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2 Summary
Offshore wind energy conversion systems offer potential for large-scale 

introduction of wind power generation in Japan. This study assessed the 
feasibility of installing offshore wind farms based on the current state 
of development overseas and identified the technical, regulatory, and 
other issues involved, together with countermeasures. Outline maps of 
offshore winds in the seas adjacent to Japan were also prepared in order 
to provide basic data for the study of areas with potential for the 
introduction of offshore wind farms.

2.1 Definition
In this study, in accordance with previous research, /offshore wind 

energy conversion systemt was defined as a system which generates 
electricity by means of a wind power plant, together with control and 
monitoring devices, installed directly on the surface of the sea or a lake, 
marsh, river, or other body of water.

2.2 The Current State of Development Overseas
It was decided to focus on the current state of development of 

offshore wind energy conversion systems in Europe, since almost all the 
studies to date have been conducted in European countries and the 
amount of research in other parts of the world has been negligible.

Wind energy resources in the seas adjacent to Europe have been 
estimated at 3,028 TWh/year (3,028 X1 012 Wh/year), which is about 
1.6 times the total power demand of the European Union (1,845.5 
TWh/year). Existing offshore wind energy conversion systems have a 
total output of 26.3 MW, but this represents a mere 0.3 percent of 
worldwide installed wind power generation capacity, which totaled 10,153 
MW as of the end of 1998. However, there are plans for the active 
introduction of offshore wind farms, mainly in densely populated countries 
like the Netherlands and Denmark, where large-scale installation of 
inshore facilities is restricted by environmental constraints.

The basic factor delaying the development of offshore systems has 
been cost. Offshore installation costs are about twice those of inshore
systems. The foundations and electrical grid together account lor as 
much as half of the total installation costs of offshore systems. Further, 
the installation costs of offshore systems in Europe are approximately 
the same as those of inshore systems in Japan. Research in several 
areas, such as new technologies for foundations, electrical grids, and 
wind turbine generators, is expected to reduce the costs of offshore 
systems in future to levels comparable to other power generation

— VI —



2.3 Issues and Countermeasures
The challenges presented by offshore wind energy conversion 

systems can be broadly divided into technical and environmental issues. 
In this study, four technical issuesAlocation, foundations, electrical grids, 
and operation and maintenanceAwere examined with reference to the 
state of development in Europe. It was found that although the technical 
issues can be resolved to a certain extent using existing technology, the 
problems they pose are closely related to economic factors. Environmental 
issues include possible impacts on birds, fish and shellfish, landscape, 
fisheries, and radar operation of fishing boats, but do not include noise,
which is a problem with inshore systems. However there are many
reports of environmental impact assessments which conclude that these 
issues do not pose a significant problem.

2.4 Identification of Items for Study in the Installation of Offshore 
Systems

Since the installation of offshore wind energy conversion systems is
subject to both natural conditions and social conditions, prior study of 
these conditions is necessary. Natural and social conditions extracted in 
this study are as follows;

Natural conditions : water depth, inclination of sea bottom
topography, bottom material,waves, etc.

Social conditions: natural parks (marine parks), algal and
sea-grass beds, tidal flats, coral reef, 
harbor areas, fishing grounds(fisheries 
right areas), sea lane areas, training 
areas of the Self-Defense Forces, 
construction areas of the submarine 
pipeline and cable, oil drilling areas, etc.)

In this study, maps of the seas adjacent to Japan were prepared,
showing water depth and waves as natural conditions, and the location 
of natural parks (marine parks), harbor areas, and fishing grounds as 
social conditions.

2.5 Mapping of Offshore Winds in the Seas Adjacent to Japan
In this study, annual mean wind speeds were estimated using Grid 

Point Value (GPV) data for offshore areas and both GPV data and inshore 
wind observation data for coastal areas, and outline maps were prepared 
showing the annual mean wind speeds of offshore winds at a height of 
10 m above the water surface.

These outline maps indicate that coastal areas with comparatively 
strong winds (annual mean wind speeds of 5 m/s and over) include the 
western coast of Hokkaido, the Japan Sea coast of the Tohoku region, the



Pacific coast of central Honshu, the Genkai Sea, the sea area west of 
Kyushu, and the waters around the Nansei Islands, suggesting that these 
areas are promising locations for offshore wind farms.

2.6 Future Issues
Since the installation costs of wind power plants can be lowered by 

concentrating them in wind farms, the introduction of wind farms on a 
large scale is viewed as an effective way to promote wind power generation 
in Japan. Under present conditions, however, there are difficult problems 
inherent in establishing a large number of large-scale installations; these 
include the fact that many sites with high wind speeds (such as coastal 
waters adjacent to steep mountainous areas and headlands) have high 
turbulent intensity, and also the fact that many sites have inadequate 
infrastructure such as power cables and roads.

Nevertheless, despite the higher installation costs of offshore systems, 
there is thought to be a high potential for location of offshore systems in 
Japan when certain cost offsets are taken into account. These include the 
containment of costs related to environmental problems (such as noise 
and interference with television reception) and access costs for installation, 
and the future cost reductions expected to result from new wind power 
generation technologies.

It is therefore important to begin detailed preliminary studies at this 
time with the goal of introducing offshore wind energy conversion systems 
in Japan. Concrete tasks include preparation of an offshore wind atlas, 
determination of detailed items for study regarding installation of offshore 
systems, and development of methods of environmental impact 
assessment. Specifically, further analysis is required in the following 
areas: preparation of an offshore wind atlas using hub height as the 
reference height for wind speed; identification of possible locations for 
offshore wind farms based on natural and social conditions and calculation 
of the potential power generation capacity at these locations; and 
development of methods of environmental impact assessment focusing 
on landscape and the ecosystem (birds, fish, and shellfish).
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;Aii8)t ioTV‘4.

3.2.2-1 # 3-ovncasitsKE>¥±a*^tt'>xxftros.-j?.
ft* • ■« (#) a*>-»-/aisaift (mw) im*'k

Nogersund.X *7 .x — t' > i Wind World 220kW 0.22 1990
Vindeby.T* >~7 — 7 ii Bonus 450kW 4.95 1991

Lely*,^" 7 > y 4 NedWind 40-500kW 2 1994
Turn* Knob, T"' s~7 — ? 10 Vestas V39-500kW 5 1995

Dronten 1*,^ 7 > ^ 19 Nordtank 600kW 11.4 1996
Bockstigen.X *7 x. — t' > 5 Wind World 550kW 2.75 1997

£ It 50 - 26.3 -
*) 7 ^ (Ijsselmeer) USB

1998^ lfl~3fl$r*(7)T-X CSo' < #±SU]fSe-> X ft ft 

#£S3.2.2-2*i:Elf-E>(Bocksligen<7)-iM h

Xtft<7)ax#^ljfli$lt6tf"C, &i t'> v — X (OVindeby kTuno Knobli'E’ft'Pft39%,

43% l)RVHi7)sf#<bftTV>-E>„

- 7 -



3.22-2# 1998^ 1 - 3
(Fioravanti,1999£3iL#J5£)

#@ - (kW) issfjffl* (%-m ISSfiJfWroSS

Nogersund,X 220 0.25 1
Vindeby, T > *7 — ^ 450 0.39 11

Leiy,^ v y y 500 0.17 4
Tun0 Knob, T > v — ^ 500 0.43 10

Dronten 1, ir 7 y 9' 600 0.35 19
Bockstigen,X 550

(2) yX^A(7)l«
a x > *7 — 0

cmm$ fl/: Vindeby ^Tun«^ KnobCO 2 o6(#3.2.2-l [g)o C C T

Tun0 Knob

Vindeby

Vindeby <hTun0 KnobtfXu3.2.2-1

'i Vindeby

x>v-o^(7) Vindeby# %& < Lollandl#^?^ Wtn.5km7#l3 6 Vindeby #± Ml

> M?^6(#3.2.2-2|g)o

- 8 -



iii

500kWM W'lOHIxE ZtlTti 0 , #:####U5MW"e6o

iv E1E

SIW, f%T200m(5D; Dii □ - ^ gf$)(7)^EV^T4kitfnJK 2 ?!)

(^'J(0^^:400m)t:@B#$fLTV^(#3.2.2-6gl)o

v BxEzK^

7Ki%3.1 ~4.7m(Da#&:!xE ^ fLT 6 o

vi

V- f'CZ6##^-V>(#3.2.2-7(g)o

-11-



5m

(Madsen ,1996)3.2.2-

vii Sgx#ffl

1,69075 DKK(^J 13.8ft R: 18 R/DKK)

vm

1995^1/3-1995^9/1

ix

15GWh/#

b

^ f ;i/(IJsselmeer)^ 1: 2 #^7#% L T V' 6 (#^3.2.2-

m)o —o(iLelyT% 1994# 1:(7)Medemblik^# ^ 6 750m^ ^ ^ (7) ^ V

;!/%&(: Z ^EE^tL/jo 1ti(7)-o(iDronten lt\ 1996^ K f^M^Swifterbant/fi: < <D

#1%^ 610m#fL/:7K@6(#IW' 6^ % 7 A ^
If 7> fiTV'I))0

Medemblik

Swifterbant

13.2.2-8 HI Lely&Dronten 1 (Dim

-12-



NORTH S£4 /)

THE NETHERLANDS

CDI2ir#9.%(Knoppers, 1993)3.2.2-1

vi

vii

3.2GWh/^

D Dronten 1

i asrotttg
: 600kW(Nordtankf±)

ii ##%###

600kWmi$^19#^m$KTjo 0 .

iii

1 -2m(^# 781: ^ KT v ^ ^

c

^^UNogersundT\ 1990f^X

^ — j%#^B1ekinge%^ II &> 'b ^ g# (/) ##Nogersund9^ ^o 250m7^ o' 11 Ex:# ^ fritz 0

ftfeco—OtiBockstigenT, C flti 1996^2/^91/ h ?S UF‘ ^ S \^hZ) Gotland % Til nR iti- ^ (D

Nasudden'M^4kmt:#@$fL/l t COT\

$# m^//WM:Z6 ##%$ 1: ^ 6 o

Nasudden#±m^#m^XTAl:Rf6^#-(±/F+^r^6^\ #%%%##&

-14-



Bockstigen
Blekinge

Nogersund <h Bockstigen (D{tL

i Nogersund

i
: 220kW(WindWorid%), yix-

: 31m+om(rn#^K : 25m, n-f]gj^:41rpm

ii
220kWm$:^'l#;%#^fLTjo 0 , i%^###(±0.22MWT^)6o

iii

^ y ;i/%#(#3.2.2-i3[g##)o 

n Bockstigen

Bockstigen#±m^%% v X T A (7)^#3r #3.2.2-12g| o

15-



iii ItpxSSm

iv mgTtm

7K^5.5m -6.5m<D1:2 fLT W & <,

v EE

ysl^FUM#|Hj(D|gjFI T350mIE L XVHEE cftlX'v* XQ

vi S$e

-ty;i/%^(#3.2.2-i3g|#M)

vii mm#m
3,220^SEK(^5.2ftR:16R/SEK)

viii

ix fit

1997^7 R -1997^3^

rEfi:
8GWh/¥

3.2.3 3-nys\°iz&ii5#±a±;#E#v :* t-a 

3.2.2#T^^:Z ^ 1:, 1997#3K(7)#A'r%^:(7)#±m^^Ev%TA(i^EK#^(^ 

##aLTf\A##^6KTV^^(7)T, fKG(±T>7-9,

(7)3y-@r##L, m^^(i26.3MW(:j#^^v^ f>7-9, ^

LT^#,

Madsen(1999)U#±m^^m^y TA^±E3 V % ^ KX 9^tDx.^ 5 #@T

2005#l:(i##t2,600MWl:^f 6 ^?#LTV^6o 

(1) f >7-9 

7">7-9M(i,

T#V\ CO2<7)#^m^l988#(7)^-tL<7)50%#IJMf L/zf >7-9

X~Xyy(D r^y>V^r'- 2 1 J XtlXlh LTV^y,(Ranji and West-Taylorl998)0

Madsen(1997)l:ZfL(j:\

(32TWh/#)(^50%rtB^i-6##T, 2:5,500MW^&&o

Z(D5,500MW(7)R, 4,OOOMW^#±m^%S. ^^(7)l,500MW^^±M,^^^"e#9#t@i 

&%oTV'/5o ->3*K ["j:^;i/f-2 1J
E3 X- i> o

1997#6 ^ t:T>7-9^^;i/^-#(7)1§^(DT, f >7-9<DE9j » #;%#$&#% 

ELS AM t ELHRAFTIZ l 0 ^klto^ESt® £ ilT V & (The Offshore Wind-Farm

Working Group of the Electricity Companies and the Danish Energy Agency, 1997;BTM 

Consult,1998;Madsen,1997)0 WWXli'<XXM<t}%;M:Mi& t LT> r >7-9 ®22tC±E&

-17-



#Eg #:#%### L LT5,660MW(2K#0-10m(D)-%)-12,220MW(7K#0-15m

(7)ir-%)(^:tM#^tf6KTV^(^3.2.3-l)o 12,220MW(7)%#U1997#7KH^^^#

# (OMIT: Am(7,679MW)(0# 1.6i& C fg:M f 6 o

1. Homs rev
2. South of beso
3 .Om0 Stalgrunde 
4. R0dsand/Gedser

5. Kattegat
6. Lolland
7. Oresund
8. Ero

;3.2.3-lH • SSSii(2^(d-§)¥±a7]^retE(DiaEH
(The Offshore Wind-Farm Working Group of the Electricity Companies and 
the Danish Energy Agency, 1997^#L#j$2)

-18-



a.2.3-1#
(The Offshore Wind-Farm Working Group of the Electricity Companies and

+u~ , a—i nn-?^ "ti"/->//= cti\

m

Horns Rev

South of Lc:so

Omo S talgrunde

Rodsand/Gedser

Rodsand 

Gedser Rev
r* r-\f c an11 + u r~anlo+-/n►*

£

Kattegat

Lolland
Oresund

Ero
/J\

Djursland-L^e so 

Off the Limifjord 

Lyse Grund

SW of Lolland
Middelgrunde n

South of Ero
It

a it

700

1, 800

300

600
150

so

450

1, 400

50
120

40

0
2, 060
5, 660

3, 000

2, 700

600

750
450

350

2, 000

1, 800
150

300

40

80
4, 370

12, 220

^ /Lx L> Tk7> X *7 d1fS|^r T F 7)pJMfflRtm15m7)X'— 7,'C40~

3,000MW(C$[j|ai 6 dR 2000^^ 62006^^
-f(om5#mt:^LTmm:tTf$mmAm^tL-c^6(#3.2.3-2iEi)o ^-L-c, 

#±mtl#%5/^T7,m#^(7)^Mt@j(t2000^t:40MW(Middelgrunden:#3.2.3-l(07#(04Et 
F), 2001 -2006^ (O5$^t:^l9(04 ## ^ ^t# t L T 120 -150M W# & # A t & C

2001^-2006#C:tmi$TLTV^#±mi7]%S^^TA(0#4Et 
F F W:0.051-0.055USD/kWh(6.1-6.6

M/kWh;120M/USD)^#it#e^TV^(#3.2.3-2^)o C(C%%3^F(±, %, ##LTV^
6 %-t-1 F Vindeby(C0.078USD/kWh(9.4M/kWh)^Tuno Knob<00.070USD/kWh(8.4

R/kWh) X L L ^#"0(The Offshore Wind-Fann Working Group of the Electricity Companies and 

the Danish Energy Agency,1997), Otl<

7. F t RTP Ccb Z> <L e5 fv Tl c v ' 7) (Andersen, 1 998)o
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■r > -7 - ? attro i±. 2001 $ 2027 $ $ t- 1 somw/$^ - x -es

A L, 2030$ t "C Cm#Am4,100MW(7)m#(0$±m.*%« y7xA Z> -fy'sh
^oTV»5(S3.2.3-30. W$ffil±#®«f43 *4A i ©*ti:t±T*>-7-? (;

1997 $ 7) E j] rpf # i[-0) %40% (14fIA A & (Andersen, 1998)o

5000

3000

1997

nnnnnnnnnnnnnnnnnnnnnnrmnni i i T V V i V ii V V V V I T i i I i i Vi Y "i II I 1 T^
1997 2000 2003 2006 2009 2012 2015 201B 2021 2024 2027 2030

[ | Accumulated MW {H] MW per year

fjl3.2.3-3 m #±M^^ESXt2ii^tTSbltM(Madsen,1997)

(2)

LT2007^^62010#^TC2,000MW,

2020#^ ri:2,800MW^#^T jo l) (#3.2.3-4g|), 2020^^2 (fb-^^ ^

C ^ ^ ^3(Martin,1998)o #±M^#E^2005#^/: 0 121,500MW?)

#±m^^&%^2020^^ t: l,300MW#At /5

gf IE t & 'D TV^(Ranji and West-Taylorl998;Andersen, 1998;BTM Consult, 1998)0 ^ jo^ 2020

11* t) tlX v (Martin, 1998)0

Land
Offshore

Z 2000

-o 1000

1995 2000 2005 2010 2015 2020
Year

,3.2.3-40 A ^ lt-51995~2020$©SAl^W AitB(Ranji, 1998)



®(100MW: lkWE$100fl)#flS $ fU 200l¥t TUBE * SfiC>lt®(^SIt®) tta^X 
(Martin, 1997a; Martin,1998)0 M $ ^0 B Efl^i (i > 8 km^l^cT) 1 “if d*

b (IJmuiden site) t ® nbi'ti1 ^<79?SiS ?BJ'MT □ <D 2 *9* f b (Western Scheldt River site)^'^) If h tl 

TV^6(#3.2.3-5gi)o

IJmuiden site

Western Scheldt 
River site a

Sa Q O O.ClWl^U.<C.U"U12SJ

i Ci taBGft.
T V-1 B (Martin, 199B)o

e#±®.*56S'>X7"A 1±*>5; < t 8kmai-t-i to

•t6I5<7)EB*i$(± 5 ~20mco|eHl*ItsiB i to 

•M£ii 1 MWtoa$4- 100###xtBB B tQ

•H®l:l±250~300GWh/^t itlt + B B to 

e5S*«t)*:li 8 B B t „

•tx*EI± 4 @ 5 -TBSNLXXrW-; 292i*5+25R, 65R/NLG)ttTt'iB2 t „

•HK*bmi± i #mi*re*BBto



(3)

X X x - t* > <0 S S|5 iBPfBt& 1C * V > T

5,0OO-'6,O00MWHffi^'t-l) 17TWh/¥CiMtl%<XT5 tl/- (BTM 

Consult,1998)o + 6 IO@*(0-» X h T\ lx«Wl:750MWO#±

a*§s«->xta<7)®i$7)5Eiijsti, #*«i:25-8o#<7)m.$^mRf6:+

B(1.5MWa<7)a$Ti6$i:l±#i)500®; 2TWh/^)7)sil» ib nTV^(Wizelius,1997)„ jil

X Hi, mto^E®LTB±coBt/^^air<7)S,x.^V'lS0f*iSlftLTv>^ 

(Wizelius,1997)o

7T 7T\ 7 7 J. — T >CO#±M/J5~~30mciBBiv)"Ti r O-HtE it

# L ^ A ^ ^O TV^6(Findley,1996)o

(4) Y =F V %

NEFO-4(Non-Fossil Fuel Obligation:#NkE###^%A#A##)Bt@(DTT 2 OCO#±® 

^@1 $fLTV^6(Massy, 1997; Still, 1998)o

# BLYTH, NORTHUMBERLAND

750kW®$:2##&@, :tl.5MW(7)/hm#:t@iT\ BLYTH^^^t'-f^

1 km^K/z#^:1999%g;#K:%E2fL6 C ^ ^

# GUNFLEET SANDS, ESSEX

950kWm$l:Zam#x##m30MW(WtmT\ ?e^^08km<7)7-YH:

2000^ UMlxi~
mt;^±PowerGenl:Z6J^T(7)$mi^tf

b tl 7) (PowerGen,! 998)o

# SCROBY SANDS, NORFOLK

;F(^3.7km)l:mmi:^'r^6o 0 5^6Y-A%#(DKT(7)mAm##^#

20104^TG:(±#±m;U%%yX'7-^(12,000MW; 34TWh/#)l:Z

$K-CV^(Still,1998)o

(5) KY7

<b LT(ix Wilhelmshaven^^OjtTj^U 16^(0®,$ ;SrMpx't* ^EtW^^) *9 > ®

$(±#|%^0iav^C5r350m, A#Ul2m

(Knight, 1998)0

-23-



3.2.4 XirAdMI# X h(0$lb/ft

(1) $E>£(D#§E=iX b

2 ^ ^ i>% T A u ^ ^ ^ u, mm ^ % b r

^)/E)h#X.6fL6o #3.2.4-l#(i#±K^#Ev%TA(Tun^Knob)(7)mm3% b(0###

%i/ ^ f A (0##fR (i76MDKK(#tH3.7#M: ISR/DKK)^ ^ 0 , #±K^%E v % T A (Of 

fL(35MDKK^76.4#M)(0^2i^<0m^^6o #±Ml^#Ei/%TA(Omm3%b(i,

r&#j 2 2TLG2"3<o#;#(o/Mt
-e% o ±tf/:#±muj%m v % f A comm

3% b(±ltl27^R/kWT^/6 2 2^G, 2fU±B#(O#±(Omi7l##^^TA(0mm3^ b 

(25-30^R/kW) 2 (3 & & h #x. 6 fL3 o

3.2.4-1# )¥±(hP^±(DS^)^Ex>Xf A(DmE3X KDJ±I
##:VESTAS WIND SYSTEMS A/S)

US #±a JlKW B±@I2l%®
Hffl(MDKK) me(%) Sffl(MDKK) |IJS(%)

l+Sffe 5 6.6 0.3 0.8
31.5 41.4 29.5 83.6

4.0mfge I O.J ^4. I i .4
um^m. 1.3 1.7 0.25 0.7
jawtmm 19.4 25.5 3.6 10.2
SISME 0.5 0.7 0.25 0.7

D
>

nu
ll 76.0

(13.68ffiR)2 100.0 35.3
(6.4«R)2 100.0

;±) 1 : Tun0 Knob<D^-X(500kWx 10*8)
2 : 1 8FJ/DKK

1991# Cm# $ fL/:Vindeby#±Ml^#%^ % f A (0#E 3 % b (±0.59DKK/kWh(10.62R/ 

kWh: 18R/DKK)T\ 2(01*], IS# ' ###U0.08DKK/kWh(1.44R/kWh)2##2#TV^ 

(Dyre,1992)o 1995#l:m#^K/:TundKnob#±m7l#E^%TA(O^E3%bU

0.48DKK/kWh(8.64R/kWh)t\ 2<0|*k IS# • !:S#(i0.055DKK/kWh(0.99R/kWh) 2 ^ o 

TV& (Madsen and Grastrup, 1998) 0

#±m^^&Ei/%TA(0^%3% b (±, #3.2.4-lEM:^GK6 J: o 0

1997#C(i0.3DKK/kWh(5.4R/kWh)f T R ^ T o i/%f A<omm$ K/:

1991#^ 1995#(0#±m^#%^/%f A(0#%3% b(i, ffLffL0.45DKK/kWh(8.lR/ 

kWh)20.35DKK/kWh(6.3R/kWh)T^)l9, A(0#E3% b(±a^(7)#±

(Of ^L^bb#LT3 -4#J^<



1981 1985 1989 1993 1997

H3.2.4-10 X x A ©##3X h®#IS(Anderson,1998)

f77-i> Hjott-B#-ha7l5SE-> x x 2, l± If b? 2 ~ ekmiEbi Xi$SC:IS*SbiTv-B 

XfeTn, gfriZEOJ: 7 C Vindeby tTun0 Knobff_ta,7) 5§E'> X x ACO^M3 X b 

s • ia#ogij£-i±, ii.5'-i3.6%fM®fc*oTv^„ Lfrttctfb, *7>y<Dm±m.tj 
'> X x A COBtHBit l± , b fcjteur, < (12~20m).

b iX-coBElETniSv'fcsXi 1.5km), %»3X b l=A&6## • !ia#<7>*J'S- 

l±23% (H3.2.4-2H), Iff# • l=@#CiglJil$7i5"%S3 x bdl&StClB^fxWIS-

fiTlnSt^o'Ck'^ (van Bussel and Schontag, 1997)„

Operation & 
Maintenance 

23%

Decommis­
sioning 
2.5 %

Wind turbine 
34%

Offshore grid 
connection 

15%

Support 
structure & 

OWEC instal. 
24%

(¥WS.i$:8.4m/s, m.$d)(*@$#;20f, !§X*flJ:5%) 
>3.2.4-20 0pti-0WECSC7M-5#%3X

(Kuhn, etal.,1998)
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(2) b

#3.2.4-2^ ^ ^3.2.4-3g| v X T A (projects) ^ #$##<% 7 X T A

(studies)^%0±lf\ #%3Xb(ia(f30(T)77V-yi:^'

#J2fL6o ^@(7)RES(studies)^UKPhaseCII(studies), X7x-TX<7)Blekinge

(studies)^ 7 > 7 COLely(projects)^.!7 T X V — 7 (7)Vindeby(projects)<7) 7";V — 7° 1 hfVv^- 

7 OTuno Knob(projects) t T X v — 7 OSK Power(studiesA K 'i 7 X>Thyssen(studies)$. (/y 7 

X 7'<7)Nearshore(studies)(7) 7"/V — 7° 2 ^ X 7 x — :r X(7)Bockstigen-Valar(projects)» T

7 V — 7 COHoms Rev(studies)> K7 7 7)BMFT(studiesA ^HHOScorby Sands(studies)Zi (7ir 7
77'(7)Opti-OWECS*(studies)(D77l/-7''3'r^)^o #77I/-Y(7)^%3X b(i77V-7°lT

8.5-16.5ECUct/kWh( 11.5-22.3 fi/kWh: 1 ECU= 135R), 77V- 7° 2 T6.5ECUct/kWh(8.8F3/ 

kWh)^7f77V- 7" 3 T4.5-5.5ECUct/kWh(6.1 -7.4M/kWh) «b & -o T W 6 o 1997#mi#(D ^ 

;l/-y3 3yDvj:7 b^#%#%60#%3X b(±. X7x-TX(DBockstigen(^Z

xyf XX^&^^LT^mnx b

TW6o 77V-y3(7)Opti-OWECS(7)mm3XH±, #±Mll#EXXTA(^7Xb

^ T/V^V'T^X #E^X

'b (Kuhn.ef a/.,1996)0

#3.2.4-2# y x y A 3 x h(DJ±E
(Kuhn, et al.,1998a)

Name of project or study 
and site

S
tu

dy
 (S

) 
Pr

oj
ec

t (
P)

Ye
ar

C
ap

ac
ity

[M
W

]

V
hu

b [
m

/s
]

E,
1

X D
is

ta
nc

e 
fro

m
 sh

or
e 

[k
m

]

W
at

er
 d

ep
th

 
[m

]

S
pe

c,
 co

st
 

[E
C

U
/k

W
]

C
ap

ac
ity

 
fa

ct
or

 [-
]

E
ne

rg
y 

co
st

s 
[E

C
U

ct
/k

W
h]

Phase CM, North Sea, UK S ‘91 711 * 3 8.3 -55 16-21 1900 19% 13
Blekinge, Baltic, SE S ‘91 C

D
C

D C
D 9.0 90 10 15-20 3000 32% 9.1

Vindeby, Baltic, DK P ‘91 11 * 0.45 7.5 37.5 1.5 3-5 2150 27% 8.5
RES, North Sea, UK S ‘93 41 * 0.4 7.4 33 -5 -12 4500 33% 16
Lely, Ijsselmeer, NL P‘94 4 * 0.5 7.7 41.5 1 5-10 1700 22% 8.3
SK Power, Baltic, DK S ‘94 180 * 1 8.2 47 17 8-10 1900 31% 6.7
Tuno Knob, Baltic, DK P‘95 10*0.5 -7.5 43 6 3-5 2200 34% 6.6
Thyssen, Baltic, DE S ‘95 140 * 1.5 -7.8 60 4 5-10 1400 27% 6.6
BMFT, Baltic, DE S ‘95 100 * 1.2 -7.5 60 -7 -10 1250 31% 5.1
Horns Rev, North Sea, DK S ‘97 00 o cn 9.2 55 -15 5-11 1650 40% 4.9
Scroby Sands, North Sea, UK S ‘97 25 * 1.5 -8.2 3 1150 -31% -4.5
Bockstigen-Valar, Baltic, SE P ’97 5 * 0.55 8 41.5 4 6 1500 33% 4.9
Nearshore, North Sea, NL S ’97 - 100 * 1 9 60 8 13-17 1900 34% 6.4

Opti-OWECS, North Sea, NL S ‘98 100 * 3
8.4 60 11.5 12-20 1250 30% 5.1
9 34% 4.4

Energy costs for 20 years loan and 5% real interest rate, no inflation, recent exchange rates.

Opti-OWECS: Structural and Economic Optimization of Bottom Mounted Offshore Wind Energy 
Converters 7)0^



1990 1992 1994

©studies # projects
1996 1998 2000

reference year of study or project

113.2.4-3(50
(Kuhn, et al. ,1998a)

##3.2.4-2#^$3.2.3-2#U: % 7 A (7)^%3 7 j' &4W

7(7)%%3T. h(i5-6M/kWh(:^/6a^:#$^LTj3 

!9(Krohn,1998). 6

-2) o

3.3 >t, 7A(7)iit

m±m(o . rm^#&@v7-^

m^#^^#J^^[glc/:0(Madsen.l996), ^ t#< LT#B:37 ^

£ME7 %>It®^'ab £ (Fuglsang and Thomsen,!998)0 #±JiUb'> X 7 A ti, Cl CO X *) £

#gL/zT-7X

4:X#<D-7^f
2 2TU#H#±Mll##v%TA(7)7i f C. a h L/Jo

3.3.1 :#±m.ti%n v ^ucn&mmw^mm
y 7 7 A c#6 mm ^ LT (i, wm ^mm ^ ##^#(7)mm$ fL 

6o 2^TU##m&mm(:##i%&mm&'a'#T#±m;U#%yxTA(:#&^
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(1) ###&##

#±Sto%e->XTAic®£I$Sj: LX [EBSPjfJ tcMtSfMto&EBtiWf 6ii 

i% f /_-, 3.2.4#:?##L /: 1 -) !c, #±®to%E->x^Ac>®|S=ix h*%S=ix h

r*i$j , r*Ki$MJ , rwt-eaj 

if bn, ztibomBUMis.
re# • l=aj i±^i ??ri±E*ic#s«Lr)g*»o|$a

t Lfz0

±® -> A T A EB toil B £tiTlcSIS L, fiiftTSto

ESB*M: *S, i&gA'bomm%rt:Mt>zmMX-&Zo 
*# : *#, a$EEro*ES<7)l'$i:Hfc^EH?*-ao
mmm*: #±®A#EEA»m**mssEm*iic*if6, i>b>?)i*aMi:sfo

-61911?%-Bo

lit# • wa : 3>ft>x«)l1 ^??i±SA*t2M$1--E.F=1Slli)^»/2„

(2)

#±m^#E3/%TAUim±(0'E-Kt#» 0, i)Fg«lci±^6^v^#x.ib

ii-B/® -f *#*#### ic M I? 6 EB t LT.tmctlif.6 5 EIB *SR *9 ±.lf-6 i i: i: L

tZo
r.ftsti , r«>«j , r»»u, ra*a*j , naisv-r-j

3.3.2 titfiESSM-iE
3.3.1 m?m 0 ± if/:## t 6 * /zREB ic ? w T, t i>

ic, S#Tto^EEdlEieicl±X lb ^ V>Itn , #±®cti5§E-> x x a toi§ro!|#t4£• K 4

x. gjgto * IS * b ttlS^EI b nx v > -6 ## i^nbXM'O ittbfZo 
(1) teffimti'bJi-tcim 

a s$®iSSfr
|#^#lCZ61g0(O##li##^62Okm<7)a^-^ ?%^1? t -6/2* (Danish Wind

Turbine Manufacture Association, 1998), iS-L®(Dih!Fl4li'W't‘ -6® £:(#=£ # E: a -6 <6 li\ —

# 1:li#±®/j*E-/XtAOSSB**#**-6S^it®-JC-S/i1'*-6o tz/i, f (D

#e, i&j*»‘6S|n4 c: i: • x x TX > x 12«*j£«to • $/2,

< *-6 ? fc?5*E±ft«to • g-stoicFiiak^ i),

b

a, i£?6* -6 v'li ff*ic J; -5 E4) ic K b -6*E®!±. 3..2.4(i)illcELrv^ J: # (C, ® 

®nx M025%S®^i*Tjb'i), i$b®A%Ex%TA*@%E@bf 6±?g#&E



-hbo $16. LTB6I:->XtA^|$S

Walkway Water level

Mooring turret

Power cable

H3.3.2-10
(Kuhn, et al.,1998b)

f* > "7 - ^ CO RE#±Itt 36B#E(Vindeby t Tun0 Knob) C-felt-B ## l± @3.2.2-5[«lt # 

3.2.2-7Hl2^+± o (2, -ay ?')- Yi^'tz'r-v >Iz£l2 J: oTv>-E)„ $i:j£l±$M' h 
a< co-BMiTS{iS(n$tS)*ftslt. -en^Eg*6$tbels>-, #6(%i,ooo)>)&- 
is*6t?£*. 9^-imxi,<bnr(Eg#)iEi±ite-M5|.4 £$$.)=

3 >3")- Mi£t: EiS, &(0(0. iOm$l±<o

l±. g#SkiVTV^ (Danish Wind Turbine

Manufacture Association, 1998)0

3 > f V - bZ Z 9 6 C ^ ^6

&#T\ ^^6#^(Gravity)%&, 5W(Tripod)%&, t7/i^;l/(Monopile)]:i&^^cTV^

6 o

7s -f- —)]/ [I Z ZC'/Z(i > J21T C > Krohn(1998)> Danish Wind Turbine Manufacture

Association(l998)#&##J: LTZ ^ V - b Z *9

tlT) o
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-Y JIA(Gravity)X;i

miSIWBSlxx-x$*)t:$iSU
^ TS«XX-X7U;M±JtiRftj@l:(7kyS4~10m-e

80-100IX #7k<Otti$!iS:8T-|±90~110h>)-eib-£/.;», 3® • ES7)s'SS'C*-B„ xf- 

;1/7n"4 ;M:t±* > y >5 £■!*#>, 'SEijIk’ff-TkroEEltJ C+iMix ^-BGkk^-oTVi-Bo &

n EH(Tripod)I5$
^xsix 3 Y)*$ciitero$v>is«izaffl 6 to to, 6~7mkJ.a

«i±ER*$sren*o*x&i±yt-e- 
(7)E?e6U ?'tlE]ffi% 3 *jE<7)XA-X£-ieSTt:fiX&/v"e(-|M I- cojftJMkjStc 6 
I0~20matt), f k^*st lt.f-;^ltsif JKIt^ &jb\ *Xy£

liSS7)$?>f|Jt2Sk'tLTV'>^, J: -) ^y##XUX|n] # IxBfu (2y§® iizfffr ^ 1:
S«X£-£-$li&v„ StX O-gtt&W,;*, $BC>S:Al±7FE-e*-£>„

/\ X/AXMMonopile)X;S
*Xy£(±fBiE&!xBXy£-C\ x A - ;v/ H x £ BST i:fT *> 3A(-iM Horn### 1:6 

io~20m8B5x AftXX-x^WTJMtS-IxBX-B 6<ox%.i,„ LAt^oT, 

*X'$i±6®7)$#fiJi:abtvcv^ <t 7
4'£-EI±i:V'0 3 X'/iOckXlift^^YB^SfflXiSAx #IX &±<7)##liXMXy£k R 

lit, XEX&&C Six t?>k x »^-X><7)#Xm.A#*X'Y Y
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%^^-T>(DGotland^(DBockstigen#±M^^%i/%TA'e(i, /W;l/U8-

lOmfSSlx$ o

C

c z 3 ^ ^ v 9 im)f 6 6«

^ 2fLTV'6o

9

fLTj^

__ r KnobO.

t'j" b tlX V^ & o

n

/: &b c## 9 ^^^7)# c 6 tb-c v^6 ^

;£ ?Z^ ?uitflfia t & o X V'«2> 0

©b777,

7 7'^tLTv^o

e =1 X b#M#



©m$co ^ 9 - Oj% $ (f, 1: j: ^ $ o 2 a d' 61# ±<7) & <% Z 0

#<L, 3%h#^^g|62^^wr#'r^ao XX^--f>(7)Bockstigen(7)#±mi

fjf&lljtilpxfi *? 7 ~~ rwj X 19 ii i& <s L T H lx $ fl T l ^ (Ronsten, et al.,

1999)o 0 ^)13.9mf&

( & 0 T O £ (Fuglsang andThomsen, 1998)0 tztz^ Canter( 1999)(i 7" lx — K IC^-X.

%v X T A (7)^E#C010%^) If T, 6 KT

V^6^(Madsen.l996), 2K(i3Xh-W7!:f^f.&&?)"e&&o fzff, Canter 

(1999)(±[g^m(7)m[]U7K^l:Z6m#f:(7)iW±l:m^/:&!).

3% h(D##l:$^LFo<(Kuhnefa7.,1998a)o 

©M$(0±#Hk(1.5~1.65MWX 7>TfXX
^)(7)T^)6o

- ^(fm$(7)±& $ ^ ujteij L^
x X h i)%ct£ ( tz Z) 2 b o

> K7 7-AO##l:Z 

^^ o x> -x - ^ r(f 9 #±^
f X K7T-A(7)##^ LT^OZ 9 *0

#^g%# : 120-150MW

: 15-40km

^K?tK : 5~~ lOmfnJfb^ b tf 15m)

LT^:&V^#6fLl:V^(KuhnandBierbooms,1996)o 2 0^9



(2)

T.liJ - ["&4HSJ , \WMi Rtf

&rf *ipL*)±.mz<>

SSCi@4-#T**.5Tun0 KnobT'ii. mM<DXV- b'<0 HHk <kU=bU <£ -B B® to® SS'99 

6 94:fBAto, A 9 3 *

^■IcA'it Si 6 L A ,B/Ftt AiSMto ft A % & ,BtE A A -BA17 t7 9 X(Somateria mollissima) h 4 

n if X(Melanitta nigra)X'%> •), A 7 4 A X (±mS$F=5 * t:%to#(k9#.to 6 tb A tttl it &,

A tint- 7 4 9f to##T*B,A®(4 9'4 14: Mussekttofifitl&SA'l: i -B &to?\ IL¥to 

S®tc J: oT3l§;|gA SiiZ: & to-eti&vi:IHiS;h.Tto,Bo SA, A$tofl-S:$4=ffli 

mwimit-frbMii-tzmK&iQ, Atod?>6Mem@ii&toi: sti-tv-Bo

X •yx.-r,ymi$±B.tl?kMX4 b , Norgersund IB ti It B Pl$*> 6 & ESMSS A 4- X. -B 

SiSli A’-' <, (0 bIFii 5 tlTV.6AtRanji and Weis-Taylor,1998), 4 7 > X 

■9-4 bT*t±, ,B®(9f ®)9%$toB#{r3:ltTV'B bto#@^&B(Harrison,1996)o

bS4h«
Tun0 Knob^Vindeby-eitaSBlxf^lCESmCliStinT)5'* 6 tlA t #R-g-£ tlT V'B „ -- il

i±, $ec>a - v ><7)EE^i4v>#*'fet/9$tix., mmmvmm'b-ztizsmti-z
A,4hSroteiralc$9?o A 1> tot\ tobv9>BS.B%J)$l:tB t>tok#i_6:h.-B„ AtA X 9

JL--f->to#±Ett#S9-4 b, Norgersundi:d8it&Jl,¥toB|gi:-f4to«4H*7Ss'

if SP L A i: to$fHrf95'& ? ti"C8'B)(Ranji and Weis-Taylor,1998)0 LAU Atl
69-4 b <VJM«yiW'M«X$> B A i: A 6 !$,* 6 tt A & to i: # A 6 iA SIE, tzbEA’gtoB 
tit LT^'&mi&XliZCDX 9 Affifttiiai 6 AtonJifglf *>#A6tLBo

c #K

7tK4t-y»,

Biti:4-B96 Tum6Knobto^!|-eij;?(ti#(7)$ttttSli^'» < - #<liSS • »B$>B Wij* 
BEH A^-e* b). SmSliAvi: SAT^-Bo A A, *Wt*b LT

yXfi A# £ AU-(US NAVYft#)(t)feS4:'^$ L X $> l „

d>i*>s«)-)i®u-^-
X 9 J-"- T*6<7)#_hJS,tj5bfl|9- 4 b, Norgersundl^ jolt-BlU^^SlS^^BlS • SxfittbS!



Ti±E*)6ija?e«(c

Btcov'T-ero^S

3.4 ^Jitj^gey^^AroaEicffa^rfiisrotttti

#±J$to56S<7)®lxi±*?$, t#,#,
##(: 2 fi & & „ -I

istt-BSB • 1111:,

£iRi) $ bubtzo

3.4.1 #±®*?S,l->XxAC0ttKC'(S5^Wlli

->xt^<oee t: h ixmm, mm w &ftu» * -git * a m&n-1 m® &
aSJlcMJl-r^. &0^0)1 lbLt, 33lcjy,TO!egB#*>ij% 

tl-6 o
SS*# : *S, B6aB<7)4gEB, SS,
%&A# : m# • TiS • *»*,

«), B±3£j15§, giStBPISBSL BS^M Xy -i y ■ ■M&SUX-y

ttz, ;?#.#(#.##*«)o ±irc,

mmiz&i} z.zttibmBX’MMim^tzo

2FJBaiSi$co*'$B|-C%
30m <7; Vf S:|$ 1> -iff 1> ■ ‘BffiiiTV'-B BM—oLT30mi^C>y 'y -9 — B^bBIT'CV'1 Z>i 

$ •), SBiS^ffiB'-D "t V'-B B*$— 5: jfcB 
ti, ztihvm&tt&mwfrb&xm±m,n%m<r>mMtwx&o 

jtBjiBS : tSSSiS. 5##

^■W'fSISBS

^fflHSISiSiS

:#mae< a *B®ib,

i* • %+%m* •

§6SiW(B*B1l)
* : ±&#(±f i##l)

Ml Sit : HWB. ■ ES¥S($yt$ffl). B |6]iI(±¥ff®I)
* : itw* • gsi • B@# • @m#(%yf B@L ±¥ff-1l)
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AmmAiWc^v^-cm#'

< #g^) 6 ti6o

m 4> £ ii ife e # =f& m

fit Vr *<

'/,■ fi) T W .'Ii ifif I ii

di Vi j,',i -7 -i

--36"

----32'

----30'

H3.4.2-4|§1 B^L^$^/§S43lAB)CDi]'S(SillASltto^li,1984)



b>@^

##3.4.2-5gj B^C
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c >!§£§
%3.4.2-60KfllfTv^iSiigS-0!i, S L t: i (0X\ MTi

7P + g-$MMm#0<%gm * ^ 6 C ^ # 6 . #3.4.2-7ag - #3.4.2-7r0t j B * 0

I: j31 j 6 it # % ^#&O- 'oT*6$I|m(0*%aT* 6 . B jSi§

tt-BE ? ftx 1/ >4 t > ±m»b b ft & o t CO i j> * i® t* k # ±Jt * H t, •> x r ft £ jits-1 -S 

ishcie
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3.5 B*eifflsiiEicj3tt5S±atoe>aii(7Mm

#$. L/:-#±a*5iE7 h?xt lt

eh*tiiiiiaaiomoBha(¥-w^aa)roE?xiis-fM-ts 711 l/e

3.5.1 S-haco#t$^;S

iS_hH<7)S£!±EttPJ$$W:S'3' < #*E Z o XW.fcir&Z 11 L/E

(1)

#aK|(0&a#mg|5)t:iilti.ih±M<vMmli, $±ffi$lf*T

j: mti-r^xn i® ^nmr-imi^^hb<D
SiaE'llT- 7 iiW^tt(tt±SiOmco8t*jl)-e* 0. ztibil.ti;gijai${li±S3.5.MS 

i:Stfrv^„ i -5 l® SWiift# *3(1998)®± & i><D
J-WiC, tiYi'EteEmSl-mOlEoZ® " i® ®.£ ,)xti ® E j!!l| f r #7198 l-l 9986.19891E 3 o TV'

4) o

b # _c

$®IMI®E± E £ if -£ iS±®l<0Eii U, A&rf E X o r 5 ScoiS'E-Eil®® ZpISISIi 
Tjy i)(B*BE l $x SMtiMtU l £. l #), El6) • SU$.

ME. ME. i$S. «E<o«gse$Or*fio^f'- 5*irv>8o JSa*«
i: l± 5 * re BE ESJ] 7' -f A5® M £ ii T v £ E@ Wj*. E®G (ft-
9-*@l±tB< ;H!T§4:V‘0

-E-®Z:<® B IBIU/U®EP®9 I.me tt ffl ® E< G p v, i::$'Vi ■ r®;® ®7®B E 3 6 :: > 

ttfzo t^wassii: =tmea*&EU*#m®GB®at#&E& tE 

■e. ; zuiimmo##4-$it4-v>#*<o»±Ett. ME#kSMti--) «*«<##»)* 
Ero$SE J: oTEE^SitZ: 6 E ti>5, gSOhPatl-jl.OOOmiCiiKEBeBBGME

EEtEEE oT*.t»EIiti hO>X&)i,,.. ES-C0GPV(Grid Point Value)®- 7 11±.

3 7 -c* 0. itBEEEifiroE'ss’to^itkEE'ii, SSEililwx- 7
&gE#*t»ftfE6K:+ • rWSBBE 3 o T 3 B 9c to (SB Ed®- 7 Cjt 

IBEffl® G ET v> .£ i> d®*£ (!|S11 IflS#f4 5 )0 MBIIG GPVdEfg®'- 7 dt> <h o® 

&GRSM(Regiona! Spectral Model)® 1: 7 r -i ®(BH±10m)!i, %#dE@l®'- 7 &#E 2



(2)

t:M>Tit£-"t-|±GPV7''-7, iSff«-t'l±GPVr*-? 9

am & ztt t£„
it cLtiti: tilt-B iS-kSltojiSli, ±|B|7)RSMtt±7 r -I- B^roJSIiZliSStto'Eir.O

7*D 7 7 6-SSL, ifE±l0m<7)S¥i^S.i$(l996S4fl l H ~1997S3fl3l E $T*<7) 1 f M) 

^tSSLtLo

ft # f> (i998)^mi%?«Nf;P(WASP) fiiti* i:jott-£ i®±M«}iSISft
I: j:tilt', ©j&£ig£<7);e±S.<oSU$t±. E±<7)HSEil**LiSHroflSSUffiSL, if
a®sv> ifproff^r-Eii s n /-:a±ai±ae<0e±su: i)

L i:, ©VtB&iS^SimiitUJiU 0 & i*±JIW?f&SUi t &£ 

if ® t± mil livct, ©-tel:, B±ai±i6ff^Git-S-i:*itrt8j$-f-^ r tmmb 

*i:?fttv>j0 L L Tlii&^J$<7)if±a5:ft# G (1998)0 toilS' El 11, SS3.5.l-ljei:S 

L tL ii±@ 1 Om I:KS L £ b OGPV t - 9 I: 1 ?%@(*E±10m)

b S#M LT#SL/:o
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913.5.1-1$ KfiitoS# C J; 4 HUiiinom L WR3

No.
US
(N) (E)

##
(m) (m) (m/s) (%±^10m###)

1 44.4283 141.4283 39 10.9 6.8 6.7 ##6(1998)
2 43.3683 140.4700 115 9.8 6.9 6.9
3 42.9667 144.3767 46 17.4 5.1 4.7
4 41.9233 143.2483 63 8.1 9.6 9.9

5 SW-J:T£ 41.8133 141.1867 35 11.5 3.3 3.2
6 41.5517 140.9150 36 10.0 8.8 8.8
7 41.4283 141.4650 46 10.0 8.1 8.1
8 41.2400 140.3467 113 19.0 9.7 8.9
9 39.5433 142.0750 58 9.6 3.1 3.1
10 38.2733 141.5883 55 17.8 3.8 3.5
11 35.7050 140.8717 52 17.0 6.3 5.8
12 34.8983 139.8917 38 20.0 6.0 5.4
13 33.0750 139.8583 96 20.0 6.0 5.4
14 34.6000 138.8483 60 20.0 6.1 5.5
15 l6S"SCfn 37.8483 136.9217 12 8.9 6.1 6.2
16 34.2733 136.9017 26 11.0 4.2 4.1
17 33.4350 135.7567 49 19.6 4.6 4.2
18 PW§ 33.2433 134.1783 155 21.8 6.6 5.9
19 36.0633 132.9500 125 16.0 5.4 5.0
20 41.4200 141.0900 25 8.3 6.3 6.5
21 32.7200 133.0233 61 28.2 4.8 4.1
22 34.7567 131.1500 81 14.4 4.6 4.4
23 WfU^ 31.3633 131.3483 255 25.3 6.6 5.8
24 3=nS :%T n 33.8667 129.6883 106 15.1 6.7 6.3
25 34.7200 129.4467 9 16.0 7.4 6.9
26 IxMWn 31.9883 128.3517 109 11.0 5.7 5.6
27 3TOT □ 38.3283 138.5167 50 7.8 6.3 6.5
28 Xjllil|0n" 40.1350 139.7050 57 31.5 7.7 6.5
29 WWWW5 30.9883 130.6617 56 8.0 6.4 6.6
30 # X WfT a 35.7733 135.2267 148 23.3 4.9 4.3
31 42.4797 141.2500 3 13.0 2.6 2.5
32 42.4919 142.0228 1 10.7 3.2 3.2
33 ffiffliR 41.0144 140.6939 1 8.0 3.4 3.5
34 ¥H 41.1472 140.6428 3 8.0 1.9 2.0
35 37.9053 139.0050 9 17.9 5.5 5.1
36 fflX 36.9550 137.4972 5 10.0 5.0 5.0
37 EX 36.5417 136.5417 8 11.7 4.5 4.4
38 35.1094 138.5850 8 16.7 3.4 3.2
39 34.7631 138.2606 5 15.7 3.4 3.2
40 35.0253 136.7111 5 17.5 4.4 4.1
41 34.6708 134.9125 3 10.0 3.4 3.4
42 35.5461 134.2017 0 7.5 3.6 3.8
43 ffiH 35.3667 132.6783 9 15.5 4.2 3.9
44 il# 35.0225 132.2347 5 11.0 4.1 4.0
45 33.5172 133.7636 61 9.0 1.7 1.7
46 W# 32.9536 130.2319 29 12.0 1.6 1.6
47 33.0764 130.3008 5 12.0 4.5 4.4
48 WEii 39.7333 140.0167 13.5 10.0 8.3 8.3 ISM

49 38.9450 139.8050 15.7 14.3 4.9 4.7
50 ItIWjI 37.9667 139.1667 35.0 11.3 3.6 3.5 (1981-86,1989)
51 WWW# 37.9333 139.0867 18.0 15.6 5.0 4.7
52 {XX s lll®(fri#) 36.7717 137.1083 10.9 10.0 3.0 3.0
53 XEi#(XB%E) 37.0433 136.9600 60.0 10.0 3.0 3.0
54 SH?D 37.3917 136.4283 60.0 10.0 4.5 4.5
55 WRi# 36.6083 136.5750 19.5 14.0 3.9 3.7
56 ilWIi 36.2000 136.1167 43.5 21.7 5.3 4.7
57 WWM 35.6567 136.0667 14.8 11.8 3.2 3.1
58 33.3333 132.0167 31.6 10.5 6.9 6.9
59 IXEWlWTr 32.7000 132.5500 161.1 11.0 6.2 6.1 (1981-90)
60 MWi#rg 31.6167 129.6833 132.9 12.4 3.6 3.5
61 WfflXTn 42.0500 139.4500 15.7 16.5 7.4 6.9
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3.5.2 B *5 It 5 -$±E<7)»>510

Lr, $E±10mlCijtt^a270m^ 7 ->jl<7)i6±a(W^a$)<7)

S3.5.2-lBl2B*)Sia'$«coS«lcj3(t-S,i#±a4'E:t j: i: *> IE 56
3.5.2-20tea t-i 5 otcfl-*!) LT7"D -y ?glJi6±R7)fttfK0 SrS#L£„
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Year Development Accumulated Name of site Supply of MW to

MW MW ELSAM’s
system

ELKRAFT’s
system

2000 40 50 Middelgrunden * 40

2001 150 200 Horns Rev 1 * 150

2002 150 350 Rodsand 1 * 150

2003 150 500 Lasso 1 * 150

2004 150 650 Omo 1 ~ 150

2005 150 800 Horns Rev 2 150

2006 150 950 Gedser1 * 150

2007 150 1100 Lasso 2 150

2008 150 1250 Rodsand 2 150

2009 150 1400 Horns Rev 3 150

2010 150 1550 Omo 2 150

2011 150 1700 Lasso 3 150

2012 150 1850 Rodsand 3 150

2013 150 2000 Horns Rev 4 150

2014 150 2150 Rodsand4 150

2015 150 2300 Lasso 4 150

2016 150 2450 Not decided

2017 150 2600 Not decided

2018 150 2750 Not decided

2019 150 2900 Not decided

2020 150 3050 Not decided

2021 150 3200 Not decided

2022 150 3350 Not decided

2023 150 3500 Not decided

2024 150 3650 Not decided

2025 150 3800 Not decided

2026 150 3950 Not decided

2027 150 4100 Not decided

2028

2029

2030

3-1
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SB 1 * $r C 0 S M E T S tMiSUSt 3 MT'4fiG P V

m m

R S M±/0
Ps[sfc]
Z,U,V,T,T-Td

[925,850,700,500] 
a) [700]

30' oca)
24’ ($*)

3 * 3
1.5' ORB) 
1.2' (ffl*)

51 hr 3hr 2

R S M iiil Jt U,Y,T,T-Td,Rain,Cld 
[sfc]

is’ oca) 
12’ (19*)

6*6 51 hr lhr 2

G S MW± U,Y [sfc,850] 40' * 40’ 6 * 6 
(4'* 4')

72hr 6hr 2

GS MjSRD U,V,T,T-Td,Ps/Z 
[sfc,850,700,500]

Rain, co [700]

225km 
(at BON)

25 * 23 19 2hr 24hr 1

R S MlKSA Ps,Rain [sfc]
Z,U,V,T,Rh [1000,925, 

850,700,500,400,300]
Z,U,V,T [250,200,150,100] 
P,U,V [Max.Wind]
Z [Tropopause]

120km 
(at 60N)

33 * 33 24hr T=0, 
9-24hr 

(3hourly)

2

R S U,V,T,Ps/Z [sfc,850, 
700.500.300.2001

225km 
(at 60N)

23 * 21 24hr 6hr 2

G S 
(GRIB)

Ps,Rain [sfc]
Z,U,V,T,Rh [1000,850, 

700,500,400,300]
Z,U,V,T [250,200,150,100] 
P,U,V [Max.Wind]
Z [Tropopause]

5° * 2.5° 37*36+1 
(180°* 90°)

30hr T=0,
18,24,
30hr

2

(®3R £ tfflBUW) Ps: t/tt ffl P£ IE SU3£ (hPa), Rain: Rzkfi: (mtn), U, V: H ^ i' h » (m/s), T: S.SCC),
T-Td: SjSSCC), Rh': tg ttffl ffi (X), w: ffliSP Jfiffi(hPa/hr), P: StE(hPa), Old: Sffi,
Max.Wind: ig*H®S,EE, Tropopause: IS^E, Ps/Z : il!i± (sf c) l± Ps, fill® S.E Eli Z
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RSM AREA
(VUR@,VVR@,KQA@)
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