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Factors Affecting Annual CO, Emissions from Passenger Cars in Japan
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CO, emissions from passenger cars account for more than 20 % of total emissions in Japan over the years. We estimated yearly CO,
emissions from passenger cars from 2002 to 2016 and analyzed the factor of year-on-year change of them. Improvement of fuel efficiency
continuously has contribution to constant CO, emission reduction. Number of vehicles owned increases CO, emissions, which indicates the
rebound of CO, emission due to the high fuel efficiency. Driving distance has positive and negative effect to CO, emission and it varies from
year to year. Lifetime of passenger cars has been extending over time. Especially, the lifetime extension of small size vehicles has positive
correlation with vehicle price. In addition to the macro data analysis, driving distance per year and vehicle choice were modeled based on the
behavior survey of individuals conducted by MOE. Driving distance per year has positive correlations with fuel efficiency and size and
household income. Engine displacement has correlations with household income, frequency of use, driving distance per year.
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Statistical Analysis on Regional Characteristics Annual Home Energy Consumption

AN — " S &7

Kenichi Hasegawa Yutaka Tonooka

Home energy saving is essential to prevent global warming. And the development of local scenarios for energy saving
should be useful to implement the new scheme of low carbon society. This paper describes the regional characteristic of indoor
environmental performance and annual CO, emissions from home and automobiles using the data of “Statical Survey of CO,
Emissions in Private Households Sector”. A multi-regression analysis method was applied in order to clarify the association
between CO; emissions and its influencing factors such as floor area, family numbers, space heating and cooling, building
thermal envelope, family income and so on. The factors which influence the dispersion of annual CO, emissions are location,

floor area family numbers, space heating equipment and use of automobiles.

Keywords : Home energy consumption, CO, emission, Statistical analysis, National questionnaire survey
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Analysis of Energy Consumption in the Residential Sector Using Machine Learning

L O I

Masaaki Nakamura

THEZ"
Shimoda Yoshiyuki

This paper presents a neural network model to estimate annual energy consumption by fuel type in the residential sector.
Japan’s target under the Paris agreement is to reduce GHG emissions by 26% between FY 2013 and FY 2030. The residential
sector is responsible for 15% of total emissions has set a high target to reduce 40% emissions over the same period. In order
to reliably achieve those targets, an accurate estimate of energy consumption is important. The purpose of this paper is to
estimate the energy consumption per household by fuel type in the residential building using the neural network (NNW)
model, which has been attracting attention in recent years, and to verify its accuracy. Although the model demonstrated the
coefficients of determination between 0.39 and 0.69, it was able to model major residential buildings accurately. There is still
room for improvement of this model by increasing the number of samples or reducing the attribute.

Keywords : Global warming, Energy, Residential sector, Neural network model
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Long-Term Projections of Transportation Demand in the Household Sector Using

Survey Data on Private Car Ownership and Miles Traveled

RS E T . RE T

Yuko Hoshino Kei Morita

in large cities.

In this study, we focus on the transportation demand of passenger cars in Japanese households. We estimate a Heckman’s two step model
of the annual average mileage by passenger cars for each household based on the Survey data of Household CO, Emission which was published
by the Ministry of the Environment. Furthermore, using this model, we make a prediction of the transportation demand of passenger cars in
Japanese households by 2040 based on the future population and number of households as estimated by the Institute of Population and Social
Security Research. Our results show that the total car mileage in Japan will decrease slower than the rate of population decline. This could be

due to an increase in total vehicle miles driven due to a decrease in population density in rural areas and an increase in the number of households
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Cluster analysis of Japan households’ energy consumption per

resource

Delage Rémi*, Nakata Toshihiko*

Abstract

for each cluster.

The analysis of energy systems has so far been limited to aggregated statistics or analytical modeling with underlying
assumptions and approximations. The results of such approaches do not reflect real world complexity including uncertainties
or heterogeneity in energy systems agents’ preferences and behaviors. Recently, the opening access to individual data allows
the use of advanced tools such as machine learning to perform complex, deeper analysis of the systems and fill our lack of
knowledge to design more accurate solutions toward energy sustainability. The present study focuses on the analysis of clusters
in Japan households’ energy consumption per resources. Statistically significant patterns are identified in the households’ data

Keywords : Consumption analysis, Residential sector, clustering.

1. Introduction

The interest in energy systems started in the mid-1970s when
modeling was employed for energy planning as a response to the
oil crisis [1]. Today, researchers are working on improving our
energy systems by solving the sustainability trilemma between
affordability, security and sustainability toward a carbon-neutral
society in order to mitigate climate change. Although the
objective has shifted, the methodology has fundamentally
remained the same with the use of aggregated statistics and
optimization based analytical models to analyze current systems
performance, suggest optimum designs, and forecast possible
evolution scenarios with the integration of new technologies and
policies. New idea has yet emerged to integrate concepts such as
sector coupling or cross-border sharing, as well as dynamical
considerations of energy demand and power generation from
intermittent resources.

One of the major obstacles faced by researchers of this field
remains the complexity of energy systems because of their many
actors or agents distributed in social, economic, technological and
environmental groups [2, 3]. Such systems are self-organized in
local subsystems with intra and inter feedback loops making them
highly nonlinear. They are optimized from the bottom-up through
a process of evolution rather than being the result of a centralized
mechanism with global information.

The analysis and design of energy systems requires either the use
of complex techniques such as agent models, dynamical networks
and machine learning, or their simplification at the expense of

accuracy. The later has so far been the standard strategy with the
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grouping of agents from supply side to demand side in sectors
often defined by societal criteria such as industrial, commercial
and residential demand sectors. However, agents from different
demand sectors might have similar supply needs, and agents from
the same sector might have different needs. Furthermore, agents
from a demand sector might produce energy for others, especially
in a system with sector-coupling, cross-border and peer-to-peer
energy sharing.

With the increasing amount of data from individual agents
available, it is now becoming possible to shift from these arguably
strong assumptions toward more objective and accurate system
simplifications based on actual agents’ behaviors regarding
energy. Several studies have introduced clustering as one of these
alternatives [4]. While these techniques do allow for an accurate
grouping, the complex mechanisms at the roots of identified
clusters are still unclear.

The present study focuses on the analysis of clusters in Japan
households’ energy consumption per resources by looking for
statistically significant characteristics in their geographical

location, building data, residents’ data, and equipment.

2. Data and preliminary analysis

We use the 2017 statistics survey of residential sector provided
by the Japanese Ministry of the Environment [5]. The data set
contains 9505 households distributed all over Japan with various
data including their energy consumption. We search for clusters
in the 5-dimensional space constituted by their total consumption
per year of electricity, city gas, LP gas, kerosene, and vehicle fuel
resources.

In order to verify the existence of clusters, we first visualize the



data by mapping each household to a 2-dimensional space using
t-Stochastic Neighbor Embedding (t-SNE) [6]. It is a machine
learning technique that consists in constructing a low-dimensional
map such that the data pairwise probability distribution is similar
to that in the original high-dimensional space by minimizing the
Kullback-Leibler divergence. Data points pairs are attributed a
higher probability the more similar they are using any similarity
metrics (here we use the Euclidean distance). This technique is
particularly adapted to the visualization of clusters in high-
dimensional data. Figure 1 a) shows the result of t-SNE on the
9505 households’ consumption data using a perplexity parameter
of 100 which is almost equal to 1% of the sample size [7]. No
clusters are clearly distinct here. In order to reveal the clusters, we

apply a nonlinear transformation on the data using the inverse

a) t-SNE of consumption data.
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b) t-SNE of trans formed consumption data.
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Fig. 1. t-SNE maps of a) the original energy consumption
data, and b) the data after transformation using arsinh

function.

hyperbolic sine function [7] defined by:
arsinh(x) = log(x + VxZ + 1). (@)

The effects of this transformation are shown in Fig. 2. In the
original distributions of households’ energy consumption for each
resource Fig. 2 (a) show that the majority of households have a
low, even not distinguishable from zero energy consumption,
while few have very high consumption not comparable with the
whole set. As one can see from the distributions of transformed
data Fig. 2 (b), households with low energy consumption are
clearly separated from zero values (not including here), while the
increasingly rare households with high consumption are now
comparable with others. Another benefit of this transformation is

that it keeps zero values as zero. One could also use log(x + 1)

a) Probabilty density of consumption data.
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Fig. 2. Effect of arsinh transformation on the probability
distributions of households’ energy consumption per

resource. Zero values are omitted for better readability.



for this purpose but we found that clusters were qualitatively more
distinct with arsinh transformation. Notice how the distributions
of resemble that of normal distributions after transformation. This
hints at log-normal type distributions resulting from the
multiplicative product of random independent variables and
commonly observed in complex systems [8].

To justify our choice of these five energy resources for our
analysis, we compare the distributions of gas resources and
vehicle fuel resources in Fig. 3. (a) and (b) respectively. City gas
and LP gas consumptions show very distinct patterns. Especially,
LP gas distribution seems to be composed of several random
processes. For this reason, we consider these resources separately.
The diesel fuel consumption seems to be on average lower than
that of gasoline, which might be due to the former being 20%
more efficient. However, the number of households using this
resource constitutes only 8% of the whole set so it is difficult to
identify a clear pattern in the distribution. Clustering applied on
the 6-dimensional space with separated vehicle fuel resources

resulted in the identification of most of these households as

a) Probabilty density of trans formed gas consumption data.
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Fig. 3. Comparison of probability distributions for gas and

vehicle fuel resources.

outliers. Since these resources have the same consumption
purpose, we chose to consider them together. The remaining
resources, electricity and kerosene, are interesting on their own,
one having broad usage purposes and the other mostly found in

cold areas or in older buildings.

3. Consumption clustering

We use HDBSCAN clustering algorithm [9] offering several
advantages over other widely used algorithms like k-mean. As a
density-based algorithm, it uses a minimum cluster size to identify
the actual clusters and outliers rather than searching for the
optimal arrangement of all points into a pre-decided number of
clusters. Results of HDBSCAN and k-mean++ clustering on the
original 5-dimensional space are shown in Fig. 4 (a) and (b). The

input parameters are respectively a minimum cluster size of 20

a) HDBSCAN result.
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Fig. 4. Clustering results from a) HDBSCAN and b) k-

mean++ algorithms.



Table 1. Clusters size and average energy consumption in GJ.

Cluster 1 2 [3 Ja |5 6 [z [8 Jo Jio [11 Ji2 [13 [outliers
Nb points 203 31 934 437 1312 75 926 135 222 931 688 396 427| 2788
% points 21 03 9.8 46 138 08 97 14 23 98 7.2 42 45 293
Per Electricity | 12.3 12.2 12.9 13.7 145 11.9 11.8/ 258 10.3[83.0 28.2 125 15.6
household  |City gas 0 27 019.2 21.2 16.4 155 0 0 0 0 0 0
LP gas 45 0/123 0o 0 0 0 0 91 o0 00160 29
Kerosene 16.5 44.4 0 10.4 0 96 0 0 0 0 16.4 9.5 385
Gasol.+Dies.]| 0 242 285257 203 0 0 0 0/31.3 336 326 35.0
Total 33.3 83.4 53.8 69.0 56.0 37.9 27.3 25.8. 64.3 78.3 70.6!
Per resident [Total 18.4] 845 204 24 19.4 157 12.9 20 255 25.3 31.1

points and a number of clusters of 13, the same number as
identified by HDBSCAN and visible on the t-SNE map.
HDBSCAN provides results qualitatively in concordance with the
t-SNE mapping. While outlier households seem to clearly belong
to clusters, t-SNE algorithm has a tendency to over-represent the
existence of clusters.

The size and average energy consumption for each cluster is
summarized in Table 1. Absent resources combinations are: no
electricity; city gas with LP gas; electricity with kerosene only.
Clusters 2, 4 and 12, 13 use the same combination of resources in

different quantities.

4. Households characteristics

After identifying households with common energy
consumption profiles, we search for significant differences
between these clusters in their geographical location, residents’
data and equipment using either the conditional probability
(probability given data & cluster) or average value depending
on the nature of the data. We estimate the corresponding p-values
households’

based on the null-hypothesis that clusters’ data

are not different from the other households’  data using a
bootstrapping method as follows: for each cluster, 100.000 test

sample sets with the same size as the considered cluster are

generated by randomly drawing households from the whole set
with replacement excluding households from the cluster. The
conditional probabilities or average values probability
distributions are computed using the test sets. Based on the actual
cluster data, the p-value is then estimated from these probability
distributions using a right-tailed test for conditional probabilities
and two-tailed test for average values. Figure 5 shows the
conditional probability distribution of cluster 5 households in
Japan prefectures with the corresponding p-values as an example
of such calculation. Although the conditional probability for
Fukuoka prefecture is higher than for Shiga prefecture, its p-value
is relatively high so the null-hypothesis cannot be invalidated.
Meanwhile, the p-value for Shiga prefecture is low meaning that
the percentage of households from this prefecture is abnormally

high compared with that of the set of other households.

5. Results and interpretations

Table 2 shows significant (i.e., with low p-value) conditional
probabilities and average values from the identified clusters. For
practical reasons, only p-values lower than 0.01 are represented.
Heating equipment and vehicles fuel data are omitted here
because of their triviality (households using kerosene have

kerosene-based heating equipment etc.).
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Fig. 5. Example of prefectures conditional probability distribution for cluster 5 with corresponding p-values.



Table 2. Statistically significant households’ data for each cluster. Only p-values less than 1% are represented.

Nb. (diff. other)

Cluster 1 2 3 4 5 6 7
Prefecture Hokkaido 20.7%|Hokkaido 54.8%]|Okinawa 31.4%|Niigata 13.3%|Aichi 13.0%|Tokyo 14.7%|Tokyo 26.1%
Aomori 6.4%|Aomori 9.7%|Ehime 5.5%|Osaka 9.4% | Tokyo 11.8%|Kanagawa 13.3%|Osaka 19.0%
Iwate 4.9% Kagoshima  3.4%|Aichi 9.2%|Osaka 10.7%|Kyoto 8.0%|Kanagawa 10.8%
Ibaraki 2.2%|Miyagi 6.4%|Kanagawa  7.8% Hyogo 6.7%
Shimane 1.7%|Hiroshima  5.9%|Hyogo 6.6% Saitama 4.2%
Gunma 1.4%|Chiba 4.3%|Chiba 4.9% Kyoto 3.1%
Gifu 3.0% |Saitama 3.9%
Nara 2.3%|Kyoto 3.7%
Shiga 1.0%
Av. Residents 18 (-09) 29 (+02) 29 (+02) 2.1 (- 0.6)

Income

<250 58.6%

250-500 67.7%

250-500 39.3%

250-500 43.7%

>500 59.1%

<250 32.0%

<250 27.2%

Nb. (diff. other)

Income
(10Kk yens)

<250 36.3%

<250 49.5%

500-2000 61.9%

500-1000 44.2%

250-500 46.2%

250-500 41.2%

Av. Floor
Area nm?
(diff. other)

90.0 (- 12.4)

54.3 (- 49.0)

126.2 (+26.6)

1353 (+35.7)

88.5 (- 14.3)

138.4 (+37.9)

Constr. Year

2006-2015 37.0%

> 2001 69.3%

2001-2010 31.3%

1991-1995 15.4%

1971-1990 46.8%

Auv. Cars Nb.
(diff. other)

0.6 (-0.7)

0.3 (- 1.0)

17 (+0.4)

19 (+0.6)

16 (+0.3)

19 (+0.7)

Following are possible interpretations of these results:

Clusters 1, 2 and 13 tends to be located in northern Japan or

cold mountainous regions. Households from these clusters
have a higher heating demand due to cold climate and poor
isolation resulting in higher gas and kerosene resources
consumption which are cheaper than electrical alternatives.
The difference between these clusters is typically in there
number of residents with impact on the houses size, total
income, and number of vehicles.

Clusters 3 and 9 tends to be located in southern Japan. They
consist of small houses with low energy consumption. As
this region consists mainly of islands, they do not use city
gas. Kerosene is unnecessary because electricity and LP gas
are sufficient for heating. Cluster 9 represent individual
households and cluster 3 average households with vehicles.
Clusters 4, 5, 6 and 7 are located in high population density
regions. All uses city gas. Clusters 6 and 7 have no vehicles
because they live in large cities with high public

transportation capacity. They have lower than average

income. Clusters 4 and 5 have higher number of residents

and income resulting in higher energy consumption. Clusters

4 and 6 use kerosene.

- Households from clusters 8 and 10 live in recent buildings
with all electricity. Cluster 8 has no particular location, few
residents, low income and no vehicle. Cluster 10 have
several residents, high income, vehicles, and have a
statistically significantly higher number of households from

Shikoku island and Ishikawa region which could be an

(10k yens)
Auv. Floor
Area n? 90.1 (- 12.3) 69.7 (- 36.1) 93.4 (- 10.2) 68.1 (- 37.8)
(diff. other)
Constr. Year <1981 38.9% 2001-2010 26.9%| 1981-1990 25.9%| 1996-2000 17.3% <1970 17.3%
2011-2015 13.7%
Av. Cars Nb.
(diff. other) 0.4 (-0.9) 14 (+0.1) 12 (-0.1) 0.3 (-1.0) 02 (-1.2)
Cluster 8 9 10 11 12 13
Prefecture Okinawa  23.4%|Ehime 6.9%| Ishikawa 3.8%|Miyagi 5.1%|Hokkaido  29.7%
Fukuoka  11.7%|Kagawa 5.2%|Yamaguchi  3.3%|Okayama 4.5%|Iwate 4.4%
Okayama 4.2%| Akita 3.2%|lwate 4.0%| Toyama 4.2%
Ishikawa 3.8%|Toyama 3.1%|Fukushima  4.0%|Aomori 3.5%
Tokushima  3.2%|Shimane 2.3%| Kochi 3.3%| Akita 3.5%
Fukui 2.6%|Wakayama  1.2%|Nagano 2.3%|Yamagata  3.0%
Yamanashi ~ 1.6%
Av. Residents 23 (-04) 18 (-0.9) 3.2 (+06) 3.1 (+0.4) 30 (+03)

indication of recently populated or developed area.

- Cluster 11 tends to be located in regions with very low

population density, which might explain the absence of gas

consumption due to a lack of supply capacity.

- The interpretation of cluster 12 is still unclear.

As mentioned above, clusters 2, 4 and 12, 13 use the same
combination of resources in different quantities. All four clusters
use kerosene for room heating and gas for cooking but clusters 4

and 12 use gas for water heating while clusters 2 and 13 use

kerosene.




6. Summary

We analyzed the status of residential sector demand in Japan by
identifying real energy consumption clusters as well as
statistically significant characteristics for each in corresponding
households’ data. We expect these results to support the
claboration of more accurate scenarios analysis based on the
prospective persistence, evolution, or disappearance of these
clusters considering the complexity of energy systems.

The data set used in this study still represents a negligible part of
the residential sector and one cannot exclude the risk of biases in
the sampling. An increase in data amount and diversity would be
beneficial, particularly for some prefectures represented by very

few households.
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Using the individual table data of household CO2 statistics and the ZEH data of 100 households, we considered the
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households.

Keywords

This study focuses on household energy expenditure and prices, and clarifies the characteristics of household CO, emissions by region,
energy composition pattern, and income class, based on the statistics of the Ministry of the Environment's survey of household CO, emissions.

It was confirmed that lower income households in northern Japan have a greater burden on energy expenditure. In addition, the impact of
energy price changes on demand is more limited for households in lower income and in northern Japan, indicating that the burden of energy
expenditure due to higher energy prices is likely to increase. We analyzed the likelihood of an energy shift in the household sector, which is
expected to reduce CO, emissions. The results show that substitution between electricity and non-electricity energy is more likely to occur in
northern Japan and less likely to occur in western Japan. However, in northern Japan, the share of energy expenditure in the household budget

is larger than in other regions, so encouraging electricity shifts through price effects could be a significant burden, especially for low-income

: Household Energy Demand, Price Elasticity, Survey Data
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Understanding the Actual Status of the Energy Expenditures

using Micro Data of Survey on Carbon Dioxide Emissions from Residential Sector

v — BT

Ken-ichiro Nishio

This study analyzed the factors causing the difference in the amount of utility bill payments by housing construction period, using micro
data of about 9,000 households. The analysis consisted of (1) building a model of gradient boosting decision tree, which is one of the
machine learning techniques, (2) identifying contribution of each household and each feature using SHAP value, which is a novel method to
improve the interpretability of machine learning, and (3) revealing the breakdown of differences on a macro level by aggregating each
contribution. The results showed that the factors that have reduced the amount of payments in recently constructed houses were partly caused
by the spread of heat pump water heaters and IH cooking heaters, so-called "electrification", in addition to the improvement of housing
insulation performance. It was also confirmed that the effects of higher efficiency refrigerators and lighting have been steadily increasing.

Keywords : Energy efficiency, Decarbonization, Water heating, Space heating, Machin learning, Electrification
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An Empirical Study on Impacts of ICT on Household and Industry Sectors
— An Analysis of Information and Communication Traffic and Telework Survey -

m BN

Shunsuke Mori

The diffusion of new ICT is often expected to contribute to reducing carbon emissions by replacing physical mobility with information
communications, while there are few empirical case studies to measure its effect. It is also pointed out that such wide adoption of ICT
would cause explosion of information transactions and thus increase the demand for electricity. Until today, increase of information
communications has been covered by the technological progress of ICT facilities, but the experts of electronics devices have cautioned
the physical limits of microfabrication. On the other hand, the Japan’s state of emergency over coronavirus issued on 13, March, 2020
forced Japan companies to deploy the telework. This unfortunate event revealed the effects of “telework!” and how the ICT could replace
the daily transportation. This study shows an empirical analysis on the effects of telework on information transactions and mobility as
well as the future trend of information traffic caused by the expansion of ICT services. This study shows (1) information traffic will
increase by 22.4% per year by 2030 while 10.9% per year by 2050 unless new service is rapidly introduced, (2) telework would decrease
CO2 emission by 1.23Mt—-CO2 per year while 2.95Mt-CO2 would be possible when available workers adopt telework two day per week
which are compatible with existing studies.

Keywords: ICT, information traffic, telework, transportation substitution, CO2 reduction
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