Journal of Japan Solar Energy Society, 51 (1), 65-72 (2025)

https://doi.org/10.24632/jses.51.1_65

LTI TeChn|Ca| Report AT ;iiiﬁiﬁﬁ% LTI

Evaluation of the Effects of Large Capacity Storage Batteries,
Daytime Operation of Heat Pump Water Heater and Electricity Sharing
on Improving the Electricity Self-Sufficiency Rate of Detached Houses
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Abstract

To achieve net zero energy houses, it is necessary to install PV on the roof of houses. However, the electricity

generated by photovoltaics have been required to be consumed in their houses. In this paper, we conducted an actual

measurement survey of energy self-sufficient house installed with large-capacity storage batteries and daytime

operation of heat pump water heater. Furthermore, we evaluated of electricity self-sufficiency rate on electricity sharing

district which sharing electricity among multiple houses. As a result, the electricity self-sufficiency rate of energy self-

sufficient house was 58%. In addition, the electricity self-sufficiency rate of electricity sharing district were 45-53%.

These results cleared that half of the electricity consumption could be covered by photovoltaics generation.

Keywords: Electricity self-sufficiency, Heat pump water heater, Electricity sharing, Battery.
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Fig. 1 Concept of energy self-sufficient house

Table 1 The outline of energy self-sufficient house

Location Toyota City, Aichi Prefecture

Floor area 126.28 m?

Insulation level Level 5

Househc.)l.d Single-income couple with kid

composition

PV capacity 6.16 kW

LIB capacity 12.4kWh (6.2 kWhX2)
CO2HP operated on day-time

Water heater (42kW, 370L)

Vol51, No.1, 2025
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Table 3 IZHEBICEE L72A— AT R L F—< R R
¥ ¥ AT A(LLF, HEMS: Home Energy Management
System) (Z & W HIE L7=IHE 2/~ JEHABIL, 2018 4
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Eq=E, +(EPV E.) + E4. ..(D)
Eself - (EPV c) + Edc (2)
Rself - self/Ed x 100 (3)
Rpy self = Eself/EPV % 100 ..
Rnet self = Epy/E4 % 100 -..(5)
Table 2  The outline of comparison houses
House B l House C
Location Toyota City, Aichi Prefecture
Floor area 125.30 m? 138.61 m?
Insulation level | Level 4 Level 4
Household Single-income Double-income
composition couple with kid couple with 2 kids
PV capacity 3.04 kW 3.65 kW
LIB capacity 6.2 kWh 6.2 kWh
CO2HP operated on mid-night
Water heater 42 kW, 370 L)
Table 3 Measurement item
Category Measurement item
House + Purchased electricity (£,)
+ Sold electricity (Ey)
PV + PV generation (E,,)
LIB - Charge electricity (E.)
- Discharge electricity (Eu)
- Electricity consumption (Ejp)
CO:HP (only House A)
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Fig. 2 Average hourly electricity on self-sufficient house
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Fig. 4 Annual electricity consumption and generation
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Fig. 5 Electricity self-sufficiency rate
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Fig. 6 PV self-consumption rate
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Fig. 7 Blocks of sharing electricity

Table 4 The outline of measured data

Location Funabashi City, Chiba Prefecture
Number of houses 26 households

Floor area 99.55~135.13 m?

Insulation level Level 4~5

PV capacity 3.045 kW / household

LIB capacity 5.4 kWh / household

Water heater Latent heart recovery water heater

M Single-income couple with kid(s)
Elderly couple with kid(s)

M Single-income couple
Elderly couple
m Double-income couple with kid(s)

I I - I
A B D E

C
Block
Fig. 8 Household composition for each block

W Double-income couple

Number of households
O P N W d» 1 OO
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Fig. 10 Flowchart of sharing electricity system
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Fig. 11 Flow of electricity at sharing electricity

Table 5 Measurement item on sharing electricity block

Category Measurement item
Purchased electricity (Eip)
House i PV generation (Eipy)
(i=1~26) Charge electricity (Eic)
Discharge electricity (Eidc)
Purchased Electricity on block (£)
Block o
Sold Electricity on block (Es)
oA B AC xD mE
Z 4,000
§ — 3,000
5
S = 2,000 L
U o ’
E E -. * G,
>~ 1,000 - 9
= .
3
0

0 2,000 4,000 6,000 8,000 10,000
Electricity demand [kWh/year]

Fig. 12 Self-sufficient electricity with only PV
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Fig. 14 Electricity classification on Block C
(top: without sharing, bottom: with sharing)
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