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A Study on Protection Method of Energy Storage System for
Lithium-ion Battery Using Surge Protection Device(SPD)
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% o] gslo] ESSQ] BHlHL st thafst Al4e] QS V|Hko 2 ESSO| THIAITEAS BQIs A, &2 AlnAF
2 st 577|110 F27} &6, W¢- & CMV(common mode voltage)7t 'EA35ke] ESSY] A<do] mtajd 7}
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Abstract Recently, the installation of energy storage systems (ESSs) that have a range of functions, such
as power stabilization of renewable energy sources, demand control, and frequency regulation, has been
increasing annually. On the other hand, since the fire accident of ESS occurred at Gochang Power Test
Center in August 2017, 29 fire accidents with significant property losses have occurred, including the
Gyeongsan substation and Kunsan PV power plant. Because these fire accidents of ESS are arisen
regardless of the season and capacity of ESS, an analysis of the fault characteristics in ESS is required
to confirm the causes of the fire accidents accurately and ensure the safety of the ESS. This paper
proposes the modeling of ESS using PSCAD/EMTDC S/W to identify the fault characteristics and ensure
the safety of the ESS. From the simulation results of fault characteristics based on various scenarios, it
is clear that the insulation of ESS may be breakdown due to the largely occurring CMV (common mode
voltage). Furthermore, the CMV between the PCS and battery can be reduced, and the insulation
breakdown of ESS can be prevented if an SPD (surge protect device) is installed in the battery and PCS
sides, respectively.
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Fig. 1. Configuration of protection devices in ESS
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Fig. 2. Fuse curve characteristics with inverse time
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Fig. 3. Optimal protection algorithm ESS using SPD
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Fig. 4. Modeling of battery racks and DC line
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Table 1. Simulation conditions of fault cases in ESS

fuse short-
cases fault locations operating circuit
time resistance
short-circuit faultat
I .32
case battery rack(no.1) 0.52[ms]
short-circuit faultat
1I 0.18 0.1[mQ
case PCS arm(no. 8) [ms] [mQ]
case Il |short-circuit fault with SPD| 53¢ @3
case [ and II
i battery rack >ic PCS o N
fuse  MOGB DS fuse Utiter fuse yogp 1w ACB ol
il 4
Case | Case Il

Paay

C-filter

Case Il

:

Fig. 8. Fault cases of ESS
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Fig. 9. Fault current and CMV characteristics in case
of short-circuit fault at battery rack
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Fig. 10. Fault current and CMV characteristics in case
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Fig. 11. CMV characteristics with SPD
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