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Power System Appiications for 22kV Class Superconducting Cables in Korea
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Korea Electrotechnology Research Institute

Abstract -~ As power demand increases gradually, the
call for underground transmission system increases.
But it is very difficult and high in cost to construct
new ducts and/or tunnels for power cables in
metropolitan  areas. HTS  (High  Temperature
Superconducting) cable has the several useful
characteristics such as increased power density.

Therefore HTS cable can allow more power to be
moved in existing ducts, which means very large
economical and environmental benefits. In this paper,
we carried out investigation for Application of 22kV
class HTS cable in Korean utility networks. The
results show that the HTS cable is applicable to
replace IPB in pumping-up power plant, withdrawal
line in distributed generation, withdrawal line in
complex power plant, and conventional under ground
cable. Finally, as the cost of HTS wire and
refrigeration drops, the technical and economical
potential of HTS cable is evaluated positively.

LA B

Ao g AolEg A4sta B4 AHFY EE 3
Aojd el ojgld ANAMHE $AHEE NFSAMD
AAs #HA HEHL OF #AolE, dxA CV Aolds
o] ®o] AM&HT rt 2 dix4e AL Wg9)
AF, EA7ISY nxsd o8 A9 Ra dE7t Ho}
Aol we} xFAolEe wgFirt BrvsAd Hdn
olof o sfAWtor BL3M THE o]gstn ¢o
v S ZARGMN EXE Sude b o
A7 x, ¢ J4Fe $48%F g £nEe 3
& AF Aolge £ HAAY Hxn H_es
of o8] Atg By WP o] g FL sigtolal ¥
& gt elaldt AdgolA wlglel oldHel Ao
BEAE AN &40 dAsA Hu AR
Uxrt vjepgon 2 ZAEAES AF Hgo] =
AESHR Jon A $Elvugoys d749 dge
FALR @& A7 A ghoh(1)-12D)

ZAE AoEE AAY  RE&H 0] A% g
of £WEHE Y F Y RE 2 =49 AN
FHAALBKVIE ASE £ 3 A4 FY 27
2 diggde] ssdng A4E 29 4 Qo &
ARzAsAE Y, §5) d4uE dEHeoz HFgAz
¢ e FEE 7ML k. B RAE AEE A
Ae HAolEg Mzt AFol HesA Id Ay 2
o ARzt FASA Hed oz g Rl Hxs}
E2 A% RS F4aAA T 988 3o 43 A
HAgY AAES FUEE AYE 48 & i3]
weba], B =g A4 AYE 2VE EAHE
Aol AHIA ATl UL P8 7Y Hgu)
g n@sd O HE JeAS FESID

2. 2Z2kVve WX AOE AS HByot

FAE AolE HEute AESE g wakM o}
G {7 MR 2 =FdME 3A 47
(Customer) ¥ A3 AN Utility) Alg o2 734}
FE71AE ) HEote AL AolBg HELH 5
vel glv E719 % o1& 7hA FAAHY ol Specific
Objects)g& @48t &v, o) 71RHLE Niche
Marketing 2 A4E& AUn ok, oo wtsh A3
A A S (Network)el ] A &oiete £ 471AEF3E= @9
E3 dARgE AHAS dAdd 2AE Folle] Hg
2 5 s 4k $¥8E =38 AFS -a 9
o},

B =RME ol F X HE AT FoM EY O
Aol Z3HE £47 AFRYE AFGAL AA H &
o] et MY Al AFo) 2HE AolE HE Y&
3F FHE Fev TF Zzo HE uehd 74
A HENEE distdx dupoct A ALAE
e Ay Lot AEste AFelstd ole) ¥ 13 o
2} 4 dighel distd s oS delM A4 Jleslg
},

& 1 AHIAAIB ] 22kVE 2HE AolE A-Lulet

4ot HEAHE

A4 944 IPB
#trt  Fabdd
JEMdR

Aed 25y
SHL: JEE=

Y, A8F

AP A&

AR, A8F

- FHERE U =X Aoy uA

- BYEYE AE O, reavl %
AAGe 2 J|E Aold T4 =Y

- £#Zd9E 98k Aol A4 "s
(AEANE JMF FAE 99 2%
Aole &)

= qel B4 154V S/S fA5
2T ey B2 ¥ &V A% mAN 2V
S A2 aA S 2AT Aol AHg
= - AdAH 154kV MEZE 29VE A
(A4 =4 154KV $/S A 7bs A

NE 229KV Mz
o 22kVE x4
= Aol diA

2.1 22kVe 2Ax AolEe] AFIA AF FH Lt
| - A

1) Addds IPB

WAdo e BAHEA(18~23kV)S  FUALI54~

~ 409 -



T65kV) Aol & At HEE AFAL18~23%kV)el ol
K100~ 1,000MW)ol2 2 AFEFo] 10kA oo
A B8 a3d, getd, 71£9 ACSR Aol #olE
27125 287 BE & AL E d&3e
AN #7718 7A ¥+ PB(nsulated Phase Bus)& &3}
o gleh IPB dol: diF 4 m HEe] #3dxgt
4L 20~309 99 nrvtelct 48 F& ¥y A
9l A%, A¥Hog LHNE AF i FEEYY
E Ao glenz gAE Ads] s IPB =
AE $4% 4 e €Hde A48 g AT 9
o}, 718 g FRLAME o9 o] AFEdE F3l
of IPB £XE Qddsta Agstn giv) 7jE wHig
IPB EAE 2A¥% AoEZz diAstes AL ofds 2
L ojf W&o dHHoR ofg]ge] Uvtn ATET

O AEr|gd By R V& [PB A ©E EuE
AE w9

0 24X Aolgd w& ware ¥F NIx 4% £
A (A Aoy R WHZ4uld A4 ® nFE
v AE 948

O wA: FAE(Ax DY) dixg IPB 7HE(20~
30 4)e] violg zd, #F 4 Y LAz
ZAx AelE HEL IY F Y& AV U2 B
o, ol& AHMAME thi 28 o] SHHF @
22

O IPB SAlo} tuig A= Aolg ¢ Wadue A
Aol Grsiojel dinj, FA4EH 8] wE YA,
g 27 & A A BAAC glojok @t

0 A= AolEd WHY A we FE] 7|
& IPB =4 2o} g 71Ed Ayl Bigs oo}
g} ole Ay 9 H2=E A AL FF A
Hxrt @A FENY KAH}F & FUTh

88420 g8y

A4 grey

3% 1 %7 $d4 A 4§ PB YR

2) Hel Badg aads

otz BAAY ges 8V, MW 39 ¥8 ¥
22 FA77F Bol sigte] AAs Yx olF B}
E4 A9 9= Collector Systeme]l AZsEZF Ho
gk o] A% d #ASNM Collector Systemo B
AZdste MY A £330 aux ax gonz v
& FAolEe Agslxm gt a8, Collector Systemoll
A VSC MEgA(EL AC ¥AL)ZE d4d3es HRe F
B Vel A F4 MW o4 dEF cjER g =
9] 71& AolEol HaFd, o]&F AL Aol ERE Al
& 12 el gl ol BAHY w@xole &
Ax AolEz VSC AgwAe] H 2L dnja ¢ o]
BEAd o] 24 A4z de FrtelA &F P

Lo

#Hel Asler s e Abgeld delay 2020
d AA A"r8e 20%E olad EAHddd oy ¥
8 AL HAx o, old wat 2AE AolE
HET o A AoT dgdn
FUe A4 20209 AHFF 489 5%E £4AAHY
o8 FHY BERE M Jeng o Wi %
Ae Aolg A4 7Hsde HE ool doth 24,
A AgER s di#d 100MW FHdXe AC
154V A%} g ddsiz gon, drlag g
o7k Eabdde) gAHolnR dntad $9¢ V1F
28 #9d = gF 29% U W AFz F&
71e} o)X #etrtel FHEAE FF spLEvid 3
E9 4x7 gl ddgth

4
154 o 4V ?’i\

e sy
POMER o TRV 10MW
JHE Aok
SYSTEM JIEHolE L /i\
—HIS-CABE1X /i\,t\

oy 2 2444 ed 24RA0E A8
3 AL 92 583y $ds gd=

2gsly 2xie @A ofF 18-2%V Axeolt)
o] gxlAYE ¢ HArIE AH IM4kVE $4EH
FRAAZ dzdd wetd  BEsE SdiddA
154kV 2AE dZd3s 71E 154kV A2 5 22kVE &
A AEE dAF 2% s AW E A £ 9z
A compact®?} 7t

A4 £5d 3 9, A, AdY £7F F o of
#e By WAL o A o] AEE H
2% v52d A9 AHFIY ¥ S @9 I ¥
gug xdd Rart £xd X9 0% A5H 9]
I gFERE olgd HFHo] AHE Aoz dAHEER
TEA B g3y ddiE geR: A4 AT
AAHE A} wiEkAd olE§ By wHse
154kV S/SE e MR 2kVE AR AolE diA
e A4 sAol 433 Eoxn ¥ £ Utk

18-220v/154KV 154y 24

== - O——
4

154kv 2

39 3 £33y dA: ASTA

4) 71 229kV 2 154kV 29 22kVE 2AX
AolL dA

ol YasL R AT HE g S7e
Niche Marketing® ¢l A4 & 71Xz gt} ole] whsf o}
eolhAl 2oE ZlE 220kV 9 154kV M EE] 22kVHE
ZAE Aol AL TAH MiEce HAA AL
HE7hsd ditded F8E AsteE ez e
el Wi A8 L FAH HE st el distd V)

- 410 -



=8
B & 220kV N2 g B

O =5 Aol A

A FU AATE 22kV uFA o2 A5}
74 197089 F =l “H’ﬂﬂl%“’] 229V 9FHA =
EdA oz AR HAd ojzx gl 'rEIUrE} A
FHAANES F TFL 17231C Kme] ol2n, o]%
dA  sodd A4 Aoed #ARE %
3664C-Kmojr}, wep Aojge] s34 dg 30d 4=
2 AP0 20109 o 58 EX¥es WA Aos
o RAFL7 EHY 22 FAHE, o|HdAM Ao
el AN FESstel Sl dd4 gaE Ao
245 AolEe 3 WaMe] 3UE .‘li g€,

@ 58 F7hA ZEAE dA] B FH A
BaZ7tE J@ de FHol daxw dxdes
#A2E FHE F QAU L B2FH] shesbgs
EE Falule] 7153 Ryl EAZE HE A% A& A
olEg 2AE AoER dASRAY F4 AEL &3
Z AolEE TAY & Ut G AP uis 2ol B
A 2718 7MAE 71E AdEH 2A= AEY &
AEEe vagds o A% slojde] & sjoldd
vjgf Ik wEA JE Ao EY F4 gflo] NE BR
g olg3ld 2AE AoER mAYYd FF R T
Zbel W& of FAEYF BR FUF Fd6 A4
“H 2 oldg 2 # gtk o @ JE AolE A

& 343 dolA Yl =¥ AddE UM T 74
e 3 g2 A5 Niche Marketing€ 38t} A 3
Egtool & Algow #gdd.

W 71 154kV A2 dA 3¢

O =4 154V S/ 973 2 FA 2%V 2¥E
Aol A&

7]% E4u 154kV S/SE 229V AL g8 dx
2 sta o A 4374 e 154kV 5/SA FA
229kV A2E ¥t AHE TG

@ =F 154kV HE 22kVHE XAE AolEE uiA
GdA 71Ed 2%V =F AcE dAst TUdH A
geza 71E 154kV AolE xF2 QUstd AT o
WKVE 2AE AolZa dgjae ““’}o\t} 154kV XI
FA2e Y 9 FFIAEE HHrd sYgu A5
2E A= 1970mﬂ AgA Gl gRE @ilsmﬁm
2 % 80-90ddE AR Eoh A& 2 UlE dixAed
Hg slglony MEL OF AolZo] 74L& 600 mm 23t
1200 mm %0l FE&& o}F 3 Utk o]F 1990d ol Ao
A Aol HEr A 41834 F o 2%E A
8 943jMojn] o]F Mzdel: £ 36Kmol °l=2x
gtk AolE Ao olgd F£9& AR 40-50d A
Eolxgk M 9 audeE tik 48 Rer
FHEg 1kVE RAE FolEo] F&8=E 2010874
o 19904 olAd HAFE ojE AR =M HE
ged Aoeg ¥y

@ AeA 154kV HRZE 22kVE 24X FAolEZ o
A

RErErte]l wel SHWY Jizke] Mz Add4A
154kV S/SE AdsA g dald 2%V HAHLs
7438tm, 71E =4 154kV S/SelA 1564kV il 22kV
# 2AE H2E olfdlo HHE FFIW o AL
229kV A FHA dad ¥A 2 Addy] vl8o}
154kV S/S o) = vlgET Y Houd Z v

4 Agas & &
20109 74 @ NFH2E $EAL FHOE @ /|
e dE=Alel 134 £ 28l A2 14" dAold
I FRE & 7484, Azdo| 180Kmel clEZx; it
M%f 84 FHFE olF1 U XLPE #olHo| ALg
g Agoln 23} Fute] wE HAG $HEF F7hol
el 1200 mm © BokE 2000 mm ® AolEel Abgo]l @
2L ¢+ U

3.8 8

2kVE ZAX Aoy HEoier2 o8 7R #HA
Hed ¢ A% 2 =fdAe 3A AE $871 A4
o Ayl Ageor Yrten ERNL g A
£ 7H54E ANEe e 47 AgRus FA
AT g dPEHY HEEAE 22 F Qe A
YA AEE FHoR nAHY FF ’*7‘33 Rins)
leddr 12*5717\ 2o 4 2 Fst
=48 ad A d]*&ﬁﬂ g o AdgdL PB 94,
#et7t v’i*’&%l%l ‘{l%’ﬂi’n, Sy was Q2R
g B JIE 2%V ET 154kV HEZ dAE 4%
2kVE 2T AolEel AE 7h5Aol W 58 3o
2 Agdd. =¥ ‘?}3?' Bx AcE 4o E B
B Fapulel ixvlg 9 i du] g, $73v)]
4+ 5 3 Life-Cycle H-4&ws dA FE3F
B 4&As aEd & o A9 FAH o9g 4% &
e Rez 01]’8%1‘3}

oebA, A% Aol AF =YL 35 vty
HIEF R 4524 g 87 2Een nxdd
ITAM R A e mYsE RFE wHeze] ARE
AHA Ol ZAHA HAPee] shisn dedEqd

A 2
€ FTE 2147 ZEHo AFATAAY A
2QES871EL AR AT Age) 99
FYHgEUD,

%2 F 4l

[1] Diego Politano, Marten Sjostrom, Gilbert Schnyder
and Jakob Rhyner, “Technical and economical
Assessment of HTS Cablesems” IEEE Transactions
on applied superconductivity conference, Sept. 2000

[2] John Cerulli, "State of the Art of HTS Technology
for Large Power Applications: Current Programs and
Futrure Expectations” Proceedings of the Power
Engineering Society Winter Meeting, Dec. 1998

{31 R. S. Silberglitt, Emile Ettedgui, Anders Hove,
"Strengthening the Grid @ Effect of High Temperature
Superconducting(HTS)  Power  Technologies on
Reliability, Power Transfer Capacity, and Energy Use”
Rand Corp., July 2002

[4] iR, “A5a Z7] Aesd AE”, 2000. 1

5] =ZAZHFA ASAEA, “20008 7] $EA 4dH|
A&”, 2001, 3

[6] #=AHFAL, “gH XFHE #F", 2001 6 on
radial distribution system”, IEEE Trans on Power
Delivery, Vol. 4, No.1l, January 1989, pp.725-734

- 411 -



