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Abstract Recently, the smart grid and renewable energy technologies are paid great attention due to
global resource depletion and severe climate change. The installation quality of ESS, which is one of the
core components, may be different depending on the corresponding working condition and installation
environment despite guaranteeing the quality and safety of each component in ESS. Hence, the
technology of site acceptance test (SAT) for ESS is required. This test is required not only for the
performance testing by H/W equipments but also for the performance verification by S/W tool, to more
accurately and reliably validate the performance of the ESS, especially in advanced countries such as
USA and Germany. Therefore, this paper proposes modeling of SAT equipment for ESS by using
PSCAD/EMTDC to evaluate the performance and reliability of ESS on-site. Furthermore, MW scale
movable test equipments are implemented based on the proposed modeling. The simulation and test
results of SAT for ESS installed in the field confirm that the characteristics of round-trip efficiency, low
voltage ride through (LVRT), and anti-islanding for ESS performance can be accurately evaluated. The

results confirmed the usefulness of the presented modeling and implemented movable test equipments.

Keywords : Movable Performance Test Equipment, Grid Simulator, Site Acceptance Test, Factory
Acceptance Test, Round-Trip, Anti-islanding, Low Voltage Ride Through, Energy Storage
System, PSCAD/EMTDC
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T AARCE A 43 A% 7|5 Wk 11
A oo gt Tilo] FHEHA AUIE IFE}
APl 7] 7o) ZgHkar Qlet. ol 714 S
291 9491 ESS(energy storage system)= A3}
A ¥ (power conversion system, PCS)e} BjE]Z]H
2 FAEE, 449 e FRAeAIE(factory
acceptance test, FAT)Z 33t & dJof AX]Hc}.
SHAIEE, ESS= 2+ AlEe] E41 J5 2 bxAdol B
Hogs @39 34 52 2yPohs Aol ot &4
F4o] 9EREE, dFo] HXH ESSY H5 ¥ A
Aol gigt @A 1A ¥ (site acceptance test, SAT)7]
9] 7o) @=L Stk EE v= 9 5Ud 22
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2. MWZ ESSE 0ISE 457t
Agizzlol 54

2.1 ESSE 0|3 AlREXI9 4

ESSY] ra/dTt 4587 e ¥tk MWE °l53
A@FR=  Fig. 13 2ol  ABTEFA(grid
simulator), WE2HAEAX|(anti-islanding  test
equipment), ZYEH 2 A oJFX|(monitoring &
control system) 522 FE}. o474, 7P A
QA 7152 ¥t ATRYTA = widASNA T
St= ZE Qg harmonic, interruption, sag, swell)
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Fig. 1. Configuration of movable test device for ESS
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input TR @
of grid simulator @
CB #3
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Fig. 2. Pre-magnetization circuit of input transformer
for test device
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pre-magnetizing circuit
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Fig. 4. IMD circuit for test device and ESS
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Fig. 5. Modeling of ESS
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where, I;m :d component of reference current

of ESS,
of ESS, K,: proportional gain, A:

I ... 'q component of reference current
integral gain,
P;: d component of reference active power,
P,(t): d component of actual active power, @, g
component of reference reactive power, @Q,(t): q

component of actual reactive power
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PSCAD/EMTDCE °l-&sto] XIHEHe} QIHEHRE
TE ABEIGH 9 REPS #ﬂoﬁ Fig. 63} &
o] uehd 4= qltt. WA, ZIHER= Fig. 6(2)2t 2ol
PG Y-4 HA7IF P A A91%], L-CHH,
AHEG Aoj712 7 FAHo2, AHES Aof
71 DCHIAAYS Aol sl PIAlo] ¥
olgstH, HHE sH= DCHA AL Alolstr] Lldl
d- q——M 71E ‘l'l‘( d,link » q* lmk-)—

APgshor et o)
A, DCYA AL 71EAFE Eq. 3), Eq. @)} 2ol
debd 4 s,

\'_'IE

*

Ly iin = (I(p+

*

K
Tl)(v;inki (3)

=0 4)

Vi (8))

[q. link

* .
fd inx - d component of reference current

where,
of link, Z
of link,
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1, " unk - q component of reference current
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V. (t) t Ve (t)
Wave,,; = | K,|1— —<" +Klf 1— = |at
iy~ [fi= S e 1= 5]
o Sin(2rf(t)t+o(t)")
where, Wave,, ; : reference wave, V,.: reference

voltage of AC, V,.(t): actual voltage of AC, f(t)°

. reference frequency, ¢(t)": reference of phase
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Fig. 6. Modeling of grid simulator
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9ol5}7] Y3l ESSeF HEw d4% RLCHSEE
olwj, RLCHSI] THEALS
(quality factor, Q)& AoJ=H, ol
teRd 4 gl

A~
T

g =n/S- VO ©
R

where, @ quality factor, Py active power of R,

@, reactive power of L, Q.. reactive power of C
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Fig. 7. Modeling of anti-islanding test equipment
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Fig. 9. Configuration of grid-simulator
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Fig. 10. Configuration of anti-islanding test equipment

4.3 2LEE H MY
ZUEY 3 Ao g8 Ule Fig. 113 Zo] Yepd
2 Qith. 4714, Fig. 11(a)e ZYUHBE UlolL, Fig.
11(b)= AloVEAE Ulele. #4402, BYEHE Ul
= AP SEAAAGA], ESse] AARE A
W AgE ASsHA HolH 4 7eE Y5,
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Fig. 11. Configuration of monitoring and controller Ul
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5.1 AIEZ20]M 2 Al =2

E =FoA AAIT MW ESSE F5H7F AERA]
9] B4 457 A AlEdeld 9 AlExRdE
Table 13} Zo] Ueld &= Qlt}. o714, HiEg] &3
2[IMWh]Z 475, round-trip AlgoA S HHEL
0.45C-rate, HiE]E]9] SOCS] 2-8HAE= 10(%] ~

435[%]Q1 R7CR A, TEIAYA AIFS
100[kW1, 300(kW], 500(kW]e] Hol5 tiAfo=Z o},
LVRTAIES 0.55[pul, 0.6[pul, 0.65[pul, 0.7[pul,
0.75[pul, 0.8[pul, 0.9[pul@do] 0.15%, 0.2%, 0.25

%, 0.3%, 0.35%, 0.4%, 1%, 5% 59 77t A&EHE
2 JA3cH8-14].

Table 1. Simulation and test conditions

battery[MWh] 2
ESS
PCSIMW] 1
charging/discharging rate 0.45-rate
round- K N )
trip operation range of SOC 10%~43.5%
number of Cycle 1~2 cycle
anti- 100[kW]. 300[kW],
islanding output power of ESS 500[kW1]
rated voltage[V] 440
0.9, 0.8, 0.75, 0.7,
LVRT voltage reference[PU] 0.65. 0.6. 0.5, 0
. . 5, 1, 0.4, 0.35,
duration timels] 0.3. 0.25. 0.2. 0.15
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5.2 PSCAD/EMTDCOH| 2|5t EMEM

(1) Round-trip 22AIY

Table 19] AlEFo]d 27 W} round- trip &
SAFS $HsHAE Fig. 137 Zo] UeRd 4= Qlth of7]
A, Fig. 13(a)& 2-cycle B¢ ESS *ARE(FH, W
A, FA717DY FEHES YE L, Fig. 13(b)= ESS
9] A4kl o A]KSOC)S HYerd Aotk &, @77t
2 ESSE 0.45C-rate2 HiE|2|9] SAZEAYTA &
Ak 7719 SOC 54< vehd, 388z o
700kWh]2 AFgEE & 4= Qlr}. E3H ©7Z ESS
£ 0.45C-rate2 HijE]2|9] WPASRAA7IA] gt +
7r9] SOC 5445 vrehiiH, s 2] Bradeg2 of
656[kWh]Z 4FgHES & &= Qltt. 31, ®, @, ©, ®+F
72 ESS9] S 24 & F4 308 ol FAAIE
< YEhdth mEbA, round-trip &S diH] A
2 oF 93.7(%1= AFgErt.

Power : Graphs
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Fig. 13. Characteristics of round-trip efficiency
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S3YolH Fig. 149+ Zth 4714, Fig. 14(a) , 14(b)
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Fig. 14. Characteristics of anti-islanding
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Fig. 15. Operation characteristics of LVRT
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(1) Round-trip 8AIY

Table 19] Al&go]Ad 7] W} round- trip &
EAES $5HA Fig. 163} Zo] YeRd 5= 9ltk. of7]
A, Fig. 16(a)= 1-cycle St ESS SARE(SH, 1
A, FA717HY FEAEE vehl L, Fig. 16(b)E ESS
9] Ak A FHSOC)S Yetd Aot} &, @3t
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} e 254[ms] 257Ims]
‘ 0.55[pul / 0.2[s] 0.55[pul / 0.2[s]
0.6[pu] / 0.25s] 0.6[pu] / 0.25[s]
0.65[pul / 0.3[s] 0.65[pul / 0.3Is]
LVRT 0.7[pul / 0.35[s] 0.7[pul / 0.35Is]
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Fig. 17. Operation characteristics of anti-islanding H =RoAE dA o AA|E o] 9= ESS9 Asg
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Fig. 18. Operation characteristics of LVRT
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Table 2. Comparison result of simulation and test

test items simulation results test results
round-trip 93.71%I 92.7[%]
261[ms] 258[ms]

anti-islanding

217[ms] 219[ms]

24

BlgoE MW o159 4587t A8gAe Fastel,
A 744 A8l Het S92 Basteic ol dhat 78
A7ATE okt et Lk

(1) PSCAD/EMTDC] 29< HIO 2, round-trip
ago) Higt EAEZ B4 A, ESSY &2
oF 656[kWh]e]al, E&2 °F 93.7(%|¥S & =+
AL} EZE, MWH °lF8F AFFAE 0|85
o], AJEdo|AT} BUSH 2A0E AL S35t
A3,  EBSS9l &2 oF  649lkWhlol,
round-trip &2 9F 92.7[%]|US & 5 Ak
wieha], AlEH ol et Ao ogh A} gro] A<
5016]- E_kLQ_ q—E}Lﬂ% [e)3 /\ 01%11:].

(2) PSCAD/EMTDC®] 2d#g g ulgog d&El-
o gt &8 54 243 2x, 47 ESsvt
100[kW], 300[kW], 500(kW]2] =84 =
A 9F 261[msl, 217[ms], 254[ms] &<t &70]
A&E T ZA%S & 5 ol Egh, MWHE
ol5% AIFLAE o|gslo], AlEH I 24
I BYUoHA AFS et A, 72 ESS7t oF
258[ms], 219[msl, 257[ms] &<t 7o) A&H

BATE & & Ak wEtA, AlEFolAt

1880 gt BEd 272 A&A Izt
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