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Fig. 1 Proposed Energy system connected

residential devices.
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Fig. 3 Main circuit diagram of the proposed bench

system.
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Fig. 5 Block control diagrams of battery converter.
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Fig. 7 Photo of the proposed test bench system.

Table 1 Experimental parameters of the bench.

Parameter Value Parameter Value

fe 20 kHz Cyrid 20 uF
Gepv 4.8 Lpv 1.2mH
Gipv 1 kHz Le1, Le2 450 pH
Gpbat 35 Lgria 440 puH
Grbat 2 kHz Vev 400 V

Kppat 35 Viat 200 V

Kibat 857 Hz Vyrid 200 Vrms
Grgrid 2.0 Viink” 240-320 V
Gigrid 500 Hz Iy 12,2A
Vgria LPF 8 kHz lgria” 4 Arms
lgria LPF 4 kHz Dead time 500 ns

k 4 kHz
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Fig. 8 Experimental result of revolutions of the

compressor motor at A/C.
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Fig.10  Input power of A/C at each voltage, when
the system starts in Fig.15,16.
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Table 2 Assumed home and house conditions!?.

Conditions Contents
housing 4 bed room house
Floor area 120.07 m?

Family structure  Parents, 2 high school students
Number of A/IC 2.5 x 3, 5.6 kW at heat capacity
Weather data Tokyo standard data 2000

_________ ! azll| w@mw B
4.56) (2]

—————— =

‘\SVP&)

B

(b) 1st floor
Fig. 13 House layout used for simulation®?.
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Table 3 Operating time schedule of A/C'¥.
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Table 4 Assumed usage of hot water'?,

Days Days in 30days Usage
11 470 L
Weekday
9 380 L
Weekend 3 650 L
at home 2 550 L
Weekend 3 380 L
in go out 2 240 L
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Table 5 Parameters used in simulations.

Parameter Value
Storage battery capacity 6 kWh
EV battery capacity 40 kWh
PV capacity 4 kW
HP capacity 1.5 kW at winter
2.5 kW A/C capacity 0.456 kw
5.6 kW A/C capacity 1.485 kW
pc 0.95
HEVC 0.95
nprC 0.975
Loss coefficient of PV4 0.95

Table 2 Adjustment coefficient used in Epy'?.

Month Value Month Value
Jan.-Mar. 0.9 Apr.-May 0.85
Jun.-Sep. 0.80  Oct.-Nov. 0.85
Dec. 0.90
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Fig. 14 Example waveforms of PV generated
energy and demand energy.
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Fig. 15 Simulation result of power loss in PC and
EV charger when A/C and HP are connected to DC
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AC bus.
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Fig. 17 PV self-consumption rate with change of
HP operating shift time.
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Summary

A carbon-neutral society is working towards the realization. One of the energy-saving solution is an energy management
system. This paper proposes utilizing solar power through energy-saving and energy management by connecting air
conditioning and water heating systems to direct current (DC) and constructs a system which includes solar panels and batteries.
We constructed an experimental bench system, confirmed its fundamental performances, and demonstrated the potential for
improving the coefficient of performance (COP) through the control of DC voltage. Furthermore, simulations conducted
throughout one year, we confirmed a 40% reduction of system losses by connecting DC and verified the effective utilization
of generated power by operating the heat pump water heater at the daytime.

Keywords: Residence, Saving of energy, Air conditioning, Energy management system, Coordinated control



