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Abstract

Offshore wind energy resources assessment is necessary for safe, efficient, and reasonable
development and utilization of the resources. In this study, based on the 55-yearly wind
reanalysis dataset of the JRA-55 model developed by the Japan Meteorological Agency (JMA),
the Spatio-temporal variation of wind energy potential, as well as rates of change in the whole
period were assessed in the South China Sea. Furthermore, a methodology to determine the
most suitable location and wind turbine of offshore wind energy extraction based on different
factors including long-term change and wave condition on the south coast of China was
proposed. The results showed that the Luzon strait and Taiwan strait showed higher wind
energy potential. However, the intra-annual fluctuation of the wind resources is significantly
high in Luzon Strait, ranging from 400 to 2500 W/m?. The investigation of long-term changes
showed that most of the South China Sea experienced a remarkable decrease in the second
decade (1971-1980), but the overall long-term wind energy trend during five decades was
mostly neutral. The investigation in the selected points indicated that the most suitable location
and wind turbines are the nearshore of Quanzhou, Fujian and SWT-7.0-154, respectively. The
suggestions for future offshore wind power development should be the coasts of Hong Kong
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considering that there have been wind farms under construction in Fujian, and there are
promising potential to generate 35.36 MWh per year per wind turbine in the coasts of Hong

Kong.

Keywords: Offshore wind resources; South China Sea; Sustainability; Spatio-temporal

variation; Long-term change

1. Introduction

In today's world, where coal, oil, and other conventional energy are increasingly scarce, energy
bottleneck has become a critical problem restricting the sustainable development of various
countries. Many countries, including China, generally advocate the application of clean energy,
energy conservation, and emission reduction, to effectively deal with the increasingly severe

resource and environmental crisis.

As the delegate for the new and green marine energy, offshore wind energy has grown on the
explosive type in the recent decade. Europe is the largest region for offshore wind farms
installations, where the cumulative offshore wind power capacity in UK reached 8480MW until
2019, reinforcing its leadership position in the world. Following closely, is Germany
(7372MW) (WINDPOWER). Moreover, advantages such as more significant suitable free
areas, low visual and sound impact, and the higher energy potential in comparison with the
onshore, favor the development of offshore wind farms (Esteban et al., 2011; Sant’Anna de

Sousa Gomes et al., 2019; He et al., 2020).

Offshore wind energy resources have been assessed from global to local. The potential of global
offshore wind energy resources have been evaluated and classified based on 37-yearly ERA-
40 database (Zheng et al., 2018). Sant’Anna de Sousa Gomes et al.(2019) proposed a method
to evaluate and utilize wind energy along the southeastern coast of Brazil using one year
dataset. Costoya et al.(2020) analyzed the current offshore wind resources using a 30-year
historical datasatand predicted the future changes, as the U.S. offshore wind sector is expected
to have an important development in the next decade. The Analytic Hierarchy Process (AHP)

was used to detect the most suitable offshore wind energy installation area in Turkey based on
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multiple evaluation criteria including ...... (Emeksiz and Demirci, 2019). Kim et al. (2013)
evaluated the offshore wind resource around the Korean Peninsula and detected the most

suitable installation location around the candidate coasts using a 3-year dataset.

China, being exposed to the East and South China Sea, is capable of providing parts of its
energy demand from marine resources, especially from offshore wind energy. Although China
has the largest installed capacity of wind energy globally, offshore wind energy only accounts
for 2% (WINDPOWER, n.d.). There are many offshore wind farms under construction in
China, such as Jiangsu, Shanghai, Guangdong, Fujian, etc. But China’s rapid economic
expansion requires new areas of innovation, learning, and improvement to accelerate offshore
wind deployment (Renewables Consulting Group, 2020). Wind resources, including onshore
and offshore, have been investigated in several previous types of research (e.g., Dong et al.,
2019; Wan et al., 2018; Wang et al., 2018). Nie & Li ( 2018) discussed offshore wind energy
potential along the China coast using statistical methods such as..... Hong and Méller (2011)
investigated the offshore wind energy resources in China's Exclusive Economic Zone (EEZ)
using Geographic Information Systems (GIS). He et al. (2020) assessed offshore wind energy
potential in Hong Kong based on a high-resolution Numerical Weather Prediction (NWP)
model in conjunction with observations. Wu et al. (2020) proposed a decision framework to
apply for offshore wind power station selection in China, in which an evaluation system was

proposed considering both exclusion index and evaluation index.

In the above studies, wave condition and long-term changes in offshore wind sources have not
been taken into account in selecting suitable sites. Wave condition should be an important
consideration in the survival of wind turbines in extreme condition and operation and
maintenance of wind turbines. Besides, long-term changes should be investigated considering
the sustainable development of wind resources. Hence, this study aims to identify the most
suitable wind turbine installation location in the South China Sea, considering both wave
condition and long-term variations in wind resources. For this purpose, a 55-yearly wind re-
analysis by JRA-55 model will be used to assess the sustainability of offshore wind resources
in the South China Sea to provide the necessary results for the designation of suitable wind

energy extraction locations. A method will be proposed to detect the most suitable location for
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wind turbines installation considering energy potential (wind power density, capacity factor,
and rich level occurrence), stability (Monthly Variability Index (MVI) and Coefficient of
Variation (CV)), Rate of Change (RoC), extreme condition (99th percentile wind speed and

99th percentile wave height), accessibility, distance to coast and water depth, for the first time.

In this paper, data and methods, including data source and all assessment criteria, will be
introduced in section 2. section 3 contains the results and discussion, including Spatio-temporal
variations and long-term change and selection of suitable locations and wind turbines based on

different criteria. Section 4 summarizes the results and discussion.

2. Data and methods
2.1. Data sources

The JRA-55 wind reanalysis dataset hosted at Japan Meteorological Agency (JMA)
(KOBAYASHI et al., 2015) is used to assess the offshore wind resource in the South China Sea.

Its temporal and spatial resolutions are 6 hr and 60 km, respectively. It covers the time range

from January 1958 to December 2012, with a spatial coverage of 105.5°E-123.5°E and 17°N -

30°N (Fig. ).
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Fig. 1. Study area and the location of selected sites

2.2. Methods

2.2.1 Energy potential

The JRA-55 wind reanalysis dataset obtained the wind field at 10 m above the sea surface for
the past 55 years (1958-2012). Many wind sources have been assessed at 10 m above the sea

surface in the previous studies (e.g., Wan et al., 2018; Zheng et al., 2013; Zheng et al., 2018;
5
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Dong et al., 2019). However, the hub height of wind turbines is generally considered to be
between 70 and 100 m for wind energy studies (Silva et al., 2016; Sant’ Anna de Sousa Gomes
etal., 2019). Hence, in this study, the height of 100 m is selected for assessing the wind energy.
The wind speed at different heights can be calculated as follow (Hsu, 1994):

Z a
U=U (—) 1.
r Z‘r ( )
where U is the wind speed at Z, U, is the wind speed at reference height Z,, and a is the
wind shear exponent, which is related to atmospheric stability and surface roughness. a =

0.11 is generally suggested to use at sea (Hsu, 1994) He et al., 2020; Shu et al., 2015). Hence,

0.11 is adopted as a wind shear exponent in this study.

The Wind Power Density (WPD) is used to assess the wind energy resource, and it is calculated

as follow (Silva et al., 2016):
1
WPD =2p-V? (2)
where p is the air density (1.225 kg/m? in this study) and V is the wind speed at hub height.

The Energy Production (P;) and Capacity Factor (CF) of a wind turbine can be used to

investigate the actual energy output, which is shown as follows (Sant’Anna de Sousa Gomes

etal., 2019):
1 3
Pe=2p-CprAr-V (3)
_P
CF = B, (4

where Cp is the turbine capacity, 0.4 can be adopted for modern wind turbines (Sant’ Anna de
Sousa Gomes et al., 2019). Ay and P, are swept area of blade and rating power, respectively,
and they can be checked in the technical catalog of the wind turbines manufacturer. In addition,

P, is the average annual energy production.

The Rich Level Occurrence (RLO) which is the occurrence of WPD greater than 200W/m?,
indicates the richness of wind energy (Zheng et al., 2018). Generally, larger RLO values show

larger wind energy potential.
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2.2.2 Intra-annual variability

Energy stability must be considered in wind energy assessment since it is closely related to the
collection, conversion efficiency and the life of the wind turbines. Coefficient of Variation (CV)
mainly reflects the resource volatility within a monthly scale. As a negative indicator, lower

values of CV show higher stability of wind energy. It can be calculated as follows:

i
V=3 (5.)

in which, oy is the standard deviation and V is the mean value of wind power density.

Monthly Variation Index (MVI) can be considered a good approximation in assessing the intra-

annual variation of the resources. It can be calculated as follows (Zheng et al., 2013):

MVI = Pur = Pua (6.)

Ig year
where Py, and Py, are the highest and lowest monthly means of wind power density,

respectively, while P,q, is the annual average wind power density.

2.2.3 Rate of change

Rate of change is used to assess the stability of wind resources in long-term for medium and
long-term planning of resource development and prediction. Therefore, the rate of change in
five decades and decade will be discussed using time series of wind power density and they
will be calculated as the slope of the best fitting line between the 55 years mean values of each

grid point.

2.2.4 Extreme condition

Another important consideration for offshore structures is the device survivability in extreme
conditions. Since 2007, more than 100 wind turbines’ accidents have occurred each year, and

326 failure accidents have occurred from 2012 to 2013. Previous studies have shown that 52.2%
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of large wind turbine tower collapses are caused by strong winds and storms(Chou and Tu,
2011). For example, in 2008, a strong typhoon "Jangmi" struck Taiwan and caused the collapse
of No. 2 wind turbine on the shore of Taichung Harbor(Chou and Tu, 2011). The extreme wind
speed has been considered in the previous studies (Zheng et al., 2018; Costoya et al., 2020).
However, for offshore wind farms, the marine environment of wind turbines is much more
complex than that of onshore. the estimation of extreme wave height is essential for piling
system, coastal structure size determination and reinforcement for wind turbines (Lavidas,
2020). In this study, the extreme values of both wind and wave will be considered as essential
factors for construction cost for wind turbines, and they will be estimated using the 99%
percentage of the time series of wind speed and wave height for 55 years. The time series of

wave height is from our previous study (Kamranzad et al., 2020).

2.2.5 Accessibility

Accessibility is a crucial characteristic for offshore wind farms in operation and maintenance
(O&M), and it requires long enough time slots to ensure that sea conditions are suitable and
safe for crew and vessel deployment (Gallagher et al., 2016). When the ocean parameters
(significant wave height, wind speed and peak period) is equal to or less than the certain
thresholds, the percentage of time is called accessibility, and the thresholds depend on the type
of the employed vessel (O’Connor et al., 2013). In this study, the thresholds of 13 s for the peak
period, 2 m for significant wave height and 16 m/s for wind speed is adopted, as suggested by
Gallagher et al. (2016).

2.2.6 Distance to coast and water depth

Water depth and distance to coast are among the most critical consideration in the installment
of offshore wind turbines. Low water depth and short distance to coast can reduce the cost in
transporting power to the land. The increase of depth and distance in areas considered for the
development for offshore wind farms indicates the increases the establishment costs of

anchorage, cabling and piling (Costoya et al., 2020). Generally, offshore wind turbines are
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installed below 60 m (Aymen Chaouachib, Catalin Felix Covriga,*, 2017; Emeksiz and
Demirci, 2019). Therefore, areas with water depths less than 60 m and distances to coast less

than 50 Km were selected in the study.

2.2.7 A novel suggested approach for determining the most suitable location

A multi-criteria approach for determining the most suitable location will be proposed
considering the WPD, CF, RLO, CV, MVI, OM, EWS, EWH, RC, DC and WD. All factors

will be normalized and then given different weights. The standardization method is as follows:

For positive factors:

Xi

L= — 7.
) (7.)
For negative factors:
min(x;)
yi = l (8)
Xi

where x; is the initial value and y; is the value after being normalized. All values of both
positive factors and negative factors are between 0 and 1 after being normalized, and a higher
value indicates better suitability for all factors. The weights are given according to the previous
research (Zheng et al., 2018; Costoya et al., 2020), and more factors, such as extreme wave
height, rate of change and accessibility, are considered. The multi-criteria approach is shown
as follows:

F=0.177 * WPD + 0.176 * CF + 0.082 * RLO + 0.077 * CV + 0.038 * MV + 0.058 * EWS
+0.058 * EWH + 0.008 x ROC + 0.081 * OM + 0.053 * WD + 0.12 * DC (9)

where F is the expectation value, and a higher value indicates higher suitability in the site.

3. Results and discussion
3.1 Spatio-temporal analysis of wind speed and wind power density

The spatial distribution of the annual average wind speed and wind power density at 100m in

the South China Sea are shown in Fig. 2. As shown in Fig. 2, the area with the particularly high
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wind resource is mainly Taiwan Strait, where WPD is above 1200W/m? and annual average
wind speed reaches around 15m/s, closely followed is nearshore northern of Luzon Strait. The
area with the lowest wind resource is south of Beibu Gulf. The dominant wind direction in the
South China Sea is from the southeast, while in southern of Taiwan Strait it is from the east.
Nie & Li. (2018) and Wan et al. (2018) showed the similar spatial distribution for wind resource
in the domain, based on 28 and 38 years of wind dataset, respectively. And the result shows a
similar spatial distribution and annual mean wind power density with Hong & Moller. (2011)

in nearshore southern coasts of China.
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Fig. 2. The spatial distribution of the annual average wind speed (m/s) (left) and wind power density

(W/m?) (right) at 100 m

The intra-annual variability of wind characteristics and wind power density are calculated in
the South China Sea and shown in Figs. 3 and 4, respectively. Fig. 3 presents the spatial
distribution of the monthly mean of wind fields. The wind speed reaches the maximum
(>15m/s) in December and November and the minimum in May. Fig. 4 represents the spatial
distribution of the monthly mean values of wind power density, and it is similar to Fig. 3.
According to this figure, the wind power density increases from May to reach the highest values
(>2000W/m?) in November and December and then, decreases until the lowest occurs in May.
The result is consistent with results of Wang et al. (2018) in the domain. Furthermore, from

November to January (winter), wind resources are significantly abundant in Taiwan Strait,
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Luzon Strait and the central South China Sea. However, the intra-annual variation seems to be

high in Luzon Strait and central South China Sea with the mean monthly wind power density

fluctuating between 400 and 2500 W/m?.

The South China Sea lies on the monsoon belt, and the wind direction changes with the seasons.
The wind mainly blows from the east and northeast during Spring (March to May). Affected
by the southwest monsoon, the wind direction of the whole South China Sea is mainly south
during Summer (June to August), while the north of the Taiwan Strait is dominated by southeast
wind. Autumn (September to November) is the monsoon changing season. From September to
November, the main wind direction in the central and northern South China Sea has changed
to northeast from southwest. Most of the South China Sea is dominated by the northeast wind
in Winter (December to January), which is affected by the northeast trade wind (Wang et al.,
2020). Furthermore, the maximum wind speed is located in Taiwan Strait, reaching above 15

m/s.
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Fig. 3. The spatial distribution of the monthly average wind speed (m/s) at 100 m

12



Assessment of long-term offshore wind energy potential in the south and southeast coasts of China based on a 55-year dataset

Latitude

1000

Longitude

Fig. 4. The spatial distribution of the monthly wind power density (W/m?) at 100 m

3.2 Intra-annual variability of wind resource

The suitable areas for planning the development of offshore wind farms are the ones with
higher potential and lower variability(Astariz and Iglesias, 2016). The CV and MVI of wind
power density are calculated to access the stability of offshore wind resource. Fig. 5 shows the
spatial distribution of MVI (left) and CV (right) for the wind power density. According to
Figure 5, Beibu Gulf and northern Taiwan show relatively low values of both MVI and CV.
The central parts of South China Sea, except Beibu Gulf, exhibit higher variability of wind
resource within monthly scale (MVI), whereas experience a high stability at the monthly scale

(CV). The low stability of wind resource in monthly scale (MVI) in southern of South China
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Sea is mostly affected by the southwest monsoon.
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Fig. 5. MVI (left) and CV (right) for wind power density (W/m?) at 100 m

3.3 Long-term change of wind resource

In order to assess the long-term change, five decades (from 1961 and 2010) of the offshore
wind resources in the South China Sea are analyzed. The rate of change in five decades are
used to discuss the long-term change and assess the sustainability of wind resources in long-
term. Fig. 6 (a) shows the spatial distribution of the rate of change for wind power density in
five decades. This figure shows no considerable decrease around Hainan, and a slight increase
in the central parts of South China Sea. In general, there is no noticeable change in the majority

of the domain except for a decrease in Taiwan Strait.

Decadal changes are investigated to evaluate the stability of the wind field in shorter periods
and whether it is stable throughout the whole period (Kamranzad et al., 2020) and shown in
Fig. 6 (b-f). According to Fig. 6 (b-f), the wind power density in most of the South China Sea
increases slightly during the third (1981-1990) and fifth (2001-2010) decades. In contrast, over
the second decade (1971-1980), a remarkable reduction of the wind power density can be
observed. While the overall long-term wind trend observed is unremarkable in Taiwan Strait,
a considerable increase of the wind energy resources is detected in the first (1961-1970) decade,

and a substantial decrease in the second(1971-1980) decade and fourth (1991-2000) decade.
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Fig. 6. Annual rate of change — 50-yearly (a) and 10-yearly (b-f)

3.4 Quantitative analysis

To determine the most suitable wind turbines and installation location, 19 sites were selected
in the nearshore areas of the South China Sea. The points were selected in areas with water
depth less than 60 m, and distance to coast less than 50 Km, as well as being located outside
Taiwan Banks due to the giant sand wave fields (Zhou et al., 2018). Table 1 and Fig. 1 present

the characteristics and locations of the selected sites . Table 1 indicates that the sites with the
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highest wind speed is O16 and the lowest wind speed is presented at O6.

Table 1. Characteristics and locations of the selected sites

Annual average wind  Distance from

Point ID bt Long  Depth (m) speed at 100 m (m/s) coast (km)
01 20.7 109.25 20 6.95 48
02 20.05 108.8 54 7.38 47
03 19.05 108.15 39.5 7.45 49.2
04 18.05 108.7 55 6.65 45.5
05 18.1 109.55 56.8 6.76 7
06 18.55 110.45 57.2 5.70 12.8
o7 19.55 111.2 56 7.42 19.5
08 20.5 111 30 7.44 49.8
09 20.9 111.1 30 7.19 48.3
o10 21.1 111.8 40 7.94 48.8
Ol11 21.45 113.4 45.5 8.42 49
012 21.85 114.5 55.2 8.29 47
O13 22.25 115.65 57.7 8.98 46.5
O14 22.55 116.5 46.2 8.75 49.5
Ol15 23.6 117.95 29.2 8.55 47.5
ol16 24.6 119.25 58.2 10.86 41.7
o17 25.75 120.1 41.5 9.63 49.4
018 27.15 121.05 36 8.77 46.6
o19 29.5 122.7 46.5 9.40 46.1

In this study, 12 wind turbines with different characteristics and from different manufacturers

are selected (https://en.wind-turbine-models.com/turbines). The output power of the wind

turbine is determined by cut-in wind speed, cut-out wind speed and blade radius. Table 2
presents the main characteristics of each considered wind turbine, and Fig. 7 shows the power
curve of each considered wind turbine. The power curve of a typical wind turbine is a graph

that shows how much electrical power the turbine has at different wind
16
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speeds(Karamichailidou et al., 2020). The highest output power observed in Fig. 7 is from the
AMSC wt10000dd SeaTitan, and the rating wind speed ranges between 10 and 13 m/s for most

of wind turbines.

Table 2. Wind turbines used in this study as adapted

Wind turbines Rated power Rotor Cut-in ~ wind Cut-out wind
(MW) diameter(m)  Speed (m/s) speed(m/s)

V100-2.0 2.0 100 3 22
V90-3.0 3.0 90 3.5 25
SWT-2.3-93 2.3 93 4 25
SWT-3.6-120 3.6 120 3.5 25
SWT-4.0-130 4.0 130 5 25
SWT-7.0-154 7.0 154 3 25
REpower5SM 5.075 126.5 3.5 30
REpower6 M 6.15 126 3.5 30
Nordex N90/2500 2.5 90 3 25
AREVA M5000-116 5.0 116 4 25
Samsung S7.0-171 7.0 171 3 25
AMSSCe e\:‘!l:[iltggOOdd 10.0 190 4 30

17
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Fig. 7. Power curve for different wind turbines

In addition, capacity factors for different wind turbines at different sites are calculated. All sites
and wind turbines are assessed. It can be concluded in Fig. 8 that the selected sites at 016, O17
and O19 show higher capacity (>45%) in the selected wind turbines according to Sant’Anna
de Sousa Gomes et al. (2019), and sites with the highest and lowest capacity factors are O16

and O6, respectively.

It can be found from Fig. 8, that the SWT-7.0-154 performs to the best in terms of potential
wind energy production, closely followed by V100-2.0. The wind turbine selected in this study
1s SWT-7.0-154 as it presented the highest performance of wind energy extraction among the
selected turbines. It presents maximum use of the wind turbine and higher constancy of energy

production throughout the year(Sant’ Anna de Sousa Gomes et al., 2019).
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Fig. 8. Capacity factors for different wind turbines at different sites

The total annual energy production in different sites for different wind turbines are calculated
from Eq. (3) and shown in Table 3. According to Table 3, the selected site with the highest
energy potential is O16 and the lowest energy potential is presented at site O6. Among all

analyzed wind turbines, AMSC wt10000dd SeaTitan and V100-2.0 show the highest and lowest

energy output, respectively.
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Table 3. Total annual energy production of the selected wind turbines at different sites (MWh)

Nordex AREVA Samsun AMSC
Point V100- SWT- SWT- SWT- SWT- REpow REpow N90/25 M5000- g S7.0- wt10000dd
ID 2.0 V90-3.0 2.3-93 3.6-120 4.0-130 7.0-154 er5SM  er6M 00 116 171 SeaTitan

01 7.01 727  6.84 11.16 1242 26.73 13.64 1446 6.85 12.02 2232  29.06
02 7.69 831 7.67 12.44 1388 29.08 1546 16.60 7.74 13.77 2480 32.68
03 795 837 7.84 12.76 1430 30.16 15.67 16.68 7.86 13.87 2546 33.35
04 649 587 594 984 11.06 2558 11.40 11.58 575 9.70 19.86  25.03
05 6.54 6.09 6.08 10.02  11.21 25.62 11.74 12.03 592 10.08 20.18 25.62
06 468 414 419 7.00 7.64 18.61 8.05 815 409 6.79 1421 17.62
o7 792 803 7.69 12.55 14.07 3029 1520 1594 7.63 13.29 2511 32.62
08 790 812 7.71 12.58 14.10 30.16 1531 16.13 7.68 13.45 25.14 32.77
09 7.55 735 7.20 11.80 13.25 29.11 14.06 14.56 7.08 12.18 23.67 30.44
010 857 925 855 13.87 15.52 3241 1722 18.48 8.61 1535 27.61 3645
Ol1 9.42 10.45 9.53 1541 17.29 3534 1932 20.89 9.65 17.34 30.61 40.71
012 9.44 10.36 9.52 1541 17.29 3536 19.24 20.69 9.62 1720 30.62 40.63
013 1022 1199 1061 17.05 19.09 37.82 21.85 24.08 10.88 19.92 33.73 45.46
014 10.00 11.56 10.31 16.59 18.59 37.05 21.15 23.17 1055 19.19 32.86 44.15
015 9.36 11.05 9.73 15.63 1744 3471 20.06 2220 10.01 1834 3094 41.66
016 11.60 15.09 12.71 2023 22.61 4295 2692 3067 1330 25.10 39.80 54.97
017 I1.15 1334 11.70 18.75 21.04 41.12 2423 2686 12.04 22.18 37.05 50.26
018 9.79 11.34 10.11 16.27 18.22 36.44 20.77 22.79 1034 1883 3224 4334
019 1036 12.24 10.83 17.40 19.52 38.79 2232 2466 11.09 2034 3443 4648

Based on the method mentioned above, the WPD, CF, RLO CV, MVI, OM, EWS, EWH, RC,
DC and WD are shown in Table 4. According to the table, there are the highest energy potential,
extreme wind speed and rate of change, but the lowest accessibility and Coefficient of Variation,
at O16. Moreover, O12 performs well in terms of the long-term change for the lowest rate of

change of five decades.
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Table 4. The values at different sites based on various criteria.

PointID WPD(W/m?) DC(Km) CF RLO cv MVI  EWS(m/s) EWH@m)  ROC oM WD(m)

Ol 431.23 48.00 0.4359 047 278 1.02 17.10 1.70 -1.93 098 20.00
02 527.88 47.00 04742 050 269 1.09 1832 248 -198 096 54.00
03 519.67 49.20 0.4918 053 2.63 087 1844 282 -422 095 39.50
04 30894 4550 04172 048 281 059 1425 216 -3.05 095 55.00
05 32296 7.00 04179 046 283 1.15 1464 245 -254 094 56.80
06 21022 12.80 0.3035 032 272 123 1294 3.13 -1.78 0.86 57.20
O7 451.62 19.50 0.4940 054 252 1.14 1641 3.63 -2.59 0.81 56.00
08 470.29 49.80 0.4918 053 279 1.12 1680 295 -2.56 0.88 30.00
09 402.28 48.30 04747 052 263 093 1573 2.69 -2.11 092 30.00
O10 571.35 48.80 0.5286 0.57 255 1.17 1793 298 -248 0.89 40.00
OIl 670.79 49.00 0.5764 0.62 240 125 18.72 338 -090 0.83 4550
012 627.24 47.00 05766 0.62 235 1.13 17770 334 -039 0.84 5520
O13 819.74 46.50 0.6168 0.65 221 124 1926 345 -1.13 0.82 57.70
Ol4 76394 49.50 0.6042 0.64 220 125 18.82 339 -132 0.84 46.20
O15 787.24 4750 05660 0.59 223 154 19.62 354 -297 0.82 29.20
016 1489.2 41.70 0.7004 0.73 2.00 133 23.14 4.04 -6.65 0.73 58.20
017 976.6 4940 0.6706 0.71 2.16 1.02 2042 387 -482 0.76 41.50
018 801.54 46.60 0.5942 0.63 244 1.04 1992 375 -399 0.81 36.00
019 98498 46.10 0.6325 0.68 252 096 2201 420 -463 0.77 46.50

The normalized values of the considered criteria and the expectation values are shown in Table
5. This table illustrates the expectation values at different sites. O16 is the most appropriate
wind energy extraction location for the wind turbine SWT-7.0-154 considering all criteria. The
second choices are O12 and O17. The most suitable location based on this scenario is in line
with the results based on the scenarios (Zheng et al., 2018; Costoya et al., 2020; Astariz and
Iglesias, 2016; Ferrari et al., 2020). It is interesting to notice that the most suitable location is

near the wind farms under construction in Fujian (https://www.4coffshore.com/). It indicates

the proposed method provides a tool to decide the suitability of sites by considering different
criteria. Therefore, the suggestions for future offshore wind power development should be

considered near Hong Kong based on the novel suggested approach. However, the wind turbine
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and site selection should not be limited with the above-considered criteria, and other factors
such as national and local development policies, electricity demand, etc., may affect the

location and wind turbine selection for the installment of a wind farm.

Table 5. The values at different sites based on various criteria after normalized.

fS™ wpp DC CF RLO COV MVI EWS EWH ROC OM WD F

ol 029 0.15 062 064 0.72 058 0.76 1.00 020 1.00 1.00 0.56
02 035 015 068 068 0.74 054 071 069 020 098 037 0.53
03 035 014 070 073 0.76 0.68 0.70 060 0.09 097 051 0.53
04 021 0.15 060 0.66 0.71 1.00 091 079 0.13 097 036 0.51
o5 022 100 060 063 0.71 051 088 069 0.15 096 035 0.59
06 0.14 055 043 044 0.74 048 1.00 054 022 088 035 047
o7 030 036 071 074 0.79 052 079 047 0.15 0.83 036 0.53
o8 032 0.14 070 073 0.72 053 0.77 058 0.15 090 0.67 0.53
09 027 014 068 071 0.76 0.63 082 063 0.18 094 0.67 0.54
o010 038 0.14 076 0.78 0.78 0.50 0.72 057 0.16 091 0.50 0.55
Oollr 045 0.14 082 085 083 047 0.69 050 043 085 044 0.59
012 042 0.15 082 085 085 052 073 051 1.00 086 036 0.63
o013 055 0.15 088 089 090 048 0.67 049 035 0.84 035 0.61
Oo14 051 0.14 086 0.88 091 047 069 050 030 0.86 043 0.60
Oo15 053 0.15 081 0.81 090 038 066 048 0.13 0.84 0.68 0.58
Ool6 1.00 0.17 1.00 1.00 1.00 044 056 042 0.06 0.74 034 0.69
O17 066 0.14 096 097 093 058 063 044 0.08 0.78 048 0.63
O18 054 0.15 08 086 0.82 0.57 065 045 0.10 0.83 0.56 0.59
o019 0.66 0.15 090 093 0.79 0.61 0.59 040 0.08 0.79 043 0.61

4. Summary and Conclusion

The offshore wind resources were investigated in the South China Sea based on the 55-yearly
wind reanalysis dataset developed by the JMA, and a novel suggested approach was proposed
to detect the most suitable location for wind turbines installation considering energy potential

(WPD, CF, and RLO), stability (MVI and CV), RC, extreme condition (EWS and EWH), OM,
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DC and WD.

The results showed that wind energy resource is abundant in the South China Sea. The
relatively abundant areas of wind energy resource are mainly in Taiwan Strait and the nearshore
northern of Luzon Strait. However, it shows low intra-annual variability of wind resource in
the northwest of Taiwan, high variation can be found in Luzon Strait and Central South China

Sea.

Long-term change in five decades (from 1961 and 2010) of the offshore wind resource in the
South China Sea were analyzed, and the results indicated that there were no noticeable change
in most of domain but a slight decrease in Taiwan Strait. Decadal changes were investigated
and a remarkable reduction of the wind power density can be observed over the second (1971-

1980) decade.

Moreover, 12 wind turbines with different characteristics and 19 sites in the nearshore areas of
the South China Sea were selected, and a novel suggested approach considering above-
mentioned factors was proposed to detect the most suitable site and wind turbine. The results
showed that the most suitable site and wind turbine are O16 (around Fujian) and SWT-7.0-154,
respectively. Moreover, the suggestions for future offshore wind power development should be
considered near Hong Kong based on the suggested approach, considering that there have been
wind farms under construction in Fujian. The average annual output of wind turbine SWT-7.0-

154 in the coasts of Hong Kong is 35.36 MWh.

The suggestions for future work in offshore wind resources should investigate economic
feasibility, topography conditions and environmental impacts to develop offshore wind farm

project in the south coasts of China.
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