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SUMMARY

Recently, the renewable energies are being interested and developed
to solve the shortage of fossil resources and the environmental
problems. Comparatively speaking with fossil resources, the most of the
renewable resources such as photovoltaic and fuel cell are economically
poor as yet.

However many of the wind power have been operated and come into
wide use in EU. Based on the development of large capacity wind
generator, the economic assesment of the wind power is highly wvalued.
After all, now in these days, the large wind power is widely spread all
over the world.

It 1s accelerated to build the large capacity generator of the wind
power. When the penetration of wind power is low, influences of the
wind energy on the power system may be trivial. However when the
penetration of wind enerage increases, its influence is not limited to the
small network but starts to influence the whole system.

According to wind power generation increase, the wind—generated
power will constitue a noticeable percentage of the total electrical power
demand consumed in Jeju. This indicates that the wind is becoming a
major factor in electricity supply and in balancing consumer demand with
power production. A major barrier to the integration of wind power into
the grid is its variability.

This paper presents the network operation characteristic analysis
according to occupation of wind power generation and the influence

analysis of Jeju power system connected with wind generation.
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Table 1 Forcasting of wind power increase [unit: MW]
year
- 2006 2007 2008 2009 2010 Sum
Substation
Nansan
S S/S Hangwon [14.7] Sungsan 6.7
ngsan - - .
Hnesa [10] S Y [20]
[12]
Hankyung | Hankyung Sammu
Hallim S/S = 3 50
allim 5/ 6] [14] [30]
Toch S/S Woljung | Woljung 40
ocheon 3 3 =
[4] [36]
Sum 16 40.7 20 34 36 146.7
2.2 A
FYua 27k mE ATLY B ATE S/ A9 @A AFAEe
66kVolA 154kVRE S43sts 2R AL AT 719 3, 437)7F 2389 A

FA9 AAES Tt S

e

THIANES FUrekAA Alee T

g djo]E]S RAW t©lolElg} sl Table 29
FHa BAES el
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HVDC 222 PSS/E oA A= Two — Terminal DC Line 2¥& A
g3to] dolEE gt o Swing Bus ZE dlge I #2G(27272)%
Aeetelal AlF2 Swing Bust AFAE Fatzzdolv e wjite] wep &
g E R Hdy o fE nyshds AEEi (7]

ATl et 2007AEFE 20108704 8] A A el A o dskE #H A
s HdjFsk F kA Ao diste] Rl sglon way wirEs 485t
o] 7} AbHlE AESTE 2007d5E 2010974 2] ¢2F-3HE Table 3°f &
Al Bkl Tt

Table 2 Generator data in Jeju power system

Generator Name Bus No. Wmay 7 Qmax Qmin
MW) | (MW) | (MVAR) | (MVAR)
Jeju T/P #1 20121 1 10 6 5 -3
Jeju T/P #2 20122 1 75 45 35 —-25
Jeju T/P #3 20123 1 7% 45 35 -25
Jeju G/T #1(&71x%71) 20125 1 35 -18
Jeju G/T #2(&71%7471)| 20126 1 35 -18
Jeju G/T #3 20126 2 40 17 20 -18
Jeju D/P #1 20127 1 40 28 19.6 -19.6
Jeju D/P #2 20128 1 40 28 19.6 -19.6
Hallim G/T #1 20166 1 35 20 17 -14
Hallim G/T #2 20167 1 25 20 17 -14
Hallim S/T 20168 1 35 20 17 -14
Namjeju T/P #1 20171 1 10 6 4.70 -3
Namjeju T/T #2 20171 2 10 6 4.70 -3
Namjeju T/P #3 20172 1 100 50 35 -25
Namjeju T/P #4 20173 1 100 50 35 -25
Namjeju D/P #1 20176 1 10 6 4.70 -2.6
Namjeju D/P #2 20176 2 10 6 4.70 -2.6
Namjeju D/P #3 20178 1 10 6 4.70 -2.6
Namjeju D/P #4 20178 2 10 6 4.70 -2.6




Table 3 Forcasting of

load increase

[Unit: MW]

year
2007 2008 2009 2010
Load
Maximum 567 597 625 654
Minimum 297 313 328 343
2) FARe Ay v
ZARS 23 AlEHE WHY), ox7], %%y RAdYES thS Table 49
Yeh o Al G/T#13 AT G/T#2 SV 72472 AMEHER
2%7] BRE ARt AHgatgth
Table 4 Generator dynamic model
Name Bus No. Generator Exciter | Governor
Jeju T/P #1 20121 1 GENROU SCRX TGOV1
Jeju T/P #2 20122 1 GENROU EXAC2 IEEEG1
Jeju T/P #3 20123 1 GENROU EXAC2 IEEEG1
Jeju G/T
o & 20125 | 1 GENROU | IEEEX2
#1(F7127471)
Teju ST 20126 | 1 GENROU | IEEEX2
#2(F7127871)
Jeju G/T #3 20126 2 GENROU IEEEX2 GAST
Jeju D/P 201807 1 GENSAL EXST1 IEEEG1
Hallim G/T #1 20166 1 GENROU EXPIC1 GAST
Hallim G/T #2 20167 1 GENROU EXPIC1 GAST
Hallim S/T 20168 1 GENROU EXPIC1 TGOV1
Namjeju T/P #1 20171 1 GENROU SCRX TGOV1
Namjeju T/T #2 20171 2 GENROU SCRX TGOV1
Namjeju T/P #3 20172 1 GENROU EXAC2 IEEEG1
Namjeju T/P #4 20173 1 GENROU EXAC2 IEEEG1
Namjeju D/P #1 20176 1 GENSAL SCRX TGOV1
Namjeju D/P #2 20176 2 GENSAL SCRX TGOV1
Namjeju D/P #3 20178 1 GENSAL SCRX TGOV1
Namjeju D/P #4 20178 2 GENSAL SCRX TGOV1
Hanam 27271~2 1 GENCLS
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Table 5 UFR load shedding in Jeju network
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Table 6 Power flow (2007, load 297MW, HVDC bipole, wind power 100%)

Section Branch Bus (154kV)

From To P(MW) Q(MVAR) V(kV) V(P.U)

Jeju TP = - % 158.39 1.0285

Dongjeju S/S — = - 158.38 1.0284

Sinjeju S/S - > - 185 1.0254

Hallio S b L~ 8 [ 157.48 | 1.0254
Anduk S/S —8.3 —8.4

Anduk S/S = = - 158.05 1.0261

Namjeju TP - = ~ 157.63 1.0236

Sinseogwi S/S - = = 158.02 1.0261

Halla S/S - T > 157.7 1.024

Sungsan §/5 | a5/ ! > 157.12 | 1.0202
Jocheon S/S -10.2 -5.0

Sanji S/S - - - 158.40 1.0285

Jocheon S/S - - - 157.51 1.0228

-11 -



Table 7 Power flow (2007, load 297MW, HVDC bipole, wind power 70%)

Section Branch Bus (154kV)

From To P (MW) Q(MVAR) V(kV) V(P.U)

Jeju TP - - - 158.36 1.0283

Dongjeju S/S - - - 158.36 1.0283

Sinjeju S/S - - - 157.88 1.0255
] Sinjeju S/S —-15.5 -3.1

Hallim S/S 157.41 1.0222
Anduk S/S -13.5 -8.1

Anduk S/S - - - 158.0 1.0260

Namjeju TP - - - 158.04 1.0262

Sinseogwi S/S - - - 157.60 1.0234

Halla S/S - = = 157.68 1.0239
Halla S/S 1.8 —6.5

Sungsan S/S 157.02 1.0196
Jocheon S/S 15,7 —4.3

Sanji S/S o - = 158.37 1.0284

Jocheon S/S = = = 157.46 1.0224

Table 8 Frequency fluctuation(2007, load 297MW)

HVDC Bipole Monopole Stop

Occupation of wind
100% | 70% | 50% |100% | 70% | 50% |100% | 70% | 50%

power generation

Frequency (Hz) |59.76|59.86]59.89/59.7859.85|59.83/59.29|59.59|59.72

0509
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i
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- o T-ocoo =-_coo0 =.oooo % -ooo0o S_ocooo
o.scooo 5. 3000 =_socca 3.s0c00 . 3000

T 3paE (SECONDS>

Fig. 3 System frequency(59.76Hz — 59.9Hz)
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(2) HdF3F 567TMW

2007d A E = Hul FeleEARd S 56.7MWE ik 36.7MW 2t
S A e 20MWE dAlstel HVDCE 234, 134 i HVDC7F gle=
A% Zp kel did] FHAARE 100%, 70%, 50%% =AM ZFAAF 2 F

ZFAAME R 154kV EAA-ASMEC] tiF-E S dEtyR e s dde
SC(Static Condenser) & sl Y ad8E 333 A1 R} dehH 9
5 HouH] kgt ow HVDC 234 4% T84 100%9 70%+dF2 =
FAA A3E Table 9, 100 YeER)SATH

O

Table 9 Power flow (2007, load 567MW, HVDC bipole, wind power 100%)

Section Branch Bus (154kV)

From To P(MW) | Q(MVAR) V (kV) V(P.U)

Jeju TP — — — 159.13 1.0333

Dongjeju S/S — — — 159.01 1.0326

Sinjeju S/S — — — 158.75 1.0308

Hallim S/S RS - o 159.44 1.0354
Anduk S/S -20.3 -2.9

Anduk S/S — — — 159.85 1.0380

Namjeju TP = = = 159.99 1.0389

Sinseogwi S/S — - - 158.93 1.0320

Halla S/S — — — 159.19 1.0337

Sungsan S/S Hala 575 o T 159.38 1.0349
Jocheon S/S -8.1 -6.9

Sanji S/S — — — 158.98 1.0323

Jocheon S/S - - - 158.84 1.0314

T ™AL A" FEHEA F XS gAY AT Fepakd

o] H&3l= 59.2Hz o] Y S & 4 Ao Table 119 YeERAATE
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Table 10 Power flow (2007, load 567MW, HVDC bipole, wind power 70%)

Section Branch Bus (154kV)

From To P(MW) Q(MVAR) V(kV) V(P.U)

Jeju TP - - - 157.49 1.0227

Dongjeju S/S - - - 158.79 1.0311

Sinjeju S/S - - - 158.73 1.0307

Hallim S/S Sinieiu 575 219 50 157.59 1.0233
Anduk S/S —23.1 —-2.9

Anduk S/S - - - 158.0 1.0260

Namjeju TP - - - 158.26 1.0277

Sinseogwi S/S - W = 157.49 1.0027

Halla S/S = 3 - 157.15 1.0205

Sungsan /5 |2 S/3 i ¢ 157.54 | 1.0230
Jocheon S/S -15.9 onl

Sanji S/S — - . 157.08 1.0200

Jocheon S/S i - — F3 85 1.0217

Table 11 Frequency fluctuation(2007, load 567MW)

HVDC Bipole Monopole Stop

Occupation of wind
100%| 70% | 50% |100% | 70% | 50% |100% | 70% | 50%

power generation

Frequency (Hz) 59.8 159.89(59.93159.82|59.82| 59.9 |59.55| 59.7 |59.78

2) 2008 FEAH] 76. 7MW QAN 2454

(1) HaHst 313MW

At el 56. 7MW L St A 4ol 20MW e F=bd
£ 234, 134 a8z HVDCZF =735 2z ds) &2}
70%, 50%% +HstHAM ZFAAE st A3 e dARIfIE 29

nAol gl AR YEelkow HVDC 234 3% 841 100% +459
ZF A 3E Table 129 YER AT
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Table 12 Power flow (2008, load 313MW, HVDC bipole, wind power 100%)

Section Branch Bus (154kV)
From To P(MW) Q(MVAR) V(kV) V(P.U)
Jeju TP - - 157.97 1.0258
Dongjeju S/S - - - 157.94 | 1.0256
Sinjeju /S - - - 157.39 | 1.0220
, Sinjeju S/S | -13.3 —2.9
Hall 156. 1.0193
allim S/ Gk /5 | =101 -8.8 06.98
Anduk S/S - - - 157.56 1.0231
Namjeju TP - - - 157.61 1.0234
Sinseogwi S/S - - - 157.19 1.0207
Halla S/S - - - 157.30 1.0215
Halla S/S 10.6 =7/ T
156.82 1.0183
Sungsan 5/5 [ heon 5/5 | | B8 6.8
Sanji S/S - - - 157.95 1.0257
Jocheon S/S = = — 157.13 1.0203
T8y FETAGRE Al g2 ARSHO AleTIre AAA ZAAF
> 8A4H] 100%+ALdWE Asta+ AsT357F 59.2Hz o]t o =2 o]ito]
lem Table 139 YRS,
AAD AAF FHAHH 100¢dF 382 €2AHE 1 59.14HzE Eo
A BT 1RAZE ERe0] Fu50) sRa aEdsd Add FAw
A (20MW) & WA  EEa]7y) of ddAdE FHH

al
(56.7MW) & EFAI7|" FI+ 59.18HzE Ho|A]
Bt 19 A7 s& st T 35S s
g ARl FEs WA EEA)

al
A 7| Fut5E 59.23HzE "olA] Fakabg glo)

Table 13 Frequency fluctuation(2008, load 313MW)

HVDC Bipole Monopole Stop

Occupation of wind

100%| 70% | 50% |100%| 70% | 50% |100% | 70% | 50%

power generation

Frequency (Hz) |59.71| 59.8 |59.85|59.67|59.75[59.89|59.14|59.41|59.62

_16_



(2) FHuiH-sk 597TMW

20089 % AFAY BV EY] FEsES HVDCE Al2lstal 580MW A%
olm® 597TMWE] Ho Fatel AAM FAA FH I gk onjgo] A3
glo] Aol Erfsto] A gl gt

Hbd 4 76.7TMWE AabH A 4ol 56.7MWeF M d 4o 20MWE <

Alstel HVDCE 2314, 1344 ZHzte] tis] 359 00%, 70%, 50%
2 HEAM ZFAMNS ST A3 154kV ZAHEGEC] tREE wA e
Ao 49 SCE FYdste] Fadgs 333 243 Ayt A
AL Holux] dgtew HVDC 2314 43 FHAN 100%9 70% 3%
AL A3E Table 14, 159 el

i
R}
i
—
(@)
S

°
r&

2=

juit

1o
é

Table 14 Power flow (2008, load 597MW, HVDC bipole, wind power 100%)

Section Branch BUS (154kV)

From To P(MW) | Q(MVAR) V(kV) V(P.U)

Jeju TP — —~ — 158.30 1.0279

Dongjeju S/S — — — 158.14 1.0269

Sinjeju S/S — — — 157.76 1.0244

Hallim S/S Sl W IR i 159.05 1.0328
Anduk S/S -6.5 2.8

Anduk S/S — - — 159.09 1.0331

Namjeju TP ~ = & 159.28 1.0343

Sinseogwi S/S - - — 157.75 1.0243

Halla S/S — — — 158.01 1.0261

Sungsan S/S Halla /5 - S 158.49 1.0292
Jocheon S/S 4.7 -9.0

Sanji S/S — — — 158.10 1.0266

Jocheon S/S — — — 157.86 1.0251

- 17 -



Table 15 Power flow (2008, load 597MW, HVDC bipole, wind power 70%)

Section Branch BUS (154kV)
From To P(MW) Q(MVAR) V(kV) V(P.U)
Jeju TP - - - 158.20 1.0273
Dongjeju S/S - - - 158.02 1.0261
Sinjeju S/S - - - 157.72 1.0241
) Sinjeju S/S 17.5 8.4
Hallim S/S Anduk S/S a3 14 158.54 1.0295
Anduk S/S - - - 158.88 1.0317
Namjeju TP - - - 159.09 1.0330
Sinseogwi S/S - - - 157.55 1.0231
Halla S/S - - - 157.82 1.0248
Halla S/S ~0.2 ~6.5 {
Sungsan S/S Tochoon S/S Y o 158.23 1.0275
Sanji S/S ~ = - 157.98 1.0258
Jocheon S/S — = = 157.70 1.0240

83 THLAGAE FAlY A S w HVDColA 283 S-S
FEFI R ASFIHFE FokAd 529l kA FESH 1 UES
Table 16° ey ST},

Table 16 Frequency fluctuation (2008, Load 597MW)

HVDC Bipole Monopole

0 tion of wind
ccupation of wind power 100% 70% 50% 100% 70% 50%

generation

Frequency (Hz) 59.79 59.86 59.89 59.74 59.82 59.85

3) 2009 ZHAH] 110.7MW dAA SHAEA
2009 =74 FE o] oA dST 10.7MWo]r AJAH A 4o 56. 7MW, 3
dH Ao 50MW, ZHHA Lo AMWE A 224353t

(1) 2%k 328MW
A D), 29 #F2 WAOR ZFANSE Ay e Z 154kV B

X
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Wind Force 12, European Wind Energy Association, Greenpeace, BTM
Consult Aps. 2004
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