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(Chang-Gi Min - Don Hur - Jong Keun Park)

Abstract — With an increase in the penetration of offshore wind farm, the need of an accurate economic evaluation of
offshore wind farm has become crucial. This paper presents an economic evaluation method of offshore wind farm in
Korea reflecting the cost of offshore wind farm infrastructure (offshore substation, submarine cable and foundation) in its
cost model. Each cost of offshore substation, submarine cable, and foundation is represented as a function of installed
capacity, distance to shore, and water level, respectively. We have applied the method to the case study of offshore in
Jeju Island and analyzed the economics under various conditions. The results show that the distance to shore is of

importance in economics of offshore wind farm.

Key Words : Economic Evaluation, Offshore Wind Farm, Offshore Wind Farm Infrastructure

.M B

A FHAME F 237MWE sldEEadgs 24 =
ZAEZL 1Y Folt} [1] =l d8S AHRYA AFE
o= ol AMdE 5MWe AFAAE EFse] 65MWE
AgFHLAEA 7L A Folth sl Aol 2013
W7bA] 100MW ] Al A 7h 244 Al gela, o] % 2019d
7hA] & 25GWe] ©x| 7t g5 d g elti2, 3l.

olefdt I FFTHLAAA Y AL A E WA 3
PAMGAgo] BFHo|th. o] FHAHoA BHAIFAE )
Ao A okt oyt FodS nE et AAE T
ARAAZE R A gRE ddsty] 98 AAA 24
(economic evaluation)& F3gtch, EAQA AAA 419
AF2A A7 WEFAE Sl ded, 583 duyXA
Hofo ARt &8E= AFEA oA 5 3H] & (Levelized
Cost of Energy, LCOE)7} AtH4]. AAE &4 o 9o F

¥ Corresponding Author : Dept. of Electrical and Computer

Engineering, Seoul National University, Korea.
E-mail : parkjk@snu.ac.kr

# Dept. of Electrical and Computer Engineering, Seoul
National University, Korea.

#x Dept. of Electrical Engineering, Kwangwoon University,
Korea.

Received : Jaly 27, 2013; Accepted : May 23, 2014

1192

r
»

rlo
&
hinss
I
=
oo
2

2t etk mEkA A NE
12 Al Gl g 5
R R=

% (revenue) ¥} H]

Az v £l 4
, e s

)
=
. o
i)
o
2
oo S
RO
)
tlo
2

K
2

o o4 (o
o
_o|[dl
Ir
X
o

hinsg
o F
fot

s

x

1o

Bl

rlo

ao{é

oy
£2
T

oo
D
o
<z
2
[

Ir o2
%t
tlo
=
o

o
i
19
z

o

>,

-

r

fo

ro
rlo
ox

ol

)

i)
o

=)

2

N

)
N

fru

p

2
N
N
o
J
>~
N
>
o
o
o o,
e
e
2
)
0
N
>
o
)
ol &2

o

)
o
fru
inj
§2
u o
I

™ol i
o

oft of¥
o
=
I
o
o,

o
r
e
oh

Lo

0,

X
oA e

=2

off

JE
o M8 N =

o
> 8 o to
)
I :
oo
2 = 1o
2l
o,
il

o
1% g
rlo
Ho
N

ox L

BN
i
N

M,
il
ﬁ(
=z Y
r =
Mo
2
i)
=
o
N
P
B
B
i)
g
o
jo]
o
Q
=8
o
g2
1o
=

15e] =or, i e 2A=
A gtk aFt olgd dAxAE R
A7 Ao ghe6-9]. shA vt
st sjAA)=o B3 HLE
FA ek sket. [BlA = g e
, [Olel M= sfictate] o)A 7o) H
AA ol &2l WSS WA &okth. 4A 2

=
2

1L, oo
o M o

i

A

et

=2

el
0%

0 [o
it

N,
-~

ol
oL

ofr
of o
rot
SO R x T omo oMo

oo pob O ¥ W orlr o Y Z

§
=

e

B

oftt e

[T )
of\ _0‘;

7HA e W Fo] AA FE T
i

A
How 3#d Fart ATHI0] &

¥

N
=X 2

i

2

)
B i

i
M
2
S~
s
=
1o

o & 41 & K

2 : %
guAvAel AA4 B4 $Ne Atdth o wwol o
e T etk A, AAEALAGAY g 2y
4ol S Azeke] WgL mRHe weld #A
ol W SAAMAL Mg, 1en AxAATe 1 g e
Bo) olAA D £ BAZ GEAAY. EA, AL
A A4 Y PR vhgow 4, sletnel o4
5 AR QX 270 We A WaE wa 9 2
gt



Hgo MalE B,

2. &

rhu

2.1 dAlY M9 71271y

ol 4 7 35 8] £ (LCOR) & Fel iAol wat Z4A14 2
7 Aol ot ©el A E At 2
&2 ojnjstn, ofelsl 2ol AT +

LOOE=*————"— 1)

AC =1ICC,+(LLC, + OM, + RC,)
AC, = Annual cost at year-y [$]

ICC, = Initial capital cost at year-y [$]

dr = Discount rate [%]

LCOE = Levelized cost of energy [$/kWh]

LI, = Loan interest at year-y [$]

LLC, = Land lease cost at year-y [$]

nAEP, = Net annual energy production at year-y [kKWh]
OM, = O&M cost at year-y [$]

RC, = Replacement cost at year-y [$]

tr = Tax rate [%]

Y = Total periods [years]

X(lftr)*DC; Xtr— LI Xtr

LCOE 44 A 2¥FEE  HE&S  CAPEX(capital
expenditure)®} OPEX(operating expenditure)©]t}. CAPEX
v 2GR T, S50 B3 vl goltt. CAPEXE 27|
Z}H-8]§-(initial capital cost)el 93 WAETE OPEXE 1
ARl 1 g REe] #gk wj gl ACel OM, RC,
LLCZ whdHt},

3t = A 7FHnet present value, NPV)9} {49 &
(internal rate of return, IRR)& Z A4 X9 dIF < A
Frolt}h, =d A= el & (discount rate)S Ea) m Q]
U?ﬂ%_u(dfter*tax cash flow)S &Ae 7Ix=2 Akt
”Ol‘jr FAAE FAREe] @A el el A

ARl Qdrtn Brs, EAA} 2
N A8t WrraEe FAEH o
Fol ot FAFolG FAAE FA

g YRsERG F H9

2 H| &
a3 12 500 MW 3 T ddxe] CAPEXE T4
L4 dz2 Yehd RAolgll]. FLTAHLAEY HTS A

T U BH LM ZHY B
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Hud, g Asy 2 AXHeE 74 84 T Mg 2
A ZF o 74 o 47 %E A 3}aL, 7] %A A v (foundation or
support structures)®] A ZH] @ MAXH]E ok 28 %E A
gtk s A Aol &9 AmH] B A= oF 14 %2 BRI
Z1ZzAA el o] Al WAZ F HFS AAsk gk
HAE & HFS A 840E fAHEdse gan 2
MM ZA A v L] F 6 %E AASL Jdon, SN
Ao v gut 28] o] yehdth R, 72X A, &
AA )L, gL v &S E'? gt oF 94 %oltt.
@A o] R uld, sfietate] o4

Fe @ 5 YA, o anmel W A eE A
[e]
5

dris e fabsith wEkA sdFE O dwgR e ug A
A A o] R2ES FHHOR uFsE Ao Fash

Cost (Em) ___
TOTAL: £1588 ** T 10
[£3.2/W {54.8/W)

i T 03
28 Development & Consent

(1] Surveys & Design

B Wind Turbines
W Turbine instailation
Foundaticns
Foundation Installation
M Substation (offshore) & electricals|
W Substation (onshore)
Cables and Cable Installation

| Construction Port

O3 1 500MW ol & £ 2 HX| o] CAPEX
Fig. 1 CAPEX of 500MW Offshore Wind Farm

R
st w9 vt FAHLAR o]FA Ut FAHLA
o] F79} B84 ZF (rotor), WA (nacelle) 32 =
ol¥ E# ¢l (drive train), Aol ¥ EUEH AxE(c
and monitoring system), EF9](tower)® FA FEZ & 3
th 1 FollA wAe] Jb & vEg A S gl 7
Ao vge dugy 2 #F
ek R vEd 4 QluH9] &
TAeAE ¥EE A, 1 H]*‘-L

= Bl
g 719 H]&(turbine cost)& AAFgHTE 1°ﬂ e a2

g

’

D

=3 (IC Dy 1) )

ie7

oA71A CpE B & 719 Hlg [$], = HEle 74
29 A, 0= "o AHgF kW], D, 29 4

o
24 [ml, MEe HW9 FHLA-i9] FA  [ke],

[ IC, Dy, M) = ERle] T8 4h-i9 A& [$]& vEd=
ol th,

71 ZA A el B4 (foundation cost) EJHlS] n]& U&
°oF Z HFE AXTh JNE2AAYY FHE vt
JA S A, FH@ES), MAAN T e weh A3
Frae] ttarh FAd wE FPE FALS HadRks
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st [$/kgl, m= AFE, D
He Monopile?] FZe] [m], t& EHH #4242 BHY
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I ML Abole] AlolES wata, eRAl e A
GRS R e R 7ﬂ°laé gk WA &
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2 HgAAE TR WY, G AolE-jo @9 Aol
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TP AFe a7t [$/kWhiek Ak = gakar
(nAEP)el <3 75*31?1‘:}. A7 AgAAAFL F 2 (natural

wind power)& 712 Z¥(electric power) 2.2

NS S FASG 2 AFLe v GAR FES F 9
o [0, A WHA, sEEoloA e HHEFTEHS VTR FE
o] BXE T FTH BXE 9ol E(Weibul) ¥EZ
ZbgskaL, etelw wxe] R AEdeld Zmadql
Matlab R2012a «] whblfit) &+& &3 FE2F 4 Aot @
Bizolda e FiFEHL b o] Atst

V= (%)Shm’ X 50m windspeed 5)

o714 Vi FBizoldl e FitFS
SATA 5 [dimensionless]% o) m &},

¥ WA, %% (natural wind power)o] ZE 2] 7]A 4
(mechanical power)gi Agd e Aot ZHe 7]
AA g2 ofe} o] FEo| met gl Ao

[m/s], shear = &

oo

V< chtfin P
1 Trle )
chtfin <V < Vrated Pm = Ep 4 Vjcp
2 (6)
1 @Dy,
Vrath <V <chtfout Pm,ratcd = EP 4 Vratcdc
chtfuut < V Pm =0
0.0065 X altitude \ 55065 55715
. > ) > X 5 5
101300[17(# 0.0065 < 287.1 ]
= o

287.15 % (288 — 0.0065 X altitude)

047]}‘1 V’\L_:‘ %% [m/S], Vau*in"% }\] %%‘év\‘ [m/S], chl*uul
= f%%‘év& [H]/S], Vratea = ;{ézﬂ!%‘%}: [m/S], Ppe= 7]74]7(;!‘

=9 [kW], Praeas 714 BAEY, p= F7IEE
[kg/m3]l, D, =" A4 [m]l G SIAF
[dimensionless]& 9P| &th. F7WEE Fie 2 (6)&
(918 &S FaAoh
A, Aol A EAS st BT
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= 7
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Hel AAA 93 4714 Ede) BAE e 2.
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P PV P
—| K + K + K,
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714 P TH7IY A7H ¥ kWl 9= 2E
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k) 1 AMg o2 sliatel 4 B2
Table 1 Water depth of sea areas of Jeju Island
gzl o] A A, [km] 4, [ml]
0~5 0~5
5~ 55 5 ~ 50
55 ~ 16 50 ~ 100
16 ~ 100 100 ~ 200

£ 2 EHdl Byl ol J|Et HE
Table 2 Turbine, wind farm configuration, and other information

Rl
Model Vestas V90 - 3.0 MW
Rated power 3000 kW
Cut-in wind speed 35 m/s
Rated wind speed 15 m/s
Cut-off wind speed 25 m/s
Rotor diameter 90 m
Hub height 105 m
Rotor max G, 0.55
Availability 98 %

Loss coefficient Ko=0, K;=0.055, Kc=0.02

Bl wd
Size 3 x 12
Spacing 5D, x 10D,
71 ek
Power law shear exponent 0.143
Altitude 0 m
Marine cable losses L,= 0035, Z,,=0.05
E 3 Case i3 H&
Table 3 Input information of each case
Case 1 Case 2 Case 3
sforaloe]l o]l A
fetato] oA A, 5 55 16
[km]
41, [m] 5 50 100
50m Eo]e] Azt
4.3 4.3 4.4
A7 E%, [nvs) g % 6
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k2 4 M= JHY

Table 4 Financial assumptions

A9 Al [$/kWh] 0.94
7 35 E, (%] 4
A g, [%] 10
HAA &, [%] 25
& HlE, [%] 50
& 37178 [years] 10
& ol &, [%] 8
72 A) 717L, [years] 10
714717, [years] 3
=9 717k, lyears] 20

d % 3% 2ol & 3 /A case® AHASA AAY BAHE
Ptk E 4= A48 PR A9 ATA AEe W
Foh ohed, B ATl z/AEMEE 1AUE %

2 &

E: 5 Case =7|AtEH|&

Table 5 Initial capital cost of each case

overnight cost® F4=F™ 1 ¢ BE v]&7 $£4L& =k
WE ol wAgitha 74 gk
X 5% caseE Z7|AEN] L] M FEA]E &
W Aottt o] 7| AEH o= A W] BE A
Zg5 o] 9t E¥ H]E(turbine cost)S E{HI2] A
BHZ on|gt}, Balance of station cost® E]HIS] A &H]
S AL BE Anje] A F AEHE 9| g
Others costoll = EJ¥1e] MAxu|% £3¥ o] it} Offshore
warranty premium< ERl AZAZE S 271 4 E{Hle
AFES BEFHFE Yrte e dgolt BWl H&S
ElHo] 7 U= R casest FHEA A HTE Cased
2 712A A H|&(foundation cost)S E]H¥l ®]-&3} B uLE}
of AHrRW, 44 5 m¢l case 13} 201 M= 71 Z2A A 1]
fo] Wl v gr}p FAAuk =40 100 mel case 3°9A4=
Zh 71 ZAA Y v)go] Bl n]& R ¢ 15 wjo|th. F7
FARs wE 7|22 A0 vgo] Jsse Ae &
& 4 Qo E3 A AA)EY MdA v]8(cables and

o
=

ol

Rl

a=
o

3

r

Of

oo I

Case 1 Case 2 Case 3
Initial capital cost, [$] 148,472,520 181,268,091 256,022,127
Turbines cost, [$] 74,124,205 74,124,205 74,124,205
Balance of station cost, [$] 64,552,165 97,347,736 172,101,772
Foundations cost, [$] 18,573,392 49,692,096 115,273,511
Cables and substations cost, [$] 9,795,395 10,488,395 17,418,895
Other costs, [$] 36,182,878 37,166,745 39,409,366
Offshore warranty premium, [$] 9,796,150 9,796,150 9,796,150
E: 6 (a) Case 19| MM 24 H1}
Table 6 (a) Economic evaluation result of case 1
Installation Period Operations Period
1st year 2nd year 3rd year 4th year 5th year 6th year 23rd year
nAEP, [MWh] 107,808 107,808 107,808 107,808
Energy price, [$/kWh] 0.94 0.98 1.02 1.98
Revenue, [k$] 101,339 105,393 109,609 213,507
Operations cost, [k$] 4,109 4,273 4,444 8,656
ICC, [k$] 148,472
Loan balance, [k$] 74,236 74,236 74,236 74,236 69,112 63,577
Loan interest, [k$] 5,939 5,939 5,939 5,939 5,529 5,086
Loan principal, [k$] 5,124 5,534 5977
Loan payment, [k$] 5,939 5,939 5,939 11,063 11,063 11,063
Depreciation, [k$] 14,847 14,847 14,847
Corporate Tax, [k$] 19,111 20,186 21,308 51,213
After-tax cash flow, [k$] -5,939 -5,939 -5,939 67,056 69,871 72,793 153,638
NPV, [k$] =79,428 -83,965 -87,932 48,782 -13,123 19,351 289,203
IRR -0.0847 0.1005 0.1941 0.3588
Nominal LCOE, [$/kWh] 2.3970 1.2975 0.9336 0.3667
Real LCOE, [$/kWh] 2.0545 1.0950 0.7767 0.2656
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i 6 (b) Case 29| dMM 24 A1}
Table 6 (b) Economic evaluation result of case 2

Trans. KIEE. Vol. 63, No. 9, SEP, 2014

Installation Period Operations Period
1st year | 2nd year | 3rd year | 4th year | 5Sth year | 6th year | 7th year | 23rd year
nAEP, [MWh] 108,170 108,170 108,170 108,170 108,170
Energy price, [$/kWh] 0.94 0.98 1.02 1.06 1.98
Revenue, [k$] 101,679 105,747 109,976 114,375 214,223
Operations cost, [k$] 4,116 4,281 4,452 4,630 8,672
ICC, [k$] 181,268
Loan balance, [k$] 90,634 90,634 90,634 90,634 84,378 77,621 70,323
Loan interest, [k$] 7,251 7,251 7,251 7,251 6,750 6,210 5,626
Loan principal, [k$] 6,256 6,757 7,297 7,881
Loan payment, [k$] 7,251 7,251 7,251 13,507 13,507 13,507 13,507
Depreciation, [k$] 18,127 18,127 18,127 18,127
Corporate Tax, [k$] 18,046 19,147 20,297 21,498 51,388
After-tax cash flow, [k$] -7,251 -7,251 =7,251 66,010 68,811 71,720 74,740 154,163
NPV, [k$] -96,972 -102,512 = -107,355 -68,816 -33,698 -1,703 27,443 266,376
IRR -0.1392 0.0450 0.1401 0.1965 0.3192
Nominal LCOE, [$/kWh] 2.9083 1.5703 1.1274 0.9083 0.4357
Real LCOE, [$/kWh] 2.4916 1.3239 0.9364 0.7439 0.3122
® 6 (c) Case 32| AHAAN 24 Z3}

Table 6 (c) Economic evaluation result of case 3

Installation Period

Operations Period

Ist year | 2nd year | 3rd year | 5th year | 6th year | 7th year | 8th year | 23rd year
nAEP, [MWh] 115,858 115,858 115,858 115,858 115,858
Energy price, [$/kWh] 0.98 1.02 1.06 1.10 1.98
Revenue, [k$] 113,263 117,793 122,505 127,405 229,449
Operations cost, [k$] 4,449 4,627 4,812 5,005 9,014
ICC, [k$] 256,022
Loan balance, [k$] 128,011 128,011 128,011 119,175 109,631 99,324 88,193
Loan interest, [k$] 10,241 10,241 10,241 9,534 8,770 7,946 7,055
Loan principal, [k$] 9,543 10,307 11,131 12,022
Loan payment, [k$] 10,241 10,241 10,241 19,077 19,077 19,077 19,077
Depreciation, [k$] 25,602 25,602 25,602 25,602
Corporate Tax, [k$] 18,419 19,698 21,036 22,436 55,109
After-tax cash flow, [k$] -10,241 -10,241 -10,241 71,316 74,390 77,579 80,887 165,327
NPV, [k$] -136,963 = -144,788 | -151,628 | -75,323 -42,137 -11,885 15,688 240,208
IRR -0.0306 0.0665 0.1258 0.1646 0.2683
Nominal LCOE, [$/kWh] 2.0572 1.4729 1.1838 1.0126 0.5578
Real LCOE, [$/kWh] 1.7323 1.2210 0.9669 0.8156 0.3942

substations cost)= &l ¢F7}9]

2
s FA + vk @A

(a)~(c)= cased ZAAA 4

olAAZ uwg Frtske A
oAl 283k Monopole -
Aol "ojR= HoR
o

v

&

23}

® ANREs HAF
Case 1~39 <=@AZFHNPVIZE F(+H)9] e Zte AIHS
Z+7} 6th year 7th year, 8th yearo|tl. ¢dA7IE 7|Fo
2 B u, BE caseE2 FAE 7FA|7F At} Case 1~39]
yiFdE(RR)O] &Y #FS ZE AHE 47 5th

year, Sth year, 6th year©|il, case 1~3% &

12 0

329l 23th yeare] Wi &2

S st ESHUMEtX| o MY =24

712t kA o}
Z}7y 0.3588, 0.3192, 0.2683

ojt}, wlxu Fo] LCOE #S Hlus|, case 15-F case
3 £og Hgas&Ael Foh d8AV, WiHFE, LCOE
ARE ngow Fgxog AHE u case 17E case 3
cog2 AAAGe] Foh ol Ayt EEFE U2, case
1ol A case 32 ZF5 AL AHAYNEFS 3
3 Z7|AHEH]E(ICC)e]l E538] AA7] WiEo]
o B8 5 27IAER]Eo] HE38] AAE ol

o ue FAF F49 F7b wEolt,

1197



M71gt sl ==X 63d 95 2014 9

2
2
=)
e

g Z|zAA g H§)S v 2dgd FY
Ao Nhgd sgFEIAGA ] FAAY T4 WHE A
bk a AL v, dAAlE HE, T1E2AA Y] H
& bz AngE, sietake olAAE, #4e FFE
BRllth AlF AAEA g Q1 #del ok AbE o
TE T, g oAAY, F4 T MG dA =l
uE A WEks 24T i Al W A
T A, deke] o]AA Lt AAG mAE FEFol At
= AME #dgn 3 olfrE didIel oA el ue
Z7|AEH &3 FFo] EEhAT] WEolth & =v2 WY
544e 18 Hg ndded FAHE E oUsolly
F& ATFAE, THY £88 FUE AT HAH FE9
SFawol @ s Aol

2010-0028509).

References

[1] European Wind Energy Association, The European
Offshore Wind Industry Key 2011 Trends and
Statistics, January. 2011.

[2] The Windpower, Offshore (South Korea), Available
from : http://www.thewindpower.net/ zones_en_23_
offshore.php, 2013, Accessed 30.04.14.

[3] US. Energy Information Administration, South
Korea, http://www.eia.gov/countries/cab.cfm?fips=KS,
2013, Accessed 30.04.14.

[4] Walter Short, Daniel J. Packey, and Thomas Holt, A
Manual for the Economic Evaluation of Energy
Efficiency and Renewable Energy Technologies,
NREL, March. 1995.

[5] Matthew A. Lackner, and Christopher N. Elkinton,
“An Analytical Framework for Offshore Wind Farm
Layout Optimization”, Wind Engineering, vol. 31, no.
1, pp. 17-31, January. 2007.

[6] Peter Fuglsang, Kenneth Thomsen, Cost Optimization
of Wind Turbines for Large-scale Off-shore Wind
Farms, Riso National Laboratory, February. 1998.

[7] Christopher N. Elkinton, James F. Manwell, and Jon
G. McGowan, “Offshore Wind Farm Layout
Optimization (OWFLO) Project: Preliminary Results”,
Proceedings of 44th AIAA Aerospace Science
Meeting and Exhibit, 2006.

[8] S. A. Herman, Offshore Wind Farms; Analysis of
Transport and Installation Costs, ECN Wind Energy,
February. 2002.

[9] L. Fingersh, M. Hand, and A. Laxson, Wind Turbine
Design Cost and Scaling Model, NREL, December. 2006.

[10] Mi-Young Kim, Geo-Hwa Kim, and Mann-Eung
Kim, “Trends of Offshore Substations, Journal of

1198

Wind Energy”, vol. 2, no. 2, pp. 24-29, December 2011.

[11] Don Hur, “An Economic Evaluation of Offshore Wind
Resources”, 2012 KIEE spring conference, May 2012.

[12] The Research Council of Norway and Douglas-
Westwood, Offshore Wind Assessment For Norway:
Final Report, March. 2010.

[13] Yuka Kikuchi, Takeshi Ishihara, “An Assessment of
offshore wind energy potential considering economic
feasibility in Kanto region”, Japan, EWEA 2012
Copenhagen, April. 2012.

[14] PJM, PJM Manual 18: PJM Capacity Market, Jun. 2013.

[15] New Renewable Energy Center, Korea Energy
Management Corporation, RPS introduction,
Available from http://www.knrec.or kr/knrec/12/
KNREC120700_02.asp, 2013, Accessed 30.04.14.

[16] The National Atlas of Korea, Sailing Map,
http://atlas.ngii.go.kr/map/territory.jsp?fcode=02, 2013,
Accessed 30.04.14.

[17] Sang-Eon Lee, Jin-Ho Park, Yong-Tae Jeong,
Kyeong-Hoon Lee, “Determinate AEP for Layout of
Off-shore Wind Power Complex”, 2012 KSCE
Conference, October. 2012.

[18] Korea Meteorological Administration, Wind Resource
Map, Available from : http://www.kma.go.kr/weather/
climate/wind_map.jsp, 2013, Accessed 30.04.14.

[19] Vestas, V90-3.0MW, November. 2009.

2 #7 (M ® R
1985 74 1094, 2009 <A cHEt
AN AT £, 20119 Ao
dekd A-AFETAE EF A
A 20119 ~8A 5 dste 474w
T ubbay

f
X ROE

or
rn
8

19749 19 1794, 19973 A&t

o A7 9. 19949 &

A7) E R E(FEAAD. 20044

st A/ AFHTHRE =(3e
S

2005 ~A A F&d H7]E3H

o}
3}
o}

oh
oh

S ok

fi

z g

o

A}

~

J

ol My

o 2

5}
ol

-

n

5 2 (# $E R)
19524 1049 219 AY. 1973 A &gt
A7) FeHE 29 19799 A A

re) = H.

womaA ek = (A, 1982
skl EQ(F A, 1983 ~ A A

Agdsta Fahdst 473ty we



