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AbstractAbstractAbstractAbstract 

 

This study compares past four land-based mesoscale wind mapping studies 

for Thailand: DEDP (2001), World Bank (2001), Manomaiphiboon et al. 

(2010) of JGSEE, and DEDE (2010). The maps were processed and arranged 

to common grids and variables and then compared at 50 and 100 m above 

ground level. Wind-energy technical potentials were analyzed at 100 m 

for the whole of Thailand, taking into account important factors, e.g., 

feasibility of land for turbine installations, different large-turbine 

models, and wind speed distribution. It was found that the earlier wind 

maps (DEDP and World Bank) tend to represent the lower and upper limits 

of predicted speed, respectively, for most parts of Thailand. But the 

more recent maps (JGSEE and DEDE) tend to fall between the extremes of 

the earlier wind maps and give predictions statistically closer to tower 

observations. Because predicted wind speed and its spatial pattern 

differs greatly among the maps considered, reference wind maps were then 

developed to help facilitate the comparison and analysis, based on the 

median of the original maps, which are referred to as median-based or MD 

maps. Applying selected land-constraint layers reduced the total 

technical potential of Thailand by about half. Using the 100-m MD map, 

the technical potential (after land exclusion) of Thailand was found to 

be 130-152 GW (depending on turbine model). Considering only sites with 

economically feasible power generation (here, capacity factor ≥20%), 

the technical potential remains at 17 GW when using the low-speed-

designed turbine model, and at 5 GW when using the conventional turbine 

models. These results confirm that the technical potential is 

practically adequate to support the Thailand Power Development Plan 2010 

(PDP2010) target of 2 GW of wind energy by the year 2030.  
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Chapter 1 

Introduction 

 

1.1. Background 

Winds are a renewable energy resource that can be used to generate 

electricity. They are considered a sustainable choice since wind energy 

is clean and emits no or limited CO2 to the atmosphere. Wind energy has 

recently been promoted in Thailand to enhance national energy security 

in the future. A number of large turbines are already in operation, and 

more wind-energy projects are currently in planning and development 

stages. Successful wind energy development requires reliable wind 

resource information. A number of mesoscale wind resource assessment 

studies covering the whole of Thailand have been conducted, whose 

objectives are to provide a preliminary guide to identify possible 

locations or areas with commercially utilizable wind resources (ESMAP, 

2010) and to support assessment of technical analyses related to wind 

energy at a national level. In addition to the nation-wide mesoscale 

wind maps, there are several micro-scale wind maps generated for 

particular sites or local areas in the country, e.g., Sen-Ngam and 

Thongnoo (2008), Dussadee et al. (2009), Neammanee et al. (2012), and 

Waewsak et al.(2013). More information on wind resource assessments in 

Thailand can be found in Major et al. (2008). As for the mesoscale wind 

resource mapping over Thailand in the pioneering years (late 1970s-

1980s), near-surface wind data from weather stations was only used to 

characterize winds (Suwantragul et al., 1984; Exell, 1985). In the 

2000s, more sophisticated wind maps were developed, four of which 

predicted wind speed at greater heights (above ground level) with 

relatively fine resolutions (1-3 km) using mesoscale wind mapping 

methods (Landberg et al., 2003). They are: 1) DEDP (2001, Department of 
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Energy Development and Promotion), World Bank (2001, Asia Alternative 

Energy Program), Manomaiphiboon et al. (2010) of the Joint Graduate 

School of Energy and Environment (JGSEE), and DEDE (2010, Department of 

Alternative Energy Development and Efficiency) (shortly, DP, WB, JG, and 

DD, respectively). These four studies have been often used and referred 

to by workers and people in the field of wind energy in Thailand. 

Nevertheless, discrepancies exist among them in predicted speed and 

suitable areas identified because they were independently implemented 

with differences in technical details. This leads to difficulty and 

uncertainty when developing wind-energy projects and making policy or 

plans to promote wind energy and enhance wind energy penetration.   

 

1.2 Objectives and scope of work 

Motivated by the above issues, this study aims  

1) To better understand similarities and differences in the existing 

wind maps (here, DP, WB, JG, and DD), and 

2) To improve knowledge of wind-energy technical potentials available 

in Thailand.       

 

Given the objectives, the study was designed into two parts as follows: 

1) Map comparison: The wind maps from the selected studies are processed 

and arranged to common grids for comparison at both selected heights 

(here, 50 m and 100 m above ground level). This work and associated 

results are presented in Chapter 2. The spirit of this part is 

unbiased investigation and no pass-fail or superiority judgments are 

given. 

2) Technical potential analysis: The analysis takes into account large-

turbine technology, selection of feasible land, and the results from 

Part 1. It covers the whole of Thailand and also assesses the 

potential for each of its regions and tambons (sub-districts). A 
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total of nine regions were considered (Figure 1 and Table 1). Most of 

them generally follow the typical climatic regions of Thailand given 

by the Thailand Meteorological Department (TMD, 2014). This part and 

associated results are presented in Chapter 3. 
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Figure 1. Thailand and the nine regions considered in this study. Color 

contours denote terrain elevation (m above mean sea level). Blue 

circles denote the locations of the six wind-monitoring towers 

considered in the study: 1. Chiang Mai, 2. Rayong, 3. Khon Kaen, 4. 

Songkhla, 5. Bangkok, and 6. Nakhon Ratchasima. Towers 1-5 are operated 

by the Pollution Control Department (PCD) while Tower 6 is operated by 

the Electricity Generating Authority of Thailand (EGAT).   
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Table 1. Description of the nine regions considered in this study 
 

Region Provinces 
Area

a
 

(% of total) 

Remaining 

Area
b
 

(% of total) 

Upper North  

(UN) 

Chiang Mai, Lamphun, 

Lampang,Phrae, Nan, Phayao, 

Chiang Rai, and Mae Hong Son 

17.1 5.3 

Lower North 

(LN) 

Uttaradit, Kamphaeng Phet, 

Sukhothai, Phitsanulok, Phichit, 

and Phetchabun 

9.8 5.4 

Upper Northeast 

(UNE) 

Chaiyaphum, Nong Bua Lamphu, Khon 

Kaen, Udon Thani, Loei, Nong 

Khai, Maha Sarakham, 

Kalasin,Sakon Nakhon, Nakhon 

Phanom, and Mukdahan 

17.1 11.4 

Lower Northeast 

(LNE) 

Nakhon Ratchasima, Buri Ram, 

Surin, Si Sa Ket, Ubon 

Ratchathani, Yasothon, Amnat 

Charoen, and Roi Et 

15.4 11.3 

East 

(E) 

Chon Buri, Rayong, Chanthaburi, 

Trat, Chachoengsao, Prachin Buri, 

Nakhon Nayok, and Sa Kaeo 

7.1 3.7 

Central 

(C) 

Bangkok, Samut Prakan, 

Nonthaburi, Pathum Thani, 

Ayutthaya, Ang Thong, Lop Buri, 

Sing Buri, Chai Nat, Saraburi, 

Nakhon Sawan, Uthai Thani, Suphan 

Buri, Nakhon Pathom,Samut Sakhon, 

and Samut Songkhram 

9.0 4.7 

West 

(W) 

Tak,Ratchaburi, Kanchanaburi, 

Phetchaburi, and Prachuap Khiri 

Khan 

10.6 3.1 

Eastern South 

(ES) 

Nakhon Si Thammarat, Surat Thani, 

Chumphon, Songkhla, Phatthalung, 

Pattani, Yala, and Narathiwat 

10.0 5.2 

    

a 
Percent of area in region out of the total land area of Thailand, which is 

approximately 515,850 km
2
 based on UTM47N map projection and WGS84 datum 

b
 Percent of remaining area in region out of the total land area of Thailand, after 

land exclusion (see Sec.3.1) 
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Chapter 2 

Map Comparison 

 

In this chapter, we describe the wind maps selected for consideration 

in the study, compare them, and describe our methods. 

  

 

2.1 Wind maps 

The wind maps considered are from the four wind mapping studies, which 

are concisely described below:  

 

DP: 

This mapping study was commissioned by the DEDP and conducted by Fellow 

Engineers Consultants. It employed the WindMap model (Brower, 1999). The 

model is diagnostic in nature and mainly uses the equation of continuity 

and the concepts of near-surface wind profiling and atmospheric 

stability in wind prediction. WindMap is generally applied to the 

microscale or coupled with a mesoscale model. Observed wind data from 

various monitoring platforms (surface and upper-air stations, buoys, 

satellite for near-surface sea winds, and lighthouses) at around 140 

locations across Thailand were used to drive the model. The monitoring 

period of data varies among locations, ranging from short (1 year) to 

long (16 years) terms during 1983-1999. Most of the wind observations 

were at limited heights (i.e., 10-20 m). The model used climatological 

properties of wind to construct representative wind maps. The 

performance of the model to predict average speed was evaluated over 

selected four locations in southern Thailand and found to be acceptable 

(R2 = 0.7). The wind maps produced by this study have a 1-km horizontal 

resolution, showing wind power classes and associated speed intervals at 

three heights (10 m, 30 m, and 50 m).  
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WB: 

This mapping study was commissioned by the World Bank (Asia Alternative 

Energy Program) and implemented by TrueWind Solutions. It used the 

MesoMap system (Brower et al., 2004), a dynamical mesoscale model built 

upon MASS (Mesoscale Atmospheric Simulation System). The version applied 

was based on the hydrostatic assumption, and reanalysis data was used to 

drive the system. The simulations were run for a set of randomly 

selected days over a long-term period (e.g., 15-20 years) in order to 

construct representative wind maps. The final wind maps have a 1-km 

resolution, are at two heights (30 m and 65 m), and cover four countries 

(Thailand, Vietnam, Laos, and Cambodia) and their adjacent areas. The 

model performance was assessed using speed data observed at 25 on-land 

meteorological stations in Thailand and Vietnam. Two of the stations 

were towers with monitoring heights of 36 m and 40 m, respectively, 

while the rest had 10-m monitoring heights. Reasonable agreement with 

observations was found at the towers and six of the surface stations, 

but large overestimates were noticed for the remaining 19 surface 

stations. Predicted speed over sea water showed good correspondence with 

satellite-derived data (R2 = 0.7).  

 

JG: 

This mapping study was a research project supported by the Thailand 

Research Fund and conducted by the JGSEE. A combined mesoscale-

microscale modeling approach was utilized, in which the non-hydrostatic 

dynamical mesoscale MM5 model (Grell et al., 1994) downscaled 

atmospheric states from coarse resolutions to a 3-km resolution. The MM5 

output was further downscaled to a 1-km resolution by the diagnostic 

CALMET model (Earth Tech, 2006). A MM5/CALMET system for wind resource 

mapping had previously been demonstrated in Yim et al. (2007) for Hong 
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Kong. MM5 has been widely applied in meteorology and was the basis of 

the newly developed WRF model (Skamarock et al., 2008). As for CALMET, 

it is a diagnostic model, originally developed as a meteorological 

processor for CALPUFF air dispersion model. In the JGSEE study, the 

modeling was performed over a representative year (2006), chosen based 

on a climatological examination of annual upper-air wind speed over 

Thailand during 1999-2008. The wind maps produced are available at 

multiple heights (20 m, 50 m, 65 m, 80 m, and 100 m) with a 1-km 

resolution. Comparison against average speed observed at 31 towers (with 

monitoring heights of 40-100 m) shows 90% of values lie within factor-

of-two bounds, with a tendency of overestimation. 

 

DD: 

This mapping study was commissioned by the DEDE and conducted by a 

research group of Silpakorn University. It presents a continued mapping 

effort from its previous work (DP). The mapping process employed KAMM 

(Karlsruhe Atmospheric Mesoscale Model) (Adrian and Fiedler, 1991), 

which is a mesoscale non-hydrostatic model and has been widely used for 

wind resource mapping, e.g., Frank et al. (2001) and Mortensen et al. 

(2005). Similar to WB and JG, the modeling dynamically downscaled 

atmospheric states from course to fine resolutions. The model was run 

comprehensively over a period of 15 years (1995-2009). The final average 

wind maps were reported at multiple heights (10 m, 40 m, 70 m, 90 m, and 

110 m) with a 3-km resolution. The model performance was evaluated 

against average wind speed data observed at five 100-m towers. 

Satisfactory agreement was found with an overall error of about 10% and 

a tendency of underestimation.  
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2.2 Comparison  

Although each wind resource mapping study utilized numerical modeling, 

each used different methodology and product attributes. Comparing the 

resulting wind maps and analyzing their corresponding technical 

potentials were thus not an easy or straightforward task and required 

certain treatments on the produced maps to convert and harmonize them to 

a common basis, that is, to common grids, heights, and variables. We 

first obtained the official publications of the four mapping studies and 

associated digital data. However, the DP data was in the form of color 

images (i.e., not numeric) which we decoded into numeric values. DP and 

DD did not report the map projection used in their maps, so we carefully 

geo-referenced them using all available metadata and GIS techniques. We 

then cropped all maps to fit the boundary of Thailand. Next, we re-

projected the maps onto the UTM47N map projection with the WGS84 datum, 

which is a commonly-used coordinate system in Thailand and, finally, we 

arranged all maps to the same 1-km resolution grid.  

 

Here, we selected 50 m and 100 m (above ground level) as the reference 

heights for use in our wind map comparison. The former height was 

selected because all four mapping studies either provide maps at 50 m or 

they are at heights by which interpolation can be readily performed to 

50 m. The latter height was selected because 100 m is the most common 

hub height of current large-turbine technology and thus is the most 

suitable for technical potential analysis. We considered annual wind 

maps in the scope of our study. Annual wind maps are generally used to 

identify areas with a large wind resource and also to quantify an 

overall wind-energy technical potential for a region (e.g., Krewitt and 

Nitsch, 2003; Nguyen, 2007). Wind maps are provided at 50 m by DP and JG 

but not by WB and DD, so for these we interpolated to this height using 

data at other heights. For DD, wind maps are available at multiple 
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heights, so we employed cubic-spline interpolation (Press et al., 1992). 

This interpolation method is preferred due to its simplicity and ability 

to account for the curvature of data with height, which is typical in 

the case of near-surface winds. We tested the applicability of the 

cubic-spline interpolation to the JG and DD data by intentionally 

leaving out one height, estimating the values at that height using those 

from the other heights by the interpolation method, and then comparing 

the interpolated values with the original values (Figure 2). We found 

the performance of cubic-spline interpolation statistically satisfactory 

in every case with both R2 and the regression slope near unity. For WB, 

the cubic-spline interpolation was not practical as the data is only 

provided at two heights. To remedy this issue, we assumed the vertical 

profile of data would fit the following power-law equation: 

  

,
1

2

1

p

h

h
=

u

u









2      (1) 

 

where 1u  and 2u  are the data at heights 1h  and 2h  (above ground level), 

respectively, and p is the exponent. We also assessed the applicability 

of the power-law interpolation using the JG and DD data. Figure 3a 

displays the interpolation results at 65 m for JG using the data from 20 

m and 100 m while Figure 3b displays the results at 70 m for DD using 

40-m and 110-m data. We found the power-law interpolation to perform 

satisfactorily in each case with an R2 and regression slope near unity. 

In Figures 2 and 3, the deviation of interpolated values from original 

values tends to be smaller in JG than in DD, which could be attributed 

partly to the effect of smoothing in the vertical direction during the 

microscale modeling in the JG mapping. 
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JG already provides a wind map at 100 m. For DD, we estimated wind speed 

at this height using the cubic-spline interpolation. However, the 

greatest height provided in DP is 50 m, so for DP we employed power-law 

extrapolation. Since an exponent of 1/7th was assumed in their final 

maps, we also used that exponent in our extrapolation. We also applied 

the power-law extrapolation to WB. Figures 3c-d show the results of our 

assessment of suitability of the power law for extrapolation. The 

extrapolation in Figure 3c is at 100 m for JG from 20-m and 65-m data 

while that in Figure 3d is at 110 m for DD from 40-m and 70-m data. The 

power-law extrapolation performs satisfactorily in each case with R2 and 

regression slopes near unity.  
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a) JG, 50-m Interpolated b) JG, 80-m Interpolated 

  
c) DD, 40-m Interpolated d) DD, 90-m Interpolated 

  
 

Figure 2. Suitability testing of cubic-spline interpolation to 

indicated heights above ground level for JG and DD wind speed data 
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a) JG, 65-m Interpolated b) DD, 70-m Interpolated 

  
c) JG, 100-m Extrapolated d) DD, 110-m Extrapolated 

  
 

Figure 3. Suitability testing of power-law interpolation and 

extrapolation to indicated heights above ground level for JG and DD 

wind speed data 
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Annual wind speed maps at 50 m and 100 m for the four mapping studies 

are shown in Figures 4 and 5, respectively. Both similarities and 

contrasts are evident among the maps in terms of magnitude and spatial 

pattern. The spatial pattern nevertheless does not appear to change 

significantly from one height to the other within the same mapping 

study, but the magnitude generally becomes larger at 100 m as expected. 

To compare the maps, we constructed a median-based map (MD) at both 

heights to use as a reference by assigning each pixel with the median of 

the wind speed values from the four maps. Using the median was our 

preferred choice due to its simplicity and its natural ability to 

exclude extremities (if any) in a sample. The resulting MD maps at 50 m 

and 100 m are shown in Figures 6 and 7. These figures are also available 

in a digital format in the Appendix. A summary of average wind speed by 

region and by map (including MD) is also given in Table 2. We also 

inspected the degree of coincidence by counting the number of times 

(i.e., pixels) that each map pair was selected in the median calculation 

and found that the pair of JG-DD was used the most (about 60% of pixels) 

at both heights. This also suggests that both JG and DD tend to be 

moderate.  

 

We also compared wind speed observed at six wind-monitoring towers (see 

their locations in Figure 1) and wind speed predicted by all the maps 

(including MD), as shown in Figure 8. We used wind speed data at 100 m 

as the largest monitoring height for Towers 1-5. However, Tower 6 has 

limited monitoring heights (20, 30, and 45 m), and we thus extrapolated 

wind speed to the closet height of current interest (i.e., 50 m) using 

the power law. These six towers were selected here due to their long-

term monitoring, the reliable quality of data, and the availability of 

their data to the study. The data spans 11 years (2000-2010) for 

Towers 1-5 and five years (2006-2010) for Tower 6. The amount of non-
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missing data was found to be 93%, 78%, 86%, 85, and 84% for Towers 1-6, 

respectively. It should be noted that three performance metrics were 

computed: normalized mean bias (NMB), normalized mean error (NME), and 

factor of two (FAC2). The formulas for NMB and NME are given below: 
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where Oi and Pi are the i
th observation and prediction, respectively and N 

is the total number of data pairs. For FAC2, it is the ratio of the 

number of predictions that fall within the 50% and 200% bounds of 

observations to the total number of data pairs. By definition, both NMB 

and NME represent how large a prediction deviates from an observation on 

average in terms of difference and absolute difference (or magnitude), 

respectively. As shown in Figure 8, MD has the smallest bias and error 

(NMB = -0.6% and NME = 9.4%) among all maps, although it does not 

necessarily give the best prediction for any given tower. JG and DD have 

the next lowest biases, where JG is positively biased (i.e., 

overestimation) while DD is negatively biased (i.e., underestimation). 

The magnitudes of bias and error in both JG and DD are in the range of 

10%-20%. FAC2 is 100% in all maps, except for DP (67%) whose NMB 

(-23.9%) and NME (43.9%) are the largest in magnitude. These results 

support the use of the MD maps in the comparison and later analysis.  
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To facilitate the comparison, we divided Thailand into 65 square tiles 

(100×100 km2 each) (Figure 9). At each height, we calculated average 

wind speed value for each tile for each of the five maps (DP, WB, JG, 

DD, and MD), and then subtracted the MD value from the value of each of 

the four studies to calculate the deviation for each tile (Figures 10 

and 11). Similar results for the regional average wind speed can be seen 

in Table 2. From both figures,  

 For DP, the deviation (from the median) is mostly negative, with 

large magnitudes (<-1 m s-1) in the north and the northeast. However, 

the deviation turns largely positive (>1 m s-1) in the southernmost 

part.       

 For WB, the deviation pattern is opposite to that of DP, i.e., being 

positive for most parts of the country. Large magnitudes are seen 

mostly in the northeast and also in the north (at 100 m).  

 For JG, the deviation is mostly positive, with large magnitudes found 

sporadically in the west, east, northeast, and south. 

 For DD, the deviation is mostly negative, with relatively large 

magnitudes found only in a few areas. 
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a) DP  b) WB  

  
c) JG d) DD 

  

 
 

Figure 4. Annual 50-m wind speed (m s-1) by map 
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a)DP b)WB  

  
c)JG d)DD 

  

 

 

Figure 5. Annual 100-m wind speed (m s-1) by map 
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Figure 6. Annual 50-m wind speed (m s
-1
), constructed using median 

values from the four mapping studies (MD) 
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Figure 7. Annual 100-m wind speed (m s-1), constructed using median 

values from the four mapping studies (MD) 
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Figure 8. Comparison of wind speed observed at the six towers  

and predicted by the DP, WB, JG, DD, and MD maps. Normalized mean bias 

(NMB), normalized mean error (NME), and factor of two (FAC2) are 

provided for each.   
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Figure 9. Tiles used to examine the degree of deviation from MD 
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a)DP minus MD 

 

b)WB minus MD 

  
c)JG minus MD d)DD minus MD 

  
 

Figure 10. Deviation (m s-1
) of annual 50-m wind speed from MD 
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a)DP minus MD 

 

b)WB minus MD 

  
c)JG minus MD d)DD minus MD 

  
 

Figure 11. Deviation (m s-1) of annual 100-m wind speed from MD 
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Table 2. Annual wind speed (m s-1) by region and by map 
 

a) 50 m 

Region DP WB JG DD MD 

UN 2.1 4.2 3.5 3.3 3.4 

LN 2.1 4.8 4.2 3.0 3.6 

UNE 2.0 5.4 4.3 4.0 4.2 

LNE 2.3 5.5 5.2 3.6 4.4 

E 3.1 5.0 5.5 3.8 4.5 

C 2.2 4.8 4.9 3.6 4.2 

W 3.0 4.9 5.2 3.9 4.4 

ES 5.1 4.6 5.3 4.3 4.7 

WS 4.4 4.6 5.8 4.3 4.7 

b) 100 m 

Region DP WB JG DD MD 

UN 2.3 5.3 3.9 3.5 3.7 

LN 2.3 5.7 4.6 3.3 4.0 

UNE 2.2 6.3 4.8 4.4 4.6 

LNE 2.6 6.4 5.7 3.9 4.9 

E 3.4 5.9 6.1 4.2 5.1 

C 2.5 5.7 5.5 4.0 4.7 

W 3.3 6.1 5.8 4.2 5.0 

ES 5.6 5.5 6.0 4.8 5.4 

WS 4.8 5.6 6.5 4.7 5.3 
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In addition to wind speed, we will briefly discuss wind power density 

(shortly, power density) since it theoretically gives a more precise 

representation of wind resource than wind speed, although it is usually 

not used in calculating the technical potential of wind energy (see 

Chapter 3). By definition, power density (P) is the theoretically 

available power in the wind, and it is linearly proportional to air 

density () and the cube of wind speed (u) (Manwell et al., 2002): 

 

      3

2

1
uPD  .     (4) 

 

In practice, calculating time-average power density at a particular 

location requires hourly wind speed values over time or its probability 

distribution. When lacking such data, a Weibull distribution is 

generally assumed, whose probability density function (PDF) is (Manwell 

et al., 2002) 
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where u is the wind speed (≥0), f(u) is the PDF, k is the shape 

parameter (>0), and c is the scale parameter (>0). The mean (µ) and 

standard deviation () corresponding to the Weibull distribution are 
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where  is the gamma function. If mean and standard deviation are given, 

both k and c can be numerically determined using Eqs. 6 and 7. Here, we 

employed the secant method (Press et al., 1992) to solve them. If only 

mean is given, a Rayleigh distribution may be assumed, which is in fact 

a special case of the Weibull distribution with k = 2, and determining c 

is then straightforward using Eq. 6 alone. Nguyen (2007) assumed the 

Rayleigh distribution for his analysis on an annual 65-m speed map over 

Vietnam. However, in our case, JG also reported the standard deviation 

of speed at multiple heights. To utilize this available information, we 

did not assume standard deviation given by JG to the other maps (i.e., 

DP, WB, DD, and MD) directly but we computed the coefficient of 

variation (defined as the ratio of the standard deviation to the mean) 

instead for every individual on-land pixel at 50 m and 100 m (Figure 12) 

and applied it to the other maps. Doing so was an attempt not to force 

or transfer standard deviation from one map to another but to preserve 

the relative shape of the Weibull distribution instead. It is noted that 

the coefficient of variation of the Rayleigh distribution is fixed at 

about 0.523. We visually examined the Weibull distribution for the 

hourly wind speed data from the six towers and found that the Weibull 

distribution and the histogram of the data are approximately consistent 

with each other at every tower (Figure 13). Because of this, we employed 

the Weibull distribution here. 

  

Since Thailand is in the tropics, and the ambient air in this 

geographical zone is usually warmer and holds more moisture than the 

mid-latitudes, causing air density to become lower (i.e., lighter air). 

To account for this and also for the diverse topography of Thailand 

(Figure 1), we prepared an average near-surface air-density map over 

Thailand (Figure 14) based on monthly Climate Forecast System Reanalysis 

(CFSR) data over 32 years (1979-2010) (Saha et al., 2010) and the SRTM30 
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terrain elevation data [http://www2.jpl.nasa.gov/srtm]. As seen, air 

density is 1.0-1.2 kg m-3 in most parts of the country, which is 

evidently less than the reference value often used in the wind energy 

industry, 1.225 kg m-3. Given air density, wind speed distribution, and 

Eq. 4, average power density (PDavg) can be calculated by 

 

 uuufPDavg d3)(
2

1
 .   (8) 

 

By applying numerical integration to the above equation, we obtained the 

air density-corrected average power density maps at 50 m and 100 m 

(Figure 15), which are based on the MD wind speed maps in Figures 6 and 

7 and the Weibull distribution.  
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a) 50 m b) 100 m 

  

 

 

Figure 12. Coefficient of variation (dimensionless) of wind speed 

provided by JG data 
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a) Tower 1 (Chiang Mai, 100 m) b) Tower 2 (Rayong, 100) 

  
c) Tower 3 (Khon Kaen, 100 m) d) Tower 4 (Songkhla, 100 m) 

  
e) Tower 5 (Bangkok, 100 m) f) Tower 6: Nakhon Ratchasima (50 m)  

  
 

Figure 13.Histrogram (bars) and Weibull fit (dashed line) of wind speed 

data at each tower 
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Figure 14. Air density (kg m-3) averaged over 1979-2010, derived from 

Climate Forecast System Reanalysis (CFSR) data 
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a) 50 m b) 100 m 

  

 
 

Figure 15. Annual MD power density (W m-2), based on Weibull 

distribution 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 
 

(Intentionally left blank) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



35 
 

Chapter 3 

Technical Potentials 

 

This chapter deals with determining the technical potentials over 

Thailand, which depends on the feasibility of land use for turbine 

installations and turbine technology.  

 

 

3.1 Land exclusion 

In practice, not all areas with a good wind resource can have turbines 

installed (particularly, large turbines), due typically to land 

constraints. They are often related to local laws or stipulations, 

environmental and safety concerns, etc. Here, we considered an available 

database of land exclusion layers, initially prepared and developed by 

Prabamroong et al. (2009) and enhanced by Manomaiphiboon et al. (2010). 

The database is to assist wind-energy professionals in determining areas 

that could be feasible for large-turbine installations in Thailand. 

Various constraints included in the database were based on an intensive 

review of laws and public regulations and direct interviews of five 

experts, who worked in the fields of wind energy, energy policy, and 

environment. The exclusion layers are already buffered to include proper 

distances from any given boundary. Here, 14 layers were adopted from the 

database (Table 3 and Figure 16) and divided into four groups: 1) 

Environmental, 2) Transportation & Infrastructural, 3) Developmental, 

and 4) Cultural. Each layer represents a constraint at a strict or 

stringent level. Among all layers, Class-1A watershed is the largest 

layer in terms of size (24% of total), overlapping many areas with a 

high wind resource (especially in the west). All individual layers 

combined (Figure 17) occupy 48% of the total area of Thailand (Table 3), 
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and reduce the original areas of the upper-northern (UN) and western (W) 

regions by as much as 70% (Table 1). 

 

3.2 Turbine models 

Energy in the wind that can be utilized by a turbine theoretically 

cannot exceed the Betz limit (59.3%). In practice, we evaluate the 

capability of a turbine in extracting wind energy through its power 

curve. In our analysis, we only considered 2-MW horizontal-axis wind 

turbines (HAWTs) currently in the market and installable at 100 m (as 

hub height). We conducted a survey on many turbine models and chose 

three models. They are described in Table 4, and their corresponding 

power curves are in Figure 18. To avoid any commercial implication, 

their manufacturers or brands are not shown in the table, and they will 

be referred to as L1, L2, and L3 for convenience. It is noted that L2 is 

designed for low-wind speed applications with more power generated than 

the other models in the low-speed range of 5-10 m s-1.  

 

 

 

 

 

 

(Intentionally left blank) 

 

 

 

 

 

 

 



37 
 

Table 3. Exclusion layers considered in the study 
 

No. Layer Group Reason Buffer 
Area

a
 

(% of total) 

1 
Class-1A watershed 

area 
Environmental 

Legal, 

preservation 
500 m 24.0 

2 National park area Environmental 
Legal, 

preservation  
500 m 11.5 

3 
Wildlife sanctuary 

zone 
Environmental 

Legal, 

preservation 
500 m 7.9 

4 Non-hunting zone Environmental 
Legal, 

preservation 
500 m 0.6 

5 
Environmental 

preservation area 
Environmental 

Legal, 

preservation 
500 m 0.2 

6 Highway and Street 

Transportation 

& 

Infrastructure 

Technical, safety 500 m 10.4 

7 Waterway 

Transportation 

& 

Infrastructure 

Technical, safety 100 m 3.6 

8 Airport 

Transportation 

& 

Infrastructure 

Legal, technical,  

safety 
6-15 km 1.4 

9 Railway 

Transportation 

& 

Infrastructure 

Technical, safety 500 m 0.8 

10 Gas pipeline 

Transportation 

& 

Infrastructure 

Legal, technical, 

safety 
500 m 0.2 

11 Radar station 

Transportation 

& 

Infrastructure 

Legal, technical, 

Communication 
5 km 0.2 

12 Industrial area Development Technical, safety  1 km 5.1 

13 Urban area Development 
Safety, visual,  

and noise 
1 km 2.3 

14 Archeological site Cultural Legal, visual 3 km 1.0 

Union of all exclusion layers 48.3
b
 

a 
Percent of area out the total land area of Thailand 

b 
May not sum to total due to rounding 
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a) Class-1A watershed b) National Park 

  
c) Wildlife Sanctuary d) Non-Hunting 

 
 

e) Environmental Preservation f) Roadway 

  
(Continued on the next page) 

Figure 16. Exclusion layers considered in the study (adopted from 

Manomaiphiboon et al. 2010). Black shading denotes land exclusion. 
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g) Waterway h) Airport 

  
i) Railway j) Gas Pipeline 

  

k) Radar l) Industrial 

  
(Continued on the next page) 

 

Figure 16. (Continued) 
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m) Urban n) Archeological 

  
 

Figure 16. (Continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



41 
 

 
 

Figure 17. Combined exclusion layer including all individual exclusion 

layers. Black shading denotes land exclusion. 
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Table 4.Selected turbine models 
 

Parameter 
Turbine Model

a
 

L1 L2 L3 

Rated power (kW) 2,000 2,000 2,000 

Hub height (m)  78-138 78-120 80-125 

Rotor diameter (m) 82 97 90 

Cut-in speed
b
 (m s

-1
) 3 3 4 

Cut-out speed
b
 (m s

-1
) 25 25 25 

No. of blades 3 3 3 

No. of installed turbines 

before land exclusion
c
 

1,198,718 856,610 995,082 

No. of installed turbines 

after land exclusion
c
 

619,828 442,803 514,605 

a
 L1: Conventional, L2: Low-speed design, and L3: Conventional but with a larger 

rotor diameter than L1  
b 
Approximate or as reported in product catalog 

c 
Assume rectangular-array installation with a turbine spacing of eight times the 

rotor diameter 
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Figure 18. Power curves of the L1, L2 and L3 models 
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3.3 Analysis 

In our technical potential analysis, we placed hypothetical turbines in 

rectangular arrays with an inter-turbine spacing of eight times the 

rotor diameter (D) for simplicity. Nguyen (2007) and Paton and 

Manomaiphiboon (2013) specified 10D and 7D, respectively. This simple 

turbine-array placement is illustrated in Figure 19. Before proceeding, 

three subsets of technical potential are defined: 

1) TP0: Total technical potential, which is the summation of power 

generated by all turbines installed in an entire area (i.e., before 

or without land exclusion), 

2) TP: Same as TP0 but over the remaining area after land exclusion 

using the union of all 14 layers (as described previously), and 

3) TPCF20: Same as TP but only summed from the installed turbines whose 

capacity factor (CF) is at least 20%. This threshold represents the 

minimum CF for a turbine to be economically feasible and was based 

on our review of reported values from wind farms in operation.  In 

our analysis, we took the CF to be the ratio of the power generated 

by the turbine (given its power curve, speed distribution, and air 

density) to its rated power (here, 2 MW). 

 
As seen, the term “technical potential” refers to the theoretical 

potential power generated by a turbine or turbines, not the available 

power in the wind. To determine each of the above technical potentials, 

the power generated from each individual turbine (Pt) and its 

corresponding CF are computed first (one turbine at a time) and then 

summed over all installed turbines. Here, Pt was computed by  
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where u is the speed, f(u) is the speed distribution, C(u) is the power 

curve of the turbine,  is the air density, and ref is the reference air 

density specified in the power curve (here, 1.225 kg m-3). Alternatively 

and equivalently, one can use 
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where ui is the ith speed value randomly generated from a specified 

distribution, and N is the large sample size of randomly generated 

values. Since turbines were installed as arrays, a 10% wake loss 

(Manwell et al., 2002) was here applied to Pt. Here, we used Eq. 9 with 

the Weibull distribution assumption. Using the above procedure, we 

calculated the total technical potentials over Thailand at a height of 

100 m. From Figure 20, each mapping study (also MD) shows a decrease in 

technical potential from TP0 (100-500 GW, across all cases) to TP (50-

250 GW) by about half, which is due to a large amount of area excluded. 

Relatively low values (of TP0 and TP) are seen in DP and DD but 

relatively high values are in WB and JG, and those by MD are situated in 

the middle. L1 gives the largest potentials in all cases, due to its 

rotor diameter being relatively small in size, resulting in denser 

turbine arrays (i.e., more turbines can be installed). However, one may 

further ask whether L1 is most economically attractive? Figure 21 

suggests that L2 tends to yield most power per turbine in all cases, 

which is partly explained by the fact that L2 is designed for low-wind 

speed applications and its power curve is superior in the low-speed 

range. This result reflects the strong sensitivity of turbine choice to 

how much wind energy can be technically utilized by turbines. We also 

visually examined the CF distribution before and after land exclusion 
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for each combination of turbine model and map. We found that the most 

combinations (about 70%) have a positive skew (with only 30% of these 

having skewness larger than unity) and the rest show a slightly negative 

skew. Figure 22 illustrates the CF distributions for the L2 model with 

the 100-m MD map.  

 

Now, we give attention to the technical potentials derived from the 100-

m MD map for the different regions of Thailand defined in Table 1 (Table 

5), and the key results are summarized below:   

 For TP0, Thailand has a total of 256-301 GW (across the three turbine 

models). The regions that contribute most are UNE (43-51 GW), LNE 

(42-49 GW), and ES (34-40 GW) & W (33-39 GW). 

 For TP, Thailand has a total of 130-152 GW (across the three turbine 

models), which is about half of TP. The regions that contribute most 

are LNE (31-36 GW), UNE (28-33 GW), and ES (17-19 GW).  

 For TPCF20, the L2 model offers 17 GW (by about 38,000 turbines) while 

the L1 and L3 models only offer about 5 GW each (from about 10,000 

turbines). If L2 is employed, the regions that contribute by ≥1 GW 

are ES (7.6 GW), E (3.1 GW), LNE and W (1.7 GW each), and WS (1.2 

GW). Figure 23 highlights the areas for L2 installation with 

economically feasible power generation expected.   

 

In addition to the regional results above, the technical potentials at 

the tambon (i.e., sub-district) level were derived. The results cover a 

total of 7,415 tambons (as of the year 2006) and are arranged in the 

Appendix. An example of the tambon results is shown in Tables 6-8, which 

list the 40 tambons with the largest TP0, TP, and TPCF20, respectively, 

based on the L2 model and the 100-m MD map. 
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a) Before land exclusion 

 

 

b) After land exclusion 

 

 

 

Figure 19. Illustration of land exclusion  

and array of installed turbines  
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Figure 20. 100-m technical potentials of Thailand (summed over all 

installed turbines) of Thailand before and after land exclusion, by map 

(DP, WB, JG, DD, and MD) and by turbine model (L1, L2, and L3)  

 

 

 

 
 

Figure 21. Capacity factors before and after land exclusion (averaged 

over all installed turbines), by map (DP, WB, JG, DD, and MD) and by 

turbine model (L1, L2, and L3). Each vertical bar denotes average ± 

standard deviation.  
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a) Before land exclusion 

 
b) After land exclusion 

 
 

Figure 22. CF Distribution based on the L2 model and the 100-m MD map 
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 Figure 23. Areas installed with L2 turbines with CF ≥20%, based on 

the 100-m MD map. Black shading is land exclusion. Red dots are 

individual turbines installed on areas after land exclusion. The inset 

(50×50 km2) is the enlarged view of the yellow box shown in the map, as 

an example of arrayed installation.  
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Table 5.Technical potentials (GW) and counts of installable turbines by region and by turbine model,  

based on the 100-m MD map. Each parenthesized number is the number of installed turbines.    
 

Region 
L1 

 
L2 

 
L3 

TP0 TP TPCF20  
 

TP0 TP TPCF20  
 

TP0 TP TPCF20  

UN 
29.55 8.08 0 

 
25.63 7.02 0.02 

 
25.18 6.89 0 

(204,942) (62,897) (0) 
 

(146,451) (44,958) (37) 
 

(170,112) (52,245) (0) 

LN 
22.46 11.42 0.12 

 
19.16 9.80 0.19 

 
18.97 9.67 0.09 

(117,371) (65,006) (262) 
 

(83,889) (46,423) (412) 
 

(97,473) (54,021) (214) 

UNE 
50.57 33.33 0.13 

 
43.82 28.96 0.73 

 
43.07 28.45 0.11 

(205,078) (136,827) (297) 
 

(146,542) (97,773) (1,711) 
 

(170,239) (113,627) (253) 

LNE 
49.23 35.62 0.10 

 
43.16 31.29 1.66 

 
42.25 30.60 0.11 

(184,795) (135,346) (253) 
 

(132,081) (96,749) (3,928) 
 

(153,408) (112,324) (275) 

E 
26.11 13.56 0.53 

 
22.44 11.62 3.13 

 
22.12 11.47 0.46 

(85,261) (44,763) (1,201) 
 

(60,957) (31,881) (7,351) 
 

(70,811) (37,082) (1,055) 

C 
28.93 14.28 0.06 

 
24.72 12.25 0.75 

 
24.43 12.10 0.07 

(107,455) (55,865) (139) 
 

(76,769) (39,929) (1,759) 
 

(89,167) (46,422) (166) 

W 
39.47 10.24 0.60 

 
33.11 8.73 1.68 

 
33.08 8.65 0.52 

(126,512) (36,791) (1,395) 
 

(90,418) 26,207 3,766 
 

(105,006) (30,493) (1,215) 

(Continued on the next page) 
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Table 5. (Continued) 
 

Region 
L1 

 
L2 

 
L3 

TP0 TP TPCF20  
 

TP0 TP TPCF20  
 

TP0 TP TPCF20  

ES 
39.67 19.42 3.28 

 
34.47 17.02 7.64 

 
33.88 16.67 3.14 

(119,909) (61,925) (7,299) 
 

(85,655) 44,303 16,429 
 

(99,540) (51,457) (7,026) 

WS 
14.77 6.00 0.05 

 
13.05 5.34 1.18 

 
12.75 5.21 0.06 

(47,336) (20,389) (112) 
 

(33,816) 14,574 2,757 
 

(39,273) (16,919) (148) 

All 
300.76 151.95 4.85 

 
259.57 132.03 16.99 

 
255.73 129.71 4.57 

(1,198,659) (619,809) (10,958) 
 

(856,578) (442,797) (38,150) 
 

(995,029) (514,590) (10,352) 
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Table 6. Tambons with largest TP0, based on the L2 model and the 100-m 

MD map (only top 40 shown) 

 

No. Tambon Amphoe Province TP0 (MW) 

1 Mae Chan Um Phang Tak 1713 

2 Kaen Makrut Ban Rai Uthai Thani 1349 

3 Chalae Thong Pha Phum Kanchanaburi 1224 

4 Huai Mae Phriang Kaeng Krachan Phetchaburi 1064 

5 Khao Phang Ban Ta Khun Surat Thani 967 

6 Ban Na Sam Ngao Tak 860 

7 Mae Lamung Um Phang Tak 777 

8 Sai Yok Sai Yok Kanchanaburi 733 

9 Lai Wo Sangkhla Buri Kanchanaburi 678 

10 Khao Chot Si Sawat Kanchanaburi 626 

11 Prang Phle Sangkhla Buri Kanchanaburi 622 

12 Khlong Takrao Tha Takiap Chachoengsao 583 

13 Nong Lu Sangkhla Buri Kanchanaburi 574 

14 Yang Nam Klat Tai Nong Ya Plong Phetchaburi 532 

15 Pak Chalui Tha Chang Surat Thani 447 

16 Khao Chao Pran Buri Prachuap Khiri Khan 437 

17 Pong Nam Ron Khlong Lan Kamphaeng Phet 432 

18 Aiyoe Weng Betong Yala 428 

19 Rabam Lan Sak Uthai Thani 398 

20 Thung Lui Lai Khon San Chaiyaphum 392 

21 Chorakhe Hin Khon Buri Nakhon Ratchasima 392 

22 Um Phang Um Phang Tak 386 

23 Khiri Rat Phop Phra Tak 378 

24 Pak Mak Chaiya Surat Thani 378 

25 Ban Bueng King Amphoe Ban Kha Ratchaburi 363 

26 Pi Lok Thong Pha Phum Kanchanaburi 358 

27 Tha Takiap Tha Takiap Chachoengsao 357 

28 Mo Kro Um Phang Tak 357 

29 Huai Kha Buntharik Ubon Ratchathani 356 

30 Krung Ching King Amphoe Nopphitam Nakhon Si Thammarat 348 

31 Tha Kradan Si Sawat Kanchanaburi 343 

32 Lamphiak Khon Buri Nakhon Ratchasima 343 

33 Wang Nok Aen Wang Thong Phitsanulok 338 

34 Omkoi Omkoi Chiang Mai 327 

35 Mae Khong Mae Sariang Mae Hong Son 323 

36 Mae Tuen Mae Ramat Tak 322 

37 Dan Mae Chalaep Si Sawat Kanchanaburi 321 

38 Khun Song Kaeng Hang Maeo Chanthaburi 320 

39 Pa Deng Kaeng Krachan Phetchaburi 318 

40 Dom Pradit Nam Yuen Ubon Ratchathani 314 
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Table 7. Tambons with largest TP, based on the L2 model and the 100-m 

MD map (only top 40 shown)  

 

 

No. Tambon Amphoe Province TP (MW) 

1 Tha Kradan Sanam Chai Khet Chachoengsao 224 

2 Tha Takiap Tha Takiap Chachoengsao 223 

3 Khlong Takrao Tha Takiap Chachoengsao 216 

4 Chalae Thong Pha Phum Kanchanaburi 206 

5 Non Ko Sirindhorn Ubon Ratchathani 204 

6 Omkoi Omkoi Chiang Mai 184 

7 Khun Song Kaeng Hang Maeo Chanthaburi 182 

8 Huai Bong Dan Khun Thot Nakhon Ratchasima 179 

9 Nong Kum Bo Phloi Kanchanaburi 155 

10 Nong Kathao Nakhon Thai Phitsanulok 152 

11 Kho Laen Buntharik Ubon Ratchathani 146 

12 Huai Kha Buntharik Ubon Ratchathani 144 

13 Pak Chalui Tha Chang Surat Thani 140 

14 Ban Sadet Khian Sa Surat Thani 138 

15 Pong Nam Ron Pong Nam Ron Chanthaburi 137 

16 Ban Kao Mueang Kanchanaburi Kanchanaburi 131 

17 Nong Waeng King Amphoe Thepharak Nakhon Ratchasima 128 

18 Pong Daeng Mueang Tak Tak 127 

19 Khao Chao Pran Buri Prachuap Khiri Khan 127 

20 Yarom Betong Yala 127 

21 Bo Thong Bo Thong Chon Buri 125 

22 Dan Chumphon Bo Rai Trat 123 

23 Thung Phraya Sanam Chai Khet Chachoengsao 123 

24 Patae Yaha Yala 123 

25 Pha Suk Wang Sam Mo Udon Thani 121 

26 Chong Dan Bo Phloi Kanchanaburi 118 

27 Wang Tha Chang Kabin Buri Prachin Buri 118 

28 Lam Phaya Klang Muak Lek Saraburi 118 

29 Nong Phlap Hua Hin Prachuap Khiri Khan 117 

30 Wang Mi Wang Nam Khiao Nakhon Ratchasima 116 

31 Khan Chong Wat Bot Phitsanulok 115 

32 Rang Bua Chom Bueng Ratchaburi 115 

33 Bayao Wang Sam Mo Udon Thani 114 

34 Samnak Taeo Sadao Songkhla 113 

35 Pa Lao Mueang Phetchabun Phetchabun 111 

36 Aiyoe Weng Betong Yala 109 

37 Pak Mak Chaiya Surat Thani 108 

38 Bang Sawan Phra Saeng Surat Thani 108 

39 Phon Ngam Buntharik Ubon Ratchathani 108 

40 Lat Krathing Sanam Chai Khet Chachoengsao 108 
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Table 8. Tambons with largest TPCF20, based on the L2 model and the 100-m 

MD map (only top 40 shown) 

 

No. Tambon Amphoe Province TPCF20 (MW) 

1 Chalae Thong Pha Phum Kanchanaburi 188 

2 Huai Bong Dan Khun Thot Nakhon Ratchasima 168 

3 Pong Nam Ron Pong Nam Ron Chanthaburi 136 

4 Dan Chumphon Bo Rai Trat 123 

5 Nong Waeng King Amphoe Thepharak Nakhon Ratchasima 116 

6 Non Ko Sirindhorn Ubon Ratchathani 113 

7 Nong Phlap Hua Hin Prachuap Khiri Khan 109 

8 Tha Kum Mueang Trat Trat 104 

9 Patae Yaha Yala 98 

10 Wa Tabaek Thep Sathit Chaiyaphum 96 

11 Lam Phaya Klang Muak Lek Saraburi 96 

12 Wang Thong King Amphoe Wang Sombun Sa Kaeo 94 

13 Samnak Taeo Sadao Songkhla 90 

14 Chang Khwa Kanchanadit Surat Thani 85 

15 Nong Waeng King Amphoe Khok Sung Sa Kaeo 80 

16 Khuan Phang Ron Phibun Nakhon Si Thammarat 76 

17 Pak Phraek Don Sak Surat Thani 72 

18 Nong Ta Khong Pong Nam Ron Chanthaburi 71 

19 Yarom Betong Yala 70 

20 Nong Muang King Amphoe Khok Sung Sa Kaeo 69 

21 Huai Yai Chio Thep Sathit Chaiyaphum 69 

22 Lak Dan Nam Nao Phetchabun 68 

23 Wang Mai King Amphoe Wang Sombun Sa Kaeo 68 

24 Padang Besar Sadao Songkhla 67 

25 Khao Chao Pran Buri Prachuap Khiri Khan 66 

26 Tha Uthae Kanchanadit Surat Thani 66 

27 Khlong Yai Pong Nam Ron Chanthaburi 64 

28 Don Mueang Si Khio Nakhon Ratchasima 64 

29 Ban Kao Mueang Kanchanaburi Kanchanaburi 64 

30 Nong Yang Suea Muak Lek Saraburi 63 

31 Tha Kwian Watthana Nakhon Sa Kaeo 63 

32 Phra Phloeng Khao Chakan Sa Kaeo 63 

33 Khlong Takrao Tha Takiap Chachoengsao 63 

34 Nonsi Bo Rai Trat 62 

35 Don Sak Don Sak Surat Thani 62 

36 Sathon Na Thawi Songkhla 62 

37 Thappharat Ta Phraya Sa Kaeo 60 

38 Ban Rai Thep Sathit Chaiyaphum 60 

39 Nam Thaeng Si Mueang Mai Ubon Ratchathani 58 

40 Ta Lang Nai Wang Nam Yen Sa Kaeo 58 
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Chapter 4 

Conclusions 

 

This study compared wind maps developed by four previous mapping 

studies. They were processed and arranged to common grids and variables 

and then compared at 50 m and 100 m above ground level both 

qualitatively and quantitatively. Two median-based wind maps at both 

heights were developed to support the comparison and the analysis, and 

they may be thought of as a compromise between the existing wind maps by 

removing extremities in predicted speed values. On-land wind-energy 

technical potentials were analyzed at 100 m, taking into account 1) 

feasibility of land for turbine installations, 2) three commercially 

available large-turbine models, 3) typical speed distribution (here, 

Weibull), and 4) air density. Below are important findings from the 

study: 

  

1. The wind maps from the four mapping studies have both similarities 

and differences. Nevertheless, the earlier wind maps (DP and WB) tend 

to represent the lower and upper limits of predicted speed for most 

part of Thailand, respectively, while the more recent maps (JG and 

DD) tend to fall in between (i.e., being more moderate). This 

suggests the more recent wind maps for Thailand have reduced 

uncertainty in their wind resource estimations.  

 

2. After applying the important land-constraint layers, the total 

technical potential over Thailand is substantially reduced by about 

half, which is due to the large amount of area excluded (48% of total 

land area)  
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3. Based on the 100-m median-based map, the total technical potential of 

Thailand (after land exclusion) was found to be 130-152 GW, depending 

on the turbine model used.  

 

4. Considering only turbine sites with economically feasible power 

generation (here, CF ≥20%), the total technical potential was found 

to be 17 GW when using the turbine model designed for low wind speeds 

and 5 GW when using the other models, based on the median-based map. 

This highlights the sensitivity of turbine model choice to power 

generation and also the potential advantage of large-turbine 

technology designed for low wind speeds.  

 

5. Putting 3) and especially 4) in perspective, the results confirm 

there is adequate technical potential to support Thailand’s target 

of 2 GW wind energy by the year 2030, as targeted by the Thailand 

Power Development Plan (PDP2010) (EPPO, 2012). 

 
Besides the above results, this study also gives technical potentials 

for individual regions and tambons, which may be of use to some. 

Nevertheless, it should be noted that they were derived from mesoscale 

wind maps and thus only suitable for use to support wind-energy policy 

and planning or as a preliminary reference or guide for wind-energy 

development in particular areas.    
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Appendix 

 

The CD-ROM attached to this report contains supplements as follows:  

 

File   : FINAL_REPORT.pdf 

 

File   : SPEED_MD_050.txt 

Format : Standard ArcInfo ASCII Grid format 

Content  :  Annual 50-m MD wind speed (m s-1) 

1-km grid resolution (approximately) 

 

File   : SPEED_MD_100.txt 

Format : Standard ArcInfo ASCII Grid format 

Content  :  Annual 100-m MD wind speed (m s
-1
) 

1-km grid resolution (approximately) 

 

File  :  TP_XX_YY_100 

where XX is one of MD, DP, WB, JG and DD maps, and YY 

is one of the three 2-MW turbine models (L1, L2, and 

L3)  

Format : MS Excel 

Content :  100-m Technical potential of wind energy by tambon,  

based on the assumption of Weibull distribution.  Each 

file has a total of 14 columns: 

TAMBON_ID   Standard ID of tambon, as of the year 2006 

PROVINCE   Province name (English) 

AMPHOE Amphoe (or district) name (English) 

TAMBON Tambon (or sub-district) name (English) 

(Continued on the next page) 
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(Continued) : PROVINCE_TH Province name (Thai) 

AMPHOE_TH Amphoe name (Thai) 

TAMBON_TH Tambon name (Thai) 

AREA_KM2 Area (km2), based on UTM47 map projection 

and WGS84 datum 

TP0_MW Technical potential (MW) before land 

exclusion, as the summation over turbines 

installed over the entire area of a 

tambon. For any tambon with TP0_MW 

indicated as zero, it means that no 

turbines were allocated or installed due 

to the size of the tambon being too small. 

N_TP0_MW Number of installed turbines corresponding 

to TP0_MW 

TP_MW Technical potential (MW) after land 

exclusion, as the summation over turbines 

installed over the remaining area of a 

tambon after land exclusion  

N_TP_MW Number of installed turbines corresponding 

to TP_MW 

TP_CF20_MW Same as TP_MW but as the summation over 

only turbines with capacity factor (CF) 

≥20% 

N_TP_CF20_MW Number of installed turbines 

corresponding to TP_CF20_MW 
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cited organizations. The contents of this report and associated 

supplemental data are representative at the time of the report writing 

and report submission. They may be re-arranged in the future as a 

manuscript for peer-reviewed publication, and modification or revision 
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