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Tém tit: Trong nghién ciru ndy, mo hinh khi hau khu vuc RegCM4 (RCM) duge st dung
dé mo phong truong gio tir d6 xac dinh nang luong gio tiém ning cho khu vuc Bién Pong
trong giai doan 20 nam (2000-2019). Truong vén tdc gié dugc md phong tir mé hinh RCM
khi so sanh véi sd liéu tai phan tich ERAS st dung dir liéu quan tric gi6 tur 13 tram khi
tuong hai vin ven bién va dao cua Viét Nam ciing nhu 10 tram do gi6 myc cao 80 m. Két
qua khi so sanh v6i dir liéu quan tric 816 cho thdy RCM mé phong tét va pht hop hon so
vé6i str dung s6 liéu tir ERAS. Phan bd khong gian cua két qua tinh toan nang luong gio tur
mo hinh RCM ciing c6 sy tuong dong so voi dit liéu duge cong bd trong “Béo cao tiém
ning ning luong gio, song ngoai khoi tai cac viing bién Viét Nam” cua Bo Tai nguyén va
Moi truong va bao cdo cua Ngéan hang thé giéi nam 2009. Mic du, nghién ctru van con co6
mot s6 han ché tuy nhién, két qua ctia nghién ciru ciing 1a ngudn thong tin s dung tham
khao tbt trong viéc quy hoach va xdy dung cac du an dién gi6 trén bién.

Tir khéa: Ning lugng gié; Bién Pong; Viét Nam; RegCM4.

1. Mé dau

Nang lugng tai tao (NLTT) dang dugc xem la giai phap thay thé tiém nang cho nhimng
ngudn ning luong hoa thach dang dan can kiét do tic dong cua bién d6i khi hau trén toan cau
[1]. Cac giai phap sir dung ning luong tai tao s& gitp giam thiéu khi thai gay 6 nhidm moi
truong, giam su phu thugc vao nang luong hoa thach va gop phan quan trong trong viéc
chuyén d6i sang mot hé théng nang luong sach, giam thiéu tac dong ti€u cuc dén moi tuong
va stre khoe con nguoi. Trong bbi canh xa hoi cang phat trlen thi vai tro cua nang luong tai
tao lai cang dugc thé hién rd, viéc dam bao ngudn cung cip ning lugng tai tao bén viing va
6n dinh dang 13 muc tiéu quan trong ctia toan nhan loai [2].

Céc ngudn niang luong tai tao bao gdm nang lugng sinh hoc, thuy dién, nhiét dia cau,
nang lugng mdt troi, nang luong giod, nang lugng song va nang lugng thuy triéu. Plng trudc
bai toan 16n vé ning luong cua the gi61 va khung hoang dién nang, nang luong gié dugc xem
12 mot trong nhirng giai phap tiém nang dap Gmg nhu cau mot cach bén virng [3]. Nang luong
gi6 dang la mét trong nhiing hinh thirc nang luong tai tao phd bién nhat vi mot trong nhiing
diém manh 1a tinh sach s& va khong gay khi thai. Mot trong nhirng uu diém khac cla nang
luong gid 1a kha ndng tai tao va tlem nang con rat 16n. Bleu nay giup dam bao rang nang
luong gi6 c6 thé st dung trong subt thoi gian dai ma khong can lo ngai vé can kiét nguon tai
nguyén. Tuy nhién, viéc xac dinh tiém ning gié cling rit quan trong, boi d6 14 nén tang gitp
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cac nha hoach dinh chinh sach va hd tro nha diu tu dua ra cac quyét dinh dau tu va phat trién
cac dy an nang lugng gio.

Hién nay, trén thé gidi xac dinh tiém ning ning luong gi6 noi riéng va ning lugng tai
tao ndi chung van luén 13 cha dé 16n dugc cac nha khoa hoc va cac nha quan ly quan tam.
Theo bao cao cua Uy ban Lién chinh phu vé Bién d6i Khi hau (IPCC) [4], cho dén nam 2050,
80% nguon cung cap ning lugng ca thé gidi co thé dén tir cac ngudn ning luong tai tao va
ning luong gi6 s& déng vai trd tao dién vao nim 2050. Cung vdi sy phét trién nhanh chong
cua cong nghé, cac du an nang lugng gié ngoai khoi da tré thanh mét xu huong nghién ctru
tiém nang tai nhidu qudc gia [5] Tai Tay Ban Nha cling nhu mot s6 nudc Chau Au nhu Pan
Mach, Ha Lan, Thuy Dién..., viéc san xuat nang luong gié ngoai khoi da trai qua sy tang
truong dang ké trong 5 nim VO’l cong suat lap dit Ién t61 gan 8000 MW, tuy nhién sy phat
trién cia cong nghe nay dang bi han ché v6i mot sé dic diém vé dia hinh xd hoi cling nhu
thiéu sy 6n dinh vé moi truong nham dam bao dau tu [6]. Tai Nhat Ban, tiém nang nang
lugng gi6 tai bo bién khu vuc Kanto dugc ude tinh dua trén cac tiéu chi kinh té va x3 hoi
thong qua H¢ théng thong tin dia 1y (GIS) [7]. Néu khong xem xét bat ky yéu t6 kinh té hodc
x3 hoi ndo, tong tiém ning ning luong gio doc bo bién khu vuc nay s€ dat 287 TWh/nam.

Viét Nam 1a mot trong nhitng qudc gia dugc biét dén co tiém nang l6n trong vi€c phat
trién nang luong gio6. Khong chi doc dudng bo bién trai dai tir Bic xuéng Nam ma ngay ca
cac vung d6i ndi, thung liing, va khu vuc ngoai khoi déu 13 nhitng noi c6 kha ning xem xét
viéc khai thac nang luong gi6 hiéu qua. Viét Nam cting da va dang co rat nhiéu nhiing nghién
ctru vé mat ki thuat dé phat trién nang lugng gi6. Trong bao cao “Tiém niang ning luong gio,
song ngoai khoi tai cac vung blen Viét Nam” [8] ctia b0 Tai nguyén va Moi truong cong b
thang 3 nam 2022 nhén dinh rang cac khu vuc c¢6 kha ning khai thac nang luong gio t6t nhat
0 nudc ta la khu vuc Binh Dinh, Ninh Thuan, Binh Thuén dén Ca Mau va mét phan ving
bién trung tdm Vinh Bic B. Bao cao trén da sir dung s6 liéu tai phan tich tai d6 cao 100 m
dé tinh toan, két qua cho thay tiém ning nang luong gi6 ¢ mirc t6t dén rét tot tai mot sé khu
vuc bién Ninh Thuan dén Ba Ria - Viing Tau voi téc do trung binh tir 8-10 m/s va mat do
nang luong trung binh pho bién tir 600 dén 700 W/m?. Ngoai ra, phé duyét Quy hoach phat
trién dién luc qubc gia thoi ky 2021-2030, tim nhin dén 2050, gol tat 1a Quy hoach dién VIII
(PDP8) [9] duoc Thu tuéng Chinh phu phé duyét theo Quyét dinh 500/QB-TTg ngay
15/5/2023 cling dé cung cép nhiéu thong tin vé kha ning phat trién dién gié tai Viét Nam,
bao gom dién gi6 khu vuc dat lién va dién gi6 ngoai khoi theo timg giai doan cho dén nam
2045. Trong do6 tai khu vyc dién gid trén bo va gan bo, tong quy mo tiém nang dién gio kha
16n khoang 217 GW va chii yéu Ia tiém niang g10 thap (4,5-5,5 m/s) khoang 163 GW. Chi phi
dau tu dién gi6 trong twong lai ¢6 xu huéng giam dan, dt trong bbi canh giai doan 2045,
mic du nhiéu nhan dinh cho rang chi c6 khu vuc tlem nang gio cao (trén 6 m/s) va gio tiém
nang gié trung binh (5,5-6 m/s) mdi c6 hiéu qua vé mat kinh té tuy nhién tong nang luong
gi6 tiém ning cua hai khu vyuc nay tai ving trén bo va gan bo Viét Nam twong ddi thip (lan
luot 1 24 GW va 30 GW) va tap chung chu yéu tai Tay Nam B¢, Tay Nguyén va Nam Trung
B6. Trong khi d6 dién gioé ngoai khoi tai Viét Nam c6 tong tlem nang k¥ thuat khoang 160
GW va khu vuc ¢6 tiém ning gi6 cao va tlem luc kinh té tot ndm & phia Nam Trung B6 (Binh
Thuan, Ninh Thuén, Khanh Hoa) véi téng tiém ning khoang 80 GW voi toc do gio trén 7-9
m/s, ngoai ra, khu vire con lai ¢ Tra Vinh, Ha Tinh va Quang Ninh c6 toc do gio thap hon (6-
7 m/s). Bén canh do, dy thao nay cting dua ra mot s6 giai phap nham tang cuong phat trién
dién gio tai Viét Nam, nhu chii trong dau tu vao cac co s ha tang, phét trién cac dy 4n dién
gi6 quy mo 1on, tang cuong nang luc ky thuat va tang cuong quan ly, giam sat cac hoat dong
dién gio.

Nhin chung, cac nghién ciru vé tiém nang dién gié di cung cap nhirng thong tin co6 gia
tri vé hién trang nang lugng gi6 tai Viét Nam cling nhur dua ra nhén dinh vé cac khu vuc tlem
nang dé phat trién. Bén canh do, nham phuc vu cho viée tlep can dé hon céc thong tin vé tiém
niang nang luong gio d6i voi cac bén lién quan, tap ban d6 (Atlas) gié va nang lugng gié duoc
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coi la mdt cong cu hd tro hiru ich va dem lai hiéu qua. Sang kién vé bo atlas ning luong gio6
dau tién trén thé 1a cua Cong dong Chau Au dugc xdy dung tir nhimg nam gitra thé ky XX.
Ngoai ra, tai mot sé nude phat trién nhu My, Chéau Au, Trung Quoc cac bd atlas vé nang
luong gid dé dugc xay dung tir nhimg nam cudi cua thé ki XX. O khu vuc Chéu A, atlas nang
luong gi6 da dugc nhiéu nudc trong khu vyc xay dung va phat trién nhu Nhat Ban, Han
Quéc, Trung Quéc. Pic biét, trong du 4n danh gia tai nguyén ning luong gié do Ngan hang
thé gigi (WB) tai trg, cong ty TrueWind cua Hoa Ky (2021) [10] d4 x4y dung tap atlas ning
luong gio cho khu vuc Déng Nam A trong d6 c6 Viét Nam. Tuy vay bo atlas nay moi chi
thé hién nhiing tiém nang chung vé ning lugng gié ma chua xem xét t6i cac yéu t6 vé dia
hinh, phan loai st dung dat... dé x4c dinh cu thé khu vyc co kha nang xay dung cac nha may
dién gié. Va dung truge nhirng bai toan dat ra vé nang luong gio ddi vai sy phat trién ning
lugng tai Viét Nam, can thiét co cach xay dung mot bo dir licu chuan va danh gia nham khai
thac va phat trién hiéu qua tiém ning ning luong gid trong tuong lai, nhat 1a khu vuc ven
bién va ngoai khoi.

2. Khu vue, ngudn so liéu va phwong phap nghién ciru

2.1. Khu vuc nghién ciru

Nghién clru ndy tap trung cha yéu vao khu vuc Bién béng, nhit 13 khu vuc ven bo va
ngoai khoi nham muc tiéu xay dung va danh gia mét bo co s6 tlem nang nang luong gioé ven
bo. Bién Dong la vung bién 16n thir tu trén thé £161, noi co tuyén hang hai nhon nhip dung
thir hai thé gidi, nam gitta lyc dia Béng Nam A va chudi cac dao tir Pai Loan & phia béc,
Philipine & phia Péng dén Borneo ¢ phia nam, 1a phan ria phia tdy cta vanh dai Thai Binh
Duong. Theo phuong Bic - Nam, Bién Pong trai dai tir vi do 25° xubéng dén vi do 5° Bic va
tir kinh d¢ 100° dén 120° kinh d6 Dong. Bién Dong nam tron trong khu vuc nhiét déi bac
ban cau, 1a vanh dai nhan dugc luong birc xa mat troi truc tiép nhiéu nhét so v&i cac vanh dai
khac. Bién Pong c6 ché d6 khi hau mang tinh chat gi¢ mua nhiét d¢i hai duong va dugc chia
thanh hai khu vuc khi hau phia bic va phia nam cing véi nhiéu dic diém riéng khong giéng
véi ddc diém khi hau trén dét lién.

Bén canh d6, bién Pong ciing 1 khu vuc ¢6 tiém ning niang lugng gi6 bién 16n. Tai khu
vyc tir Binh Thuan dén Ca Mau, khoang cach tir bo ra dén 300 km 14 noi c6 toc do gio dat tur
7-11 m/s, ciing 12 noi tiém ning ning luong gio rat lon. Ngoai ra trén ban dd phan b tiém
nang gio trung binh ¢ do cao 100 m cho thiy trén Bién Pong, ving kéo dai doc hudng bong
Bic - Ty Nam tir eo bién Dai Loan t&i ving bién khu vuc Péng Nam Bo nudc ta c6 tiém
ning ning luong kha cao, hang nam dat 600-800 W/m2. Con phén tich theo do sau, dia hinh
va toc do gi6 trung binh nim dya vao chudi s6 liéu 10 nam gf?ln day, khu vuc bién ven bo
Viét Nam duoc phan chia thanh 5 khu vuc nhu sau: Quang Ninh - Quéang Tri (bién thoai,
néng, mat do niang lugng gi6 vira); Quang Binh - Quang Ngii (Bién thoai, hep, mat d¢ ning
lwong gi6 thap); Binh Dinh - Ninh Thuan (bién ndng hep, mat do ning luong gi6 thap); Binh
Thuan - Miii Ca Mau (bién thoai, nong, mat do ning luong gi6 cao); Mui Ca Mau - Kién
Giang (bién nong, mat 4o nang lugng gi6 vira). Dya trén mét s6 dac diém co ban vé khu vuc
Blen Pong tai Viét Nam, c6 thé thay day 1a khu vuc c6 tiém ning phat trién ning luong gio
rat 16n cho dat nudc [11].

2.2 86 liéu nghién ciru

Trong nghién ctru ndy, nang luong gié duoc tinh toan sir dung két qua md phong trudng
gi6 tir m6 hinh khi hau khu vuc RegCM4 (RCM) [12], str dung cac diéu kién bién va diéu
kién ban dau tir dir lidu tai phan tich toan cau ERAS nhim mo phong truong gio cho giai
doan 20 nam tir ndm 2000 dén hét nam 2019. Do muc tiéu xdy dung ban dd phan bd gié ngoai
khoi khu vuc Bién bong, cac bién gi6 myc bé mit 10 m va muc cao 80 m tir két qua mo hinh
RCM cung voéi sb liéu tai phan tich ERAS s& dugc danh gia v6i sb lidu quan tric trong tng.



Tap chi Khi twong Thity van 2023, 756, 70-82; doi:10.36335/VNJHM.2023(756).70-82 73

Sau d6, dya trén cac két qua danh gia, tdc do gi6 tai myc 100 m s€ dugc str dung lam dau vao
xay dung nén ban d6 nang luong gi6 tiém nang cho khu vuc bién Dong.

2.2.1. S6 liéu quan tric gid

Trong nghién ctru nay st dung hai bo dir liéu gio quan tric gom: (1) S6 liéu quan tric
gi6 cuc dai ngay (Vmax) tai 13 tram khi tuong ven bién dugc sir dung dé so sanh, danh gia
kha niang mé phong ctia mé hinh & muec thip. Pay déu 1a cac tram khi tuong ven bién hoic &
dao, do gi6 ¢ dd cao ti€u chudn myuc 10 m, do vay anh hudng cua dia hinh hodc cac cong
trinh xdy dung, vat can 1a khong dang ké so véi cac tram khi twong ndm sau trong dat lién.
S6 liéu Vmax hang ngay thu thap dugc ¢6 tir nim 1961 dén nay, tuy nhién nghién ctru nay chi
sir dung dir liéu trong 20 nam, giai doan 2000-2019. Vi tri cua 13 tram dugc thé hién trén
bang 1 va dugc danh dau bang cham tron mau xanh trén hinh 1; (2) S6 liéu tir 10 tram quan
tric gio tai cac cot do gid tang cao tai myc dg cao 80 m thu thap tur go1 thau “Po gi6 phuc vu
xdy dung quy hoach dién gi6 va cac du an dién gi6” thudc khuon kho dy 4n “Xay dung khung
phéap 1y va hd tro ky thuat cho két ndi lu6i dién va phat trién dién gi6 ¢ Viét Nam”. Chuong
trinh duogc tai trg boi Bo Mai trudong, Bao ton Thién nhién va An toan Hat nhan Lién bang
(BMU), Cong hoa Lién bang Pitrc do Deutsche Gesellschaft International Zusammenarbeit
(GIZ) [13] va B4 Cong Thuong (MolT) Viét Nam phéi hop thyc hién. Muyc tiéu cua chuong
trinh 1a ho tro chinh quyén dia phuong trién khai quy hoach dién glo tai cc tinh, dong thoi
hd trg cac nha phat trién tu nhan trong cac du an dién gio. S6 lidu gi6 tir du an GIZ c6 trong
giai doan nam 2012-2017, tiy thudc vao ting diém do véi tin suat mdi 10 phut. Thong tin
vé cac tram do duoc thé hién trén bang 1, vi tri cac diém do duoc danh dau bang dudng chim
do6 trén hinh 1.

Bang 1. Danh sach va théng tin cac tram do gié myc 10 m (13 tram) va 80 m (10 tram).

Tén Tram . - Tén Tram

STT (Miwe 10 m) Kinh P9 ViDbj STT (Mre 80. m) Kinh D9 Vibo
1 Bach Long Vi 107,717 20,133 1 An Ninh Dong 10,973 106,332
2 CoTo 107,767 20,983 2 ba Loan 11,562 108,391
3 Vinh 105,700 18,667 3 Ea Drang 13,206 108,205
4 Dong Hoéi 106,600 17,483 4 Ea Phé 12,758 108,344
5 Ky Anh 106,283 18,083 5 Hai Ninh 17,358 106,721
6 Da Nang 108,200 16,033 6 la Dér 13,984 108,256
7 Quy Nhon 109,217 13,767 7 Kon Dong 14,045 108,256
8 Phan Thiét 108,100 10,933 8 My Thanh 14,177 109,190
9 Viing Tau 107,083 10,367 9 Thanh Hai 11,580 109,128
10 Cén Pao 106,600 8,683 10 Xuén Hoa 13,508 109,273
11 Truong Sa 111,917 8,650
12 Phu Quy 108,933 10,517

13 Phii Qudc 103,967 10,217
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Hinh 1. Vi tri do gié muc 10 m tai cac tram khi tugng (mau xanh) va cac tram do gié muc cao 80 m (mau do).

2.2.2. S6 lidu tai phan tich ERAS

ERAS 14 s liéu tai phan tich thé hé tha 5 cia Trung tim Dy bao han vira Chau Au
(ECMWF). bay la bo sO liéu toan ciu c6 do phan gidi cao va duogc sir dung phd bién nhat
trong cong dong hién nay, voi d¢ phan giai ngang 1a 0,25 x 0,25 d¢ kinh vi, ¢6 tir nam 1979
cho dén nay. ERAS ¢6 s0 liéu v6i do phan giai thoi gian cao nhét 1a timg gio dugc tinh toan
va noi suy tir két qua t6 hop mo hinh do phan giai thoi gian 3 gio va phuong ngang 0,5 do
kinh vi [14]. K§ thuat déng hoa 4D-Var duoc sir dung véi hé thong IFS (Integrated
Forecasting System) [15] dé tao ra ERAS.

2.3 Phuong phdp nghién cuu

2.3.1. M0 hinh RCM

Trong nghién ctru nay phién ban thtr tu cia mo hinh khi hau khu vuc RegCM dugc sur
dung. RCM [16] sir dung dit liéu dia hinh nhu d6 cao, sir dung dat, bé mit bién,...ciling nhu
cac diéu kién ban dau va diéu kién bién. RCM c6 thé chay véi diéu kién bién tir cac mo hinh
khi hau toan cau GCM (Global climate model) [17]. Trong nghién ctru ndy, s6 liéu tai phan
tich ERAS dugc sir dung lam diéu kién bién va diéu kién ban dau cho mo hinh RCM [18].
So v6i cac phién ban trude, phién ban RCM thé hé thtr tuw dugc cai tién hon, bao gdm: mot
s6 so dd tham s hoa méi nhu so dd qua trinh dat bé mat CML, so d6 16p bién hanh tinh UW,
16p bién Holtslag, so d6 chuyén ddi phat xa va mot s6 cau hinh mai linh hoat va dé ap dung
hon véi cac trinh bién dich khac nhau [19].

Trong nghién ciru ndy, RCM duoc chay véi d6 phan gidi 1a 10 km, sir dung so do tham
s6 hoa d6i Ivu Kain-Fritsch, so d6 16p bién hanh tinh UW, so dd am SUBEX. Pay 1a bo ciu
hinh phui hop nhat cho mé phong hoan luu khi quyén cho khu vuc Pong Nam A ciing nhur
Bién Pong Viét Nam [12]. San pham truong gié kinh hudng va vi hudng dau ra timg gio
dugc str dung dé so sanh tryc tiép véi quan trac ciing nhu lam du vao tinh toan ning luong
gi6 tiém nang.
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Hinh 2. Mién tinh va ban db dia hinh cho mé hinh RCM mé phong trudng gid.

2.3.2. Phuong phap tinh toan nang lugng tir trudong gio

bé danh gia tiém nang nang lugng gio tai mot do cao nao do6 cua khu vuec, can phai biét
gié tri toc do gi6 & do cao d6. Tuy nhién, cac tram khi tuong tiéu chuan hién nay do gi6 ¢
muc 10 m, cac tram do gi6 & dd cao 16n nhu cac tram quan tric cao khong khong nhleu nén
dé xac dinh déc trung gi6 ¢ do cao lon phai tinh toan mét cach gian tiép dua vao toc do gio
quan tric duoc tir cic tram khi twong bé mit bang mot ham phan b gi6 theo do cao.

Phén b gi6 theo do cao & tung khu vue, ting thoi dlem cu thé phu thu¢c khong chi vao
do go ghé clia mat dém ma ca tang két nhiét cua khi quyén va mot s6 yéu td khac. Hién - nay,
phan 16n cac nghién ctru trén thé gi6i cling nhu & Viét Nam déu sir dung quy luat loga dé uéc
luong gian tiép phan bd gid theo d6 cao. Céc nghién ctru cho thay str dung ham phan b loga
mic dii don gian nhung phu hop véi tinh toan toc do gié trong khi quyén tir mat dén dén do
cao khoang 150 m. Vi véy, nghién ctru nay lua chon ham loga dé tinh toan thong qua mot
cong cu chuyén ddi trong m6 hinh RCM: V& mat ly thuyét, khi biét toc do gi6 V1 & do cao
Z1 ¢6 thé tinh duogc toe do gié V2 ¢ do cao Z theo cong thirc sau [20]:

Vz _ In(z/20)
Vi In(z1/70) 1)
: In(z/20)

Suyra: V, =V, m ‘ ’

Trong d6 V; 1a toc d6 gioé ¢ do cao can tinh Z (vi du tai 100 m, 150 m), V1 1a toc d6 gio
quan tric bé mit, Zo 1a d6 gd ghé ciia mat dém, mirc Z1 1a do cao cua thiét bi do gié (Z1 = 10
m).

Do d6 cao can tinh thuong 16n hon d6 cao do gié mat dat (Z > Z1) nén V; >V hay tde
do gi6 tang theo dd cao. Ngoai ra, mirc do tang 1én cua tdc do €16 theo do cao phu thudc vao
do gé ghé cua mat dém (Zo). Khi do g6 ghé cua mat dém cang 16n thi tde do gi6 ¢ do cao can
tinh (V) cang tang nhanh.

2.3.3. Phuong phap u6c lugng ning lugng gié qua mat do khong khi va toe do gio

Mat d6 ning lugng gi6 trung binh E (W/m?) tai mot noi trong thoi gian T nao d6 (niam,
mua, thang ...) dugc tinh theo cong thirc:
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E__p 21 1V (2)

Trong d6 p 1a mat d6 khong khi duoc gia dinh 1a hing s6 1,225 kg/m®, v; 1a toe d6 gid
ttrc thoi (m/s), N 1a dung luong mau.

Nhu vy, ning luong gié tiém ning 1a dai lugng dugce tinh toan tir toe d6 gid tuyét ddi
ma khong xem xét dén hudng gio, do vay, dic trung vé tbe do gio 1a co s& dé danh gia tiém
nang cuia gio trén lanh tho.

3. Két qua va thao ludn

3.1. Bdnh gid kha ndng mé phong téc dé gioé cuwe dai ngay

Két qua so sanh gia tri mo phong téc do gio cuc dai ngay (Vmax) trung binh cuia RCM va
ERAS so v6i tram quan trac tai 13 tram khi tugng ven bién duoc the hién trén biéu d6 hinh
3a. Mot diém can chd ¥ y khi cac tram dugc lya chon déu 14 cac tram nam tai khu vuc ven bién,
tdc do giod it chiu anh hudng boi dia hinh hon so voi cac tram khac. Biéu d6 trén so sanh do
gia tri trung binh cia 20 ndm (2000-2019) cia bd dir liéu tai phan tich ERAS va dir liéu mo
hinh khi hau khu vuc RCM trich xuit va so véi dit liéu quan tric tai diém tram (Obs). Két
qua cho théy, tde do gi6 cuc dai ngay trung binh & cac tram phia Nam 16n hon phia Bic,
ngoai trir tai hai tram dao Bach Long Vi va C6 T vdi trung binh dao dong tir 9,1 dén 9,7
m/s. Trong khi d6 céc tram doc khu vuc bién mién Trung tr Vinh dén Quy Nhon ¢6 toe do
gi6 cuc dai ngay trung binh khong qua 16n, pho bién trong khoang tir 5,9 dén 7,4 m/s. O khu
vuc Phan Thiét tré vao khu vuc bién phia Nam, tde do 216 cuc dai ngay trung binh kh4 16n,
pho bién trong khoang 8,2 dén 10,4 m/s. Phan 16n day déu la nhitng tram dao, it bi anh huong
boi dia hinh va c6 mat thoang cua bién, do vay cuong do gio 6n dinh va thuong 16n hon so
v0i cac tram ven bién ¢ dat lién. RCM mo phong tbc do gio6 cuc dai ngdy trung binh tét, va
nam bat dugc sy bién thién giita cac tram, bao gém ca cac tram dao va cac tram ven bién.
Trong khi d6, ERAS ¢4 xu huéng thién thip hon so v&i quan tric, dic biét tai mot s6 tram
nhu Vinh, Phan Thlet Viing Tau. Nhu vy c¢6 thé thiy RCM c6 thé mo phong gia tri gi6 cuc
dai trung binh t6t hon so voi ERAS, dic biét 1a ¢ cac tram ven bién.
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Hinh 3. So sanh cac chi s théng ké van tc gié Vmax trung binh (a) va sai s6 MAE (b) va RMSE (c)
cia RCM va ERAS so véi gié tri quan trac tai 13 tram khi twong.

Biéu dd so sanh sai sb trung binh tuyét d6i (MAE) va sai s6 quan phuong (RMSE) cua
van tdc gié cuc dai trung binh ngdy tir hai ngudn dit liéu tai phan tich ERAS va dit liéu xay
dung tir m6 hinh RCM so véi gié tri quan tric tai 13 tram khi tuong ven bién dugc thé hién
trén hinh 3b va 3c. Két qua cho thdy hau hét cac gia trj sai s6 cia RCM thip hon so véi sai
s tir dir lidu tai phan tich ERAS5. Su khéc biét ctia sai s6 trung binh tuyét di cta dir lidu tai
phan tich ERA5 16n nhat so v6i dir liéu tir mé hinh RCM tai tram Phan Thiét khoang 2 m/s.
Tai mot sd it tram nhu tram Pha Quy, dit liéu RCM c¢6 chénh 1éch sai $6 trung binh tuyét dbi
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cao hon két qua dir litu ERA5 khoang 0,1 m/s hay tram Ddng Héi cao hon x4p xi 0,5 m/s.
Ngoai ra, biéu d6 ciing thong ké sai s trung binh tuyét ddi 16n nhit MAE cua dit liéu tai
phan tich ERAS5 nam tai tram Truong Sa vé6i xap xi 3,5 m/s, trong khi d6 sai s6 nho nhat cua
dir liéu mo hinh RCM ndm tai tram Con Dao véi xap xi 1 m/s.

Phan 16n két qua sai s6 quan phuong ghi nhan cac gia tri Vmax tir dir liéu ERAS cao hon
so va&i cac gia tri dugc xay dung tir mo hinh RCM, dac bi¢t chénh 1éch 16n nhét tai cdc tram
Phan Thiét, Viing Tau, Truong Sa tir 4-4,5 m/s. Tuy nhién ciing c6 mot s6 tram cé sai s6
quan phuong Vmax tir dit liéu mo hinh RCM 16n hon dir li€u tai phan tich ERAS nhu cac tram
DPong Hai, Pa Nang chénh 1éch xap xi 3 m/s, tram Pha Quy, Cén Dao chénh léch tir 0,1-0,5
m/s. Ngoai ra, co thé thay trong biéu dd, sai s6 Vmax 16n nhat tir dit liéu tai phan tich ERAS
nam tai tram Truong Sa la xap xi 8,5 m/s va sai s6 nho nhét tir dix liéu m6 hinh RCM ¢ tai
tram Quy Nhon x4p xi 2,5 m/s.

3.2. Pdanh gid kha niang mé phong téc do gio trung binh muwe 80 m

Biéu d6 so sanh do chinh xé4c cta van tdc gi6 trung binh (Vi) trong hai bo dir licu tai
phén tich ERAS5 va dit liéu xay dyng tir mo hinh RCM véi dit liéu quan triac Obs ciia 10 tram
do myc cao thudc du an GIZ dugc thé hién trén hinh 4. C6 thé thiy, ¢ su khac biét giita két
qua toc gi6 trung binh tir dir liu tai phéan tich ERAS va m6 hinh RCM vdi dit liéu quan trac.
Mot s6 tram co két qua dit liéu van toc gio trung binh ERAS thip hon dang ké so voi dir liu
quan trac nhu tram An Ninh Dong, thip hon xap xi 2 m/s; tram Pa Loan thap hon xap xi 1,5
m/s; tram laDer, Kon Dong thép hon Xép xi 1 m/s,...Bén canh do, cling c6 mdt s6 tram dir
liéu tir RCM 16n hon dit liéu quan triac nhu cac tram: Pa Loan cao hon xap xi 3 m/s; tram
[aDer, Kon Dong cao hon xép xi 2 m/s; tram Hai Ning cao hon Xép xi 1,5 m/s, tram My
Thanh cao hon Xép xi 1 m/s. Ngoai ra, tai mot s6 tram nhu EaDrang, tram Xuan Hoa, tram
Thanh Hai, két qua van tdc gi6 trung binh tir ca hai ngudn dir lieu ERA5 va RCM déu ghi
nhan c6 sai s6 nho khi so voi két qua quan tric. Co thé thdy, so véi sb liéu quan tric, hau hét
cac két qua véan tdc gio trung binh tir mé hinh RCM déu c6 do chénh 1éch it hon két qua cia
dir liéu ERAS.
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Hinh 4. So sanh cac chi s6 théng ké van téc gi6 trung binh (Vi) (a), sai s6 MAE (b) va sai s6 RMSE
(c) cia RCM va ERAS véi quan tric tai 10 tram do gié muc cao 80 m.

Sai s6 Vi clia RCM déu thip hon ERAS tir 0,5-1 m/s, déc biét tai tram An Ninh Dong,
chénh 1éch 1én t6i xp xi 2m/s. Bén canh dé ciing c6 mot s6 tram c6 sai so Vi tir dir 1iéu mo
hinh RCM cao hon so véi dit liéu ERAS nhu tram EaDrang cao hon Xap xi 0,3 m/s, tram
Xuan Hoa cao hon 0,1 m/s. Ngoai ra, trong biéu do ciing thay, sai s6 trung binh tuyét dbi
MAE 16n nhét cua dit liéu tai phan tich ERAS & tram An Ninh Déng v6i xap xi 3,5 m/s, trong
khi d6 sai s& nho nhét cua dit 1iéu mo6 hinh RCM tai tram EaPhe véi Xép xi 0,75 m/s. Su
chénh 1éch déng ké giira sai s6 quan phuong RMSE cuia hai bo dir liéu tai phan tich ERAS va
dit liéu mé hinh RCM duoc thé hién trén biéu do hinh 4c. Véi sai sb quan phuong, tai tram
An Ninh DBong, dir liéu ERAS c6 sai s6 16n nhét, xép xi 5 m/s va c6 su chénh 1&ch 16n nhit
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so voi dir liéu mo hinh RCM (xz‘ip xi 2 m/s). Pa sb tai cac tram, két qua sai s6 tir dit liéu tai
phan tich ERA5 déu 16n hon dit liéu mé hinh RCM. Tuy nhién bén canh d6, tai mot s6 tram
nhu EaDrang, Xuan Hoa, dit li¢u ttr m6 hinh RCM c6 sai s6 16n hon dit liéu tai phan tich
ERAS véi chénh 1éch nho tir 0,1-0,5 m/s. Ngoai ra, sai s6 ciia mé hinh RCM nhé nhét & tai
tram EaPhe voi x4p xi 1,5 m/s.

Nhu vy, tiy thudc tram két qua mo phong RCM va ERAS lai cho sai s6 v6i quan tric
1a khac nhau, do d6, dé danh gia duoc toan dién kha ning st dung két qua mé phong gio tir
mo hinh RCM so véi sir dung truc tiép dir liéu tai phan tich ERAS, biéu d6 Taylor dugc sir
dung voi tap dir liéu duge ndi suy ve€ 13 tram do gi6 10 m (hinh tam giac) va 10 tram do gié
muyc cao 80 m (hinh vuodng). Cac diém thong tin vé tram va diém do da duoc cung cap chi
tiét trong bang 1 va hinh 1. Két qua so sanh ting cip gitta RCM va ERA5 cho thdy trong ca
2 truong hgp RCM déu cho két qua mo phong gié t6t hon dang ké so véi ERAS. Do léch
chuan cta ERAS trong ca 2 truong hop so sanh gi6 tai muc 10 m va 80 m déu nho hon so
v0i gid tri quan trac. ‘Trong khi do s dung RCM v61 d6 phén giéi cao hon da nam bét dugc
tinh bién dong cua s6 liéu gio6 tot hon trong ca 2 trudong hop véi hé sd twong quan cao hon va
d6 léch chuan xap xi so voi gia tri quan trac Ngoai ra, két qua dénh gia ciing cho thdy ERA5
va RCM cho m6 phong gié trung binh t6t hon so voi gid Vimax (hinh vudng t6t hon hinh tam
giéc tai Hinh 5). Diéu nay c6 thé 1y giai do cach mé phong lién tuc hoa trudng gid tir mo hinh
chua thé hién hét duoc cac nhiu dong ngau nhién trong khi quyén. Do vy, két qua mo phong
chua thé ndm bt chinh x4c duoc cac gia tri gi6 cuc dai.

Ti 1& d6 léch chudn

yy - !
° 0.25 o5 0.75 ‘ .25 K]
Ti 1é d6 léch chudn

Hinh 5. Biéu d6 Taylor so sanh s6 liéu gié md phong tir mé hinh RCM (mau xanh) va ERA5 (mau
do) voi s ligu quan trac, Hinh tam giéc tinh cho tap gia tri gié Vimax muc 10 m, con hinh vuéng tinh
toan cho tap gia tri gio6 trung binh muc 80 m.

Ttr phan tich cac chi sb théng ké ciing nhu phan tich tir biéu dd Taylor cho thay mic du
chua mé phong duoc hoan toan chinh xéac téc d6 gid trung binh va téc do gio cuc dai ngay
tai tit ca cac diém do, tuy nhién RCM cho thay d6 chinh xé4c cao hon trong cé hai truong hop
tai muc 10 m va myuc do cao 80 m so v6i sb liéu ERAS. Do d6 v6i muc tiéu st dung mdt bd
s licu toc do gio xay dung ban d6 tiém ning ning luong gié c6 dd phan giai cao, nghién ctru
nay d& xuat sir dung két qua md phong tir mé hinh RCM.

3.3. Phdn tich danh gid tiém ndng ning lrong gié

Téc d6 gio md phong tir md hinh RCM duoc sir dung dé tinh toan tiém ning luong gio
stt dung phuong phap nhu d dugc trinh bay trong muc 3.2.3. Vé quy mé mua, tiém ning
nang luong gi6 trén toan Bién Dong & d cao 100 m 16n nhét vao thang 1 va thip nhat vao
thang 4 (Hinh 6), day ciing 1a két qua c6 su trong dong khi so sanh véi két qua danh gia tiém
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nang nang lugng gi6 dugc cong b trong “Bdo cdo tiém ning ning lwong gio, song ngoai
khdi tai cac ving bién Viét Nam” [8] cia BO TM&MT. Tuy nhién so véi két qua dugc cong
bd cua BO TM&MT, céc gia tri dwgc md phong boi mé hinh RCM ¢é xu hudng thién cao
hon. Cu thé vao théng 1, nang luong gid trén toan Bién Pong duoc md phong boi RCM c6
mat d6 nang lugng gié trung binh tir 600-1800 W/m?, trong khi két qua dugc cong b trong
“B&0 CA0 tiem ndng nang lwong gio, séng ngodi khm tai cdc viing bién Viét Nam” 1a 300-
1300 W/m?, bén canh d6, ciing trong bao c4o ndy, mat do ning luong gi6 trung binh vao
thang 4 duoc cong bd tir dudi 100-500 W/m? va thién thap hon so véi két qua mo phong
trong thang 4 cia md hinh RCM 1a dudi 200-600 W/m?. O cac ving bién phia Bic (Vinh Bic
B9, Quang Tri - Quéng Ngai va Bic Bién Pong), mat d6 niang luong gic’) 16n nhét trong cac
thang 1, 7 v6i cac gia tri lan lugt 1a 300-600 W/m? va 800-1200 W/m?, thap nhat trong cic
thang 4, 10 v6i gia tri 1an lugt dudi 650 W/m? va dudi 750 W/m?. Tuong tu tai cac Vung bién
ven bd phia Nam (Binh Dinh tré vao, Giita va Nam Bién Pong), mat d6 niang luong gid 16n
nhét trong céc thang chinh dong va thap hon trong cac thang chinh h¢, mat do ning lugng
gi6 trung binh cac thang 1, 4, 7, 10 lan luot 1a: tir 1200-1800 W/m?; 300-600 W/m?; 400-
1200 W/m? va 400-600 W/m?,

Thang 1 Thang 4
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Hinh 6. Ban db niang lwong gio tai 6 cao 100 m tir md hinh RCM cac théang chinh mua (thang 1, 4,7 10).
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Két qua tinh todn ning lugng gid trung binh nim tai d6 cao 100 m ctia mod hinh RCM
v6i d6 phan giai 10 km duogc thé hién trén hinh 7, so sanh két qua tinh nay véi tiém ning
ning luong gié cua WB cho thiy: Phan bd khong gian tiém nang ning luong gi6 su dung md
phong RCM kha tuong ddng véi két qua cua WB, v€ co ban cac vung ven bién c6 tiém ning
nang luong gio 16n nhét 14 Béc vinh Bic BO, Ninh Thuén dén Ba Ria - Viing Tau, trong do6
dang chu ¥ nhat 13 ving bién Ninh Thuén - Binh Thuan. Tuy nhién vé mit trj s6, két qua mo
phong bang RCM thién cao hon tai mot sb vi tri so voi WB. Trong két qua cong bd mdi nhat
ctia WB (2021), khu vuc Binh Thuan c6 mat dd ning luong gié trung binh tir 400-500W/m?
thi két qua tinh toan sir dung RCM lai c6 mat d6 ning luong gio6 trung binh trén 1000 W/m?,
Bén canh do, tai phia Bic vinh Bic B, mat do nang luong gio6 tinh toan tr mo6 hinh RCM
trung binh tir 500-750 W/m?, trong khi theo két qua cong bd ciia WB, tai khu vuc nay chi tir
300-500 W/m?.
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Hinh 7. Ban d6 niang luong gid trung binh nam tai d6 cao 80 m tir md hinh RCM.

4. Két luan va kién nghi

Trong nghién ctru nay di sir dung mo hinh khi hau khu vyuc RCM dé mé phong trudng
gi6 trén khu vuc Bién Pong cho giai doan 20 nam, tir 2000 dén 2019. Két qua mé phong
duoc so sanh véi s lidu tai phan tich ERAS va dit li¢u quan tric tai 13 tram khi tuong muyc
tiéu chuan 10 m ciing nhu dit liéu gio6 tai d6 cao 80 m tir du 4n do gié cua GIZ. Trudng gid
mod phong boi RCM sau d6 duoc st dung dé tinh toan ning luong gié tiém ning cho khu vuc
Bién Pong tai nhiéu myc d6 cao, trong d6 két qua tai myc 100 m dwgc phan tich va so sanh
v6i mot s6 dit lidu tuong tw. Mot sb két qua chinh ciia nghién ctru dugc tom tit nhu sau: (1)
Téc d6 gié mo phong boi RCM c6 do chinh xac cao hon véi sai s6 MAE va RMSE déu nho
hon so véi sai s tir ERAS & phén 16n cac tram, ca & muc 10 m va myuc 80 m. Khi so sanh
turong quan va do 1éch chuin, mo phong tir RCM ciing thé hién t6t hon dang ké so véi ERAS.
(2) C6 sy tuong dong vé phan bd khong gian ning lugng gio trén Bién Pong gitta két qua sir
dung trudng gié tir mo hinh RCM véi dit liéu tir “Bdo cdo tiém nang néing lwong gio, song
ngoai khai tai cdac vung bién Viét Nam” [8] cuia B6 TM&MT cling nhu dir liéu tr “Global
Wind Atlas ” tai tro boi WB. Vé mit gié tri, nang luong gid tinh toan tir mo phong trudng gio
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b6i RCM nhin chung thién cao hon so v&i két qua trong “Bdo cdo tiém ning ndng leong gio,
séng ngoai khdi tai cdc vimg bién Viét Nam” ciia BO TM&MT.

Mic du vay, nghién ctru ndy van t6n tai mot s6 han ché nhu: (1) Cac tinh toan tir tbe do
g10 sang nang luong gi6 moi chi sir dung cong thic ly thuyét ma chwa xét dén nhing gia thiét
nhu anh hudng chi tiét mat dém va tuong tac vdi cac cong trinh...; (2) S6 lidu de so sanh,
danh gia con thiéu va chu yéu & khu vuc dat lién, ven bién. Tuy Van con mot s ton tai nhu
da dé cap ¢ trén, song két qua ctia nghién ctru ndy ciing 13 mot ngudn tham khao ddi voi phat
trién quy hoach va xay dung du an dién gi6 trén bién trong twong lai.

bong gop cua tac gia: Xay dung y tuong nghién ciru: T.T.L., N.V.H.; Lya chon phuong
phap nghién cuu: P.D.H.B., N.V.H., P.Q.N.; Xt Iy s0 liéu: N.V.H., P.Q.N., N.B.T.; Viét ban
thao bai bao: N.V.H., T.T.L.; Chinh stra bai bdo: T.T.L.

Loi cam on: Nghién clru nay dugc tai trg boi Truong Pai hoc Khoa hoc Tu nhién, Pai hoc
Quoc gia Ha Noi trong dé tai ma so TN.22.17.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gia, chua dugc cong bo ¢ dau, khong duogc sao chép tir nhitng nghién ctu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.

Tai liéu tham khao

1. Dincer, I. Renewable energy and sustainable development: acrucial review. Renew.
Sustain. Energy Rev. 2000, 2, 157-175. https://doi.org/10.1016/S1364-
0321(99)00011-8.

2. Tam, T.M. Tim hiéu vé ning luong tai tao. Tap chi khoa hoc Pai hoc Vin Lang 2021,
61-66.

3. Archer, C.L.; Jacobson, M.Z. Evaluation of global wind power. J. Geophys. Res.
2005, 110, 1-20. https://doi.org/10.1029/2004JD005462.

4. IPCC. Climate Change 2022_ Impacts, Adaptation and Vulnerability Working
Group Il contribution to the Sixth Assessment Report of the Intergovernamental
Panel on Climate Change, 2022. doi: 10.1017/9781009325844.

5. Nguyén, B.V.; Nhién, N.T.T. Vi sao nén phat trién dién gi6 ngoai khoi & Viét Nam.
Tap chi Khoa hoc Cong nghé Viét Nam 2020, 11, 20-22.

6. De Palacio, C.R.; Santos, A.C.; Perez, J.; Diez, D. Offshore wind energy: A review
of the current status, challenges and future development in Spain. Renew. Sustain.
Energy Rev. 2016, 64, 1-18. https://doi.org/10.1016/j.rser.2016.05.087.

7. Yamaguchi, A.; Ishihara, T. Assessment of offshore wind energy potential using
mesoscale model and geographic information system. Renew. Energy 2014, 69, 506—
515. https://doi.org/10.1016/j.renene.2014.02.024.

8. Tong cuc Khi twgng Thuy van, Bo Tai nguyén va Mai trudng. Bao cdo tiém ning
nang lugng gio, song ngoai khoi tai cac vung bién Viét Nam, Ha Noi, 2022, tr. 105.

9. Vién Nang Luong. Quy hoach phat trién Pién Luc Quéc gia thoi ky 2021-2030 tim
nhin dén 2045. Ha Noi, 2021, tr. 851.

10. AWS. Truepower, Wind Resource Atlas of Vietnam. 2011, pp. 17.

11. Tiém ning phét trién ning luong gi6 bién ¢ Viét Nam. 2017. Truc tuyén:
https://tietkiemnangluong.com.vn/tin-tuc/kinh-nghiem/t26058/tiem-nang-phat-
trien-nang-luong-gio-bien-o-viet-nam.html.

12. Duc, T.N.; Tangang, F.T.; Santisirisomboon, J.; Cruz, F.; Tuan, L.T.; Nguyen-Xuan,
T., Aldrian, E. Performance evaluation of RegCM4 in simulating extreme rainfall
and temperature indices over the CORDEX-Southeast Asia region. Int. J. Climatol.
2017, 37(3), 1634-1647.

13. B6 Cong Thuong, B Moi truong, Bao tdn Thién nhién va An toan Hat nhan Lién
bang, Cong Hoa Lién bang Dtrc. Churong trinh Hd trg Ning lugng GIZ. 2021, tr. 24.



Tap chi Khi twong Thity van 2023, 756, 70-82; doi:10.36335/VNJHM.2023(756).70-82 82

14. Ruiz, S.G.; Eduardo, J.; Barriga, C. Wind power assessment in the Caribbean region
of Colombia, using ten—minute wind observations and ERAS data. Energy Rev. 2021,
172, 158-176. https://doi.org/10.1016/j.renene.2021.03.033.

15. Wedi, N.P.; Bauer, P.; Deconinck, W.; Diamantakis, M.; Hamrud, M.; Kiihnlein, C.;
Malardel, S.; Mogensen, K.; Mozdzynski, G.; Smolarkiewicz, P.K .The modelling
infrastructure of the Integrated Forecasting System: Recent advances and future
challenges. Tech. Memorandum 2015, pp. 50.

16. Wu, J.; Han, Z.Y.; Yan, Y.P.; Sun, C.Y.; Xu,Y.; Shi, Y. Future changes in wind
energy potential over China using RegCM4 under RCP emission scenarios. Adv.
Clim. Chang. Res. 2021, 12, 596-610. https://doi.org/10.1016/j.accre.2021.06.005.

17. Koné, B.; Diedhiou, A.; Touré, N.D.E.; Sylla, M.B.; Giorgi, F.; Anquetin, S.; Bamba,
A. Diawara. Sensitivity study of the regional climate model RegCM4 to different
convective schemes over West Africa. ESD 2018, 9, 1261-1278.
http://dx.doi.org/10.5194/esd-2018-44.

18. Gu, H.; Wang, G. Assessing future climate changes and extreme indicators in east
and south Asia using the RegCM4 regional climate model. Clim. Chang. 2012, 3317,
1-114. https://doi.org/10.1007/s10584-012-0411-y

19. B0 Tai nguyén va Moi truong. Kich ban Bién ddi Khi hau, nude bién dang cho Viét
Nam. Nha xuit ban Tai nguyén - Moi truong va Ban d6 Viét Nam, Ha Noi, 2020.

20. Hagspiel, S.; Antonis, P.; Schmid, M.; Andersson, G. Copula - based modeling of
stochastic wind power in Europe and implications for the Swiss power grid. Appl.
Energy 2012, 96, 33-44. https://doi.org/10.1016/j.apenergy.2011.10.039.

Assessment of wind energy potential for renewable energy
development in the East Sea, Vietnam
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Abstract: In this study, the Regional Climate Model version 4 (RCM) is used to simulate
the wind field, allowing for the determination of potential wind energy in the Vietnam East
Sea region during the 20-year period (2000-2019). The wind speed is simulated using the
RCM, then compared with the reanalysis data (ERA5) using wind observations at 13 coastal
and island meteorological stations, at 10 meters and 10 wind measurement stations at 80
meters. The comparison between RCM simulation and ERAS to wind speed observation
shows that the RCM model performs well and is more suitable than using ERAS data. The
spatial distribution of calculated wind energy results from the RCM also exhibits similarities
to the data published in the “Potential Wind Energy and Offshore Wave Reports over
Vietnam Coastal Areas” by the Ministry of Natural Resources and Environment and the
World Bank’s 2009 report. However, the study still has limitations, such as the use of
theoretical formulas and not considering boundary layer effects. Nevertheless, the study's
results provide valuable reference information for offshore wind energy project planning
and development.

Keywords: Wind Energy; Vietnam East Sea; RegCM4.


mailto:viethang1485@gmail.com
mailto:phambinh@hus.edu.vn
mailto:nampq@hus.edu.vn
mailto:bachtung_cefd@hus.edu.vn

