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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(0'* 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 totaied10,153
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 for 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
arcas, 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

technologies, including inshore wind energy conversion.

._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 issueshlocation, foundations, electrical grids,
and operation and maintenancehwere 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,

VVVVVV = edindadni gt ikl wisdd = adialathatig S22 =22 et ] et e adhad ul

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
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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).

— Vil —
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Nogersund, A 7 = — 7 > 220 0.25 1
Vindeby, 7~ ¥ — 7 450 0.39 11
Lely,* 7 >~ % 500 0.17 4
Tung Knob, 7 v ¥ — 7 500 0.43 10
Dronten 1,4 5 » % 600 0.35 19
Bockstigen, A 77 x. — 7 550 F=7 R =5 R

(2) FERHREL XT LD

arrv—7

TR =7 OERRF ERDEEY AT AL, BIHTEER L L)
£ OMNE IR S M7z Vindeby & Tung Knob® 2 DD iz 4% 5 (83

FELRNEE VAT LIZONWT, ZOBMEZRY L7,

Tung Knob
o-va A Q) U S
= =~ a

¢

o ‘l

}&Q%&

. 2v SN
”@\5 "V Vindeby

P o

Vindeby & Tung KnobDfii & &

1 Vindeby

2, HAIR L NL M

7
22-1)e &I TIFE

7% — 7 I E DO Vindeby A 1T < LollandifEf7: 74 & #1.5kmith & L2 L& § % Vindeby i b )
NFEEY AT LT 199V IZFE PR EE Y AT L OFE & FFEmIZ S 5 HH OIUE

T FHME LCRESNIELERE TS~ FTh 5 (53.2.2-2-),



19.9m

40.9m

#3.2.2-5 ¥ R HEES X7 L(Madsen,1996)
i Rk mAEE
SO0KWRA B ATI0MERE S NTBY ., £mEEIISMWTH 5,
iv ici®

BB, &R B T200m(5D; DIZ T — ¥ RO A B VT 5/ B 2 5
F D RER: 400m)IZELE STV 5 (553.2.2-6[K),

. @

Tung Knob#t

32264 BB OEE IR (Madsen, 1996)

v EXE KR
KGF31~4TmOFMFEIZHEEINTVD
vi FEAR
fsRa o 7)) — MIXBFE T — Y 2 (553.2.2-7T),
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$3.22-71¥ B/ —Y/ > (Madsen,1996)

vi &M
7,690 /1 DKK(#713.81& M:18F/DKK)
viil BRI
199541 H ~ 199549 H
P

X £E=

15GWh/4E

b #2524
F 5 DELBIEEY AT LT 1 LIV Usselmeen)ith 12 2 EATALE L TV A (83.2.2-
81, —DidLelyT. 1994%E |2 [FiM L P B D Medemblik ;i O i3 F 75> 5 750mip & 12 FI D €
INA NV THEIZE DRE S, D —2idDronten 1 T, 19964F (2 [5]:# B SR Swifterbantift { @
R H 10mBEN /KN ERIE SN TH LRI LR NEES AT 4 £ THEB L
THERTWE),
WEEENDBEES AT ACELTRICEN TV L EREIA TS TH 225, BonEH

B LTLUTIZRT,
i é‘ﬁ
e I
i

Medemblik

N
%{ !
Swifterbant
g /
N O &

5£3.2.2-8% Lely & Dronten 1D E X




$3.22-10% BB DOEE R R (Knoppers, 1993)

vi FEAE

/8 TEE(K3.2.2- 138 18),
vl 387 &

3.2GWh/4E
I Dronten 1

i JEH o FE R

SEFEHETT T 600k W(Nordtank £1)
i M maEE

600kWRLEEAS IO E SN THE D, HHRMATIZIIAMWVTD 5,
i A% iE K%

HKIEI~2mDBIIEE SN TWnWE

c AJz—TFT>

A2 —F 3R TS THEERIIEE L A5 L 2 @R L -EHT, HETIZ L Mg
K 2EMDELEAREY AT A0S 5(53.2.2-11), — 21 Nogersund T, 19904 12 A
v x =7 T ERDBlekinge M 5 12 & B [E] [EH A D i i Nogersund 2 & 250mifi A 1234 B X 7,
oD —213Bockstigen T, ZALIZ1996%E (2750 b il 5012 & A Gotland & 5 618 = D
Nasudden?f 54km|Z 32 & S 4L72 b DT, KGR O L HIIIE I RIED 59> Gotland B~ D,
HRERNORKRLOMBET ) AN LD ERTEICH D,

% B, Nasuddeni¥ B EE S 27 LT 2ERHIA+5TH 5, Bo N EHE
B CLUFISR T,

— 14_
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Blekinge
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?Umoge;sund Baltic Sea

o~

K

A4 Nogersund

$£3.2.2-11 Nogersund & BockstigenD{iz

1 RO B

A
I
VO A K e
220k WL
i Bestt

S VAT

0 Bockstigen

Bockstigenif: |

T 220kW(Wind World®b), 7L — FHCE : 380, S mifsimiE

SN

3lmt e mOERE S, O — ZHTE D 25m, O — 7 4

41rpm

FAMERE SN TE ), s Eid022MWTH D

v LE(563.2.2- 13 & 08),

DR Y AT LOIMRE 853.2.2-12[ 1R T,

A b=



i AR =
S00kWEHLASHERE SN TB ), HRFEAEEII2ZSMWTH %,
iv BEKE

JKIES.5m~6.5mDEHEICRE SN TV 5,
v L&

/
vi ZERE

F XA OV LHE(R3.2.2- 132 18)
vi @& H

3,22077 SEK(#95.218 M: 16[J/SEK)
vil % 1

19974E7 B ~ 199743 1

ix BE=

8GWh/4E

323 I-AYNIIHSUBZIFELRANEE D X7 LOFHKETE

3225 THRARZZE D2, 197 ERDOKE TR DOE LENRE Y AT AIERABHO
Mk e LTREMHITONRTwE DT, 2ROl 7T o3~ A5V SRR 2 —F
D3 rETHEE L, BHITIE26IMWISE E v, 272, b LL91, Frv—2, &
T FEERLE LTAR, BBMICHELRNEE Y AT A2 EAT HFTHEPR L N5 D5,
Madsen(199E ¥ FEUNER AT LW EEE3 DEICAF IR E P4 V& MA 7/ 5 HET
20054E I3 ARRT2,600MWIZIET 5 & FRIL Tw 5,

(Y 7>ov—=7

7w — 2 EAFIE, 2030 F CIZHEO T A F—MIGED35% F AL AL X —
TH, CO,DHEEE X 19884EDFNDSOREIRT A Z Ex BWE LT ry~—27 41V
¥Fe 77500 [Z3NF—2 1] %FTHH L T 5% (Ranji and West-Taylor1998), P4 T fE
IANF—OYHIBIIEEBICE S DL S, Madsen(199)IZ S i, CHITENHE=
(32TWh/AE)DS50% AL T A BE T, BOREORME=ICRE T 5H £5500MW E 74 5,
Z D5,500MWD A, 4,000MW % i FEUDFEE, FEA D 1,500MW % b HJ8 ) 588 TH - i
Lo Twad, 230, FEANERIR, [ZAVF-21] ORBELRETHL &
Ex b,

19974 6 HIZT v~ — 7 ZANF—BOWIDO T, 7> ~v—7 D& - T AR AT
ELSAM & ELHRAFTIZ X V) i FJEU R EET A 58 R & LTV % (The Offshore Wind-Farm
Working Group of the Electricity Companies and the Danish Energy Agency, 1997;BTM
Consult,1998;Madsen, 1997), AGIEI T3 LR EEREELE LT, Frv— 2 BRI TE %R



4 VB3 & HE IR 4 I OE 8 EIEATILY _FF S (EE3.2.3-1R0) . BRIB. H. BRIER
AR L7-HENLREBAER & L T5,660MWIKEE0-10m D -2~ 12,220MW K E0-15m
Dr-ANOEFTEHEDHIT 5N TV B (F3.2.3-1)0 %8B, 12,220MWDOEEIZ1997ERKIZBIT 5 #:

BB IIREENET,6TIMW)DH1.685 1Y 5,

1. Homs rev 5. Kattegat

2. South of Lxso 6. Lolland

3 .0mg Stalgrunde 7. Oresund
8. Ero

4. Rpdsand/Gedser
5£3.2.3-1 FUR—ODEE - HEBBHICHTEF LRAHREFTEOEEN

(The Offshore Wind-Farm Working Group of the Electricity Companies and
the Danish Energy Agency, 1997 % B (_1ERR)



2E3.2.3-1%K TUOR—ODNER - BEBYICHITOE FRNKENBOXREDT =
(The Offshore Wind-Farm Working Group of the Electricity Companies and
the Danish Energy Agency, 19974 B[ 1EFY)

) . HEEE (MW)
* B ¥4 b - -
58 KEO—10m | KZEO—15m
Horns Rev _— 700 3, 000
x
South of Lésso —_— 1, 800 2, 700
£ [Oomp Stalgrunde 300 600
B Rodsand 600 250
i Rodsand/Gedser |Gedser Rev 150 450
Fast of South Falster 50 350
N it 3, 600 7, 850
Djursland-L:z so 450 2, 000
# |Kattegat Off the Limifjord 1, 400 1, 800
= Lyse Grund 50 150
. |Lolland Sw_of Lolland 120 300
| Oresund Middelgrunde n 40 40
15 Ero South of Ero 0 80
N &t 2, 060 4, 370
= it 5, 660 12, 220

T/, BEIIALNSLLHIMA DT A P ORBAERITAFEO~15mD T — A T40~
3,000MW DI IZ 3 % A, 20004E 72 520064 £ TOF: AT EE A G & 3BT
EfLEDV, FOW S MU U TR T HE R SN TV D (5E3.2.3 21K, LT

RS Y AT LR O RG] 1220004F 1240MW (Middelgrunden: 853.2.3- 1D 7F D ¥ 4
P). 2001~2006%- 0 5 HFICEE Y O 4 I E 3R & L TIERI20~ 1ISOMW/E A8 AT 5 2

E el oTnbh, %3, 20014 ~20064F 25T SN TV AL NEE L AT LOE A
MO 2 EELOITEES A S, FELORE T A M20.051~0.055USD/KWh(6.1~6.6

FI/KWh; 120F9/USD) & i S AL T B (583.2.3-28K) COFEERE T A ML, WAE, HBEIL Tw
LVE FEIZEEY A b Vindeby ?0.078 USD/AW(9.4 /K Wh)%° Tuno Knob?0.070USD/kWh(8.4
FIAWRY & Y b 2211 C(The Offshore Wind-Farm Working Group of the Electricity Companies and

the Danish Energy Agency, 1997), Bin5EDH ) R 2nELRNEE S AT LOKED

/"‘\"\ = -7
ARNERETHLESDNTVE



Frw— 7 O ERSIREOITEEIEIZ. 200145 520274 F TISOMW/ED R — A TE
AL, 20304 F TIZHREAE4I100MWOBEOE LR N RE L AT LPRET LT T &
o TWA (3233, FFMIZTRER 3 EBH), B, CORERTy~Y—7IZB1T5
19974E DB N THE B D#40% 12 H T % (Andersen,1998)
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1000 /

n. slalls) falsBelstslslsizialslulalolalsl
VT TT1TI1 17117171 T1 T i1 1 i1 11504171 TrTrT

T
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-
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[JAccumulated Mw-: [=:] MW per year

%3233  FLERAHREEEANIRSITEIETEI(Madsen,1997)

(2 #5734
T 7 FRFEE, BAREOEAEEMEL L T20074 2 520104 £ TIZ2,000MW,

20204F ¥ TI22,800MW 81T T 1 (583.2.3-4K) . EIFHEIZ20206FKICIZHAETREL XV
F—D#20% % Db Z & &% D (Martin,1998), B LA IR EIZ2005H 72 D 121,500MW D
BATHEITLE 22 FHET, 2hbo TE LRSI EEA20204E:2121,300MWE AT 5
&FiE] & 7 - T V> % (Ranji and West-Taylor1998; Andersen,1998;BTM Consult,1998), 7% 3., 2020
EFTIALEBHONEE L 10%EIRE X5 7201213, LRI REOEANVLETHD
& S b T 5 (Martin, 1998),

3000

2500 fb—— _ _ Land
--++ Offshore /
t — Totl

1500 -
-~
-~ -
- L.
- .« -
1000 T -

500 7

o .
1995 2000 2005 2010 2015 2020
Year

23.2.3-4 A S UACBIFBD1995~2020F DR JIHKEE A T8 (Ranji,1998)

[l
o
o
o

Installed Wind Capacity, MW




WL, JLEEBEICBV YA P T HERERBEOFE LB EEERT T >~ bE
T(100MW: 1kW/EHE 1004252 S L, 20014 F TIZE% - B OFTEELERE) & % - C
% (Martin, 1997a; Martin,1998), BB OB iFRIL, LB FEP S 8kmiPG D 1 4 4
F (Umuiden site) & RS A O ALHEE R 10D 2 4 4 T (Western Scheldt River site) 3% (7 & 11
TV A (53.2.3-5M),

@ IJmuiden site —’

| -

T
I A
Western Scheldt
River site

JeiEEt R L CHEFETREREIERB SN, FTROMAEBLUTOL)IZE D6
T >4 (Martin, 1998),

Q@FLENEREI AT LA LHIBREI»S 8kmBET I &

@i DREAEILS ~20mOBHANTH L Z L,

@ik IMWORE % 100 EXTABETH LI &,

Q@i DEHIEE / SANVFRETEAT 2 2 &6

QK EEI250~300GWh/EEE HIEL §5 2 &,

OXERENEIIS ~I0TFHOHBEENEEHA L 2 &,

O 543 4455 THNLGE W = 292085 F 1, 6SHINLGOU FTH S Z &,

@I 1 ELAHNTH A Z &o



B8 AYzI—F>

WFICER S NFE EEDEERAFERET, A 2 — 7 OmIBGREEIC BT
5,000~6,000MW IZHH 24§ 2 17TWh/H DI 5 & T Bk B D fFEA e S L7z (BTM
Consult,1998)c = O, FHMIBFICAET L 10EHOY 4 b T, EMWBERTSOMWDEF E
BIIFHE L AT LOEZXMEIT SN, WYHR T, SiEHII25~80 D & &% 55t
T (1.5MWHk O BV THREUTH5008%; 2TWh/EE) 25D 6 LTV A (Wizelius, 1997), 28, &
HEHY A MI, REAEREL TELOBEYD»OREOR X ZWEAEIIN TS
(Wizelius,1997),

77, Az — 7Y O LR EE IR ENT 15~ 30m EMBED Y £ F D
B L THBREW Z LA E & 2 5 TV 5 (Lindley,1996),

ne it

A

4 1xUZ

NEFO-4(Non-Fossil Fuel Obligation:3F{b A ¥k B B A ) FTE O T T 2 DO LA
DR BEHE AR STV 5 (Massy,1997; Still, 1998),

@ BLYTH, NORTHUMBERLAND
750k WEVHL 2 #52@& . 511 5MWO/NBEEEHEIC. BLYTHED H b3 2
LkmBEN MBI 1909 ERICHEBENL LR > TV d,
@ GUNFLEET SANDS, ESSEX
9SOKWEVHLIZ & 2 #EX WA m3OMWDETE T, iiEDH 8kmD 1 M
20004 R ICEEX A TR L Lo T b,
Fo, FRUSOFE ERDFEERE L LT, B SHPowerGenll & 2L T OHEFIHHIT
5% (PowerGen,1998),
@ SCROBY SANDS, NORFOLK
LEMWRHLIZ & 2 R A 37 5MWO ¥ LB RERE T, 85”5 2 <A
NMEB3 TR FETH Do TIULLD S5 H6 FARBONOENHEELH
)T ENTE D,

BMEFTOLIS, EENIIBEOELENEE A7 LIIfFAELZWITRAES, —H |
FHEASFEAT S AU, 20104 £ TIZIEE FEDREE Y A7 £(12,000MW; 34TWh/4)I2 &
WENENEEED10% %) 2 EDTRET, CONHHEEZSWHIRT A EAFTE L L
STV B (Still, 1998),

(5) b1V

EERSREEE L TIE, WilhelmshavenZ D i 12 1688 DR .2 B3R T At lIAH V) | il
HZIREE A HEWVE 2 A T350m. b ENE 2 A TLSkmiPEIZREFE T, AiEiE12m
K & 7 > T A (Knight,1998),



324 HFLIERAHNBEIIXTALICEATAIREIXINOBERERIFE
(1) BRORBIX b

INECTHELRNEEI AT LDEANER L 2o AR LBAIZ, Bk X M
HhHEEZOLND, 324 1FFLENFE L X7 A (Tunp Knob) DEZ T X + DOEEHE[E
ERERBEOMBN 2ELRNRES AT LOBERIA ML ORBETH S, FLENE
B AT L 0O%EHIZT6MDKKEFI3.7MEM: ISFI/DKK)TH Y, BELENEEI AT LDF
NESMDKK#6MEMN D 2HEDEN D b HLEANEE L AT LOEFRIA NI, &h
T [H#E] & TRHEER] KEDZ2EHOLED &G EmL. Ihb 2 00BN
FRBROHESTICHELTVDS, B, ZITRY EFELRANREY AT L OER
DA MIFRTFAKWTH S D0, CTNEAROELORNEEL AT LOFEHZEIRA T
Q25~30FHAW) L IZIZR%ETH L EEZ OLD,

$3.2.41% FEEEFORNKEY R TLAORBE IR RO
(B¥}:VESTAS WIND SYSTEMS A/S)

e % FRHRE' B L ENRE

I RAMDKK) | #I&(%) | RAMDKK) | BI&(%)
St 5 6.6 0.3 0.8
REM 31.5 41.4 29.5 83.6

B 18.3 24.1 1.4 4.0
SR 1.3 1.7 0.25 0.7
R ER 19.4 25.5 3.6 10.2
R E 0.5 0.7 0.25 0.7

. 76.0 35.3
8% (3esmmz| '°%C | cammy | 1000
) 1 : Tung Knob®4 — Z (500kW X 104#)
2 : 18M/DKK

19914E 1Z5R & S 172 Vindeby i LB RE S A7 L OFE T X +i30.59DKK/KWh(10.6213/
kWh: 18FI/DKK) T, T DM, #EHF - EHE 130.08DKK/AWh(1.44M/AkWh) L HiE STV 5
(Dyre,1992), EARIZ. 19954E125% 18 X N7 Tung Knobit LA N REL AT LDOREI A M
0.48DKK/kWh(8.64F/kAWh) T, Z DM, #ERF - EE#130.055DKK/kWh(0.99F/kWh) & 7 -
TV % (Madsen and Grastrup,1998),

PEEBAREY AT LOREIA M, H324- 1AL ND L) IELRVHEIZH D |
1997412 120.3DKK/KWh(5.4F/kWh) % TRI> TWh, LRI EL AT LORBZENT:
19914 L1995 DfE LN BB AT LDOFEEI A M, £ #N045DKK/KWh(8.1H]/
kWh) & 0.35DKK/AWh(6.3MAWh)TH ), EELRNEEL A7 L0OFEIT A MIYkokEE
DENIZHB LT3 ~4EEBZoTwb,



1.4

1.2

0.8 1

DKK/kWh

0.6

0.4

0.2

O T T T T T T T T
1981 1985 1989 1993 1997

83.2.4-1 PEFRNDFKEEY X T LAOFEE IR O (Anderson,1998)

Fow— B AELRNIBE Y AT LIEDPL2~6kmBEN - RIBICRREB IN TV
7287, HiEED X % 1ZVindeby & Tung Knobi¥ EENRE S AT LAOFKEI A MIED S
B BSHROEEIE. N5~B6BREL Lo TwE, LELEYE, #7 ¥ FDELRS
ZEIAT LOFTEEERIZ, T 20 P ERBEL T, KEMNEL(12~20m). BE
MoHILEOH A P ETOEMAE2D1.5km), BEIA MO 5 - BHEBEOHE
1323% & %2 > TH 1 (583.2.4-21), #iFs - EHBEOHBEISEEI A FOBRBRICERLEE =
$H9 R L 72 - T\ D (van Bussel and Schontag,1997).

Decommis-
sioning

Operation &
. 2.5%

Maintenance
23%

Wind turbine
34%

Project %
management ¢

1.5%
Offshore ind structure &
connection OWEC instal.

15% 24%

(FEEI A E8.4m/s, A OEEIEL208E . & AEF:5%)
#3042  Opti-OWECSICHTARE IX MI OB SEEABEDEIS
(Kihn, et al.,1998)



(2) FHEROREBFIX b
%3.24-28 L3243 BAF DE FE)FEE S A T L (projects) & IFRETH D 2 A T 2

(studies) I EF, BEIZA M2 HELZZLDT, BEIA MIITI>OFV— T4

FEnd, §bb, KEDRES(studies) & UK Phase Cli(studies), A 7 x — 7 > ?DBlekinge

(studies). F T ¥ ¥ DLely(projects) . N 7 > ¥ — 7 D Vindeby(projects) D 7 Vv — 71 & 7 < —

7 ?Tuno Knob(projects) & 7> ¥ — 7 DSK Power(studies). N 1 7 D Thyssen(studies) & F 4+ 7

~ ¥ DNearshore(studies)D 7 )V — 7 2 . 72, A7 = — 7 » DBockstigen-Valar(projects), 7

v ¥ — 7 @OHorns Rev(studies).
¥ ¥ DOOpti-OWECS * (studies) D 7V — T3 THh b, HFEIN—TOREI A MITIWV—T 1T

8.5~ 16.5ECUct/kWh(11.5~2231/kWh:1ECU=135M). 7 )V — 7 2 T6.5ECUc/kWh(8.81/

KA 7 ODBMFT(studies). #£[E D Scorby Sands(studies) & 4 7

kWhy & UF 77V — 7 3 T4.5~55ECUct/kWh(6.1 ~7.4F/&Wh) & 72 o T %, 19974 LLE D &7
V—=T3WETH70Y 27 FRHEMADKBEIA MI. A7 z— 7 ¥ DBockstigen® X

NNWIHEL T/ XA NTEE L0, FRETEOY A ML TR R EME O
BB AT ANEAEEL TCREIA M,

HAELTL -0, HEWZfiL 7% -

TWwb, 8B, 7V—73D0pti-OWECSOE#E T Z M, HERANEE I A 702}

ETNVERCTIA D LALEEIEOREDPITON, BEIZAMPEHSINZLDTH

% (Kihn.et al.,1996),

$3.24-2%k BGBAUMKGTEOX LERNFREIVRTLAOFKE IR FOLEE

(Kuhn, et al.,1998a)

c 2=

, iy — o = B 82

Name of project or study | @& = 2 ] — | 88 3 82 | 2z |SZ

and site 8. %o E| Elge | 5 sS | 85188

Sc§| &2 5| 2 |35E| s= | 20| 88 |80

BHa > o= > T cEx| T E o O8 (bw

Phase Cl, North Sea, UK S'91 | 711°3 83 | -55 16-21 | 1900 | 19% | 13
Blekinge, Baltic, SE S ‘g1 98" 3 9.0 | 90 10 15-20 | 3000 | 32% | 9.1
Vindeby, Baltic, DK P9l | 11°045 | 75 | 375 15 3-5 | 2150 | 27% | 85
RES, North Sea, UK S93 | 41°04 | 74 | 33 -5 -12__ | 4500 | 33% | 16
Lely, lJsselmeer, NL P94 | 4705 | 77 | 415 1 5-10 | 1700 | 22% | 8.3
SK Power, Baltic, DK S'94 | 180°1 | 82 | 47 17 8-10 | 1900 | 31% | 6.7
Tune Knob, Baltic, DK P95 | 10°05 | -75 | 43 6 3-5 | 2200 | 34% | 66
Thyssen, Baltic, DE S95 | 140°15 | 78 | 60 4 5-10 | 1400 | 27% | 66
BMFT, Baltic, DE S'95 | 100°12 | -75 | 60 =7 -10 | 1250 | 31% | 5.1
Horns Rev, North Sea, DK S'97 [ 80*15 | 92 | 55 -15 5-11 | 1650 | 40% | 4.9
Scroby Sands, North Sea, UK | S'97 | 25°15 | -8.2 3 1150 | ~31% | ~4.5
Bockstigen-Valar, Baltic, SE P'97 | 5°'055 8 | 415 4 6 1500 | 33% | 4.9
Nearshore, North Sea, NL S97 | ~100°1 ] 9 60 8 1317 | 1900 | 34% | 6.4
Opti-OWECS, North Sea, NL | S'98 | 100°3 sé“ 60 | 115 | 12-20 | 1250 2202’ i:;

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 D B




Energy costs for 20 years loan, 5%

D L R ——

"a¥-— discount, no inflation, recent exchange

!

{8.4 m/s} E

Op’{i-OWECS, NL

energy costs [ECUct / kWh]

4 - /— _ —
: : 'fTuno Knob, DK} - - - Scorby Sands, UK: - 1 Opti-OWECS, NL
2. (8 m/s)
0 :
1990 1992 1994 1996 1998 2000
@ studies @ projects reference year of study or project
$324-38 BERONXFEOF LRNREY AT LAOXEBIX FOHR

(Kuhn, et al.,1998a)

$3.2.4-2K R E323 2RO ROFELENREE L AT LORE IR PORERHELI/T
TWB LI, Fr— 27 THAES~ 15SmDIER T 120~ 150MW OB O FR5E
AT AR BRAOHMTRETAHE. TOREI A MIS~6MHAWhII 22 EHBESN TS
Y (Krohn,1998). ¥ AN FEELEE LANREBESLMORESMIZIEMT 20 LHFEINT
Wb,

3.3 ¥ERHNREEIRTLOBRAEEMEK

HEEEO [BUEIEBBETHLI L] | [ELIGREIRSI VI L] | [BOSKE Y 7 758
AN L] FOFEREEIZT, FLEANRE Y 27 L OFERODEEZ 10% H T T
BB ZFIH %Mo 72 ) (Madsen.1996), N7 & x e EOBBE L) S LTEKZKI A b
% i%A8 3 % ET B[ A5d 5 (Fuglsang and Thomsen,1998), VE EBIFEES AT LI1Z, 2D LI %
TITATD R LT, R T EOECIPEICERE TSI LT, AL, KED DL WIEFKE
EBLETHA RO LM, EIRESINDZ L TREARHOBE S — 7T VD
ARIBHPEL DI ERA YT F VYV ADODT 7 v RAEDT A F AHOREN S 5,

CITRBICELRNEEY AT LAORA FAEAIRY) LIFRETAZ L & L
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H BillFr & W B R | s | ETEEGE | F R m/s) T
No. (N) (E) (m) (m) (m/s) (b b B 1omiRE )
1 |BRER 444283 | 1414283 | 39 10.9 6.8 6.7 EFF5(1998)
2 [FREITS 433683 | 1404700 | 115 9.8 6.9 6.9
3 IR ARG 429667 | 1443767 | 46 17.4 5.1 4.7
4 |EEWTG 41.9233 | 1432483 | 63 8.1 9.6 99
5 [EILET S 41.8133 | 141.1867 | 35 11.5 33 3.2
6 | KRS G 41.5517 | 1409150 | 36 10.0 8.8 8.8
7 AR & 414283 | 141.4650 | 46 10.0 3.1 8.1
8 |[BERWITE 41.2400 | 1403467 | 113 19.0 9.7 8.9
9 |[E - BhA 395433 | 1420750 | 58 96 31 31
10 [ZFZITA 382733 | 141.5883 | 55 17.8 3.8 35
11 [ KRG & 357050 | 140.8717 | 52 17.0 6.3 5.8
2 HEROE 34.8983 | 139.8917 | 38 20.0 6.0 5.4
13 | ALBOG 33.0750 | 139.8583 | 96 20.0 6.0 5.4
14 [GEEITE 34.6000 | 138.8483 | 60 20.0 6.1 55
15 [MEBI&E 37.8483 | 136.9217 12 8.9 6.1 6.2
16 [ KEWBH S 342733 | 1369017 | 26 11.0 4.2 4.1
17 [BWITE 334350 | 135.7567 | 49 19.6 4.6 47
18 |ZP B0 & 33.2433 | 134.1783 | 155 21.8 6.6 59
19 |[ZEBITE 36.0633 | 132.9500 | 125 16.0 5.4 5.0
20 |Rien AR 41.4200 | 141.0900 [ 25 8.3 6.3 6.5
21 EREWITH 32.7200 | 133.0233 | 6l 28.2 iR 41
22 |RETG 347567 | 131.1500 | 81 14.4 4.6 4.4
23 [HHWIT & 31.3633 | 131.3483 | 255 253 6.6 58
24 |BE=IEH 33.8667 | 129.6883 | 106 15.1 6.7 6.3
I ECES 34.7200 | 1294467 9 16.0 74 6.9
26 [ ZBHE 31.9883 | 1283517 | 109 11.0 5.7 5.6
27 [T & 38.3283 | 1385167 | 50 7.8 6.3 6.5
28 | MBS 40.1350 | 139.7050 | 57 315 77 6.5
29 |REWITE 309883 | 130.6617 | 56 8.0 6.4 6.6
30 [y WiTE 35.7733 | 135.2267 | 148 233 49 43
31 [EHGE 424797 | 141.2500 3 13.0 2.6 2.5
2 &8k 424919 | 142.0228 1 10.7 3.2 3.2
33 [FRR 41.0144 | 140.6939 1 8.0 3.4 3.5
34 |FEE 41.1472 | 140.6428 3 8.0 1.9 2.0
35 R 37.9053 | 139.0050 9 17.9 5.5 5.1
36 [HF 36.0550 | 137.4972 5 10.0 5.0 5.0
37 B 36.5417 | 136.5417 8 11.7 45 44
38 [FR 35.1094 | 138.5850 8 16.7 34 3.2
39 (B 347631 | 138.2606 5 15.7 3.4 32
40 [ 35.0253 | 136.7111 5 17.5 4.4 4.1
41 [[IHF7 B 34.6708 | 1349125 3 10.0 3.4 34
42 TR 35.5461 | 134.2017 0 75 36 3.8
43 |fafHE 353667 | 132.6783 9 15.5 42 3.9
44 [ILiE 35.0225 | 132.2347 5 11.0 4.1 4.0
45 |TE& 335172 | 1337636 | 6l 9.0 1.7 1.7
46 | i 32.9536 | 1302319 | 29 12.0 1.6 1.6
47 PRV T 33.0764 130.3008 b 12.0 4.5 4.4
48 [FKmE 397333 | 1400167 | 135 | 10.0 8.3 8.3 &R
49 [EFEILEK 38.9450 | 139.8050 | 157 14.3 49 47 (E—BEEERR)
50 [FBEE 379667 | 139.1667 | 350 | 11.3 3.6 35 (1981-86,1989)
51 |HiBmE 37.9333 | 139.0867 | 18.0 15.6 5.0 4.7
52 URAKZWEGFE) | 367717 | 137.1083 | 109 | 10.0 3.0 30
53 |[CIEECKHBRX) | 37.0433 | 1369600 | 60.0 | 10.0 3.0 3.0
54 |wmEE 37.3917 | 136.4283 | 60.0 10.0 45 45
55 |&iRE 36.6083 | 136.5750 | 19.5 14.0 39 37
56 |fRHFE 36.2000 | 136.1167 | 43.5 21.7 5.3 4.7
57 |TEE 35.6567 | 136.0667 | 14.8 11.8 3.2 3.1
58 |EHWITE 33.3333 | 1320167 | 31.6 10.5 6.9 6.9 ITExER
5o |EEB T BEHE 32.7000 | 1325500 | 161.1 | 11.0 6.2 6.1 (1981-90)
60 |[FIENEITS 316167 | 129.6833 | 1329 124 3.6 35
61 [F@iTH 42.0500 | 1394500 | 15.7 16.5 7.4 6.9
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Year |DevelopmentjAccumulated Name of site Supply of MW to
Mw Mw ELSAM’s ELKRAFT's
system system
2000 40 50 Middelgrunden * 40
2001 150 200 Hormns Rev 1* 150
2002 150 350 Redsand 1 * 150
2003 150 500 leese 1 150
2004 150 650 Ome 1™ 150
2005 150 800 Horns Rev 2 1560
2006 150 950 Gedser 1~ 150
2007 150 1100 Lzeso 2 150
2008 150 1250 Redsand 2 150
2009 150 1400 Horns Rev 3 150
2010 150 1550 Ome 2 150
2011 150 1700 lese 3 150
2012 150 1850 Redsand 3 150
2013 150 2000 Horns Rev 4 150
2014 150 2150 Redsand 4 150
2015 150 2300 Lzeso 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 3850 Not decided
2025 150 3800 Not decided
2026 150 3850 Not decided
2027 150 4100 Not decided
2028
2029
2030
* INEOFERETEILAL SN TV 5,
% 74 Y F77 - AOBEIZI0~15S0MWTEILT 25505 %,
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W1k HCOSMETSHPOLBETHAHRMETFHGPV

m M P it 1 F R WHIoRF®W| A0 | M0N0 |@E /8
Ps(sfc] 30" (W) I x 3 5thr 3hr 2
RS MLMW Z,4,v,T,T-Td 24’ (@db) {1.5° (@)
(925,850,700,500] 1.2° (®de)
w{700]
R S Mih L u,Y,T,T-Td,Rain,Cld 15" (HUgg) 6 * 6 . 5lhr 1hr 2
[sfc] 12 (®ide)
G S Mig & U,V [sfc,850] 40" * 40’ 6 x 6 T2hr 6hr 2
(4°* 4°)
G S ML u,v,T,7-Td,Ps/Z 225km 25 % 23 192hr 24hr 1
(sfc, 850,700,500] (at 60N) :
Rain, w [700]
RS MiiZ A Ps,Rain [sfc] 120km 33 x 33 24hr T=0, 2
%Z,U,v,T,Rh [1000,925, (at 60N) 9-24hr
850,700,500,400,300] (3hourly)
7,u,v,T [250 200,150,100]
P,U,V [Max.¥Wind]
yA [TFG'})Opuuac
RSMEZB | U,V,T,Ps/I [sfc,850, 225kn 23 % 21 24hr Bhr 2
700,500,300,200] {at 60N)
Ps,Rain [sfc] 5° x 2.5° 37%36+1 30hr T=0, 2
Z,U,v,T,Rh [1000,850, (180°x% 90°) 18,24,
G SMinz 700,500,400,300] 30hr
(GRIB) z,0,vY,T [250 200,150,100)
pP,u,v  [Max. Wlnd]
yA {Tropopause]
(BHEBSoW) Ps: WMEESE(Pa), Rain: Bk FE(mm), 2: &EMm), U,V: B bW (n/s), T: K@E(C),
T-Td: FAZE(C), Rh: HHXEE(E), w: IAEPWE (hPa/hr), P: SHE(hPa), Cld: T,
Max.Wind: R KM OSKEM, Tropopause: B, Ps/Z7 : b E(sfc)lEPs, WO KFEMIE 2
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