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Summary

Construction of wind power plant 1s increasing rapidly since
Jeju 1s known as the most suitable place regarding wind power
plant in Kkorea. But implementing wind generators inevitably
introduce new challenges due to its intermittent nature. These
characteristics of wind generation increase uncertainty In
relatively small power system operation.

This paper presents study on the characteristics of Jeju wind
farms in last two years and influence of Jeju power system

operations.



Also it shows the charge proportion of wind generation in
Jeju electricity demands, economic effect of energy displacement,
effect of emission reductions.

Effective capacity 1s a measure of a generator ability to
deliver power when the grid needs it. It is estimated that the
effective capacity of Jeju wind generation as wind power
average output 1n summer peak period and considered
operational reserve would be required in response variability of
wind power in that time.

Jeju wind power fluctuations are larger than the world
average. It 1s observed that only 41% of the term wind power
output doesn’t vary compare to world average of 50%, and over
20% of fluctuation changes are 1.3%, compare to world average
of 0.1%.

Finally this paper presents the opinions of safe operating on
Jeju electric power system with high wind power penetration in

the near future.
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Table 1 The Present condition of generation utilities in Jeju

Supply
Capa~| capacity[MW]
Utility / Power Plant city Operation
[MW] Sum- Others
mer
Jeju T/P#1 10.0 10.0 10.0 |Weekly start stop
Jeju T/P#2 75.0 79.0 79.0 |Always operation
KOMIPO Jeju T/P#3 75.0 79.0 79.0 |Always operation
Jeju D/P#1 40.0 | 40.0 | 40.0 |Always operation
Jeju G/T#3 55.0 43.0 | 50.0 |Charge of daily peak
Namjeju T/P#11 10.0 10.0 10.0 Charge of peak season
Namjeju T/P#2| 100 | 100 | 10.0 ge ol b
Namjeju D/P#1 | 10.0 9.0 9.0 |Always operation
KOSPO Nam]:ej:u D/P#2| 10.0 9.0 9.0 |Always operat%on
Namjeju D/P#3| 10.0 9.0 9.0 |Always operation
Namjeju D/P#4 | 10.0 9.0 9.0 |Always operation
Hallim G/T#1 | 35.0 32.0 35.0 |[Charge of daily peak
Hallim G/T#2 | 35.0 | 320 | 35.0 |& charge of peak
Hallim S/T | 35.0 31.0 35.0 [season
. o
HVDC  [(150.0)| 150.0 | 1500 |Within 150MW & 50%
of demand
KEPCO Jeju G/T#1 55.0 B ~ |Control reactive power
Jeju G/T#2 55.0 & emergency generator
Total 530.0

() Power plant construction plan
O 2006. 9 : KOSPO. Namjeju T/P#3(100MW)
O 2007. 3 : KOSPO. Namjeju T/P#3(100MW)
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¥ 20080l 97.7TMW o FE AR A E o] AFAY B dn &

827.TMW ©] 11.8%, 2008 ol dH 8 602.1MW ¢ 16.2%° &atA €t

Table 2 A status and plan of wind turbine

Section Configuration C?l{)/fav(% y Corgglteetion Company
Vestas 600kW x2
Vestas 660kWx7 , )
Haengwon Vestas 295KWx1 9.8 02. 4 Jeju Gov.
Present Vestas 700kW x5
olz'era— Shinchang | Vestas 850kWx2 1.7 '06. 3 Jeju Gov.
ion
Hangyung(I) | Vestas 1,500kWx4 6.0 '04. 3 KOSPO
Woljung(I) | Vestas 1,500kWx1 15 '06. 7 KIER
Total of operating wind plant 19.0 - -
Nansan 2,100kW <7 14.7 06. 7 UNISON
Const-| Hangyung 2,500k W x4 , .
ruction Hangyung ,
plan (off shore) 3,000kW =10 30.0 0710 |SAMMOO
Sungsan 2,000kWx10 20.0 '08. 7 KOSPO
Total of construction wind plant 8.7 - -




Fig. 1 Wind map of Jeju
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Sec— Month(GWh)
. Sum
ton | 3|14 |5 |67 |8[9]|10]11]|12|1] 2
Haeng
won 2.41/1.41|1.17/0.60/0.73]0.93|1.38|1.65(1.42(2.27(2.70|2.52| 19.19
Han 2.11/1.34|0.93]|0.71/0.86]0.86(1.12|1.51|1.27|1.88(1.88|2.33| 16.80
gyung
452(2.75(2.10/1.31(1.59|1.79|2.50|3.16|2.69|4.15|4.58 | 4.85
Sum 35.99
9.37 4.69 8.35 13.58
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Fig. 4 Monthly wind power output(2005.3 ~2006.2)
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Table 5 Reductions in emissions from fossil-fired generators

Emiss: Wind power
missions
Section [o/MWh] output in 2005 Reductions|t]
. [MWh]
CO» 738,868.4 53,287.2
SOx 1,172.2 39,049 84.5
NOx 736.8 53.1

Table 5ol A H&= vpel zro] 2005 &b 39,049MWhell &3 2=

= 7L/\ako o

7‘*5_} HHE = -

= (NOx) 53.1E=]

o]

14H8h 2 (CO) 53287, sl
2.

_16_
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o

Sum

12

11

10

3
36.8| 21.6| 13.1] 15.0| 12.0| 15.5| 21.7| 32.4| 27.0| 41.6| 35.0| 37.8| 309.7

11.63| 7.61| 4.66| 5.27| 3.68| 4.61| 7.18/11.09| 9.02/12.07/10.26|12.16] 8.27

Table 6 Wind power output proportion forecasting(2008.3~2009.2)

[GWh]
Wind
power
output
[GWh]
Propor-
tion

Total
demand |258.6|231.8|230.0(232.5|266.1|274.4|247.1|238.6|244.7|281.4|278.2|253.6| 3,037
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Fig. 8 Seasonal patterns of wind generation

w T T T W OO T o
<A NomR e o T
i o - B ] o w :
Ho ™ B N2 U 5 £
:L OE ,H._ X MHM E =4 m 8 A
w0 o o o) F@r o N ® £ 5 s £ 32
= m ow 1& C aw Hlo = B K H
. g I o W% T or ._. * + + .
T3 o = o o T MM z .
B 2 _ No Ho T Mo Tl wmm
s fani 0 ! fo o o o o o o o o
RE owmog o P M ok g SEEBEREEE
X° .5 lof )
‘H_AIL m W Lﬂwo \m_wo E.fv O_U Ot oF HT_ T A T T T T T
a Mo & odo AR R ey .
o2 1y GO o B o} F ar g
of W B S S Y AHE :
T RK Hlo o T b)] Hlo = .
do T T 9 e awm o k. :
o] T o= To o # o B :
o X = o !
oF o = o M X0 o NEE ;
iy R w G X :
o B o W Ho Mw o wﬂ - ﬂf g "
—~ —_ —_ —_ n A o~ '
° N o X o = o= \
X T do b By ow — Ko :
N e o] — © <
o o N o n} % .
o ) > T ow row "
o o il B %n ~ mp ~ WW wwo e
%owam.%ﬂ%7%.y -
— 3
N ORI o - ,
o I oo of =y ) ! ! T .
ET oowm 5 o T X
O N X T moon w2 —_ :
38} 5 O ,MAF ofp I n = 3 :i S '
X B oo ® wm oo Tom W
Tow od O OB 3 oz B K opp o
) —~ X Jlx_ #l —_— L L
,UI ﬁo ﬁTl .HL o X il ZT 5 0 o o o
el ~ o ooy m & O™ = ® S S
% E TN oW T B I s



AT Ea1A €]

oh st

=

rgete S22

o 1] 2 &

Yol IS0 A7 159
%

-
X

om Hgate A

Abel S
&

2

B
fife)

do

o
s
=0
do

N

N

£}

e EAAZH19~214)

—_—

N

el
1

o

&

LOL

o
T

]

E A

o o]

b Al

]

dujgoz 79

-

o

)

oF 9%l 3l

KR
—

00
30
R
Hio
Fill
&
o)

of

40
5
A
K

gl

FGAN A 7

20061 1€9] A+

R

=

o

il

W7 FHant

4,

I6MW ©] 3¢

R

Fig. 9 &
1.3% %t}

AZe] 419%7F WBe] gAY 2% olulelA WESHom, AR of

of 2] & = A o]

T

o

o

o
1o
fa
r
Ny
o)
s
B
Hlo

—_—
1o

ol
ojn

_23_



1SOE Fwad R old o] U AN YA waAsgel o4
A7 B8 4 A HE AL ddeel 4 1S0E AAEF 3300MW o
==

A5 S4o] tjste] 3] A7 AT BAL FAsY

T8 ISO9 AAe olshd At Hul WEFdFE 1,100MW(33%)7FA]

ol2flty. 2y g 2 Fo WEde] e vl =Een A

doll A ST sl #3 ApAdbolvh Iyl yERd whel o)
>r=

ST 50% Fetelle= F3 o] Hds W

40

30

20

Percentage of frequency(%)

0
-28 -24 -20 -16 -12 -8 -4 0 4 8 12 16 20 24 28
Percentage of fluctuation quantities( %)

Fig. 9 Frequency of relative production changes related to installed
capacities(16MW) in Jeju(in 10min measurements, 2006.1)

_24_



)

ol

o

—

ﬁo

o 9587t

ks

joz ol lojA &)

S
o 1

A A

Ho] 9o Offshore A

Fig. 9 oA Onshore #9o] Offshore AKXt} W%
Onshore #]

-
T

Bjo

Fol B™ AFA]

I3

H] !

=

=

(Fig. 10)

DA

7] wj &) o3l
1

=
=

)

it
2

el

jpuzel

15%

el 1L L X

=== 0 Sham
On Shore
I--'|_
- ' i -‘I__
104

y
5.
=t
%

=

Production Change per 18 min. Related 1o Installed Capacity

Ea
_25_

Zaw ik

=

(g r-r-."?'._.__.f. & )
—10%% -5

[ -5
=12%

fmnbaug anepy

Fig. 10 Frequency of relative production changes related to
installed capacities (2,400MW onshore/160MW offshore) for the

western part of Denmark (in 15min measurements, 2004)




H] 33} o

=
=

H 2] (30MW)

A

EE]

o] %7}

il

o
T
Hjo

Offshore

ol
10
30

0H
Rl
K0
ol

KO

Ll

K]

KF

A

.|

4. X

o
A8

=kl

175 MW =A] o %

KN
T

Ko
ol

=3
=~

s

&=t

533.0MWh<] 3.3%¢l

of 4 & o]
17 @t} Table 7 ol A

S

s §
=

Hl & 22 97. 7MW

] 16.2%0°l)

H

a2y, 20084

1
R

=3
=

e

I A 842 602.1MWh

2008 o] 97.7TMW <]

2008 o %

shof

74

ﬁo

o

Hpe} ko] 2008

-
1

Table 794 =

bl 23%, HAF-sE tiv] 29.4%%

)

_26_



12 |Ave.

307| 341| 386 330

10 | 11

420 393| 416| 463| 421

9

8

21.9| 22.3| 22.6| 24.4| 25.4| 24.3| 22.0| 21.3| 22.9| 24.5| 23.1| 20.8| 23.0
25.0| 31.8| 27.0| 30.2| 30.8| 31.5| 29.9| 30.9| 31.3| 31.3| 28.2| 24.9| 29.4

440| 431| 426| 394| 379| 396| 438| 452
385 303| 357| 319| 312 305| 322 311| 307

1

Table 7 Worst case proportion of wind power output in 2008

Average
Load(MW)
Minimum
Load(MW)

Section
Wind power

Proportion

Proportion
Wind power
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