SR NI
NYRIRDT NPRYNT TN
N1 PN AN

Q%2 717 NI NRPs D200 NSRa

PN aon nMT

n"y2 HRAWT YW NNAT L7100 MY L1100 3K - 27-12 R T
A"y MY 0TI PAY IR NAT - T ORI 1T

711001 YN QTPNR PR 1R ORI T0M - T3 TIT N
MIINNRUAT MW ,A0TIM 2™ 2NN - N0 TR AT

77205 ,97M P NI NOTITY AUIPOT - 1N IR 9D

TAR1 DRINW 70N
TOAIIIOWY VIR OTPNn pnnk

2002 mama1 - A"own 1900



SN NI
NN NYNYNT TR
MIN°D1 IPRN AR

Q%3 1719 DN DRPG NM1200 D

TPRn? ooon 1"y

n"ya DR DAY NN ,TAPII00T TN L1100 AN - 27-12 R "
NV NP0 0TI PN PRI TIOMNT - M7 RN T

TRIIOW VTN OTRPNN PRAR 7R3 PRIDY T0M - 10 71T 0
MMPINIRUAT MR ,A0T7IM B OMN - NR 1R "

71719057 ,29M TPMUINTMIR NOTATY 7UIPT - 1110 23R 911D

TARI HRIAY 70
TIAPII00Y VTR QTPNA pnn?

2000-5-45 / 20-11-021 'on 750 *2-99 MI@Ren MPNYNT 1TWwn 2"V i pnna

RD-25-03 2002 "anma - A"own 170D



Ty

5-13
5-9
9-10
10-11
11

11
11-13

14-31
14
14-31

32-35

36-63

64-69
64
64-66
67
68
68-69

70

71

72-73

74-106

74
74-93
94-101
102-106

D2y 190

NUYD

MAY2 PPN

NN PPN

0P DINNDY OINO NP

Nan .l

DY OFIAN ENY NEING neion L2
TH NN 2.1
mMOMaN NNORN 2.2
YD NMONN 2.3
TSNN IONN 2.4
RN MIONN 2.5
o»Yhy OMpY 2.6

MNNNVBN VDNN-07D° OMINND MIN NNNN ARYN .3
Nap 3.1
NI IPO-0MHY OMINNI NMNNIN MIRYND NOWNZ MY 3.2
ITIN XD NN

DPIAND INPINN 1PKPN,NYN NMPINVL OMNIYPN OYoTN 61N 4
oMY

DY DMINNI MPINVT MTION L5

DR DYMIANI HHPNYN NYIZ MM DPORYH DWIN .6
Nan 6.1
MNUIND N 6.2
NN TINA YRWNn N7V 6.3
N2 NN NN 6.4
2RYNT TN 6.5

D2 N1 ANN2 BY N0 00N .7
0¥ MM NN NRPN2 0PNYM 0N .8
ENYNT NN IPNNT TITH MNNN MI90N P .9

Y (DPYN NPan NIDY 0NN WIND OPINITNINDD OMIN) .10
INAYY OIND TIND2 MPINMD
b3 10.1
N 10.2
TN 10.3
DYMINND MY NI TIND DD 10.4



107-125

107
107-111
111-117
118-121
122-125

126-130

126
1256-128
128-130

131-139

140

141

142-155

156-162

163-183

163-167
168-173
174-180
181-183

TIMND NPAM NN MIN 7PN
»Ha11.1

Vestas V80 n»avvon 11.2
TR NN TN INND MIIN NP 11.3

Nordex 90 nyrawon 11.4
Nordic 1000/54 n»»avon 11.5

DININD NYD Mand MDY NN NMIVAKN
NN M 12.1

D23 NPAY OINN MNP 23 Nan 12.2
DY NIV 0NN M 12.3

TN IDIN DI DA N ANN NBPN APRTH MDY
MEOHM NIPOBN

nmnn

11

A2

13

14

15

paL R RiPlal

D¥WHON MMPNR

DMNH0)

N NOD?
2 NOD)
2N
T Now



Q%2 717 DR NRPpa N12aNT NIvha

apnnk aon wIn i

1T DROWOR AT DNAN L, TANI00 MDD ,NI0N AR - 27-12 9% "7
A"V DA 0TI PR ORWNT 10N - W7 R "
IO YN QTPNR PNAY AR DRIAW 70 - 1D TN
TRPTIRGAT DWW L7073 DM W0 - N0 1R MY

SR TAPIO0 TOR-1PI00A LM IRINNMIK 10712 AUYIPET - N0 2°aR 91D

2002 =anan - A"own eoo

TAATY 371 D173 DR NI B DM O°2 M IMA NAPR SW NNINAT DRI TR pnna 1un
TR TR NV DNT AN .02 MIPAME M NP1 Dw anana awa oK mpipnay TeTeRa
O™INRA 7177 NIRRT 0739 DIMPHAY TTRIVNN I 781 Awasa M N0 NPt aonuw2 nnons

SIIRA TMKQ DPAWIS BHNRD AN DR RIRaTE 771 TR ovn

%019 NITIRS ATIDNA POW AT PO LKW W 23 MIB0 p0 Y210 pnnn Dw nwran ponn
MR DR 0TI D0 L0 0YINKRA A ARWHI IIMRONT ¥ONR 0 AR
W RO INNRG VAR .OTR 20K MITY? MTIONT AT ATH A DN Mnpmet
2007 OY7TE AW M NN DNWR PMYAWA X3 MRt MM BN NUNY 9% DEMmm nha
NPT MR S0) avm amARa ovhawna owaNTT 01T MeoT poa 2 newnh wonw
MMBCT P0 .O™NTEM oM (101 DTNV D W LRIN) APNAYI0 B (Nnwah
AR W3O NPT AYRTI DR DOVAPT 2PLIATKRA 0700 ONK NHPTa MM MUYt AR vnan

J20RT NPT Ava 2% N METR TP

TPC N3O PRI BN T M NN NAPA W MR NMISNT IR0 YD apnnn hw i ponn
51 ANK 279959 3R DTN IR I 1m0 DNK WA [T YRYSIOD D 079 avea ot
M M DT T INANRT WA MTTE DY MoDann MY 30T 0 nR 3173 IR A0
oM DMK M AN PRISIDIOY 0 BV A¥IaRn 79NVAN NN RO NIRN2 mMTIA 101 TR
APRAAT NPT N0 1023 MINKT MNP DTN DR PITAY 770 LT3 0K YRR IR T2
73OV O3 SYEIR ALY MTP N AN AP RN DWW YRR 00 oKD 3%
ARSIND DI MMV MPE RR 1 AR LNIRT DPOAD ARYIND NPH0n Av1ana hw
DR I 77 0T IR N MW AN ABPA2 DPRTI YA PR D Y3001 LTNNIR DRponn



27 ey

W BT e Ty
R M9 R0 Yo n'n DA %77 HY MDD p0 Nixn
27MNpn? 2w DT BT T APl NPRTIR WP NIRRT MR AN
Sw B AoNYR DY N0 PR YR R

1Y MTTA DY 002NN L0 11N RIS
I 2127V YT YW WY 1w ™13
TR NAY YT 101 TR Ay
X7 N1RTIT NPT VNI BT VTR a0 DY
JiMTa peman

TMRD IR NTRTIT NPT Y 10T A1p0a3 N AR TR, pmaT IvETa PISw 290
Pnan TR 5EYAT PR 1IOUR 29w NRTS 10 YV 3YaEa apTTam




Investigation of the Feasibility of Offshore Wind
Farms (In Israel)

Final Report

Dr. Eli Ben-Dov - Design, Development and Technology, Div, Israel Utility Co. Ltd.
Dr. Nitai Drimer - Coastal and Marine Engineering Research Institute Ltd.

Mr. David Cohen - S. Neeman Research Institute.

Dr. Hlan Seter - R&D and Engineering Div., Israel Meteorological Service.

Prof. Aviv Rosen - Faculty of Aerospace Engineering, Technion-Israel Institute of
Technology.

November 2002

Abstract
The purpose of the present research is an investigation of the feasibility of building an
offshore wind farm in Israel.

The first part of the report presents a detailed literature survey. This survey includes:
national programs for offshore wind energy exploitation, meteorological aspects of
wind resources in offshore sites, engineering aspects related to offshore wind farms,
the issue of foundations for turbines in offshore sites. Other aspects that are addressed
in the survey are: Electrical aspects (including the connection to the gird onshore),
environmental aspects (noise, view, wildlife, etc.), legal aspects, etc.

The second part of the report includes an initial feasibility study. It presents an
estimate of the wind energy potential in two offshore sites. These sites include one in
the south, near Erez, and another one near Hadera. The estimations are based on
recent measurements that include a high measurements tower near Erez and
measurements near the power-station in Hadera.

The estimation concludes that the wind energy potential at these offshore sites is not
high. In order to check the worthwhile of putting turbines in these sites, modern wind
turbines, that are suitable for offshore applications, are chosen. An economic
investigation is cartied out, including the price of foundations and connection to the
shore. It turns out that it is not recommended to build offshore wind farms in Israel at
present.
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Table 2-1 BUDGET vs. ACTUAL COSTS

(Amounts in mill. DKK)
Predicted Actual
Foundations 16.8 17.1
Wind turbines 31.7 31.3
Transportation, etc. 3.6 4.2
Sea cables 11.0 9.3
Cables on land 3.1 2.4
Switch-gear, 10/0.7 kV trf. ete. 2.7 2.7
50/10 kV transformer station 23 1.0
Service vessel 1.0 1.0
Others 7.0 7.2
Total 79.2 76.2




Table 2-2 ENERGY PRICES

Average on-shore | Vindeby off-shore

Investment 41.6 76.2 mill. DKK
Yearly expected production 10.0 12.0 mill. kWh

Annual depr. and Interest 3.34 6.11 mill. DKK
Depreciation and Interest 0.33 0.51 DKK/kWh
Operation and Maintenance 0.04 0.08 DKK/kWh
ENERGY PRICE 0.37 0.59 DKK/kWh

Table 2-3 FUTURE ENERGY PRICES
In-land Next off-shore

Investment 41.6 65.0 mill. DKK
Yearly expected production 8.0 12.0 mill. kWh

Annual depr. and Interest 3.34 5.22 mill. DKK
Depreciation and Interest 0.42 0.44 DKK/kWh
Operation and Maintenance 0.04 0.06 DKK/kKWh
ENERGY PRICE 0.46 0.50 DKK/kWh

10 ¥ mn Tuno & Knob -1 1995 12y0pwa nnpin Vindeby -2 nywxan mnn mapya

1D 5-3 90N OO0 P {39 901} nnN 90 500kW Sw paona ,Vestas misnm m»anw

,(1997) Morthorst & Schleisner ¥ oannn NMPYN L(2-4) 1YV PP 6 PPN PRIAM

-1 NRONDN MTID? DY AINND NNV NN T2 DN N RPN NNRN NN

1.5 00 PNUNIT NDYONN NNPNI TXNND PNN .23% -5 1 NN N Pna ,8-9%

NV NPIN0 J¥ MNP NITHIN 0200 1D TPRRIOPN M mnn mna . USc/kWh
:Y2N2 O

2¢ MM N a5 30% -2 NP> AND Mrny 1.5SMW Sy npavh mymomn

MPANOZ MTenY Nen on Tuno & Knob -1 naw 0.5MW paona mp»aw

1199n 13 NN

.12-349% -1 MTION NPED 2210 /0 11 -2 10 5 -0 00N PrWY NN

vwn 7200 (Gravity) 1212 (Monopile) 111 N30 Nny : Non MM Y N1

.12% -21 ononon o¥1any nxn (Tripod)

5.4-59 US o mynn vnn 1.5-2MW Y9 mpamivay vo anNpa nvinnmn

c/kWh

(X

(2
(s




Table 2-4 Investment costs related to the Tuno_Knob

wind farm (1996-prices)

Investments Share

Mill, US$ %
Turbine ex work 4.8 40
Transmission cable (sea)
- between the turbines 0.6 5
- to the coast 1.5 12
Transmission cable (land) 0.4 3
Electricity systems 0.5 4
Foundations 2.8 23
Operating and control 0.2 2
Systems Environmental analysis 1.3 11
Total 12.1 100

2R DY M 5w Middlegrunden -2 nppin PARITR AN NRWARM TIVINKA AN
Gravesen et al. 5¥ axnNn TIVDD NN ANY AN INYPN MINYN MPPTAM MIURIN

mmoen NN 73 2MW 5w paona Bonus msmn mpanw 22 nb nnnn .(1999)
NN MIN DR .OM YPIP 2Y NNNN DRIV MTIOY N2 /1 1.5 293 hoa M5 ov9a
NNRY NIPH IR NIYD MY DNMPR.NPIANVN TN PIRY 171 19 Yy N¥D 0P
2P YN DY IWND 1679 TP NIPT NN DM LINND MAnD 1NN VN 0
.2000 MY N0 Y7 NSNN NNIND .29 DINN DINN Y TN Y00 11y N
THPIN PION NN DY OTPNN 25w 19N 0% MOTN MY NN M%mn pInTa

N5VY9aN HNHN 2.2
MANZ  FI9YPNI NPT OTITIN DY MAD MANYA MDY NPN MDME 90 PINY %99
-DMNDXYI TNING VIRIAN ,IPOM DTN NNT TPININ YIN0 1IN TNNY

2V D0NN D3 NN PN U ,(1994) Morgan (1993) Morgan & French niasen »pnn
;NN TNIND NN MO ,MIN APINO AN, INNRA APNI) PR AN INN NP
NVNDY NOXTN NPRLI TNN ¥ 90 MPORD WIN (N0 2w o»oabs oY Nnn
2 PN VNN L(PIRXT DY AOND AN DR BNY) NNV DY DN NN NYDN NN
APDIIN AN MO MPINO NDPN INIPT WD 25 UHY VPN TN, NYY 1N

.(1994) Quarton -0 1Y 1MV ¥ .DXNVWYN Y33 NOWHI NIV 901 YD DY) LARY
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(Norfolk) 21972 X Swnb w5 ,009¢ ©™NN2 MY NINY DXONSH DMIN O3 WL
MPINOD NN ,37.5MW 5¢ 5510 paona Ny N AN yavw (1996, Staff report)
1SMW 5w 2vp) paonma nnx o, Vestas nhan S

J¥ DM DN WPoYY (1998) Bailey & Boardman »1° 5y Doe 9pn AvpD nnn
-3 RYNN NSN3 901 INP) NNDM DY OMYNYNT DNONIVION DY 3NN D% A SN
DX P .PANITA DMNY DYMIANI N1 DN PHBL NBYN NN APV AP "0 (1998
RYND 05V nn wpn (1999) Trinick .nnpny 0mworn nvap Poam o»pin 0w
TMVI22 071 DMIANI NP FHPNZ DINLINN Ndap TONN

VN PN WHN NPMIVIZA AP NI AN NHPNT AMINNH PON PINNN IPYIN MRS
(1998 ,Still} wnn g

7Y MIN0 MY WA .NOMII INYRIN 0 NN INN 2wab nbnin 2000 My 9o
7 ANX2 07 Blyth-2 q3nnn qomops masmn onx v 2MW  paona Vestas nian
MWD MWD 0N 45 TV M IIPIN /0 6.5 TY DO 1IN PINYTA BMNND MO NYR
72 ©U2 :UPNI9N AN NN (2000) Aubrey (0 5.8 Yv DM PWI) M 4.5 ¥ Yo N
/10 & 0P) OO0 TPYPIPAY YO0 NPV NI P1R0N /1 3.5 T01Pa 1798 TINY YD M0
2032 N (1D 13 po1y

Wind & Power 5w 2001 »Nn 199932 .0mnm Man mHYMAT NPH MY AINNY NMEnD

ANNAR PP 10-1.5 D¢ PRINI RPN DMINN WY MDY DY nYav Ny Monthly
TIYND 9D MNTN 201 YNIN 123 .0MY D1YYa DN ON2 AN DN NRPnY oSnY
PN PIND NVNIHVT LV NN

nmvh pnanh 2.3
MMYRAN N7 MIN NPAN0 NYYNRY TN PIRIT RPN NNYRIT NPT NN NN DN
ST NP

/0 6 ¥ POy PN /1 250 Yv pnana ,220kW paoma nvamv nnpn Blekinge vinma
1990 -2 NYTO NN 2WOD NPNN NN NP0

DPRYY D32 0PN MY MPINY ABPNY DMINNNI PRIV DMINRD DY TP TIY2 7an
VNN RPN AR MRV HPRN NTAW 0 30-15

01772 Bockstigen-2 ,nnx 99 50kW  mi»amiv 5 ¢ min i miva anbesn 1998 mva
1 6 NNa DN Prw .Gotland Y¥ sYvIn N3PNN 272 4 PRONI WP MPANVN TV
oM PR MMenv 7o 07 (drilled monopile foundation) T2 Ty o551 mmem
D019 (Vindeby -2 80% 7w wr9nd ANNWNA NN DYV MM oY 15-20% -2 79

.(1998) Barthelmie b3x w1y NN
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M¥NNR ,MPIN0 7 NS5OV MY Mt o2 Utgrunden -1 nn nn PN 2000 Mva

12 -y Oland *Nn Nxpn n7P 8 MpMAn mranon . 1.5MW 9001 nnX Y5 Enron/Tacke
10 10-6 DN PR .NYNN N

MTNDN Anann 2.4
2¥ MI INN NRPR DIWONAN DT O YY DNVY TINNL Y0 (1991) de Vries
NN NOWO TR NPT NI NOND NN CNUDA TNRD OTNY IIVRUIY RLNPT MPINo
Y 7DVA NVIDIIIND TP IDIMNY , 052 NN NN HBPN NYNI 1PRN TN ANonn

{D»OTNN OX0NN 2V 4 P9I NND NNA) VAT

MPIANY 4 NIND NNY NN 103 Lely -2 1994 -3 nnmin 790 »oyna” xony p Ann
=2 DN TINZ 22 T8 2¥ PN Mramnon anx 5o S00kW paona Nedwind mxmn
1 10-5 P PNNN 10 800 pnna I jsselmeer

VAP 10% 9¢ND ,2010 mwa N1 o ax 2000MW npan S¢ mon NSH 19N nYwnn
DN OYINND

9275 .Dronten 1> sselmeer Irene Vorrink -1 77w A1y mn 1503 npn 1996 nawa

50 D¥ pnana ,nva masnn Nordtank misinn mnN 93 600kW paona mivane 19 -2
MY NNN P2 71 200 DY DANINA 907D D

NIRN NNanD 2.5
S ANN RPN K2 PYTY 0592 RINN AT Y10 MY DX N RPNn Mav 1N

2¥ 2001 XD 2000 9208T NN AYPNNI MRTENN NONI NNAY INONN NN DY T
D22 MNPHN AN IPXNN SV PP 213050 7pdn 19on mouon Wind Power Monthly

1§09 tpe 2.6
APRTON 7 NI TP DM DINNL NN NN TV N8N 7D D¢ » b 0PI 29wa 12

SN0V MININ0I iYW DN
VTN AUND L NUDN THODT MVBYN NP HYINY 1 Nas M1 (1990) Hardell yraw san
D717 OYIANI NPNTIN X D) 19¢ BPNYIY DYINKT MPINON PN PHNon

DY N SNOMIDIDT YTV IYTN IR 0D YUNN MY UNNa WY oMpnn
FRONIDIDN MDY P2 TNHD DT DHTIN NYEY DY DMIPNA P e (1994) Gaudiosi
YOV GRIVNN TINN NN DY TN AW NN YINND N2 091 19N OD9TIN LImvn
WHANN IMPN NNINI DIIWONN T3 JTNND DT HNOINDIND 21TAY 11D DMPNHN 79 DNy
OPAYDY OINND AWND M) MY N2 P DD 0NN TNDND PNnY T3 Yy
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DIDND MOWN 0P ONANI MPIND DY OMovN DOPNN NN 3P0 Gaudiosi
VIDWI TSN DY AN 01201 N0 NWAYN PD 03 NI LDPITNT 720N

5 150 -2 ¥ DPRYY 001 ANN ANPAY NPNIYRIV MM MYITI MPINva
J20XNY Q0N ¥ YT DY MOTIWY NN NP (1996) Gaudiosi ODI9 19m INNY B
2YTIN 02N TRNINIVIBN NN W POV INXD DM DINND M AN NHYSNY OMPNna
2 NN DY NV NN NN P2 ANNYA 10T IMN DY MN2NO0I Y13 3 1anHnn 180
12702 - 2193 NPINNA NN ,30% -3 M2 TPNN PAINY MINNN MDD 9195 NHPnn PPn
NN T 5Y DAPNN PR ATNN 3 Gaudiosi PN TURNA .60% -2 MY MINNRA 1ND
J0UNN YT N1N MPNIDL MBY DM DNIND ATV MPANVN NBNRNN ,M»ITNoN
VORD 2NDTY PYHN TN DR MMDT AMDNo0 MY M»amvd mnvn
VPN NN X /1 160 TV DY DOPRY2 0N YPIPD MTMIYP AUN May ANn APNTII
D2 IDNRNT ML DMV DINNT TPUN 070 DMIAN D¢ TINL20N NYOUNL IMVBYn

ANPINNA 7 - NnPna 17) 22jobs/MW -2 92170 AUND ,NPI0VN XUN2 DY

AN MDINZ Y13 ONITIVD BN Y wonen (1999) Gaudiosi v by NPPO NN
PISH NN .NAVIND IDINN DY TWRD DY OMNARD NN INN DY 9N IroNvan
TWUND DNTAD VYND NINY DX NPINY NAPN ,ABNHDN BIDIHT TV 11PONN BY 00ANNA 9D AW
MPNNN MINIIN 50% D¢ MOPN NN NI INT DY TN .AUDdN 9y M 12910 Dnpn
D™MANI NNKY NNV D7) DMIAND MON NNDBN PNY ToY 0MMNR WX Nmn
D>NND NN Gaudiosi NN N INDIY PAYR (N1 MDD TPININD DPIAN Ya) orned
DYTITT D021 PINNHD 21T N7 PHINI DMNYNI DM NN ,7semi-offshore” FA0YTa MPINVY
YNV PAPIPHNT NP MT AN NBPR YN PINT NN TNV 9 NN NN LTPON? 0D
DPNNPND FOMNAD DT DIPRA .PNNN HBYE 20-10 YU DPNINM M 10 Yy Own o

' DIPNY VYN NN

P71 NOPNI MIN IONNN 2 XMPNUN D181 WIND 71373 1719 53 N2 7P DWUNN DY Hoa
;NN TN N2 NPPO DIV 122 A7) INT DT .00 DINN Y¢ DTN 19 e Tin

NN non nn ,{2000) Ackermann & Soder Yn (2000) Milborrow Swn® s

03 TIDYT PRIV INYNN NN DMHY OMIANI NN INDNN NN DT TN Prvn napya
NN NRPN NNONAY TPNYNRI NPT NN 12 PRYD 1NN 0018 (2000) Li .nvinx nisaNa

P907 HNONIMD ¥ NP NMIZNIVA VIDY TIN YD ANDYD NPYTAN aNP-Nna e NN
SMNN OIPM DY DNYAYM ONYN DINIDIRN NN M2 NN Y3 SUnn NoMNn 72%-40%

.6.5 USc/kWh (nm>p monbnsva) mn? moxND 9°nn 1297 %9550 21N 180 12 102
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TNY T2 5¥ waxn 2000 930an3 Wind Power Monthy -2 nivn yT2ND yNY 9pD
STPPNI 2RWNN NDMINGD N 9N 32% NP AT NN DA P9N2 T 1T MNP PN

1B 20TV Opnyw 0na masiny (1.65-3MW) M1 vl 93
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INNNNVNN VNN - 0INY DIINNI NMIN TIIIN YANUN . 3

Nan 3.1
py> oravmn (Offshore Sites) £»10% DMIAN2 PHIYN 123 MINNND DOV 2595 PIvY 299
2Y NOHRUI ANY MPOR 59T 710 IR MR IMXNIN DINNY MU M) INONIvID DY
D212 DNV DIHINN P92 DMDVPIVRY DN DMINND NN DIINNN DTN 190D
: DONIN PADMNINOLDN DI
DYINNT NNNYNI MY PN YPIPN DY MI90INLND 1230 N2V M MPIn e
ST INNUN OO0 DY N TININ (Zp ) DIVONN TIN I932 Nam ,DPnvD

YO AN MY DY ,0PNYI BINANT ANNYNL 1N N1 O SYN NN MPND e
AT TNPANY NNN MY TPININ DY APONN NP0 YIT N 101w Lo

IMNT INNYND 9N DN NN 1200 N5V AMO0MUND INDIIMOVN NHNY e
MNDI MINNIN D0 DMINNT N MNPIN0Y 31 237 DN THNR MHPU2HN 92T N
Rababtlen) i) lak)

291YN NN NN NP 1P0 - B DIINRD M NIIIN JANUN NIIWNYT MYy 3.2
PNINY TR 2N NIDWI NN 10V AN DWNPN IR 29902 PIoyn 1w NP
DX TPRNA DPPON MY NAND NN DY DYDY OMNND YIS MNN PN NYone 1op
MDY ,DNDY DNINRT 21 17T MIN AN INOSIVIS NOWNT MNYN NIVWN 1NN
MPHR MNNN MY DN DHMNDININVD ONNI DY 13910 NN TIN ,NINNND DA

0TI NITNN NPN2ND I GO NYIVTN NYPYRN NP 10 OT00Yn Phna

DY DN M YD 3.2.1

My {offshore ) HNN 1PH DMNBD BMLDIYP YW PRIV NPT TI230 NIOYI MMIN VYN
,P2Y DOYIAVNN DRI DY 27 19010 Y33 NND L0 3Y2 NMMNN SMINM 1IN AN Nnd
:OPIYY
NI IMIGOIDOURN T NNDN NTY MIMSN 7Y ¥apIn Yom»Pon YNYR VINOTI) @
I OPR-IIMIN
{IRYM R DTN AV DY DINNN MNP TIPA N NRNIOUD e
DTIN NN YINH YOVINM 0 2802 NONN 01 NI VY D1oNn TN e
SNNTEMIN TY 19DV ISINN0N NIABN @
YOININVIT FIVONN OTPH YW 12 IR 137 NN AYDIPN ,NIGDINOND M2 e
Mn bv
MIVTINORN MDA ITVINVA MDD ,DIVOND TR NP ,ONINNA DHIND IvbdY

N7 TPSINNVN TN NN .MND O FINNIYNL MRV NOYE Z¥0 TIND 0V 51200 naovwa
TNN DAY DINPH 25 ADIWNT ,PINN MIND POMNVN DY AYSUDN VD o0 byn orp
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NUND WIPIN MNINKD 0NV 1N 1230 N30 MAT 2918 Y NYawn) % 01901
.01 DMPPN

(offshore) y0® WNXI NYIN NI DY OIMIN a9 3.2.1.1

PINA MYSDNI PRV 03 P50 NOY T¥R NN IPRn 959198 N ANNY 110 nApy
NS INRND MO 7N 23 N80 (1965) Roll 5w nmava .npwnn pn N pmansn
: Y DOV DY AYIN AN 2297719 NN 12 70N

u(z)=us/k * In (z/z)) [3.1]

Z 1211 10 mann

u(z) UORI
(friction velocity) 712N M1*n

[l
%

mwnasovap - k =04

1
B
=)

(roughness length) MW "19 20 0190N TR
(071 201 Q) DRPn 7un faun

'
N

SN NPAYTD NN 1NN DN N3N N20WI N0 DT YN YInKUn ,mxiY [ %99
298 P WPN .Zg DIVOND TN NMODINOND M MYRN |, U TIVHA P
1PN IPNY DI DMNANI DVONT TIN MIVINOUND MY D0 Y¥n MR rPnn
DM BINPN DININA D NN (1996) Barthelmie et al. .0 19on 1y »noy

-DIDONN TNNI NN MY PP Y23 YINN NN DD 590 NN MPNH 9979 P mwn

MY NN NAVD DY MIAN DIPAKD ANAYN AN AN 7783 INDD NN =ity

6 2 MNYN NI NPINNI DIMOMPNN NN DN (1989) Barthelmie et al. 9 5y .00

NPY 7170 MY 3103 INND V0 DIONN TN DY PO TIVN DN NINT 17 Py v
: 00791 NI MM PPN DY

112/111 = [ln (22 /Z() ) /In (21/20 )] [32]

L 3.2 DNWNRNN Zp W IDIY DN XOND 1Im

NOND MTTH YNIY SIPN LD 292 NN MIPRR 9019 YU ATDTH NMm 1YN2 DX
NNXNZ APANN MV NNAT YN DY MM DANT DOYNTINIRDD DN MYNHNT
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DD NVY ZY0 DIONN TN NWAT DY TIN 7900 WHN DMWY DINND TIVONN THN ¥y
: 02 2V DI9UNT THIX N3Y NIN PN NN wen (1955 Charnock .01 a8mn 9w miona

Zo=au’*/g [3.3]
»ap - a=(~ 0.015) o
TIDDINSWR - g
TN VM - us=(v/p ) ?
MOV 239 JY NYIN W NAPHN NOND - T
PN MDAN - p

Y IYIWNN P DMNN DY Nooann a yapn T Yv nvvnan Charnock Yw nxnwna
Y ) M 29NN 2NN D NYD) AN IMND DR .OPONT TN Y nysawn 0N
D930 DY IMINKR MMONZ 03 M"oN INPN2 0T 110 9 5y w5 9> Charnock v wiapn
TUND ,Cpfux MY ¥IPY T DN 2PN TIY DY NI NVAVR WO OOIN ONrY nYwna pa N
NN .00 DYIVPHDA NP OIPVINHITM DPVINVXD BN 5Y NPINA NN PO ¢,
IN YOV DO 229V INND AIRD) ,TPUNY PYS DN D) JWRD 100 51T DI00NN TIRY XD

(2000 ,Frank & Larsen) noon® N1»0mNa omn Domas 0%9) vy

(1972) Tennekes & Lumeley S »m10owen 10 pina wnnwn (1996) Barthelmie
: MAIOVININ MINN TIPNN M PHH NS

Ug = (1K) (In (uwfzp) - B + AH  [3.4]

MaMvoRN MN Menn - Ug S TUND
oOPIP LY UmNe - f

ovap - B LA

,Grant and Whiteford) B -1 A 5¥ ©o$1290 73795 012 mnpnn mnsoa iyt »pn v
M2y 0N NN ¥nxn  Barthelmie et al. ovm ooy ay (1973 \Deacon ;1987

A= 19, B=45 :Deacon »yiy¥inv oomapn

<) 3.3 MNNYLN AR Ux TIOND MPINT Zg DIVOND THN 7Y NN WPY 19 DN IWaN
M3 YnRYN? 107 . DIV0NAN TR JY 0930 NN DN 280 NYaWN2 Mavnna TN 3.4
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;Millborrow et al.) © »an PoYH PRAINY 27n 900 Yy NNDD NLYR2 NAIVDINDN
{1982

DT IPON 229198 JY 7 -TPIODIOND MV YWD 3.2.1.2

2 NOY YN NN MPNN DY NDMN TN BY IYIoN NYOUn IMIS0IN0oRN MDNY
TADVIDOND MDIN T YPIPN NNVIDNLA N 7P DN TNVINY DN MY
yTIAN 22N NN MY SHYDN NVWHRN DYH NIWINGN 1B M AT M) NOVHR 990
INND XY MNZL PN DT NOYHN SYHD MIADINONA TN 729853 WA 1 0N o
DT 2120 MIIVINONA MDY NPYR APV 5922 )1 PRD 7o 1rYYin N nm
2190 NOWNN 2V NYIN NRNY

VY P70 M NIND .ONYION MIY NN BN AW 7 SYR M maa
MAXD LY 3317 M) U0 1ININY DIDDNT TIN ¥37Y BY HNTMNDI PINT NV wanwny
DN 3D 7PN TIPIRN BN DMPHN DMNI DON .(NPHN O NI YN mvana Y
MMVYZ N0 AND MR 5Y RN PINT DNPON DN ¥ (2yHN MNYD 1Py DININD)

SININD NOR DY M2 NN

M - N0 D (similarity theory) »0>717 PIN 9Y ©LANN2 NYN DNPPN DINY TWaN

D7y Lo, 2iman -pnm Sw nn (1990 ,Van Wijk et al. )
L= -0s/k(g@)w e [3.5]

TOINIAN NMBNYN - © e

PO NP - W

FY OIMANGT TIIND DI 9D DY M APIMVPD Xan 1R AN 0Wsn van Wik et al.
s MMIN-PND

0 <L <200m FTINGD N
200 <L < 1000m 3= 103
1000 <L < -1000m CY0M

1000~ < L <200-m (2N DDA

200-< L <0m FTING ¥ D2
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M2 JIPND NMIPIMNIN 20T TIND IHIDVINOND MDTN YINN PPRA NN Y
1 NID

u=uv/k [In (z/z) - w(z/L)] [3.6]
MIN MPIY MIVOVON MDOA PPN - ¥ IUND
(L > 0) o>y ooxona
¥ =.5 (2/L) [3.7]
(L <0) o2y 051 oonna

¥ =2Inf(1 +x)/2 + [1 +x5/2] - 2 tan'x + /2 [3.8]
:IWIND
x=[1~16 (ZL)]*4

™MD ROND DRNNL PDON 3PN AN NPNAY PPAN YV 199 NN 10 3.1 qrNa
AVPINMRYN NN DPII0NN DIRINDND NN 291792 PVDN ,MNID 1Y 295 . NME0INONT
DYDY DININI YA
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2 — . UNSTABLE

Comactiontothe garthic wind speed profe )
o

'"4 ) 1 . k 4 ¥ T L] ¥
-800 -500 -400 -200 O 200 400
Monin-GObukhov length (md

F

29 MIINGR Haaa (stability correction) mAsvImOND MDY PR £ 3.1 0y
- 1999b , Bartelmie) 1Mam-1m1m S8 Oma1nn 11NN YW m¥pNes ONNAL 20 50 1A11 ANP DD

YN PN NN DN ZY NMDINONRD MM NYAWH NN N1 (1999) Barthelmie
IWND TITHN 29920 NP NNV NORNN DD MBI 197 NN 23 nem Vindeby
2O NITINRODN YNNN 2237 TN PRI PNDR MIN 291970

019 DMINNI NN MOIWN ININIVI NN DIYNANI LY 3.2.2
92,071 DMINNT NN TN TNNIVID NOWNT DIYSHNM MVWUN DX PINT 1119 NP
FJTPPI NPYIN APV DY YISYY  NINIAKT DIV INMOY

SN PN NN NN MPNN DOV DY MY T (8

NN TNIND APIDININVAN NBNNT MDA NN NPAHD MPTNI IDY (2

DTN vy (O

TIN5V IOYTHN MNS01 ANIND Y 295 NI MOn YW nEe asm pnb
NPNN O NN OMN MIINNY YIND SNINT 1PY MDD NN TN mmyanm

DM DMINNI MY MPTH 3.2.2.1
NYPY MITTD INNI NN TOININ I8ND DY DMINNT TIDYNAN NN TUND NIV 1ab
59, D8N 5Y AT YW NPATIPN AVTNA0 NITIH VYNY ,NINRD DMWY PN MIN NPID DY
¢ MTY TN PN NS DY APON NP/ WAV ) V) SPNY DIPNHI NN
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DINK DYPINDT IIIVIBOND MDD ININ, DN M9 TY DVONT TN M1 MPAB D99
‘ SN IR FRONID N2YNT OINIPNN MY 91230 N2V NN Y

DN NDPN 2W MDD PNHBM MIAINNN D232 AND 0PI 03 XMIND 19INI NNY 1PN 283N
NOND MUY 10 DN Y20 .DAPINNY DNZYIN ,0M0 DMINNI M9 29719 AT Tnd oM
N, DTN YA I PN ININD MITTR M IOV 7y 10, MOPY MO wHnwny

SYNN MIPD MM JMIIN DY ,NON MO | a1 1w

J¢ 80 -N MWL WD DN DIINNT MIN IR MPHT DY DONUNAN DIDPBN DMIPoN
DMOIIN DYND IMNI W3 AON OMPe (1991 Barthelmie et al) 20 -n nnpn
npnn Nwn (1987 Borreson) snaxn oy (1985 ,White ; 1982 ,Millborrow et al.)
MTTHZ ANNN Y2 273 900 ©Hana Ny MT¥TH 5y nooann (1982) Millborrow et al. bw
NMPNT DY 252 01 MTFTH WSV NPNTTNINUD MNP0 MNYY DPUMIAN DORD NI UM

. 1970 — 1961 pa

SO 10 DV AN PID MHMPIL NINK 0¥ 19 /PPN M99 1O H25va NN N
AUNNT2 9NN PR PIDN DMPY 2V PYINT JPYn 1 LAN0Ma PR 210m Yyp

Barthelmie >y 719 Moore Y¥ noywn .o Yyn WX ,NU5 Syn »0N IMP) MINSKHA
NYOVH TY NTI0VNION DY 1Y TN DMNUND TN O MNID I 1Y 30 (1991) et al.
2¢ MY TR 1y RN YY Mok (Sea-Land Interface) nwm o0 ya punnn

NYIIMNT AT INN NPIAPA D A0 NHRNNN 1 ORI 0P DINNI MNP0
JPNNYN NR2ANTY DAY N2 NING DN, TPV

WY NNMS TPIOM2 PR INMND DYDY DIANT M NN IRV RVND NINN NOY
YA J¢¥ APIINDD DRNNB NI IR M3 vy wwe  (1983) White
30 N2 NI 12 -5 MIN M X P20 White DN S 91NN NG Y0020 MHINUGD
MPND NN 0 .0 VNN N2 NN TR NI NN NPV AN 1N MDYD
79N Rossby 5w »1091n nmna wiodw a1y avin (speed up factor) 09 nvadn 9ayna NN
MY NIV NI MTTH DY NYIN DOWSNT MINSIN NN 112 DY 791 555 ONNNa D1900ND
W (1991) Barthelmie et al. .(Voluntary Observing Fleet) oratinm bw mraxn myav
om nWN-NNn N2 White noow mysnNa 0700 0MANI M YRR NoYR
NPATR NNN2 AWNNNT ¥ DN 20 GIN MINNN MIN TN DY MYNSIOOPNI 2 1970

VN 12¥H MODIMONN MDNN MNOND MNYD PN MN DY 53 9NN0N 1330 N
oY
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,Moore NV 1WINY O 2521 MIVMA PN SYD NN MPNL YW N9 NI 3.2 1PN

(1991 ,Barthelmie et al.} 3.1 nbava .o2wPNY PO WHYY NIPRA O By nan S
PR DNNA CAYY NN NBNN IV AN NPNHD NTTN YY MINNITN DRIV INTIN
1ININY 721N N wm White ,Moore mvrwa 12vvny man nmn mmY 5 ovaa
2V STIBM AYDIHN P2 A2 N NHNINN N0 IND MY 3D NNNNa Db
WD 1N ) White 5¢ 5100 .nemsn nunn2 ym gn nnna 30 ,mnnn Y2 Moore
WN NN TN NTNPN 1 PV VAN AT AT ASIWN I NN SR 1N

SINN NN TY TPHINNVN PNT IP NVOYNI 2WNNN

MPAN NWNT XNTN IRMTIN NINKBN ,TPONVDONT NI wunwn (1987) Borreson
OOUNY/ NN WY DR TONM DR 150 SY »IDa 20N DM MANN B S AN
7Pv .(Wind Atlas for the North Sea and Norwegian Sea) *39n 01 21987 0% man
SV PINRN MUY, TIVINI Y812 MIONN D DMHY OOINNI NI TN MPDT Y 9N *Ho
T2 OV NN 190N MY M1 By voann pon (1997 ,Coelingh et al.) 20 -1 nxon

+(3.3 993 NNT) PNTIPH DMV DIPNHINL D3 DINR 3 =) NN

N2YN2 AN NOYN 3 DV NYIUN X PNIY NIYEN ATTHN INNA DY 9N NP
, T2 A¥NI M D 3T PINT DN NI MR WK 1N ,NN Avenn 9y (Fetch -m) mam
IPNND {1992 - 1985) DNV 8 TWNI WX MITTHN .9INN H2Y5 O 1113n"n:1w3 MM RO
RNV NDIWAD IN ANNNI MYNIND N MTFTR DY MDY DIPN2R NTAYHD MDYN ™
AT P INTTANY DTN 9932 NON MINSIN A?0Y v ANG ON . 0 'imu NI NN
2919 MM AN 1IN MIN MPNR S MEPITIN DY 0N (ir:b: TN ©DaN3)

DNIN-PID DY NHYTN NNNT VIR Y W M

NN 10 170 T2 Vindeby a0 anxa nn m»amo snn v nnbyam minnpn oy
7Y M 0217, 07N DPIDTNNUD DN 5Y NN NYPIn 9910 Y P MTTH YN0
-2 NV AWIN0 INA Y NHBND ANN MIPIN0 N2Y NDPINY TPIYNN 280 TN ,9nn
TUIANDN SNYOYD DNM DY02 MY QUINY 93T ,90 -n v nonne NoMe Vindeby
DMINNI MNIN IOV NIWHZ DMWY DYTINM MYWN I NNNDY MDY n R nad
TARY D2 O™V { 3.4 913 NN} OPNZNINOD OIN NYY PN Vindeby 'nra .o»

9NN by
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{my/s)
Station Data Mean wind spced (m/s)
pericd
Gb- Predicted
served
Interpol- White Norwe-
ated Moore gian Wind
Model Atlas
(1971-80) (1961 -80) (1955~81)
Grid size 10km square 1*lat&long  {50km squace
Bell Rock 1971-80 75 1.6 6.5 8.9
West Sole 1983-85 84 84 13 36
Gorleston 1971~-79 6.2 6.5 75 n.a
West 1988-89 6.2 6.6 na na
Beckham

713 20 TN TPTHYW NIYEIND M MTND DMN0YE PR TN TP0N TN $ 3.1 0o
337N vouNm , White now Moore noow 10 Brawinnn 1MW D995 192 IR

F:

P A
e
L)

v

CONNINVAT DI DD AN DY AN N3N I P : 3.3 90
{1998 ,Coelingh} »m98n 0¥y 13510 Dw nin Dy
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{1999 b ,Barteloie} 712372 Vindeby 1270 903 117 7210 1190 : 3.4 118
X IRI0T MINIDR NN MBI : DPINN 2W NNNNN 29Na
nn Oy LM o 253 SMS -1 SMW , A 19002 000105 0909 mneni oonnn
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DY1? GINNI MIN DTV RIIWNT D PIRN DN .3.2.2.2
Y YN D7 Y0 AN MDA BY PIND Y ITTN MY TTPNN P2 1WPRm o 510

: PN ¥ B> 293 M0 MM Y Tanona ,(1988) Hsu
Usga = 1.62+ 1.17ULanD [3.9]

Vindeby >m1 9nN3 0002 wipsw sy (1997) Barthelmie sy 123 Hsu 5v Snnn
:TINAT TN

Usea /Uranp = A + BUpanp [3.10]
LOYPIPN MNTPN B-1 A quno
MZIMNOK TIVYN DY ATHIY MAD MPAN P 0NN DY NN NHMNT AN 3.5 9983
NN NP0 S spnas (LM} 92 ynnn Sy AT man mnmn v ( SMS ) o
MYAWA €2 N2,/ 7 -3 TY  IN0P MY NPIPRNG 50N 23T NN, MINAT 1Y 090

11 ©P770% BN ONT WRI ,MDIT N IMPANI Y0P MM .0MY MDY %OAY AN
D273 M PN Y

:(1997 ,Barthelmie) 11 nox 0onms oNMAY 220700 TN

Usea Wranp =1+ (0.08 — 0.02 In z) Uranp [3.1 1]

D3 oy Vindeby »201 9nNa 0900 MINUHRN 090N Y ST M0 MANn DY 0NN

:(1987) Gryning and Joffre »y y¥Inw AN ™Danx 270 Y minwsn n»nas
Usea Uranp= A+ B ln (X) [3.12]

D10 N5D PRI 10m79 NN X nRNna 0.2 -1 1.75 0oy onvpn B 1 A quno

: ("Lateral” Richardson Number) "2any” pno1ym 9900 naonn

X = x (gA®s /@) u? [3.13]
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Wind speed ratios (SMSAM)
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wind speed (m/sec)

(MSM)} D2 302 1MIN0RN NP 59 NTTW NIAA JTPAR 1P 0N - 3.5 91
N0 NYPNR Se mapnas (LM) 9inn Yy N1 nn mynny
(1997 ,Bartelmie} Vindeby ~nn
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m 20m
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POYTIN NIT PAIRNY DV PNEN0D WD — 031 NN MM 12 DN - 3.6 11
(1997 ,Bartelmie) 3.12 573 0 by (armn 0TS 1900)

01 OMNNI NN NTY APRIND DYONDIDI 5T 3.2.2.3

COAST 5ne 32231

IOINIT DTAYHI NN DPD BMIAND M IIDN 2INYA NWNY DTN DO1BN TR
nwap TIN5 PN COAST >Tin (1995 Barthelmie et al.) COAST »»31 y10) Pyt Sw
MY MY TPAN OIPOPR YD T, TMIATN0 AND DIPYRY PR 1PN Y2007 PRARN
9353 PO ONOYNINUD PON ,DYPYN MY v STnd NN YW MRYNN nnpnk 1omen
D1 1NN NIV M IWNI IN TINN YRR N DYT TN Vs Ny M9 NNDRn Pona
NN YN .09 DN MAT N M¥»E MAN N0 3 1 S1inn { Onshore) nwn 13y
TN L, Ug manoonon man mynna viw ney (Offshore) Don 1avd nwasnn nawy
N2ANND NN DD NYDNN 12N OMVDININ M NPY PN NONY JOP NOWI 3 1NN
:(1972) Tennekes and Lumley ¢ rav100me3n 970 pinn
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Ug = (1/k) (((In (uv/fzg) - BY* + A%)1? 3.4 nna)
MANOONND NN Mnn - Ug SIWND
oUYNP YUY - f
danNnma 4519 ommp - B LA

27 NOWIRN S DIUNN TN MY (1955) Charnock nnow

Zo=au’ /g [3.3 "N

nap - a= (~ 0.015) LIUND
TN NNIND - g
TN v - we= (t/p)?
ALY MADY M DY PN YIND - T ‘
PNND MDY - p

RNMINDT PN 399 2WIND NN ITPAR 29190
w(z) = us /k * In (2/zp) [3.1 M)

z manannmernn - Uz) qeno
(friction velocity) Tv»nin MY PIN - ux
i ypevap - k =04
. offshore M N MPNR NN AYN2 1) 3.4+ 3.3, 3.1 MXNONN
oona (IBL) nomman 920 nasvw 2wsn »y waph o (Fetch -n) 9nn ypp poann nn

:(1990) Van Wijk et al. nnom »5 ,p»oyomb onanpn

hin(bVze) =2 k*x [3.14]

IBL-nm2n - h :qwno

Fetch-npnn - x
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11N NI TINI DDA DMWY DN M PO IR PANK DA 522 20nD T
JPDYR DINSDY IN L0900

D2)23 D?I0INZ 17 TN 0 nowns WAsP Snoavwow 3.2.2.3.2
nTaypn Riso -2 nmow Wind Analysis and Application Program - WAsP Y1n
IPYNN TNV NN AN VIDW NNn (1993 Mortensen et al.) pamyT YY mmINTA

NOND AWY) 02 Y10 TN ROYPR DY MAn THOX n1ona S5 ,0vnva DMnaNa D
NYaWM MM XNINI 0NNV ,DPNIN DIOVPINT MIAYNNN TIN DM DNNT D) INANY

MOMNNA MNYDD AP MIN TPINN OINYD IN IWNND DTN .9INN 1P MPNT-ND
: DAY WY NWYI 2NN NN .MAN MTNN YY NYTTD NOEE W a2 ©Y01 mnnD

TIR PPN INNON NYIWN DR N PO MTTHN NN DX NP Yo .1
DY ,NOYLN T AN NP DY aund M5By NINN NPDIPN MYI9M DI9oNN
ADPVITIVY DONIN PIM ML NOY N9 DY JaPNN TNV 293 SINTR MY NN NPH

MIN A0 TPINIVOPR WY 1IN DMNN) DINN NDPINNR MW Uy oy 2
;OINOT NTIPI SPNTOOINNIN M DY 7IN0DYP NPT TWaNDN 12T ,IPNI0DINDN
LDMPNITN YPIPN NN TN NINY

TP 937 ;NN 2355 MAIVONIN NN NNIN NN NWO NYNINKD JNND 392 .3
TINTIN AP OMIRIVN YPIPN NN MIAVANT TN LENTT M

9179 DY DWBIWAN DY DYVBION OMN Y5 2WONY DXDIT) DMK DINN W P
ZIDVINONRN MIYEN MNINT DONY ,DMOINTN DXOPIND P ,DN MY Yy nn mvnn
7¥ DIPO I9010 DY YIANNY OPD 1M .0 N2 YW DI90NA TINY TINON 11N Naow

MHNNN 0Y , 6 NUN, WASP bTina vimdw v 0na 0»0n DHANA MR TPY DR Mdnt
M2 NI (1999) Pearce and Ziesler 10 ,manm nnbsna ,0mn D\nND mwinT
NN N DONTY pexTa (1996) Barthelmie and Palutikof ,(1999) Barthelmie et al.
N> Nyp NN, Middelgrunden -2 yx1aw (1989) Troen and Petersen pon mnNyin
PN TR 22913 DRNWND IIXID 1NNV 23 (3.7 38 NNY PP ¥ 90N PN pRan
, WASP 5Tin apnnn Damam »mnmmvn aman o0 Syn m 50 Y nan Y TTmn

(3.8 73 M) WASP mysnNg 2vnnm 11090 2291197 12 159 N0 npinn nn»ip
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(Predicting Offshore Wind Energy Resources) POWER VYIS 3.2.2.33
MRO>OINN PND MTOMW 1900 DENNYN WIN2IY 90 37 81 POWER VPMNS

¢ JOULE mmn n3ona yowan 0pnion .19 PRIT IR 99N NAYTNR MININD
MO . 2001 9P OINOND PN NDXY 1998 -1 N5 RN NN LTIOTIRA PR
MAYPR IV 2210 TIIND DM DMINRI NI DX YINYA NOIWNT VW NNOY VPR

TWDYD M2 2N D109 DY NNEN ITY 9Y 1pya novany POWER Y i hnmh
Bn bl

L0719 DY N5 VRNOTIN MAMVORCIT NN 1N (1)

- WASP 5Tina vinrww >y 090 085 nomon n2owa Ny 5romominen M 1nn (2)
(Coastal Discontinuity Model) CDM 5Tina1 wimw nwy 9inn n27pa ovm o nNa ( 3)

AYAND M2YND IMNKT IDIDDINOND MDA NN MAYHND TN M DYPIN N9
Rabl)

/07 272 DMIINNUN OMIN 5Y NYPTH MM WIDY 31y 513 S Pon 12y CDM Y1in
N1 5y (SODAR) 009K 07910 1IN ¥ INA

(3.9 M8} nURZ MY oYwAna naNonn POWER Yy mayhinnn

Almospharie
preastiva letda
{al 1na lavel)

Geaatraphic
wind
aqualiany

L3
Geosirophie ¥ H
windfetds |3 data
] 1
1] ]

huls Inval +  validation
Vmame g - L]
v
A hotl-lerm
DFFSHORE Wik ' m,z,‘.,.uom,
RESOURCE ™ Windwave
ESTIMATES Ininmclions

POWER norw 5w npnot townin - 3.9 i
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INPINNY INRPN MIN MIPANVA DINYPH BTN BV .4
099 9NN

NNT DY TN .OMAYD DIANI NPV MININ 2192 MNYT DPRY BMINNI NN MPINI0
_ LOMMYNYN 0Y7TIN 190N DI

e PN MM 2N naelle) 1 0N APINOVN YW MDA PISNY NN NV
L0MY DMNNT DOORY YU NNN IZNAN NNN NN DB Y3 R IIMIAN NO5D
PN DY IO DYINAN NN P0RY HDD TTa D901 DYDY PNV NP YW napna
MPIANU SV NMIPHNI DN DNWY 0N DMYR 593 7172 DY MDD .9Tann Yy o3 X
NWNN 2V DONGN DIDIYY UKD 0PNV DMNING 10D DMYP OPX MMDN "N
LOMN9Y OMINND) YNN2 NTP PDNRY 03 199,07 1713 D01 Y0NnY 090N

YN DY R»Tn NaNnn MYND awen 1 wsn (1988) Oscar and Paez
LOMNAPN D031 MY YO0 AN MTID/NPANY

NOWHN DY PRPTA NANNN BWOND OV DYNINI vy NN (1993) Wastling et al.
DYWONN NN IR O 28D P O PINRN 00N WHNYN ON NN/ Ao
2V 003N Y0MIVH DIV NI VYNRD TYIXRYDONBN DYDHRYM TIVINN MINYNN ¥ NI ONYY
TAN MIINT 1) N2T MTIOM NN DY NWN AYOYn D79 MY AN npwh . mnon
Rulp}a

M PTN 0N .DNY DIDINKD AP MPIANY Ma»ynn T2 (1993) Bond and Ansel
OTPN MY N DONND NHNY D0 DINRD VIDIWN NY2 NPYE DN DPN PO N9
LOMTIY0 AP Y70 90N M DN DN DY MIPH2 AN AnwE  .mand pnoa
-1 (1997,1994) Kuhn  nx 1955% 00w 07pnn .ovn»T 0opy) 07 ') MNona it i

MAND NPINDTAN DD DY DOPIN WDIM DY NN NN YD ,(1997) Quarton
DOIOP OPWY NI APINODN DY PR MNIAY IRD YD IBYTH ANMNDN
Frandsen & Thomsen S¥n2 15 .1omiynwn mav MINSIND DY 99 NYN MNona
N2 NI N0 DY DOIDY0IDN DXONYD MANYNNI OYITINA 3 MPORY Wwian (1997)
PINND AN DPMYHRYHD DDTIN Y2 (1998) Rogers .nmoon® Dn)VYP ,0% NN Avada
ST VPNI TN ¥ HOD ¥y IINONN By (Damping) Yo7 Y¥ NN Myswni IX 180
DN NOYIN MY NN NPT

A NN NPINVY ©MAN DITN MDY NPYTIAY WY WPINY MIN INND DN
oM wonenv (1999) Thomsen and Sorensen »1* by mxInN DN 1YY NONT .NPD>
P2 ANTIN MYDGUNN NINSIND ,MANYNNN onya N 9 oM Videby -3 nmnnnn
DNND DYORYI DTN L(MINK NYVMINXIA NN 5-15% DINN2 NN ,nnh:: MPAN0N
DAY DMNNI VAN NINYT AN AYTIN NYSWNN
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DYIP? D) DN 1271 27 MAD DN OV LTI PHN Y2 DDIANS DI DINY 130 MoN
DPID QNI DIPINY 200 MPIMON NNPN PHRI AHIND NAND 91 OTPRR 5N ANy

(2000} Cheng and Van-Bussel w (1998) Harland and Vugts

D113 D3 DX APVOINIPIN JAINHL 170 MIPANON TV 3207 TNINY MUY MmN
Chiatti et .25 WD 1DTY MY NPV NBH ANNI M MIPANY WX DSY SBPTIING
D2 SPDPTIMIN MY O (profiles) Dwin 433 sann Msrs Yy oNNTH (1997) al.
AT APMD N NP ANINM0T DIONND TYN DONN OWPDNT I N
D XN MTIWN MPANOVNY TI7 O DIVONT MYHIT A0IN,J0N2 .MOP NPININVM

DM DYINNT TND 1233 0N ,NPINR TN MIYTH DIWUP

¥ MIAPY RPN MY ANN2 AYPY NAONH YA AP NN MPIN0 YW NHTTN Mvown
Ainslie bw DmPMTEAYE NP ,0%1 ANNY DPPAN OMNIN MM 722207 N MPINY
.(1988) Marini -1 (1986) and Milborrow
IPNDN MNNINT MID DM DMINNT M NN DY PNNn2 N2 mMynen aman
' Opti-Owecs y8oMIND
(Structural and Economic Optimization of Bottom-Mounted Offshore Wind Energy
Converters)
Joule III 77312 TPNATING MPNHN NN MO TV
Kuhn et al., 1998; Cockerill et al., 1988; Ferguson ) mn2m wwa nnsin 1pnnn mnNsm
:(1988;
A9 VPN BY OOMIN DI - 0 /DN NN (N
DY DMINNI MP2INV DY 25 NINY DL AINND - 1078 NN a
JPNR TN O02Y 101 AN YN NN DWRYRN DMNMY YT - 2 'On NN (
2V NZID THPT DV MPHN NTYND MOW  DPINNY NOYON YV MINIINIDAIN
Nabbary
JIPNI DIV DINND B9555 DMIWON INNYT - 310 MNAN (T

A1 NN NIORY NONT - 4101 AN {n
SN NOWNT YN HTINN NN ANYHN NIDNI YIS T - 500 1NN 0
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BYIRND 799102 03 11 Opti-OWECS Sv minyinn

PR TPNWPD DID N TNTID/APANG NWHN SV NPHRTH AN YM2 (1997) Kuhn
Y DPMPTN TN NOWTY .MAND APHPT OPAYTPN yOPDIYTYIN DYORY NN
N 5¢ Myawm 0720 Nm 92NKBn oMY 0NR w3 MW 19y Ao
DYEPTYPNN DODW ¥ IPOMN MPUNM T2 Ty N 7100 MDY /D039 DD
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2¢ DNV DIIII0N TY TPXOMNN N .NMS 095395 DXILON NN TN, N5YHN
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OWECS
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IPIANOVA NOWNL DMWN DXOMIND JY NEPNN MPAN50 POW 190 INNDY DMWY Mo
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TIDNI YXIZ AT NN NN IPNH DABPN MY NN P DIINND 02320 9900 IX Man

oY Nt 20 DV NTEYD P12 YN NN TR N9V DMINND Opti-OWECS vp»19
RiyilhinltelaVary!

NYPO 2Y DO ) IPRHDN TYRNDY NPNTON DY NN U7NY NYKRDY AN N99R
OOPRR MBY7 IPNURT NIIPN DN YWPNT PO DANN DINAND WY DMNON 0IPNN
YT ANPY NP3 MITI YOND NYYY SNONT MIB0N P2 ,12%97 .05 DMAND DYDINAN
NN 2V DMOV DM 2DWY M8 1D YR 109 DINIBN 1HAnA MY NN WDy
Y121 MY DR D20 YT DODINY DMNND ANPNN MY Y D3NN ABPNN DK DY 00N
D701 MPIN SUYn YN DPITHRY DMAN DMNND  .DWANR Y91 MIvpi9 nhava

1202 Yhnna

AT PV NPTV RIDIND TP PPym) 271 wn ¥ 991 Opti-OWECS 1pnnn nmt

7Y 19 1900 RYNY NOUP N3N N2Y2 119% MY MPIN0 1IN S¥ 193 »en (1993) Barltrop
MUFOW-Multiple Unit Floating Offshore Wind Farm .1 m390 %910

D29y 92002 o2 MUFOW 5S¢ ninaony mimam A0n 9nNnn

MM
JITMD P MNP MNS - T 995 N9t A Mpnn (1)
SPOVOYIT MY (2)
N AN 0¥ INMINN (3)
N ANY APRNN (4
LD MPAND D3 NIAND DTN NN XY 1) (5)
SR M MINN2 VMY YD MUNNT S N2ON {6)
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:PIMITNN
IMP NV MPINON WP N N MPIN0N APRIND My mby apy (1)
JNON MM
DN PP 295 MI2NN 53 7Y I MIYIND TN 7197 (2)
VTN MIABN YW N3N I3 NYa {3}
01 50 -0 JOP PRWA DINND ND (%)
217301 P 20N VPY S22 MWINN (5)

DY NN ,0MO0 D09 9NSD T2 D IONY MY MIVIPY BN DN

TIO? DWW 201093710 NY) NRYENY THNPXOIN TINN 090sn (1994) Cesari and Rebora

: OWIP D710 02315 YPOVIND JPRN MYIITI TIWY SN

Guide for the design construction and installation of fixed offshore platforms, Registrs
Italiano Navale, December 1990.

DXWINN IMNYD THNNMAPN. PN PN IR TN 2WONN MNIPY NN YD IHBNDN
TR INT 07 Y D09 295 00 8 1Y 4 0 Py DINN2 MNNN NN 0NN
LDIN NMPM OIN Y v
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P 230 -1 34° nena omS e 140 wa qon 8 powa 22° aen omy V2

22° v mrmy

DYNT MIAND TIND DMWY D> ) DMIYY DMAVHN INKL N8R M¥INON ST TN
2127 MMPH NND .DYM2Y) DPNRY NN NN OO93 1310 MNONN 21991 91 9131 minad
¢ MMON NDWND . DM2W) DPRY 1121 IMNT D) U NNSAN WY %90 ANy neno
o312 (1991) Chan et al. .nPIPDN MNNIN SY TONONY ¥ NINT NYTH DM 09
DY) 2N D973 12 HY DMWY DD MM 1110 DN DTS MNXIN YY 9519 AP0
23700 YNIN NWNT NPPANR MNNDNY DRTPH DN .DA0N MM MNXIND NN

SPNHBN DY BTRRN AN 2DV VIO N1AY N YN

D1 PHVIIT) DIV DY PO AN NHPNI MNYPN NeN0Y e (1979) Derrington
PN TION PIDN ,NHPN MOW ,NHOAN MDHN PN DN DHIPEN 00NN .MM
SR MSWAT APTHYN NN MoYn My

YPIWUND 98 2803 IDND MY TP MDY DY 10 MIINI YIRIWN D PI0HD NNDN
INMOY NPNDNI0 TAD Y .TPNZNO0 NDMM  ;NNT 20T P PAODNY N DN IVpIpY
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oIpnn PNz ) (1997) Vugts and Harland onw npandy owm oIPNRY Apya
JIT AYPOA NN N NPank

on (1997) Vugts and Harland-y (1997) Kuhn, (1998) Ferguson, (1997) Ferguson
VPN ORI TNV DIIND

Opti-OWECS - Optimisation of Offshore Wind Energy conversion System

A7 VMY YD DY DPIIAN TY INDN NUYTN SV NN TPPD D90 Nt MAaD AP
LDMIDRDI PN MY 3N

D NI MN 02 NN YN XNT Moy S mhhd npo xun (1994) Gaudiosi
/BP0 DMWY 10N, DIIRUHN NIWN 5 DOWUXTN DN .19VNI DMNN D% 1»nn
.O»NIT DPII05 OPIY

19 VY9 ©) YOINT 2OT TPYPIAPN DY DOV 10 MY NN YY IPRNA MY 1t 1Ppo b
(capital cost) NO51ON NDYNND 1-2% -3 NTANY IPRNANA MY IPNYD MY NNAD WHN
T N9X NNNAVID HPINN PND 2 TN 19 10D TP NINY 5-10% -21 PRV NS
5-10) TPOM® I¥P OPN IOV APY MYPIPN DY Nooian Nnmevden (599 1Y) nana

ST TN T NDIN NN N9WD DY (0%

TV NN {301 35 0P IO MNP TTHI N N1 ANNK DPIN THIVRA MY %3 TN
50) MSITH AN MPIANOY YOPN N NADIN 23 NAY LIPAWD AMND RPN BN NP 30%
02N POV MO DY 70N 15 1Y B XPRIYA (1L TP 10N

PNV NN RPN RHD 3 7Y 2 29 TPINND MY 71500 N9Y Mn119vab 9 T

Tenna Apomw (1979) Kilar »15 5¥ 10719 Mz mMNSIN »81 08

DNINN DYIPI 592 TITN ORIPR NN (MY ONY I1pwa) 1w npaon »onnd
100 WX 50 YYN7) NN 1N NNPND DPNYP DYIPN NPPODIVOD 9% 1NNT DPNBOPN
23N YN TV NIZWH MNINON N3RS e oan (1998) Harland And Vugts (mw
DMYVT NN 2PNV 19D NNVNDID DWW BNY NNAY DIPHI MV AN Y3PHN

2123 9097 NNV NN MM MDY 199 191N TIOND 1NN

EPSRC 9pnn vp»19 sNsnm mnsnn pon oovsn (1998a,b) Henderson and Patel
YTV NPIIPIN DVYIN M NN NNN DY DOINNIT TAYTDY 10N 9D NNSY 1N PIIONY
NN 093 NWPA NASN NHNVVZAY MHOANR 9N NS MOIH M2 VPPN
VPMIAN  APINON TV ONHRPTYIPNIND DWNNAM D9H2 G0N MY P2 TPNPNIONG
MWEDNY ,IINYD MWH SPNINA R 29D mavbon PP 110 DMIVN INYIA DY POy
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MO ANV IPNON MIVNT DM TING DYN PN INNY MNDT .PIND PYHINA NITN
JIPI0ININ NNNIMN 2NN

2002 MIWN 797 NPAVY IPN M AN 22 o0 (1999) Heywood and Ferguson
Y WINT AT .00 10 -0 JOP D PRIV PINNN D1 10 -n JOP PRI MIRPIBK NPAN
02937 HY I IN NIDY AP MMV VI VI AN YT MTI9 A mranw
DITIRM MM masn ovs (Jack up)

2¢ MIMTNM ADNIN 1T NP ATIAY MEMavta Yy mnwn nvena 17 MNBN
JPTIDY MNPNN 7Y NIDRPN 11390 P30T, 07T DB MY NNV on

,2ZMW -3 57102 M0 S srpnd 50 -5 0102 NN YW ANPRN WA 59 DINN0 000N
-0 VPP 1013 55 -2 1213 B0 0N 60 -9 VTP DIV BY 01 300-500 DINII
DY 01 5-10 PV 7T RN DM YPIP2 101 15-20 POWY 11THY D19-1In oD Mo

AP 2230 ©03) 00 6 TY NN DN WP 2 1Y D9 MINI 00T 00 4-8 29w MINOA

TITI2YN TRTNOVTN W MININ NN

01D 5-20 PRIV IYANT MMV NINY MWD e

20 TV NPIN PRWD 701 3.5 1Y 0P 10 150 TV SpURI MINDNYD AVTHN N9 e
alt)a)

.DO0N ¥ 901 55 NANT NPANON N5 NAM 97N IPMY NV 175 79 NN AN e

MNINT PNHNZ TN 2Y ,TI2YY 17N XY DN DN DX DM NHNAVION MINYR NN e
4Ty

JNA MINAY 4 TYnD D02 IIINVIN TTIAY DD e

D010 MY PO DI MDD e

TN MINNIT DINDNY AMYYY NIDMP NNV RN NHITY 0197 BN
:n9x2 on2a (Jack up) N ML MmN M
MWe yyab NN PO ND DN NONY YT TINDY DOYAT DTN NONN DDV e
0P 1590 o9 Nana
120 AN 193N MDY NIWOND 1921 NN IR NNDNDN IRNTIN .
NOMOVZAN  .NAXTY NP IDIDNT DIPYM TPY NN DT NaNn pMavTad e
SNAY MNAVTH DXDAY THY FIAYNY TIVNN RPN
-T10) ©° 2807 AZIND NONON NN NN DPPR N .
0T AN AN MEN0ON .

THITID009T D WA OMIT MZY FTNAY 9T 5 MINDD IDNDT PNHY NNV HINDID

NI DN .IWIIV 33 -2 TUWOM MDY onwD 1pbn £ 6.8 AV Y00 YMa-mn YT mpnn
PN AT PR ATDR YNIT YR YRR APY RPN IN MPETI ONYoN NN PINND 1N
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TUDY NYPN? NYO 00 £ 9.8 <> NoIBn MYy AT AaYTn P N2WON NN yNab
N2V 54 xean

02 N2 SMW D20 men N1 nYamv 1INy Ipnn ovsn (1986) Jolly and Graves
TPRPT PN TTINN ININDNTD DOIAN D02 DY PN DU ITIN Y NN APIN0N SN98H
;NN TW 0PIV OMN) S9Y 3NN ¥R DPSNY OMPRLED TN MR TN nyny
73 IR 200V 5-1 /00 DWINDY 5-1 19015 Y202 0NN DNMN .MOY MNRN IIN INM
SIONDTIND MNZT2 IINY TN NIHN DY DBPIOBINIR OININ

MY (Y0P OIN) DIDAY TNBYA YPIP 5Y 100 15 =) YW O P DPWD MIanT
10 1PN MY 50 77N NMPRA PN 23 00 8.4 -5 I YT TING NI TOUM) TN
270 7712 25) IMIND 90 15 -3 b qon

D02 TIT ¥PIP Y00 17 DMITMRN MRONTI 16 Y510 197 12000 D192 ODan Nann
2 DYTMRN NT29 MMIPYH TPRIN D00 220 1010 3 1M 00 17.6 103 NVIAB NPOYT
2PN MOYN 01 123 PO AY AP TINYNY 00N HPNRN Y1 MPIPA on

£ 5.8M -2 T 20 5w N TN AN £ 6.9M -3 N0 AT 1M Mpnn bv

ANKA MIPNNN Y20 DXONON DRI

NN APIAMVN STH0 01 DA NN ANV S pnn nvdy Ao (1999) Kent
DMPO) VRN NPV N9NN N2IY MOSN 0¥ MPMIY IR MTIYY MDY MAPo)

D VY 1PN NPNIN IIINNY TMUBY MY MBPN MO IDI9 DI N0
PIT PO MITP MM 1POMN YA MINN DO DIV MILIWI SWYDA 1PONN

T OIN PYT NNND0YS TR L5955 ManS £ 2M -n nowmy MY 0ONIY MY NPv2
£40M -5 £ 20M p2 nbhw oo

ST MTIAYS MHNDVSAY MINANT

D»Y MY MmN a0 91 N0
£ 150,000 10,000 ton Floating
£ 15,000-30,000 200-400 ton Jack-up
£ 10,000-15,000 | NN W05V O | Shear Leg 48,000 ton | Floating

NPV 70m nan | 18-20m ann
£2,500- 4,000 Ring crane Floating
£5,000- 6,000 "O.75T¥TNNPYL| 200-250 ton Jack-up
{M3a3 ©° 07 28n2)
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YT MP2IVY MHTION 07N "N

Type Technical data Water depth Cost
Mono pile | Pile Driven or Drilled | Up to 14m £300,000-£400,000 to install a
Pile Weight 150 t driven pile
Pile Diameter 3-4m £350,000-£550,000 to install a

drilled pile (Jack-up barge) |
Tripod Three piles driven Deeper $1,000,000 per installed
through a steel tripod foundation
base structure

Concrete 500-1000 ton £400,000-£700,000 per installed
Gravity foundation depend on water
Structure ' depth
30-40m Several million punds

AR 4 - TY AP MRONDD NYTPY X 1IN 1N

12IDY N M NN NN MIWN NIWND Y MO 1pNn bw Dwrynn oson (1979) Kilar
OMTIN DY IRIND TN 1 Sy

:TI2P0N MNTOVDY YV DIV NNDY 1IN IINDN

Rock Island {01719 oona) ovdon N nppn | 1
Concrete pile platform {2 PY) MINONYD bY NnNavs | 2
Gravity Bace (NP2 PO MHILMN TID Y N1 INNVANwY S STIn | 3
Steel Guyed Tower (O*Py D) ,(MON) O D01 AP N9 5Tan | 4
Floating Disc MPOYT NN NAN NnMavbs | 5
Semi-Submersible NY2I0N PN NN nMavsa | 6
Tension-Moored TPYPIPT NNPNKBI DY NYA0N INN NN DRSS | 7
Spar-Buoy vm N | 8

NIV PTIPY DY DOIMONNA DIVHN IDINN DY TN NRVNGT MVID RPN
J2UNN0 N30 N MDY IRI0PN D) (2N 00 PRIva mons

M2y .00 PRIV MYND NMNYD MKNN0TT Y MPRN APBY DY ANINeT MK 10 102
S0 60 powa $2.8M <D 0T Mg oo $2.6M -p vyl mINODMDD BV AnTiovss
moy 971400 pomya $§ 14M -2 011 TN 0992 $ 4M -n 1y 07990 NN STan MYy
oy .5x 400 powa $ 12.5M -5 91 200 pmwva $ 5.5M -n Ny poan 8o Y Tn
VID NED NON NN NNV MY .§ 4M -5 MYPIPD NMINK NY210R 2NN 198 NNT1DVLY
$5M -5
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MY 293 .5-2 7101 ONYINY NN O NN Y DYD0T DMUDN TN YN APNna
23 13wy R 150 95 Py . nnn Y 100 prana mns DUNPIN MNIN DY 127D MINRAY

A0 30190

NOB DAY NNV N AN DININD IIYIIVNIND NNV alamhblowlsny

rona 500MW npand mn nnpn Rovvmmn nbvoan mbyn . Tension Moor Platform

AT W 700 -3 oM 1IN

NAPW TIPVBNNM WONT ,NNPAN M%Y AR NIYNI N20Y 05959 TN TTIB ORD
TIVY ONINND AT hn 88 ynn avnn May 1w BBEC BusBar Energy Cost
572 7202 DNNI TONWN DX APND MY DM 1’ AN

DPIMVY OYTITT 0902 M1 DI NPOT NPHN YY MWD DMBY O8N 5-3 1930

2N DMIAND MY TN MZYY NV 2MTIND DY DIIN Y DM PINND 53 n9A0

YT PON NPT T AV NN PO ININT INOKIVID YU 1PN PN (2000) Li
6.6m/s NPV XY YN DI NARDHINY M7 MND HVTIVD NH9INT YT IIRDNN
A NN 2D APODN MYN M Tenna 310W/m? mn P90 MOy YNINMY

22 15 -2 pvin anxn 109 . 1038MW Y15 paona mvamv 629 no5aw noman
75% -5 701 5yp N NN 01 1.3 Yawm mnean mv o0 24-30 o poiva Q)laratal
PN 9570 900 10.4 20N 90N T Y3900 530 120 . 1man 5% -3 900 3 Sy yoin

.85m/s Y9oun avnn menm 70m/s NTToNY 1PN

52% woonn (capital cost) $ 1,434m 200 mMOMPTN MAN ANAY NOWIBA MYYN

OP»MaN 217 2% - nen 26% o 20% ,myamivn

.$ 1,380/kW 2000 mav8aon nnpnn ‘m':»v

MR NV IPIANVT NEITN OPI82 nuann PN owsn (1993) Morgan and French
MDY YTRIN D312 9I1¥ PISN HNHI TNV NNINT NN ¥ PO MNMKHN IV
MDY AWM NN MINI ,NYBN NIABN DY DM DINNI YSIOY ANWN YPID 181 At 9NN
.5-2 9900 ©XYIND) 5-1 190N NIV DNININ OINNN

A0D 12 YNIDN B PImIYA PNND NP 4.5 -3 IPO0IN DY NN 9N Dm opnn mann
ITHN 0N 5.5 7M1 00 20 2N THNKI 1M NN VAN YY) Do Mand

D1 YPIP DY 01 55 NANA PN N 0y ,300-500kW poon2 NI YD
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DM PO PPN ,2WIN ,MPD NINN 191 599 maTn VP v Y9151 Mbyn
30% ,0P»19 PN 0N 0P 15% 8D Apbnnn NNt MYy _£4M on ovmv Tena
298N 5% -1 DN NI NOWD 12% NP1 DAL NN 27% AP0 11% , TN Man

LYY APRnm

JPRY AYY IMN ANPN 5 0wa neNIn P91 1T (1993) Olsen and Dyre
Vindeby -1 mopyny man mmn S¢ 2yanm myan |, nann s1den ponw PO TININD

70T

MO0 YT X0 MY IBND 03 SMW -2 nb5m m51m Apvn mvya mHn 11 75999 Inn
DPWIND) 5-1 1900 N2302 DA DIMNTIN .M NN N BY 1WA NUIN TR0 Y
PNIN3 00 50 2 P, D0TIT TIND 09013 XTI TING INNI IHPIBG 1’ NN 5-3 9900
TV VIDY DYIWONDY DD 12N AN B0 DTITIN 00N NN »P 3 -2 1.5 pav

oM Op

DIVP  DINPY MMN 23,0702 VPDYTH A9NNY NOIAD PRI TIVY NI PINY  TIOMN
O MIPAY T2 ,0M0 POV E2 aNMD N N2) .5-3 9900 DOWINA AN [, Phyn
SPAN NAND 1NN AWAMOVN 21 DWNINHD DN M9 SN 0N 2.5 DYaNa Prn AN
RPNN M2Y 901 35 450kW n»amo He 1090 901,700 35 TION Mpne YTHnn nan
17.1M oomnm mmen nnpn mby nownn ,DDK 76.2M nypr? 11 52 an S nv»on

.DDK

MY PN 0N MINYT DO DN 2N Iwnn AN A (1997) Quarton
NNHD MNODLM APNONN DIV NINDITIZN AMNONY 070N AN PIHD INDA NPRY
KD IBNOND DR DD TV MOYL NMOY ANIHM 1957 NPV IPI0ININ 1NN

20 by

MN¥N DUI9D IDNDN .N2Y 1737 MY ANND (conceptual) »»y 10N »an (1998) Tong

VD AP NPIZNOVI MPOWY NPV MIan P Yy yaiaw FLOAT vpmig v
90 300 -5 100 P2¥ DY YPmYA NINTI PPDNY DAY MY 1PN NNSY OP™M0n
IRAND D) 190 N 2D YPRN 0 0IONND JIONT TIINY IR NN

: DN M TINY DN

VN 45390 5YRYA 23 NN .TIYY H0R 26 8N AN W MY Swany
101 82770 2NWA D) NN LYY 00 40 PN NNT T M MTILNY
AXTIING DIDNDND PIDAN SNINT DMYT 3T 1IN 0NN
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PR APIN0VI MONN IPS ANY 1IN APINON PY NN DPRY 1M FINYD AP
20D OIS INNN 137) MOVVIITAN MDY MO VIVID NN DM NVTIN 7121 oY
IPIN PATNN TON 60 TP NOM NIY DN 9 T3 10N 45 NOM N3N ¥YIP) 199 . 0oN2

1.4MW nyamon Sv

01 19 I0IPA NPDITININNAY 0D 28.5 N2 0B 12 10IP2 1IN D93 NI RUNN N¥on
03 400 MDD MW 101 250 1917 2233 102 WY NN (930 NANBD GONI) 100 2.5 N
TINR ANND 1) .5-4 190N DWINI DN DPIVMINT DIONION D7 1800 NPANN >IN

.5-1 100 17202 OMN MZYM MIABN

MYIPNZ PN DDHRN 0N 500 TY 75 DOPLIN DINNT AONNNY AMY NOWH INNIN
NN DTN KN INRTIN ANON 2 NNNT DTN NN THPOD .2097 NN TN AHIRD
D729 0NN TN WY 293 NN

01 100 ©F PR PNISN SPN 022 MAY TN 9 N2 27 INNY ,NY9197 MOSYN 1o
12.6MW 2w 05y mbynn npany ,£30.1M -3 200

NI 19% P MPHN MTIY 10% ,MD 23D 15% ,mny N 28% :MYYN NPvR
D193 2122 5% -1 OPIY 1) 5% ,MPAND 18% ,D301¥HN

IPON YDA IINNND NOI AT TNINVI DN DTN PINY 1%V NHME MNINND DHY
TN) NPANON NOIMY WPYN STTI TN MABN DY YD SDNIN YTN 39D 1 00T
DINNA MINN SW INNYN VTN MNYDNZ 0I0 7133 IR .(ANYN NN 1TM NY2NVN 110

.23 SUMY APY MINYNNY TITINN NP 1HYNNY NMUN D 323 DIPID

D22 Y0P APY DPMN TN IMTRM DONHBND NI 01T YTIn B8N (1998) Rogers
ANINN JY DMTPAN NN DAY Y10 MNP NN NN MNSND .OPNHP

TANDD O) M0 N N NN MOYD Nwnnm NoYvn 0oxn (1991) Simpson et al.
YPRN MY NDWM INRN ONN NYDN TN VNN DY 2NN ¥ Pend mn i m

.5-5 9901 DWAND 5-1 19010 NHAVI PN
PRI O IOYPIPH 701 90.5 NIND NLHNND MO NID> BY DO NP YN ,Nann
23 DOIN 0P NN NN MIHOIDN T2 900 70.8 ©YaNI MMANON 1Y 1Y qon 19.7
DM TNINY DMIPY TONRIM AN HAYA ¥ 5Y 1NN 391 P Mo 0N 7 nand) on
MW 292) PO 101 100 0PI NV NIYA NPINY NYN ITBN VPP 00 2 PO

£1.28M RenD Mann mby

M2 NANT PR DN ,DMY OMoNR M1 P2 INRNYNA YT DY DN nNn2
Rad kg ambany]
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MY MYIMY Iy DINDI0 DOV 2¥ noYba NPPY owan (1989) Sinclair and Clayton
PINON O ZY NN NIMD) AN 5Y N MM ,Mann 2V 99 MM Y99 NP
INPOD IRPTIPNND NOMIM N320N NINNNY DNYPH 0»0PT D1 DN 12 1D
Rnlalatian]
YN AN MY MPINON NPOPT APYI NP DN 0N NY MHYI MPIN0 e
.onany
23200 POMIN TTH ITOI XN PNV TAPNDN MPITIPNR PO e
2¥ 530 A5 NPIMVN NN 2105 ONTD NAPIN MPADN TV NVIN ITPIN TUND e
PO TOANY YR , DV DMINYHY MIINN MTN DX ToOUY NI
JININFNI0M2 0% TN P00 DN 9OID NN .

(Ferguson (1998)  OPTI OWECS v°%498 YV 39100 N1 NY00

IPOI TPON DPON MTIOT WP WIDWA YR MaT BN Mt IPAR PIY 929V 99
.Opti OWECS 9pnnn n/Aa oayon NN 080N DM»NMI0 090N .1t 1Y nanina

NP NPNA = TN AN ( 3.9)

FIANON TNZ DN MAND MNPYR 292 M0 ( 3.4.1)

MVIN 212°0 TN} ANZD DDIN VI NVINN 2120 TN DN DINMYAYHN BMINHN O TNH
TV YRXYT TN YTIDMN MI8YN VIRNY T2 PonD ¥ Mnn nyMnY L(D%andn 1900 s
AON DTN TAND 2197 717 K2 Mann Sv (inra

M T My TN Dya v (stiff-stiff) mwp-pep man xm anra sowon ponn
(V1IN 21250 TN B 120 2NTN NYON YTNN

T2 7192 NN (soft-stiff) MYPp-771 Dwon ran 0y DN MMINNT ONYI
AN2N NYIN TR TIN NV 110 ITNL M 7PN XTITNN YDEYN I THNY

N2 NDTT NN NIY 120 12 YW NN D3 MR (soft-soft) -7 2wben won
NI DY 0) TOPNY ¥ M PN IOIN 2110 1TRD TN OTIOM NV TIRD M
DN 2 DY ITIRNN NOMY 2PY NN

DN YPIP DY 001N MIAnY MDY v (3.4.2)

(Piled foundation) mxonroa o1ova
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MNONZS DY NHRINN NHNVT N AN 71T : T MRV YT TINDITIR aInn
TUND M0 IR TYTNA 00 N3 nYNIn NN .qnun nnevo Syw | (Tack-up)

DI TN YINT YR VPPN
DI 1371 NIPINOVN DV NDHN 91931 PANT AMIWY MRDNTIN NITAT MWD NP

JIANOTT VN NN BV NYYI MNONYI MAN

IMTNNZ DNV OY 2N D02 MY X (monopile) T2 ©nYd Yy YN Nk Doy %)
JINDNDD Y900

22901 51 Tpwn Sy, 0N YPIP Y N o> 1 (Gravity foundation) o) Mo
YITND MNMYY YPIPN MNNY ONNND (D7) MY ,0993) N12°3070 SUmY 191 MDY INYINY
?)93 NNRNZ TINK NIYON .DOYSH NI TN 32 MR 5S¢ 7MY NN Wp mmay
TIO> 4P0 2020 (skirt) 7799 »0WN NPRIN NVINN NO7 NIV S9WY DNND YPIPR APAN
TPROMN

ANN2 NANn { 3.4.3)

ANND O YPIP DY NN NISM IIDYS NP MO N mp»p

P (Jack-up) DTy DY NEHIINK NHNVYH IN NN ANV Sy YT P qNIN — NN
IN TYI) TAIT NP0 2V WYY IAND MIINN Y OO VPP BY IMIPNI 12080 AN NN
LONND 2T DINN NN 0PN ON NV NP 1T IO AN

NV NN N3N ( 3.4.4)
203 YT ANKD TND NPADN DX ONIY NP N9 DY MY O PMNN Nnn
THIND DX ) YPIPN DY DIDNIN DINNY YITIN SHNY 72un DN nms Yvon AT
T3 IMNT INND YIOND TIABN .MABNK HNVOVAN PON DPRY DMK NN Y9I Mans
D22 NYINM RN NI MY

DTN MAN (3.4.5)

DTN TR DY OO0 MW NNN PNBN

202107 T DN YRR DY TIDMID NUN MNP IN Y9 91 (monotower) T2 vININ
0N

(braced/lattice tower, multi-element tower) DwInRbN 19 NYIN

DMIOIN{ 3.4.6)

P PO N ITIO OYA DN DPIWANN TN N
2P T Y129 Man 199 ,NoRd DN PRDN PVIAND YIIN D TV NP DPYP NTYON
ANNI N2NNM PN M3 NI MBYN IPYRY )01 Mann nNana
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D3RI (3.4.7)

DO NN INNI NIANNN O, DIDAM NN DD OD0RN 7Aand movnm oY
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Table 5-1a
Location Generator Site characteristics Tower & Foundation Cost
North Sea, 3.0 MW Highest spring tidal range 8.4m Piled foundation concrete tower Installation of
Lincolnshire Maximum storm surge 2.5m (see Figure 1) Single Unit;
coast Diameter of blades | Maximum pressure storm surge 0.6m £2304 /1 kW
Jully (1986) 100.0m Mid water depth 15.2m Controlling the natural frequency to
Highest possible static water depth 22.5m avoid resonance with the pulsating { 20 Units:
Hub at 82.5m wind thrust (blade passing £1937/kW

above seabed (5.0m
clearance of blades
above highest
possible sea state)

Maximum current 1.25m/s

50 years wave Hmax 10.0m 11sec Hs 4.5m
Breaking wave height 8.3m at 11.0m depth,
10.0m at 12.4m depth

Mean wind 7.0m/s at 10.0m above sea level,
8.05m/s at hub height
Maximum 42.0m/s at +10.0, 48.3 at hub

Soil from seabed: sandy gravel 1.0m, boulder clay
5.0m, weathered chalk grade 4 2.0m, transition
2.0m, unweathered chalk grade 1 190.0m

frequency P)

(main sources of saving: blade
manufacturing and grid
connection)

Chapel Point,
East coast of
England, 4.5
Km offshore

(Morgan C. A.

1994)

300-500 KW

Levels from Seabed:

Mean Sez Level (MSL) 12.0m
Highest Astronomical Tide (HAT) 15.5m
50 year max Still Water Level 16.7m
50 yr wave crest level at max SWL 24.0m

Wind (35m above MSL)
50 Year 3 sec gust 50 m/s
Maximum operating gust 38 m/s

Boulders bank till (silty clay with gravel) overlaid

with patches of sand and gravel less than 1m thick.

Reinforced concrete caisson (See
Figure 2).

Total cost £4.0M

Data collection, analysis, site
survey, design, project
management, 15%

Support structure  30%
Wind turbine 11%
Submarine cable 27%
Electrical system, grid
connection, control &
monitoring systems 12%
Commissioning operation &
maintenance 5%
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Table 5-1b
Location Generator Site characteristics Tower & Foundation Cost
Denemark, 450 KW Water depth 2.1 to 5.1m, shortest distance to shore | Reinforced concrete caisson placed | M DDK / 11 Units
Vindeby 1500 m. on cushions of broken stones (See
(Olsen & Dyre | Diameter of blades Figure 3). Foundation  17.1 Turbines
1993) 35.0m 10 to 20 cm of sand above 10 m thick boulder clay 31.3 Transportation 4.2 Sea
layer. Cables 9.3 Cables on land
Hub at 37.5m 2.4 Switch-gear 2.7
above mean sea Transformer 1.0 Service
level vessel 1.0 Others
72
Total 76.2
Reference site: | 1.4 MW Water Depth 100 m. Floating Concrete Hull, Steel Total cost of 9 Units Farm £
Northern Irish Lattice Tower (See Figure 4). 30.1 M (12.6 MW)
Sea Survival:
(Tong K C 50 years design wave Hs 8.0m Project management, 5%
1998) Hub Height Wind 40 m/s Buoy Fabrication  19%
Wind turbine 18%
Operating: Power cables 15%
Significant wave Hs 4.0m Mooring systems  28%
Hub Height Wind 26 m/s Offshore Installation 10%
Contingency 5%
Reference site: | 6.0 MW Max Still Water Level HAT+Surge 24.4 m from Reinforced concrete caisson (See Machine related capital costs:

England, Notrh
of Norfolk coast
(Simpson P B
1991)

seabed.

Figure 5).

Gravity structure.

Rotor £1425M
Support Struct. £ 1.279 M
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Table 5-1¢
Location Generator Site characteristics Tower & Foundation Cost
Reference site: | 3.0 MW Water Depth 25m Gravity Based Steel Lattice Tower
North Sea Annual Mean Wind 9.5 m/s (See Figure 6). -
[jmuiden Distance from Shore 50 km
(Opti OWECS Extreme Mean Wind at 60m 41,5 m/s Stiff-Stiff dynamic characteristic
NL-5) Wave Height and Period:
10 Years Hmax 13.8m, 11.8s
50 Years Hmax 15.4m, 12.5s (Design Wave)
100 Years Hmax 16.0m, 12.7s
Surge 2.5m
Tide amplitude 0.75m
Reference site: | 3.0 MW Water Depth 15m Gravity Based Mono-Tower (See
Blekinge Annual Mean Wind 8.4 m/s Figure 7).
Sweden Distance from Shore 7 km
{Opti OWECS Extreme Mean Wind at 60m 43 m/s Soft-Stiff dynamic characteristic
5-1) Design Wave Height Hmax 10.1m
Surge 2m
Tide amplitude Om
Design Ice Thickness 0.6m
Reference site: | 3.0 MW Water Depth 15m Mono-Pile Per 100 Units of 3MW Each
North Sea Annual Mean Wind 9.0 m/s Pile Based Mono-Tower (See Wind Turbine 170 MECU
Ijmuiden Distance from Shore 8 km Figure 8). Support Structure and
(Opti OWECS Extreme Mean Wind at 60m 41.5 m/s Installation 118 MECU
NL-1) Design Wave Height Hmax 11.7m Soft-Soft dynamic characteristic Offshore Grid 77 MECU
Surge 3m Proj. Manag. 7 MECU

Tide amplitude 1m

Tot Capital Cost 372 MECU
O & Mper Year 9 MECU
Economic Lifetime 20Years
Real Interest Rate 5%
Levelized Production Cost
(LPC) 5.1 ECUct/kWh
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From: Offshere Wind Energy Conversion Systems (OWECS)
By L. A Kiilar, P. H. Stiller, D. F. Anacona

American Institute of Aercnautics and Asrtonautics (1979)

A Study funded by the United States Department of Energy

Baseline Parameters

Atlantic Coast of the United States

Water Depth 500 Ft 152.4 m
Mean Wind Speed 15 Knots 7.7 mis
Maximum Wind Speed 80 Knots 41.1 mis
Maximum Wave Height 100 Ft 30.5 m
Maximum Surface Current 3.55 Knots 1.8 mis
Distance from Shore 100 Mile

Wind Turbine Generator (WTG)

Marinized to survive corrosive effects of saity moisture-laden air

30 Year or more life

The Optimum System for the Baseline conditions

WTG 10 MVA

350 Ft Rotor 107 m

Harizontal Axis

[ Tension Moor Platforms

E:;ower and Cost

550 MVA Offshore

500 MVA at Shore Terminal

Capitai Cost

1376.6 per KW delivered to shore

$ Million 688.3 per 500 MWatt System
Effective capasity factor (Plant factor) 0.322
Annuai Energy Preduction 1411 GWH

Breakdown of Installed Caost 3 Million|% of Total
WTG Plants 368.7 53.8
Platforms 210.7 30.6
Cable 88.3 12.8
Substation: 20.5 3.0
Total 688.2 100.0
Annual Operation & Maintenance 13.9

Fixed Charge Rate (FCR)
BusBar Energy Cost:

16% Of Total Installed Cost

FCR x Total Instailed Cost + Annual O&M

BBEC

Annual Energy Production

87.9 $ Mills/MWh



Table 5-3

63

Optimum WTG Plant Design Parameters
and First Unit Delivered Costs for Baseline Conditions

Parameter Shallow Water Deep Water
HAWTG | VAWTG | HAWTG | VAWTG
Rotor Diameter [Ft} 300.00 250.00 350.00 250.00
Rotor Diameter [m] 91.46 76.22 106.71 76.22
Annual Qutput GWH 22.40 14.54 27.83 14.54
Rated Power [MW)] 10.00 10.00 10.00 10.00
Horizontal Force [KIPS} 712.00 749.00 943.00 749.00
Horizontal Force [Ton] 322.90 339.68 427.66 339.68
Rotor Speed [RPM] 27.70 24.80 21.70 24.80
Plant Factor [%] 25.57 16.60 31.77 16.60
Plant Cost [Million $] 4.45 5.68 6.06 5.68
Table 5-4
Area Mean Wind Max Max Wave Max Typical
Knots Sustained Feet Current BBEC
Wind Knots |Mill$/MWh
(100 Year)
West Coast 8.0-16.0 70- 92 95-110 (.4-1.3 64
S. Alaska 10.0-18.5 95-110 110-125 0.4-1.5 69
Alcutain Islands 12.0-18.0 95-113 100-130 0.3-1.0 73
Northeast Coast 8.0-15.5 90-125 100-160 | . 0.4-2.2 102
Gulf Coast 8.0-13.0 90-135 95-120 0.4-1.8 134
Hawaiian Islands 8.0-12.0 80- 95 75-110 0.4-1.4 152
Southwest Coast 7.0-11.0 65- 82 75-100 0.3-1.9 155
Southeast Coast 8.0-15.5 105-160 100-165 0.5-3.5 176
Puertto Rico & Virgin Is. 8.0- 9.5 0.5-0.8 322

Tables 5-3 & 5-4

From: Offshore Wind Energy Conversion Systems (OWECS)
By L. A. Killar, P. H. Stiller, D. F. Anacona
American Institute of Aeronautics and Asrtonautics (1979)
A Study funded by the United States Department of Energy
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DEC. 0 0 0 0
ALL. 0 0 0 0
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AN 9N M 037 DY NUY nYSNNNm NN N YU Anndn TNND W90 :10.10 Nav

B 70 Nana

Mon Hour

01 |02 | 0310405706 |07 |08 091107 11]12]13
JAN.| 65 | 64 | 67 | 68 | 73 | 71 | 72| 67 | 6.1 57 | 57 | 58 | 6.2
FEB.| 54 | 53 | 53 | 55 | 57| 51 |49 ] 45 38 35 140 | 47 | 4.3
MAR. | 53- 53 | 54 | 51 | 31 | 52 | 53| 49 | 47 54 | 60 | 61 | 64
APR. | 59 [ 57 | 53 | 59 67| 78 | 85 |90 [ 10010397 |94 | 74
MAY | 0 0 .0 .0 .0 .0 .0 .0 .0 .0 .0 0 .0
JUNE | 0 0 .0 .0 0 0 .0 .0 .0 .0 .0 0 0
JULY | 31 | 39 ;40 | 42 | 44 | 44 | 38 | 31| 34 [ 43 |49 | 52 | 55
AUG, | 3.1 | 37 | 41 | 46 | 49 | 48 | 41 | 31 | 29 38 [ 45 | 51 ] 53
SEP.{ 42 | 44 | 46 | 50 | 54 | 52 | 46 | 36 | 2.8 32 | 40 | 47 | 5.1
OCT.| 44 | 45 | 49 | 52 | 49 | 52 | 49 | 42 | 33 34 | 42 | 48 | 53
NOV. | 67 | 63 | 64 | 64 | 64 | 64 | 62 | 54 | 43 43 | 51 | 54 | 58
DEC.| 61 | 60 | 62 | 59 | 59| 58 | 57 | 58 | 5.3 5.0 { 48 | 53 | 55
ALL. [ 50 | 5.1 | 53 | 54 | 56 | 55 |53 |47 | 42 | 44 | 49 | 53 | 5.6

14 15]16 [ 1718192021 | 22 | 23 | 24 | Daily
JAN.| 64 | 68 | 68 | 59 | 55 [ 55 | 56 | 59 | 57 6.2 | 6.1 6.3
FEB.| 54 | 49 [ 55 | 53 { 48 | 51 | 53 | 52 |53 56 | 56 5.0
MAR.| 63 | 60 | 59 | 58 | 57 | 5.6 | 53 | 50 |47 5.1 | 5.3 3.5
APR. | 79 | 58 | 59 { 46 | 41 | 40 | 49 | 58 | 56 50 | 4.8 6.7
MAY | O .0 0 0 0 0 .0 .0 0 .0 .0 .0
JUNE | 0 .0 0 .0 0 0 .0 0 R .0 0 .0
JULY | 57 | 5.7 | 53 | 49 | 45 | 3.7 | 3.0 | 25 | 21 22 | 26 4.0
AUG. | 56 | 57 | 57 | 56 | 52 | 46 | 38 |33 | 30 | 28 [ 29 4.3
SEP.| 54 54 | 54 | 52 | 49 | 44 { 37 | 33 | 30 3.0 | 36 4.3
OCT.: 57 | 59 | 60 | 60 | 58 { 54 | 51 | 46 | 42 | 45 | 45 4.9
NOV.| 58 | 59 | 56 | 53 | 52 | 52} 54 | 56| 56 6.1 | 64 57
DEC.: 54 | 54 | 53 |51 | 48| 55| 51| 59| 61 60 | 50 55
ALL.| 58 | 58 | 37 | 54 | 51 | 50 | 47 | 46 | 44 | 46 | 47 5.1
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JU IIUIUN MPIND Y sYYN UNUA Y8In YY hpnsh TINT W99 :10.11 Nav

7 70 TN ,TIN 90 D, 097 Y1 MY MYhn

Mon Hour

01 10210304 105[06[07[08[09]10[11]12]13
JAN,| 78 | 7.7 | 81 | 86 | 88 [ 83 | 86 | 781 79 | 76 | 81 | 79 | 83
FEB.| 73 | 72 | 66 | 73 | 73 | 65 | 62 | 55 | 51 ] 53 [ 59 7] 62 | 66
MAR.| 65 | 66 | 67 |62 |60 |61 6261|681 77821 78 | 82
APR. | 62 | 66 | 67 | 74 | 75 | 88 | 93 (106 | 113 [ 1141103 [ 9.9 | 8.8
MAY | 0 .0 .0 .0 .0 0 0 .0 .0 0 .0 0 .0
JUNE| O .0 0 .0 .0 0 0 0 0 0 0 0 0
JULY | 36 | 42 | 43 | 45 } 46 | 46 | 41 | 35 |39 | 47 | 51 | 54 | 57
AUG. | 34 | 40 | 44 | 48 | 51 | 50 | 43 3.5_ 33 142 | 48 | 52 | 54
SEP.| 43 | 46 | 48 | 52 | 56 | 55149 | 39 | 32 | 35| 43 | 49 [ 5.3
OCT.| 49 | 50 | 5.1 | 54 | 52 |53 |51 |45 [ 39 [ 41|49 | 541 56
NOV.| 75 | 73 (73 |74 73 |71 |69 |62]|55]|57]| 65| 651 6.8
DEC.! 70 | 65 | 67 | 65 | 64 1 64 | 66 | 65 | 62 | 61 [ 64 | 73 | 7.3
ALL.| 62 | 62 |, 63 | 65 | 65 | 64 6.3; 539 1 59 | 61 | 65 | 66 | 6.8

14 |15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | Daily
JAN. | 84 | 89 | 87 | 7.7 | 74 [ 71 | 7.1 | 76 | 66 76 | 7.2 8.0
FEB.| 69 | 62 | 75 | 75 | 66 | 73 { 69 | 6.6 | 6.5 69 | 73 6.7
MAR.| 79 | 73 | 71 | 66 | 64 | 62 | 6.0 | 58 |57 6.1 | 6.5 6.8
APR. 1 838 | 76 | 74 | 65 | 56 | 53 | 58 | 6.4 | 63 6.1 | 52 §2
MAY | 0 .0 .0 0 0 .0 .0 .0 0 -0 .0
JUNE; 0 0 .0 0 .0 .0 0 .0 0 0 0 0
JULY | 58 | 59 | 54 | 51 | 47 | 40 | 34 131 25 27 ] 31 4.5
AUG. | 37 1 59 [ 59 1 57 |53 | 48 | 42 | 38 | 34 31 | 32 4.7
SEP.| 55 | 56 | 57 | 55 | 52 [ 47 | 41 | 3.7} 34 33 | 3.8 4.7
OCT.| 60 | 62 | 63 | 64 | 63 | 61 | 56 | 52 | 4.7 50 { 5.0 5.4
NOV.| 69 | 71 | 66 | 63 | 66 | 63 | 65 | 66 | 6.6 70 | 72 6.8
DEC.| 71 | 69 | 69 | 69 | 67 | 74 | 62 | 73 | 7.1 68 | 54 6.7
ALL.| 69 | 68 | 68 | 65 | 62 | 62 | 58t 59 | 56 59 | 5.8 6.3
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SVIN PN 10 0D Yyn ,AYEE NESIINN NN MNR Y Anmdh TNNRD W9 :10.12 ndav
12 70 nana

Mon Hour

OL [ 02 |03 |04 | 05|06 |07 |08 |09 ] 10 [11] 12713

JAN. | 54 | 54 | 54 [ 55 | 57| 59 | 54 ] 55| 538 58 [ 59| 59 | 82

FEB.| 38 | 40 | 44 [ 43 | 44 | 44 | 46 | 45 | 47 | 51 | 56 | 60 1 €3

MAR. | 40 | 42 { 41 | 4.1 | 41 44 {47 | 48 | 52 53 58 |59 | 60

APR.| 67 { 63 | 59 | 56 | 64 | 62 | 67 [ 105] 7.1 64 | 8.0 |10.0] 9.2

MAY| O] 0] o[ 000|000 0101 0 0

JUNE[| 0 [ o] o] 0000001 010 0710

JULY | 31 [ 32 [ 34 |35 {38 | 41 |42 | 43 | 47 | 50 | 52 | 53 | 54

AUG. | 34 | 32 | 30 | 31 | 30 | 31 13332 | 37| 40 | 46 | 48 | 5.3

SEP, | 33 [ 3233 | 34 |34 | 35 | 35 | 301 ] 33 | 37 | 42 | 46 | 52

OCT.| 29 |27 [ 27 [ 25 [ 28| 28 | 31 | 30 | 27 | 35 | 46 | 54 | 61

NOV.| 43 [ 43 |41 [ 40 [ 44 | 45 | 45 | 43 | 45 | 46 | 51 | 53 | 5.5

DEC.[ 47 |48 [ 49 [ 47 [ 43| 44 | 43 | 46 | 49 | 49 | 57 | 56 | 62

ALL.| 39 |39 |39 | 40 | 40 | 42 |42 | 42 | 44 | 47 | 52 | 55| 58

14 1 15|16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | Daily

JAN.| 62 { 62 | 63 | 61 | 58 | 56 | 53 | 55 | 5.1 51 | 54 3.7

FEB.| 66 [ 70 | 73 | 72 | 70 | 61 [ 51 | 40 | 3.9 39 | 3.8 5.2

MAR.| 67 | 68 | 69 | 73 [ 69 | 65 | 54 | 45 | 42 | 44 | 44 | 53

APR. | 86 | 71 | 75 | 57 [ 62 | 62 | 69 | 6.7 | 6.7 56 | 54 7.0

MAY| 0 [ 0| 0[O0 ] 0] 0] 0 0] 0| 010 0

JUNE| 0 0] 0] 0] 0 000! 010 0 0

JULY | 54 | 53 | 51 | 48 | 44 | 38 | 31 | 27 | 26 | 29 | 3.1 | a1

AUG. | 56 | 58 | 59 | 59 |56 | 52| 45| 38| 35 35 | 33 42

SEP.| 56 | 60 | 6.1 | 61 | 57 | 52 | 47 | 42 | 37 | 33 | 32| 42

OCT.| 67 [ 70 [ 72| 7169 | 67 | 58 | 5.1 | 44 | 39 | 33 | 46

NOV.| 39 | 58 | 55 | 53 | 54 | 53 | 47 | 4.1 4.1 4.1 4.3 4.8

DEC.| 63 | 64 | 62 | 57 | 55 | 50 | 50 | 45 | 45 | 46 | 48 | 5.1

ALL. | 61 | 63 | 63 | 6.1 | 59 | 55 | 49 | 43 | 40 | 40 | 40 | 438
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DY AOWLUR MPIND SV LU UMD Y8INn DY nnma TIWNRY N30 :10.13 Nbav

13 70 NN, NN PN N0 02N B8N MDD MPan

Mon Hour

01 102 0304|0506 (07 |08|09 | 1011112713
JAN. | 76 | 76 | 79 | 82 | B4 | 83 | 77 | 72 | 77 76 | 75 | 74 | 1.6
FEB.| 54 | 52 | 59 | 56 { 57 | 59 | 57 | 58 | 6.1 65 | 70 | 72 | 15
MAR.| 53 | 56 [ 55 156 | 53 | 56 | 63 | 62| 70 66 | 72 | 68 | 7.0
APR.| 78 | 70 [ 70 | 61 | 81 | 70 | 72 | 116 | 83 79 | 87 | 107 | 93
MAY | O 0 .0 .0 0 .0 .0 0 .0 .0 0 .0 0
JUNE| .0 Ry .0 0 0 0 0 .0 0 0 .0 .0 0
JULY | 37 [ 38 § 38 | 39 | 42 | 45 | 46 | 48 | 5.1 53 | 55 | 535 | 55
AUG. | 37 {35 | 33 35|34 | 36 |38 ] 391 41 43 | 47 | 49 | 54
SEP.| 39 [ 37 [ 38 | 39 |39 | 41 | 40 | 37 | 40 | 41 | 44 | 48 | 5.5
OCT.| 40 | 3.7 | 37 | 37 |36 | 35 | 38 | 381 38 ] 40 | 49| 6.1 ] 69
NOV.| 70 | 74 | 65 | 62 |65 | 62 |62 | 60| 62 | 63 | 66 | 68 | 6.7
DEC.[ 63 )63 | 65|61 |55)] 54 |52)]54]| 58 61 {73 | 73 | 76
ALL. | 5.6 57 57 |56 | 57 56 | 56 | 56 | 59 59 | 64 | 65 | 6.8

14 [ 15[ 16 [ 17 [ 18 [ 19 [ 20 | 21 [ 22 | 23 | 24 | Daily
JAN. | 74 | 75 [ 77 { 78 | 75 | 76 | 72 | 73 | 6.8 67 | 76 7.6
FEB.| 77 | 82 | 87 | 85 | 85 | 7.7 | 64 | 54 |54 33 | 5.1 6.7
MAR.| 76 |} 78 | 82 | 86 | 81 | 78 | 64 | 55 |53 60 | 59 6.7
APR.| 88 | 72 ) 78 | 58 | 65 )67 |72 ]| 69| 7.0 59 | 6.6 7.9
MAY | 0 .0 0 .0 0 0 .0 .0 0 0 0 .0
JUNE| 0 0 .0 0 0 0 .0 .0 0 0 .0 .0
JULY | 56 { 55 | 53 [ 50 | 46 | 41 | 35 | 321 33 34 | 36 4.6
AUG. | 56 {60 [ 61 | 62 | 6.1 | 57 | 51 | 46 | 42 | 40 | 37 4.8
SEP.| 60 | 64 | 66 | 66 | 63 | 59 | 54 | 50 | 44 | 40 | 4.1 5.0
OCT.| 76 | 81 | 83 | 83 [ 82 | 7.8 | 70 | 6.1 | 5.5 51 | 45 6.0
NOV. ;| 71 | 69 | 64 | 65|69 | 73|68 |62 | 59 65 | 6.6 6.6
DEC.| 76 | 75 | 72 | 68 1 67 | 64 | 65 | 6.6 | 6.3 65 ] 65 6.5
ALL. |70 | 72 {73 [ 73 | 72 | 69 | 62 | 58 | 54 5.5 | 5.6 6.2
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Power vs. velocity, density1.225 kg/m®
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Velocity frequency in Erez

12 T T T T T [ T T T

10 b ........ ST ,.‘ .................. .................. TR TTTTTT ST s -.. .................. ERTTTTITTPIOUIN

0 2 4 6 8 10 12 14 16 18

TIN NN (V) M0 IYAN HY mYN MNaYn - 11.5 N




115

V-80. Energy production, Erez
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Velocity frequency in Hadera
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V-80. Energy production, Hadera

. . . . . $ .

o

1 2 3 4 5 6 7 8 9 10 11
month number

V80 1352990 578 ,1awn T1INRY NN NN MIIND NPON NS - 11,8 WY




118

Nordex 90 n3y*amwn 11.4

NMGY NBO PPN NPIN0 APNUD 1NN PImITa DMsn AnoIey |, Nordex nan
TIDND ANY APINVY T2 DN Vestas ¥ VB0 n»a1ivy nimTn ,80m Sw 10p 1w
M2 NINDN ,90m SV Y0P ALY NP0 0 AT DT NAINT PN MY 93

N0 9P Nt 12710 .90 Mvhn N

92 5 AT NPV MY 19D NIPIN SN BN DMWY 05205 FYYEHN 157 101N
¥ AN NN L9.6-16.9 rpm DINNL MINVE VIS¢ 1N IVPAD .TI92 anb
O VN MOMN spur-gear DV TN IOV DMVIZO DAY NWYHR NN NWHN

DVTNLR P n0wi (AC -5 DC -n) 1mum MO, ann 12vnY Ooron

TN 1D WD .0ININ DV NYDIN NPY DY NDDINDN FPHIFTIPIN APEY N N9
72 2 TONINN NIVMINND NP NN AN PRIT NN NTINT DIIIN NA0I0NT F9YHD
IMON NP2

-11.9 7182 ININN NYA0N DY PA0NT 973 .12 NI DN NPTV TV D0 DM

{702 DI NN DNONN .ITTA TN : DYINND ¢ NPMNON P29NY TMIND YW 218N 1w
N29n 3202MWh 12 1IN 9NN2 7w MIMIND NPan v 0vYapn L 70m 11aon nan m
PN TN NN PNV NPNIYD TOYNND 11,10 9083 AN ANNND NPOn YY vmvn

11,11 9183 331 AN YN APan DY smvn noon 3044MWh



2500

119

Power vs. velacity, density1.225 kg/m®
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N-90. Energy production, Hadera
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Power vs. velocity, density1.225 kg/m®
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Nordic 1000/54. Energy production, Erez
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Nordic 1000/54. Energy production, Hadera
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3.
3.1

3.2

3.3

3.4

3.5

3.6

3.7

Technical Specifications

Rotor

Diameter:
Swept area:
Rotational speed static, rotor:

Rotational speed, operation interval

rotor:

Rotational direction:
Orientation:

Tilt:

Blade coning
Number of blades:
Aerodynamic brakes:

Blades
Principle:
Material:

Blade connection:
Air foils:
Length:

Chord (width) (blade root/blade tip):

Twist (blade root/blade tip):
Weight:

Blade Bearing
Type:

Blade Hub
Type:
Material:

Main Shaft

Type:
Material:

Bearing Housing

Type:
Material:

Main Bearings
Type:

80m
5027 m?
18.1 RPM

9.0 - 20.7 RPM
Clockwise (front view)
Upwind

60

20

3

Full feathering

Shells bonded to supporting beam
Glass fibre reinforced epoxy

Steel root inserts
NACAB3.0x+FFA-W3

39m

3.52m/0.48m

13°/0°

Approx. 6,500 kg each.

4-point ball bearing

Cast ball hub
EN-GJS-400-18U-LT

Forged, holiow shaft
42CrMo4 / EN 10.083

Cast foot housing with lowered centre
EN-GJS-400-18U-LT

Spherical roller bearings from recognised
suppliers
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3.8 Machine Foundation
Type:

3.9 Yaw System

Type:
Materiai:

Yawing speed:

3.10 Yaw Gears
Type:

Motor:

3.11  Tower (steel)

Cast EN-GJS-400-18U-LT

Plain bearing system with built-in friction
Forged yaw ring heat treated. Plain bearings
PETP.

< 0.5%/sec

Non-locking combined worm gear and
planetary gearbox. Electrical motor brake
2.2 KW, 6 pole, asynchronous

The below mentioned towers are Vestas standard towers. Off-shore towers may be

designed for the specific project.
Type:

Material;

Surface treatment:

Corrasion class, outside:
Corrosion class, inside

Top diameter of all towers:
Bottom diameter of all towers

3-part, modular tower (60 m):
3-part, modular tower {67 m):
4-part, modular tower (78 m):

Conical tubular

S 235J0/JR
Painted

C5-M (ISO 12944-2)
C4 (ISO 12944-2)
2.3 m

40m

Hub Height

60 m

67 m

78 m

Hub height is from tower bottom flange to hub.

Lift:

3.12 Gearbox

Type:
Ratio:

Cooling:

Qil filtration:
Qil heater:
Manufacturer;

3.13 Couplings

Main shaft-gearbox:
Type:
Gearbox - generator:

As an option VESTAS offers personnel lift

1 planetary stage/2 helical stages

50 Hz: 1:92.6

60 Hz: 1:111.1

Qil pump with oil cooler

3 um filter unit

2 kW

Vestas has several sub-suppliers of
gearboxes. All gearboxes comply with Vestas
specifications.

Hydraulic shrink disc, conical
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Type: Composite shaft
3.14  Generator with VCS
Generator
50 Hz/60Hz
Rated power: 2.0 MW
Type: Asynchronous with wound rotor, slip-rings and
VCS
Voltage: 690 VAC
Frequency: 50 Hz / 60Hz
No. of poles: 4
Class of protection: P54
Rated speed: 1680/ 2016 RPM
Rated power factor, default: 1.0
Power factor range: 0.98¢ar - 0.96np (option).
See section 1.5 General Reservations.
Manufacturer: Vestas has several sub-suppliers of generators.
All generators comply with Vestas specifications.
3.15 Parking Brake
Type: Disc Brake
Diameter: 600 mm
Disc material: SJIV300
3.16  Hydraulic Unit
Pump capacity: 44 |/min
Max. pressure: 200 bar
Brake pressure: 28 bar
Qil quantity: 160 |
Motor: 18.5 kW
3.17 Anemometer and Wind Direction Sensor
Type: 2 independent ultrasonic sensors
3.18 Control Unit

Power current:
Voltage:

Frequency

Power supply for light:

Computer:
Communication:

Program memory:
Programming language:
Configuration:
Operation:

Display:

Supervision/control:

3 x 690 VAC, 3 x 480 VAC
50 Hz / (60 Hz)
230 VAC/ (110V VAC)

ArcNet

EPROM (flash)

C++

Modules

Numeric keyboard + function keys
4 x 40 characters
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Information:

Commands:

Remote Supervision

3.19  Transformer

Type:

Rated Power:
High voitage:
Frequency
Vector group:
HV — Tappings:

Low voltage:
Power at 680 V

Low voitage:
Power at 480 V

3.20 Weights

Nacelle:

Nacelle (including hefi-hoist
arrangement):

Rotor:

Tower:

Active power

Reactive power

Yawing

Hydraulics

Environment (wind, temperature)
Rotation

Generator

Pitch system

Grid

Remote monitoring

Operating data
Production
Operation log
Alarm log

Run/Pause

Man. Yaw start/stop

Maintenance routine

Possibility of connection of serial communication

50 Hz/(60 Hz)

Cast resin

2100 kVA

6 — 33 kV (36 kV (Un) equipment voltage)
50 Hz / (60 Hz)

Dyn

2 x 2.5%

690 V
1850 kVA

480V
205 kW

60 m 67 m 78 m

62.2t 62.2t 62.2
64.2t 64.2 1 64.2

37.81 37.81 37.8t
140.3 t
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The N80/2500 kW and the N90/2300 kW:
v Two wind turbines for the highest energy vyield.

With the Nordex N80/2500 kW and the Nordex N90/2300 kW you are entering new, hitherto
unknown dimensions: a rotor diameter of 80 meters or 90 meters and an installed capacity of
2.6 MW respective 2.3 MW make the Nordex N80 and Nordex N90 the first choice when it comes

to value for money. No matter whether they are positioned inland, at the coast or in the off-
shore area, these turbines produce optimal yields.

Our know-how in the megawatt class, acquired on the basis of practical operation since 1995,
made it possible far us to develop the N80 und NS0 successfully.

The N80 suits perfectly for high-wind regions. The N90 is especially suitable for inland loca-
tions. Thanks to the pitch control the machines are able to optimize the energy yield at all wind

speeds. Both wind turbines offer the highest annual energy yield - a particular advantage when E
there is only limited space available.

The Nordex N80 and Nordex NSO are _ '
suppliedas a standard with the Nordex-
Control automation software to controf and
visualise all relevant data. Ourwind turbines

are designed for a service life of at least 20 -
years. And the 1SO 9001 certification stands for
the tested quality of our products.

f
4
R




Reliability, Service, Environmental Sustainability:

Nordex always offers that bit more.

The machines offer low-maintenance due to
+ having no rotating hydraulics in the hub

* maintenance-free blade-adjustment drives
+ easily accessible control cabinets

= user-friendly construction

» control from the bottomn of the tower and from the nacelle and the wide range of remote query |

possibilities for the control system and converter

They are reliable _

+ as all components are of a guaranfeed high guality due to our choice of certified and reputable
sub-suppliers '

+ as the tubular steel tower is designed with a high stiffness. The tower’s resonant frequency
is apart from the excitation frequency of the turbine. By this, resonance between the tower's
resonant frequency and the excitation frequency of the turbine will never appear. Damages
on the turbine are thus avoided.

They are environment-friendly due to

« the absence of a rotating hydraulic system

- the enclosed grease and oil collecting pans

« the hydraulics in the tower head with all lines in the area of the oii pan — meaning that no oil
can poilute the environment

They are noise friendly due to

« helical gearing of all gearwheels reduces the noise level within the gearbox
= vibration absorbing mounts

e

The N9G offers the highest
annual energy yield at inland
Tocations. This is a particular
advantage when there is cnly

lTimited space availabie.

‘The N80 currently affers the

highest possible amnual energy

it a1l A drm a1 cemrma



The N80 and N90:

The finer details at a glance.

Rotor

The rotor consists of three blades made of glass fibre rein-
forced polyester, the hub, the pitch bearings, and drives to
change the biade’s pitch angle.

Main shaft

The drive train consists of the rotor shaft, the gearbox con-
nected by a shrink-fit coupling, an eiastic cardanic coupling
and the generator.

Gearbox _

The gearbox is designed as a two-stage planetary and one-
stage spur gear. The gearbox is cooled through an oil-water-
air cooling circuit with stepped cooling capacity. The bear-
ings amnd tooth engagements are constantly splash
lubricated.

Generator

The generator is a double-fed asynchronous machine. The
generator is kept in its optimum temperature range by a
water-gtycol cooling circuit.

Cooling and filtration

Gearbox, generator and inverter of the N80 and N90 have
cooling systems which are independent from each other.
The cooling of these components resuits from a water cir-
cuit. All systems are designed in such a way that also at
high ambient temperatures optimal operating temperatu-
res are set.

Braking system A
The aerodynamic brake is made up by the rotor blades which
are controlied independently and redundantly. In addition
to the hiade pitch control the wind turbines are equipped
with a hydraulical disc brake system exerting a torque equiv-
alent to the nominal torque in case of emergency stop.

Hydraulic system

The hydraulic system provides the 01[ pressure for oper-
ation of different main components: yaw brakes, rotor brake,
roter iock and hood. v

Nacelle ’
The nacelle consists of the cast main frame and the nacel-
le cover. The nacelie cover is made of hlgh-quallty glass

Yaw system
The wind direction is continuously monitored by two wind

vanes at hub height. When the wind direction changes the
nacelle is yawed actively.

Controller

The wind turbines have two anemometers each. One ane-
mometer is used for controliing the turbine, the second
anemometer is monitoring the first one. On a controi screen
placed at the switchboard all operational data can be moeni-

tored and checked and a number of functigns, such as start-
ing, stopping and yawing; can be controlled. In addition,
the wind.gurbines are equipped with a remote monitoring
systemn. The data and signal transfer only requires an ISDN-
connection. The appropriate communication software and

hardware can be installed on any PC on Wmdows NT and .

is prowded by Nordex.

Lightning protection

Thg lightning and .overvoltage protection of the wind tur-
hine is based on the lightning protection zone concept and
is according to IEC 61024 and DIN VDE 0185.

fibre-reinforced plastic. (GRP), The" nacelle roof is. opened' -

hydrauhcaliy
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Facts and Figures.

N80/2500 kw NS0/2300 kw Power Curve N80/2500kW -
Rotor Wind speed Power Cp
Number of biades 3 3 [m/sj kw1
Rotor speed 10.9 10 19.1 rpm 9.6t0 16.9 rpm 4 15 0.076
Rotor diameter 80m 90 m 5 120 ¢.312
Swept area 5,026 m? 8,362 m? 6 248 0.373
Power regulation Pitch Pitch 7 429 0.406
Cut-in wind speed 4 mfs 3m/s 8 662 0.420
Cut-out wind speed 25 mys 25 mis g 964 0.430
Rated powaer at 14 rmyfs 12 mis 10 13086 0.424
Survival wind speed 65 mys, corresponding 55.3 m/s. corresponding " 1658 0.405

GL type class 1 GL type class 2 12 1984 0.373
Pitch regulation Individual pitch Individual pitch 13 2264 0.335
Waeight ¢. 50,000 kg ¢. 51,000 kg 14 2450 0.290
Blades 15 2450 0.236
Blade length 388m 43.8m :2 i:gg 2'12:
Materiai GRP GRP ’
Weight ¢. 8,600 kg €. 9,600 kg 18 2500 0.139

19 2500 0.118

Gearbox 20 2500 Q.102
Type Planetary gearbox Planetary-spur-gear 21 2800 0.088
Gear ratio 1:68.1 1:77.44 22 2500 0.076
Weight ¢. 18,000 kg c. 18,000 kg 23 2500 0.087
Qil quantity 3601 3601 24 2500 0.059
Qil change Annual check, change as required  Annual check, change as required 25 2500 0.052

Main shaft bearing

Cylindrical roiler bearing

Cylindrical roller bearing

Rounded values based on measurements of Windtest

Grevenbroich and aerodynamical caiculations

Generatar
Power 2,500 kw 2,300 kW
Voltage 660 V 660 V Power Curve N90/2300 KW
Type Asynchronous double-fed, Asynchronocus double-fed,
liquid cooled liquid cooled Wind speed Power Cp
Speed 700-1,300 rpm 740 - 1,310 rpm {m/s] [kW] :
Insulation class Psa P54 70 .28 ;
Weight c. 12,500 kg c. 12,500 kg 5 183 0.376 ;
Yaw system 6 340 0.404
- - - 7 563 0.421
Yaw bearing Ball bearing Bail bearing
——n — 8 857 0.430
Brake Hydraulic disc brake Hydraulic disc brake 9 1225 0.431
Yaw drive Two asynchronous motors Two asynchronous motors 10 1607 0:412
Speed c. 0.6 % ¢. 0.5 s _{1 1992 0.384
Control system 12 2208 0.328
Type PLC, Remote Field Controller (RFC} PLC, Remote Field Controller (RFC} 13 2300 0.269
Grid connection Via IGBT converter Via IGBT converter 14 2300 0.215
Scope of monitoring Remaote monitoring of more than 300 different parameters, e.g. temperature 15 2300 0.175
’ sensors, hydraulic sensors, pitch parameters, wind sensor set 16 2300 0.144
Recording Production data, event lists with filter function, long and.short-term trends 17 2300 . 0.120
Visualisation Panel-PC in switchboard and remote menitoring software . 18 . 2300 0.101
Brake : 19 2300 0.086
Design Three independent systems; faii safe (individual pitch), various braking 20 2300 0.074
sequences 21 2300 0.064
Aeradynamic Individual pitching of blades Individual pitching of blades g izgg ggiz
Mechanical Disc brake Disc brake 2 2300 0.043
Tower ' 25 2300 0.038
Type Tubular: conical steel, epoxy coating Rounded vaiues based on aerodynamical caiculations
Lattice: hot-dip galvanized of LM |
Hub heights Tubular tower 60 m, Tubular tower 80 m, ] i
Certificate IEC 1, DIBt 3 Certificate DIBt 3 -
Tubutar tower 80 m, Tubular tower 100 m, f
Certificate IEC 1, DIBt 3 Certificate DIBt 2 ' ’
Tubular tower 100 m, Lattice tower 106 m, .
Certificate DIBt 3 Certificate on request
Lattice tower 105 m, !
Certificate on request
As of 2/2002, subject 1o changs
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Main Office

Nordex AG

Bornbarch 2

22848 Norderstedt

Germany

phone: +49 40 50 08 81 00

fax: 49 40 50 09 81 01

e-mail; info@nordex-online,com

Denmark

Nordex Energy GmbH
Svindbaek,

7323 Give, Denmark
phone: #4875 73 44 (0
fax: +45 75 73 41 47
e-mail: nordex@nordex.dk

China

Nordex, Beijing

C-812A Office Building,
Beijing Lufthansa Center,

50 Liangmagqiac Road,
Beijing 100016, China
phone: +86 10 64 53 79 23
fax: +B6 10 64 65 18 47
e-mail: info@nordex.com.cn

France

Nordex France 5.A.5.

1, rue de |z Procession,

93217 La Plaine Saint-Denis
phone: +33 155 93 43 43

fax: +33 165 93 43 40

e-mail: france@nordex-oniine.com

Spain

Nordex |bérica, S.A.
Carrer de Guitard 43, 7° 2a
E-DB0T4 Barcelona

phone: +34 932 05 78 99
fax: +34 932 05 73 03
e-mail: nordex@nordex.es

United Kingdom

Nordex UK Ltd
Landmark House
Station Road

Cheadle Hulme SK8 7BS

‘Cheshire, England

phone: +44 16 14 86 33 53
fax: +44 16 14 86 33 54
e-mail: uk@nordex-onling.com

USA

Nordex USA, Inc.

Carrier/360 Office Building
2080 N. Highway 360, Suite 140
Grand Prairie

Texas 75050, USA

phone: +1 97 26 60 88 88

fax: +1 97 26 60 22 20

e-mail: info@nordexusa.com

The Nordex Group is one of the world’s leading suppliers of wind
turbines. The principal focus is on units with a high capacity -
above ali in the megawatt range: the strongest growth segment in

the sector.

Qur philosophy:

One company — two brands - infinite application possibilities

Under the brand names Nordex and Sidwind, we offer powerful
wind turbines for almost all gecgraphic regions across the globe.
Onshore and offshore, for desert and permafrost areas.

We are represented with offices and subsidiaries in 19 countries

worldwide.

-
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www.nordex-online.com

*‘ N ORDEX
&/// We've got the power.
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1. Principle ideas of design

The Nordic 1080 wind turbine is designed with the
aim to extract energy out of the wind utilising a
lighter and less complicated structure than
traditional wind turbines. In this way is possible to
compete with other wind turbines and with other
SIETZY SOUTCES.

The amount of construction material is proportional
to the loads that have to be sustained, and thus these
have to be minimised. Fatigue loads during normal
operation are limited primarily by the design of the
blades, hub and yaw system. A soft design evens
out the impact of both the arbitrary variations of the
wind speed (twbulence) and the systematic
variation (wind shear).

The main task of the yaw system is to keep the
turbine in the direction of the wind. It is designed in
a way that provides a soft and damped connection
between the nacelle and the tower. In this way it
eliminates the build-up of any load-inducing
oscillations in the wind tmbine instailation. In the
same way the choice of generator properties makes
it possible to damp the variations in the driving
torque that would otherwise be induced by the
turbulence and wind shear.

When the wind turbine is shut down at hwricane
wind speeds the design will be subjected to extreme
loads, which are directly proportional to the area
exposed to the wind. The choice of a turbine with
just two blades minimises these loads, Statically
dimensioning load cases also appear during other
situations, e.g. over-speed at grid fault and at rapid
changes of wind direction.

A wind turbine is a slender design. Blade, tower
and other components easily can be brought to
oscillating movements. In order to keep the loads
down it is necessary to carcfully calculate the
eigenfrequencies of the separate components and
also the previously mentioned damping in the yaw
drive and the generator. In order to give the wind
turbine favourable dynamics, very extensive
simulations have been performed where the
behaviowr of the complete installation is
investigated by numerous computer calculations.

The choice of stail control for limitation of the
power level at high wind speeds is one of the
features leading to a simple design. Other important
simplifications have been achieved by the design of
the yaw system, that does not need the expensive
yaw brakes that are built into most other large wind
turbines, and by integrating the main shaft bearings
in the gearbox.

The compact appearance is mainly due to the
machinery bed, which is composed by cylindrical
sections to which the gearbox and the generator
have been flanged.

Altogether the weight of the Nordic 1000 is
typically ca 40% lower than for other wind turbines
that achieve the same electricity production.

Det Norske Veritas has certified the design.

2. Blades

The two blades, designed especially for the Nordic
1000, are built of glass-fibre reinforced polyester.
They are bolted to the hub via a number of stecl
fittings that are taminated into the blade root. The
outer gel coat layer is coloured grey with a dull
finish, in order to avoid disturbing reflections.

The blade tips can rotate relative to the inner parts
of the blades and thus brake the twbine when
needed. During operation they are retracted by
means of hydraulic cylinders in the hub. Braking is
performed by the release of the hydraulic pressure,
which make the tips move outwards and rotate at
the same time,

3. Hub

The hub is a compact design with comparatively
low weight and short over-hang from the main shaft
bearings in the gearbox to the rotor centre of
gravity, It is cast of nodular iron. The so called
teeter design of the hub reduces fatigne loads in the
whole wind turbine.

Inside the hub there is a hydraulic unit that serves
the blade tips. It can be reached through a man-hole
in the hub. Power supply is provided by slip rings.
The elliptical holes in the blade flange allow an
adjustment of the angle of attack of the blades.
When needed for maintenance, the hub c¢an be
locked against rotation.

4. Gearbox

The planetary gearbox increases the low rpm of the
turbine to a value that is suitable for the generator. It
also contains the main shaft bearings, which makes
the wind twbine very compact. The gearbox is
flanged to the wbular machinery bed The
lubrication is of splash type, with oil cooling
provided by a heat-exchanger coupled to the hquid
cooling circuit of the generator. Temperature



sensors indicate need for oil cooling and shutdown
of the piant due to high oil temperature.

5. Secondary shaft and
mechanical brake

The secondary shaft carties the brake disc and two
flexible couplings. The two brake callipers utilise
brake pads of a non-asbestos type. They are
engaged by the force from springs when the
hydraulic pressure is released (passive system). The
contrel system supervises the wear of the brake pads
and that the brake pads are completely unengaged at
operation.

6. Machinery bed

The machinery bed is welded of steel in
cylindrically shaped sections, which makes it
compact and easy to manufacture. The gearbox is
flanged to the front end of the bed, the generator to
the aft section and downwards the bed is connected
to the yaw bearing via elastomeric elements. The
elastomeric elemenis act as vibration isolators, to
avoid that vibrations from the gearbox and
generator are transmitted to the tower, where they
otherwise may generate noise. Access for personnel
are provided through the yaw bearing and a hole in
the bed.

7. Nacelle

The nacelle provides a shelter for maintenance
personnel, with full standing height.

The nacelle is made of glass-fibre reinforced
polyester in a top and a bottom half, which are
boited together, The floor is covered with an anti-
slip mat. Inside there is sound absorbing material
on the walls and roof.

There is a hoist on the top of the machinery bed that
can be used to deliver equipment through a hatch in
the aft end of the nacelle or through the tower. It
can also be used, for example, when lowering a
blade tip to the ground. The hatch serves as well as
the emergency exit when using the evacuation
equipment, in case of fire in the tower etc.

On top of the nacelle there is a heat exchanger,
which dissipates excess heat from both the gearbox
and the generator. There is also a lightning
conductor and the wind velocity and direction
sensors. The equipment on top of the nacelle can be
reached from a hatch in the roof.

8. Yaw system

‘The machinery bed and the tower top are connected
by a yaw bearing, which enables the turbine to be
positioned into the direction of the wind. The three
yaw drive planctary gearboxes are driven by
hydraulic motors and act on the inner cogged ring of
the yaw bearing,

During all operation — when yawing or not — the
yaw system enables the nacelle to perform small,
damped rocking movements. Only when needed for
maintenance, the yaw system is locked against
moverment,

9. Electrical system

The electrical system consists of a one-speed
induction generator with adjustable slip, realised
with interior, variable resistors coupled to the rotor
windings. This admits a variable slip in the range of
1-5%. The generator is ligmid cooled.

The power is fransferred from the generator to the
bottom of the tower through flexible cables that
atlow two turns of twist in cither direction.

10. Tower
{not included in NWP’s delivery)

The conical~cylindrical tower is welded of steel
plates. Access is by means of a door on ground
level. There is a vertical ladder inside the tower,
equipped with falling protection. The tower is sand-
blasted and painted with a st protecting colour in
the same shade as the blades.

Depending on sitc conditions, different tower
heights can be offered, suitable for inland, coast and
offshore locations. '

11. Control system

The controller is based on a microprocessor. It
manages the complete operation of the wind
turbine, supervises the systems when stationary or
idiing at low wind speeds, cuts in the generator at
nominal rpm, commanis the wind turbine to follow
the wind direction, "unwinds" the power cables
when needed (by rotating the nacelle at stand-still),
supervises all functions and stops the turbine when
the wind becomes too strong or an emergency
occurs. Access to the control system can be
provided via the telephone network, by using a PC
with modem.



If the braking power of the generator disappears,
e.g. due to a grid disturbance or a fault in the
electrical equipment, the turbine may quickly
accelerate to high rpm. The control system can
handle such situations in a safe way and is capable
of braking the turbine, with duplicated functions for
indication and braking. A normal emergency stop is
released by the controller after it has registered a
faulty level of some parameter, e.g. grid voltage
(grid loss), rpm, power, temperature, vibrations etc.
Through a "watch dog" function also a loss of the
computer function activates an emergency stop. It is
performed by breaking the power connection to the
valves that keep the hydraulic pressure in the blade
tip cylinders and in the mechanical brake,
Activation of the blade tips is by centrifugal force
whereas the mechanical brake callipers are
activated by mechanical springs. At grid failure the
braking is activated already due to the loss of
power. Either the two blade tips or one blade tip
and the mechanical brake are enough to brake the
tutbine to a safe, low rpm.

Ags an ultimate safety feature there is bursting disc
in the hydraulic unit in the hub. It drains the blade
tip cylinders if the hydraulic pressure gets too high,
thus indicating an over-speed condition. Then the
blade tips are extended and the turbine speed is
reduced.

12. Monitoring

The wind turbine is operated from either of the
panels with push buttons and LCD-screens
provided in the bottom of the tower and in the
nacelle. The options include permitting operation,
stopping, ordering manual modes and confirmation
of error messages. The same functions are as well
accessible through a modem over the telecom net.
Access is provided to basic statistics from the
operation of the wind turbine (production, wind,
fauit history etc.)

The modem in the wind turbine and corresponding
software is included in the delivery. The exiernal
PC is not included.

13. IT solutions

Besides the control system, there is an option of
connecting an industrial PC in the tower base for
measurements and maintenance purposes. This PC
stores measurcment data continnously, which
enables a very good follow-up of the operation. If a
fault would occur, an SMS text message can be sent
to a2 mobile telephone. Reports can also be e-mailed

automatically. The latest versions of maintenance
manuals etc are stored on the PC, which it is
possible to connect to also by modem.

14, Technical data

General

Nominal power

Rated wind speed ca

Cut in/cut out (low)

Cut out (high)

Cut in (high)

Survival wind speed
Fatigne life

Ambient temp. (in oper.)

Corrosion protection

Turbine
Type

Power regulation
Position

Turbine diameter
Swept area

Tilt

Coning
Rotational speed
Tip speed

Blades

Material

Twist

Optimal tip-speed ratio
Air brake

Activation of air brake

Manufacture

Hub

Type

Material
Teeter bearing
Teeter bumpers
Nacelle
Material

Dimensions
(length x width x height)

1000 kW

15m/s

4 mfs

25 m/s (10 min mean)
21 m/s

55 m/s (standard)
20 years

-20° -- +30°C
(standard)

Class C4 according
ISO 12944-2

2-bladed, horizontal
axis

Stall

Upwind

54.0m

2290 m®

40

20

25 rpm

71 m/s

Glass and carbon
fibre reinforced epoxi
11°

8

Tumable blade tips
Passive (loss of
hydraulic pressure,
centrifugal force)
ATV, Marseille,
France, or similar

Teeter +2°
Nodular iron
Elastomeric
Elastomeric

Glass fibre reinforced
polyester
6.8x3.5x2.6 m



Gearbox

Type

Gear ratio
Lubrication
Cooling

Manufacture

Yaw system

Bearing
Drive

Brakes
Electrical system

Type of generator
Rating

Slip

Voltage
Enclosure
Cabling

Cooling

Power factor

Mamufacture

Mechanical brake
Type

Position
Activation/deactivation

2-stage planeiary
with integrated
turbine bearings
1:60.7

Splash

Separate heat
exchanger
Jahnel-Kestermann,
Germany

Roliing bearing
Three hydraulic
motors with planetary
gearboxes

None

4 pole induction
1000 kW

Variable 1-5%
690V

P54

Flexible cables
Liquid (glycol-water)
1.00/0.99 at 0/100%
power

Weier, Germany, or
similar

Disc brake with two
calipers

High speed shaft
Springs/hydraulic
pressure

Tower — not included in NWP’s delivery

Type Welded steel tube,
painted

Height 58 m (hub height
60 m)

Diameter top/bottom 1.88/2.64 m

Plate thickness 10-20 mm

Access Inside ladder with
falling protection

Control system

Type Micro processor

Remote control By modem

Manufacture Mita-Teknik A/S,
Denmark, or similar

Weights

Nacelle without turbine 29 tonnes

Turbine 17 tonnes

Tower 45 tonnes

Electrical production

assuming power curve below, 100% availability,

mean winkl speed at hub height

Roughness 0 2 3

class

Mean wind, m/s 8.3 7.3 6.7 5.8

Energy, 3340 2650 2210 1540

MWh/year

Noise level

Sound power level Ly 100 dB(A)

40 dB(A) at distance 330 m
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Enclosure A, Appendix 1

V P CE
m/s kw %
45 0,0

5,0 320  20,0%
55 69,5  29.8%
Wind Turbine Power Curve 6,0 1038  34,3%
6,5 150,9  39,2%
7.0 198,0  41,2%
12000 S0.0% 7.5 2550  43,1%
1000.0 | T~ 8,0 312,11  435%
' // \\/ 40,0% 85 3749 435%
9,0 4378  42,8%
g 7 A laoow & 95 4997  415%
= 6000 / VAR 2 100 5617  40,0%
2 / 1 200% E 10,5 6215 383%
5 4000 // < ] 110 6813  385%
/ S 1 100% 11,5 7412  347%
200,0 / ~ e 12,0 801,1  33,0%
ve 12,5 8466  30,9%
0,0 v - — " 00,0% 13,0 8922 28,9%
0,0 5.0 10,0 5, : ; 13,5 9245  26,8%
Wind speed (m/s) 14,0 9569 24,9%
14,5 9754  22.8%
15,0 9940  21,0%
15,5 10020 19,2%
16,0 10100 17,6%
185  1010,7 16,0%
17,0 10114  14,7%
18,0 10058 12,3%
19,0 9986  10,4%
20,0 9839  8,8%
22,0 966,3  6,5%
25,0 9545  4,4%




"7 Moo

N2 979-9Y 2ARIYNANT 2IDYIVNAT NYaY
2YMTDT QOINOY BT



DRI NN
NPMIRDT NYNYNRN TIVNn

TMIVA VPTIR O

ATDYITT IR T
2002 T2W0PMWe 23

T2
Y 2N |
22M URITIR NUTND NOMPIn

TN PNV JIBm — MIZ0N
32000 NN

, DY 1 aeb

DTN MINWNZ JWYNNY 72,012 M7 MPINY T 292520 MM NN DAY DY 12 ot
(TR - 10T P 18MYN) TP NYWN 1A% NIwn AR e

ToWPRs .M UTIND MOTYVE | B10719 DAY DBWNT NMN2N Y 0MMWnn DaMynn nvav 1ond

- .0o"21vMa 1S wonend
4T FPINT PN N2 MYWUT I o l
A9 NPIANY | BNm A | 3wy M QI3 Ny
(Mywon | an |
44.46 1117 oo P
26.28 3, v o)
. 15—22 08—=22 | 07—>11;17—»23 P
9.64 | 2219 | 22508 2307 73V
40.25 17322 Qriva) N
23.02 17—22 | 08—12;15—22 | 06—>17;22—23 Y ke “{ﬁg
9.15 22—>17 | 12-515,22-508 23-506 29Y
31.54 | 08—22 09 e
20.28 17323 07—>23 | 06—>08 ;22~>23 Sl :f}b‘;;s:;o‘
7.44 2317 2307 2306 7Y '}-,,3'9313

NS0 1IN IRYNN ITIPE2 TPYIS DINNY RYNLD ONINNT NI 1T 12 OV ISYINNAYOINTD
LW NAta nyx {02-5316045

o iy iy o}
W)L sk
NXO MR
pusnl=iirthisl ey o

2R YNIY TEIR D T 1nlyé’p:mln
MND S0, IIN TININ VT
APNRY TIWRN PN INORIDD 8T

02-5316017 DHMTOPD 102-5310127 B0 191130 POV 13106 TR 134 W T



PUBLICATION DOCUMENTATION PAGE

1. Publication No. 2. 3. Recipient Accession No.
MONI - RD -25-03
4. Title and subtitle S. Publication Date
Investigation of the Feasibility of Offshore Wind Farms (In November 2002
Israel)
6. Performing Organization
Project No.
090-920-1
7. Author(s) 8. Performing Organization
E. Ben-Dov, N. Drimer, D. Cohen, L. Seter, A. Rosen Report No.
9. Performing organization(s) names and addresses
Samuel Neaman Institute 10. Ministry of Nat. Infra.
For Advanced Studies in Science and Technology ~ Contract No.
2000-5-45/20-11-021
11. Sponsoring organization(s) names and address(es) 12. Type of report and
(a) Ministry of National Infrastructures period covered
Division of Research and Development Final Report 2000-2002
P.0.Box 13106, 91130 Jerusalem
(b) 13. Sponsoring Org. Code
14. Supplementary Notes

15. Abstract (maximum 200 words)
The first part of the teport presents a detailed literature survey. This survey includes: national programs for |
offshore wind energy exploitation, meteorological aspects of wind resources in offshore sites, engineering aspects
related to offshore wind farms, the issue of foundations for turbines in offshore sites, Other aspects that are

addressed in the survey are: Electrical aspects (including the connection to the gird onshore), environmental
aspects (noise, view, wildlife, etc.), legal aspects, etc.

The second part of the report includes an initial feasibility study. It presents an estimate of the wind energy
potential in two offshore sites. These sites include one in the south, near Erez, and another one near Hadera. The
 estimations are based on recent measurements that include a high measurements tower near Erez and |
measurements near the power-station in Hadera.

The estimation concludes that the wind energy potential at these offshore sites is not high. In order to check the '
worthwhile of putting turbines in these sites, modern wind turbines, that are suitable for offshore applications, are
chosen. An economic investigation is carried out, including the price of foundations and connection to the shore. It
turns out that it is not recommended to build offshore wind farms in Israel at present.

16. Identifiers/Keywords/Descriptors
Wind Energy, Offshore Sites, Renewable Energy

17. Copies of This Report Are 18. Security Class | 20. No. of
Available from: (this report) pages
Samuel Neaman Institute None 191
Technion - Israel Institute of Technology | 19. Security Class | 21. Price
Haifa, 32000 ISRAEL (this page)
None






