|0.0023 {0.5)|0.0023 (0.5)|0.0293 (1.0))0.2801 (2.9)(0.3407 (3.0
150 0.0002 {0.070.0015 i0.43|0.0015 (0.4)(0.0202 {0.9))0.2029 (2.6)(0.2450 (2.5
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When the assumption of wind speed is constant at a certain height above ground
was made for different height values, the values for z, varies with different
heights. The zy value will decrease as we take a higher height value. Taking an
example for year IV, when wind speed is assumed to be the same at 50 meter
above ground the corresponding z, is 0.0677. But the z, value will decrease to
0.0298 if we make the same assumption for a height of 100 meter above ground.

Power comparison between two different upstream conditions

A comparison of two different upstream conditions (like from sea or from land)
but with the same theoretical measured wind speed of 6.10 m/s at 10 m above
ground has been made as seen in Table 3. It is seen form that the power difference
between two different upstream conditions increases rapidly when we go to a
higher height above ground. The power difference at 40 meter above ground is
38.11 watts. But the power difference has increased to 63.49 watts at 75 meter
above ground, which is nearly double the value at 40 meter above ground. The
difference can become large as we go up from the ground level to a higher altitude
above ground.

Table 3. Comparison between two different upstream conditions.

Height (1) zo=0.0002 =003 Powrer
Yelocity (me's) | Power (W | Velocity () | Power (W | difference (A7
10 f.10 203 f.10 203 0.00
20 f.49 D852 f.83 11503 16.21
30 f.72 109,63 735 13792 2839
40 fi.E8 11777 7.56 15588 3811
50 701 12434 179 170 83 46.49
55 706 12723 78D 177.50 5037
&ill 711 12590 708 18374 5384
£ 7.16 13239 807 18941 5722
70 7.20 13472 214 18515 60.43
75 724 136.91 822 200.40 63.49
0 737 13899 838 205.40 &6 41
a5 731 14096 835 210.1%8 6922
a0 7.34 14283 241 21474 7191
25 137 144 62 .44 219.12 74.50
100 7.40 14633 8.52 22333 700
Conclusion

As is well known, the power potential is strongly dependent on the wind velocity
distribution, which in turn depends on the upstream condition. This has been
demonstrated for different upstream conditions and their equivalent power
potential at various heights. The roughness length has been calculated for a site
where the reference wind speed has been decreasing over a period of years. This
decrease may be due to construction activities. Also for a coastal site, wind energy
potential has been calculated when wind blows either from sea or from land.
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