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ABSTRACT

A model of EV charging at work or on the go and EV
discharging at home (V2H home discharging only) was
used to estimate residential energy consumption for two
types of hot water heating: gas and electric (heat pump)
systems, in a model assuming an average house with a
couple and three children and no energy-saving
measures (baseline) using the Architectural Institute of
Japan's standard housing model BEST-H. It was found
that the operation of the V2H home discharging only
model is an effective energy-saving measure for existing
houses without energy-saving measures where it is
difficult to install solar panels, and therefore it is
desirable for it to be widespread. In addition, since gas
hot water is often used in existing houses, the
implementation of carbon recycling technology is
expected to enable further CO; reduction and accelerate
the shift to zero carbon.

Keywords: Residential energy consumption, CO;
emission, Regional disparities, Married Couple and Child,
BEST-H

NONMENCLATURE
Abbreviations
V2H Vehicle to Home
BEST-H Building Energy Simulation Tool-
House
EV Electric vehicle

1. INTRODUCTION

Significant reductions in energy demand in the
construction sector are expected under the national
regional decarbonisation roadmap1). Shimoda et al.2)
developed a household energy end-use model and
estimated household energy consumption by household
type, thereby establishing the most accurate relationship
between energy-saving behaviour, building

performance, and the behaviour of household
appliances.

In this study, given that the average household size in
Japan is approximately two people, the focus was placed
on a representative three-person household consisting
of a couple and a child. The standard single-family
residential model was utilised, and the baseline building
performance was established in the absence of energy-
saving measures and a daily three-person occupancy
schedule, employing the BEST-H methodology.
Moreover, an inquiry was undertaken to ascertain the
feasibility of diminishing residential energy utilisation by
employing a V2H home discharge-only model. The model
under discussion involves the installation of PV systems
external to the residence, with the exclusive utilisation of
EV discharge to meet the electricity demands of the
single-family dwelling.

2. MATERIAL AND METHODS

2.1 Estimation of energy demand and CO; emissions
for existing houses (BEST-H)

The simulations will be conducted using BEST-H, the
residential version of The BEST Program® (BEST: Building
Energy Simulation Tool)3), which was published by the
Housing and Building SDGs Promotion Centre, a general
incorporated foundation. The 2020 Population Census
Basic Tabulation Results Report (4) indicates that the
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Figure 1 Standard housing model (floor plan)®
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mean household size in Hitachi City in 2020 was 2.24
people. The present study posits a household consisting
of a dual-income couple (a 40-year-old man and a 40-
year-old woman) and a child (a 10-year-old boy in
elementary school). The residential model employed is
the standard residential model developed by Udagawa et
al. (5) (Figure 1), and the residential performance level is
based on the 2013 primary energy consumption
standards (3) (henceforth referred to as the 2013
standard model). The 2013 standard model establishes
standards for residential buildings without energy-saving
measures as of 2013. The general building conditions are
summarised in Tables 1 and 2. The daily schedules of the
three occupants were created based on the NHK
National Living Time Survey (6), with three patterns
identified: weekday workdays, weekend outings, and
weekend stay-at-home days (Figure 2).

The primary energy consumption from the Ministry
of the Environment's 2020 Household Sector CO2
Emission Status Survey” and the BEST-H calculation
results based on the non-energy-saving standard were
compared with the Ministry of the Environment's
emission factors®’ to obtain 36.5 [G)] (weekday
workdays, weekend outings) (Figure 3). Statistical data
indicates that the national average is 32.3 [GJ], the
average for the Kanto-Koshin region is 31.0 [GJ], and the
average for single-family homes is 39.5 [GJ]. This
validates the gas water heating and BEST-H calculation
results in the absence of energy conservation measures
for the standard residential model (extended Amedas
standard meteorological data for 2010: Hitachi City).

2.2 Standard residential model (gas water heating) +
consideration of EV home discharge only

The present study presents the EV charging and
discharging schedule (see Figure 4) and EV discharging
conditions (see Figure 5) for the model under
consideration. The EV vehicle is based on the Nissan LEAF
(60 kW capacity) for condition settings. Moreover, the
integration of PV systems at both the workplace and the
destination facilitates the utilisation of daytime
electricity generation from PV for the purpose of
charging the EV. Upon returning home, the EV then
supplies electricity to meet the household's power
demands, thereby reducing reliance on grid power. As
demonstrated in Table 3, seven cases (Case 1 to Case 7)
were established on the basis of weather conditions and
behavioural patterns. As demonstrated in Figure 6, the
24-hour PV power generation and electricity
consumption patterns for each case are exhibited on a
representative day.
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Figure 1 Standard housing model (floor plan)®

A | P e | [ERARAE [T e T
B ek | ST e | B | ek | s | n R | TS | e b
[W/ni] | [W/ni] m [/md] | w/nd] | 7= {2V
HH T A JAEI00 | H A Do
’ o 3mm, T3 | M ., . COP [BEHEAT [mi /b, | #5155 | e ;
0.52 249 120y U] 02 0.3 |, o Wity | ot (tﬁrT_%ﬂ f/!}%
2 5.95 002k | & |

s EEE mFyF wlD mEEA SN wRE = FHE «MF

s
8 - u —

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00

Figure 2: Room occupancy schedules by behaviour
patterns of couples and households with children

39.5 36.5
40 32.3 31.0
4 88 0 -
. 30 5.7 2.9 Py 17 A
# 20 113 14.1 . 7=

#
I B

2EFY WAL FERRE BTAN_FE BEST-H

Figure 3 Statistical values and BEST-H (no energy
conservation: standard) calculation results
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Figure 4 EV charging and discharging schedule Figure
5 EV discharge conditions

Table 3 Consideration cases
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For weekday workdays, the weather on that day was
considered, while for weekend days at home, the
weather on the previous day was considered. It was
hypothesised that rapid charging would be possible at
the destination during weekend days away from home;
therefore, the weather was not a consideration.

2.3 Standard residential model (HP water heating) +
EV home discharge only

The case study examined the replacement of the gas
water heater with an HP water heater (APF: 0) in the
standard residential model (couple and child household)
without energy-saving measures (see Figures 7 and 8).
The subsequent text has been meticulously crafted to
provide the reader with a comprehensive overview of
the subject matter. A higher level of electricity
consumption has been recorded during the winter
months in comparison to the summer months. This
phenomenon is likely attributable to the application of
heat. Furthermore, during the winter months, there are
numerous time periods when it is challenging to meet
electricity demand solely through EV battery discharge.
It was determined that the current Nissan LEAF
performance is inadequate to meet electricity needs. The
augmentation of EV battery capacity to encompass the
winter heating electricity demand has the potential to
erngend independence from extant infrastructure.

The implementation of measures for existing housing
has proven to be a challenging endeavour.
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Figure 6 Daily power consumption and PV power
generation for Cases 1 to 7

assumed an average residential building with a
household consisting of a couple and one child.

The model estimated residential energy
consumption for two types of water heating systems —
gas-fired and electric (heat pump) — in an existing
residential building without energy-saving measures
(baseline). The efficacy of the V2H home discharging only
model as an energy-saving measure for residential
buildings lacking solar power generation panels, which
are difficult to install and lack energy-saving measures,
was demonstrated. The model was found to be an
effective energy-saving measure for existing homes
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Figure 7 BEST-H Standard residential energy conservation standard (Hitachi City, 3-person household) +

EV household discharge onlv with HP water heating Annual energv demand change



without energy-saving measures where solar panel
installation is difficult.

Furthermore, given the prevalence of gas water
heating in existing homes, the implementation of carbon
recycling technology has the potential to further reduce
CO2 emissions and expedite the transition to zero
carbon.

Consequently, the feasibility of V2H
operation  was investigated, while the building
performance  was enhanced through  conventional
design.  Achieving a  decarbonised society s
contingent upon the maximisation of solar panel
operations in the EV-receiving western part of the
buildingg, as opposed to a Mercedes upscale
restaurant.

3.  RESULTS AND DISCUSSION

A model for electric vehicle (EV) charging at the
workplace or while out and about, and EV discharging at
home (V2H home discharging only) was developed using
the BEST-H standard residential model of the
Architectural Institute of Japan.

4. CONCLUSIONS

A model for electric vehicle (EV) charging at the
workplace or while out and about, and EV discharging at
home (V2H home discharging only) was developed using
the BEST-H standard residential model of the
Architectural Institute of Japan.
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