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Eecutive Summary;

Environmental and Economic Impacts of Offshore Wind Power

Wind power is the most popular energy with the greatest potential among various
renewable energy sources, such as photovoltaic, wind, tidal power and marine
bio-energy. Offshore wind power, in particular, is the type of energy which can be
actively used and developed in Korea, a nation surrounded by the sea on three
sides. The Korean government took note of such possibilities and has operated test
facilities, securing technology and experience. All these efforts were geared towards
finding out national new growth engines. Synergy effects in relevant sectors and
new industries will be created as development of offshore wind power spread na-

tionwide and more companies actively jump in the area.

Offshore wind power development in Korea is now at the test operation stage
which was firstly implemented at the Jeju Island. However, European nations have
actively tapped the energy so far, building and operating offshore facilities. As a
result, detailed analyses were conducted on its various impacts on the marine
environment. Although Korea is surrounded by the sea on three sides, stakeholders
took the lead in developing and using the coast. Therefore, unless thorough pre-sur-
veys and research are conducted on the impacts on the marine environment, large
social conflicts and delay costs can occur at the development and operation stage

of offshore wind power.

At the test-operation phase, in particular, detailed analysis should be carried out
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on damages to the ocean floor, sediment accumulation, noise and vibration during
construction. Moreover, long-term measures need to be prepared for noise, vibration,

magnetic field, landscape damages and impacts on the marine environment.

It is clear that offshore wind power is a relatively effective tool than other energy
sources in supplying large scale electricity at a time when renewable energy supply
becomes mandatory. And genuine efforts of both advanced and developing nations
to adopt that energy source implies its great growth potential and possible effects.
As for its economic feasibility, however, offshore wind power faces lots of limi-
tation due to connection to electricity networks, licensing procedures, insufficient

domestic manufacturing of key facilities and equipment.



=

H1g M

T Sol FHWAL et HulY g 3F =QFA ot

N

] 7hge] W]

[e]
o3
1

Ao A

o] Skt 2 o] Wlo] Al
Tk o] ZheuIAE S (offshore

o

s}, =7hd A

o A]

A}

wind power) 9]

=AM SellM= A

1A
U=

H =
_,_t%ko] N

B

i

of

ok AT-estel sk WATA $17]9)4lo]

Ay

201144 3¢

s

I Qo E

s ejoll A 8

S 51O
TS

l:lo]-

329

|

A

A& FFA Y ARLE A2 AR 2

Hr

g}
=

L EERER

b Al

;OL

=1
=

o] 7

%]_
ol IollA =uief

g ohuel A A AL BeuA FesE e ®

g

Eaul
o

S REIERAIPAR S

A AA AL
2 AR 7|dEo
At 20109 119 A

el
n

SF

[e]
Sl A9

o|7} of

=}k
=

i)

=

-

AR FHow ¢

Al
Y

1
.

9-2]9] 3o



- A A of | 2| A

St Al

.
;O_-_ _
oF ‘LMM w wrowd o A0 W
= 5 o & o H o oy —_
N of oy By wp N oF T F M
o T = B g o 1 ! T b x T - O
T = ol & ol o =
X 3 _r_.*l o # o B ﬂ_\.ﬂ = fre) _:_H_ T X i o~
i SR D T eRETE o
N - R O = T " = ™" N o =
z ulﬂal1_z;%q T o = T ox oW
ﬂmo o Lao o_l [e) R OE ~N ,ﬂol ..W._ L v T = ﬁ_.o 1o°
< S N &r Neo o of (s T e kg S 8°
@:Turzoﬂmﬂ% O A
,_.ﬂ._wm ]#l o] # ND % T .wi‘._ —_ wﬂmvro EME MLH 17_A|O OMO 0 o ﬂ_LH JWO
; o = mwo °
i ww%qudﬂ% S N
w0 o d X Hoe R o o ) ﬂ oo * X N &
° o B XU | = = o X Ee
2 ﬁo__ﬂlobmﬁ@ﬂ@r lﬂmuﬁwgmﬁﬂakqx
) o ] M CE & =l =l = = ~ s} o froe
z.wod.%ﬂ.mﬂﬂﬂ = :Tlﬁo?.%ﬂ
won e - T K VT I T X BT KW 7 T F
e X o P B MR %o & R <M ar T o o W
L]_,_ U e et o S T = = = o < Ao
oo K <0 KT J) T X 0 5 Ho =o T o0 T
lmﬂﬂﬂﬂﬂﬁlﬂ _ﬂﬂ%%we_b%%ﬂﬁ
o R B or K S Y= . Mo = O
éﬂﬂ% e T o%ﬂ_o.mﬂuexx
JH_ = % H Lt — A = o N T Ml.._ =K ,N‘_ = E__u = ,_*IOJU
,xueﬂ.mﬂwmmﬁﬁw% %ﬂmoukm g Mo
r 2 EAEE<L T P Lt i
T W A X2 G Hﬂ»ﬁ%%é%%%
il Ho Ao o° T = X B & T = 3o oMo = o
H T =% o e % XK o ™ o To = 9 Ao & T
(NS X 90 o ) [ S K s o =o S _1,@0 X° =F o "
_zT__o@ﬁ@EJﬂ% bir Wﬂéﬂz%.ﬂ@&ﬂ
mmqm,_ﬁ@ﬁ.uﬂsg - wwgo.,a__ouL B
ﬁoxﬂﬁub%ucuim%ﬁwﬁ + ﬂwmxﬂoﬂlﬂ_ﬂwmﬂa‘
r o 9 o) o P ™ _
go lo S o it _ o
O T N ¢ E%ﬂwaﬂzﬂw#@m%
X o Sy o AL < o0
G < 5 oo g
o TR of up



[A12 A 2] 3

= :ﬂX]—
EE FFEY BdES AESH] HsliA slolA aE B

w4 AbElE aoishal ARl AIA el s =l

ot
£

o

e
re
-
TI r

Nr
13,
=
1o
_>'~1_‘

o
fu
-
ox,
it

Q
o
@
-
1o
N,

3
fo
2

19 38
o & o

%

>
of
1

O>~
-I fl
H
",
:Cél“
oS
ridt
oM.
of
-
o flo
N
N
afu
4o
%
i)
fo

Ao o =s WA feueke] Al - QoA FAe) 23 dgt
¥ sfe Axl=e] sk al7] 98 AL} A=

A w7, ¥ 55 248k sidEde Ilole =Y 2719
of sigst= 540l Slo] 71e2 &40 #E A= =9 AHE

o{u
rﬂ;
ot
filo
M
X

ﬂ}?_(l)ﬂj [e] b
THOE SHT vk, ¥ FH A= WA Frh wEbA sl '
A7 B3| AL S FHoR A U FHIF B ATH A9}



H

H23 - THAoIWX] YHEA

1 ouiX|g ofzie] Wet I A1 - FPOJLIX] WY W MY

ok, 3 A3 AL A A 7]
S W ol g - WG JJEA (N AAAR, 2008)0] wFEw, 203074
AY 509 O T7%S A - QAU FFe, Al A ALY o
2= FYgog 33 Alo|th<E 2-1> ). 2010 LEE A5} A
247 LA (A AA R, 201000 T, AL Qg WA uF

o 20244717 89% SEOoT ERE Y& s

| B 2-1 | 34 T5uNM 252 2S¢

o AR 5 =3 A%

= 20094 20154 2020 20304

12}o]| U | (MU TOE) 243 270 287 300

Al - A ol U | (A TOE) 6,086 11,731 17,520 33,027
12} oju] Al- A H]5(%) 2.50 4.33 6.08 11.0
22(TOE) 147,351 1,084 2,035 4,155

Al AN 5 FEuS 2.42 9.2 11.6 12.6
A8 42 (MTITOE) 33,925 - 40,567 44,119
Al - A A H(GWh) 4,618 13,016 21,977 39,517




| A2 Al A7) AREA | 5

| B 2-1 | 2y gL 23 SHECHS)

o AR A =x A%
= 20094 20154 20204 20304
Al - A e B]E(%) 1.1 4.7 7.7
] oFd(GWh) 0 15 392 2,046
f| oF (A %<1 A]) (GWh) 470 962 1,424 1,972
Z2(GWh) 685 4,336 8,138 16,620
] 9HGWh) 0 1571 3,629 6,160
2:222(GWh) 225 654 913 1,926
<=2 (GWh) 2,596 3,632 3,746 3,861
EZAA(GWh) 0 166 1,146 2,629
H}o] 9 7}(GWh) 7 31 64 161
LFG(GWh) 449 903 1,122 1,340
A} 0 745 1,402 2,803
Al AAAE 2 FEn|%) 148 333 37.0 421
A& o UAZAATY, HAFA AR, 2010
oA elget 20099 Al AAY U A EFEA|, 2010
FEE|A 9, AR} 27tof U A] 7] 4| 2)(2008~2030), 2008
A& AR, A3AE AL AU A] 7|7 2 o8- B 7] A2, 2008
A BAE - oAU RA71EH7H, Ty A] MR ey 2011; 32, p. 19 ¢4
5.000 -
YO —
4,000
3.500
3,000
2,500
2,000
1,500
1.000
500

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

A AAPEANS ARAR AL APYIA] 7]s i 9 o] K 71 EAR] ==t i, 2008, p. 77

| & 2-1| 32 25 MY X SH




6 | chaapnel e - AAA g% a7 |

2003958 diEs Al AAolUA] Hg SAlO] A 7HARE,

Hel B8 A AR e] HFS o hthE AT glom, A )
S AL B FE, Y, vfolostn W o kA RO W
Hzpo] Z7bska O‘E}(G 2:2> %)

6,000,000 1.8
16
0 - 1.6
5,000,000 ST o
51-1 101;010;—1.445
- S 043
4,000,000 H == M1 12 Ko
T OXEFEX
= 10 0 0-10;,, |
Ea.ooo.ooo N N N | G zl OH0|2(LFG)
B
- — 4 - — io prar
2,000,000 L] 0.6 = =
| i 0a < oNmESHZ
1,000,000 N T I Y
01 00 00 01 01 po po 01 _’ 02
Lo a0t eacBHBERBAVN

1995 1996 1997 1998 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

A= oUA Ve BT 20009 AL AR BFEA, 2010 A7
% 2003415 2ol e EaE

| 33 2-2 | A-AgoIuA 28 50|

=2 O AN =2 =
k9] GWh

78 s | a9ze | A | s4%d | ez
Bz gy 485730 | 691,124 | 1,176,854 | 41.3% 58.7%
7+g A 97,170 243153 | 340323 | 28.6% 71.4%
A 71eA A 32,387 89,054 | 121,441 | 26.7% 73.3%
T A 11,082 51,915 63,897 18.8% 81.2%
-7 2H2009'd) 685 685 100.0% 0.0%
Bz gy 45,756 66,181 | 111,937 | 409% 59.1%
471 718 ARk 6,411 36,637 43,048 14.9% 85.1%
(+A &+ 7144 At 3,445 10,719 14,164 24.3% 75.7%
A1) 231 AR 1,194 2,226 3,420 34.9% 65.1%
17 2H2009'4) 0 0 100.0% 0.0%




|11]2201- Al -

“

AVgeltA] B | 7

| B 2-2 | NOg FHUT ANF N LTHF(HSL)
&9J: GWh

T 439 | Sd3E A 459 | hd3E
B A= 81,048 28,842 109,890 73.8% 26.2%
7+ Ak 39,902 1371 41,273 96.7% 3.3%
739 71&A Ak 10,838 763 11,601 93.4% 6.6%
TEs A 2,852 483 3,335 85.5% 14.5%
1A 2H2009°4) 308 308 100.0% 0.0%
Bz A7k 39,505 54,714 94,219 41.9% 58.1%
7+ Ak 2,231 30,399 32,630 6.8% 93.2%
=y 71&A ZA 1,382 11,479 12,861 10.7% 89.3%
TEs A 812 3,341 4,153 19.6% 80.4%
=1 2K2009 ) 0 0 100.0% 0.0%
Bz ek 33,412 0 33,412 100.0% 0.0%
o 7+ A 5,045 0 5,045 100.0% 0.0%
(EEJ) 71&2 AR 1,423 0 1,423 100.0% 0.0%
27k A 0 0 0 100.0% 0.0%
=1 242009 ) 0 0 100.0% 0.0%
Hz ek 35,863 42,069 77,932 46.0% 54.0%
7+ A 4,600 21,71 32,371 14.2% 85.8%
B 7147 Ak 1,439 9,137 10,576 13.6% 86.4%
27l AAE 545 3,255 3,800 14.3% 85.7%
HH EF(2009 ) 11 11 100.0% 0.0%
Hz ek 62,723 315,897 378,620 16.6% 83.4%
e 7+8 Ak 9,003 113,977 122,980 7.3% 92.7%
(+;O}$) 7147 Ak 4,258 43,710 47,968 8.9% 91.1%
Ta7Ms Ak 1,899 32,399 34,298 5.5% 94.5%
HH EK(2009 ) 7 7 100.0% 0.0%
Bz e 62,723 315,897 378,620 16.6% 83.4%
. 7+8 Ak 9,003 113,977 122,980 7.3% 92.7%
(+;O£Zr) &7 A 4,258 43,710 47,968 8.9% 91.1%
Ta7Ms Ak 1,899 32,399 34,298 5.5% 94.5%
HHH 2K(20093) 7 7 100.0% 0.0%
Bz e 110,907 39,053 149,960 74.0% 26.0%
s 7+8 Ak 17,593 2,503 20,096 87.5% 12.5%
(+§EL) 77 A 3,729 1,020 4,749 78.5% 21.5%
sa7bs AAF 1,720 940 2,660 64.7% 35.3%
U 2H20094) 241 241 100.0% 0.0%




| B 2-2 | NOg FHUT ANF N LTHF(HSL)
k) GWh

T 2458 | dEE A 458 | dEE

& AAE 64,566 82,834 147,400 43.8% 56.2%

A 7+e Ak 8,795 27,755 36,550 24.1% 75.9%
(+FAH 712 A 4,252 11,198 15,450 27.5% 72.5%
=4 T A 2,250 8,243 10,493 21.4% 78.6%
U 2H20094) 2 2 100.0% 0.0%

Az Bz g 11,950 61,534 73,484 16.3% 83.7%

Az AAAANE - o X g, 2010 Al AL A] WA, 2010, pp.161~162 ATA

| B 2-3 | B2/ A AETHR

=2 A+ 4

oy | SHEE) 7 RHO FEAUAIE MW SRR AT

- ° (2R o= tepuix] FHAe] 2% )

&

2k

S L s 1 mae) 2euae Wi geaEe A 4
R (IEH 0= Bjopolul A RSl 2% )
o | 9E 2 R ) m2 RuRd WA @ 2444, W2 5
e SAY WAS AR 49 (4 FEo] 18% 718)

e

2} 2k

B L gs 2 olae) 1askm, 4 5-50mel 99 3 g2, HeBY
W amze 5 AL 2T wAS Aot 240 (2 FoHe 3% 719)
o HEAT 712l 10km ol513) B2

Jeg | (FRed, A, AuHEE 52 Eustel £4E 10% 28)

Z A0 2k

LA QA% A= 25km o3k 241 30m olskel B
M| (emen ARl DIIEE 52 Fus] £4% 20% 48)
g | AVIGIEE 2% olom AN ol AANl HATE 4
[o]

B (A 9= 3% 7H8)

A ek

THE | g | AI0188 3% elgom WA ol ANl wAHE 4

° (1 3ol 10% 719

g AR AR o x| Tha) 3k 2010 Al Aol x| A, 2010, p. 159
7 /dH]o]-§-& (capacity factor)ﬁ A% FTEYLAVI7E HAE- R Vheshe HE



| A 27 A1 - Aozl gass | 9

20119 64 ®3EE IPCC HilAo| war, d AAzo= S 7
A A A A AA A 2uREG 2 2R grbE gl
el Al A A A AA 1A} oA aulFEY £ Aoz 7t
23 Qri<2d 23> 1), 183 2050717 71Tt oS e =
4 X $ES AoEeE AR Y v Sk, A4
AqyA WA Follde FHH BgeldAe nFe] 7 wom, 47

Ayl eods ST BigeldAl A4 & BT 10% o= 5
=

E

st

Electricity Heat Primary Energy

100000

B Rasgeol Estmates

Summarized in Chaprers 27

1000 - m ysioun

I Mirimum
1000

Global Heat

Demand, 2008: 164 &

Globa Primary Energy
Supply, 2008: 492E)

=
=

; —

Global Technical Potential [Eliyr, log scale]

Global Electridty
" Demand, 1008; 61 EJ
Geothermal Hydropower Ocean Wind Geothermal Biomass Direct Solar
Energy Energy Energy Energy Energy

Range of Estimates of Global Technical Potentials

Max (in Ediyr) 1109 1] 3 30 HH 300 9837
Min (in Elyr] 118 50 7 85 10 50 1575

Z}&: IPCC, Special Report Renewable Energy Sources(SRREN), 2011
[ 33 2-3 | 7 A MACIEAIY e AT Y



10 | shameiadel shaa - AAA o

- 0

o%
re
-

Global Renewable Power Generation Development by Technology

(Ep]

= 21,000
s
E 20,000 7z
19.000 EA-WEQ2009 Baseline
W =evmorECiFE
18.000 B minicAn-EvF22
17,000 W r200
16,000 - =~ 105 of Glabal Pawar Supply -
ReMIND Prajection by 2050
15,000 — 105 of Global Powar Supply 54
IEA-WED Projectian by 2050
14.000 — 0% lmnbalm &Drl -
ER Projection by 20
13,000
12,000
11,000
10,000 36
2,000
2,000
7,000
PUUR CETTIITICERt & Mttt e Gl Bttt ettt el e letedet e
5,000 I | | L
* = - =
4,000
3,000
2,000
1,000 I
o x x % x x X
= = B = =1 3 = =5 B =2 = 3 = =] B =2 2 =l = R 3R
g 8 8 g 8 8 =] s B =1 2 2 2 8 2 2 g 8 2 8
2 | =2 =2 =2 = = = R = = R =& 82 =& g = 2 =B =
PV CsP Wind Energy Geothermal Bioenergy Ocean Energy Hydropower
(On + Offshore Energy

Z}&: IPCC, 2011
| 3 2-4 | 7 A APSOIUA] 2

| B 2-4 | & ANH AMYTIS AAUNE 2T Y

2 oz sl A4 | @ WEF | 1A 2050'd RE
- =Gt CO2) ] ti¥] RE (%) | A (TWh)
2007 274 100.0% 6.5
IEA-WEO 2009 Baseline 43 161.7% 150 11,159
ReMINDRECIPE 158 57.7% 48.0 63,384
MiniCAM-EMF22 124 45.3% 31.0 21,660
ER-2010 3.7 13.5% 77.0 41,500

g 2 39 119, AR FFAuE 9 AR o] A AAFHoR Y
Aol sl AHES = SF o] lon, A9A(5.25), EU(5.30), ofH
= 2 58 94 @A HAsr|E
shoich Ax el AH A4 9 A 35 7olEE AN A AFLE Q)

=
e e Jer AYE 449 TH 7199
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o
H
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)
rr
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N
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%7} Zrast Hebr, oo oy am] A7k % Al AU A B
Fo| steh7t Boolch

A2 FANEEA ] ST HERA0] w2y, A o
SEL 4% olstz XX Heh Wit ) mon], JuxYUEzt e
2 228 AA7lA, MEL U2t Loz AFErl =9kt o] 247
AR 3 A AR Avet Aol MR AWt GARE ES Kol

9\1]\

o

of

Koo

o

=T

ME}

<l
)
ol
il

T T T T T T T T
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B zist X[X| DCha X|X| OCh4 2H0f B ZEskgioy

A& : Global advisor, Global Citizen Reaction to the Fukushima Nuclear Plant Disaster, 2011
F A AA 2470= oF 12,000%(3H=, 2F 5007), 2011. 4. 6.~2011. 4. 21.

| J& 2-5] M2 Yots oEAo ot Mo M2 gE i

A AAFeR FY HHe wEA o= glow, 2010d AA)
198GWe] o227l o ubA oF 15 &<t 30uf o]4f sl
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Gigawatts 198 ‘

200

100

50

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Z}&: REN21, 2011, p. 20
| I8 2-6| 1996~20104E T A|H Z2 NH| 82 750

20004 7|E0R 2 WA A AAgL v, FF, £, Al
Zolth 2 F3, vl FolA ME A= FY dujgare] F715
olck ShEE WA A Huge It YIBs po=

F7hEo] AEE AAS ok 2 Hule dnta, v, F, 59,

wel ko] A|Eo] ks AASH QITH<E 25> ).

koo

o

| #2-5 | 20094, & 31E 4N 8T

el o e [ PTE geen A | e
o] =+ 10.0 35.1 A= 306.0 894.0 Vestas(dlu}=) 12.5%
=t 138 25.8 dlul= 228.0 625.9 General Electric(m]=%) 12.4%
%9 19 258 | ygz= 0.0 246.8 Sinovel(%2) 9.2%
291 2.5 19.2 Z= 63.0 63.0 Enercon(Z-¢) 8.5%
ol% 13 10.9 = 60.0 60.0 Goldwind(5=) 7.2%
olgg] 11 49 7] of| 0.0 30.0 Gamesa(2~H|2]) 6.7%
A 11 45 otdE 0.0 25.0 Dongfang(&=) 6.5%
A= 11 41 =2 ¢ 0] 2.3 2.3 Suzlon(21%=) 6.4%
zeE7 | 07 36 299 30.0 163.3 Siemens(glu}=1) 5.9%
diut= 0.3 35 Repower(&<) 3.4%
A A 38.3 158.5 A AA 689 2110 = 18.5%

Abs: REN2L, 2010, p. 54 AAAAE - ofUix7]1%% /b, 2011, p. 36, 39
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a2 2009 I V|Eo 2 SAFFE o] 2247], 360MW A E]o] glom
(As QA= oF 342MW), 34592 ob& gIAIRE Adsfete] s g2 etA]
£ Asta JeHA A AAR - ol 2| ke e 2010, pp. 374~375). = A
A AF=S Hupa Vestasakel 23] Q1 Accionaite] AlFo] =) Hg-87F
0] 98% S AAISHAL JUTHAIA AT - o | A 7]&8 7k, 2011, pp. 28~29).
AR = FEEA oAM= 1.5~-3MW 2 Hul= AREE AL Qlrh =
[9EE 2-3MW F8d Al2"S 7 9 AS gEstilen, SMW
W Fol ATHA A A - ol d A 7B 7H, 2011, p. 52). &f=rollA]
SMWre] 7irE]e] AJdE L glon, e sjiFds SHeR dH

TTEE Y AL B2 gad AYolri<ay 2-7> Fa).

N

e e

Rotor diameter (m)

'‘85 87 '89 '91 '93 '%6 '97 '99 01 '03 '05 '10 ? 15" year of operation
.05 3 5 13 16 2 45 5 15 8/10 rated capacity (MW)

A& EWEA, Upwind : Design limits and solutions for very large wind turbines, 2011
| 38 2-7 | 83 4H|9 7T 50|

=, "ok, 5Y 5 A HAtl AT EEAE
oo, SMWg SHTHER e ARSHL ek S 42 3~108m

a4
of o]2m, st A A7} 0.1~30kmefl o] 231 UTH<IE 2-6> Fi1).

[Ea

718t 9l



| B 2-6| oA AAE of4Ead TZME QOH2010WE 2AIR1| 1|ZE)

ES b= B 2]
@ | meas | aew | sy | EL g | HY ) TTE
ow) | | | T e | S
Blyth 4 6 1 2 2 Vestas 2000
North Hoyle 60 9 8 30 2 Vestas 2003
Scroby Sands 60 6 3 30 2 Vestas 2003
Kentish Flats 90 5 9 30 3 Vestas 2005
Barrow-in-Furness 90 15 7 30 3 Vestas 2006
=T Beatrice 10 45 25 2 5 Repower 2007
%033‘)4 Burbo % 0 | 5 | 25 | 36 Siemens 2007
Lynn/inner 1944 | 10 5 | 54 | 36 Siemens 2009
Dowsing

Rhyl Flats 90 8 8 25 3.6 Siemens 2009
Robin Rigg 180 5 9.5 30 3 Vestas 2009
Gunfleet Sands 173 8 7 48 36 Siemens 2010
Vindeby 5 4 3 11 0.45 Bonus 1991
Tung 5 3 6 10 0.5 Vestas 1995
Middelgrunden 40 8 3 20 2 Bonus 2000
Horns Rev 160 10 16 80 2 Vestas 2002
Samsg 23 20 35 10 2.3 Bonus 2002
divl= | Frederickshavn 10.6 3 1 4 | ogs | VeswsBonus/ | nng

(663.6 Nordex
MW) Nysted 165.6 8 8 72 2.3 Bonus 2003
Ronland 172 n- 1 Un- el oap | BonusiVestas | 2003

known | known

Horns Rev 2 209 13 30 91 2.3 Siemens 2009
Sproge 21 11 1 3 Vestas 2009
Avedgre 7.2 2 0.1 3.6 Siemens 2009
dg Lely 2 75 0.8 0.5 Nedwind 1994
gle Irene Vorrink 16.8 2 0.1 28 0.6 Nordtank 1996
(246.8 | Egmond aan Zee 108 20 10 36 3 Vestas 2006
MW) | Prinses Amalia 120 2 23 60 2 Vestas 2008
Bockstigen 2.8 7 3 6 0.3 Windworld 1998
e Utgrunden 105 7 7 7 | 1425 Wi:‘é"gﬁfgy 2000
(,%46\?\,; Yttre Stengrund 10 10 4 10 2 NEG-Micon 2001
Lillgrund 110 6 10 48 2.3 Siemens 2007
Vanern 30 7 4 10 3 WinWind 2010
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| B 2-6| PR ANE OjYER TZME Q

oH(2010 2A2T E)(HS)

_ Bt
% | BE | o il
a7 | mmas | awgs|sa | 0¥ HY ) ga ) HR ) THE
A =5 A ZAL =
(MW) (m) (MW)
(km)
o Ems-Emdem 45 3 0.1 1 4.5 Enercon 2004
[e]
(;138 Breitling 2.3 2 05 1 2.3 Nordex 2006
MW) Hooksiel 5 5 05 1 5 Enercon 2008
Alpha 60 30 45 12 5 Repower 2009
Hl7]o]] Thornton Bank 30 20 29 6 5 Repower 2008
= Kemi 30 0 1 10 3 WinWinD 2008
ofel
Ao Arklow 25.2 15 10 7 3.6 GE 2004
L= . .
o Hywind 2.3 100 10 1 2.3 Siemens 2009
fel
IR Setana 1.32 10 0.2 2 0.66 Vestas 2004
olellz] Brindisi 0.08 108 20 1 0.08 Blue 2008
==
(102 Donghai Bridge 102 10 105 34 3 Sinovel 2010
MW)
A 2,377.8 906

22 NREL, 2010, p. 23

S0l A 205017H4) SAIZEAS 1990 Tu] 80% o]4F A& A
3o, o] Z GA4st7] S5te] TAH AU B BEE S35}
2! 7 slgshEe 20200) AAeluA] el skt %

2
3 BEE FUSYE, 2000 B2 WHF Tl 7Y
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e
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AL

olAY FTY o] HFoRE F8 ATFs oluA|Hol E Aoz A

Wk WAool 74d WANE Bom, A47Hs Aux Y Fo
==

0
Shw, HA|AY ol 2] o] vlg-3} wlulsiA FAHS SR

[UScent,,,./kWh]
0 10 0 0 L] 50 60 7 80 90 100
Biomass Electricity _
solar Hecticty e
Geothermal Electricity - o B infloeuiiis
Hydropnwm - :|~ Medum Values . [Imn(ity
B teat
Ocean Hectricity -
— Upptr b . Transport Fuals
wind Becricty | R
[
Range of Non-Renewable
Electricity Cost
Biomass Heat | NI
Solar Thermal Heat -
Geothermal Heat _
Range of Ol and Gas
Based Heating Cost
Biofusls -l “-
Range of Gacoline
and Diesel Cost
0 5 50 75 100 135 150 175 200 05 250 205
1USD,, /6]

A& IPCC, SRREN, 2011
| J& 2-10 | HAOILNS S8SE MYIHA e A2 ANFSIHIG Hlul
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Miscellaneous
5%

12%

| O 2-11 | A anrss
| 33 2-12 | 48BN NE2HE 3D

Electrical and
grid connection

8%
Source: Garrad Hassan

A} IEA, Projected costs of generating electricity, 2010, pp. 90~97 A4
Civil works
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o al

Surveying and  psurance

cons truction 29

management
4%

Installation of offshore
electrical systems
6%

Installation of turbines
and support structures
9%

Offshore electrical
systems
9%

Turbines and
ancillaries

51%
Support structures
19%
Source: Garrad Hassan
Z}s: Gardner, Wind Energy - the facts, 2009
| O 2-13 | Ay BHCNY N2HI§ 14

S AL AR A el AR AR B BE pAeS
A A T 7lee) B, Adel AAY, FA A% Fu 5
YRS FUHOR AED 0, WA /& FAL F > ulolo > g
0% AP YCHE 27> 7).

£
i
o
>E

| B 2-7 | 2 MAIHA O TP QoI B &9
o= HId | FE | Hole | HF | HYiE | &Y | A
%—7;’} 4.921 4.904 4.656 4.525 4.463 4.368
2y 7% A 5000 | 4375 | 4375 | 4750 | 4500 | 4500 | 0.1271
A1l AAA 4500 | 4500 | 4125 | 2500 | 5000 | 4750 | 0.1232
LA AAFO] T 5250 | 6125 | 5375 | 5750 | 4625 | 4000 | 00949
YA FFAA Y
2271 5.000 5.250 4.875 4.250 4.875 4.375 0.0889
A7t~ 2 o Q=R
5.750 5.625 4.375 5.000 3.250 5.625 0.0679
A %PE-HL
VRS s}
HA7IE Setn 5000 | 4500 | 4625 | 4875 | 4625 | 4500 | 00609
7ts7
YA T 4750 | 4750 | 4875 | 4625 | 5250 | 3625 | 0.0541
A Y Fa71€9
QQE 5.000 5.000 4.875 4.250 4.875 5.375 0.0518

R&D<2}o] AAA 4.750 5.500 4.750 5.625 4.250 4,000 0.0458




20 | sigEeiuAel s - A e A |
[ B 2-7 | A MANHANLO| Tt Qo1 B 294(HS)
£ god | FE | Hele | 'R | wH7lE | 299 | 7A
T o] gAksE 4875 4750 4375 4500 4,625 4,000 0.0456
AR FR =84 2
e A 5.375 3.125 4.250 5.625 2250 3.625 0.0452
Al - H = v S
- Aol A K 4125 5.250 5500 2250 5.750 4375 0.0423
94 7=
P4 sgayt 5.000 5.750 5.000 5.875 3.750 3.750 0.0349
HAE J3F A 5.000 5.375 5.000 6.000 4125 3.875 0.0322
o] Agare] REE
Boba el T A 3.625 3.250 3.625 2625 3.875 3.875 0.0314
oA F&71&9
oA 5.250 5.000 4,875 4,875 4750 4,875 0.0297
AR 5719
414 4750 4875 4,875 6.000 3.625 3.125 0.0243
g AAFAR, AR AL AT A e 9l olg - By ZEAE et A
pp. 241~249 A4
- AR o] e AR A A S & F 2T Al - A
Aol A 71 A 9F &, 18 Qo] F7bstal Qlok miEd arg-Qld
5 o8 Sua gAY Y, MEAY 18909 5 A S0 mEo
A B > FE > Hlo] e A o' el QoK< 2-8> 3al). H
FE, A, ARAA7A] 29t uf F 67 Al - AHYATAAT FolA F
A2 FUolA FHAR SIS Holal itk
| B 2-8 | 2 AgoIEA QI D= 18014, AN 4 70| H]il
52 20041 | 2005 | 20061 | 2007 | 2008 | 20091 | 20104
A (A ) 33 66.4 166 441.1 1601.4 3120 5909.7
J1-8-01 (%) 160 317 507 1156 3015 6232 8579
714 20 10 13 18 30 51 83 97
I
AT W= 33 5.1 9.2 147 314 37.6 60.9
S 18l 485 62.1 55.0 78.6 96.0 165.8 140.8
AAL oY ¢ 16.0 244 28.2 385 59.1 75.1 88.4
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(ol R US|

| H2-8 | 2 MAYALAAE DI=H, 18, LA & ZO| Hlul(HS)

Fu 2004 | 2005 | 2006 | 2007 | 2008 | 20099 | 20104
ECIGRER) 101 | 1948 | 4621 | 6187 | 1357.3 | 11845 | 1167.8
T-8A9(F) 301 472 900 1430 | 1929 | 2411 | 2654

o 7194 2=(71) 13 15 18 23 26 30 32
ARG wiZH 7.8 130 | 257 | 269 | 522 | 395 | 365

uf &l wgel9 | 387 | 363 | 351 | 532 | 370 | 611 | 727

AAF 1Y 5 232 | 315 | 500 | 622 742 | 804 | 829
24 o] ¢) 05 14 69.5 | 1361 | 3007 | 647.1 | 796.1
AE1U(8) 68 133 309 396 453 898 1102

7194 2=(71) 6 9 14 19 26 39 46

H}o] Q

FAG = 0.1 0.2 5.0 7.2 11.6 16.6 173

mjEoiet 1891 | 8160 | 8550 | 622 55.3 39.2 54.1 63.7

QA A 5 113 148 | 221 | 208 174 | 230 | 240

2.

1. 2. 15, REARE A4
el g, A dRAAE AR FEoR Ao

3. - WU E AN =Y viF R AJS B

o
4z
rir
2
=
oZ
=2
i
N
N
)
=
1y
T
HE
o
al
P
)
fljo
(e

3l 2020 7HA] 1

= b
UES W000EE Sefeks AR SAstgon, £58 Ard gF vt

20023 =fE 4l - A A AN R] @A = (Feed-In Tariff)= A1 - A}
Aor Az Artket Ao disf 7|7t ASdATTA S s A
HEomH Al QoA e B o] 7|5 uhstglch 9 1A
7HAL 714 Uxle] W Wl QI3kE whedste] 20061 84, 2008 59,
2009 4, 2009 9 WA= 21t HEE= A FET 7 EA
HAUE =9, FAE A 5 918 201295 E A - AR B
O] XL 314 = (Renewable Portfolio Standards)=Z ¥ 73 3}7]=2 st



2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 20192 2020

EH c!“_;_ EH
109t 2020 1 21= 1002t Al
< Smart Energy System, Zero Energy House, Wind 2000(=& = X})>

£IxH240]| x| A2H| S X} Exlxlé >
AT E] X2 T AP AIEAFZEEX] =49, A 1XHAH0) L X 28 =4 >
SSTE LIF L] 2|25 > 3= BAHAA| 21THHE AR |25 (517 1E, L,000m) >
SEXARAFMEETD > FITUSH __________________ >
[ RPs Al &1l > =T AA| =zaalA]
RPA
Hio|@¢= D= AlSHAIL| Hpole ¢z 2|25} (RFS): BD20, BD85

HE=IHHXZ(FFVs) E &

[ Wind 2000 (CHE MTHR), ShAHE= =oh SEHE HA >
l RN | A2H| AlSE E=spRls Aot >
Ap&: A4 AR, 2008, p. 50
| = 2-14 | T2 R&D N2 ZCoH
DA A YA o= AL - A A A A HBl DA 7t F<F a2 74
o= ujeshs W, STl TRAIGACNA T dA

oldE Al AR R FFstES de

A= 19784 vl A = o] %, =i} dlufa Fofl A Al EHA
QTR ol 2 7]oiE skich 2011 AR 877H=oll A A3 E AL
ek eHH FFOFIA == 1983d wlw ofo] @ opFE AJFO R |59
A2 oA FE2 APENen 20119 FA 6374 Al Folrt
(REN21, 2011).)

LA A 2 LA =0 A Al - XH*ﬂ"ﬂ‘#Xloﬂ et 71&7HA 3 AS AL
Aol o2 AYA 7| 2L E3) HAS] =it vby T3 o]HslA)
T o Al= REC(Renewable Energy Certificate, A1 - ZjAo|d 2] HFAEAM)E
S8l 2olde Sk, AR FFeF ool Eol7= B8
Aaflgm, 35 d7]agof Hgd Alolt) 2012 o]Fo]YH]-&= i1
o A, kWhg 063¢0] Fadr Aolttd FFoFatA = w=H,

1sHe A Bolth WA oA

b

1) g2 20119 AR By F2& s 7€ Aol dHAAR LA s
A3Yst7| =2 T
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oI

o) A9 WA Gxo] vatk SAEE FAsAL, AAFEET S
NS AW wiol, AN A E(FL Rt 7|27 o] vk
2)0] A9mrt o gelslHrh<E 211> ).
| B 2-9 | GCg M- ANOIHA QEF2FY HIE
Az 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 i(l)zé
e

H&(%) | 20 25 | 30 | 35 40 5.0 6.0 7.0 8.0 9.0 | 100
Arg: Al QARANURAE, F3A5A Wa 2 AHAE g0 B R4 AR A Al
B 23 A2011-93), 2011

| B 2-10 | A AOIUA B2ADANEOIA Al - MY L EA|
. tﬁﬂ%ﬁ WA L A=
- 7123 PR REEY { g 7=
07 Azm = 570 AR, o, Te, B4, Qop
ejj o 1.0 7EAEHES 30kW Z3}
ofia [ 1p | ol g ge | TR AR 300W o]}
15 AZE 5 7|2 AHES o et A%
0.25 IGCC, HAY7F~
05 o7) %, e 7hs
o | 1o | O RFA vheledl A, ROF Ak, d71E kst u
o 7e ' ze(zA §)
SIEES
15 = vro|Quf~ AU, SR (A A ) Skm o]ah
20 SR skm 23)), Ze(EA B), A=AA
e

A A AV, SaEA B 2 ARG 2301 B FA AR AR
E 31 A2011-9%), 2011
FBAL WAL 2Aks gRET, ASAAT, BHE Hask Y FEAY
So mefstel AAAAR WA 4. HEAL 3duit A=

2) 7GR o), A12A SIS D A o] WA A murs); mEsl AgsiaL

A ke Al - AAAA - Al - A AAA, =S 7192 2011 10. 31



| B 2-11 | SANEOA A ASOIEA el TIE 1T

e @I%/gi] —n 7|7} (A/kWh) w3
s 1397 | Wseq
10kW 7]._/]\_%
.\Ia;l - - =
£ ol 107.29 %
o IMW o)A} 86.04 SMP+15
- 5MW o IMW Hlgt | 9454 | SMP+20
R ols} e IMW o]Ak 66.18 SMP+5
IMW u]gk 72.80 SMP+10
7= Azt 20MW
(RDF %) ol SMP+5
50MW 20MW ©]A} 68.07 SMP+5 | _
yS|
LFe ols 20MW 1]t 7499 | smprio | ojj—?—fﬁ
vholo | wpo]e | s0MW 150kW o] A+ 72.73 SMP+10 | - =
5 30% bl
oA S o5} 150kW 1wt 85.71 SMP+10
Hjo] 9. 50MW
o o|5} 227 dlo] o 68.99 SMP+15
HAgzak | Hx2A H 62.81 .
ok - 50MW | 85m o]AF | HbxA = 76.63 -
SIEES - ol 4} EEEREE ) 75.59 -
85m uwlut | wzA = 90.50 -
o 200kW Hlo] @ 7}A o] & 227.49 - ae
ol MR 274.06 - 3%
Az AAAAR, AL AAgeuR|eo] g drde el 71&E7HE AR AAHAIRE TA] A 2009-207
3), 2009
| B 2-12 | EfQ MO g3 X AMZTIWUE YZRTH(H/KWh)
2 A e 30kW 30kW =3} | 200kW =3+ | IMW =3+ | 3MW
A PN 717k o3} | 200kW o]3} | IMW o]3} | 3MW o|s} | Za}
154 646.96 620.41 590.87 561.33 472.70
2000
204 580.64 562.84 536.04 500.24 428.83
oy} 154 566.95 541.42 510.77 485.23 408.62
4 204 514.34 491.17 463.37 440.20 370.70
2010
Azm 154 606.64 579.32 546.52 - -
28 204 550.34 525.55 495.81 ; ;

A AR AL ARl Ae S S e] 712718 AAAAA LA A] 2008207
%), 2009
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IBCER- R

AEL 20196714 A ds|ote] 2,500MW(BMW, 5007]) JFEo] AMES
A E AHete EY =1 2EPS SHSHATHAIA A AR, 2010).9)
2013¢7}A] 5BMW A2 200] 715 AAsEaL, 2016712 900MW 34t
ZEARE, 183 20199712 1500MW FEO] SAZHTRE 24T

Aot A AHolAe sded ntaEEHS 1 Folv 5d ol

W Aol

- "3 .._,""" P T we <
Am AAAAR, Adsfgto] dii s dFEeAl Al FX(EEAR), 20100 11, 3.
| O™ 2-15 | SHEBHEA HINE

3) AAGANT Aol Hiqti s HeA] Ad F(HE=ARR), 2010.
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s 100MW
(5MWX 207])

s 1~ 134 (30)

* R&D, AH603622)

TR

s MM 7=

¢ 900MW
(MW X 1807)

s 14 ~'16H(34)

M ZHA=
oo To

$ R8D, AfH(ax 26421%)

TR

(5MW. X 3002I)
& 17 ~ 19LA(31)

+ AFAH|(5% 6,300 %)
s Q17

obzd ey MHR2EWS F

L FlER A % BT % R&D HeF 2SS

g2 2~-3MW, A 3MW
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o= Hzgzg ~ 2011 ~ 2012 ~ 2013 ~ 2015 ~ 2020 ~ 2030
HZ INW AL A A s44E
os S4uF A Hck] 34
S48 29 2
WHAAH ASBIEAG HEURY 2-IMWE Al
g Sk AR 7] L #m 2Ea
2HT w AlAY J|ERER
MW HER MW H LS BHLAT
SMIV B4 ER WAl Ag LTS
B LOMWE L BUCHAILY
1%%;; EEAE
TS HEEY Structure 7Y |
HeuFoa 2y HA A Y a3y
27125 SHolE SA/HE SH7lE g Pl
PMSG 7L EAE ML THI AT
SETECH nHEE Fa7| AR
Sayuss 2431 Yaw/pitch A=Y 7Y
A5 Sz o FH A
Faduss ﬂ,aﬂiﬂuﬁl SYuF AHcHy
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(2) CDM(Clean Development Mechanism, #3&7J3A|A)
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