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An Analysis and Overseas Case Studies on Installation of
Synchronous Condenser in a Power System for Improving Inertia
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Abstract

Power output fluctuations of distributed power sources based on renewable energy sources can cause a problem of
inertia degradation in the power system as the installation rate of the synchronous generator is reduced. If the inertia
of the power system is low, sudden frequency fluctuations can cause problems with devices in the system, as well as
generate events such as low-frequency load shedding, which can cause continuous accidents in the system. In this
paper, overseas cases were reviewed to analyze the economic benefits of installing synchronous condenser to secure
inertia in the domestic power system. In addition, unit costs for new installation and conversion of synchronous
condenser were calculated to prepare the basis for domestic benefit analysis, and the costs were compared and
analyzed with foreign cases.
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Fig. 1. Frequency responses(up) in a contingency and power system reserves(down)
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Table 1. Comparison of installation cost and conversion cost of SC

New installation(including flywheel)

SC conversion

ltaly Australia Estonia USA Canada
Rated capacity [MVA] 750 516 915 1,400 194
Inertia energy [MW-s] 5250 4400 5700 - 460
Capex (As of 2022)
[million WoryMVAI 840 1342.8 9516 1399.68 84.48
Average capex
(As of 2022) 116 283.68 104.04 99.96 4356
[million Won/MVA]
Reinforcement of Reinforcement of
Purpose Reinforcement of power system and inertia power system power system and
(voltage) inertia
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Table 2. Installation cost of synchronous condenser

Rated capacity \ 300 [MVA]

Installation cost

Construction cost \ 420 million Won
Equipment costs

SC 5500.8 million Won

Cooler 1044 million Won

Spare parts 34.8 million Won

13.8 kV switchgear & starting reactor | 1352.4 million Won

138 kV Bus 62.4 million Won

Total direct cost 8414.4 million Won

Engineering cost 57.6 million Won
Reserve cost

Cost 687.6 million Won

Total cost
Total cost in 2012 9159.6 million Won
Total cost conversion to 2022 11880 million Won
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Table 3. Conversion cost of synchronous condenser

Rated capacity \ 150 [MVA]
Installation cost
Construction cost \ 240 million Won
Equipment costs
SC -
Cooler -
Spare parts -
138 kV switchgear & starting B
reactor
13.8 kV Bus -
Start-up drive 120 million Won
Thrust bearing 60 million Won
New exciter 120 million Won
Total direct cost 270 million Won
Engineering cost 57.6 million Won
Reserve cost
Cost 687.6 million Won
Total cost
Total cost in 2006 3445.2 million Won
Total cost conversion to 2022 5196 million Won

ok s Aule] g ABHIG E 32 A=
& o) FoE e e A ge
FMA7)7E AT Sl AA7)e el we
2ok 4 otk A Wge] 43E A=Ere B
NEES oF 26% 7HEe 2002d B4 71E

o] Asulg FAL AN, T AL 51.96%]

i

o, BASE 520 T7|2d7] AglM F

+ < 2ietr] flstel E2

< 497F St

ojgt ¢ ol it wE& st

oo, Sehold e Al g2 =AY e 7

Al et olvA mlg3 T AUAE HY

oz wstr] f3 Agn|gor FAE ofefe}
Zo] 2dT & SUTH14].

Cost = ECypy+ PCy, M

U A] H|L(EC, Energy Cost)> 3] Z A, 23
342 T HEoRE FAo] HM, AY H-E(PC,
Power Costs)= UHWE T Mg W3] go] x3}
dot o] o), 7|27 Egtold BAe Fakd

52 S7|=47| dA & & FH H|E #(U

ofgzlol ARe  T71E]

[MVAJell tiste] Eefold& 58 #4
A& Tsec ]S Ze 57124719 gk AAH]&

o T A%E A
%

2@ rlo ofN
2
E
e
Ho
oo
ol
=
=
QL
e
o|N
N
o
v
oy
)
ox
QL

glo]7] o] AEFFTE Gt o R 4] ¢hon,
F7) 24719 BAAFE 175sec )L 7P
S o, Feol8e 53 #9 BAo] Fasitt o
o, Setolde Fotd FTkjoF st BA A
ke 525[sec. ] HEE F Qith o] Hlgow
ARG ZFlZY AYATE  1312.5[MWs]

(0364MWh) Y= & & St} mebs, Sl
iz H&S 129Y/MWhelgtr 718 o,
250[MVA]Y] F7124719 BARTE Tsec]E 5
7FAZ17] fg Eefold e #ARA ML 4329
Ho=g F4 st
uebd, 71247 AAEA 2 HEn e
49} o] F4& 3T
F 37 F 45 BlusiHe W, & 494 A A
19] 749 100 [MVA]S B+ AFGHIe] Ao]7} Sl
AL AT 4 9}, o= Al XY A &
5124719 717] @ Bz7)7)9 A Bt o}
A B4E 1 7Adne] ol Aoz
ujgo A9 AR FAb
F49 Aoz AdEy, ol Mo

m
fH

(

EUREC)

riet

&
o

r\j

29

]

do 4
(T
B3
>
-}
lo
R
r 0
B3
ofo
o
-\
i,
=
ofo
s
S
e

b
2]
ohosto] 115%9] wde A4 & dge ¢

4 it o o 1 O Hyorr
H
2
o



Journal of KIIT. Vol. 21, No. 1, pp. 49-59, Jan. 31, 2023. pISSN 1598-8619, elSSN 2093-7571 57

T4 SI|EAT| MMz 2 MEH|E oS
Table 4. Prediction cost of SC installation and conversion

New installation cost
(SC+Flywheel)

Conversion cost

(SG->SC+Flywhesl) Note

Total inertia energyMWs]

1750 250 [MWIX7 [sec]

Assumption SC inertia: 1.75[sec]

SC cost as of 2022 (estimation) [100 million] 99.048 87 Fywheel ineria: 525 [sec]
Flywheel reinforcement cost (estimation) [100 4%

million] i

SC+Flywheel installation cost [100 million] 103.368 91.32

Average capex [million/MVA] 41.28 36.528
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