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Abstract

The government mandates gradually zero energy building and Photovoltaic power generation
systems installed in buildings are emerging as the most realistic alternative to increase the
independence rate of building energy. In this study, we propose a method to reduce the power
consumption of households by increasing the PV capacity of balconies and applying the method
used the charged electric power stored in batteries after sunset. In order to evaluate the electric
power energy savings of the residential BESS, a balcony PV 1.2 kW and a battery pack 2 kWh
were installed for 9 houses in 4 apartments in Seoul and Gyeonggi-do. The BESS is charged
when the balcony PV is generated electric power, and when solar power generation is finished, it
supplies power to the electric appliances connected to the load. As a result of installing the solar
PV module 1.2 kW and 2 kWh class BESS for 3 households located in Seoul and Gyeonggi-do,
the average electric power consumption saving rate was 40%. The reduction in electricity
consumption in the case of zero generation surplus power by maximizing the utilization rate of
BESS has been improved to about 53%. Therefore, in order to increase the self-sufficiency rate
of electric energy in apartment houses, it is effective to increase the solar photovoltaic capacity of
the balcony and apply the residential BESS. In the future, it is believed that the balcony PV and
home BESS will play a key role in achieving mandatory zero-energy housing.

Keywords: 2F 34 €324 A| A E(Balcony photovoltaic power system), B E] 2] of ] 2] A
ZF A 2~ Hl(Battery energy storage system BESS), 972 (Surplus power), 25 ¢14H4 i
2](LiFePO4 battery), A| 2|\ 2| A =(Zero energy building)
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2 kWh -gF2] sie]=2] (22 : Lithium valley) 2-& A5}t sto]H2] & QIHE =120 X 295 X 468 mm =
71o]H QEAAIRI e 2= 374%;‘4 IR, 3P, = dtdof| ofg AR E Ao il ZF AR Y A A
2o 2 AHG Adsh= 75 130 QA e 2]He 525 X 240 X 215 mm F7]olct.

Table 1 Information of apartments installed the BESS linked bacony PV

Classification Category Floor plan
Location Wolgye-dong, Nowon-gu, Seoul . — -
Direction Southeast
Floor 19 th
! Area (m?) 81.87
apartment
PV panel capacity 1.2 kW (300 W x 4 EA)
Connection load Electric heating matt
Battery operation mode PV fist & PV — Battery — Load-Grid
Location Haengdang-dong, Seongdong-gu, Seoul :
Direction Southeast i
L
Floor Sth .
D 1s
Area (m?) 114.94 b
apartment
PV panel capacity 1.2 kW (300 W x 4 EA) g
Connection load TV §
Battery operation mode PV fist & PV — Battery — Load-Grid e — o o
Location Suji-gu, Yongin-si, Gyeonggi-do — 1
ay E g|
Direction Southeast ‘
7 u ﬁ g g
Floor 20th §‘
R ol
Area (m?) 84.88
apartment 8
PV panel capacity 1.2 kW (300 W x 4 EA) s
bk
Connection load Electric heating matt
Battery operation mode PV fist & PV — Battery — Load-Grid o a

(J apartment) (D apartment) (R apartment)

Fig. 1 Pictures of PV panels installed on the balcony
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Table 2 Specification of a hybrid inverter and battery pack

Category
. Nominal ~ Nominal Discharge Charge Charge Continuous Peak Weight
LiFePO4 Eattery voltage capacity cut-off cut-off current  discharge current discharge
ac
P 48V 42 Ah 32V 584V 30 A 30 A 60 A 26 kg
. MPPT Power Conversion  Out Battery output ~ Max. charging .
Hybrid inverter Capacity range factor  efficiency waveform efficiency (DC—AC) current Weight
3kW  120~430V  >0.99 95% sin 93% 60 A 11 kg
22454y

PV 7 et v 2] of] A7 S AR Al Alleh e 23 24 916l Fig, 291 Zo] Alld] 245t
A HHFAE ARSIt AAIZ ==kl DAF] PM-P110-WE AE(FAIGA] Wik, Xtis]8-8%
50 A, B2 1 W oloh)& AREsl o™ Al ==k dlolel7} 15 Tl S2Re-E HhA] mjlAfH o] 27
] grtolEofA Aot 2 theukS 4= Qlrt. BESSE Table 37} Zo] 4714] 24 RE7}Qlom AZA|)
o= Fig. 39] (a)€} Zo] PV7F S AR SAlol B E 2 -4 0 2 Z7d5te] SOC (State of Charge)
100%7} =19 Joixdeds Algoll Faokal PV idgo] S25H] ¢ moll= Ale 8 0 = v 2 & Sxdsk=
PV first & PV — Battery — Load—Grid HEE 27513t} v 2o ¢Fd4dS =0]7] f1ete] SOCE= 30 ~
100%2 2J5t3rt.

(J apartment) (D apartment) (R apartment)

Fig. 2 Pictures of realtime electric power meters
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Table 3 Hybrid inverter operating mode

Category Operation mode Operation description
. PV preferentially supplies power to the load,
PV — Load — B - . . .
v oad attery-Grid Battery is charged with PV and grid power
PV first
. PV charges the battery preferentially,
PV — Battery — Load-Grid . . .
atery oacut Battery is charged with PV and grid power
. PV preferentially supplies power to the load
PV — Load — Battery-Grid . .
oa attery-birt Battery is only charged with PV power
PV only
. PV charges the battery preferentially,
PV—B — Load- . .
v attery 0ad-Grid Battery is only charged with PV

[ 7"— @-_r------? e"j‘- = -‘;
nggj % AGM

(a) PV only mode battery charge (b) PV first mode battery charge (c) Power system of PV first mode

Fig. 3 Operation mode conceptual diagram of the BESS linked balcony PV

LA EUE R} Hlol8 272 #15l BESSE A A~ Eg o7 2] o™ USB -s-Al7o1E3 RS232E 53

L ER] d20] 7Fs3HH Fig, 49F o] lLeER| 2T EQo]E d2] & slo] 2P| E QIHE| 2] USB -S4 ZES}
LERS @At AARC = AT, Futae, PV A, PV, viE 2] A<, wiiee] -8, oiE ] &

T AR R AS R ses A gl HotARgAE S RUHTY D4 lom A4 Altel et Hlo|BE A1

A 2 Aol 12 2= Hol8E Asto] 240 ARSI Fig. S& @8l 42214 BESSS]

(a) Software operation picture in BESS (b) Software screen

Fig. 4 Monitoring system of the BESS linked balcony PV
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(J apartment) (D apartment) (R apartment)

Fig. 5 Pictures of BESS installed on the balcony
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North North

West East West East
South South
(a) PV power generation area before noon (b) PV power generation area after noon

Fig. 6 Variations of PV module generation area according to the direction of the sun
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Fig. 7 Time variations of the instantaneous PV power of each household per day
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Fig. 8 Daily operation characteristics of the BESS linked balcony PV
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Table 4 Daily operation characteristics data of the BESS linked balcony PV

B B L f electrical
Classification Weather PV generation Chzzt;r}llg Discfairgzng Oa;pglixfglca Total load  Surplus power
(cloud amount)  (kWh/d) (KWhid) (kWh/d) (kWh/d) (kWh/d) (kWh/d)
J apartment 0.0 52 1.4 0.6 0.7 6.9 -0.8
D apartment 1.6 5.5 0.9 0.2 0.4 34 2.5
R apartment 2.1 6.9 2.8 1.4 5 8.2 -1.0
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Table 5 Average data of daily operation characteristics for the BESS linked balcony PV

Weather PV Battery Battery  Load of electrical Measured ~ Surplus
Classification ~ Date (cloud  generation Charging Discharging  appliances load power
amount/d) (kWh/d)  (kWh/d)  (kWh/d) (kWh/d) (kWh/d)  (kWh/d)
J 2020.04.26
1.4 4, 1.2 4 . . -1.
apartment ~04.28 7 0 05 70 3
D 2020.04.23
apartment 0425 23 5.1 1.0 0.2 0.7 4.7 -2.1
R 2020.03.28 25 6.3 2.4 1.2 5.0 9.1 -0.7
apartment ~03.30
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Fig. 9 Electric power consumption saving rate by a household according to using the BESS linked balcony PV
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