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A Projection of Future CO2 Emissions of Households and Building

Material Demand in 2050 under Population and House Preference Changes
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by 60% by 2050.

The CO2 emission of household sector is one of the key issues in future Japan decarbonization policy since it depends on non—
market factors such as life style, household structure, and regional weather conditions. Our previous study of the author estimated the
energy demand and CO2 emissions of household in 2030 by municipal based on the Survey of Household CO2 emissions by Ministry of
Environment Japan. The author gives regional energy demands and carbon emissions of household sector considering the population
changes, the preference of building types, i.e., detached house or apartment house by region. This study expands the projection of energy
demand and carbon emission by 2050. In order to provide building material demand in 2050 to Input—Output analysis, demand for cement
is also projected with respect to seven type non—residential buildings, i.e. offices, shops, firms, warehouses, schools, hospitals and others,

and 15 type non building construction categories. The results show future cement demand will slightly increase until 2030 and decrease
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Determinants of Electrification of Private Cars Based on a Statistical Survey of CO,

Emissions in the Household Sector

2O E T

Yuko Hoshino

Abstract

Keywords

The EV share of new vehicle sales in Japan is 1% as of 2021, which remains low among developed countries. In this study, we analyzed
the factors that separate households that own EVs as their main vehicle from those that do not, using 40,000 individual data from the Ministry
of the Environment's "Household CO, Survey" for the four-year period from 2016 to 2019.

The results show that the factors that distinguish between car ownership and non-ownership include the influence of population density
and shared car penetration, in addition to the factors noted in previous studies. We also found that the probability of choosing an electric vehicle
is lower in colder regions, and even when an electric vehicle is chosen, the probability of choosing a PHEV rather than a BEV is higher.
Regional characteristics, including climatic conditions, should also be noted as determinants of passenger car electrification.

: Household survey, EV ownership, BEV, PHEV, Binary logistic model
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Just Transition and household energy poverty in Japan

Nan Wang",

Abstract

Recent debates on low-carbon transitions increasingly pay attention to the concerns on justice and equity. Households, as one
the important final users of energy are inevitable affected by the transition process. The possible detrimental impact on energy
poor may reduce the public acceptance of rapid low carbon transition by increasing household burden. This study examines
energy poverty in Japan through two approaches: a low-income-high-cost approach and the direct measurement of energy use.
The results suggest that 10.9%-12.7% of the households may be at the risk of energy poverty. The analysis also sheds light on
unexplored energy inequality issue in Japan. The Gini coefficient of energy expenditure and energy use are 0.31 and 0.28
respectively, which is smaller than the income inequality. By analyzing the relationship between energy inequality and PV
installation. We find that the current approach of promoting the installation of household PV may have a risk to increase energy
poverty. Thus, as a first step to exploring just transition in the household energy context, the preliminary results of this study
shed light on the energy poverty and energy inequality issues in Japan and echoes with the global awareness that policies that

promote the energy transition toward low-carbon energy should consider the distributional impact on households.

Key words: energy justice, energy poverty, energy inequality, Gini coefficient

1. Introduction

The recent measurable increase in inflation globally, and the
upward pressure on prices of energy that can be expected to
prevail over the near term, is a strong reminder of the urgency
with which we need to accelerate the green transition. While on
the other hand, in the short run, in order to mitigate the negative
impact of rising energy prices, governments have limited tools to
fight against energy shortage but are forced to restart coal power
plants or increase coal production (Germany, Netherland, China),
to provide subsidy on gasoline (Japan), and raise gas and diesel
production (United States). The recent movements further raise
interest in the research on just transition.

Government policy on promoting low carbon technologies,
either in the form of direct subsidy or carbon price will inevitably
pass through to final consumers. Thus, the concept of just
transition has emerged as a key climate strategy in most countries.
It emphasizes not only the speed of transition, but also the
importance of social impact, especially the distributional impact
on society. In other words, the just transition encourages policy-
makers and scholars to understand what policies will be
implemented to ensure the transition can happen at speed and
scale as well as where the impact of policies will be felt and
responded. However, recent emphasis and debate on low carbon
transition calls over a dilemma: “fast enough while leaving no one

behind” which cast great challenge for social governance, and
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policy-making and implementation.

Recent scholars have noticed and explored how accelerated
social and technological change poses challenges to inclusive and
participatory transitions [1]. Some also discuss how rapid
transitions tend to contribute to conflicts between core and
peripheral sites. Thus, transitions are not only affected by societal
conditions but also contribute to co-producing social order [2].
Such work needs to better attend to the increasingly important
trade-offs arising from issues related to speed and acceleration of
low carbon transitions [3].

This work highlights the energy justice issue that needs to be
considered in implementing low carbon transitions. Energy
poverty and energy inequality are empirically examined with the
latest Japanese household CO2 emission survey which is

conducted by the Ministry of Environment.

2. Energy Poverty
2.1 Introduction of energy poverty measurement

Energy poverty occurs when a household experiences
inadequate levels of energy services at home such as heating,
cooling, lighting, and use of appliances. However, the
measurement of energy poverty is usually challenging [4] mainly
due to three reasons: a. the inadequate level is usually difficult to
identify as it may vary by conditions such as household types,
appliance conditions, outdoor temperature, etc.; b. the dimension
of energy poverty includes income-related poverty, available
infrastructure, energy efficiency, and wellbeing and health; c.

government-led country-level survey may not be able to gather



relevant samples and data. Energy poverty is widely discussed
and examined in the existing literatures. Recent literature further
explored the measurement of energy poverty by including
people’s behavior changes such as reducing energy consumption
to limit financial stress [5]. Another paper [6] calls for the
understanding of the wider societal aspects of the condition and
demonstrates how adopting dynamic risk-based metrics can drive
tailored and holistic folk-first outcomes.

In the United States, federal governments measure and
evaluate household energy poverty through two federally-funded
energy assistance programs: the Low Income Home Energy
Assistance Program (LIHEAP) and the Weatherization Assistance
Program (WAP). While in the United Kingdom, Government
conduct Energy Follow-Up Survey and measured using the Low-
Income-Low- Energy-Efficiency (LILEE) indicator as well as the
Low-Income-High-Cost (LIHC) indicator [7]. The European
Commissions established EU Energy Poverty Observatory
(EPOV) which introduced four different primary indicators for
energy poverty, of which two are based on self-reported
experiences of limited access to energy services and the other two
are calculated using household income and/or energy expenditure
data. The Household Budget Survey (HBS) and EU Survey on
Income and Living Conditions (SILC) to used to examine the
energy poverty situation in EU. Literature [8] identifies that there
are 50 million to 110 million populations living in energy poverty.

In Japan, energy poverty is scarcely evaluated. There is no
official government evaluation of energy poverty status. Recently,
several literatures [9] [10] studied the energy poverty with direct
measurement approach and considered the regional and seasonal
characteristics in Japan. However, energy poverty remains an
under-explored topic in Japan when compared with other OECD

countries.

2.2 Methodology

This study considers energy poverty from two aspects. The first
aspect considers the income and energy expenditure which
follows the UK Low Income High Cost (LIHC) indicator, which
they have required fuel costs that are above the national median
level); and were they to spend that amount, they would be left
with a residual income below the official poverty line. In Japan,
government utilize the Comprehensive Survey of Living
Conditions to estimate the household income is adjusted with the
number of people per household, and defines the household
poverty line as the half of median of the adjusted household

income of the total sample. In 2017, the poverty line is set as 1.3

million. This study follows the definition of the Japanese
government on income poverty. The second aspect considers the
dimension of energy use which follows the methodology of type-
based indicator [11]. The samples are categorized into 40 types
based on its geological location, dwelling type, and vulnerable
household with old member (>75) or children (<10). The energy
use poverty threshold is defined as 60% of the median energy
consumption of type households. Table 1 shows the detailed
energy use threshold of wvulnerable households and non-

vulnerable households in different regions.

Table 1 Energy use threshold by type in GJ (60% of median)

Jpd= g5

vulnerable | other vulnerable | other
e¥EE | 33.0 35.7 20.4 23.9
ik 30.0 29.3 21.8 21
B HE | 101 20.3 135 12.9
G
Jhfee 27.4 28.8 18.2 19.8
R 215 236 17.4 17.2
PR 18.7 19.7 135 13.1
HE 20.6 23.9 18.3 18.0
1JE3| 218 23.1 155 17.3
Fu 19.7 21.2 13.8 15.9
T 17.7 20.6 16.0 13.9

2.3 Results of Energy Poverty in Japan

This work applies the microdata of the H29 survey to analyze
energy poverty as the first step. H30, H31 results will be presented
when the full analysis are completed. As a general introduction of
the H29 survey can be find at the homepage of the Ministry of
Environment

(https://www.env.go.jp/earth/ondanka/ghg/kateiCO2tokei.html).

This section will introduce the main output of the analysis of
energy poverty

Figure 1 implies the adjusted energy cost by region in Japan. It
is worth noting that the energy expenditures of some household
are below zero due to selling electricity produced by PV. It is also
quite obvious that regional disparity exists. Households in
Hokkaido, Hokuriku and Tohoku area pay more for energy

compared with warmer areas.
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Fig. 1 Energy expenditure by region

Figure 2 shows the energy use by region. Similar to energy
expenditure, Hokkaido, Hokuriku, and Tohoku use more energy
than other areas. It is also quite obvious that the energy

consumption is much lower in Okinawa.
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Fig. 2 Energy use by region (in GJ)

Figure 3 shows the identified energy-poverty household using
the LIHC indicator. Among the total 9505 households, 1035
household are considered to suffer from low income and high

energy expenditure.
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Fig. 3 Energy Poverty by LIHC indicator

Figure 4 illustrates the low energy-use households. As
mentioned in the methodology sector, the energy use threshold
considers the regional disparity as well as the impacts of
vulnerable household and doweling type. We identified 1211

household under consumes energy.
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Fig. 4 Energy Poverty by low energy-use indicator

Table 2 summarizes the energy poverty ratio by region. It is
obvious that the regional disparity of energy poverty with the
LIHC indicator is large. As we use the same income poverty line,
higher-income areas such as Kantou and Tohokai and Kinnki area
will have a much lower energy poverty household. While when
we use the low energy-use indicator with a type-based approach.

The regional disparity is much smaller.

Table 2  Energy poverty rate by region

LIHC indictor Low energy-use
b 16.3% 10.2%
el 14.4% 12.8%
BARFR{E 6% 14.1%
El 11.8% 10.7%
SRR 8% 12.1%
blig ) 6.8% 12.7%




ik 10.4% 13.4%
| 13.7% 13.9%
JU 13.1% 11.9%
T 20.6% 15.3%
g 10.9% 12.7%

3. Energy Inequality

This section focuses on household energy inequality. Equality is
another important dimension of just transition. The Lorenz curve
and the Gini coefficient are the most widely used analytical tools
in economics literature to measure inequality. There have been
several attempts to measure inequality in the areas of climate
change and environmental economics [12]. However, very few
studies in the energy literature have analysed inequality in energy
consumption. A recent study [13] offer a new interpretation of
inequality by proposing the importance of energy consumption in
measuring service flow. Because household energy consumption
captures service flows from consumption of durable goods, it is a
complementary and more direct measure to visualize
consumption inequality. Another study [14] develop a framework
using Net Energy Analysis and household socioeconomic data to
measure systematic energy inequity and argue that more inclusive
federal energy poverty categorization are required in the United
States.

Similar to energy poverty, this work explores the energy
inequality from both the income/expenditure dimension as well as
the energy use dimension. To consider the impact of household
size, the income is divided by the square root of the number of
household member following the Japanese government policy to
estimate poverty line. The income Gini coefficient of Japan is
0.36 according to the H29 survey which is close to OECD data
(0.33) (https://data.oecd.org/inequality/income-inequality.htm).

Figure 5 implies the calculated Gini coefficient of household
income by region. The highest Gini coefficient (0.469) which
stands for the highest inequality exists in Okinawa.

The Gini coefficient of household energy expenditure is 0.31
which is lower than that of household income. The regional Gini

coefficient is illustrated in Figure 5.

4 6 .8 1
I 1 L L

cumulative income proportion
2
L

0
|

T T T T T T
Q 20 40 60 80 100
population percentage

JbiEiE (Gini = .381) F4E(Gini =.33)

BEF1E (Gini = .341) JbE (Gini = .332)
£ifF (Gini = .336) EH (Gini = .367)
R E (Gini = .344) EE (Gini = .349)
A (Gini = .359) JHE (Gini = .469)

Fig. 5 Household income Gini coefficient by region

The Gini coefficient of household energy expenditure is 0.31.
Figure 6 implies the regional disparity in the inequality of energy
expenditure. Shikoku suffers the highest energy expenditure

inequality.
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Fig. 6 Household energy expenditure Gini coefficient by

region

The Gini coefficient of household energy use is 0.28 which is
lower than both income and energy expenditure as illustrated in
Figure 7. The doweling types have impacts on the household
energy use inequality. The inequality of household living in a

detached house is lower than that living in an apartment.
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4. The drive for energy inequality

The section further explored the factor that may have impacts on
household energy inequality. This study uses Recentered
Influence Functions (RIF) to estimate the drive and energy
inequality. Recentered Influence functions [15] are statistical
tools that have been used for analyzing the robustness of
distributional statistics to small disturbances in data.

Table 3 provides the results of the RIF regressions, using the 90-
10 quintile, the variance of 90-10 quantile, the Gini coefficient,
and the total variance of energy expenditure. This work examines
the impact of the installation of household PV, ownership of
vehicles, income, and floor area on the inequality of household
energy inequality. The installation of PV can lead to an increase
in Gini coefficient which represents the increase in energy
inequality.

Table 3 Determinants of energy inequality in Japan: RIF

regression approach (energy expenditure)

iqr(90 igratio(9 | Gini Variance
10) 010)
PV 7.21%%* 8.76*** 0.34%** 189.1***
Vehicle 2.54%** -2.43*** | -0.09*** | 34.5***
Income | 0.006*** | 0.003 4.7e-6 | 0.065***
Floor 0.12*** | 0.009*** | 0..004** | 1.98***
area *
Fix effect | O O O O
(doweling
type)
Fix effect | O O O O
(region)
Avg.RIF 36.805 4.6778 .31392 246.4

Standard errors in parentheses * p<0.1, ** p<0.05, *** p<0.01

5. Conclusion

This study examines energy poverty as well as energy inequality
issue in Japan. Energy poverty is examined through two
approaches: a low-income-high-cost approach and the direct
measurement of energy use. The results suggest that 10.9%-
12.7% of the households may be at the risk of energy poverty.
This work also examined the energy inequality in Japan. The Gini
coefficient of energy expenditure and energy use are 0.31 and 0.28
respectively, which is smaller than the income inequality. The
regional disparity is relatively large for energy inequality.

By analyzing the relationship between energy inequality and
PV installation. We find that the current approach of promoting
household PV installation may have a risk to increase energy
poverty. Thus, as a first step of exploring just transition in the
household energy context, the preliminary results of this study
shed light on the energy poverty and energy inequality issue in
Japan and echoes with the global awareness that policies that
promote the energy transition toward low-carbon energy should
consider the distributional impact on household, especially on
energy poor as well as those are highly vulnerable to the

increasing energy bills.
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Develop Residential Energy Demand Model Considering Time Series Information.
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Abstract

Keywords

In the "Plan for Global Warming Countermeasures" approved by the Cabinet in October 2021, a review of major measures to
achieve the goal of a "carbon neutral society" was conducted. To reliably achieve those targets, an accurate estimate of energy
consumption is important. The purpose of this paper is to improve estimation accuracy by building a model that learns time
series information even for short-term time series data. The results of the study show that learning time series improves can be
model major residential buildings accurately. On the other hand, the accuracy to respond to unknown situations is low, and
there is still room for improvement by increasing the number of training samples and conducting ensemble learning.
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A Factor Analysis of Interannual Changes in CO2 emissions per Household Based on

Survey on the Actual Conditions of Carbon Dioxide Emissions from Residential Sector

() G N

Takahiro Tsurusaki

SR R O S

Hidetoshi Nakagami

Abstract

were discussed.

Using statistical table data from the Ministry of the Environment's Survey on the Actual Conditions of Carbon Dioxide
Emissions from Residential Sector, we used a multiple regression model to analyze the factors contributing to the change in
CO2 emissions per household (-0.32 t-CO2) from FY2017 to FY2020. The breakdown of the change in CO2 emissions per
household (-0.32 t-CO2) from FY2017 to FY2020 is: -0.25 t-CO2 for the CO2 emission factor of electricity, -0.08 t-CO2 for
the climate factor, -0.17 t-CO2 for trend factors such as energy conservation and attribute changes, +0.18 t-CO2 for the special
factor of the spread of COVID-19 infection. The results of the analysis were reviewed, and issues related to the analysis method

Key words : CO2 emission, factor analysis, residential sector, statistical survey
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Demographic Aging and Shrinking Trend Imposes Great
Challenges to Carbon Emission Mitigation in Japan

Long Yin"-Yoshida Yoshikuni™

Abstract

The 2030 Agenda for Sustainable Development pursues Sustainable Development Goals (SDGs) in an inclusive and people-
centered manner by leaving no one behind. However, the demographic transition is accelerating social stratification and
challenging the SDGs by exacerbating disparities in household energy consumption. Here, to understand how to promote the
household decarbonization measurement equally and efficiently, we applied an energy survey data of 8,988 households in Japan
and recognize the most emission-intensive household segment and behaviors. The results imply that Japan need pay special
attention to the low-income, single and aging household for both decarbonization equality and efficiency, and indicate the other
developed countries who are transiting to aging society and simultaneously achieving their carbon neutrality target should
promote the process without leaving low-income and elderly households behind.

Keywords: Aging society; Demographic transition; Emission characteristics; Carbon mitigation; Data mining.

1. Introduction

Containing the increase in global average temperature to well
below 2 °C above pre-industrial levels requires substantial cross-
sectoral efforts', including curbing extensively the use of fossil
fuels and boosting electricity generation through renewable and
carbon-free pathways?>*. Many efforts have focused on the supply
side (e.g. industrial and energy generation sectors) and have
emphasized on increasing

emission efficiency*®  or

finding/mobilizing green energy sources®’.

However, in the post-Paris Agreement era there have been calls
to also design efficient demand-side emission mitigation plans.
For example, several ongoing information campaigns have been
seeking to promote low-carbon lifestyles, especially for the
household sector®'®. This is largely because the household sector
accounts for a large fraction of energy consumption demand,
simultaneously accounting for a large fraction of total greenhouse
gas (GHG) emissions and having the highest GHG emission
reduction potential'*!”. For example, the residential sectors in the
US accounts for nearly 80% of total indirect GHG emissions %2,
In Japan households are responsible for >60% of total GHG
2123 with their contribution expected to account for
nearly 50% of the emission reduction commitment. As a result

emission

there has been an increasing number to efforts in the past decades
to boost household-level decarbonization measures®26,

Although many studies have explored how this heterogeneity in
household characteristics affects both energy use patterns and
adoption of mitigation technologies, most studies have relied on
mono-dimensional and/or subjective divisions across household
characteristics. For example, although many studies find
generally higher emissions of richer, aging and small size of
household”. Under the classic framework of household-feature
analysis, the emission features are manually being grouping and
ignoring if there obtain the similar emission features, such as
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income level and age of reference person. This single-dimension
grouping is apt to provide misleading information. For example,
richer household are found emit more emission than poor, while
their higher emission may be driven from richer household having
larger household size. The mismatching from household grouping
and emission features lay potential uncertainty for following
measurements generation.

characteristics and
demographic transitions affect the adoption of climate change

Here we explore how household
mitigation technologies at the household level, and their potential
effect on actual emissions. Regarding the latter single households
already account for 34.6% of the entire population in 2015
(expected to increase to >50% by 2035), while the population
aging and shirking rates are some of the highest in the world
Collectively the above can provide valuable information for other
major economies that are increasingly facing deep demographic

transitions*2.

2. Method

For this study we follow four main research steps: (a) delineate
study groups through developing a household taxonomy (Step 1),
(b) estimate household emissions for the study groups (Step 2),
(c) identify adoption patterns for emission mitigation options for
each group, and estimate emissions for adopters and non-adopters
for each group (Step 3), and (d) simulate future adoption and
emissions considering the ongoing demographic transition.

3. Result and conclusion

The clustering analysis performed with the least absolute
shrinkage and selection operator (LASSO) model identifies that
the five most important variables (from a total of 27 variables)
affecting direct energy use and related GHG emissions are income,
household size, average household age, driving demand and
whether the household has children. We use these household

This paper is written based on the proceedings of the 41™ Conference of ‘
Energy, Economy and Environmentheld by the JSER.
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characteristics to create a taxonomy of six groups that have the
largest disparity in direct energy use and related emissions.
Figure 1A shows the emission comparison among the six
household groups. Here, we find that high-income core
households with children (HFK) have the highest emissions
compared to the any other groups. This finding is in line with
many of previous studies as richer emit higher®!°. Interestingly,
high-income households do not always have higher emissions
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than lower income households. Lower-income elderly single
person households (LES) households and lower-income single
person households also have high emissions (see pink bars in
Figure 1A). Figure 1B shows the breakdown of per capita
emission by activity (outer circle) and fuel (inner circle). The
results suggest that uses of home appliance and vehicle account
for the highest share of emission in all groups. Except for the very-
high income households with children (HFK), emissions from
uses of appliances and vehicles account for more than 60% of
overall emissions in the other groups. However, for the HFK
group space heating is the largest source of emissions (36.4%),
followed by appliances (24.5%) and vehicles (21.9%). For the
lower-income elderly single person household (LES) group and
the lower-income single person households (ULS), uses of group
appliances account for most of the emissions, followed by space
heating. Compared to the three groups outlined above, for
household with children (e.g. UHFK and UHBF) more than 30%
of the emissions are from vehicles, which indicate their propensity
for a more car-oriented lifestyle. From the viewpoint of fuel we
observe that the LES group has large demand on kerosene for
space heating, but in fact, electricity is the main fuel for heating
especially in mountainous regions of the country. This indicates
that lower-income elderly single person household (LES) still
deeply depend on the use of kerosene for space heating, though it
is generally less efficient than electricity. In contrast, though
emissions from space heating in the HFK group accounts for a
large fraction of its total emissions, the electricity-related
emissions are as much as 2.16 times greater than the LES group
with the per capita emission from electricity which has overpass
3tCOq/cap. More importantly, emission intensify of kerosene is
much higher than electricity, which means the heating utility of
richest segment is very low, even can be luxurious purpose
(having higher per capita living space or keeping the all rooms
warm in winter). Therefore, the following mitigation
measurement should take a special focus on how to balance the
living demand and mitigation outcomes. For the low-income
elderly single households who generate higher emissions,
upgrading their heating equipment, such as replacing kerosene
heaters with electric heaters, is more recommended to lower their
use of carbon-intensive energy. However, the very high-income

household with children (HFK) are found with largest electricity
emission, indicating the end-use electrification may not have
much potential anymore. The only way is to save energy from
uses of appliance and vehicles directly. In comparison, the lowest
level of emission is found in the mid- and high-income extended
family households.

The nuanced understanding of energy consumption and emission
patterns are pre-requisites for designing effective and fit-for-
purpose measures to influence transitions to low-carbon lifestyles,
and eventually achieve the decarbonization of the residential
sector. This is because household characteristics (e.g. age, income,
household composition) not only affect energy use and emissions,
but also the acceptance of different emission mitigation
technologies. At the same time, demographic transitions might
alter drastically some of these household characteristics (e.g. age,
composition) at the national scale, essentially affecting the overall
emissions of the residential sector. With many societies around
the world currently experiencing rapid and deep demographic
transitions exemplified by population shrinking and/or ageing
(see Introduction), it becomes critical to understand how these
transitions will affect the prevalence of households with different
characteristics (and essentially different energy use and emission
profiles, and propensity to adopt mitigation strategies).
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A Bayesian Approach for make to CO, Emission Table at the Municipal Level Part 2.

- Household Energy Consumption -

B BE e

Akio Tanaka

Abstract

The goal of this study is to clarify the energy consumption and CO: emissions for the residential sector of all
municipalities. In this report, about 40,000 statistical data was first analyzed using the RSVD method. Next, using a
hierarchical statistical model, I estimated the energy consumption of the sector for each municipality.

Keywords: Household Energy Consumption, Municipality, Bayesian Hierarchical Modeling
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