
Istraživanja i projektovanja za privredu 

ISSN 1451-4117 
DOI:10.5937/jaes0-37631 

www.engineeringscience.rs 

 

 
publishing 

 Journal of Applied Engineering Science 

Vol. 20, No. 4, 2022 
Preliminary Report 
Paper number: 20(2022)4, 1034, 1293-1306 

 

1293 

AN EMPIRICAL MODEL FOR FORECASTING ELECTRIC 
GENERATION FOR NEARSHORE ENERGY POTENTIAL IN 

THAILAND  
Supachai Phaiboon1*, Pisit Phokharatkul2  

1 Electrical Engineering Department, Faculty of Engineering, Mahidol University, Salaya, Nakhorn Pathom 73170, Thailand 
2 Department of Electrical Engineering and Energy Management, Faculty of Engineering, Kasem Bundit University, 

Suanluang, Bangkok 10250, Thailand  
* supachai.pai@mahidol.ac.th 

This paper presents electrical energy forecasting from near shore wave potential in the Gulf of Thailand using an 
empirical model. An electric generator was installed on the near shore to perform measurements and create an 
empirical model for predicting electric generation. In order to forecast the capacity of the electric generation from 
sea waves with sufficient electricity consumption, the household data in the Gulf of Thailand and the Andaman Sea 
were collected from the year 2012 – 2019 to forecast the increasing rate of the number of households in the five 
years period (2021-2025). Cost and payback period were analyzed in each location in order to invest the 
renewable energy generation. 

Keywords: sea waves, electrical energy forecasting, Gulf of Thailand, Andaman Sea, empirical model, electricity 
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1 INTRODUCTION  

Currently, the issue of global warming is getting more attention. Climate change affects the environment, which is 
due to human activities, both industrial activities and consumer behaviors. These activities have increased the 
amount of greenhouse gases in the atmosphere, causing a more severe greenhouse effect than would be natural. 
Global warming will have increased the global surface temperature, which is a risk of severe weather conditions 
such as heat waves, droughts and floods. The use of energy in the industrial sector and the household energy 
consumption is one of the drivers of global climate change. Therefore, the clean energy should be encouraged by 
using solar, wind, and wave energy. The renewable energy is clean energy, the production process does not emit 
carbon dioxide (CO2), or other greenhouse gas emissions. Therefore, the renewable energy has an opportunity to 
develop and reduce the dependence on fossil fuels. The waves energy in the Gulf of Thailand and the Andaman 
Sea have enough potential to generate electricity in the future. The Ministry of Energy of the Kingdom of Thailand 
is responsible for the planning of electricity production. The power development plan is a roadmap for electric 
power generation, distribution, and consumption. The power development plan emphasizes the sufficient electric 
power source in which the use of electricity increases according to the rate of economic growth. Thailand has 
conducted a study of sea wave energy in the Gulf of Thailand and the Andaman Sea. According to the Alternative 
Energy Development Plan (AEDP) 2012-2021, at least 10 GWh of new energy will be promoted. Many researchers 
studied the development of electric power generation from waves.  The wave power sources in the Gulf of Thailand 
are around Samui, Phangan, and Taen islands, while the Andaman Sea is around Phuket province and nearby as 
detailed in the next section. Encouraging the use of renewable energy will reduce the amount of carbon dioxide 
emissions from electric power generation. It is estimated that Thailand will emit carbon dioxide in 2036 in the 
amount of 0.39 kgCO2/kWh or 104,075 tons [1]. The benefit of using renewable energy will help to decrease the 
use of fossil fuels and oil. In the environment, it will reduce carbon dioxide emissions which would alleviate the 
global warming problem. From the policies, Thailand has explored and developed the technology for generating 
electricity from sea waves. Thailand has two coastlines, the Gulf of Thailand and the Andaman Sea. The Gulf of 
Thailand has an average depth of 45 meters and the deepest of 80 meters [2]. The average depth of the Andaman 
Sea is about 1,096 m while the deepest part in the central channel is about 4,198 m. The Simulating Waves 
Nearshore (SWAN) model was used to calculate the significant wave heights, which were validated with the 
measurement data of the Jason-2 satellite. The coastal area of Phuket and PhangNga provinces are suitable 
locations for studying wave energy converters because they have high significant wave heights [3]. The potential of 
wave energy and power generation are still studied and developed in the East China Sea, the South China Sea, 
the Black Sea, the Red Sea, and the Indian Ocean. In the South China Sea, the study found a potential mean wave 
power of 6.61 kW/m. A single wave energy converter Pelamis P2 can produce an average electricity output of 
91.37 kW/m including, loss and machine efficiencies, whereas a wave farm can generate an average output of 62 
GWh/year [4]. The study about Floating Sea Energy Conversion Device (FOECD) in the East China Sea and the 
South China Sea were conducted to improve the safety of the wave energy conversion devices. 
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Fig.1. Flowchart of research methodology  

The harvested power only rises from 3.5 kW to 3.7 kW. It reveals that the shape and scale of the circular cone for 
the buoy have no apparent influence on the power harvesting capabilities [5]. In the Black Sea, the evaluation of 
the energy characteristics can be carried out both according to the calculated and experimental data. The article 
provides a method for calculating the area, volume, mass, phase velocity, and kinetic energy of sea waves based 
on the theory that the waveform is an inverted shortened cycloid [6]. In the Red Sea, the study aims to find the best 
location for installing wave energy converters (WEC) in the NEOM area, located in the Red Sea northern region, 
and to determine the most suitable converter system for harvesting wave energy using available data provided by 
KAUST [7]. In the Indian Ocean, the potential of wave energy has been studied around the island of Sri Lanka. In 
the above area, the mean annual energy potential is estimated to be 10 kW/m at 25 m depth, whereas the 
maximum annual potential energy is estimated to be 36 kW/m. During the South-West monsoon where the wave 
heights are presented, the mean energy potential is estimated to be 15 kW/m [8]. In the Mediterranean Sea, the 
researchers have been to identify long-term Mediterranean Sea Offshore Wind (OW) classification [9]. The case of 
waves energy, they studied the optimization of geometry, tether angles, and power take-off (PTO) settings of a 
wave energy converter (WEC) at a site in the west of Sicily, Italy. The Moth–Flame Optimiser (MFO) outperformed 
other optimization methods [10]. Furthermore, there is a comparative study of oscillating surge wave energy 
converter performance on the Caspian Sea’s southern coasts. The study uses the oscillating surge wave energy 
converters flap geometric dimensions as the data to simulate in the MATLAB software. The results found that the 
Nowshahr port has more potential than the Anzali and Amirabad ports, under the condition’s absorbed power of 
16.7 kW/m (Capture factor = 63%) at these sites [11]. The methods in references above use the different models 
and study at the different environment sites. This paper proposes electrical energy forecasting from nearshore in 
the Gulf of Thailand and the Andaman Sea. The next section follows the research methodology as shown in Fig. 1. 
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Table 1. List of abbreviations  
Parameter Symbol 

Potential Energy P.E. 
Kinetic Energy K.E. 

Wave mass m 
The density of seawater ρ 

wave width w 
Gravity constant g 
Wave number k 
Wavelength λ 

Wave energy period 𝑇𝑇𝑒𝑒 
Wave frequency ω 

Wave height 𝐻𝐻𝑤𝑤 
Wave amplitude a 

Zero-crossing period 𝑇𝑇𝑧𝑧 
Significant wave height 𝐻𝐻𝑠𝑠 

2 SEA WAVES ENERGY 

Sea waves are a moving or swell of water occurring close to the surface of the sea. These waves are created by 
direct local action on the sea. The characterized waves have oscillating, rising, and falling movements. The simple 
shape of the sea wave is shown in Fig. 2. The peak of the wave is the crest, and the bottom of the wave is the 
trough. The wave height (Hw) is the difference between the trough and the crest, while the range between two 
consecutive troughs or crests shall be the sea wave wavelength (λ). The potential energy (P.E.) of the wave is 
computed in x-y coordinate as the equation (1) 

𝑃𝑃.𝐸𝐸. = 𝑚𝑚𝑚𝑚 𝑦𝑦(𝑥𝑥,𝑡𝑡)
2

 
(1) 

where,  𝑚𝑚 is the wave mass (kg), The sinusoidal wave equation (m) is  

𝑦𝑦 = 𝑦𝑦(𝑥𝑥, 𝑡𝑡) = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (𝑘𝑘𝑥𝑥 − 𝜔𝜔𝑡𝑡) (2) 

and 

∆(𝑃𝑃.𝐸𝐸) = lim
∆𝑥𝑥→0

(𝑤𝑤𝜌𝜌𝑚𝑚𝑦𝑦∆𝑥𝑥) 𝑦𝑦
2
 (3) 

where ρ is the density of the sea water (kg/m3), and 𝑤𝑤 is the wave width (assume that the width is equal to the 
width of power receiver contacts) (m). The wave mass is 

 

Fig. 2. Sinusoidal wave 

∆𝑚𝑚 =  𝜌𝜌(𝑤𝑤𝑦𝑦∆𝑥𝑥) 

and 

𝑑𝑑(𝑃𝑃.𝐸𝐸. ) = 𝑤𝑤𝜌𝜌𝑚𝑚𝑦𝑦𝑑𝑑𝑥𝑥 𝑦𝑦
2

= 𝑤𝑤𝜌𝜌𝑚𝑚 𝑦𝑦2

2
𝑑𝑑𝑥𝑥(3) 
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Therefore, the potential energy in a period can be written in the equation (4). Let the wave be written as a function 
of 𝑥𝑥 which is independent of time. Then, 𝑦𝑦(𝑥𝑥, 𝑡𝑡) = 𝑦𝑦(𝑥𝑥), the potential energy is determined:  

𝑑𝑑(𝑃𝑃.𝐸𝐸. ) =
1
2
𝑤𝑤𝜌𝜌𝑚𝑚𝑎𝑎2𝑎𝑎𝑎𝑎𝑎𝑎2(𝑘𝑘𝑥𝑥 − 𝜔𝜔𝑡𝑡)𝑑𝑑𝑥𝑥 

� 𝑑𝑑(𝑃𝑃.𝐸𝐸. )
λ

0
= �

1
2
𝑤𝑤𝜌𝜌𝑚𝑚𝑎𝑎2𝑎𝑎𝑎𝑎𝑎𝑎2(𝑘𝑘𝑥𝑥 − 𝜔𝜔𝑡𝑡)𝑑𝑑𝑥𝑥

λ

0
 

𝑃𝑃.𝐸𝐸. = �
1
2
𝑤𝑤𝜌𝜌𝑚𝑚𝑎𝑎2𝑎𝑎𝑎𝑎𝑎𝑎2(𝑘𝑘𝑥𝑥 − 𝜔𝜔𝑡𝑡)𝑑𝑑𝑥𝑥

λ

0
 

  =
1
2
𝑤𝑤𝜌𝜌𝑚𝑚𝑎𝑎2[

1
2
𝑥𝑥 −

1
4
𝑎𝑎𝑎𝑎𝑎𝑎2(𝑘𝑘𝑥𝑥 − 𝜔𝜔𝑡𝑡)]0λ 

 =
1
2
𝑤𝑤𝜌𝜌𝑚𝑚𝑎𝑎2[

λ
2
−

1
4
𝑎𝑎𝑎𝑎𝑎𝑎2(𝑘𝑘λ−𝜔𝜔𝑡𝑡) − 0] 

  = 1
4
𝑤𝑤𝜌𝜌𝑚𝑚𝑎𝑎2λ (4) 

where, 𝑎𝑎 = 𝐻𝐻𝑊𝑊
2

  is the wave amplitude (m) and 𝐻𝐻𝑤𝑤 is the wave height (m), 𝑘𝑘 = 2𝜋𝜋
λ

is the wave number, λ is the 

wavelength (m), 𝜔𝜔 = 2𝜋𝜋
𝑇𝑇

 is the wave frequency (rad/s), and 𝑇𝑇 is the period (s). However, the kinetic energy in a 
period is equal to the total potential energy. Therefore, the kinetic energy will be equal to the potential energy in the 
equation (5): 

𝑃𝑃.𝐸𝐸. = 1
4
𝑤𝑤𝜌𝜌𝑚𝑚𝑎𝑎2λ  (5) 

Finally, the total energy in a period is determined 

𝐸𝐸𝑤𝑤 = 𝑃𝑃.𝐸𝐸. +𝐾𝐾.𝐸𝐸. = 1
2
𝑤𝑤𝜌𝜌𝑚𝑚𝑎𝑎2λ (6) 

 
Fig. 3. Electric generation system from waves energy 

The wave energy per unit area can be assigned as:  

𝐸𝐸� = 𝐸𝐸𝑤𝑤
𝑊𝑊λ

 = 1
2
𝜌𝜌𝑚𝑚𝑎𝑎2 (7) 

To substitute the height of sea wave into amplitude of wave a, the equation becomes 
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𝐸𝐸� = 1
8
𝜌𝜌𝑚𝑚𝐻𝐻𝑤𝑤2  (8) 

The equation (8) is the same as the wave energy in equation (2.2) in [12]. Multiply the equation (8) by the wave 
group velocity 𝑐𝑐𝑔𝑔 = 𝑔𝑔𝑇𝑇𝑒𝑒

4𝜋𝜋
  (m/s) [3-4], the power per unit length would be as follows: 

𝑃𝑃 = 𝑐𝑐𝑔𝑔𝐸𝐸�  (9) 

whereTe is the wave energy period (s). The power (𝑃𝑃) transmitted by a regular per unit crest is obtained as:  

𝑃𝑃 = 1
32𝜋𝜋

ρ𝑚𝑚2𝐻𝐻𝑤𝑤2𝑇𝑇𝑒𝑒(W/m)  (10) 

And[4] 

𝑃𝑃 = 1
64𝜋𝜋

ρ𝑚𝑚2𝐻𝐻𝑠𝑠2𝑇𝑇𝑒𝑒  (11) 

where𝐻𝐻𝑠𝑠 = 2𝐻𝐻𝑤𝑤
√2

 

If sea water has a density of 1025 kg/m3, the wave energy flux per unit of wave-crest length (kW/m) 𝑃𝑃�  for shallow 
water can be shown as Equation (12): 

𝑃𝑃� ≈ 0.55𝐻𝐻𝑠𝑠2𝑇𝑇𝑧𝑧 (12) 

where Te=1.12Tz,  𝑇𝑇𝑧𝑧 is zero-crossing. Equation (12) derive from Equation (10) which corresponding to the equation 
(7) in [4]. 

 
Fig. 4. Generator and rectifier circuits 

3 ELECTRIC GENERATION 

The wave energy conversions for nearshore were installed to save cost and for the safety [13]. The small linear 
permanent magnetic generators (LPM) were popularly used for converting the wave energy to electrical energy. 
The Inertial Sea Wave Energy Converter (ISWEC) based on a gyroscope produced maximum electric power [14]. 
The system consisted of two linear tubular permanent-magnet generators of 3 kW. The linear generator uses a 
direct drive for sea wave energy converter (DD-WEC). It has been designed and installed in the China’s Yellow 
Sea [15]. The linear tubular generator provided the maximum power of 2 kW. Additionally, the LPM generator was 
designed and constructed with a power of 3.5 KW [16]. The system mainly consisted of LPM generator and buoy 
components. The planar double-sided LPM structure provided power of about 300 W [17]. In order to increase the 
output power, the array of floating cylinders [18] and buoy shape [19] were proposed. However, the above linear 
tubular permanent- 
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Fig. 5. Output power of the generator 

magnet generators may have problems about the friction of tubular components and the cost of construction. To 
overcome these problems, this paper proposed a rotary permanent-magnet generator with a cylinder buoy and 
predicted the electric generating from the wave energy. A generator prototype was constructed and installed for 
collecting the data. The main components of this electric generator consist of a buoy with a 1.2 m diameter, a 400 
W permanent magnetic generator from a washing machine, and a gearbox with a ratio of 7: 1 as shown in Fig. 3 
[20]. When the sea wave pushes up a floating buoy, the transmission chain of gear will drive the generator to 
produce electric power. The electric power depends on the wave height and period of the wave.  The generation 
system was installed on the base station at the nearshore of the Sirindhorn International Environmental Park, Cha-
am, Phetchaburi province in the South of Thailand. The researchers performed measurements of the wave height 
and electric power by using a video camera and power meter. The generator consists of three phases winding with 
four wires as shown in Fig. 4. In order to provide the maximum power output, loads were connected with a delta 
connection. 

 
Fig. 6. Locations of energy forecasting 

The equation for the relationship between wave height and electric power is expressed as: 
𝑃𝑃� = 1589.5𝐻𝐻𝑤𝑤2.16 (13) 

where P is the electric output power produced (W) and Hw is wave height (m). The maximum power occurred at a 
wave height of 45 cm as shown in Fig. 5. While some incident sea waves were not equal to the natural frequency 
of the buoy and made small output powers as shown on the lower boundary of the graph.  The upper boundary 
represents the maximum power at the resonance between the incident wave and the buoy.  However, the empirical 
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equation (13) provides about 24% of the power theory in equation (12) with a wave energy period of 4.6 s. The 
equation (13) is used to predict the energy generation for real environments. 

4 FORECASTING LOCATIONS 

In order to forecast the electrical energy, 14 locations were selected from both Gulf of Thailand and Andaman Sea 
as shown in Fig. 6. There are a number of house growth near the forecasting locations in the past five years of the 
Gulf of Thailand and the Andaman Sea as shown in Fig. 7 and 8, respectively. The forecasting locations in the Gulf 
of Thailand consist of 4 provinces around Bangkok that contact the sea namely Chachoengsao, Samutprakan, 
Samutsakhon and Samutsongkhram together with 4 provinces in the East namely Chonburi, Rayong, Chanthaburi 
and Trad. In case of the South of Thailand, it consists of 8 provinces namely Phetchburi, Prachuapkhirikhan, 
Chumphonsuratthani, nakhonsrithammarat, Songkhla, Pattani and Narathiwat. For the Andaman Sea, the 
forecasting locations are in 6 provinces namely Ranong, Phangnga, Phuket, Krabi, Trang and Satun.  The normal 
household of fisherman family would be used for forecasting from past five years to future five years [21]. The 
maximum house growth is in location 1. This is because of the influence in Bangkok growth. However, the 
minimum growth is in Samutsongkham as shown in Fig. 7 a).   While the minimum one is in location 10 (Ranong) 
as shown Fig. 8. In this research, the researchers used the average energy consumption per month per household 
of about 624 kWh [22].  The total energy consumption of the household in each location is obtained as shown in 
Table 2.  The maximum energy consumption in location 1 (Bangkok Metropolitan Region) is about 2,762.17x106 
kWh/month while the minimum one in location is about 57.88 x106 kWh/month (Table 2). 

 
a) Location 1 

 
b) Locations 2-9 

Fig. 7. Number of household growth at the locations in Gulf of Thailand 
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 Fig. 8. Number of household growth at the locations in Andaman Sea 

Table 2. Total energy consumption of households in each location 

Position Province 2016 2017 2018 2019 2020 
Energy 

Consumption 
kWh/5 years 

1 Bangkok 1802005 1847098 1898021 1936946 1975871  
 Chachoengsao 175863.3 180602.9 185589.6 190432.1 195715.3  
 Samutprakan 395740.1 409192.4 421519.4 433093.1 444251.1  
 Samutsakhon 169258.2 173622.7 177158.3 181497.2 185254.4  
 Samutsongkhram 42580.59 43357.62 43936.18 44503.5 45393.5  
 (Total) 2585448 2653874 2726224 2786472 2846485 13598502.56 
2 Chonburi 592807.3 615050.9 634609 653748.8 667938.8 3164154.84 
3 Rayong 276396.5 285742.7 295581.4 305579.8 316279.7  
 Chanthaburi 141620.9 144226 146825.5 149279.5 152114.9  
 Trad 63881.8 64837.95 65676.77 66584.24 67573.47  
 (Total) 481899.3 494806.7 508083.6 521443.5 535968 2542201.16 
4 Phetchburi 127882.8 130385.5 132955 135166.3 137532.3  
 Prachuapkhirikhan 154893.5 158304.9 161573.4 165534.7 169692  
 (Total) 282776.3 288690.5 294528.5 300701 307224.3 1473920.54 
5 Chumphon 140447.6 142781.8 144956.2 147389.7 149943.6 725518.90 
6 Suratthani 297580.4 302700.1 308088.1 313965.4 319777.9 1542111.89 
7 Nakhonsrithammarat 343193 348078.6 352944.9 357754.9 363205.4 1765176.75 
8 Songkhla 323471.4 329227 333910.4 339445.8 345511  
 Pattani 113280.9 115556.4 117514.9 119462.2 121843.2  
 (Total) 436752.3 444783.5 451425.4 458907.9 467354.2 2259223.28 
9 Narathiwat 128281 130540.3 132858.3 134640.2 136933.8 663253.57 

10 Ranong 54254.13 55061.11 55911.17 56869.19 57880.26 279975.86 
11 Phangnga 68856.04 70071.2 71391.84 72700.62 74026.25 357045.95 
12 Phuket 151500.1 154451.6 159118.1 166074 170333 801476.80 
13 Krabi 110589.1 113231.6 115555.8 118277 120892.7 578546.13 
14 Trang 139640.6 141354.4 142999.6 144748.4 146582.7  

 Satun 62536.2 63439.3 64296.22 65083.86 66096.18  
 (Total) 202176.8 204793.7 207295.8 209832.3 212678.9 1036777.53 

 (Grand Total)      19436704.53 
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Fig.9.Forecasting of output powers in 12 months 
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Table 3. Energy forecasting in each location and breakeven 
No. Province Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. kWh/Y Breakeven
1 Bangkok 37 146 75 128 95 397 335 188 172 34 6 130 1743 16,2
2 Chonburi 133 319 293 276 227 505 473 384 452 123 119 247 3551 8,0
3 Rayong 367 408 402 368 332 518 491 477 495 211 229 500 4798 5,9
4 Phetchburi 380 413 434 409 184 459 402 262 304 297 402 517 4463 6,3
5 Chumphon 425 367 412 424 48 81 44 125 79 255 407 467 3134 9,0
6 Suratthani 453 242 396 306 83 180 233 213 331 320 441 501 3699 7,6
7 Nakhonsrithammarat 391 400 416 428 74 39 88 116 130 248 388 424 3142 9,0
8 Songkhla and Pattani 350 404 398 425 181 109 134 184 225 327 403 369 3509 8,0
9 Narathiwat 305 341 349 380 215 155 201 214 234 294 374 316 3378 8,4
10 Ranong 504 184 408 191 397 419 430 397 437 316 323 668 4674 6,0
11 Phang nga 511 436 467 388 426 359 379 375 373 401 406 499 5020 5,6
12 Phuket 482 451 455 426 432 355 377 376 369 399 400 492 5014 5,6
13 Krabi 437 372 295 104 197 211 155 89 207 159 132 284 2642 10,7
14 Trang and Satun 544 390 275 212 380 368 382 376 373 274 338 390 4302 6,6  

 
Fig. 10. Maximum and minimum energy forecast in the Andaman Sea  

 
Fig. 11. Maximum and minimum energy forecast in Gulf of Thailand 
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Fig. 12. Comparison of Energy forecast in two Sea sides 

 
a) Location 1 

 
b) Locations 2-9 

Fig.13.Five years demand forecasting in the Gulf of Thailand for the future   
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Fig. 14. Demand forecasting in future five years for the Andaman Sea 

5 RESULTS 

In order to determine the wave power potential, the measured wave data at 3-hour time step in a month is 
generally analyzed [23]. The researchers used wave height input Hw from Thai Meteorological Department [24] that 
provided daily wave analysis and 24-hour wave forecasting charts to the general public. The domain covers from 
longitudes 95E to 105E and from latitudes 5N to 15N, which encompasses the Gulf of Thailand and the Andaman 
Sea. The wave analysis and forecast are mainly obtained from significant wave and wave spectral methods in the 
computation. The forecasting results of all locations and months are shown in Fig. 9 and Table 3.  In the Fig., the 
color scale represents the amount of the electric energy in kWh. It was found that the energy forecasting provides a 
maximum value of 668 kWh/month at location 10 (Ranong) in the Andaman Sea in December while a minimum 
value of 6 unit/month at location 1 (Bangkok Metropolitan Region) in the Gulf of Thailand in November (Table 3). In 
the Andaman Sea, the overall energy forecasting provides the maximum value of 5,020 kWh/year at location 11 
(Phang-nga) compared with the minimum value of 2,642 kWh/year at location 13 (Krabi) as shown in Fig. 10. In the 
Gulf of Thailand, the minimum value of 1,743 kWh/year at location 1 compared with the maximum energy occurred 
with 4,798 kWh/year at location 3 (Rayong) as shown in Fig. 11. Comparison between the energy generating in the 
Gulf of Thailand and the Andaman Sea, location 3 (Rayong) provides maximum overall energy almost equal to that 
of location 11 (Phangnga) as shown in Table 3. Both location 1 and location 11 (Krabi) provide the lowest overall 
energy as shown in Table 3. The locations in the Andaman Sea provide the average energy of 4,330 kWh/y per 
location while the locations in the Gulf of Thailand provide the average energy of 3,491 kWh/y per location. Note 
that, the maximum energy in the upper Gulf of Thailand occurred between June and July due to the southwest 
monsoon winds while the maximum energy in the lower Gulf of Thailand occurred from November to April due to 
northeast monsoon winds. The maximum energy in the Andaman Sea occurred between December and January 
because of a period of inclement weather with thunderstorms. In term of the breakeven point, the cost of the 
generation system was investigated. The cost consists of hardware and maintenance service while the price of 
electric energy depends on electric charge of the government service organization. The breakeven point of location 
11 and 12 in the Andaman Sea are 5.6 years, respectively. The breakeven point of location 3 in the Gulf of 
Thailand is 5.9 years as shown in Table 3. These locations above have the higher electricity energy than the other 
locations. If the breakeven point time is less than 5 years, then it will be suitable to invest. Bangkok and 
Metropolitan Region have the highest electricity demand 5 years in the future as shown in Fig. 13a. Additionally, 
the other locations (2-9) in the Gulf of Thailand provide large overall demands compared with the locations in the 
Andaman Sea as shown in Fig. 13 b) and Fig. 14. The small electricity demands are about 100 x106 kWh in the 
location of 5, 9, and 13. This demand information is used for green energy investments.   

6 CONCLUSION 
The electrical energy forecasting from sea waves potential in Thailand is proposed.  An electric generator was 
installed in order to perform measurements of the wave height and electrical power generation. The measurement 
data were used to create an empirical model in order to forecast the capacity of the electricity generation from sea 
waves. The number of households nearshores collected from the last five years was used to forecast the 
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increasing rate of the number of households in the five years future and their electrical energy consumption. It was 
found that the overall energy generation in the Andaman Sea provides the maximum value at Phang-nga 
compared with the minimum value at Krabi. While in the Gulf of Thailand, the minimum and maximum values are at 
Bangkok and Rayong respectively. The maximum energy in the Eastern Gulf of Thailand occurred between June to 
July due to the Southwest monsoon winds. While the maximum energy in the Western Gulf of Thailand occurred 
between November to April due to the Northeast monsoon winds. Additionally, the maximum energy in the 
Andaman Sea occurred between December and January because of a period of inclement weather with 
thunderstorms. The breakeven point of each location is selected to invest in the renewable energy generation. 

7 ACKNOWLEDGMENT 

This research project has received research funding from the Electricity Generating Authority of Thailand (EGAT) 
under contract No. S3-B104000-0S1-IO. SS03A300 8088-MU 

8 REFERENCE 

[1] Thailand Power Development Plan 2015-2036:PDP2015, The ministry of energy of the kingdom of Thailand. 
https://www.egat.co.th/en/images/about-Egat/PDP2015_Eng.pdf 

[2] Pithayamaythakul, P., &Sojisuporn P. (2016) Water Stratification under Wave Influence in the Gulf of 
Thailand," Bulletin of Earth Sciences of Thailand, Vol. 7(No. 1): 33-41. http://www.geo.sc.chula.ac.th /BEST/ 
volume7/number1/BEST_7_1_004_pongdanai.pdf  

[3] Foyhirun, C.; Kositgittiwong, D.; Ekkawatpanit, C. (2020) Wave Energy Potential and Simulation on the 
Andaman Sea Coast of Thailand. Sustainability 2020, 12, 3657, May, 2020, https://doi.org/10.3390/su 
12093657 

[4] Nizamani, Z., Na, L. L., Nakayama, A., Ali, M. O. A.  &Nizamani, M. A. (2021) Renewable Wave Energy 
Potential for the Sustainable Offshore Oil Platforms in South China Sea, IEEE Access, vol. 9, :116973-
116993, 2021, https://doi.org/10.1109/ACCESS.2021.3104729  

[5] Song, R.; Zhang, M.; Qian, X.; Wang, X.; Dai, Y.M.; Chen, J. A. (2016) Floating Ocean Energy Conversion 
Device and Numerical Study on Buoy Shape and Performance. Journal of Marine Science and Engineering, 
2016 4, 35:1-14. https://doi.org/10.3390/jmse4020035  

[6] Ariyarathne, K. &Jayarathne, P. (2022) Preliminary Assessment of Wave Energy in Srilanka.  Proceeding of 
virtual Conference on Coastal Engineering, 2020, no. 36(v):1-5. December,31,2022. 
https://doi.org/10.9753/icce.v36v.papers.21 

[7] Bekirov, E. A., Voskresenskaya, S. N., Asanov, M. M.  &Murtazaev, E. R.(2020).  Analysis of the Sea Waves 
Energy Characteristics in the Black Sea Region. International Multi-Conference on Industrial Engineering and 
Modern Technologies (FarEastCon):1-4. https://doi.org/ 10.1109/FarEastCon50210.2020.9271464. 

[8] Alkhayyat, M., Brahimi, T., Langodan, S., & Hoteit, I. (2020). Wave Energy in the Red Sea Region 
Perspectives and Analysis. 6th IEEE International Energy Conference (ENERGYCon), 28 September - 01 
October 2020:457-463, doi: 10.1109/ENERGYCon48941.2020.9236479. 

[9] Nezhad, M.M., Heydari, A., Neshat,M., Keynia, Piras ,G., & Garcia, D.A. A Mediterranean Sea Offshore Wind 
classification using MERRA-2 andmachine learning models. Renewable Energy, vol.190 (2022);156-166 
https://doi.org/10.1016/j.renene.2022.03.110 

[10] Neshat, M., Sergiienko, N. Y., Mirjalili, S., Nezhad, M.M., Piras, & Garcia, D.A.  Multi-Mode Wave Energy 
Converter Design OptimisationUsing an Improved Moth Flame Optimisation Algorithm. Energies, 2021, 14, 
3737. https://doi.org/10.3390/en14133737 

[11] Amini, E., Asadi, R.,Golbaz, D., Nasiri, M.,Naeeni, S.T.O.,MajidiNezhad, M.,Piras, & G.,Neshat,M. 
Comparative Study of Oscillating Surge Wave Energy Converter Performance: A Case Study for Southern 
Coasts of the Caspian Sea. Sustainability 2021, 13, 10932. https://doi.org/10.3390/su13- 910932 

[12] Mishra, S.K., Mohanta, D.K., Appasani,B., Kabalcı, E. (2021). OWC-Based Ocean Wave Energy Plants 
Modeling and Control. Springer Nature Singapore Pte Ltd. 2021. https://link.springer.com/book/10.1007/978-
981-15-9849-4 

[13] Silva, D.,  Rusu, E. &Soares, C. G. (2013). Evaluation of Various Technologies for Wave Energy Conversion 
in the Portuguese Nearshore. Energies 2013, 6(3):1344-1364. https://doi.org/10.3390/en6031344  

[14] Cappelli, L., Marignetti, F., Mattiazzo, G., Giorcelli, E., Bracco, G., Carbone, S., &Attaianese, C. (2014) Linear 
Tubular Permanent-Magnet Generators for the Inertial Sea Wave Energy Converter. IEEE Transaction on 
Industry Applications, vol.50 (no.3):1817-1828, May/June 2014. https://doi.org/1 0.1109/TIA.2013.2291939 

[15] Huang, L., Hu, M., Chen, Z., Yu, H.& Liu, C. (2017) Research on a Direct-Drive Wave Energy Converter 
Using an Outer-PM Linear Tubular Generator. IEEE Transaction on Magnetics, vol. 53 (no.6), June 2017 
https://doi.org/10.1109/TMAG.2017.2664076 

http://www.engineeringscience.rs/


Journal of Applied Engineering Science 

Vol. 20, No. 4, 2022 
www.engineeringscience.rs 

 

 
publishing 

 
Supachai Phaiboon et al. - An empirical model for 
forecasting electric generation for nearshore energy 
potential in Thailand 

 

1306 

[16] Prudell, J., Stoddard, M., Amon, E., Brekken, A., &Jouanne, A. (2010) A Permanent-Magnet Tubular Linear 
Generator for Ocean Wave Energy Conversion. IEEE Transactions on Industry Applications vol.46. 
(No.6):2392-2400, November/December2010. https://doi.org/10.1109/TIA.2010.2073433 

[17] Wahyudie, A., Susilo, T.B. Jehangir, & Nikolaos, S.S. (2018)  Design of A 100 W Mini Permanent Magnet 
Linear Generator for Wave Energy Converter System. 2018 5th International Conference on Renewable 
Energy: Generation and Applications (ICREGA), 25-28 February 2018 
https://doi.org/201810.1109/ICREGA.2018.8337630 

[18] Siddorn, P., & Taylor, R.E. (2008). Diffraction and independent radiation by an array of floating cylinders.  
Ocean Engineering, vol.35 (Issue 13):1289-1303.September 2008, 
https://doi.org/10.1016/j.oceaneng.2008.06.003 

[19] Song, R., Zhang, M., Qian, X., Wang, X., Dai, Y. M., & Chen, J. (2016) A Floating Ocean Energy Conversion 
Device and Numerical Study on Buoy Shape and Performance. Journal of Marine Science and Engineering, 
vol. 4(no. 35):1-14. May 2016. doi:10.3390/jmse4020035 

[20] Phaiboon, S. &Tanukitwattana, K. (2016). Fuzzy Model for Predicting Electric Generation from Sea Wave 
Energy in Thailand. IEEE Regional 10 Conference, Singapore: 2646-2649. 22-25 November 2016. doi: 
10.1109/TENCON.2016.7848518 

[21] Official statistics registration systems [online]. Available 
fromhttps://stat.bora.dopa.go.th/stat/statnew/statmonth/statmonth/#/displayData. 

[22] Household energy consumption. National Statistic office Thailand, http://www.nso.go.th. 
[23] MajidiNezhad M.M., Groppi, D., Piras, G. (2018). Nearshore Wave Energy Assessment of Iranian Coastlines. 

Proceedings of the 4th World Congress on New Technologies (no.ICEPR 180), Madrid, Spain August 19 – 
21, 2018.doi: 10.11159/icepr18.180  

[24] Marine Meteorological Center, Wave forecasting, Available from http://www.marine.tmd.go.th/ 
 

    Paper submitted: 29.04.2022. 
    Paper accepted: 22.07.2022. 
   This is an open access article distributed under the CC BY 4.0 terms and conditions. 

http://www.engineeringscience.rs/
https://stat.bora.dopa.go.th/stat/statnew/
http://www.marine.tmd.go.th/

	1 INTRODUCTION
	2 sea waves energy
	3 ELECTRIC GENERATION
	4 forecasting locations
	5 results
	6 conclusion
	7 ACKNOWLEDGMENT
	8 reference

