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A Study on the Application of HTS Cable in Korean Power System

0 -4 @A F R
(Seung Ryul Lee - Jong-Yul Kim * Jae Young Yoon)

Abstract - As power system is developed, an expansion of power equipments is very necessary to the stability of
power system and the problem of locating the facilities on downtown 1s more serious. At this time introduction of
superconducting devices are very good alternative to solve the problem. This study describes cases possible to apply
HTS cable to Korean power system and analyzes the power system with HTS cable. First of all, we determine the case
that HTS cable can be applied to KEPCO systems and analyze the static state of power system. Then we propose a

solution of the problem resulting from the analysis.
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E: 159 A9d FAHY 8 Fo
Table 1 Peak load of 5 areas

(&8 : MW)

HE | F=7 |95 | 5P (398 | 944 A
20013 | 18380 | 2648 | 5033 | 3,381 | 13,683 |43125
20059 || 22,082 | 3,174 | 6,140 | 4,076 | 16,387 {51,859
20100 || 25,777 | 3,698 | 7,269 | 4,783 | 19,097 |60,624
20153 || 28765 | 4,119 | 8224 | 5365 | 21,272 |67,745

a3 120159 X9dE SAAY 8 HF vlE
Fig. 1 Peak load percentage of 5 areas in 2015
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Table 2 Change of transmission line
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154 | 17576 | 687 | 20612 | 696 { 22903 | 685 | 24,032 | 683
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Table 3 Expected route length per unit demand
ye 2001 | 2005 | 2010 | 201593
Hg42 [MW] 43,125 | 51,859 | 60,624 | 67,745
A23% [C-km] 25,583 | 29,601 | 33,442 | 34,698
dFeF A2 F3
[C-kx%/MW] ¢ 0.59 0.57 055 0.51
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Fig. 2 Expected route length per unit demand
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Table 4 Expected Route length and proportion of
154kV un ] w
54kV underground line @l : FAC-Km

T % 2001 { 2005 | 20109 | 20159

% SRR 3H 17,576 | 20,612 | 22903 | 24,032
AFH2 3% 1465 | 2219 | 2651 | 3,075
A &(%) 83 10.8 11.6 12.8
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Table 5 Change of underground line for distribution system
NBIR[HNALE 538 0H 8

Aol L3

FAE | (Ckm) | (Cokm) (C-km) (%)
20009 | 14925 | 170691 185,616 80
20059 | 19901 | 188814 208,715 95
20109 | 24540 | 201313 225,853 109
20153 29,178 210,824 240,002 12.2
20209 | 33817 | 218540 252,357 134
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Table 6 Test case for HTS cable application

sAaabe | Heud 2 qewy A AEEES:
CASE- . . _ |EMTDC
CAB-L1 | 1OMW 23 220kV-87}| 50 MVAT | '
CASE- 154kV 587} _| PSS/E
CAB-L2| 154V 2azAo s g8 |20 MVAS | = g8
CASE- 154kV 587} _| PSS/E
CAB-13] 220kv 2a s Bg |20 MVAR| yegy
CASE- | 229kV 712 9‘“0]%% a= | EMTDC
CAB-UL|220kv zaeaelzz ga| P MVAE | eay
CASE- 154KV 7] & ﬂlol——-— | Gvaz | PSSE
CAB-U2[154kV AT Aol 2 A Y AEAY
CASE- 154kV 7] & FAle)2 & — | EMTDC
CAB-U3|220kv zazso)zz a0 MVAT| =gy
42 M5 A2 oA
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x 7 XMz AHOlE XHEHolH
Table 7 Data for HTS cable
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5. CASEY ZAlSsl4 % EAES

5.1 CASE-CAB-1.1
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P1 =557.9 MW
Qt = -10.4 MVAR
VS1 = 156.688 kv 4t

P2 = 109.3 MW
Q2 = 53.9 MVAR
VS2 = 156.764 kV

P12 = 97.0 MW
—» 282

X

P13 = 223.1 MW P23 =125.5 MW

2463
VS3 = 156.204 kv

23 3 CASE-CAB-L1 154kvV 7|2 A&
Fig. 3 154kV base case for CASE-CAB-L1
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Fig. 4 Detailed diagram of distribution power system (B

=z

O #3 "oy (d& =093 22 713)

- Iy AHAZNAN By dEL ATEIANES
Baa2d wakd 091 7 095 Alo]d g A=
2 E AEAAMEe @Y 09322 Ao B

i

2 olefet el AN

- wAAE A PL1 = 240 MW, QL1 = 96 MVAR
- MAAE B : PL2 = 80 MW, QL2 = 32 MVAR
- s dA%E C: PL3 = 360 MW, QL3 = 144 MVAR
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Table 8 Data for 22.9kV conventional and HTS cable
R NEA &
AT (CNCV 325mx Aol &)
0.17905837e-4 [pu/m] AAEAE x 0.001
0.28451021e-4 [pu/m] FAEAE x 05
0.71171248e-6 [pu/m] AAEAE x 075
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2 7198 Aol 23 thare) Uu AR
Agate Aol vaAq zASANLE Hgse A9
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AT & AEAFA Ushd YRS £2L WAAEY
AR H8712 10%E 234e47 gope 2 At
97 2 Rolw, web ApE T Gl A9 2
dow, 244 5o FYoz 83 38 A5 oz
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g3 9 BASE-CASE/CASE-CAB-L1 M3 =f{dn
Table 9 Power flow results for BASE-CASE/CASE-CAB-L1

ve | A9ETET [E9E Y 49599 Mw]
9 Hegey [BASE CASE[CASE-CAB-LI
19 24 -
RN 970 101.4
agzs | 1LAES | o 2251
2AEE | s 1231
Adg | P1 (1Y 24) 5579 564.1
Hefle] P2 W 24) | 1003 1166

*)BASE-CASE : %3 Z7F d(z2d=dolE HE )

I 10 BASE-CASE/CASE-CAB-Lt Mt ot
Table 10 Voltage ressults for BASE-CASE/CASE-CAB-L1

¢t A ¢ kvl A ¢ [PU]
A 24 | BASE| CASE | BASE | CASE |4l 2
kvl -CASE|-CAB-L1| -CASE |-CAB-L1
VS1 [156688| 15654 [1017455] 1016494 | .
154 { VS2 [156.764| 156.596 |1.017948| 1.016857 ;]:
VS3 [156.204| 156.045 [1.014312] 1.013279 °
VL211{22.7865| 223344 |0.995044 | 0.975301 %ggkx
229 |VL212j22.7865 | 22.3272 |0.995044| 0.974987 o)
VL213]22.7865| 22.3272 [0995044| 0974987 | , .o
VL214122.7865 | 22.3272 10.995044| 0.974987
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I 11 CASE-CAB-L2 si 4o & CASE
(20104 peak S &b
Table 11 Test case for CASE-CAB-L2(2010 peak system)

Z2AZA ol B

e gz 3 [MVA] 314 CASE
From | To (££7hH
=9l 4 31.13 MVA CASE-CAB-L2-1
Az ol 10555 MVA | CASE-CAB-L2-2
A Z A 120.00 MVA | CASE-CAB-1.2-3
A1 A 2 121.11 MVA | CASE-CAB-L2-4
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o 13 CASE-CAB-L3 sl A{c & CASE
Table 13 Test case for CASE-CAB-L3

ZAEH ol 8

HE qdHZ | 23 [MVA] 84 CASE
From |To(s&7})
<l £4 3113 MVA | CASE-CAB-L2-1
Nk 24 10555 MVA | CASE-CAB-L2-2
Al 37 120.00 MVA | CASE-CAB-L2-3
A4%1 [ 48 | 12111 MVA | CASE-CAB-L2-4
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154kV F&71olo} tisiA 229kV Z2AEANERZ A
%o AFE JehE ol B 149 Zr) AAHog o
9o APAAdol Ty, MR e AYZ{F T
vl gigte MtAstEAE Age 4 ++ Aok 234, o
T2 237 de F5en gREE )& AYEAE &
A7) A8A =N BYE Afede Adidez A
#7Zs A=t HA Jdeldn e, 1A 24N E
T4 47 AAASEA] daHE 2HNE 4+ UA
o} a8 20V ZAEANES HEA vehte Mt
AeEAe 2AAHNE FEd¥eEH HE sy AeE
gegch B AHEAE A3 154kV Sed ALY FRMAR
g 20kV zAEANER s AL 71&£Fe BAH
Ae dAFRez & A7 98 Aoz gddd. 29y
ZAAHA BHAME AEAHEE FAHEN Do),

x 14 CASE-CAB-L3 d¢et & n&MF Hat

= 12 deot o nXME Hal Table 14 Results for CASE-CAB-L3

Tabie 12 Voltage and fault current results A4 A% [pul
At A tpul 1R FHKA] CASE zAd A [ HTSC | HTSC
CASE | 4 |A=| HTSC | HTSC | HTSC | HTSC vl |58 o | 48 ¢
kvl ¢ o | 58 ¥ (58 A58 3 <:41(1490) 154 | 1.04163 | 1.03660

CASE- | =9 154 1.04163 | 1.04042 | 26.40 | 26.39 211(1435) 154 | 1.04159 -
CAB-L2-1] <4 |154| 1.04159 | 1.04040 | 25.00 | 2569 CASE- 2.919221(1491) | 22.9 - 1.01832
CASE- | A% |154| 103535 | 1.03463 | 3466 | 3466 CAB-L3-1 | £1%1222(1492) | 229 - 1.01832
CAB-12-2| ¥3d |154| 1.03489 | 1.03444 | 31.75 | 33.17 £1221(1435) | 229 - 1.01538
CASE- | A1 | 154 1.04025 | 1.03942 | 43.84 | 43.84 $4222(1436) | 229 - 1.01538
CAB-L2-3] 54 | 154 1.04014 | 1.03943 { 3691 | 40.17 A1721(2415) 154 | 1.03535 | 1.02989

CASE- | A%1 154 1.04325 | 1.04317 | 5343 | 5343 B3R (2745) 154 | 1.03489 -
CAB-1.2-4/|94121 | 154 | 1.04319 | 1.04314 | 52.68 | 53.05 CASE- Al 71221(2416) 22.9 - 0.95326
CAB-L3-2 | A1#222(2417) 229 - 0.95326
B 2221(2745) 229 - 0.94154
5.3 CASE-CAB-L3 B 3222(2744) | 229 - 0.94154
A1 (1740) 154 1.04025 | 1.03407

53.1 A=A &6 % A1(1985) 154 | 1.04014 -
_1-11\__ }‘]'B*““\_f 154kV 4‘_%7}_ 7_“%94 _\?_,5‘}_9/] 2057]’§. (3_‘_%“)‘1 CASE_ {‘.1"“221(1741) 229 - 100128
ﬂ_‘—x":. %g,g_ 0] %_8_5;}' 73_?_’ 154kV }b}ﬁiﬂl o]-g’;_-j',]. H]—;l:—‘t:sl- _g_ CAB‘LB'B ELH222(1742) 229 - 100128
B8 2T DKV ZULAolns Wese werold ZA1221(1985) | 22.9 - | 099502
= - : e == -0 ' % A1222(1985) 229 - 0.99502
2%V 2AZANEE HEse A, 71E 154kVe 17 1 A =1(1610) 154 | 1.04325 | 1.04060

Z EAE B2 w53 R 20kV 2AEAHEL ] 2418 (1611) 154 | 1.04319 -
T 32 EHY 4 derzr Ag €8 wHiy £E30 W CASE- A3 E5221(1615) 22.9 - 0.95521
Al w9 & olHe] Aut ¥ Alel= CASE-CAB-L2¢%} 22 CAB-L3-4 | 3 %5222(1616) 22.9 - 0.95521
Ao tiate] 220kV W EAEE HBa: ROTA 242121617 | 229 - 0.95387
ARE st E 137 e AdE NAsd. <44222(1618) | 229 - 0.95387
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5.4 CASE-CAB-U1
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EAo S H8)F FYd=z FA ASHES AFHIEH

5.5 CASE-CAB-U2

55.1 ZEA =EWY

E Atdle @A 154kV $HAFT WY FRE soez o
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AG13 )] A= ALE HHAFANE 156 % 29 5 F
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Fig. 6 Diagram for CASE-CAB-U2

o] W H&se 2AEFA)EY &HF2 IGVAR 7HA 3
deod, AEADNE # 167 Zo] HHY F Ut ofn) &
ol o3t A HAAHoz 47t A, ol T A
G Fe e Hovz AANAZBHAA Z BAV H
Ae E& Red wodgd. AHXHFFLE IRdtEo]
988%°lA 59.1%2 HIoZ M2 4Y Woly FHE HES
o 4 it} uwlebd A7) CASEQ A4E ASHEd & &
A7l & Acw Hudr)

=z 16 CASE-CAB-U2 s A& 1}

fble 12 Z‘gf*’i’ ' Table 16 Results for CASE-CAB-U2
al verload results
== v PR 3 = i;%_igﬂl;l% Z%E%ﬂl_;]%
ZRAATE (A%) | 20049 peak | 2010 peak qer | 208 | 10571 PU 102354 PU
A#Z 3% (ROADING) | 153MVA x 3 | 1946MVA x 3 < RE3 102475 PU 102318 PU
A7 2% (RATING) | 197MVA x 3| 197MVA x 3 | smae | 1982 MW x 3 | 3004 MW x 2
(%) =312 (PERCENT) T17% 98.8% dHzq | TAY = 5946 MW | = 6008 MW
(498 [ 2 g |139 MVAR x 3]267 MVAR x 2
¥ Gid - A% 2014 o F 124 2454 AR (@A Br1ERA L ap LTERE S MVAR” | 2 584 MVAR
AnAY #z) S Eh R e 98.8 % 296 %

A3z 20114 Ol %
481422 54 N3

154kV Cable 154kV Cable
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Fig. 5 Extension of Namdaejeon-Shinheung transmission line
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Fig. 7 System structure before and after substituting 22.9kV
HTS cable for 154kV existing cable
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Fig. 8 Concept of 22.9kV HTS cable substitution
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EMTDC ASHEE %
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Table 17 Power flow results for CASE-CAB-U3

P2 Aazaas | ZFF 2 A854d= MW]
|9 d49 R [BASE-CASE|CASE-CAB-U3
19 54
N 1087 468
agzs | LAFIT | s 2743
2L nm 2985
Adg (P1 (19 BA) 574.5 554.8
AESUS P2 28 2A) 129.1 1433

) BASE-CASE @ 235018 A4 A
CASE-CAB-U3 : 229kV 2¥EAol# g &

k3 18 ZMzAHOIE Mg MF Mot nt
Table 18 Voitage results for CASE-CAB-U3

A 4 ¢ kvl A ¢ [pu]
As | 2M | BASE- | CASE- | BASE- | CASE-
[kV] CASE | CAB-U3 | CASE | CAB-U3
VS | 156300 | 155.038 | 1.014935 | 1.00674
154 | vs2 | 156324 | 154.802 | 1.015091 | 1.005208
vs3 | 156789 | 153752 | 1011617 | 099839
VL1 | 22534 | 22190 | 0.984017 | 0.96899%6
220 | vL2 | 22471 | 22245 | 0981266 | 0.971397
VL3 | 22049 | 21944 | 0.962838 | 0.958253
P1 = 574.5 MW P2 = 129.1 MW

P12 = 108.7 MW
—- Da 2

Q2 = 66.5 MVAR
V82 = 156.324 kV

Qt = 0 MVAR
VS1 = 156.300 kV (=N IR}

¥ / X _
22,534 kV VL2 = 22.471 kV
P13 = 228.5 MW P23 =119.1 MW

243
<> vs3 = 155,789 kv

-
VL3 = 22,049 kV

P1 = 5548 MW
Q1 = 45.6 MVAR
V81 = 155.038 kv ©*

P2 = 143.3 MW
02‘ 1|56MVAH

ﬁ/w
72

VLt = 22,190 kv
o0 9kV

‘ EME RO
P13 = 46 8 MW

a2 9 CASE-CAB-U3 siA{Zdx <t
Fig. 9 Analysis resuits summary for CASE-CAB-U3
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