BAI BAO KHOA HOQC

NGHIEN CUU ANH HUONG CUA MOT SO YEU TO KHi HAU
PEN NANG LUQNG CUA TRAM BIEN GIO - AP DUNG CHO DU’ AN
PIEN GIO SEPON CUA CHDCND LAO

Ho Ngoc Dung'’, Trinh Quéc Cong'

Tém tat: Bai bdo ndy nghién civu anh hwéng ciia mét s6 yéu to khi hdu nhw nhiét do, do am khéng khi dén
san lwong dién cua cac tram dién gio. Anh huong cua sy bién dong mat do khong khi do yéu 16 nhiét d6 va
dé am dén dién lwong cua tram dién gio dwoc nghién ciru bcing cach sw dung dir liéu do luwong cua du an
dién gié Sepon dir kién dwoc xdy dung tai Lao. Cdc phdn tich va tinh todn mé phong xdc dinh dién lwong
diege thue hién trong phan mém WAsP 12. Két qud cho thdy yéu to nhiét dé anh hwong dang ké dén mdt do
khéng khi dan dén sw gidm 6% sdn lwong dién khi nhiét Ao tang tue 10°C lén 40°C, trong khi do am ¢6 dnh
hiong khong dang ké véi sw thay doi chi 0,4% san leong dién khi do am giam tir 100% xuong 30%. Do nhlet
d¢ khong khi anh hwéng tiwong doi lom dén viéc dir bdo san lwong dién cua tram dién gi6 nén can dia yeu 16
nhiét do thuc do tai vi tri dw an vao qua trinh tinh todan thiét ké xdc dinh san luong dién dé dam bdo dén cdc

tinh toan tai chinh va hiéu qua dau tw cua dy an.
Twr khoa: Dién gio, nhiét do, do am.

1. PAT VAN PE

Viét Nam dugc danh gid 1a qudc gia co tiém ning
dién gio lon nhat khu vyc DPong Nam A, nho duong
bo bién dai hon 3. 260 km va vung bién rong véi toe
d6 gié manh va on dinh. Theo Bao cao cua Ngan
hang Thé gi¢i (World Bank, 2019), tong tiém ning
dién gid ngoai khoi cia Viét Nam wdc tinh khoang
475 GW. Quy hoach phat trién dién lyc qudc gia
giai doan 2021-2030, tim nhin dén nim 2050 (Quy
hoach Pién VI, 2023) dugc phé duyét ngay
15/5/2023, da xac dinh dién gi6 la mét trong nhiing
ngu(‘)n nang luong trong diém trong chién luwoc
chuyén dich nang lugng bén vitng. Cu thé, den nam
2030, téng cong suat dién gi6 trén by va gin bo
(nearshore) du kién dat 21.880 MW, chiém khoang
17% tong cong suit ngudn dién qudc gia, trong khi
dién gi6 ngoai khoi du kién dat 6.000 MW, tap trung
phat trién tai cac khu vuc Bach Long Vi, Ca Mau va
Binh Thuin. Pén nim 2050, cong suit dién gio
ngoai khoi dugc ky vong dat tir 70.000 MW dén
91.500 MW, trg thanh ngudn dién chu lyc cung véi
dién mat trdi, gop phan dam bao an ninh nang lugng
va thyc hién cic cam két quc té vé giam phat thai
khi nha kinh.

Niang luong gidé duoc c01 la mot trong nhiing
nguon nang luorng tai tao tiém ndng, tuy nhién, hiéu
suét khai thac ngudn nang lugng nay chiu anh hudng
manh mé tir cic yéu td thoi tiét. Cac yéu té khi
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tuong nhu toc d6 gi6, hudng gio, nhiét do, d6 am va
ap suét khong khi 6 tac dong truc tiép dén kha nang
chuyen d01 nang luong gi6 thanh dién nang. Tbc do
gid, yéu té quan trong nhat trong qua trinh phat dién
tr nang hrorng gi6, khong chi quyét dinh hrorng nang
lugng co thé khai thac ma con anh huong den hi¢u
suét clia cic tua-bin gi6. Ngoai ra, cac yéu té khi hau
khac nhu nhiét d6 va d6 4m c6 thé lam thay d6i mat
d6 khong khi, tir d6 anh huong dén cong suét tdi da
ma tua-bin ¢ thé san xuit. Sy bién dong cua cac yéu
td nay theo mua va vi tri dia 1y tao ra sy thay ddi 16n
trong kha nang khai thac nang luong gio tai cac khu
vuc khac nhau, dac biét 1a ddi véi cac dy an dién gio
ngoai khoi. Do d6, viéc phan tich va hiéu r& anh
hudng cia cac yéu t khi hau nay 1a diéu kién tién
quyét dé tdi wu hoa thiét ké va van hanh cac hé
théng ning luong gid, cling nhu du doan san lugng
dién trong cac diéu kién khi hau khac nhau.

Hién nay, trong qua trinh tinh toan va thiét ké
tram dién gio, chu yéu st dung s6 lidu do van tde gio
dé du bao san luong dién. Cac yéu t6 thoi tiét khac
nhu nhiét d6 va do 4m van chua duoc tinh toan mot
cach day du va chinh xac trong cac mo hinh ning
luong gid. Nhiét 3o cao hoac the”ip ¢ thé lam thay
d6i dic tinh vat Iy cia khong khi, tir ¢6 anh hudng
dén luong ning luong ma gié mang lai. Tuong tu,
d6 am c6 thé lam thay d6i mat do khong khi, dan
dén viéc thay d6i kha ning sinh céng ctia cic tua-bin
gi6. Do do, trong bai bao nay, chung tdi s€ tép trung
nghién ctru va phan tich tac dong cia nhiét 3o va do
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am dén nang lugng gio, nhim cung cip mét cii nhin
toan dién hon vé anh hudng cia cac yéu té khi hau
dén ning lugng cua tram dién gio.

2. PHUONG PHAP NGHIEN CUU

2.1. Tinh toan nang lwgng gié

Cong suit dién gié dwoc xic dinh nhu sau
(Burton et al., 2001)

1 3
Pr =E.Cp.p.A.u (D

Trong do:

- Cong suat dién gio, W

p - Khdi lugng riéng khong khi, tai nhiét d¢ tiéu
chuan 15°C p = 1,225 kg/m?>

A - Dién tich bé mit canh tua-bin, m?

u - Van tde gio, m/s

Cp - HE ) cong suét hodc hé sd su dung ning
lugng gio

Cong thirc (1) cho thiy ngoai yéu té van toc anh
huong 16n dén ning lugng gié thi yéu té6 mat do
khong khi 14 mot tham s then chdt khi tinh toan
nang lugng gi6. Mat do khong khi, dugc dinh nghia
14 khoi lwong ctia khong khi trén mot don vi thé tich
(thuong tinh bang kg/m?), 1a mét dai lwong vat 1y
quan trong trong nhiéu linh vic nhu hang khong, khi
tugng va nang lugng gio. Mat d khong khi khong
phai 1a mot hing s6 ma thay ddi phu thudc vao nhiéu
yéu té moi truong nhu:

- Nhiét d¢: Khi nhiét d¢ ting, cac phan ta khi
chuyén dong nhanh hon, lam cho khong khi gian ng
va mat do giam. Nguoc lai, khi nhiét d¢ gidm, khong
khi co lai va mat d¢ tang. Do d6, & nhiing khu vuc
c6 khi hau nong, mat do khong khi thuong thip hon
$0 vo1 vung lanh.

- Ap suat khi quyén: Mat d6 khong khi ty 1&
thuan v6i ap suat. Khi ap sudt ting, cac phan tur
khi bi nén chat lai, lam ting mat d§ khong khi.
Ngu’orc lai, ép suat giém s& din dén mat do thip
hon. Ap suat khi quyén thay d6i theo do cao va
diéu kién thoi tiét.

- D6 cao so v6i muc nudce bién: Cang lén cao, ap
suat khi quyén giam do 16p khong khi mong hon,
din dén mat d6 khong khi giam theo. Pay 1a 1y do
tai sao ¢ nhiing khu vuc nui cao, khong khi loang
hon nhiéu so v6i viing déng bang

- Do am: Khong khi 4m chira nhiéu hoi nu6c hon
khong khi kho. Vi phén tir nudéc (H20) nhe hon cac
phén tr chinh cua khong khi kho nhu nito (N2) va oXy
(O2), nén khi d6 4m tang, mat d6 khong khi giam. Diéu
nay co nghla 14 cling mot diéu kién ap suat va nhiét do,
khong khi am s€ nhe hon khong khi kho.

Mat do khong khi 1a két qua cua su twong tac
phirc tap gitra nhiét do, ap suit, do cao va do am.
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Viéc hiéu ro cac yéu td niy 1a rat can thiét trong tinh
toan nang lugng gio.
2.2. Twong quan giira mat do khong khi véi
nhi¢t do va do Am mdi truong
Nhiét d6 méi truong c6 anh hudng truc tiép va ro
rét dén mat do khong khi. Theo phuong trinh khi 1y
tudng (Borgnakke et al., 2022), mat d¢ khong khi
(p) ti 1& nghich véi nhiét 6 tuyét d6i (T) khi ap suét
khong doi:
P
PERT
Trong do:
p - Mat d6 khong khi (kg/m?®)
P - Ap suét khi quyén (Pa)
R - Hang s6 khi (287 J/kg.K)
T - Nhiét d¢ tuyét ddi (K)
Déi voi khong khi am, ap sudt toan phan ciia
khong khi 13 tong cua ap suit riéng cua khong khi
kho va ap suit riéng ciia phan hoi nudc do d6 mat do
khong khi am dugc tinh nhu sau:

Pd Pv
= = — 3
p=pa+py Rd_T+RV_T 3)

(2)

Trong do:

p - Mat do khong khi (kg/rn3)

Pd - Ap suat riéng phan cta khong khi kho (Pa)

py - Ap suat rleng phén ciia hoi nude (Pa)

Ry - Hang sd khi riéng cia khong khi kho
(Rq = 287,05 J/(kg. K))

R,- Hang s6 khi riéng cia hoi nudc
461,5 ]/ (kg.K))

T - Nhiét d6 tuyét d6i (K)

Ap suat riéng phan ctia hoi nude (py) c6 thé duoc
xac dinh tir 46 4m twong d6i (RH) va ap suét bao hoa
hoi nudc (ps,:) theo cong thirc:
pv = RH. pgat

Trong do:

RH - d6 am tuong d6i ctia khong khi

Psat - 13 ap sudt bio hoa cua hoi nude & nhiét do T

Cong thic (2) chi ra mat do khong khi ti 1¢
nghich véi nhiét do. Khi nhiét d¢ tang, cac phan tu
khong khi chuyen dong nhanh hon, gidn né va lam
giam mat do. Déi véi cac tua-bin gid, su thay do6i
nay din dén bién dong cong suat dang ké, vi ning
luong gio6 ti 1¢ thuan voi mat d§ khong khi. Do do,
trong thiét ké va danh gia ning luong cia tram dién
gi6, viéc tinh toan chinh xac anh hudng cua nhiét do
dén mat do khong khi tir d6 anh hudng dén ning
lwong gi6 can thiét dé dam bao du bao ning lugng
chinh xac va van hanh hé théng hiéu qua.

DPé danh gia dugc muc d6 anh hudng cua nhiét
d6 va do am khong khi dén ning luong cia tram
dién gid, trong bai bao nay tinh toan, phén tich cu
thé cho tram dién gi6 Sepon du kién duoc xay dung

Ry =
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tai nudc Cong hoa Dan chi Nhan dan Lao. Ly do
chon tram Sepon 1a tram ndy c6 sb liéu do cac yéu
td khi hdu day du bao gébm van tdc gid, hudng gid,
d6 am va nhiét o khong khi trong khoang thoi gian
15 thang.

2.3. S0 liéu tinh toan

Du 4n nha may dién gié Sepon (Sepon Wind
Energy Plant Project, 2023) dugc dat tai huyén
Sepon, tinh Savannakhet, CHDCND Lao, nam lién
ké va & phia Tay ctia huyén Huéng Hoéa, tinh Quang
Tri, Viét Nam. Nha may du kién le"1p dat 66 tua-bin
gi6 loai 4,5MW. Téng cong suat lap dat 1a 207MW.

Bang 1. Két qua phén tich mirc d§ phit hgp
cia phan b6 Weibull

TT Thong s6 Pon vi Giétri

1 |Loai tua-bin gié GW-155-4.5
2 |S6lugng céi 66

3 |Cong sut lp dit MW 297

4 |Chiéu cao ldp dit m 140

5 |Pién lugng trudc tn thit GWh 1259.55

6  |Ton that che chin % 2,56

7  |Dién lugng sau t6n that GWh 122728

8  [S0 givr ddy ti twong duong Giv 4300

S liéu do gio6 tai vi tri du 4n dugc thuc hién tir
thang 10 nim 2023 dén thang 01 nim 2025. Gia tri
sb lidu do toc do gi6, nhiét d9, do 4m duoc cho trong
cac biéu d6 sau:
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Hinh 3. Biéu d6 s6 liéu do gié
( a-Huwong gio; b-Van toc gio, c-Hoa gio)

Két qua do tai vi tri dg an cho théy nhiét do
khong khi tai khu vuc dy an dao dong tu khoang
20°C dén 43°C. Phan 16n thoi gian tai khu vuc nay
¢6 nhiét d6 cao tir 35°C trd 1én.

Do am khong khi trong khu vye du 4n ciing bién
d6i kha 16n. Do 4m 16n nhat 13 100% trong khi d6
am thap nhat 1a 30%.

Tbc do gi6 trong khu vuc kha 16n, toc do gio
trung binh dat 7.2m/s. Véi van tdc gi6 nay rat phu
hop xay dung tram dién gio tai khu vuc nay.

2.4. Phuwong phiap tinh toin danh gia dnh
huéng ciia d 4m va nhiét do dén ning lwong gié

D¢ danh gia anh huong ctia dd Am ciing nhu nhiét
d6 khong khi dén san luong dién gi6 cua tram dién
gi6 Sepon, bai bio sir dung phin mém WAsP 12
tién hanh tinh toan.

Phan mém WAsP (Wind Atlas Analysis and
Application Program) i phin mém chuyén dung
hang dau trong linh vuc phan tich tai nguyén gi6 va
thiét ké trang trai dién gi6 do Vién Cong nghé Gi6
cia Pan Mach (DTU Wind Energy) phat trién.
WASP 12 cho phép tinh toan, phan tich:

- Phan tich dir liéu gi6 tir do dac thyc té, dir lidu
dugc dwa vao mo hinh bang cach thiét 1ap tram do
gi6 tai d§ cao 140m nhu hinh 4.

- M6 phong dia hinh, chuéng ngai vat, va bé mat
tac dong dén dong gid

- Xay dung ban dd gi6 (wind atlas) khu vy

- Tinh toan san lugng nang lugng ky vong cta
cac dy an dién gio.

- Tinh dén yéu t6 khi twong nhu nhiét d6 khong
khi va d6 4m dé diéu chinh mat d6 khong khi, anh
hudng dén cong suat thyc té thu dugc tai hinh 5.
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o ‘Mt station 10’ Met. station E==] |
Location | self-preciction | Site effects | User corrections

Anemometer location

Height a.g.l. 140.0 m

Xcoordnate | 6523%.0 m

¥ co-ordinate 1856103.0 m

Elevation a.s.l. 800.0 m

Net altitude a.s.l. 940.0 m

Mean displacement height 00 m

Mean air density 0.977 kg/m?

Geographical:  16°46'58.95'N 106°25'45.80°E (16.78304, 106.4294)

Hinh 4. Thiét ldp tram do gi6

) 'GWC & Generalised wind climate [EE]f=]
Climate data  Climate context | stabity | Geostrophic shear |
Location (!;msformed from met. station metric m—ord‘ndates)
Location: 16°46'58.95'N 106°25'45.80E (16.78304, 106.4294)
Barometric reference information
Mean temperature [ 250
Reference altitude for temperaturea.s.l. [~ s00.2 m
Mean pressure [ os4s0 Pa
Reference altitude for pressure a.s.l. ,Ts_z m
Relative humidity [ s %
Temperature lapse rate [m °/m Get
Recommended values for the location can be retreived with 'Get’

Hinh 5. Thiét ldp diéu kién khi hdu

3. KET QUA TINH TOAN

Str dung phdn mém WASsP tién hanh tinh toan
dién lugng cho cac kich ban nhiét d6 va d6 am khac
nhau dé thiy duoc anh hudng cua nhiét do cling nhu
dd 4m dén san luong dién cua dy an.

Tua-bin dugc st dung trong tinh toan la loai GW-
155-4.5 c6 duong dic tinh nhu hinh 6

WndmrbheoeneratorlAirdms«ycmecuonpoacyl

5.0001
P[MW]
0 T T T 1
0 0.80m/s u [m/s] 25.00
=-GW 155-4.5 tManufacturer  : Undefined

+-Table 1 (0.965 kg/m?) Web link Undefined
Rotor diameter  155.0m
Rated power 4.500 MW
Control system  Pitch
Default height 110.0m
Comments -

Hinh 6. Puong ddc tinh cia tua-bin

Dua vao ban dd dia hinh khu vuc va sb liéu do
gi6 thyc te, tién hanh xay dung dugc truong phan bo
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van tc gié bang phan mém WASP tai khu vuc dy an
tir 36 Ivra chon duoc cac vi tri bo tri tua-bin.

e A

Hinh 7. Vi tri tua-bin trén ban do phdn bé vén toc gio

Truong hop khong co sb liéu vé nhiét do va do
am, WASsP tién hanh tinh toan vé6i gia tri d6 4m va
nhiét d6 mac dinh dugc cép nhat tr Co sé dir liéu
khi hau toan ciu hodc Ban do khi hau khu vuc. Ddi
véi khu vue du an Sepon, gia tri nhiét dd cap nhat tu
dong 14 25°C va d6 am 1a 85%. Két qua tinh toan
cho trong hinh sau:

e

48 Turbine cluster 1' Wind farm (1227.288 GWh Net
Settngs | Sitelist Statisics lWFPowero.rvel
Variable I Total l Mean | Min l Max |
Total gross AEP [GWh] 1259.555  19.084 17,131 21.419
Total net AEP [GWh] 1227.288 18,595 16.547 21.137
Proportional wake loss [%] 2.5 - 032 555
Capacity factor [%)] 471 i 49 536
Mean speed [m/s] - 7271 116 843
Mean speed (wake-reduced) [m/s] - 759 708 836
Air density [kg/m?] - 1077 105 1,095
Power density [W/m?] - 397 314 505
RIX [%] - - B34 248

==

Hinh 8. Két qua trich xudt tir phan mém WAsP

Tinh toan cho cac phuong an nhiét do va do am
khac nhau, két qua cho trong Bang 2.

Két qua phan tich tai Bang 2 cho thiy yéu tb
nhiét d6 anh huong kha 16n dén dién lwong ctia tram
dién gi6. Khi nhiét d6 ting tir 10°C dén 40°C thi
dién lugng giam khoang 6% tuong Gng doanh thu
cua du an giam khoang 120 ty/nam theo gia nhap
khau dién gi6 tir Lao vé Viét Nam 1a 6,4 cent/kWh
d6i v6i cac du an hoat dong tir 31/12/2025 (Bo Cong
thuong, 2024). Yéu t6 d6 am khong khi anh hudng
rat nhé dén san luong dién. P am tang tir 30% lén
dén 100% thi san luong dién chi giam khoang 0.4%.
Biéu d6 hinh 9 cho thiy mirc do giam san luong dién
theo yéu t6 nhiét do.
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Hinh 9. Biéu do quan hé san luong dién
voi nhiét do khong khi

Bi¢u d6 hinh 10 cho thiy mirc d6 giam san lugng
dién theo ca hai yeu t0 nhiét do va do am khong khi
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Hinh 10. Biéu do quan hé san luong dién
voi nhiét do va do am khong khi

Bang 2. Két qua phén tich dién lwong theo nhiét d va dd Am [GWh]

Nhiét d9(°C) 5 10 15 20 25 30 35 40 45 50

Do Am 30% | 1273.8 | 1263.1 | 1252.5 | 1241.9 | 1231.3 | 1220.7 | 1210.0 | 1199.1 | 1188.1 | 1176.8
Po Am 40% | 1273.6 | 1262.8 | 1252.1 | 1241.3 | 1230.6 | 1219.7 | 1208.7 | 1197.4 | 1185.8 | 1173.8
P6 Am 55% | 1273.3 | 1262.4 | 1251.5 | 1240.5 | 1229.5 | 1218.2 | 1206.7 | 1194.8 | 1182.4 | 1169.3
Po Am 70 % | 1273.0 | 1261.9 | 1250.9 | 1239.7 | 1228.4 | 1216.7 | 1204.7 | 1192.2 | 1178.9 | 1164.7
Po Am 85% | 1272.7 | 1261.5 | 1250.3 | 1238.9 | 1227.2 | 1215.0 | 1202.7 | 1189.5 | 1175.4 | 1160.1
Po Am 100% | 1272.4 | 1261.1 | 1249.7 | 1238.1 | 1226.1 | 1213.7 | 1200.6 | 1186.7 | 1171.8 | 1155.3
5. KET LUAN P(v,T) - cong suat trén dudng dic tinh cua tua-

Quy hoach phat trién dién luc quéc gia giai doan
2021-2030, tim nhin dén nam 2050 da xac dinh
dién gi6 la mét trong nhiing nguon nang lugng trong
diém trong chién lugc chuyén dich ning lwong bén
viing cua Viét Nam. Nudc ta hién da va dang co
nhiéu du an dién gié dugc xay dung.

Qua phan tich, tinh toan nang luong gio cua tram
Sepon vo6i cac phuong an nhiét d¢ trung binh khac
nhau cho thay nhiét 6 khong khi cé anh huéng 16n
dén mat o khong khi va qua d6 anh hudng truc tiép
dén san luong dién cua tram dién gi6. Vi mat do
khong khi 14 dai luong ty 18 thuan voi cong suat gid,
viéc bo qua su thay dbi nhiét do co thé dan dén sai
s6 dang ké trong du bao san luong. Do d6, can dwa
yéu t6 nhiét do vao qué trinh tinh toan thiét ké dé
dam bao dén cac tinh toan tai chinh va hiéu qua dau
tu cia du an. Tuy tung phuong phép tinh toan dién
lugng cua tram dién gié ma co cac giai phap tinh
toan ké dén nhiét do méi truong.

Dbi v6i phuong phap st dung Bin hodc Weibull
khi tinh toan can hiéu chinh cong suit cua dudng
dic tinh ciia tua-bin trong pham vi van tdc gi6 nho
hon vén téc dinh mirc theo cong thirc:

p(T)
P(v,T) = P(V). p(tiéu chuin)
Trong do:
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bin dugc diéu chinh theo nhiét do trung binh tai vi tri
tram dién gio

P(v) - Cong suét cua duong dic tinh dugc xdy
dung theo diéu kién tiéu chuan (T= 15°C)

p(T) - Méat do khong khi theo nhiét do trung binh
tai tram dién gio

p(tiéu chudn) - Mat d6 khong khi tai diéu kién
tiéu chuan = 1.225kg/m’

Khi str dung cic phin mém tinh toan nhu WAsP
hodc WindPRO dé tinh toan san luong dién cua tram
dién gio, viéc sir dung sd liéu vé nhiét d6 trung binh
cta khu vuc du an tir cac sb lidu do dac thuc té 1a
cuc ky quan trong. Neu khong sir dung cac du ligu
nhiét do truc t1ep tir s6 lidu do dac thuc té, phan
mém s& tu dong lay nhiét d6 mic dinh tir ban dd khi
hau hodc cac ngudn dit liéu tham khao khac. Nhitng
dir liéu nhiét d§ mdc dinh nay thuong chi phan anh
nhiét do trung binh & mot khu vyc rong lon hodc
theo cic md hinh khi hau tong quat, trong khi thyc té
nhiét do tai vi tri cong trinh c6 thé c6 su chénh léch
dang ké do anh hudng cua cic yéu té tu nhién nhu
d6 cao, hudng giod, va cac diéu kién khi hau dic thu.
Do d6, dé dam bao do chinh xéc trong viéc tinh toan
mat d¢ khong khi va san lugng dién, cac sb liéu
nhiét d6 va d6 am khoéng khi can duoc do dac truc
tiép tai khu vyc du an.
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Abstract:
STUDY ON THE IMPACT OF SEVERAL CLIMATIC FACTORS ON THE ENERGY OUTPUT
OF WIND POWER STATIONS: A CASE STUDY OF THE SEPON WIND FARM, LAO PDR

This paper investigates the impact of several climate factors, such as temperature and humidity, on the
power output of wind power stations. The effect of air density variations due to temperature and humidity on
the power output of the wind farm is studied using data from the Sepon wind farm project, which is expected
to be developed in Laos. Analysis and power production simulations are performed using WAsP 12 sofiware.
The results show that temperature has a significant effect on air density, leading to a 6% decrease in power
output when the temperature increases from 10°C to 40°C, while humidity has a negligible impact, with only
a 0.4% variation in power output when humidity decreases from 100% to 30%. Since air temperature has a
considerable influence on wind power production forecasts, it is essential to include actual temperature data
from the project site in the design calculations for determining power output to ensure accuracy in financial
calculations and investment efficiency of the project.

Keywords: Wind power plant, energy output, climatic factors.
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