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Abstract

BIPV or BAPYV installation applied to building is increasing through public utility mandates
enterprise. Solar PV energy generates only during the day, but if it is operated in convergence
with ESS, which stores electrical energy, it can restrain the fossil energy used in buildings
throughout the day. A solution is to converge with PV system and ESS. However, PV systems
and ESS connected to the power grid in parallel can cause problems of electrical stability. A
study was conducted on the case of failure to detect islanding operation under the parallel
operation of PV generation and ESS that are connected in parallel to power grid. Experiments
conducted various non-islanding detections under the operating conditions. In the experiment
results, when one PCS - PV inverter or ESS inverter - was operating under the islanding
condition, it stopped working within 0.5 seconds of the Korean grid standard. However, when
both of PV inverter and ESS inverter were operating at the same time under the islanding
situation, the anti-islanding algorithm did not operate normally and both inverters continuously
supplied power to the connected RLC loads. islanding detection Algorithm developed by each
inverter manufacturer has caused this phenomenon. Therefore, this paper presented a new test
standard for islanding detection.

Keywords: Ef =3 213 A] A H](Photovoltaic system), |4 2] A7 A| AEI(ESS system), T
274 HZ(Islanding detection)
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Table 1 Specification of test inverters
Manufacture A B
Electrical connection 3phase 4wires 3phase 4wires
Norminal power 20 [kW] 50 [kW]
Input/output voltage DC : 300-600 [Vdc], AC: 380 [Vac] DC : 600-1000 [Vdc], AC: 380 [Vac]
Isolation type Transformer type Transformer-less type
Usage Photovoltaic inverter ESS inverter

Table 2 The description of test case for inverter output and load capacity
Case Test conditions Remarks

1 PV inverter operated at 20kW, ESS inverter off RLC load Capacity 20 [kW], 20 [kVar]

2 PV inverter off, ESS inverter operated at 20k W(discharge mode) RLC load Capacity 20 [kW], 20 [kVar]

3 PV inverter operated at 20kW, ESS inverter operated at 20k W(discharge mode) RLC load Capacity 40 [kW], 40 [kVar]

4 PV inverter operated at 20kW, ESS inverter operated at 20kW(charge mode)  RLC load Capacity 0 [kW], 20 [kVar]

5 PV inverter operated at 20kW, ESS inverter operated at 10kW(charge mode) RLC load Capacity 10 [kW], 20 [kVar]

6 PV inverter operated at 20kW, ESS inverter operated at SkW(charge mode) = RLC load Capacity 15 [kW], 20 [kVar]

3. 4 2t

0

3.1 71 A|AEIO| CHEQA 42 AIS

Fig. 2= Table 2] Case 137} 2°] thgt A€ A¥HE WERHAL 1Tt Fig. 2(a)& B 13 ERE 20 (kW] A
Age 2 2= Aol R #5120 [kW1, L Fs} —20 [kVA], C 75} 20 [kVAIE FUt A=olA Als

2 291012 ARSI A58 Bk QI B ERe AR 275 A5 sk Uiehiict, TgiolA

l

(A= AZFASE, B)= 71 Qe A<k, (O= 7HE QIHE 9] 2, 1121 QIHE}S FafeE LERH
ot AlE Sl o] A o] F- AHE7E A A517] 78] 267.5 [ms] 2] Aol A8 5o, eh=o] Ae7]E4]

0.5 ool B0 2 L FASIGIE. e QIEl] HE0 A A% PHS DR Y o] F
T} 59.9 [Ho14 157] 5 0.35 [HA 2 A% o1 F 12 F71ele 545 A2 A7 Aot S04 A%
7% ARG SR 202 AR, Fig, 20] (b ESS B 20 (kW] M1 22 8418 5 950 e
5 AT 5 291218 240 T )7 Qe HAZ wb) A S5t 29400

_ﬁ
m
EO
_O|L
38,
Jl
_O.
0

H§
T°

62

Journal of the Korean Solar Energy Society Vol. 39, No. 1, 2019



EHQRE ZIRLESS Al

2 300.0 [ms] 2 434
GHYS FYsto] Tt Hals =

7 300 [ms]2 F7go] H 3t

12 HEshe

1_01;
i 1

Grid disconnection Inverter Stop

N .028s] | (A) Grid Voltage

(B) Inverter Voltage

(C) Inverter Current

(D) Frequency

570! i
-0200 Timetsl 0201

(a) The results for islanding detect of A inverter

o5 QUEZE FAH T, ESS ¢

YA| AR A

Agio| ol

Grid disconnection  Inverter Stop

725 R
B | 0.3[s]

%? ] (A)Grid Voltage
2 '

75| -

g | !

3 (B) Inverter Voltage
5

EAg
BEg

<

(C) Inverter Current

% Current]
g

5|

(D) Frequency

Frequency

g

0200 Timels] 0801

(b) The results for islanding detect of B inverter

Fig. 2 The test results for islanding detect of one inverter

z

ck 22

3.2 27l A|2Rle| BE 2 HElofM HE2H

Fig. 32 Case 39| thgt A&
(kW] -&7d5k= 20l 204, RESHA0 [kW,

ko

o

o

ol
b
&

N
H
"

o

> W
o
N

1
_0|L
32
&
e

ofo offt

¢

ne

Boow
Ak

N
(o]

—_

1

Grid disconnection
725 [ - |

Inverter Stop
0.45[s] |

(E)Grid Voltage

a‘g Voltagelv

E’ ’ (F) PV-Inverter Voltage
2

25

Z )

El (G) PV Inverter Current
EILAREARAEAY

o0 e,

(ERCE:R &
i pAa AT LA AL A~

AR (R R R AR AR R R

(H) ESS Inverter Current

. 55
‘S Current(A]

(1) Frequency

£ Frequency

* a0 Timels]

Fig. 3 Theresults for islanding detect of case 3 (Rload capacity:
40 [kW])

A} abgolc}. PV o1HElE= 20 [kW] 2] %

A3

29,

CH5}H40 [kVAIE &

7_31 ESS 011;111;1_151:1 73l qREZ )0

st &

A=
=

L—r'o]' 40 k\/ ],

2 21H5t 3 QIHEZF AR E = A|7Re AEslaAt 619 oL, QIHE] 2
O & Fslof| HeE Fgok= JH=
ahedofl A ESS QIH{E 2]

= O

= AEsto] AladEES
S T dJE 57191 9F 350 [ms]rfet F
A% To9] 5[%] o= HEE o d=d HE
8ol B HEo] 7RsSHAIRE A= te
HEo] E7F5SHH.

=2
i

A

0.

==

_,r_u

o] %

L7

Grid disconnection Inverter Stop
2
=

% p-36[s]
H !hm\\u‘d‘u‘\m\m‘munhmrmmmmmw

o

g *‘\‘””l”Wl”“‘\‘NVWWH'H‘H'H‘H‘H‘H‘\\‘\\‘H‘H‘WIH“HUMM
2 [ "™
?‘WNU“‘ \W”\”V‘W\W”U’U“”WWW\QWW‘\WW
& U AN
WI‘H‘\‘WUH'H'H‘f\‘\\‘\\‘ﬂ\\“‘\\HWW\‘\WW”;‘MH'WH‘\
R

=

(E)Grid Voltage

(F) PV Inverter Voltage

(G) PV Inverter Current

(H) ESS Inverter Current

600

(1) Frequency

2 Frequency

-0.100 Timets] 4004

Fig. 4 The results for islanding detect of case 4 (R load capacity:
0 [kwW])

Journal of the Korean Solar Energy Society Vol. 39, No. 1, 2019

63



el ] =2l

FHollA (B)= APk, (= g IHE Y A, (G= i IHE 2] 7, (H)= ESS Al2819] Q1

HE AR 183 D= IHE & FappE Yehdch
=2 el Auligt ol = AIHE AlEAE R HE dale|se] Aolste] o E 2 EE ARl
A Fatpo] G e o] F=9do] AfEo] AEo] 7S dHE S| @E2 AE Gainghe
Z7d51o] Siteoll M H70] 7Fs5FAIRL, Gain ghol 2 7% THD E= Flickere]l thiet Fto] 2A8E 4= qlrt.
=, PGS M o R s ARl e HE0] 7hset ¢alElE Jide] Easi,
Fig. 4= B8 QIHE7E20 (kW] HAE= Aoz 273514, ESS QIHE7F20 kW] SHRER %=
JHIE TS RFESHO [kW], L 78} —20 [kVA], GF-5120 [kVAIE Fste] SE27d AJHiolM Als =
AP71E AStal QIHE 9] A 5785t ARk 357.5 Ims]=2 A4 o2 d=eds 435I

O QHE] o] ZA ESS S1HE ] H o] 22 B9l BEe AZol 7Rk

&
=

Grid disconnection Inverter Stop Grid disconnection
120

ST 0621s) ST
| ‘ (E)Grid Voltage -:%" ~Situation—(E)Grid Voltage — —
0 D W

tagelv ¥

T I T IR T TT I
(F) PV Inverter Voltage ‘(F) PV Inverter Voltage| | | ‘

I
(G) PV Inverter Current (@) PV Invertt‘-.‘r Current ||

|
A A

(H) ESS Inverter Current

Ve s imiarte Gdifrant!/1V/1V

o

g (I) Frequency g (1) Frequency
£ g

. - - S - 590
Timels] 1601 -0.400 Time(s]

Fig. 5 The results for islanding detect of case 5 (Rload capacity:  Fig. 6 The results for islanding detect of case 6(R load capacity:
10 [kW1) 15 [kW1)

Fig. 5= El9Fg Q1HE]7} 20 [kW] AA-&4511, ESS QIHEIZ7F SR ER 10 [KW] =2 -2A5H= AeofA
HELd AL TS 248 519t RESH= 10 [kW], LESH= —20 [kVA], CH51=20 [kVA]IS F<J51
o}, AEAT IHEE2 3.197 [Secloll BAE st o, B2 AZE AR 0.5 [Secl & 'dol T
Az Aufistlrt. Fig. 62 kg QIHE7} 20 kW] AZ-2A Aol A ESS SIHEIE 5 [kW] FARE R
AL A Z} RESEY] 33t 15 k[kW] Z245}] B &4 A& THEo] e Au]o}giu} A A1} ol
HE7} 2452 0 2 AR Adelr} Elo] ZAIH 0= JHEIE FRIAIFC ESS QIHEZF 4R FHRER @
H& ZAol= 4ol g5 HEo| B7Fs ofthe 2s 2 A

%%ﬁﬂi%ﬂﬂqﬁg6ﬂiﬂ¢ﬂ@%Lﬁiﬁﬁ%ﬂﬂ@%#ﬂ%ﬂﬂ%%%ﬂ%ﬁﬂé@iﬁ

%

r>~1

2o
)
Rl
>,
[>
juit)
re
)
R}
EIN
:
;o
_OH
N
N
FU_,

64

Journal of the Korean Solar Energy Society Vol. 39, No. 1, 2019



EHQRE 27t ESS A|ARIO| IAIRHA| T2 2| AR G+ _ AER 2

ol E B RgA L El T ESSAI 2|0 St AR I E o] 2% Aol it =2

AE A AT QI E 1Hjo] tieh S5 HEA oM Ao s d=eid
a|

Aol Apeto] HI94& 39 T Aol iz 297} Eolziek, ESS SIe|o] 39 Azttt ez 2]
B, SN S SIS BEH o A9E glol R AEe] olely U Sk ok B
27 TEIZ0 2 go] AT Gl Fulso] ehRolit £RA F0] ot AzAPEE v 28

9
L
J
to
ra
S
0%
i%l[
>
N
AN
B
N~
j.é
2
P
I
oft
0,
v
-
tl
rx
i
10
B
o,
AN
N,
0>"

Jhslo] ol dufohs Aeg 4

el
o
offt
el
ol
r (o]
e
8
L
i,
>

o
o
ic)
ol
ol
-

L
o
i)
m
)

(2) Big B o] S 2 S22 ESS QI S == AdRol e A o 2524 =0

@) o] e AAE] 24 20 =2 A4E Aol dist 2F 7ido] B asitt T3t

ool IR E7H 52w ARl 95274 HE0] 7He T dalelEe] BEsP B asi.

=
B A= 201795 AFA AR AR FEst QIS IHE 15 AR o] 2] Hhot 42315t A A
QI THIFAH S : 71000145, 71000106).

REFERENCES

1. Basic road map for the Achievement of the 2030 Nation Greenhouse Gas Reduction Goal in the Korean

2. Choi, W. K, Oh, M. S., and Shin, W. C., The Simplified Pre-Estimation Model Development of a BIPV
Generation Rate by the District Division, Journal of the Korean Solar Energy Society, Vol. 36, No. 2, pp. 19-29,
2016.

3. Park, J. W., Kim, H. K., Kim, T. Y., and Leigh, S. B., A Study on the Effect of Air Gap for Reducing the
Temperature of Vertical Building Applied Photovoltaics through CFD Simulation, Journal of the Architectural

Journal of the Korean Solar Energy Society Vol. 39, No. 1, 2019 65



el ] =2l

10.

Institute of Korea Planning & Design, Vol. 28, No. 5, pp. 249-256, 2012.

Wu, X., Liu, Y., Xu, J., Lei, W., Si, X., Du, W., and Lin, J., Monitoring the Performance of the Building
Attached Photovoltaic (BAPV) System in Shanghai, Energy and buildings, Vol. 88, pp. 174-182, 2015.

. Husein, M., Hau, V. B., Chung, 1. Y., Chae, W. K., and Lee, H. J., Design and Dynamic Performance Analysis

of a Stand-alone Microgrid, Journal of Electrical Engineering & Technology, Vol. 12, No. 5, pp. 1777-1788,
2017.

Kim, J. Y., Jeon, J. H., Kim, S. K., Cho, C., Park, J. H., Kim, H. M., and Nam, K. Y., Cooperative control
strategy of energy storage system and microsources for stabilizing the microgrid during islanded operation,

IEEE Transactions on Power Electronics, Vol. 25, No. 12, pp. 3037-3048, 2010.

Verhoeven, Bas. Utility aspects of grid connected photovoltaic power systems. International Energy Agency,
1998.

Chung, 1. -Y. and Moon, S. -1., A New Islanding Detection Method Using Phase-locked Loop for Inverter-interfaced
Distributed Generators, Journal of Electrical Engineering and Technology, Vol. 2, No. 2, pp. 165-171, 2007.
Zomer, C., Nobre, A., Cassatella, P., Reindl, T., and Riither, R., The Balance between Aesthetics and Performance
in Building-integrated Photovoltaics in the Tropics, Progress in Photovoltaics: Research and Applications Vol.
22, No. 7, pp. 744-756, 2014.

Choi, J. -S., Ko, J. -S., and Chung, D. -H., Development of Novel Algorithm for Anti-Islanding of

Grid-Connected PV Inverter. Journal of the Korean Institute of Illuminating and Electrical Installation
Engineers Vol. 25, No. 10, pp. 76-86, 2011.

66

Journal of the Korean Solar Energy Society Vol. 39, No. 1, 2019





