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Abstract Recently, standardization of installation progress and technology of site acceptance test(SAT)
for energy storage system(ESS) are being required due to performance of ESS depending on working
condition and environment even though the quality and safety of each component of ESS is guaranteed.
And also, it has been required to perform not only performance testing by H/W equipments but also
performance verification by S/W tool, in order to more accurately and reliably validate the performance
of the ESS in advanced countries. Therefore, this paper proposes evaluation algorithm for SAT to
evaluate performance of ESS and presents modeling of SAT test equipment for ESS by using
PSCAD/EMTDC. Furthermore, 30[kW] scaled portable test equipments is implemented based on the
proposed algorithm and modeling. From the various simulation and test results, it is confirmed that
performance of ESS related to characteristics of capacity and Round-trip efficiency, Duty-cycle
efficiency, low voltage ride through(LVRT) and Anti-islanding can be accurately evaluated and that the
simulation results of PSCAD/EMTDC are identical to test results of 30[kW] test equipment.

Keywords : Energy Storage System, Factory Acceptance Test, Site Acceptance Test, Round-Trip,
Duty-Cycle, Low-Voltage Ride Through, Anti-Islanding, PSCAD/EMTDC
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Fig. 1. Pattern of capacity and Round-trip
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Fig. 2. Capacity and Round-trip test algorithm

3.2 Duty-cycle E2AIA

ul=9] A3} Ut % ﬁsﬂ/\}oﬂfﬂ =
= FakexE ESSY Duty-cycle &AL Fig. 3
I} Zo] PNNL-220109] Futs= HelE o]8sto] %13
HoHI). o] AlgL FukzA4] ESSO diste Fuk4
5ol A2 AverageH(3) WEFol AT
Aggressive JEI(23) 02 = 24A17FE1t 18 E
ot mEtA SATE Duty-cycle EEAIEE 4719 Al
HAAE T2 FAEQ] WSS thaat Zoh

29

<> Average
<—> Aggressive

u \q I \ ﬂ«“ »
\ | “'H' ‘\"‘

eeeeee

Example Frequency Regulation Duty Cycle

[W “HH \H
w A

il
| i M}V ,
Wn M HM ‘ w M "\’

Aver Aggressive
[ 5

e
@

o

Normalized Signal

o
&

-1

uuuuuuuuu

Time(hr)

Fig. 3. Pattern of PNNL-22010

[STEP 1] KBIA @A #20] S %70 we 4%
2AY H| SOCTHA| FH3tt.

[STEP 2] &% ZAefollA

57401 mrar éﬂ

M—EH !

[STEP 3] PNNL-22010 3=
AlZF B9t BSS9] &1bA
AA FHARYGFIH IR, PHAEFES
(Wh,,) TSIt

HE weof w24
-HEZ]

O z2] O A3di5]
S o

[STEP 4] 24A17F o]%of 7] Futpzg8 SOC
HZ WE7] foto] 4 B HH1E
0]’_]_ E]_}‘]'Q vﬁ’ﬂé%‘( VVhC() L o}x

;ﬂ‘:‘lﬂﬂ %( I/Vh/[)c’)‘é‘ ]4‘}?}‘3}

H‘._{>.
_\..0%5, O_>|".,

r

[STEP 5] 4] (5)2F Zo] ESS9] S &2 ALt

o o714 243t o]Fo] SOCHH7F 27

Z3524 SOCHT 2 A9 w
| BdEe a8t 22 Aol
AE SRR 1T
B Why,+ Whp
DLLtyQUdEEff _WXIOO[%] (5)
of7|Al, DutyCycleg, : Duty-cycle &, Wh,: ZA|
FAAGL, vn,  AA FRAHEE, W BYE F

AARHF, Wy, @ BAE SAAEF

[STEP 6] [STEP 5]oll4l A&EE ESSQ] Duty-cycle
T g ARG EAE ST



AFsH71&3H5|= 52 #1208 A6Z, 2019

=0
LABES

E29AER UehfE Fig. 49

@

| Charge to Maximum SOC |

Y

| Adjust to initial SOC |

v

| ESS Operate of PNNL-22010 pattern |

y

| Measurement of Whe, Why |

4

| Adjust to initial SOC |

L

| Caleulation of Whee, Whpc |

y

Whp + Whee
Wh; + Whpe

y

| Test report |

Duty cycleggy = x 100[%]

END

Fig. 4. Duty-cycle algorithm

3.3 LVRT EMAIY

LVRT EAAIES ESS7t AR wiAA S Al A
sl ek ESSY -SHEAS A AT Aoz
T FQoHEe BEAbdYUY =YdgFo] FriehEA
LVRTO gt #AIE 733kt k. kAR Fufjoll A=
ESS& LVRTOl tigh &t 7|&7|E0] AA=o] AA
%o}, IEC 61400-219] ¥ LVRT E&E< Zxslo
SAT-& LVRT AlgB7} ¢1=ES AT &, ESSY
2£d0] 0.1 ~ 0.3[p.ulz 0.9[p.u] oAl Aol st
of, Table 29} o] <A AYHoE 24L& Q17Isto] ESS
9] §HEAS B4t oJ7|A, VD1#¥ VD87IA 9]
ANEE 23] A& st oo w2 A A|FEA=
o3t ZTH10].

30

Table 2. Instantaneous voltage drop condition of

LVRT
Case Phase voltage value Time( ducziion
sec)
VD1 0.90+0.05 5+0.25
VD2 0.8+0.05 1£0.05
VD3 0.750.05 0.4+0.02
VD4 0.7£0.05 0.35+0.02
VD5 0.65+0.05 0.3+0.02
VD6 0.6+0.05 0.25+0.02
VD7 0.55+0.05 0.2+0.02
VD8 0.00+0.05 0.15+0.02
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Fig. 5. LVRT test algorithm
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