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A Study on the Application of 22kV class Superconducting Cable in
Utility Network
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Abstract: As power systems grow more complex
and power demands increase, the need of
underground transmission system is  increasing
gradually. 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 can carry very high current
densities with strongly reduced conductor loss and
allow high power transmission at reduced voltage.
Therefore HTS cable can transfer more power to be
moved in existing ducts, which means very large
economical and environmental benefits. A
development project for a 22kV class HTS cable is
ongoing at a research centers, and the cable
manufacturer in Korea.

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.
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Table 1. Generation and Demand in 2000, 2005,
2010

Ux 2000 20054 20100
o 2 [MW] 41,007 52,624 60,975

48,451 60,394 71,413
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Table 2. Trend of Areal Peak Demand in 2010

A
[(MW]

2000 | 18,760 | 2,634 | 4,176 | 2,881 | 12,556 | 41,007
2005 | 22,489 | 3,716 | 6,449 | 4,048 |15,922 | 52,624
2010% 25,920 | 4,077 | 7,989 | 4,813 [ 18,176 | 60,975
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Table 3. Status of Transmission Line

2000 20054 20108
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765kV | 595 2 774 3 1,193 4
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Table 5. Status of Underground Transmission
Line in Distribution Network
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Table 6. Technical characteristic comparison
between conventional clable and HTS cable
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Table 7. Voltage variation characteristic

SIL A SIL /)
Bt £ | (2FE ()& w3
Aol &) Aol &)
0 MW o
(F-5-3h) LIPU LOSFU ) #98 |
N MW 1.05PU LOOPU | A %3
K MW 1.00PU 09PC | F%3t
H K MW | 0.95PU 090PU | #%-3t

e AAEd e AZgee AR AL HE&H
f=uto] ¢lE ZBridg ol&{E R A A
(Specific Objects)E ZAdok 3, ol 7|23
Niche Marketing &% 44& Az Ut

A

= 93 54 yiguce AAAE Add 2AE A
ool 1gd & dx JWAY FFE TESHE 4

4g s sivk

Yol FeEE +87 AFEtE AHAF AR
Aol shed AR Aol 2AE Aol A&
gt mad F¥& FUoH £ 44 4§ U
W AR AeAAse detl® Asfugich ok

oF

Ao tistdd e siEstn ok

I" %7|: }“EO]I OI 7!]% g g:Eﬂo]-

7N2ER o F£&7F A%l W AEdAL
g1 2738 nEF Akd AEAAE Ze FY
o, AAFINANA ST g2 dnEHR W4 AHE
ote #A:= AP ©a2u. uweld, o]l Niche
Marketing®l 444 Az Uth

A3 A AEde] AY A 8dcet

A4 A8 &

£ 8 AHIAAAE 2kVE 2AX AolE AL
Table 8. Application of 22kV Class HTS Cable in
Utility Network

BErER HgA g
A4eEs IPB | AW, A3
ok B
QLA FER gaq, e
Ngole Hgs
2 ada AR, o8
AEAR
- $RIRE U wF Aole @A
= - SYZUE A oA, Fa57 9
Jz zavy A" §H538 0% AT Ld
S ROV Sl Susdg A9 Aes vude
= Aol A el as gad 3l
zEAClE )
- X4 154kV S/S 943
71& 154kV ’:j% - ‘J:Ji; 1541]<\€ ﬂ]olg AAA 229KV
o] 229kV EA| ZH= AolE FH
g 911079% A - AJddeR 154kV U2 E 229kVE
A (A8 =4 154kV S/S A
| 7HsA2)

—

22
2
4
zﬂ
o
A

~

VE 2AE Ao AL ASHE

2~

N Agss AT BE & Aguty
& BF4e JEstan. Ake £871 A
g4 £2e Y F87bE 2Ug 3
W HENLE B AYelnz 4 A

2, i

2

T 2 e

30 Moo N

1) AldEA4 IPB

g Ao A A 7] (18~23kVIeh ity (154~
765kV) Alol& dAste HdEyE AALU8~23kV)dl
& 2F100~1,000MW)el B2 AF &%) 10kA °)F
omA #As Ak, wekd, 71Ee] ACSR FAAdeolu
Aol #FrizE sty " o V& dHioNE
ael AM F71E 7+ [PBUnsulated Phase
Bus)® A&sli 9ot 3 2 3d0AE o3 NE
okdx WA 2ol AETA deted Velhda Yo,

A Fegdid A48 e IPB Zole o

(a) IPB %




o
oM
1o
Ho
-}
02
o
ol
g
(2]
i
ok
>
X
Om
2
[\
[\l
e
=
il
P
2]
H1
)
i=
njr
H
e
1o
Ho
rok
™
olo
=
>
Kl
]
N
[6)]

PELE LIS

by 38 2L g4 dHL: Ade
O 2. %5 B1A AL IPB NEE
Fig. 2. Configuration of Pumping-Up power Plant

GIS Switch yard
(154k¥)

—
—

HEA(154KV)

777
/
7/
iy
sgwe)
HrsHom (1BRV/154KY) 154K Tunnel
fai}
; ] £
e T54KV TS0 (281 4)
e fasm (34Y#Y)

gREsd
(18KY)

ad 3. AR Aol A% FARESF I dHdd)
Fig. 3. Configuration of Mujoo Pumping-Up power
Plant

AP =

oty BEAAY dxle £V, MW 9 8 &
ol ko] AbAfs Uz o] F W
A A A & Collector Systemol] FA3IE
2 Ho] gt} o AE ME 2AE7YA  Collector
System®. 2 F43le ME HA2Ze &0 A A
A gopz 71E AoEE AHEStT At I,
Collector Systemd]x] VSC #HEA(EL AC ¥AL)
2 dZdsts HzE 9 Vo A, F4 MW o9
W& olmz v 29 7|E AolEol HEadd, o
ZAL AolER tAsA 12 vlo] A8 dt}h o]
28 B @xoe] 2AE Aolgz VSC AW
o] Age dulzg o go] FAatdgde] A A
3 Qe It FFE AUIAH AYem FHE
9l Algrolt}. HimpaE 20208 AA HEHF8.9)
g ozl BatAdd o8 FFE AEL A
o, old wal 2Ax Aolge HE&E s A

2 o4t

s

N 2 oo 1x
1,

A jo o X

!

i X0

Wel A$= 20208 AHFH 29 5%F BA
Adorw FTFT BRE 7IX2 ong ol w4y
o] ZAE AolE HE /tsded HE HeHol
ot 2y, @A AgEn e By 100MW 3
©RE AC 154kV $3%d Y AZAszn den, 9
alze} @2 Ftst E4F
ol BU3 riEoz Hd .
ok A Fw B 71E A oA sietrte] FEAAE
o ot JE9 X7} Utin dAE

Y
2 1t
+
e
£
A
A
2
ft
20,

> SR %

Xt iRt
o) w0

JEANE
JEHDECK %\

+

&

4+

O 4 BARYD ©@x 2AEANE A&
Fig. 4. Configuration of Applying HTS Cable to

Distributed Generation

T a

e dabE e oF 18-22kV Ao
Bl E AA 154kVE SH
ok webA EEEE 2iad
2

e 71E 154kV A RE

AL
20kV 245 A2z gAT 3¢ 4 HdVE A

o fEve A9 53
Hol 9z FIZZE ol

9Bz £Ed 329

A& A d4E 4%

o]
oy mop 154kV S/SE 9l

off 9
X
o

N
4
h
)
)
18
9
2
o o
i)
A8 H £ o) X0 e 2,

Kb b

Bgsy Pace o
o meba oleiw Bs
Mg 229kV 2AZ A
gol wohu @ 4 Ao

N -
ol dAlE H&rtEdel &
=28y 154K 2
LA R 18~22/154V © owre
- . A H
[F 257 Now e SIS
s A i 5w owe & o)
2 L
%'l\’\,k o ;—
e ; . T e =0
ator =
T
—ir
> B
(A) 2A% Aolg HE& A
sered 22kV3 BEE HOIE

O oX

154kV 24

s B s o] sHNE

Aol A8 F
& A% B¥Y FA

onfiguration change of Complex Power Plant

4) 71& 22 .9kV 2 164kV A2} 22 9kV A%

ol & di A

o)t e FRAe
1

Niche MarketingZ ¢l AZAL 7[Rz At} o< Hts

obfAN 2ARE A&
229kV ZAE Aoly: A

1 Alsel A8 7bed Fe

b e A

29kV 2 154kV A =29

2
£& FAAD NrEnge A



26 BIEME-M2IEHE=2x|, 53, 2%, 20034 9¥

ol

S
N
ko
g
g,
ol
-4
2
a2
B
oo
N
Ir
oo
ox |0

|
C =5 Aold WA

HA FU ulAAEL 22kV HHA BHew AHE
st 19704 F9 Sl v Aol 229kV B3
A FEWHoR WA @A olz21 Stk F3
vzt A FuaAelEe F 4L 17.231C-Kmdll o=
o, o]Foa] 80 ddl BAHA AolEY FEE o
3,654C-Kmo|th. e} Aol +-& iz 30d %
=2 FFPE 20104 o] FHH 4
ol29 wAFLrt 2 or FHHH, oA

Aol B mAA FFEF3Y Fule FHAdF F2E A
ted AT AojEo HE FBagol U ALR 4
A=
@ B3l Z7HA 71EFAClE UA 2 S48 AF
nazstz A% NG5 FAo] AT YATe
2 #2E 24% £ gAY T BEFH 7tEdt
date EE FA e 753 Rge] A7 He 4
° 71 AoBL XAE AoEE UAsAY F4
AolBL 2AE AolBz AT & Yot ¥A 49
g i} o] FUZ AV E A 71E AoEHR &
AL Aolie £H LS HuFyL o 2AX Aok
o] 71& AolEo Bl Zty uwtelr 7IE Aelwe
Z4 glo] 7|& BEE o &3l 2HEZ AEE X
oA FIT Bt Zrbd ©E o fF FHLE B
Zzuizl AdH) WA ff 2 ojd& d& F U
t}. olglg 712 Aol WA T FATH goA 7
P 5:_0

Q= B2 08> o1 2N
1.2M

Retzrlz A AN AR Al

@@

SE

a9
g
Fig. 6. Application of HTS Cable in case of extend-
ing power system
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Table. 9. Construction Plan of 154kV Under Ground
Cable in 2010

amg | aw | 8 ga| 72
ZH-vx | XLPE | 2000 | 1 | 6.0
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A9 | wa-®A | XLPE | 2000 | 2 | 50
-8 | XLPE | 2000 | 2 | 30
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Fig. 8 Configuration of Power System Applying

22kV class HTS cable ~ Step 1
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22kV class HTS cable - Step 2
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