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Daily Habits and Energy Consumption: Go to Bed
Earlier for Environmental Protection

Shigeru Matsumoto'

Abstract

Energy consumption reduction in the residential sector is crucial for mitigating global warming. This
has prompted researchers to investigate the determinants of household energy consumption from
various aspects. However, previous studies have not examined the impact of time allocation on
energy consumption, primarily because of the lack of surveys that simultaneously examine time
allocation and energy consumption. We conducted an original survey of 547 Japanese households to
examine whether time allocation affects their electricity consumption. We divided a 48-hour period
into 192 time slots and asked the households to choose one of the 20 types of actions listed for each
slot. We also collected information on the socioeconomic background and electricity consumption
of the households. After controlling for various factors that affect household -electricity
consumption, we examined whether time allocation determines electricity consumption. The
empirical result of our study revealed that while a married male’s bedtime does not affect electricity
consumption, a matried female’s bedtime does. This suggests that it is essential to understand the
daily habits of consumers for proposing effective energy conservation measures.

Keymwords: Electricity Usage, Housebold, Time Allocation
1. Introduction

The residential sector accounts for a large share in the end use of energy in
modern society. In 2015, the residential sector held a 25.4% share in energy usage in EU-
28, the second largest after the transportation sector (Eurostat 2018). Although the share
of the residential sector in energy usage is much smaller, it still accounted for 14.3% in
2014 (Agency for Natural Resources and Energy of Japan 2016). Several developed
countries have made a great leap forward in conserving energy in the industrial sector
over the last decade. However, this achievement was not mirrored in the residential
sector. In EU-28, the final energy consumption of the industrial sector fell by 15.5% and
that of the residential sector declined by a mere 3.9% between 2007 and 2015 (Eurostat
2018). In Japan, conversely, the final energy consumption of the residential sector
doubled and that of the industrial sector increased only 0.8 times between 1973 and 2014
(Agency for Natural Resources and Energy of Japan 2016). These trends suggest that
energy conservation in the residential sector is a pressing policy issue.

A literature review of energy conservation policies revealed that previous policies
primarily focused on the diffusion of energy-efficient products. Many governments
directed producers to improve the energy efficiency of their products and put in place
systems to keep consumers informed about the energy efficiency of products. As a
result, energy efficiency of products sold in the market improved notably, and,
considering the difference in energy consumption, consumers started to choose more
energy-efficient products. Despite this technological progress, households’ energy
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savings have been very modest.

Households are concerned about the expenditure on energy services over a period of
time. However, they do not give much thought to the amount of energy used by a
specific home appliance. More than 150 years ago, Jevons (1865) asserted that the
demand for resources will increase with gradual improvements in their efficiency in using
that resource. Furthermore, Khazzoom (1980) argued that energy efficiency increases the
stock and utilization of all home appliances. If there is a potential demand for energy
services, energy efficiency improvements may not result in reduced entire household's
energy consumption. Therefore, to assess the impact of improvement in energy
efficiency, we need to know the potential demand for various services.

During times when electricity was not available, people performed specific activities at
specific times. Today, however, we have the flexibility to plan various activities as per our
convenience. A typical working class individual tends to spend much time outside his or
her home and complete houschold activities in the night. The nighttime shift of
household activities appears to affect energy consumption as additional energy is utilized
for lighting or heating. Therefore, we expect that a nighttime shift of household activities
increases electricity consumption. However, existing studies have not focused on the
relationship between time allocation and energy consumption. This paper is aimed at
analyzing this relationship through a household survey conducted in Japan.

The remainder of the paper is organized as follows. In Section 2, we briefly review the
studies that evaluate the determinants of household energy usage. In Section 3, we
summarize the data from our household survey. Section 4 presents the estimation model
and reports the empirical findings, and Section 5 concludes the study.

2. Brief Literature Review

Frederiks et al. (2015) reviewed studies that evaluated the determinants of
household energy usage and reported that sociodemographic (e.g., income, employment
status, dwelling type/size, home ownership, household size, and stage of family life
cycle) and psychological factors (e.g., beliefs and attitudes, motives and intentions,
perceived behavioral control, cost-benefit appraisals, and personal and social norms)
affect household energy usage. However, the impact of both these factors varies widely
across studies (Urban and Sc¢asny 2012).

Almost all studies provide consistent results involving economies of scale in energy
usage, stating that electricity usage decreases when the number of family members
increase (O’Neill and Chen 2002; Druckman and Jackson 2008; Brounen et al. 2012).
This is because family members can share certain energy services. Previous studies also
found a positive relationship between income and energy usage. Although energy
consumption increases with growth in income, the share of energy expenditure in the
total household expenditure decreases. Therefore, the welfare impact of changes in
energy prices varies among income classes (Romero-Jordan et al. 2016; Schulte and
Heindl 2017). Similarly, most studies found a positive relationship between housing size
and energy usage, stating that people living in large houses generally use more energy for
daily activities.

Previous studies did not provide consistent results on the impact of education on energy
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consumption. Although Poortinga et al. (2004) and Nair et al. (2010) found that the
educational background influences enetrgy efficiency investments and/or energy-saving
practices of individuals, Ritchie et al. (1981) and Gatersleben et al. (2002) did not find
similar results.

Similarly, no consistent conclusion with respect to the impact of age on energy
consumption was found in previous studies. Fritzsche (1981) analyzed the Consumer
Expenditure Survey of US households and reported that an inverted u-shaped curve was
found, with energy expenditure being the lowest during the early and late stages of the
life cycle. Young people consume more energy because they are active, while elderly
people use more energy because they stay home for longer hours. More recent studies,
such as those by Brounen et al. (2012), Longhi (2015), and Gram-Hanssen (2013), found
that age impacts every energy carrier differently. They found that gas consumption is
largely determined by the dwelling conditions, but electricity consumption is less affected
by the socioeconomics charactetistics of households.

Hori et al. (2013) surveyed five Asian cities and found that the environmental attitudes of
subjects influenced their curtailment behavior. In contrast, Trotta (2018) analyzed survey
data from Britain and reported that environmental attitudes affect curtailment behavior
and small-scale energy-efficient investment decisions but does not impact large-scale
energy-efficient investment decisions. Wang et al. (2011) found that social interactions
affected the energy-efficient investment decisions in Chinese households. Finally,
Nakamura (2013) studied the curtailment behavior of Japanese households after the 2011
earthquake and found that social interaction impacted this behavior.

3. Data

The data used in this study were sourced from an Internet survey firm, Nippon
Research Center!, and the survey was conducted on October 15-16, 2015. Since we
expected time allocation to significantly differ between single and married individuals, we
focused on married individuals between ages 25 and 64. A total of 546 responses were
collected. We allocated respondents in advance to eliminate gender and age bias. Table 1
classifies the respondents. The survey’s target area was the Tokyo metropolitan area, and
the number of respondents by prefecture was 2, Ibaraki Prefecture; 86, Saitama Prefecture;
85, Chiba Prefecture; 239, Tokyo Special Ward; and 134, Kanagawa Prefecture.

Tablel. Age and Gender of Survey Respondents

Age category Male Female

Number Share Number Share
25-34 55 21.0% 73 25 7%
I5-44 69 26.3% 69 24.3%
45—54 66 252% 70 24 6%
35—-64 72 27.5% 72 25 4%
Total 262 100.0% 284 100.0%

I NRC, a full-service marketing research agency established in 1960, engages in consumer marketing and
consultation, as well as academic and public opinion polling.
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We asked the married couples participating in the survey to maintain a daily record of
their activities for two sampling days. We adopted the pre-coded method used in The
Survey on Time Use and Leisure Activity, the national survey of the Japanese government.?
We divided two successive days (a 48-hour study period) into 192 (48 h X 4) time slots
with 15-minute increments and asked the participants to choose the behavior of each
slot from the following preset actions: (1) sleeping, (2) personal care, (3) consuming
meals, (4) commuting, (5) working, (6) schooling, (7) housework, (8) nursing, (9)
childcare, (10) shopping, (11) commuting, (12) watching television/reading newspapet,
(13) relaxing, (14) self-development, (15) undertaking hobbies, (16) playing sports, (17)
volunteering, (18) companionship, (19) medical treatment, and (20) others.

Table 2 presents the amount of time that husbands and wives allocated to the 20
activities on average. We classified the activities into two broad categories: outdoor and
indoor.? We expect the electricity usage to decrease with increase in the time spent on
outdoor activities.

Table 2. Time Allocation of Husband and Wife (Minutes)

Husband (N = 546) Wife (N=546)
Average Stat?dgrd Average Star}d;’d
Deviation Deviation
Outside activities
Commuting 9249 62.84 32.07 5120
Movement 24.85 52.23 32.06 49.61
Shopping 891 2246 3486 36.09
Work 479.12 199 81 168.06 21041
School 1.10 9.95 2.60 1038
Sports 543 2255 6.36 2379
Volunteer 0.87 8.74 0.96 8.80
Companionship 898 3158 6.26 24.57
Medical treatment 3.01 26.02 437 16.38
Sum 624.75 206.65 287.61 22070
Inside activities
Sleeping 415.59 73.80 424.00 76.81
Television/newspaper 85.65 101.36 119.07 117.39
Housework 13.91 1273 19430 146.38
Personal care 73.82 65.44 93.52 §7.05
Relaxation 7121 77.40 103.83 98.15
Nurse 0.52 4.56 225 1046
Childcare 848 37.61 51.44 118.68
Meal 97.76 44.02 96.91 3584
Self-development 7.05 3192 7.90 3387
Hobby 24.08 61.71 35.63 7573
Others 17.18 67.14 23.54 3320
Sum 81525 206.65 115239 22970
Night time activities between 5401 5894 4548 5253

23:00 pm and 4:00 am

Table 2 shows that husbands spent 624.75 minutes and wives spent 287.61 minutes
outdoors on average. In addition to the 479.12 minutes for work, husbands spent 92.49
minutes on commuting. Although wives spent only 168.06 minutes working on average,

2 The Survey on Time Use and Leisure Activities is aimed at obtaining comprehensive data on daily patterns of
time allocation and leisure activities. The survey has been conducted every five years since 1976 (Statistics
Bureau of Japan 2006).

3 This classification is not exact. Meals include lunch time taken at work. Although some childcare activities
such as bringing children to parks are outdoor activities, childcare is categorized as an indoor activity.
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they were responsible for most of the shopping. As the survey was conducted on
weekdays, husbands and wives spent a small amount of time on other outdoor activities.
With respect to indoor activities, husbands and wives slept for about 7 hours and spent
1.6 hours on meals. The table reveals that wives spent more time on personal care and
took longer breaks than husbands. However, wives spent much more time on household
production activities, such as housework and childcare, than husbands.

In summary, the table indicates that husbands and wives allocate time very differently.
Husbands spend much more time on job-related activities, and wives spend more time
on household production.

Table 3. Characteristics of households
Mean or  Standard

Variable Unit Share Deviation
Sampling period
Metered in September dummy 0.58
Electricity usage
Electricity usage of household kWh 9.00 4.72
Electricity usage per person kWh 3.20 1.90
Characteristics of household
Number of persons in family person 3.05 0.99
Age of household head vears 46.97 11.13
College husband dummy 072
College husband dummy 041
Presence of young person (13-22 dummy 031
Presence of elderly person (> 65) dummy 0.06
Household income million yen 787.69 668.62
Deposit million yen 1636.44 3178.18
Loan million yen 921.57 163728
Characteristics of houses
Floor m? 8535 3843
Housing tenure dummy 0.72 0.45
Detached house dummy 042 0.49
Wood house dummy 0.39 0.4%
Old house (built before 2000) dummy 0.49 0.50
Appliance ownership and nsage
Ampere ampere 3850 798
Number of ACs unit 263 132
Size of the main AC m? 1741 5.16
Intensity of use of the main AC rarely 1 - always 3 265 0.93
Ownership of cloth dryer dummy 0.49
Ownership of dish washer dummy 0.32

The descriptive statistics of the variables used in the following analysis are listed in Table
3. Tokyo Electric Power Company Holdings bills households in the Tokyo metropolitan
area every month. In this survey, we asked participants to enter their billing information.
Approximately 58% of the respondents entered information concerning the September
metering, while the remaining 42% entered information on the October metering. We
initially calculated the daily electricity usage of households by dividing monthly usage by
number of usage days. According to our calculations, a household uses 9.00 kWh of
electricity on average per day. We then calculated electricity usage per person per day by
dividing daily electricity usage by number of members in a family. In this calculation, we
excluded family members who live away from home for work, school, and clinical
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reasons. Figure 1 contains the distribution of electricity usage per person per day.
According to our calculations the mean electricity consumption was 3.20 kWh per
person per day.

Our main hypothesis is that a person undertaking more activities at nighttime uses more
energy. To test this hypothesis, we included the amount of active time from 23:00 pm to
4:00 am for the two sampling days. Although we cannot precisely gauge a subject’s
lifestyle from their bedtime in the sampling days, we can examine if nighttime activities
increase energy consumption.

200 ~
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= =
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=
1

112 23 34 45 56 67 78 89 =9
kWh
Figure 1. Electricity nsage per person per day

We also included the household characteristics that previous studies found to affect
household electricity usage. We first took account of the size of the families. As
presented in Table 3, each family had 3.05 members on average. In the survey, we asked
the respondents about their educational background and found that 72% of the
husbands and 41% of the wives had attended a university. The share of college graduates
in our survey is higher than the national average because our sampling area is within the
metropolitan region. In our data, 31% of the households included young people between
ages 13 and 22, and 6% of the housecholds included elderly people over 65 years of age.
The annual household income obtained from this survey was 7.88 million yen, which is
higher than the average annual income of the Tokyo metropolitan area of 6.06 million
yen (Ministry of Health, Labour and Welfare 2016), probably because our survey focused
on households with married couples. Matsumoto (2016a) reports that the level of
household saving determines the appliance ownership. In the survey, we asked
respondents about their deposits and loans.

Families using many appliances at the same time require a high ampere rate. We asked
households about their contract ampere and included their responses in the following
analysis to control for the appliance ownership effect. The number of contract amperes
in our survey was 38.50 on average. We also took account of the ownership of air
conditioners (ACs), cloth dryers, and dishwashers. According to Matsumoto’s (2016b)
conditional demand analysis, the ownership of these appliances affects the electricity
usage of households. We also took into account the number, size, and usage of ACs.
Table 3 reveals that while each household owned 2.65 AC units on average, only 49% of
houscholds owned cloth dryers and 32% owned dishwashers.

Previous studies reported that the characteristics of housing affect energy usage. In this
study, we asked participants about floor size, ownership, type, make, and year of
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construction. The floor area of the average house was 83.35 m2. Approximately 72% of
respondents owned their houses, 42% lived in detached houses, 39% lived in houses
made of wood, and 49% lived in houses constructed before 2000.

4. Empirical Model and Result

To evaluate the impact of nighttime activity, we estimated the following semi-
log electricity demand function:
Iny; = a + asppSEP; + Xk BiXii + X1 vihi + @amp AMP; + X N Zimi
+ ZS Hslntsi + Zp Appi + &;
Here, y; is the per capita, per day electricity consumption of household 7 SEP; is the
dummy variable for the September metering, and AMP; is the number of contract
amperes. PFollowing the specifications of previous studies, we include household
characteristic variable X, housing charactetistic variable h, and appliance condition
variable z. Our main variable, t5, measures the nighttime activity time of spouse 5. We
include prefecture dummies p to consider the prefecture fixed effect. The last term &; is
an error term.
The estimation result is presented in Table 4. The dummy variable for the September
metering becomes positive and statistically significant, suggesting that households use
more energy in the September metering period than in the October metering period.
Several household characteristic variables become statistically significant. The number of
members in a family becomes negative and significant. Since the dependent variable is
the electricity consumption per person per day, the result implies that economies of scale
exist in household energy usage. We also confirmed that the age composition of a
household affects electricity usage. Specifically, electricity usage increases as the age of
the household head increases. The presence of young or senior members in a family also
increases electricity consumption. Education level was not found to meaningtully affect
electricity usage. Furthermore, we found that income did not affect household electricity
usage but wealth did. Households with large deposits were found to use less electricity.
Since the age of the household head is controlled for, we expect this variable to serve as
a behavior variable. The above results imply that thrifty households also save energy.
We found that living in a large house results in more electricity consumption. According
to our estimations, a 1% increase in the house size raises electricity usage by 0.145%.
Although some previous studies reported that owners and renters behave differently, we
did not observe any difference in the electricity usage of these two groups. We also
found that individuals living in wooden buildings consumed less electricity.
The contract ampere variable becomes positive and significant. As mentioned before,
households using many appliances at the same time need a high contract ampere.
Therefore, the variable of contract ampere gauges the number of home appliances
owned and the result suggests that households having many appliances consume more
electricity. We also obtained the expected results for a series of AC variables. As the
number of ACs increases, electricity consumption goes up. This effect is magnified if
households use large ACs frequently. We found that the ownership of cloth dryers
increases electricity consumption but that of dishwashers does not.

Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org



S. Matsumoto 61

We included the total occupied time in the analysis.* Although we obtained the expected
positive sign for this variable, it did not become statistically significant. Finally, the variable
of wives’ nighttime activity became significant, while that of husbands’ did not. Hence,
only wives’ nighttime activity is associated with electricity usage. This difference is
explained by the fact that wives still undertake most of the housechold work in Japanese
households, a conclusion supported by the results in Table 2. Table 4 shows that a 1%
increase in wives’ nighttime activity increases electricity usage by 0.033%. Based on this
estimation, reducing nighttime activity by an hour would decrease electricity consumption
in an average size houschold by 0.14 kWh (= (60/45.48) X 0.033 X 3.12) per day. Since an
average household uses about 8.99 kWh of electricity per day, approximately 1.51% of the
daily electricity usage can be saved by advancing the bed time by an hour.

Table 4. Determinants of household energy consumption
Coefficient Standard error

Constant -0452 (0.373)
Sampling period
Metered in September 0.115"" (0.036)
Characteristics of household
Number of persons in family 0277 (0.023)
Age of household head 0.009™" (0.002)
Presence of young person 0.0717 (0.032)
Presence of elderly person 0.1487 (0.073)
College husband -0.051 (0.041)
College wife -0.036 (0.040)
Log of houschold income 0.043 (0.031)
Log of household deposit -0.029" (0.009)
Logo of household loan -0.007 (0.006)
Characteristics of house
Log of floor area 0.145* (0.078)
Housing tenure -0.057 (0.053)
Detached house 0115 (0.095)
Wood house -0.187" (0.079)
Old house -0.044 (0.039)
Appliance ownership and usage
Contract ampere 0.005™ (0.002)
Number of ACs 0.082" (0.020)
Size of the main AC 0.005° (0.003)
Intensity of use of the main AC 0.115™ (0.019)
Ownership of cloth dryer 01107 (0.041)
Ownership of dish washer 0.030 (0.046)
Time allocation
Total occupied time 0.007 (0.006)
Husband ni ghttime activity -0.004 (0.011)
Wife nighttime activity 0.033™ (0.012)
Adjusted R? 0.447

Note. *, ** **% indicate statistically significant results at 10%%, 3%, and 1%, respectively:

4 Total occupied time is the aggregate amount of time in which at least one family member is in the house.
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5. Conclusion

In this study, we surveyed 547 Japanese houscholds to examine whether time
allocation affects their electricity consumption. Our empirical result reveals that
electricity consumption rises with an increase in wives’ nighttime activity. Shifting the
time of household work from day to night would increases household energy
consumption. Many power companies reduced electricity charges for nighttime to
equalize the usage of electricity. However, since such a discount encourages shifting
housework to later in the evening, it may increase energy consumption. This study
suggests that understanding the daily habits of people is necessary to propose effective
energy conservation measures.
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