Deutsche Gesellschaft
fiir Internationale
Zusammenarbeit (61Z) GmbH

B¢ Cong Thuong
Tong cuc Nang lwgng

BAO CAO CUOI CUNG
Phan tich dir li¢u gio
An Ninh Pong, Huyén Tuy An,
Tinh Ph( Yén

Thang 7/2013

Supported by

* Federal Ministry for the
Environment, Nature Conservation
and Nuclear Safety



Béo cao cudi ciing — Dy an Ning lugng Gié GIZ/MoIT

Chu dau tu:

Tw van trong nudc:

Tw van djc lap:

Tw van quoc te:

Dy an “Xéy dyng khung chinh sach va hé trg k§ thuit cho
dién gié noi ludi tai Viét Nam” (GIZ/MolT)
Tang 5, 85 Nguyen Du, Hai Ba Trung, Ha néi, Viet Nam
T: + 84 4 3941 2605 - (14)
F: + 84 4 3941 2606
I: www.giz.de/vietnam
www.renewableenergy.org.vn

Cong ty Tw van va X4y dung Dién 3 (PECC3)
32 Ngb Thoi Nhiém, Quén 3, H6 Chi Minh
Ngudi chiu trach nhiém: Ong Nguyén Hoang Diing

Ong Nguyén Qubc Khanh
Ha ndi

Cong ty ProfEC Durc
Sudring 13, 26125 Oldenburg, Buc

2|44


file:///C:/Users/Mai/Dropbox/04%20-%20Wind%20measurement/report%20template/www.giz.de/vietnam
file:///C:/Users/Mai/Dropbox/04%20-%20Wind%20measurement/report%20template/www.renewableenergy.org.vn

Béo cao cudi ciing — Dy an Ning lugng Gié GIZ/MoIT

Noi dung
1 TOMTAT CHUNG .......ooooiiieeceeee ettt en e 4
2 BOICANHVAPHAM VI ..o, 5
3 PHWONG PHAP LUAN ... 7
3.1  Cacyéu cau dwgc xem xét trong Phan tich tiém nang gio ...........cocoevvevvevveevereeeeersnnnn, 9
3.1.1  Ghi chép trr liBU V8 tram d0......oeveeveeeieeeeeeieeeeee sttt sttt ettt 9
312 COLAO IO uuiieeniiiieiti ettt b 10
3.1.3  CAN quAY (CAN QUAY NZANE)....vveveereeeeeresereseseessessessessssessesses s sssssssesssssssssnsnssnsensessessanens 10
3.1.4 Chiéu cao thap va chidu €0 A0 IO .....cvvvvveereeeeeeeeeeieseee st 10
3.1.5 Khoang thoi gian thuc hién chuong trinh do IO ..o 10
316 TIANG thiCt Diu.cuvveiiececiceceeeeeeee ettt sttt ettt enee s 10
3. L7 LUt dlE LU .o 11
3.1.8  Bao tri va gidm Sat tram d0 QI0......ccceiiiuiiiiiiiiieieie e 11
4 KET QUA DO ...t 12
5 DIEU CHINH DAL HAN .......coooiiiiiieeeeeee et e, 15
6 CAC YEU TO BAT BINH CUA CHWONG TRINHBDO GIO.........ccoooevevecireeeeenn, 16
7 PHAN TICH VADANH GIACHITIETDO LIEUDO GIO ......ooovvieeceeeee, 17
PHU LUC A — PHAN TiCH VA DANH GIA CHITIETDU LIEUDO GIO .......ccococvvvn. 18
PHU LUC B — BANG HIEU CHINH AN NINHDONG............c.cooviiiiiieeeeeeeeeeeeee e 24
PHULUC C—DIENDOI LIEU CONTHIEU...........coiviiiiecceeeeeeee e 41

3|44
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1 Tém tit chung

Cong ty Co phan Tu van va Xdy dung Dién 3 (viét tit [a Cong ty PECC3) duoc GIZ uy quyén
thyc hién danh gia ngudn tai nguyén gié dai han tai 10 dia diém thuéc Chuong trinh "Po gié
phuc vu xay dung Ké hoach dién gié va D an dién gié". Tai mdi dia diém, da thuc hién do
tdc do gid trong vong mot nam voi thap do 80m va cam bién do chit lwong cao.

C6 thé nhan manh cac két qua sau day ddi voi dia diém tai An Ninh Dong, tinh Pha Yén:

» Hoat dong do gi6 da khéng duoc thuc hién thanh cong. May do gié trén cung ¢ do cao
80m da khong cung cip dit liéu tir ngay 07/12/2012 dén 12/4/2013 do mét cap.

> Pich géng ctru lai cac dir liéu bi mat béng cach st dung nguén dir liéu dat chuén do
duge ¢ cac do cao khéac. Két qua do gi6 duoc tom tit trong Bang 1, trong do trinh bay
dic trung khi hau gié nhu téc d6 gio, tham sé Weibull A, tham s6 Weibull k va cuong do
nhiéu loan & mdi d6 cao do ciling nhu cac dic trimg khi hau ndi chung & dia diém do, vi
du nhu nhiét d9, ap suat khong khi va do am.

> Tbc do gio trung binh ¢ d6 cao 80m c6 két qua do 1a 6,03 m/s, day la mirc "trung binh"
theo phén loai trong nganh coéng nghiép ning lugng gi6. Tuy nhién, gia tri ndy co thé
khong thuc su phan anh tdc d6 gié trung binh hang nidm tai dia diém do vi may do bi 16i
nhu dé cap ¢ trén.

Toc d6 gid [m/s] 6,03
som Tham s§ Weibull A [mi/s] 6,82
Tham s6 Weibull k [] 2,02
Cuong d6 nhiéu loan [-] 0,114
Téc d6 gio [m/s] 5,86
s0m Tham s6 Weibull A [m/s] 5,797
Tham s6 Weibull k [] 1,8449
Cuong d6 nhiéu loan [1 0,123
Téc do gio [m/s] 4,09
0m Tham so Weibull A [m/s] 5,338
Tham s6 Weibull k [-1 1,873
Cuong d6 nhiéu loan [-1 0,140
] . Nhiét do 14m [°C] 27,51
Cac:'f’;?‘ " i‘h‘;“"-’“g Ap suhi 6m [hPa] 1009,0
3 (la diem Go D6 am twong ddi 14m [%] 81,10

Bang 1: Két qua hoat dong do gi6 tai An Ninh Dong, tinh Phi1 Yén

D ¢ ging tinh toan tuong quan dai han giita két qua do vai dir lidu gié dai han. Tuy nhién, nd
luc nay da khong thanh céng do thiéu dit liéu gi6 dai han phu hop. DU sao Cong ty PECC3 ciing
d4 thyc hién nghién ctru vé khi hau gié dai han pht hop véi khu vue, cu thé 1a nghién ctru dir liéu
tir cac tram khi tuong gan d6 dé dua ra bao céo vé tinh dai dién ciia khoang thoi gian do lién
quan dén khi hau gi6 dai han ctia khu vye. Tuy nhién, vi phuong phap nay c6 mirc d6 bat dinh
cao nén di quyét dinh gia han chuong trinh do gi6 thém maot nim nira. Vi viée gia han nay, hoat
dong danh gia s& co thém co s, cho phép c6 nhing két luan phu hop hon vé tiém ning gid tai
dia diém do.
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2 Boi canh va Pham vi

Danh gid ngudn tai nguyén gi6 dai han tai An Ninh Dong dugc thyc hién trong khudén khd
chuong trinh “Po gid tai mét s6 dia diém dé phuc vu viéc 1dp quy hoach phat trién dién gi6
va phat trién cac dv an dién gié" thuoc Du 4n "XAy dung khung chinh sach va hé tro ky
thuét cho phat trién dién gi6 ndi lwéi tai Viet Nam". Chuong trinh do B Méi truong, Bdo ton
Thién nhién va An toan hat nhdn Lién bang Dirc (BMU) va Bg Cong thuwong Viét Nam tai trg va
do Co quan Hop tic Quéc té Pirc (GIZ) (phia Pirc) va Bo Cong thuong (phia Viét Nam) thyc
hién. Muc tiéu ctia chuwong trinh 1a nhdm hd trg chinh quyén dia phuong trong viéc 1ap quy
hoach dién gi6 va dong thoi hd trg cac nha dau tu thuce hién cac du an dau tu dién gio.

Chuong trinh bao gém 10 dia diém nam rai rac tir Bic vao Nam. V&i muc dich nham hd tro cac
nha dau tu dién gio tu nhén, mdt so dia diém do nam & nhirng khu vuc dang c6 cac du an dién
gi6 nhung chua thuc hién hoat dong do gi6. Chi tiét vé cac dia diém nay dugc trinh bay trong
Béng 2.

Tinh Xa-Huyén C6 du an dién gio
tai dia diém do
hay khong?

Quang Binh Hai Ninh — Quang Ninh Co
Binh Dinh My Thanh — Phu My Khoéng
Phi Yan Xuan Hoa-Song Cau Co
An Ninh Béng —Tuy An Khdng
Gia Lai La Der — IA GRAI Khbéng
Kon Dong — Mang Yang Khéng
P Eaphe —Krbng Pak Khoéng
bak Lak Ea Drang — EAHLEO Co
Lam Pong ba Loan- Buc Trong Khoéng
Bén Tre Thanh Hai — Thanh Phu Khong

Bang 2: Danh sach cac dia diém trong chuong trinh

Tai mdi dia diém, da thuc hién do gio trong vong mot nam voi thap do 80m va cam bién do chat
luong cao.

Céc bén thyc hién du an ¢6 vai trd va trach nhiém dugc mo ta tom tat dudi day.

Cong ty German ProfEC véi tu cach 1a cong ty tu van qudc té ¢6 trach nhiém nhu sau: tu van
lwa chon dia diém; cung cdp cac thong sd k¥ thuat vé truc ngang, cin quay Va vi tri lap dat; tu
van vé chién lugc lap dat; giam sat tai chd, van hanh, ghi chép tu liéu vé hé thong dau tién va
chuyén giao cong nghé trong qua trinh thuc hién cong viéc; giam sat tir xa, tu van, van hanh, ghi
chép tu liéu vé mdi hé thdng tiép theo. Nguoi dai dién va dau mdi lién lac cia German ProfEC
GmbH la 6ng Andreas Jansen, Giam dbc diéu hanh.

Cong ty PECC3 la cong ty tu van trong nude 0 trach nhiém cu thé nhu sau: thiét ké cot do, Iya
chon dia diém, giam sat lap dat cot, lip dit cac cam bién cho 10 hé thong, két ndi dién va van
hanh hé théng, giam st tai chd hoat dong do va thuc hién danh gia tiém ning gi6 va ning luong
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trong vong mot nam. Ngudi dai dién va diu méi lién lac cia Cong ty PECC3 1a 6ng Nguyén
Hoang Diing, Trudng phong Phat trién mang luéi dién.

Ong Nguyén Qudc Khanh di dugce lua chon v6i nhiém vu hd trg thuc hién chuong trinh. Ong
Khanh c6 nhiém vy hd tro k¥ thuat cho Cong ty PECC3 trong qué trinh thyuc hién chuong trinh,
bao gdm nhiém vu x4y dung bao céo cudi cing vé 10 tram do gid.

Cong ty TNHH Nam Kinh 13 nha san xuét va lap dit cot do trong nude. Nguoi dai dién va dau
mdi lién lac ciia Cong ty TNHH Nam Kinh 1a 6ng Phan Quéc Hao, Truong Ban Quan 1y.

Panh gia ngudn tai nguyén gié & An Ninh Pong dua trén dir liéu nam ddy du tai dja diém do, bét
dau tir ngy duoc 1ap dat xong. Cac dir liéu tham khao dai han tai cac tram khi twong gan d6 (néu
c6) do cha chuong trinh cung cip. Hoat dong danh gia duoc hd trg boi rat nhiéu tai liéu ky thuat
vbn 13 san pham ciia cac budc trude d6, va nhiing tai liéu k¥ thuat nay s& duoc trinh bay trong
cac phan tiép theo.

Gidng nhu cac hoat dong trude ddy, danh gia ngudn tai nguyén gié nhan duge sy hudéng dan ky
thuat ciia Cong ty German ProfEC nham dam bao rang danh gia phu hop véi cac tiéu chuan lién
quan va phu hop vai thong 1¢ chung vé danh gia chuyén nghiép ngudn tai nguyén gio.

Boi vi khong thé dua vao kién thirc hién tai dé du doan chi tiét ngudn tai nguyén gio trong tuong
lai (bao gdm ca anh huong cia bién d6i khi hau) nén gia thiét 1a ngudn tai nguyén gié du kién s&
& muc trung binh tuong ty nhu muc ciia khoang 10 dén 20 nam trudc day.
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3 Phwong phap luan

Hé thong do gi6 & An Ninh Dong duoc dua vao van hanh trong thang 4/2012. Viéc xay dung va
lap rap két ciu cot do do Cong ty Nam Kinh thuc hién. Sau do, cac k§y thuit vién cua Cong ty
Nam Kinh va Cong ty PECC3 di phdi hop lap dit thiét bi do (thiét bi va cam bién). Viéc dung
két cdu va cam bién do theo céc tidu chuan cu thé (IEC, IEA, MEASNET, v.v) di duoc x4c nhan
thong qua hoat dong chuyén giao cong nghé cua Cong ty German ProfEC trong qua trinh lp dit
hé théng do & cot dau tién. Theo d6, dbi voi cot do dau tién, Cong ty German ProfEC di lam
viée tai dia diém do cung véi Cong ty PECC3 va Cong ty Nam Kinh va chuyén giao cong nghé
trong qué trinh 1am. Hoat dong chuyén giao bao gém hinh thirc tap huin tai chd va huéng dan
ghi chép thong tin/dir liéu. D6i véi cac hé thong tiép theo, COng ty German ProfEC di hd trg cac
d6i tac trong nudc bang cach giam st tir xa quy trinh 1ap dit va xem xét hd so/tu liéu vé cong
tac lap dat.

Lién quan dén viéc bd tri cac thiét bi do, c6 thé tham khao bao céo (dd duoc cung cap) co tén sau
day:

e Béo cao lip dit cac thiét bi do gi6 & tram An Ninh Pong tir 16/04/2012.

V& co ban, sy thanh cong vé mat kinh té cia mot du an dién gi6 chinh 12 van dé san luong dién
dat dugc hang nam. San luong dién thudng duoc tinh todn trong quéa trinh 1ap ké hoach du an
thong qua cac do dac va md hinh du toan san lugng dién. Néu ning sut dién dai han dat duoc
thip hon dang ké so voi con s6 du kién thi lgi nhuan giam c6 thé dan dén su pha san vé mit tai
chinh ciia du an. Do vdy, su thanh cong vé mat kinh té phu thudc vao kha nang danh gia dang tin
ciy vé san luong dién gié dai han. Can phai du bao san lugng dién trung binh trong toan bo thoi
gian thuc hién (hoic thdi gian khau hao) ctia mot du an trang trai dién gid voi cang it cac yéu to
bat dinh cang tét.

Dé c6 duge mot co s¢ dang tin cdy cho danh gia san lugng dién dy kién, can phai tién hanh do
tbc do gio truc tiép tai dia diém du an. Hoat dong do tdc do gi6 can phai duoc thuc hién it nhat 13
trong mot nam hoan chinh. Khoang thoi gian mot nam s& cho phép cung cap thong tin can thiét
dé xéac dinh muc do trong quan dai han va du doan khi hau gié néi chung & dia diém do:

> PDiéu kién gi0d tai cac muc d¢ cao khac nhau tai dia diém do
» Do trong khoang thoi gian ¢6 dac tinh khi hau hoan chinh
> Miic d6 chiém wu thé cua gi6 theo do cao ¢ dia phuong

Nhuoc diém ciia do dac nay 1a chi gii han trong khoang thoi gian do mot nim va & mot vi tri dia
ly duy nhét trong khu vuc trang trai gi6. Dé khic phuc nhimg van d& nay trong phép do ngan
han, can phai thiét 1ap mdi twong quan véi diéu kién gié dai han & bt ctr noi nao co thé, va dé
xé4c dinh diéu kién gié cho toan bo khu vuc trang trai gid, can phai 4p dung mot mo hinh tinh
toan san lugng dién.

Cén phai tao 1ap mdi tuong quan dai han dé han ché anh hudng cta bién dong tc do gid hang
nam. Néu chuong trinh do tde do gi6 dugc thuc hién trong nam c0 san lugng dién trén mirc trung
binh thi s& din dén tinh trang wdc tinh san luong dién dy kién ¢ mutc qua cao so véi cac didu
kién dai han. Vi dy, néu chuong trinh do tbe do gi6 duoc thuc hién trong nam c0 san lugng dién
cao hon 10% so v&i mire trung binh thi viéc udc tinh san lugng dién hang nam (tic la danh gia
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hiéu qua kinh té) s& cin ctr vao tinh huéng ma & dé két qua s& tot hon 10% so véi diéu kién dai
han. Vi vay, mdt danh gia dang tin cay vé diéu kién téc do gi6 dai han 1a cuc ky quan trong ddi
véi cac du an dién gio.

Hinh 1 cho thdy céch &p dung do ngin han két hop v6i do dai han. Thanh ngang phia trén la
khoang thoi gian do dai han duge thuc hién tai Dia diém tham chiéu trong mot vai nam (¢ day la
10 nam). Trén thanh ngang nay c6 mot phan nhé mau vang cho thiy khoang thoi gian do ngin
han (& day 1a mot nim) duoc ghi lai trong khoang thoi gian giéng hét voi do ngin han dugc thuc
hién tai dja diém trang trai dién gio dé xuit (Pia diém du dodn). Thanh ngang mau do cho théy
khoang thoi gian ngan han nay tai Pia diém dy doan. Thanh ngang mau xanh lyc & dudi 1a dy
doan dai han c¢6 dugc tir viée st dung quy trinh Do - Tuong quan - Dy doan (viét tat 1a quy trinh
MCP).

Dia diém tham chiéu:
Do dai han, bao gdm khoang th&i gian do ngan han

94 95 96 97 98 99 00 01 02 03 04

Pia diém dw doan:
I , ’ \ ]
Dw doan dai han = Po ngan han M
A

)\

94 95 96 97 98 99 00 01 02 03 04
Hinh 1: Tuong quan dai han cua dit liéu do tdc d6 gi6 theo quy trinh MCP

Trude hét, thiét lap mbi tuong quan gitra s6 liéu do ngén han duoc thuc hién tai Dia diém dy béo
v6i bo dir lidu thu thap tai Pia diém tham chiéu (tram do dai han) trong ciing mot khoang thoi
gian, tir d6 cho ra bo tham sb twong quan, trong d6 s& kém theo it yéu té bat dinh hon va cac diéu
kién 6n dinh hon trong qué trinh do tai Dia diém tham chiéu. Trong budc thir hai, dy doan dai
han duge thuc hién ddi véi Dia diém du doan béng cach st dung b tham ) tuong quan da tao
1ap va céc dit liéu do dai han c6 dugc tir Dia diém tham chiéu.
Tém lai, can ghi lai ba loai dit liéu cho tuong quan dai han:

> Do ngin han tai Dia diém dy doan (khoang thoi gian mot nam)

> Do dai han tai Dia diém tham chiéu

» Bo dur lidu ngan han tai Dia diém tham chiéu, duoc ghi lai trong clng khoang thoi

gian do ngan han tai Pia diém dy doan.

Tram do dai han tai Dja diém tham chiéu can phai c6 thoi gian luu trix s6 liéu it nhét tir 5 dén 10
nam va can dugc dat trong khu vuc ma ¢ do
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> Gan voi dia diém do ngin han
> (6 cac diéu kién khi hau gi6 twong tu (c6 khi hau gi6 khu vuc tuong tu)

O hau hét cac nudc déu c6 chuong trinh do tdc do gid cua cac co quan khi twong, san bay hoic
cac tram quan su. Cac chuong trinh do tdc do gié ndy thudng dugc thyc hién & d6 cao thip so
voi mat dat (thuong & do cao tr 10m dén 15m so v&i mat dét) va do d6 bi anh huong rat nhiéu
béi dia hinh va vat can xung quanh. Vi vdy, cac chuong trinh do téc d6 gi6 ndy c6 mot nhuoc
diém 16n: ching cd d6 chinh xac han ché va khdng dai dién cho cac do cao 16n hon. Uu diém
chinh cta cac chuong trinh do nay la dir liéu dugc ghi lai trong mét khoang thoi gian dai, thuong
|l trong diéu kién hoat dong 6n dlnh Uu diém nay khién cho Chung tro nen phu hop véi tuong
quan lau dai va lién két dir liéu mién 1a dir lidu dugc ghi lai trong diéu kién 6n dinh.

That khong may, day khong phai 1a truong hop cua Viét Nam vi hai ly do. Trudc tién, cac tram
do thuong duogc dit tai cac thanh phd, thi xa trong khi cac dia diém trong chwong trinh do nay lai
& kha xa. Vi vay, cac tram nay khong c6 cung ché do khi hau gid. Thir hai, c4c tram ndy chi co
thé phuc vu doc két qua 4 lan/ngay, do d6 khdng dang tin cay c6 thé 1ap mdi twong quan.

Nhugc diém nay s& duoc danh gia trong phan vé cac yéu té bét dinh.

3.1  Cacyéu cau dwgc xem xét trong Phén tich tiém niing gi6

Cac hoat dong do gi6 trong chuong trinh nay da dugc thuc hién mét cach hiéu qua theo céac
chuan qudc té hién nay IEC 61400-121 [Noi dung tham khao 1]. IEC 61400-121 14 tiéu chuan do
két qua gitra tbc d6 gi6 va san luong dién ning cua mot tua-bin gié (dudng cong PV). Do do,
hoat dong do khong chi don thuan 1a do tdc d6 gié ma con 1 thu thap/luu trir dit liéu can thiét va
do dién ning cua tua-bin. Tuy nhién, vi can phai c6 nhimg bao cdo dang tin cdy vé dién ning cia
tua-bin gié nén tiéu chuan nay dua vao cac yéu cau dugc chip nhan rong rii nhit lién quan dén
do toc do gio.

3.1.1 Ghi chép tr li¢u vé tram do

Dé c6 thé danh gia va xir Iy dir liéu do mot cach thich hop va tai bat ky thoi diém nao, khong thé
thiéu hoat dong ghi chép tu liéu day du vé hoat dong do tdc do gi6. Do do, Bang 3 dudi day trinh
bay nhirng diém quan trong nhat di dugc xem Xét trong qué trinh do téc do gio.

Vi tri chinh xac cta tram do e Vi tridialy, toa dd UTM hodc toa do chir nhat
tuong tu

M0 ta vé bd tri/lép dat phuc vu hoat dong e D0 cao do chinh xac

do e Hudng can va thiét bj do huéng gi6 danh dau
hudng bac (khoang cach thang goc voi cuc
béc)

e Thiét bi ghi dit liéu duge s dung (may ghi
biéu db kiéu bang, may ghi ky thuat so, v.v.)

e Céc thiét bi cam bién duoc lap dat (nhiét Ké, ap
ké, v.v.) trong d6 bao gdm ma sé nhan dang

Ghi chép tu liéu vé thoi gian khong do e Tbng sb gio khong do trong nim
trong qua trinh luu gitt dix liéu

e Do dai mdi 1an khong do
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Thong tin chi tiét vé nhing thay ddi trang | e Xay dung lai

thiét bi do e Chuyén dia diém
e Thay d6i ving xung quanh
Bang dit liéu (néu co) e Dit liéu hiéu chinh v& céc thiét bj cam bién do

duogc st dung
e Thay do6i vé duong cong va tham so6 hiéu chinh
e S0 luong bao cdo hi¢u chinh

Bang 3: D¢ xuat ghi chép tu liéu vé tram do

3.1.2 Cot do gio

Bén than cot do gio ciing di tac dong dén hudng gi6. Tac dong nay di duoc han ché & muc tdi
thiéu. Cac may do gio duoc lap dat trén cot theo cach thire dé c6 thé han ché tdi thiéu nhat tac
dong cua cot do gid va can (boom). Do d6, may do gid da dugc lap dat ¢ khoang cach tbi thiéu
can thiét so v6i thap. Trong qua trinh hiéu chinh may do gio, truc gan cia cic may do gié duoc
dam bao trung khép vai cach 1ap dat ngoai troi sau ndy vé co ché diéu chinh va dudng kinh.

Cép dién cta cam bién di dugc bao vé chong lai anh huong cua thoi tiét va mai mon co hoc. Cép
dugc dat trong cac ong cua truc va dugc gan co dinh vao c¢ot do gié bang c4&C mau noi ¢6 khoang
cach ngan.

3.1.3 Cin (Cin ngang)

Can do 1a can thiét khi thuc hién do gi6, duoc lip dit ¢ cac do cao khac chtr khong phai chi ¢
dau cot do gid. Khoang cach giita cot do gid va may do gié da duge gitr & mirc dai hon sau lan
duong kinh thap ludi cta cot do gioé [Noi dung Ref. 2].

3.1.4 Chiéu cao thap va chiéu cao do gié
Chiéu cao do gi6 1y twong chinh 1a chiéu cao tryc tua-bin gi6 duoc dé xuat lip dit.

3.1.5 Khoang thoi gian thwe hién chwong trinh do gi6

Chuong trinh do st dung ¢t do gio da dugc thyc hién trong khoang thoi gian mgt nam, phu hop
v6i cac tiéu chuan lién quan va phu hop vé6i thong 1é chung vé danh gia ngudn tai nguyén gio
mot cach chuyén nghiép. Sau d6, chuong trinh da dugc gia han thém mdt nam. Po trong mot
khoang thoi gian dai hon s& gilp lam giam nhiing yéu t6 bat dinh trong du doan san lugng dién.
Tuy nhién, nhu di néi & phan trén, bao céo nay chi str dung bo sd liéu trong mot nam.

3.1.6 Trang thiét bi

Do tdc do gi6 duoc thuc hién trong mot khoang thoi gian dai (> mot ndm). Vi vay, c4c thiét bi
cam bién dugc lua chon phai phi hop dé st dung 1au dai. Céc thiét bi nay tham chi c6 thé hoat
dong trong diu kién thoi tiét khic nghiét. Cac thiét bi bao gdm cac linh kién c6 chit lugng cao
Va CAc dic tinh dang tin cay. Sai s6 1% vé toc do gio dong nghia véi sai sé san lugng dién tir 2%
dén 3%. Vi ly do nay, cAc thiét bi do gié va canh quat gi6 di duoc hi¢u chinh trong khi dong luc
(wind tunnel) cho phu hop vé6i cac muc dich vé dién gi6. Bang dir liéu va dit liéu hiéu chinh cia
cam bién da duoc ghi lai va cé thé doc trong Phu luc E-H.
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3.1.7 Luu trir dir liéu
Chudi thoi gian duoc ghi lai bao gdm gia tri trung binh, d6 1éch chuan, gia tri toi thiéu va gia tri
t6i da cho trung binh 10 phat. Khoang thoi gian 1ay miu 13 1/s (1Hz) theo [N6i dung Ref. 1].

V& nguyén tic, viéc truyén va doc céac dit lidu do gi6 co thé dugc thuc hién theo hai cach, d6 1a
doc bang mit thuong tai dja diém do va két ndi truc tiép tir may tinh xach tay dén thiét bi thu
thap va luu trir dir liéu hodc truyén dir liéu GSM bang dién thoai di dong. Trong chuong trinh
hién nay, c4c dia diém nam & xa (so véi TP HS Chi Minh) duogc cai dit hé thong truyén dit liéu
GSM biéng dién thoai di dong (tat ca co 5 diém). Trudc do, tin hiéu vién thong tai cac dia diém
da duoc kiém tra dé dam bao van hanh hé thong.

3.1.8 Bao tri va giam sat tram do gid

bé ¢6 duge bao dam dit liéu do gio dﬁy du, cong tac kiém tra va bao tri tram do va dit liéu do da
dugc thyc hién mdi quy mot 1an. Do anh hudng lién tyc cua thoi tiét, cot do gio va cac cam bién
¢6 thé bi hao mon ty nhién va bi hong.
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4 Keét qua do
Bang 4 dudi diy biéu thi thoi diém bat dau hoat dong & mdi dia diém do. Thoi diém két thic
chinh 12 thoi diém két thiic danh gia ciia bao céo cudi ciing nay.

Pia diém Ngay bat dau Ngay két thiic
An Ninh Bong 16.04.2012 15:40 12.04.2013 08:40
Béng 4: Khoang thoi gian danh gia dir li¢u do gid

Bang 5 — Error! Reference source not found.6 dudi day cho thay cac tham sé lién quan chinh
dén dac diém khi hau gi6 cuia mdi dia diém do. Gia tri tdc d6 gid trong bao cdo nay cho thiy gia
tri trung binh ham Weibull. B4i v6i mot s6 danh gid duoc thuc hién hang thang, da khong thé ap
dung ham Weibull boi vi khong phai tat ca cac khu vie déu ¢ du sb dir lidu do hudng gié chu
dao (khdng c6 gi6 thdi theo cac hudng nay) hoic tdc do gié do duoc quéa cao dé co thé xac dinh
ngudn gde chinh xac ciia ham Weibull. Tuy nhién, day khdng phai 13 van dé dbi véi danh gia
hang nim (d4nh gia hang nam lién quan dén tinh todn san luong dién) boi vi trong khoang thoi
gian nay, ham Weibull c6 thé ap dung cho tat ca cic tram va C4c cung goc phuong vi.
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Bang 5 dudi ddy cho thay hudng, ching loai, s6 seri va tham s6 hiéu chinh cua thiét bi do gio sir
dung tai tram An Ninh Dong.

Cam bién Chiing loai S seri Séhiéu |H.agl | Huéng Nhédn | BP9 xién | Khoang
chinh [m] cin quay | méac ghi cach
[] phia thing
béc []/ g6c
Khoédng
cach
thing
géc
An Ninh Toa d§ (UTM WGS84) X / Y: 314651.00 / 1469768.00
Pong

Thiét b do
gi6 trén Thies Loai 1 11102440 | 10/8191 80 - - 10,04590| 0,232
cung
Thict bi do ThiesLoai | |11102438| 10/8193 | 60 . - |0.04580| 0,268
g10 O gira
Thiét b do
gi6 dudi Thies Loai 1 11102436 | 10/8195 40 - - 10,04582| 0,245
cung
Thiét bi do Huodng gi6
huéng gi6 | Thies4.3128.00.xxx 11100816 i 80 315 135 i i
Thiét bi thu
thap va luu Ammonit Meteo32 | C100648 6 - - - -
trit dit liu
Nhiét ké 1 P6312 14 - - - -
May do dg P6312 14 . . . .
am 1
Ap ké Ap ké AB60 6 - - - -

Bang 5: Hudng, chung loai, sb seri va tham sb hiéu chinh cua thiét bi do gié s dung tai tram An Ninh Déng
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V& 151 hé thong, khdng cd dir liéu duoc ghi lai tir may do gi6 trén cung (lip dit ¢ do cao 80 m) tir
ngay 07/12/2012 dén 12/4/2013 do mat cap.

bi ¢ ge"mg dién cac dit liéu con thiéu béng cach sur dung dir li€u dat chuan do dugc & cac do cao
khéc. Phuong phap tiép can ap dung & day 12 trude hét tao 1ap quan hé giita dir liéu gio ¢ hai do
cao, thuong thi thé hién bang mot phuong trinh tuyén tinh. Sau d6, ap dung quan hé nay dé tinh
dir liéu bi mat bang cach dung dit liéu dat chuin do duoc & cac do cao khéac. Cu thé dbi véi tram
do hién tai, dir liéu bi mat ¢ d6 cao 80 m di duoc thay thé bang dit liéu do dugc & do cao 60 m.
Béng cach nay da c6 duoc bo dir liéu trong mot nam hoan chinh. Phuong phép tiép can chi tiét
duoc trinh bay trong phan phu lyc.

Mot bang tom tat két qué do dya trén bg dir liéu hoan chinh trong mot ndm duogc trinh bay dudi
day, va bang chi tiét cac két qua nay dugc néu trong ph?m Phu luc. Cac s6 mau do 1a dir liéu suy
ra, con cac sd mau den 1a dit liéu do duge.

$6 lwgng Th:illlgi/do'n 12/4112/502/612/7 12/8[12/9112/10[12/11112/12113/1113/2/13/3[13/4[Téng
80m
Tbc @6 gio [m/s] |4,464,628,146,85[7,094,41|5,80 |4,95 |7,12 6,83/6,804,924,85|6,03
Tham sb Weibull A [m/s] #,99p,239,217,73[7,99%,97(6,55 (5,62 |8,05 [7,67(7,705,56p,47|6,82
Tham s6 Weibull k [-] 1,64P,04R,16P,24P,56P,59(2,43 |1,96 |2,42 2,93R,06[1,94[1,84|2,02
Cuong d6 nhiéu loan [-] 0,114
60 m |
Tbc do gio [m/s] #,2304,457,926,66/6,88%,28(5,63 (4,89 |6,97 6,676,664,754,64|5,86
Tham s6 Weibull A [m/s] |4,745,028,95[7,52[7,7614,82|6,39 |5,54 |7,88 [7,49[7,555,385,23|6,63
Tham s6 Weibull k [-] 1,63p,03R,12P,20P,49p,57(2,36 |1,98 | 2,38 2,872,04[1,93[1,82|2,00
Cudng do nhiéu loan [-] 0,123
40 m |
Tbc do gio [m/s] PB,914,10[7,306,156,33%4,02|5,35 |4,71 |6,65 6,276,404,454,35|5,50
Tham s6 Weibull A [m/s] #,384,638,256,95(7,14%,54(6,06 (5,34 | 7,53 [7,06(7,255,0414,90(6,22
Tham s6 Weibull k [-] 1,63[1,99p,08p,15p,42p,49(2,27 |1,95 | 2,33 2,742,00{1,87(1,80|1,96
Cudng do nhiéu loan [-] 0,140
Cic tham s khi twgng bd sung
Nhiét do 14m [°C] 27,51
Ap suat 6m [hPa] 1009,0
Do am tuong ddi 14m [%] 81,10

Bang 6: SO liéu trung binh hang thing vé cac dic diém khi twong gié & An Ninh Pong

Két qua 1a, tir 16.4.2012 dén 12.04.2013, toc do gi6 trung binh ghi nhan duge & d6 cao 80 m la
6,03 m/s. Hudng gio chinh la gitra 45-75° va 255-285°. Téc do gi6 dugce phan bd theo phuong
trinh Weibull v&i tham sé A = 6,82 m/s va k = 2,02.

Theo sé liéu trung binh, gié manh vao ban ngay va yéu vao ban dém. Pay 1a dic tinh mong
mudn Vi nd c6 thé gop phan dap tmg nhu cau gio cao diém budi trua hién dang trd nén cao hon
nhu ciu gio cao diém budi tdi. Vao gio cao diém budi trua, luong tiéu thu cho nganh thuong mai
va cong nghiép dang tang Ién.

Mic du ¢6 nhimng dic tinh ndi bat nhu vay nhung theo phén loai trong nganh dién gio, téc do gio
nay chi & mirc "trung binh" va khong qua hip dan trir phi chuong trinh do gié dugc thuc hién
trong nam c6 toc d6 gio thap - chi dé nay s& duoc thao luan trong phan tiép theo.
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5 Diéu chinh dai han

O trén 1a két qua do gi6 trong vong mot nam tir 16/04/2012 dén 12/04/2013, va két qua nay co
thé khong thuc sy phan anh khi hau gié dai han tai dia diém do. Vi vay, viéc diéu chinh dai han
cac két qua 1a can thiét. That khong may, nd luc nay da khong thanh cong do thiéu dir liéu dai
han phu hop va can thiét cho viéc ap dung quy trinh MCP. Chi c6 sén céac dir liéu dai han tir cac
tram khi tugng va cac dit liéu nay khong tt vé chét lugng va sb lugng. Gi6 dugc do ¢ cac thanh
phé hoic thi x4 & d6 cao 10 m va thuong chi duoc doc 4 1an/ngay trong khi quy trinh MCP yéu
cau phai do trong diéu kién khi hau tuwong tu voi khoang thoi gian ¢ thé so sanh dugc, 1y tudong
1a trung binh 10 phdt hodc 1 gid do mot lan.

Dit liéu gi6 theo thang tir cac ngudn nay khong cho thdy mdi twong quan dé co thé 4p dung mot
quy trinh MCP don gian. Vé van dé nay, dit liéu khi tugng trung binh hang nim tir cac tram khi
tuong xung quanh da dugc nghién ciru dé c6 thé hiéu duge mire d6 bién thién.

Hinh dudi day cho thay tdc do gié hang nam tir nim 2002 dén nam 2012 tai tram Tuy Hoa, céch
dia diém do gan nhat khoang 34 km vé phia nam. N6 cho thay rang, d6 bién thién cua dir liéu gi6
hang nim khong 16n hon + 8,6% gié tri trung binh dai han cua tit ca cac nam. Con sb + 8,6%
nay c6 thé duoc coi 1a gia trj tuyét ddi cua sy bién thién tdc do gié hang nim. Piéu dé c6 nghia
la toc d6 gi6 hang nam trong tuwong lai s& khong vuot ra ngoai pham vi nay.

Hang nam
3.5

3.0

e —— \/\/\

2.0

1.5 = Annual

1.0

0.5

0.0 T T T T T T T T T T 1
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Gia dinh rang do bién thién nay 1a ding trong diéu kién khi hau gié khu vuc (bao gdm ca dia
diém do) va khong nhét thiét phai ding nhu vay khi xét dén mbi twong quan, khi d6 c¢6 thé cho
rang toc do gio6 do dugc o trén (+ 8,6%) 14 gia tri trung binh dai han.

Mic du phuong phép tiép can nay khong thé giup khang dinh rang liéu dir liéu do duoc ¢ 16n
hon hodc nhé hon 8,6% mirc do trung binh dai han hay khong, nhung trong diéu kién tuyét ddi,
con sO ndy 1a can thiét v&i tu cach 12 nhan t6 du vao ciia hoat dong danh gia yéu tb bat dinh, va
tiép theo 1a dy doan san luong dién nhu duoc trinh bay trong phan tiép theo. R3 rang 1a s& giam
thiéu duoc cac yéu td bat dinh néu co nguén dir liéu dai han dang tin cay. Trén thuc té, van dé
nay da duogc giai quyét bang cach quyét dinh gia han chuong trinh do gié thém mot nam.
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6 Cac yéu té bat dinh ciia chwong trinh do gié

Khi tién hanh do dit liéu vé tdc d6 gi6, vi nhiéu Iy do khac nhau ma c6 thé din dén cac yéu tb bat
dinh lién quan dén dit liéu dugc do. Trong chuong trinh do gi6, di c¢b ging giam thiéu cac yéu tb
bét dinh bang cach ap dung tiéu chuin va quy trinh duoc céng nhan vé thiét bi do, lap dat thiét
bi, két cau cot do ciing nhu phuong phap Kiém tra va diéu chinh dit liéu. Hon nira, thiét bi do gi6
hiéu chinh ciing dd dugc s dung. Tuy nhién, ké ca nhu vay thi ciing khong c6 nghia 1a yéu tb
bat dinh c6 thé bang 0. Nhimng yéu td bat dinh nay c6 thé mang tinh chéat hé thong hodc thong ké.
CAc yéu t6 bat dinh thudc vé do bién thién dai han 12 sai biét co thé xay ra vé dic diém gio trong
khoang thoi gian do so v6i gia tri dai han va 13 bat ctr yéu té bat dinh nao vé hé théng va thong
ké do quy trinh dién cac dir lidu con thiéu tao ra.

Bang 7 cho thiy cac yéu té bat dinh tuong ddi lién quan dén co so dit lidu gié & An Ninh Pong:

Yéu t6 bét dinh

Nhan xét

Mirc dd bat
dinh ve toc
d gi6 [%0]

Do toc dd gio

Muc d6 bat dinh ap dung cho toan bd khoang

A . . 9
Hiéu chinh may do gio6 hiéu chinh trong déng luc hoc 1,72 %
Anh hudng cua can lap thiét bi do gio o )
- Méo dang luong gid Can lap thiét bi do gi6 khong 1y tudng 0,6%
- Hiéu ung che bong 0,5%
Su bat dinh cua viéc diéu chinh toc d6 qua cao
Dic tinh trong dbi ciia may do gi6 do dic tinh khi dong hoc, bao gom céc hiéu tmg 0,94%
khac vé thudc tinh may do gid
Do bat dinh udc tinh do sai biét ¢6 thé xay ra vé
dic diém gié trong giai doan do so voi gia tri dai
Bién tien i han han va i big o6 thexdy ra vE dhc Giém g6 | g o
trong giai doan do so voi giai doan bi thicu so
lidu dugc dién bang cac gia tri théng ké trung
binh
g};‘;} thip dit 1igu lién quan den toc 0 gi6 UNG | b5 444 i cita qud trinh ghi chép sb lidu 0.1%
Téng mirc dd bét dinh caa co so dir lidu gi6 8,86%

Bang 7: B§ bat dinh twong doi cta dir liéu khi tuong lién quan dén toc d giod tai tram An Ninh Pong. Tat ca cac gia
tri cho thiy do bat dinh chuan phu hop véi quy dinh ctia TS chirc Tiéu chuan quéc té.

Téng muc d6 bat dinh 8,86% nhu udc tinh & trén 1 twong dbi cao khi nguyén nhan 16n nhét 1a
thiéu dir liéu dai han phu hop. Chinh vi vay da quyét dinh gia han chuong trinh do thém mot nim
nita. Véi viéc gia han ndy, hoat dong danh gia s& c6 thém co s&, cho phép c6 nhitng két luan pha

hop hon vé tiém ning gid tai dja diém do.

174 chire Tigu chudn qudc té, Huong din vé mo ta d bt dinh trong do ludng, 1995
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7 Phén tich va danh gia chi tiét dir liéu do gié
Mot bao cdo phan tich chi tiét cho mdi d6 cao do gié dugc trinh bay trong Phu luc A.

Céc yéu t6 quan trong mo ta dic tinh cua khi hau gid tai dja diém do va Phu luc trong tmg duoc
mo ta dudi day.

Do cao do gio
L 80m 60m 40m
Van dé phan tic

Thong ké ho so [ I 10
Phan bd tan suat huéng
gi6 & d6 cao 80 m
Phan b tan suat tde do
gio

Bién trinh toc do gi6
(80m) va hudng gio VI
(80m) qua céc ngay
Bién trinh toc do gi6
(80m) va hudng gio IX
(80m) qua cac thang

Bang 4: Phan tich va danh gia dir li¢u gid cho tat ca cac tram do trong Phu luc A

\Y Vi \l
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Phu luc A — Phan tich va danh gia chi tiét dir li¢u do gié

I-Thong ké dir liéu do
80m height

Day 412 512 612 712 812 912 1012 1112 1212 113 213 313 413

1 144 144 144 144 144 144 144 144 0O O 0 O
2 144 144 144 144 144 144 144 144 O O 0O O
3 144 144 144 144 144 144 144 144 O 1 0 0
4 144 144 144 144 144 144 144 144 O 1 0 0
5 144 144 144 144 144 144 144 144 0O O 0O O
6 144 144 144 144 144 144 144 144 O O 0O O
7 144 144 144 144 144 144 144 106 0 O 1 0
8 144 144 144 144 144 144 144 38 0 O 0 11
9 144 144 144 144 144 144 144 0o 0 0 0
10 144 144 144 144 144 144 144 0 0 0 0
11 144 144 144 144 144 144 144 286 0 0 0 0
12 144 144 144 144 144 144 144 1 0 1 0 0
13 144 144 144 144 144 144 139 0o 0 0
14 144 144 144 144 144 144 71 3 0 0 0
15 144 144 144 144 144 144 4 2 0 0 0
16 50 144 144 144 144 144 144 42 56 0 0 0
17 144 144 144 144 144 144 144 127 76 0 0 0
18 144 144 144 144 144 144 144 31 52 0 0 O
19 144 144 144 144 144 144 144 21 59 0 0 O
20 144 144 144 144 144 144 144 144 63 0 0 0
21 144 144 144 144 144 144 144 144 o 0 0 o
22 144 144 144 144 144 144 144 144 o 0 0 0
23 144 144 144 144 144 144 144 144 o 0 0 0
24 144 144 144 144 144 144 144 144 o 0 0 0
25 144 144 144 144 144 144 144 144 0 0 1 0
26 144 144 144 144 144 144 144 144 o 0 0 0
27 144 144 144 144 144 144 144 144 o 0 0 o
28 144 144 144 144 144 144 144 144 o 0 0 0
29 144 144 144 144 144 144 144 144 o 0 0 0
30 144 144 144 144 144 144 144 144 o 0 0 0
31 0 144 0 144 144 0 144 0 o 0 0 o
% 47.8 100.0 100.0 100.0 100.0 100.0 100.0 867 303 00 01 00 0.3
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60m height

Day 4.12 512 612 712 812 912 1012 1112 1212 113 213 313 413

1 144 144 144 144 144 144 144 144 144 144 144 144
2 144 144 144 144 144 144 144 144 144 144 144 144
3 144 144 144 144 144 144 144 144 144 144 144 144
4 144 144 144 144 144 144 144 144 144 144 144 144
5 144 144 144 144 144 144 144 144 144 144 144 144
6 144 144 144 144 144 144 144 144 144 144 144 144
7 144 144 144 144 144 144 144 144 144 144 144 144
8 144 144 144 144 144 144 144 144 144 144 144 144
9 144 144 144 144 144 144 144 144 144 144 144 142

10 144 144 144 144 144 144 144 144 144 144 144 144

11 144 144 144 144 144 144 144 144 144 144 144 144

12 144 144 144 144 144 144 144 144 144 144 144 53

13 144 144 144 144 144 144 144 144 144 144 144

14 144 144 144 144 144 144 144 144 144 144 144

15 144 144 144 144 144 144 144 144 144 144 144

16 50 144 144 144 144 144 144 144 144 144 144 144

17 144 144 144 144 144 144 144 144 144 144 144 144

18 144 144 144 144 144 144 144 144 144 144 144 144

19 144 144 144 144 144 144 144 144 144 144 144 144

20 144 144 144 144 144 144 144 144 144 144 144 144

21 144 144 144 144 144 144 144 144 144 144 144 144

22 144 144 144 144 144 144 144 144 144 144 144 144

23 144 144 144 144 144 144 144 144 144 144 144 144

24 144 144 144 144 144 144 144 144 144 144 144 144

25 144 144 144 144 144 144 144 144 144 144 144 144

26 144 144 144 144 144 144 144 144 144 144 144 144

27 144 144 144 144 144 144 144 144 144 144 144 144

28 144 144 144 144 144 144 144 144 144 144 144 144

20 144 144 144 144 144 144 144 144 144 144 0 144

30 144 144 144 144 144 144 144 144 144 144 0 144

31 0 144 0 144 144 0 144 0 144 144 0 144

X

478 1000 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 37.8
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40m height

Day 4.12 512 612 712 812 912 1012 1112 1212 113 213 313 413

1 144 144 144 144 144 144 144 144 144 144 144 144
2 144 144 144 144 144 144 144 144 144 144 144 144
3 144 144 144 144 144 144 144 144 144 144 144 144
4 144 144 144 144 144 144 144 144 144 144 144 144
5 144 144 144 144 144 144 144 144 144 144 144 144
6 144 144 144 144 144 144 144 144 144 144 144 144
7 144 144 144 144 144 144 144 144 144 144 144 144
8 144 144 144 144 144 144 144 144 144 143 144 144
9 144 144 144 144 144 144 144 144 144 144 144 143

10 144 144 144 144 144 144 144 144 144 144 144 144

11 144 144 144 144 144 144 144 144 144 144 144 144

12 144 144 144 144 144 144 144 144 144 144 144 53

13 144 144 144 144 144 144 144 144 144 144 144

14 144 144 144 144 144 144 144 144 144 144 144

15 144 144 144 144 144 144 144 144 144 144 144

16 50 144 144 144 144 144 144 144 144 144 144 144

17 144 144 144 144 144 144 144 144 144 144 144 144

18 144 144 144 144 144 144 144 144 144 144 144 144

19 144 144 144 144 144 144 144 144 144 144 144 144

20 144 144 144 144 144 144 144 144 144 144 144 144

21 144 144 144 144 144 144 144 144 144 144 144 144

22 144 144 144 144 144 144 144 144 144 144 144 144

23 144 144 144 144 144 144 144 144 144 144 144 144

24 144 144 144 144 144 144 144 144 144 144 144 144

25 144 144 144 144 144 144 144 144 144 144 144 144

26 144 144 144 144 144 144 144 144 144 144 144 144

27 144 144 144 144 144 144 144 144 144 144 144 144

28 144 144 144 144 144 144 144 144 144 144 144 144

20 144 144 144 144 143 144 144 144 144 144 0 144

30 144 144 144 144 144 144 144 144 144 144 0 144

31 0 144 0 144 144 0 144 0 144 144 0 144

X

478 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 37.9
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I1- Phan bd tin suit hwéng gié ¢ dd cao 80 m
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I11-Phan b tin suit téc dd gi6 & dd cao 80 m tai tram An Ninh Péng

Wind Speed Frequency Distribution
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Frequency Distribution of Wind Speed at 60 m height at An Ninh Dong Station
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Frequency Distribution of Wind Speed at 40 m height at An Ninh Dong Station

Wind Speed Frequency Distribution

10 == Maximum likelihood
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V-Course of Wind Speed 80m and Wind Direction 80m over the months at An Ninh Dong

Station

400
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2012 2013

Phu luc B — Bang hiéu chinh An Ninh Dong

An Ninh Dong Thies 1* Class Anemometer at 80m:
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Ay\ N ik ’Dé‘y - o
DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium / Calibration laboratory
Akkreditiert durch die / accredited by the @
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Deutsche p— Deutsche WindGuard (A::‘m‘lnrwns-
WindGuurd Wind Tunnel Services GmbH [ aN[=3
The Wind Professonals Varel DKD-K- 36801
10/8191
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
11/2010
LN
Gegenstand Dieser Kalibrierschein  dokumentiert  die
Boent 4.3351.10.000 Rickfihrung auf nationale Normale zur
Darstellung der Einheiten in Ubereinstimmung
Hersteller . . mit dem Internationalen Einheitensystem (Sl).
Manutacturer Thies Clima Der DKD ist Unterzeichner der muiti- lateralen
D-37083 Gottingen Ubereinkommen der European co-operation for
: : Accreditation (EA) und der International
Typ 4.3351.10.000 Laboratory Accreditation Cooperation (ILAC)
Type zur  gegenseitigen  Anerkennung  der
. X Kalibrierscheine.
gg’%rmg;/i?nen-m, Body: 11102440 Fur die Einhaltung einer angemessenen Frist
Cup: 11102440 zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.
éll‘lggg%geber Ammonit GmbH This calibration certificate documents the
D-10997 Berlin traceability to national standards, which realize
the units of measurement according to the
international System of Units (SlI).
Auftragsnummer VT10799 The DKD is signatory to the multilateral
Ordér.No. agreements of the European co-operation for
Anzahl der Seiten des Kalibrierscheines 3 AR (SN 400 O S iernstornl
A Laboratory Accreditation Cooperation (ILAC)
. Nombar of pages ot the certificae for the mutual recognition of calibration
Datum der Kalibri certificates.
,,,a,,,“;",‘cafb’,a,,on' flerung 27.11.2010 The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und unverdndert weiterverbreitet werden. Ausziige oder Anderungen bedirfen
der Genehmigung sowohl der Akkreditierungsstelile des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Guitigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel Leiter des Kalibrierlaboratoriums Bearbeiter
Seal Head gf the calibration laboratory Person in gharge
(Sj : —
Dipl. Phys. D. Westermann Dipl. Ing. (FH) Catharina Herold
Deutsche WindGuard Wind Tunnel Services GmbH Deutsch -
Oldenburger Str. 65
26316 Varel ; Tol. ++49 (0)4451 9515 0 WindGucrd
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ot 10/8191
DKD-K-
36801
11/2010

Kalibriergegenstand
Object

Kalibrierverfahren
Calibration procedure

Ort der Kalibrierung
Place of calibration

Anemometer

IEC 61400 12 1 - Wind Turbine Power Performance Testing 12 2005
MEASNET - Cup Anemometer Calibration Procedure — 09 1997
ISO 3966 — Measurement of fluid in closed conduits - 1977

Windtunnel of Deutsche WindGuard, Varel

Messbedingungen
Test Conditions wind tunnel area " 10000 cm?
anemometer frontal area ? 230 cm?
diameter of mounting pipe 9 34 mm
blockage ratio ¢ 0.023 [-]
blockage correction ¥ 1.000 [1]
Umgebungsbedingungen
Test conditions air temperature 18.5°C +02K
air pressure 1009.9 hPa +0.3 hPa
relative air humidity 31.1% +20%
Akkreditierung
Accreditation 08/2009
Anmerkungen -
Remarks
Auswertesoftware 5.0

Software version

" Q der A

2 Q

* Durchmesser des Montagerohrs
* Verhitnis von 2) zu 1)
8 durch die

des Priflings inkl. Montagerohr

Strd
gung der

g durch den Prifling

A g: Auigrund der sp Konstruktion der Messstrecke ist keine Korrektur ndtig.
Remark: Due 1o the speciai construction of the test section no biockage correction is necessary

Dieser Kalibrierschein wurde elektronisch erzeugt
This calibration certificate has been generated electronically

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str. 65

26316 Varel ; Tel. ++49 (0)4451 95150 Wdeuurd
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e 10/8191
DKD-K-
36801
11/2010
Kalibrierergebnis:
Result:
Test Item (1/s) Tunnel Speed (m/s) Uncertainty (k=2) (m/s)
86.081 4170 0.05
127.704 6.091 0.05
168.724 7.985 0.05
208.646 9811 0.05
251811 11.770 0.05
| 294.030 13.750 0.05
B 336.952 15.696 0.05
314.350 14.653 0.05
273.146 12.763 0.05
229.968 10.781 0.05
188.342 8.872 0.05
146.321 6.960 0.05
107.533 5.174 0.05

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standardmessunsicherheit durch
S Multiplikation mit dem Erweiterungsfaktor k=2 ergibt. Sie wurde gemaB DKD-3 ermittelt. Der Wert der
MessgroBe liegt mit einer Wahrscheinlichkeit von 95 % im zugeordneten Wertintervall.

Der Deutsche Kalibrierdienst ist Unterzeichner der multilateralen Ubereinkommen der European co-
operation for Accreditation (EA) und der Internationat Laboratory Accreditation Cooperation (ILAC) zur
gegenseitigen Anerkennung der Kalibrierscheine. Die weiteren Unterzeichner innernalb und auBerhalb
Europas sind den Internetseiten von EA (www.european-accreditation.org) und ILAC (www.ilac.org) zu
entnehmen.

The expanded uncertainty assigned to the mea-surement results is obtained by muitiplying the standard
uncertainty by the coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the
measurand lies within the assigned range of values with a probability of 95%.

The DKD is signatory to the multilateral agree-ments of the European co-operation for Accredita-tion (EA)
and of the International Laboratory Accreditation Cooperation (ILAC) for the mutual recognition of calibration
certificates.

Deutsche WindGuard Wind Tunnel Services GmbH D —a—
Oldenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 95150 WindGuurd
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Anhang
Annex

An Nl Dewg - §0m

10/8191

DKD calibration no.

Body no.

Cup no.

Date

Air temperature
Air pressure
Humidity

Linear regression analysis

1 Detailed MEASNET' Calibration Results

10/8191

11102440
11102440
27.11.2010
18.5°C
1009.9 hPa
311 %

') According to MEASNET Cup Anemometer Calibration Procedure 09/1997.
Deutsche WindGuard Wind Tunnel Services is accredited by MEASNET and by the Deutscher Kalibrierdienst
-~ DKD (German Calibration Service). Registration: DKD ~ K ~ 36801

Slope 0.04590 (m/s)/(1/s) £0.00004 (m/s)/(1/s)
Offset 0.232 m/s £0.009 m/s
b St.err(Y) 0.009 m/s
Correlation coefficient 0.999996
Remarks no
Calibration No: 10_8191; Body No: 11102440; Cup No: 11102440
20 fmiae i g 10.2
WindGuard
15 Cow T |04
| ]
£ .
s .
-] » . " L
g. 10! & = ¢« F e ’ . .. 1o
© a L4 ]
© L]
N £ . "
5 L 0.1
»
[] : ; J02
(1] 50 100 150 200 250 300 350 400
slopa 0.0450 Anermorreter output /s
mﬂ ‘)um ¢ Residuls = Windspeed

Residuals / mis

Oldenburger Str. 65

Deutsche WindGuard Wind Tunnel Services GmbH
26316 Varel ; Tel. ++49 (0)4451 95150

Deutsche

ard

WindGu
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Anhang
Annex 10/8191

2 Instrumentation

Pos. Sensor Manufa. identification Year
1__| Pitot static tube Aiflow 483/8 Nr. 000142 02
2__ | Pitot static tube Airtiow 483/8 Nr. 000143 02
3 Pitot static tube Airtlow 483 r. 000144 02
4 Pitot static tube Airtlow 483 . 000145 02

Pressure transducer Setra C 239 Nr. 1688081 02
6 | Pressure transducer Setra C 239 Nr. 1688082 02

Pressure transducer Setra C 239 Nr. 1688083 02
8 | Pressure transducer Setra C 239 Nr. 1688084 02
9 | El. Barometer Vaisaia 100 A Nr. X2010004 02
10 | Ei. Thermometer Galitec KPK 1/6-ME 02
11 | El. Humidty sensor Galltec KPK 1/6-ME 02
12 | Wind tunnei contro! - - -
13 | CAN-BUS/PC esd - 04
14 | Anemometes -
15 | Universal Isoiator Knick P2700 - 98430 05

Table 1 Description of the data acquisition system

Remark: Last Re-accreditation see page 2

3 Photo of the calibration set-up

Calibration set-up of the anemometer calibration in the wind Remark: The proportion of the set-up are not true to scale due to
tunnel of Deutsche WindGuard, Varel. The anemometer imaging geometry.
shown is of the same type as the calibrated one.

4 Deviation to MEASNET procedure
The calibration procedure is in all aspects in accordance with the IEC 61400-12-1 Procedure
5 References

[1] D. Westermann, 2009 - Verfahrensanweisung DKD-Kalibrierung von Windgeschwindigkeitssensoren
[2} IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

[3] 1SO 3966 1977 - Measurement of fluid flow in closed conduits

{4] MEASNET 09 1997 - Cup Anemometer Calibration Procedure

Deutsche WindGuard Wind Tunnel Services GmbH ks i
Oldenburger Str. 65 .
26316 Varel ; Tol. ++48 (0)4451 9515 0 WindGuard
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An Ninh Dong Thies 1% Class Anemometer at 60m:

ﬁ‘(y\ Nk VDB»} - 60m
DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium / Calibration laboratory
Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Deutsche < — Deutsche WindGuard Rc2ainrunas
. Wind Tunnel Services GmbH = PANE=:
WindGuard ) e
The Wind Professionals are DKD-K- 36801
10/8193
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label —
N
Die Kalibrierschein  dokumentiert  die
ggggnstand 4.3351.10.000 F!:I«:sl?flnr“.vhrungI rauf neationalg Normale zur

Darstellung der Einheiten in Ubereinstimmung

Hersteller . . mit dem Internationalen Einheitensystem (S1).
Manufacturer Thies Clima Der DKD ist Unterzeichner der multi- lateraien
D-37083 Guttingen Ubereinkommen der European co-operation for
Accreditation (EA) und der International
I}“?e 4.3351.10.000 Laboratory Accreditation Cooperation (ILAC)

zur gegenseitigen Anerkennung der
Kalibrierscheine.

EE%‘ES%?;”Q"‘NL Body: 11102438 For die Einhaltung einer angemessenen Frist
: Cup: 11102438 zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.
/ébjsfgg,%?eber Ammonit GmbH This calibration certificate documents the
D-10997 Berlin traceability to national standards, which realize
the units of measurement according to the
International System of Units (S1).
Auftragsnummer VT10799 The DKD is signatory to the multilateral
Oresrivo: agreements of the European co-operation for
: o A Accreditation (EA) and of the International
Anzah) der Seiten des Kalibrierscheines 3 Laboratory Accreditation Cooperation (ILAC)
\ Kmarol peges ot the ceniicats for the mutual recognition of calibration
certificates,

B,?,L“;}‘cf,ﬁ,',,’fg','b“e'“ na 27,11.2010 The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur vollstandig und unveranden weiterverbreitet werden. Ausziige oder Anderungen bediirfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrieriaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Guitigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel .\)\. L‘/,.

Datum Leiter des Kalibrierlaboratoriums Bearbeiter

Seal [Q # \\Date Head gf the calibration laboratory Person in gharge

DKD-K- 28.11.2010 /S S

% 36801 ;.. A e
’/6" ‘6\. Dipl. Phys. D. Westermann Dipl. Ing. (FH) Catharina Herold

AL
Deutsche WindGuard Wind Tunne! Services GmbH e
Oldenburger Str. 65 D’“"f"' Cd
26316 Varel ; Tel. ++49 (04451 9515 0 WindGuard
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Kalibrierverfahren

Calibration procedure IEC 61400 12 1 - Wind Turbine Power Performance Testing 12 2005
MEASNET - Cup Anemometer Calibration Procedure - 09 1997
ISO 3966 — Measurement of fluid in closed conduits - 1977

Ort der Kalibrierung

Place of calibration ] Windtunnel of Deutsche WindGuard, Varel

Messbedingungen

Test Conditions wind tunnel area " 10000 cm?
anemometer frontal area 230 cm?
diameter of mounting pipe ¥ 34 mm
blockage ratio ¥ 0.023 [-]
blockage correction 1.000 [-]

Umgebungsbedingungen

Test conditions air temperature 18.8 °C +0.2K
air pressure 1009.8 hPa +0.3 hPa
relative air humidity 30.8 % +2.0%

Akkreditierung

Accreditation 08/2009

Anmerkungen =

Remarks

Auswertesoftware 5.0

Software version

& i der use des Windi
A infachte Qi des Priflings inkl. Montagerohr
¥ Durchmesser des Montagerohrs
4 Verhaltnis von 2) zu 1)
% Korrekturfaktor durch die Verdrangung der Strdmung durch den Prifling
g: Aufp der ion der ist keine Korrektur ndtig.
Remark: Due to the special construction of the test section no blockage correction is necessary

Dieser Kalibrierschein wurde elektronisch erzeugt
This calibration certificate has been generated electronically

,S,Zgz ¢ 10/8193
DKD-K-
36801
11/2010
Kalibriergegenstand
Object Anemometer

Deutsche WindGuard Wind Tunnel Services GmbH

Deutsche
Oldenburger Str. 65

ap—

26316 Varel ; Tel. ++49 (0)4451 9515 0 WindGucrd
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Paoe: 10/8193
DKD-K-
36801
11/2010
Kalibrierergebnis:
Result:
Test item (1/s) Tunnel Speed (m/s) Uncertainty (k=2) (m/s)
85.553 4177 0.05
127.447 6.099 0.05
168.342 7.982 0.05
208.130 9.809 0.05
250.507 11.777 0.05
294.961 13.736 0.05
' 337.027 15.703 005
314.204 14.654 0.05
272525 12.760 0.05
228.850 10.768 0.05
187.644 8.866 0.05
146.149 6.955 0.05
107.990 5214 0.05

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standardmessunsicherheit durch
. Muitiplikation mit dem Erweiterungsfaktor k=2 ergibt. Sie wurde gemaB DKD-3 ermittelt. Der Wert der
MessgrdBe liegt mit einer Wahrscheinlichkeit von 95 % im zugeordneten Wertintervall.

Der Deutsche Kalibrierdienst ist Unterzeichner der multiiateralen Ubereinkommen der European co-
operation for Accreditation (EA) und der international Laboratory Accreditation Cooperation (ILAC) zur
gegenseitigen Anerkennung der Kalibrierscheine. Die weiteren Unterzeichner innerhalb und auBerhalb

Europas sind den Internetseiten von EA (www.european-accreditation.org) und ILAC (www.ilac.org) zu
entnehmen.

The expanded uncertainty assigned to the mea-surement results is obtained by muitiplying the standard
uncertainty by the coverage factor k = 2. it has been determined in accordance with DKD-3. The value of the
measurand lies within the assigned range of values with a probability of 95%.

The DKD is signatory to the multilateral agree-ments of the European co-operation for Accredita-tion (EA)
and of the International Laboratory Accreditation Cooperation (ILAC) for the mutual recognition of calibration
certificates.

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str. 65

Deutsche ——
26316 Varel ; Tel. ++49 (0)4451 95150 WindGuurd
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Anhang
Annex

7Avy| vavlw "DEV ~60m

10/8193

Linear regression analysis

DKD calibration no. 10/8193
Body no. 11102438
Cup no. 11102438
Date 27.11.2010
Air temperature 18.8 °C

Air pressure 1009.8 hPa
Humidity 30.8 %

1 Detailed MEASNET' Calibration Results

') According to MEASNET Cup Anemometer Calibration Procedure 09/1997.

— DKD (German Calibration Service). Registration: DKD — K — 36801

Slope 0.04580 (m/s)/{1/s) £0.00007 (m/s)/(1/s)
Offset 0.268 m/s +0.015 m/s
X St.err(Y) 0.017 m/s
Correlation coefficient 0.999989
Remarks no
Calibration No: 10_8193; Body No: 11102438; Cup No: 11102438
 WindGuard
15 i g 0.
-
£ .
gm o g W @ G K] P o s
o . . . Ig
N g P | (-4
5 [ 0.1
0 . o2
0 50 150 200 250 300 400
slop 00468 Anemometer output /s
gomelcr: O0u0008 ¢ Resicusls = Windspeed

Deutsche WindGuard Wind Tunnel Services is accredited by MEASNET and by the Deutscher Kalibrierdienst

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 9515 0

Deutsche ’/-’/»;‘"

WindGuard
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e 10/8193

2 Instrumentation

|_Pos. Sensor Manuta. Identification Year

t | Pitot static tube Airtiow 483/8 Nr. 000142 0;

2__| Pitot static tube Airflow 483/8 Nr. 000143 [o}
Pitot static tube Airflow 483/8 Nr. 000144 [}

4 | Pitot static tube Airfiow 483/8 Nr. 000145 [o}

S___| Pressure transducer Setra C 239 Nr. 1688081 02

6 __| Pressure transducer Setra G 239 Nr. 1688082 02

7 Pressure transducer Setra € 239 Nr. 1688083 02

8 | Pressure transducer Setra C 239 Nr. 1688084 02

9 | Ei. Barometer Vaisala 100 A Nr. X2010004 02

10_| El. Thermometer Galltec KPK 1/6-ME 02

1 El._Humidity sensor Galitec KPK 1/68-ME 02 |

1 Wind tunnel contral - - 2

1 CAN-BUS /PC esd - 04

14 | Anemometer .

15 [ Universal [solator Knick P2700 - 98430 05

Table 1 Description of the déra acquisition system
Remark: Last Re-accreditation see page 2

3 Photo of the calibration set-up

Calibration set-up of the anemometer calibration in the wind Remark; The proportion of the set-up are not true to scale due to
tunnel of Deutsche WindGuard, Varel. The anemometer Imaging geometry.
shown is of the same type as the calibrated one.

4 Deviation to MEASNET procedure
The calibration procedure is in all aspects in accordance with the IEC 61400-12-1 Procedure
§ References

{1] D. Westermann, 2009 - Vertahrensanweisung DKD-Kalibrierung von Windgeschwindigkeitssensoren
{2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

[3) 1ISO 3966 1977 - Measurement of fluid flow in closed conduits

{4) MEASNET 09 1997 - Cup Anemometer Calibration Procedure

Deutsche WindGuard Wind Tunnel Services GmbH s
Oldenburger Str. 65 Deutsche < ama—

26316 Varel ; Tel. ++49 (0)4451 9515 0 WindGuai'd
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An Ninh Dong Thies 1% Class Anemometer at 40m:

An Nl;‘\ln"ﬁ&t/o - hom
DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium / Calibration laboratory
Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Deutsche — Deutsche WindGuard RS runan
: Wind Tunnel Services GmbH =R
WindGuard o
The Wind Professionals e DKD-K- 36801
10/8195
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label B
Di Kalibrierschein  dokumentiert  di
Gaagnstand 4.3351.10.000 AlOG At aicale . oot o

Darstellung der Einheiten in Ubereinstimmung

Hersteller . . mit dem internationalen Einheitensystem (SI).
Manufacturer Thies Clima Der DKD ist Unterzeichner der multi- lateralen
D-37083 Géttingen Ubereinkommen der European co-operation for
Accreditation (EA) und der International
Typ 4.3351.10.000 Laboratory Accreditation Cooperation (ILAC)
Type zur  gegenseitigen  Anerkennung  der

. . Kalibrierscheine.
gs%s‘bggif”en‘m- Body: 11102436 Fir die Einhaltung einer angemessenen Frist
Cup: 11102436 zur Wiederholung der Kalibrierung ist der
: : Benutzer verantwortlich.

éysf}org%?eber Ammonit GmbH This calibration centificate documents the
D-10997 Berlin traceability to national standards, which realize

the units of measurement according to the
International System of Units (S).
étg"a snummer VT10799 The DKD is signatory to the multilateral
[eeriNe: agreements of the European co-operation for
Anzahl der Seiten des Kalibrierscheines 3 {ivectinnon (E4) and of fw inpetons)
LS Laboratory Accreditation Cooperation (ILAC)
Number of pages of the certificate for the mutual recognition of calibration
e certificates.
B?,LU:) cf,’,ﬁ,',,,’f,?,',' Brierung 27.11.2010 The user is obliged to have the object
recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur volistandig und unverindert weiterverbreitet werden. Ausziige oder Anderungen bedurfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Gilltigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel Leiter des Kalibrierlaboratoriums Bearbeiter
Seal ' fQ Head gf the calibration laboratory Person in gharge
" .

& Dipl. Phys. D. Westermann Dipl. ing. (FH) Catharina Herold
Deutsche WindGuard Wind Tunnel Services GmbH k —
Oldenburger Str. 65 D‘mf ® ¢
26316 Vare! ; Tel. ++49 (0)4451 9515 0 Wdeuurd

3644
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Seite 2
Page 10/8195
DKD-K-
36801
11/2010
Kalibriergegenstand
Object Anemometer
Kalibrierverfahren
Calibration procedure IEC 61400 12 1 - Wind Turbine Power Performance Testing 12 2005
MEASNET - Cup Anemometer Calibration Procedure — 09 1997
ISO 3966 — Measurement of fluid in closed conduits - 1977
Ort der Kalibrierung
Place of calibration Windtunnel of Deutsche WindGuard, Varel
Messbedingungen
Test Conditions wind tunnel area " 10000 cm?
anemometer frontal area ? 230 cm?
diameter of mounting pipe ¥ 34 mm
blockage ratio ¥ 0.023 [
‘blockage correction * 1.000 [-]
Umgebungsbedingungen
Test conditions air temperature 19.0 °C +0.2K
air pressure 1009.6 hPa + 0.3 hPa
relative air humidity 30.6 % +2.0%
Akkreditierung
Accreditation 08/2009
Anmerkungen s
Remarks
Auswertesoftware 5.0
Software version
Ty der A des Wi
? Vereinfachte Querschnittsflache (Schattenwurf) des Priflings ink!. Montagerohr
* Durchmesser des Montagerohrs
4 Verhaltnis von 2)z2ut)
# Korrekturtaktor durch die Verdréngung der Strémung durch den Priifiing
A g: Aufgrund der i Konstruktion der Messstrecke ist kaine Korrektur nétig.
Remark: Due to the special construction of the test section no blockage correction is necessary
Dieser Kalibrierschein wurde elektronisch erzeugt
This calibration certificate has been generated electronically
Deutsche WIndGunrd Wind Tunnel Services GmbH Deutsche g
Oldenburger Str. 65 "
26316 v:ugm ; Tel. ++49 (0)4451 9515 0 WIndGUGI'd
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Seite 3

Page 10/81 95
DKD-K-
36801
11/2010
Kalibrierergebnis:
Resuit:
Test Item (1/sj Tunnel Speed (m/s) Uncertainty (k=2) (m/s)

85525 4172 0.05

127.607 6.096 0.05

169.041 7.988 0.05

209.048 9.815 0.05

251.772 11.780 0.05

295027 13.737 0.05

337766 15.695 0.05

313834 14.653 0.05

272395 12.759 0.05

229572 10.786 0.05

188476 8.866 0.05

148761 6.962 0.05

108.016 5.187 0.05

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standardmessunsicherheit durch
Multiplikation mit dem Erweiterungsfaktor k=2 ergibt. Sie wurde gemaB DKD-3 ermittelt. Der Wert der
MessgroBe liegt mit einer Wahrscheinlichkeit von 95 % im zugeordneten Wertintervall.

Der Deutsche Kalibrierdienst ist Unterzeichner der multilateralen Ubereinkammen der European co-
operation for Accreditation (EA) und der International Laboratory Accreditation Cooperation (ILAC) zur
gegenseitigen Anerkennung der Kalibrierscheine. Die weiteren Unterzeichner innerhalb und auBerhalb
Europas sind den Internetseiten von EA (www.european-accreditation.org) und ILAC (www.ilac.org) zu
entnehmen.

The expanded uncentainty assigned to the mea-surement results is obtained by multiplying the standard
uncertainty by the coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the
measurand lies within the assigned range of values with a probability of 95%.

The DKD is signatory to the multilateral agree-ments of the European co-operation for Accredita-tion (EA)
and of the International Laboratory Accreditation Cooperation (ILAC) for the mutual recognition of calibration
certificates.

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str. 65

3
26316 Varel ; Tel. +449 (0)4451 9515 0 Wdeucrd
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Anhang

Annex
An

N:;qL ‘951'\/ - Z{On’\

10/8195

1 Detailed MEASNET' Calibration Results

DKD calibration no. 10/8195
Body no. 11102436
Cup no. 11102436
Date 27.11.2010
Air temperature 19.0°C

Air pressure 1009.6 hPa
Humidity 30.6 %

Linear regression analysis

Slope 0.04582 (m/s)/(1/s) £0.00007 (mis)/(1/s)
Offset 0.245 m/s +0.016 m/s
St.err(Y) 0.019m/s
Correlation coefficient 0.999987
Remarks no
Calibration No: 10_8196; Body No: 11102438; Cup No: 111024368
2 Doutacte i 02
VinoQuerd
15 04
[ ]
E .- £
- " a2 »
g 10 oo . . . 0 S
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= . s
= a T <
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| ]
0 02
o 50 100 150 200 250 300 400
siope 004682 Anemrometer output His
offest: 0.245

comslation: C 900687
Quaput &t 10 s 212896

') According to MEASNET Cup Anemom

¢ Residmis ® WVindspeed

eter Calibration Procedure 09/1997

Deutsche WindGuard Wind Tunnel Services is accredited by MEASNET and by the Deutscher Kalibrierdienst
~ DKD (German Calibration Service). Registration: DKD — K — 36801

Deutsche WindGuard Wind Tunne! Services GmbH
Oldenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 95150

WindGuard
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Anha
o 10/8195

2 Instrumentation

Pos. Sensor. Manufa Identification Year
1 Pitot static tube Autlow 483/8 Nr. 000142 02
Pitot static tube Airflow 483/8 Nr. 000143 02
Pitot static tube Airflow 483/8 Nr. 000144 02
Pitot static tube Airflow 483/8 Nr. 000145 02
Pressure transducer Setra C 238 Nr. 1688081 02
6 Pressure transducer Setra C 239 Nr. 1688082 02
Pressure transducer Setra C 239 Nr. 1688083 02
8 | Pressure transducer Setra C 238 Nr. 1688084 02
9 | El Barometer Vaisala 100 A Nr. X2010004 02
10 | El. Thermometer Galitec KPK 1/6-ME 02
{11 | El. Humidity sensor Gatitec KPK 1/8-ME 02
12 | Wind tnnel control - - -
13 | CAN-BUS/PC esd s 04
14 | Anemometer =
15 | Universa! Isolator Knick P2700 - 98430 05

Tabte 1 Description of the data acquisition system
Remark: Last Re-accreditation see page 2

3 Photo of the calibration set-up

Calibration set-up of the anemometer calibration in the wind Remark: The proportion of the set-up are not true to scale due to
tunnel of Deutsche WindGuard, Varel. The anemometer imaging geometry.
shown is of the same type as the calibrated one.

4 Deviation to MEASNET procedure
The calibration procedure is in all aspects in accordance with the IEC 61400-12-1 Procedure
5 References

[1] D. Westermann, 2009 - Verfahrensanweisung DKD-Kalibrierung von Windgeschwindigkeitssensoren
[2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

[3] ISO 3966 1977 - Measurement of fluid tiow in closed conduits

{4] MEASNET 09 1997 - Cup Aner Calibration Pr

Deutsche WindGuard Wind Tunnel Services GmbH S
Oldenburger Str. 65 Deutsche
26316 Varel ; Tel. ++49 (0)4451 9515 0 WindGucrd
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Phu luc C — Dién dir li€éu con thieu

A. Dién dir liéu con thiéu & dd cao 80m

Nhu dd bdo c4o trong phan trudce, may do gid & do cao 80 m da khong ghi lai dir liéu tir
07/12/2012 dén 12/4/2013 do mat cap. Vi vy, da cb ging dién cac dit liéu con thiéu bang cach
str dung dir li¢u dat chuin do duge & cac dd cao khac, trong truong hop nay l1a di li€u gidé ¢ do
cao 60 m. Phuong phap tiép cin ap dung & day la trude hét tao 1ap quan hé giita dir liéu gi6 ¢ hai
d6 cao, thuong thi thé hién bang mot phuong trinh tuyén tinh. Sau d6, 4p dung quan hé nay dé
tinh dir liéu bi mat bang cach dung dit liéu dat chuan do duoc & cac d6 cao khac.

V80 =a.V60+b (Eq. 1)
Trong do

e V80: toc do gio duoc do & d6 cao 80 m

e a: tham sb do dbc

e b: tham s khoang cach thing goc
Céch tiép can nay da duogc thuc hién riéng cho 12 cung huéng & mdi 30°. Két qua tao ra cho dir
lidu téc d6 gi6 ¢ dd cao 80 m theo cung hudng duoc trinh bay dudi day.

) Tham s6 Tham s6
TT Goc Téc dd gi6 Ky hiéu a b
Téc do gi6 trung binh | VTBS0 1.020 -0.0838
1 15° - 45° Tf}c d0 gi6 nho nhdt | VMax80 1.010 | -0.0446
Téc do gi6 cyc dai VMin80 1.020 -0.0163
Do 1éch tiéu chuin VSig80 0.955 | -0.00168
Tbc d6 gio trung binh | VTB80 1.02 -0.0914
) 450 _ 750 Te}c d6 gio nho nhit | VMax80 1.01 -0.112
Téc do gi6 cyc dai VMin80 1.04 -0.0791
Do 1éch tiéu chuén VSig80 0.92 0.0172
Téc d6 gi6 trung binh | VTB80 1.04 -0.159
3 250 _ 105° T(‘:)c d6 gi6 nho nhat Vngso 1.02 -0.156
Téc do gi6 cyc dai VMin80 1.06 -0.124
Do 1éch tiéu chuén VSig80 0.948 0.00412
Téc d6 gi6 trung binh | VTB80 1.02 -0.0402
4 105° - 135° T(‘:)c d6 gio nho nhat | VMax80 0.9706 0.0981
Toc do gid cuc dai VMin80 1.03 0.0404
Do 1éch tiéu chuén VSig80 0.94 | 0.00484
Tbc d6 gio trung binh | VTB80 1.03 0.185
5 135° - 165° Tf}c d6 gio nho nhit | VMax80 1 0.247
Toc do gid cuc dai VMin80 1.03 0.348
Do 1éch tiéu chuin VSig80 0.919 0.0382
6 165° - 105° T(A:)c do gio trung b‘{nh VTB80 1.06 0.0816
Tbc d6 gi6 nhé nhit | VMax80 1.02 0.131
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. Tham s6 | Tham s6
TT Gobc Toc do gié Ky hiéu a b
Téc d6 gio cuc dai VMin80 1.13 0.0817
Do 1éch tiéu chuan VSig80 0.938 0.00113
Tbc d6 gio trung binh | VTB80 1.03 0.108
7 195° - 225° Tc’)c dd gi6 nho nhat VM?IXSO 1.01 0.148
Toc d§ gid cuc dai VMin80 1.05 0.131
Do 1éch tiéu chuan VSig80 0.918 0.0253
Tbc d6 gi6 trung binh | VTB80 1 0.175
8 2950 - 955 T?c d6 gi6 nho nhat VM?IXSO 0.99 0.248
Toc d6 gio cuc dai VMin80 1 0.249
Do 1éch tiéu chuin VSig80 0.949 0.0321
Tbc d6 gio trung binh | VTB80 1.01 0.093
9 255° _ 285 T(?c dd gié nho nhat VM?\XSO 0.993 0.159
Toc d6 gio cuc dai VMin80 1.05 0.311
Do 1éch tiéu chuan VSig80 0.902 0.039
Tbc d6 gi6 trung binh | VTB80 1.05 -0.0288
10 285° - 315° Tc?c d6 gi6 nho nhat VMf';lXSO 1.01 0.0527
Toc d6 gio cuc dai VMIin80 1.12 0.00236
Do 1éch tiéu chuan VSig80 0.891 0.00289
Tbc d6 gi6 trung binh | VTB80 1.07 0.154
11 315° - 345° Tc?c dd gi6 nho nhat VM{;\XSO 1.05 0.0751
Toc d6 gid cuc dai VMin80 1.07 0.113
Do 1éch tiéu chuan VSig80 0.876 0.0425
Tbc d6 gio trung binh | VTB80 1.01 0.138
12 3450 - 15° Tc?c dd gié nho nhat VM?XBO 1 0.141
Toc d6 gid cuc dai VMin80 0.994 0.283
Do 1éch tiéu chuén VSig80 0.911 0.0253

B. Dir li¢u gié sau khi phuc hbi

Sau d6, ap dung cac phuong trinh lap & trén vao dir liéu do ¢ d6 cao 60m dé suy ra dit liéu thiéu
& d6 cao 80. Céc két qua duoc trinh bay dudi day (mau do)

Bang: Dir li¢u gié trung binh hang thing ¢ d9 cao 80m sau khi phuc hoi

) Théng/| Tw |Nam | Sau | Bay TamChin er(‘riMu;(‘rier(‘_riM@t Hai |Ba |Tw total
Tham so ! 12 |12 | 12 |Mégt |Hai |13 |13 |13 |13
Ponvi| 12 | 12 | 12 | 12 :
: 12 | 12
80 m
Téc @6 gi6 [m/s] |4.46 |4.62 |8.14 |6.85 |7.09|4.41 |5.80 |4.95 |7.12 £.836.8014.9214.85/6.03
Tham sé Weibull A [m/s] [4.99 |5.23 |9.21 |7.73 |7.99|4.97 |6.55 |5.62 |8.05 |/.67[7.705.565.47|6.82
Tham s6 Weibull k [[] [1.64|2.04 |2.16 |2.24 |2.56(2.59|2.43 [1.96 |2.42 P.93P.06{.94(1.84]2.02
Cuong do rdi [-] 0.114
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