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Estimating the Future Household Transportation Demand by Private Car Focusing on

the Population Decline
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Yuko Hoshino Kei Morita

Research.

will decrease faster than the rate of population decline.

In this study, we focus on the transportation demand of passenger cars in Japanese households, and estimate a Tobit 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

Our results show that if the population is concentrated in a region with less car mileage, it is expected that the total car mileage in Japan

Keywords : Household survey, Car Mileage, Tobit Model, Global warming
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Basic study on Installation and Use of Water Heaters

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

v — BR T

Ken-ichiro Nishio

g B

Kazuyoshi Nakano

This study elaborates the installation and use of appliances for water-heating, space-heating, and cooking by construction period and area,
using questionnaire data of about 10,000 households. National and local governments that have declared to aim for a decarbonized society
need to understand the actual condition of technology diffusion to consider necessary policy options. Ministry of the Environment started to
implement the Survey on the Actual conditions of Carbon Dioxide Emissions from Residential Sector in 2017. The analysis of its micro data
indicates that heat pumps have increased their shares in relatively new detached houses, whereas they have been not widely adopted in
apartment houses. The results implied that it is necessary to consider how to promote decarbonization technologies at the point of constructions.

Keywords : Energy Efficiency, Decarbonization, Water heating, Space heating,
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Predicting Appliance Ownership Status using Residential CO; Emission Survey Data

[T E S - TS

Toshihiro Mukai

Mo o3R BT

Takuro Tanaka

variables are permuted from the full model.

Attention has been focused on efforts to promote energy saving actions by utilizing various data regarding energy use of households. When
promoting energy-saving behavior, analysis and prediction of households’ equipment ownership status will be able to be used for the
personalization of energy-saving tips such as energy-saving measures and home appliance replacement in order to promote behavior change
effectively. In this paper, we compared the accuracy of methods for predicting equipment ownership status using the national survey of carbon
dioxide emissions from residential sector. We employed four prediction methods for comparison: binary logistic regression, decision tree,
random forest and XGBoosting. We also evaluated the importance of explanatory variables by using permutation test, which remove variables’
feature by randomizing the values of each variable. We find that machine learning methods such as Random Forest and XGBoosting generate

relatively higher prediction accuracy. Furthermore, these methods show less degradation of prediction accuracy when important explanatory

Keywords : Home appliances prediction, Machine learning, Residential CO, emission survey, Behavior change

1. [ZL®HIZ

FHEZBUT D A~ — b A — 4 O R W= Bl o &
EICE, o= x X —FIRICET &7 — X &
TEH L TE =R TER) 2R TIHEAICER B E > TV 5.
Fo, R CoMBRRAERNE O - TRIT L2 T,
BT AN ROEZERE VBRI T D7 AL R %/ —V )
MEL, ZERIIAITRER ZREL b0 L HIfF SN 5.

HEHF B C OB IRA IRV Z 04T - THRIT DB, sl & 72
DEAEEIIRE 2 EICOEESND. g, -
FEREOBMEERTH Y, HEARRAIRBLOZER /347 TH
WHNDE 3%\, 1 21X Michelsen and Madlener (2012)V
< Braun (201021%, 7o — b7 —2%HWNT, KAV D
FREF NI 1T D EHES AR OWT, RN -
FEEEM - BAMER EOER ST ET>TWD. £z,
Lillemo et al. (2013)Y1%, [RIERDOERK A% / /LD = —TIT
STWD. BEESHRLIIMNT S, BRSO RMRIL 9%,
B REEEM DE TR RIC LB b &2 0.

U LD TIE, aFEELTrYRT ¢ v 7[H
RPRA SN D2H/AEN LD, BREE 7 SEB O F
B2 O THER 2 FUERGE L 72 B30 720, Fub 72l
L L, Raoand Ummel 2017)®1%, B AT ¢ v 7GR
B EIc LY, 7990 - A RORMFEEL LR D
BRI ATRE R O IIHRREEZ T > TV 5. i BECEER
P2 T BB R IRDUC T 20 217 5 e, BT

RN B PRI AR AT
T 100-8126 HAUHBTIUH X KFIT 1-6-1

LD LHEHRGEEZ 18 LT, o Hs R omafd ) o1k =
DUGENRIAEND.

F218, =RAX—HEHEN OHMGRRAERNEZRE - T
W28 b BEIND. Av— F A—FZ°HEMS O K&
W, OO = X —HET — & & A T ity
DHERA R ZFFE - TRIT DB SORFR S
TW5. 2D OREERFIE CIERERIHAL « D HALO =)L
F—EHET —Z2HVONTWER, AR TOZ XL
F—EEHET -2 TH, BEEGEHEES R EORAIR
WETHIDNTEDFREMERD 5.

AFETIE, ZbHHBEME - FERES, =X —fF
HAEBREZHRPEEKE LTHY, BB EAIRRO TR FiE
ARGES . BREDTZ, BREEENEM L TV D AR 29
R FEEFM O CO PEH EREHIAE] (LU, FEECO2
Wah) OMEET -2 FHW5.

DBEORERITILL T O@EY TH 2. 2T TIX, o87 - THlA
OV A ERARD . 3 T, FHE COr gt OBE L A
FCHWL T —4fEEZR~5. 4 BT, AR
DN+ TRIFERZIR~S. 7TETCITFEREZLRS.

2. A&k
2.1 &g

ARG T, BSRARILUCBET 5 TRIFEE, R Sl
HAWTUTFTOFIETHRIEL 72 . ARETIE, £27 v 71
DNTHET 5.
®  Step It RARIO TRKG L T oG L HEE



Step 2: PRARILOMRGERR &3 2 FRIFIELHE
Step 3: ¥5E L= TRIFIEIZONT, /NA /38—, R
—HaFa—=v T (KRER T LT F VAR
XGBoost D #~)

® Stepd FTa—=UITHONTA=ZERNT, H
TN il
Step 5: At AL EL D H 2 A FTAT
Step 6: 4 THITHEIZOWT, Step 2~5 VKL,
FRNFHER T OLRA KDL D T IR EE A LLigt

® Step7: KHEERIZDOWNT, Step6 VKL, HEERHIT
DARA IR D TS B A L

2.2 REEEOFAFE
Step 1 IZTTRIRIS%R & 72 DR A FEE L7214, Step 2 LA
BEClE, ELETHFEZANVT, REMEOTNET
2. HHMHEIN, HOWRERBELTWDIERIZ1 %L
XA BEY E LI L E, FIS K DR IRATERPIT

Pi = Prob(YL = 1|x,-)

tREND. 22T, TR EHONT FLTHY, #%
W LML T — 2 25

ARETIL, BEHMEARILO T % 2 i & LTk
2. AT, B, BEEN T o oRERE T
BHlstge & L7288, 1999 4R LAR(T - 2000~2010 4 - 2011 47 LA
Me, & 3MHELLEOVEMEE LT I1E D DEYAREAD
5. LrLARTIE, THTFEORKRIEAZELL, ®
HIRWE 2 EEHE LTERINDGAOHRERETS. 3
B LRI WA BOMETH .
RAEMROHEIE, ARV 5L YRR
FEHOKMPENMEME 2D 95, AT, ZHrYR
T4 v 7RG, REAR, TUF LT F LA, XGBoost
(eXtreme Gradient Boosting) ¢ 4 FEJEIZ SV T, ARG
DTS % REREET 5. RFIZ, XGBoost (X, Wkl —
AT 4 VT ENRNBT LT T) RATHDH. MoK
SR T4k L T, XGBoost THEZ K DA 78—8F A —
HEFZMICHETE L0 AUy MLV, HERMEE
WETL2EFBEIML TN D.

2.3 FRREOFMAE

Step 3 TIE, REAR - T X L7+ LA b » XGBoost IZ
DNT, Z Uy RP—=FIZEDANAAR=RT A= DF =
—= U7 EATS. Eiz, Stepd~T IZBWTH, FHRED
P T HDBROFERERMIE L 72D . AT, HFERETH
W571% AUC (Area under the ROC curve) % FEAGFRIZE & L
THW-.

AUC 1%, EMFEEZ2I0—RLLIBETHDLLERD.
BB &L, RAMEENEECLL EOGEIIRE, S IE L
TBROFRFRERD, EORARUEF LS RDLEFIETH 5.
HiOBEORAERNE KT F I =LK & truth;, RAIRM
DT RAERT ¥ I —Efhpredict, b T5E, P=CD
Yt predict; =1, P, < CO¥Epredict; =0CTH Y, 1EfE
LIXACC = %Z?ﬂ(truthi = predict)) L KREN 5.

EfE=RIT, BMECOMITIKFET 2R THD. Hl2iT, B
HCZ 0.5 LD b 0ITEVEICERET 2 L, RAL TV D
#aEIELL FHIT 5%IE (TPR, True positive rate) (33
=T, RALTOWARNIEFZ#ES> TREL TS & T
4 5%E|4 (FPR, False positive rate) & H19%.

ZIT, Kb hcRHiiERE & LT AUC 280
Hid. AUC &1, ROC (Receiver Operator Characteristic)
RO TEIEAE & L CER S LD, ROC it &1, BfEC
0705 1 IZELEE72BRIC TPR & FPR OfAEDHE L
LT 2l TH v, fiEwhic TPR, BfhiC FPR 2 AV
THBEsND (K1), ROC L, MiEzEbsEs2 &
2 & 2 TR EE A~ DB A RS T BRIV B,
IR DL FIZIRR D1E ETFRIREER SN2 L2 BT 5.
F72, ROC HMRZHEE{L L= b D2 AUC THY, flAY 1
WGED I ETRBERSWZ L2 BT 5.

ate

0.50 1

True positi

0.001

0.00 0.25 0.50 0.75 1.00
alse positive rate

X1 ROC Hifgo i

AR TIE, RZEMFE (Cross validation) 5% HV T AUC
DHBRRFEEAT o7, REMRGEHELL, T—F%52F 0 F A
kD EIL, k=107 —=Z2 ZEHT =2 L LT, K &h
FET— & L LTHY, ZivaklEli v iR L TR E O
VA TGS 2 TETH L. AfaTlE, k=5& L TARER
FEVE A FEE L7z,

2.4 THEEE

Step 5 Ti%, SHEKOEHE 2GS 2. MFET L
VL 5E, BAHERORELE ST, SRR
FROMEHA B RS W CHREEOF A IHIT 5.
—HT, RNV LS5E, BURREUSZY T 2 HE



R1 TG LT SRR 2 I 425

FdH HH T — 2 G S
EEe | RS . =7 2 (BR) 9,505 0.309
EEies | I HEEES ERV—y - T 9,505 0.163
WEEies | A HIREES AT b—7 9,505 0.296
EEes | =7 a2 URGERRY (1A E) 2000 4LLAT 7,664 0.143
EEies | =7 a2 URUERRY 1/ B) 2005 LA 7,664 0.290
EEies | =7 2 URUERRY 1/ B) 2010 4E LT 7,664 0.535
falbitkss | BRE— MRV (¥ a— N, XFF2— 1) 9,359 0.158
s | EXURAKE 9,359 0.102
falbitkes | W ARG - AR E (mava—XE5T) 9,359 0.593
FRIGHEER | KTk - MERE (a7 o —LEED) 9,359 0.149
N mIERJERLERA (15 H) 2000 FLLRT 8,842 0.146
M MIERJERLERA (15 H) 2005 4FELLRT 8,842 0.306
M mERJERLERA (15 H) 2010 FFLLAT 8,842 0.589
IR | B CR b AR O R W - 26AT 9,505 0.503
R | BRI CR b EARROEWEP] . LED 9,505 0.424

ERZ2NT2D, SHRENT T v IRy 7 2L, FiR
R TERWADNREE LT Ta .

WA, 7 — 2 KEL - FHERE M b & B 032 A
{BIZPE, BEE 0T Z v 7Ry 7 2o+ 5 MR
HMOBED L EHIT, BROMRFIEIIOWDTHRFNED
HILTWD 12 KT, SEROEEE LRI 5
e, N aT—va VREIC X DR EE V.
I, MRS THIRECKR ST, D 1 o0EKE
il U735 A Ol fEIE OB R B A ST 5 HIETH Y,
ICMUITEBNDOEE T X DI ANEZ D Z & TITY.
ML L= Z LI X PR E R RIBICH L L5 E,
OUAEBOBEE ISV EFHMIIND. A<, TH
FEOHEKEREZ 1-AUC & EE L, HFoBEHIZ SN T,
—Ia7—vaUREE 10E#RYIKLTH LD AUC
KEOFEEE AT, ERESE 2 b 5.

3. ¥—4

3.1 RE CO. FEtOWME

ARETIE, FRECO Mt DOEET — 2 225 W, KiE
COx gl & 1%, HEEMMADFEM e CO PR FERE AR L,
HUERIRIEAL R SR DA « SR T D EMER AR5 2 %
BROWEBSNTOWIRETHS. BHOTFLF—fHif
AT (fEH FEME), EFERA (PR 29 4R 8 H KRR,
AZEHRA (CFRk 30 4 2 A KR R) TR S LD, st
0% 13,000 HH#HTH Y, 9B 9505 HHF G GetH &
o TND.

=R
==X

3.2 FRRF LT MR
AR T, FRECBIT BRI XX —EEO L EFE
eR - RIS - MIEE - BRI W T, s FEEB L O

BIYERHAZ THIS & 95, BRMICE, £ 1 IR e
15 FifEZ FHINRET 5. 728, HEROEOEERRIT O
TIE, THITEOIEABESBNIRENTH LD Z LR, Tk
Eom ERRECTHDZ ENTRINE. TO), A
R 10%REOBEIHI OV TIE, RRORG LRI L.

3.3 BEAZEH
| ECHDRD® Y, #ERIRA IR A 0T - TS 2548,
Al & 72 HRAB IR & < 2HHIC SN D 11,
A BECETEESER L L TR o5, AT,
PUF &AL E L TRV,
LI GlIIP ANy it |
AR R D & 3 — 2585 7 FilH
AT EAEERI O & X — 24858k 9 FiKE
HARERIC B2 4 I — 2803 fdE (Bl - 7k -
BOREA )
SRRSO & X —Z25 % 10 FEEH
TR 0 & 2 —25 % 3 TS
YRR D & X — 2 | T
FrARAMR O & 2 —Z5 % | i
GUEH D & X — 254k 9 Tl
HE PR T 0D e 25 4
KIHFEES I —EH
B2, =R XA EFRAEME LTET bR,
AT, UTERAESE LTHWE:.
ERCOBERME &
ERITORRT 7 A&
ERTOLP H A A&
R C O AT IE B
"7 7~9 HOV¥EREH &
AZ8 12~3 ADEHEKME A&



OSR7woE)E  WREAR

EMTHROHERRRHOKRVRRA : LED
EETROERREORVIR : 58T

TEBERERE (188) : 2010%FMaT
EBERERE (158) : 2005%FLUA]
BERERH (158) : 2000%FLa)

(TR BENE (19— IESD)
NGBS MBNE (1193-XEE)
TR

BRE-MROTRIESRE (T3F1—b ~AF1-H)

I7OCEGEREE (188) : 20105MUaT
I71VBLERSHE (18H) : 20054L4E]
I7IVBGESHR (18HE) : 20004L4E]

RAREAEEMES | AThAN-TJ%
RIAEREREHES | BRH-—Rvh-2fD
BAREREREMLS . IV (BR)

=}
©
=

©
[N]

E3HLTALAN  BRET-2F4>Y

o
w
o
N
o
wul
o
[e)]
o
N
o
2]
o
©

2 HESRAIRDLO AUC (SR - RS AK L LGS

(@) KDHR T8 OOZR74v7ElE
ECET - dpmE - T i
AL g - e SREeE
BT e - g -
ESMFNT— 0 2011-20154F - o= o
BwmiY- - 0 e—
(b) Bar— M TR 025 030 035 040 025
iGimd KERmyz— - 1 e
EYERYI- - 2 e
BRI 1 2011-20156F - | o~ 5 d
EEFIZ—  2006-2010F - o— s
BT s - 46— .
0.2 03

(©) BRioms- EWERYE— - . e
BENE epgg=—  dofes - | e L
EAIYZ—  BIERTYE - | e o
ABHFAEIT - | o s
FERENE - 16— | . .
(@ AR 02 03
B s - i
RS - e - e b
BRI 2011-20156F - @ o
AT s - e »
RS- B - 4 i | o

(T2 L TAVAN
i ===

(iREAR (YA -RA7 4>
' - i = =T
s :—:o—
- | ——
| | ., —e— | —— | ;
035 040 025 030 035 040 025 030 035 040
| o e
: —o— 3
e R4
< R
! =2 ; e, |
03 02 03 0.2 03
—8— @
B b
a4 Xs
. 3 ‘e
¥ : : R ]
0.3 0.2 0.3 0.2 0.3
- —— ! —o-
i —e : -
Tt e
4 -0-
L—o re-

0.10 0.15 0.20 0.25 0.30 0.350.10 0.15 0.20 0.25 0.30 0.350.10 0.15 0.20 0.25 0.30 0.350.10 0.15 0.20 0.25 0.30 0.35

ERE (1-AUC)

3 THRFSRA] - THITHER COEMBEE LAL S MOFMFEE (HH B - FEEMEETIERE LichE

PA DR AEEEMIZ OV T, FRbH RS OFEMIESC
[IE e RV (AR

4. FPAREORIESR
4.1 HHEEY - TEBHICKSRETFA
X212, #eERn] - THIFENTO AUC 2779, AUC 23
0.7 2 TV AHME LT, B HBERSO TTiHA
— 78, RSB [EXe — PR TRGEE (o
Fa— b, XAFa— b)) [ TRABESE - RENE (==
Ta—R%&ETe) | UThages - BERNE
BETe) IO ATENEYT L. F, PHIFIERNCRS &,
RERO T RGN LI, £, 2V RT ¢ v 7 [H]
&, TUH AT H LA, XGBoost DFERTRE 2RI
B,

(=7 44—

WIZ, FRKEEE AUC 2% 0.7 LL EO TR Iz oW
T, BEEEEOFMGEREZX 3 IRT. Ziux, TRl
G, XGBoost IZ8IT 2R ED K E W\ AL 5 FRFEHOF
S A L, TRIEGR] « TRITFERNC I A B
L7zbDThD. 728, M3 TREROMALLKIZONT
LEPEEE AR L CRBY, THIFECKRL T, EEE
PRI - 72 2 & HHERR LTV D,

HENOESRD ST, =27 —va VRERTOT
HIKSEE 2 VT L7z AUCHHAR (1-AUC) Thb. %
7z, HEANON—L, BREEEOFMOBRII A= 27
—Ya i 10 FEREY I LZBEOR/ME - BKEOIRTH
D, N—hRfHED 7 my MIEEEEZRL TS, T
v R DBESRD SR HEEN CTHANCEH 513 L AUC k&
MREL, S EROBEBBENEGN L 2EKT 5.



O RT1y/ElR

ERTHRHERRRBORVZE : LED
B TROERRREORVIRE | HAT

AEERERE (168) : 2010FE
AEERERE (188) : 20054

ABERERH (188) : 2000FLa]
KThiames BENE (T2D1-ILE2E0)
HAkames - BENE (I023-2X%30)
BRURKER
BRb-MROTRIESER (I3F1—b $AF1-H)

I7IVEEH (16H) @ 201048E]
I7IVEEIE (18H8) @ 2005481

I7IVEGERHE (1588) : 20004%FLLA)
RIBEFAREHERR | XThMA T4

FRER  WIDHINTALALN WABRT-Z74Y

REFERIEEKS BRI Avh D EEESSSSSSSeeeeeeSS e eee————

BAEEAEELEE 171> (BR)

o

0.1

= 4

BRGSO TR h—7%8) (X 3-a) OfER
ERDE, RS X — (bifEE, i, Bb), dHEEess,
BRI OB EBEENEDICHBEIL TWD. 2,
BN MR AR ERRR N R D REEKMR LTS B0
EEZLND.

WM TER e — MRV TREBELE T AR5 -
A E ) TGS - =23 E) (K 3-bed) OfERZE
B &, BEHR, SRR, REE, EREE KB
FEREOHER EOEBEEENESDOBMICHD.

F7o, HUHEED AUC kL2 THFENNC T
5L, XGBoost T U H LT F LA KEHNRT, nVRs
o v 7 [AUFRREARICIB N T AUC HBERENE OIS
DL END. XGBoost TV H AT 4 LA NERWY
B DTG EE DR TE OB AL E K L TE b T,
—EROFIAZL K LT PR E O T 23D 70 VAl R
PEARIE LTS,

4.2. FRERRICLIRETH

B 41z, EREEREBALKRLE LI2GE0, HR -
FRFEHNTO AUC 2773, AUC OFERERD &, Fedd
il AR IRk o & A0 Utias C T IIDRE EE 23 i b O [ 23 2 X
ns.

Fio, TRFEINCHERE RS L, XGBoost K07 4 A
74 LA N OTRANEERMFEL Y BEE L TELME
Rond. Bz, s AREESRO NTimA h—7 %)
IZOWTIE, P RT w7 EIFTIE AUC 78 0.86 ThH -
7D LT, FvF 574 LA FTIiX0.93, XGBoost T
13092 &, 0.06~0.07 FREDOLER AL,

¥, HHIBME - (EEBMEEZ A L LT25E O/ R
(B 2) LT 2L, BEERES LRGSR O TR,
BOTHD. —FH T, =7 = R RH] - e RG] -

0.2

0.3 0.4 0.5 0.6 0.7 0.8 0.9

BERIRAIRILO AUC (EH B e Sl A R L LES S

BRI OV, ERARERE Y bR EE - 2R
PECBIT DI MAEBALSEE LTHOWESGADIE S BNED
OTRREENBLE SN, 2720, ZhTH AUCIE 0.7 K
WMTHY, —MICTHIEENE O EIEE 2R,

X 512, FHHEEE AUC 23 0.7 LA EOFHIH SRz o
T, BHCEEE OB R A2 T, BRSO [
Tay (BR)) @A h—7%) (K 5-ab) 22T, T
HSEDOE WS 57+ LA M, XGBoost DfEF% RL5
&, ITHOEREHECEROAFMHEN, thoBHE
BEL_RTEEENREDICMM S TN D.

F7o, WwGkERo IR e — MR 7RG BRI
Kl (B 5-cd) #R75E, ML, TAGRIRBUCEET S
THW b BEEMNE < FHE S A BANCH D DICK LT, %
FIT L E NN ER O o T3 5 D IZFHE S h
TWab., ZhuE, BRE— MR 7REGERAE = R ERE
e, BRUERREEHO S TIIRA RO TRIAH LW
IENBERTHDLEEXLND. TOM, falikkeso 5
et « BEBNE] DTG - REAE] (K 5-ef)
DRERZERD &, FHERO T 3L X —JFIZ BT 5 i &iE
WOBEHENE  FHI SN AHEP AR IND.

5. E8

AFTIE, FE COfitEHWT, MESRRA RO TH
FIED BRI AT o 7. T OREE, BEEFEE H
52 LT, THIFIEORER L, SRR OREERE 2
BT TE D AMREMER B D Z L IR S LT

A RYE - BRI T 2 MAEBAL L LTHY
TeHe, v RT 4y VEUFRPREA & T XGBoost X
TUHARTF LA NDIEIN, EHEEEO GO
IZBI3 % AUC KRB D W TN S . 2,



(a) 71y (B&

(b) TR b5

(0 Bty IR
ihimtn

(d) BRURKER

(e) HRKGZER-
BENrE

(H ADhiGwms-
BEhtE

KDmEER -
wRES -

BREE -

BT ALER -

BRI -

KTSmeFr -
BREE -
BRFRH -
LPHASFRE -

BRES -

HTALER -

LPH AR -
BREE -
KTSheFr -

BRET -

BRFH -
AR -
LPHA£F R
BREE -

KTmeER -

v

#WHHAFHE -
LPHASFRE -
KTImeFR -
BRFRM -
BREE -

0.0

KToerRd - o

ARG -
LPHAFR -

'y

o ¥

HOSZTryoElE

04 05 00 041

ST

=N o e

(ORMZIPL L

£}

K_

o |
N
o
w
o
~

o ¥ %

L’

¥

0.4 0.6 02

K}

0f2 Of3 0!4 075 OTO
®

(i) REA

02 03 04 05 0.

0.5

0.4

>

(VRBT-ZF 1>

e

o oo

o
(S

o M NRNNN|

¢

> wg

o
8

.’-“,_'-'_"'

o,

0

Q.
N

‘

-

o
w
o
~

_#

0.4 0.6

°

02 03 04 05

WA -

0.0

)
ew

01 02 03 04 00 01

0.2

03

@

0.1

02 03 04

#HEkE (1-AUQ)

o
o IEmEmmemEy
L)

04 00 0.4

5 TPRPHSH] - PRITFHEN TOEBEREE LA 5 OFMRE R (EHEHREHALKL Li2LE

TR R ATRE AR B WAV D R WEAIC S, B EE
FETETPHRKECHELIHITE L WEERH L Z &%
REL TN,

Fio, HAREREZFRALELE LTRAWEES, 704
AT 4 LA RS XGBoost 78 & OMBEE FIET, @Ol
BEMHREINZ. ARTIE, FECOHKFHIEENSE
R ABHTA A < LP A « ST OFERME AR, BROEZE -
FHEAEEZHRALKE LTHW ., L, Aw—1K2
KT — B LKA O KR 7R & ORI FTRE R 5 A,
END EMAEDEDZ LT, EHEEN L HIfFS,
SBOBETHD.

I B\, BREEEZ PRITEIIC I LR, B
FENTRTIEIC L > TRRZHETDBEIN. Wtk »
AT 4V EIRIC R D BERG B IR Th 7 b DD,
BEO TR L D0V REZ KT A2 & T, L V#ER
WEBEROGNTE AR S S, UL EOSHHRESRIE
WP EOEREERTHLOTHY, ZRLF—HICE
T OVERIERNEEND.

AR

)

2)

3)

4)

5)

0)

SEXH
Michelsen, C.C., and Madlener, R., 2012, Homeowners’
preference for adopting innovative residential heating
system: A discrete choice analysis for Germany, Energy
Economics, 34, 1271-1283.
Braun, F.G., 2010, Determinants of households’ space
heating type: A discrete choice analysis for German
households, Energy Policy, 38, 5493-5503.
Lillemo, S.C., Alfnes, F., Halvorsen, B. and Wik, M., 2013,
Households’ heating investments: The effect of motives and
attitudes on choice of equipment, Biomass and Bioenergy,
30, 1-9.
Ma, B., Yu, Y., and Urban, F, 2018, Green transition of
energy systems in rural China: National survey evidence of
households’ discrete choices on water heaters, Energy Policy,
113, 559-570.
Jridi, O., Bargaoui, S. A., and Nouri, F. Z., 2015, Household
preferences for energy saving measures: Approach of
discrete choice models, Energy and Buildings, 103, 38-47.
Goto, H., Goto, M. and Sueyoshi, T., 2011, Consumer choice



7

8)

9)

10)

on ecologically efficient water heaters: Marketing Strategy
and policy implication in Japan, Energy Economics, 33, 195-
208.

Liao, X., Shen, S. V. and Shi, X., 2020, The effects of
behavioral intention on the choice to purchase energy-saving
appliances in Chine: the role of environmental attitude,
concern, and perceived psychological benefits in shaping
intention, Energy Efficiency, 13, 33-49.

Rao, N.D. and Ummel, K. 2017, White goods for white

people? Drivers of electric appliance growth in emerging

economics, Energy Research and Social Science 27: 106-116.

Kavousian, A., Rajagopal, R. and Fischer, M., 2015,
Ranking appliance energy efficiency in households:
Utilizing smart meter data and energy efficiency frontiers to
estimate and identify the determinants of appliance energy
efficiency in residential building, Energy and Building 99:
220-230.

Weiss, M., Helfenstein, A., Mattern, F. and Staake, T., 2012,
Leveraging smart meter data to recognize home appliances,
2012 IEEE International

Conference on Pervasive

11)

12)

13)

14)

(1)

i)

ii)

Computing and Communications, Lugano (19-23 March
2012)

Lang, M., Schratz, P, Binder, M., Pfisterer, F., Richter, J.,
Reich, N. G. and Bischl, B., “mlr3 book”, a version of May
19, 2020, https://mlr3book.mlr-org.com/

Biecek, P. and Burzykowski, T.

“Explanatory Model
Analysis: Explore, Explain and Examine Predictive Models,”

a version of March 8, 2020, https://pbiecek.github.io/ema/

Molnar, C. “Interpretable Machine Learning: A Guide for
Making Black Box Models Explainable”, a version of June
1, 2020.
book/
BRETE CERL314E3 7)) Pk 29 4212 FHEERM O COx
PEH RN - A OM R (R oz

https://christophm.github.io/interpretable-ml-

A R - EEEMELSTIE, R OREEEGR 1300
RAEER OV E2 B0 256080 5.

AR (BB - 7t - BloREAE) SEF -4
FOBKMEARR L, —HOBALHUILMEET — &
LEEF LN - R L7z,



FRE CO2 MEHIE S EEREVMLEZZBR L-FEEPV VX
7 5O E BT

Quantitative Evaluation of Residential PV system considering demand shift
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Ryota Shintomi
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Yushi Inoue

Vehicle (EV).

In Japan, the installation of residential Photovoltaics (PV) systems have increased due to the Feed in tariff (FIT) scheme. PV power generations

depending on the weather conditions are expected to be able to effectively utilize by demand shift of Heat pump water heater (HP) and Electric

In this paper, we analyzed the effectiveness of demand shift of charging and discharging of EV and boiling of HP in residential PV system.
In the simulation, we constructed a simulation model assuming optimal economic operation, and analyzed quantitative effectiveness based on
the statistical survey of carbon emission in the residential sector. The simulation shows that demand shift of HP and EV can reduce power
costs and increase self-consumption rates by effectively utilizing surplus power generated from PV.

Keywords :CO, emissions, Residential sector, demand shift, demand response, Photovoltaics, Heat Pump, Electric Vehicle
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Estimation of the electrification potential of home appliances and private vehicles and

its impact on CO2 emissions by using the Survey on the Actual Conditions of
Carbon Dioxide Emissions from Residential Sector

s mE W AEBRE K BT
Yumiko Iwafune Toshiaki Kawai Yuko Mori

Electrification of final energy uses has potential to reduce energy consumptions and CO2 emissions. Electrification of thermal
demand for water-heating and space-heating use by heat-pump technologies and deployment of electric vehicles could
contribute to improvement of demand-side energy efficiency and mitigation of imbalances between supply and demand in
electric power system, which would be led by the large-scale introduction of volatile and intermittent renewable energy sources,
such as photovoltaic and wind power, by generating new electricity demand and creating various demand shift factors. In this
paper we estimate the electrification potential of home appliances such as cooking heater, water heater, space heater and private
vehicle and its impact on CO2 emissions by using official statistics, “the Survey on the Actual Conditions of Carbon Dioxide
Emissions from Residential Sector”.

When the electrification impact on CO2 emission was analyzed by considering an ideal situation where all appliances are
substituted, and the CO2 emission was determined on the basis of the carbon intensity of electricity in 2030, our results scaled
up to the total population show that home electrification of cooking heater, water heater and space heater can potentially reduce
approximately 4.4% of CO2 emission and private vehicles electrification can potentially reduce approximately 71.6% of CO2

emission.

Keywords :residential CO2 emission survey, electrification,
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An Empirical Study on the Regional Low—carbonization of Residential Sector

Focusing on the Contributions of Energy Conservation, EVs and PVs

m BN

Shunsuke Mori

o EEF
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Eriko Kiriyama Yurie Shinohara

In order to meet the carbon reduction target pledged by Japan Government, a 26% reduction in carbon emissions of 2013 value by
2030, and aims to reduce it by 80% by 2050, various technology options have been proposed. Especially ZEH (Zero Energy Houses) and
ZEB (Zero Energy Buildings) are expected for the residential sector as well as the penetration of Electric vehicles (EVs) the photovoltaics
(PV). However, the evaluation of possible “synergies” among ZEH/ZEB, PV and EV have not been well evaluated since the survey on the
base-line energy consumptions and driving pattern of vehicles was limitedly established. The effects of weather and other regional
conditions are not discussed well. “The CO2 Emission Survey of Household Sector in 2018” by Ministry of Environment provides detailed
data including daily usage of passenger cars. This study aims at the quantitative evaluations of energy demand changes and low
carbonization in the residential sector considering regional differences. We show the contribution of implementing efficient energy
facilities, ZEH/ZEH-M designs, PV installation, and the replacement of ICE vehicles by EV.

Keywords : ZEB/ZEH, EV charging, driving pattern questionnaire, reorganization of buildings
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Estimation of Energy Consumption Intensity of Residential Houses based on Social

Statistics

{2 S e I T O T
Ayu Washizu Satoshi Nakano

Abstract

The purpose of this research is to prepare energy consumption data of houses as an evaluation standard for the analysis of the
effect of introduction of regional home energy management technologies. For that purpose, we used the micro data of household
CO:z statistics to create a energy consumption intensity for housing, and aggregated the primary energy consumption status of
households in Tokyo by region. Although the intensity estimated for each region in Tokyo is higher than the national average,
it seems to be appropriate as a value based on the social attributes of the local residents. It was estimated that the total housing
in Tokyo consumes 605,565 TJ. This is 19.9% of the national total energy consumption and 31% of the central region
consumption in the comprehensive energy statistics, which is larger than the population ratio. By region, the consumption
composition ratio was high in Setagaya Ward (6.8%), Nerima Ward (5.3%), and Hachioji City (5.0%).

Key words : energy consumption intensity for housing, household COx statistics, evaluation standard, Tokyo
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Empirical Bayesian Estimates of CO2 Emissions Intensity for Single and Elderly

Households by Region

FH B A

Akio Tanaka

Using data from the Survey of Actual CO2 Emissions in the Household Sector conducted by the Ministry of the Environment, we
estimated the CO2 emission structure of single-person households and married couple households. The data for analysis were
resampled using the bootstrap method. The statistical model used allowed for the hierarchy of the model to be taken into account.
This study also analyzed the level and lifestyle effects in the hierarchy. Here, hierarchies are defined as age, city size, housing type,
and housing electrification status. The results also reveal the rate of energy-saving behavior and the impact of the introduction of air-
conditioning for pets, insulated openings, and Eco-Cute systems on CO2 emissions. In this study also showed that the empirical

Bayesian estimation is valid even in areas where the number of collected samples is small.

Keywords: Empirical Bayes, Low Birthrate and Longevity, Small Area Estimation
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Fundamental Analysis on Domestic Energy Consumptions and CO2 Emissions in Japan

WG B AT S

Tonooka Yutaka Masato Yamazaki

We conducted a fundamental analysis on domestic energy consumptions and CO2 emissions in Japan (Survey data). As a

result of the comparison with the estimated data by The Institute of Energy Economics, Japan / The Energy Data and Modelling

Center (EDMC), the Survey data is a little smaller though the difference is only a little, though regarding City Gas and Hot

Water use, the Survey data is a little larger. The categories of house and family unit with large energy consumption per

household are cold district, detached house, rural area, large family, home with aged person, home of old building year, and so

on. The factors are associated with each other, and we are planning to study the structure of energy consumption.

Keywords : Household-sector, Energy consumption, CO2 emission, Global warming
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Classification of Household by CO, Emission Factors

O okt

Ryota Shintomi

KA g

Hiroaki Otake

B2 S ol (L

Yushi Inoue

reduce emissions for each cluster.

This paper presents the results of clustering households by factors that have a large impact on CO2 emissions. We clustered the household
information that can be grasped from the household CO2 statistics into nine by the k-means++ method, which is a non-hierarchical classification
method. As a result of clustering, we obtained clusters with different features such as how to build, where to live and how to install equipment.
Comparing the annual CO2 emissions per household in each cluster, the CO2 emissions of the multiple dwelling house were the smallest. On
the other hand, those in cold districts were the largest, and those in all-electric homes were also the next largest. Especially for the three clusters

(cold district households, all-electric homes, large-scale detached houses) that emit large amounts of CO2, we also considered measures to

Keywords :CO, emissions, Residential sector, Non-hierarchical classification, k-means++
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Patterns in Japan household data associated with energy
consumption profiles

Delage Remi’, Nakata Toshihiko”

Abstract

Keywords : Residential sector, clustering, pattern recognition.

The complexity of energy systems have so far been ignored in their analysis and design with unrealistic assumptions. The
analysis of real data is necessary to deepen our understanding of these systems and provide more accurate models as well as
realistic solutions toward sustainability. As complex systems, energy systems are composed of many actors self-organized in
subsystems or patterns arising from the bottom-up. This study uses households’ data provided by the Japanese Ministry of the
Environment with the objective of finding patterns associated with residential energy consumption profiles. Using a clustering
method, we first search for groups of households with similar energy consumption of electricity, city gas, LP gas, kerosene,
gasoline, and diesel fuel. For each group, we then identify statistically significant specificities in the corresponding households’
data including the geographical location, number and age of residents, annual income, heating equipment and vehicles.

1. Introduction

The analysis of energy systems have so far mostly relied on
models built from assumptions, often linear, which do not
transcribe their complexity. The diversity in actors’ behaviors and
preferences is obscured by agglomerated parameters thus not
representing the imperfect reality. The increasing amount of data
now offers us an insight on this reality, allowing us to fill our lack
of knowledge while verifying the accuracy of our models.

This study focuses on the analysis of Japanese residential sector
with the objective of identifying patterns associated with energy
consumption profiles. For this purpose, we use the data provided
by the Japanese Ministry of the Environment (1) consisting of
9505 households with information on the energy consumption,
geographical location, residents, and equipment. After clustering
the households based on their annual consumption of electricity,
city gas, LP gas, kerosene, gasoline, and diesel fuel in 2017, we
search for statistically significant specificities in corresponding

households data.

2. Energy consumption clustering

As the original 6-dimensional search space corresponding to six
energy resources is difficult to visualize, we first map it to a 2-
dimensional space to check for the existence of clusters. t-
Stochastic Neighbor Embedding (t-SNE) (2) is currently
considered as the best algorithm for this purpose. It is a nonlinear

machine learning technique that consists in constructing a low-

Corresponding author; Delage Remi, E -mail: delage@tohoku.ac.jp
* Department of Management Science and Technology,

Graduate School of Engineering, Tohoku University

6-6-11-816, Aramaki-Aza-Aoba, Aoba-ku, Sendai, 980-8579, Japan

a) t-SNE of raw consumption data

40
20
ol
2o
L’/I)
-20
40
60 -4 20 0 20 40 60
t-SNE 1

b) t-SNE of transformed consumption data
80

< n

40 . ® A
5

20
o
53]
Z
@
20
-40
-60
-75 -50 -25 0 25 50 75
t-SNE 1

Fig. 1 t-SNE visualization of households’ energy
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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). 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 (3). No
clusters are clearly distinct here. In order to reveal the clusters, we
apply a nonlinear transformation on the data using the inverse

hyperbolic sine function (3) defined by:

arsinh(x) = log(x + Vx2 + 1) (1)

Such transformation have for effect to make high values more
comparable to lower ones while keeping zero values as zero.
Other transformations such as log,(x + 1) can also be used for
this purpose but we found that clusters were qualitatively more
distinct with arsinh function.

For the clustering of households’ energy consumption, we opted
for HDBSCAN algorithm (4). This algorithm takes as input a
minimum cluster size instead of a number of clusters to find as in
most other clustering algorithms. This allows to identify the actual
number of clusters as well as outliers. The clustering result with a
minimum cluster size of 20 points is shown in Fig. 2 a) using the
t-SNE map in which 23 clusters are identified (the clustering is
applied on the original space after applying arsinh transformation
rather than the t-SNE map). Black dots correspond to outliers. As
a comparison, Fig. 2 b) shows the clustering result on a map build
from the two first components of principal component analysis
(PCA) which a standard tool for exploratory data analysis. One
can see that such linear approach offers qualitatively poor results
in comparison with t-SNE which is nonlinear. The size and energy

consumption of each clusters is summarized in Table 1.

3. Clusters specificities

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 based on the
null-hypothesis that clusters’ households’ 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

a) t-SNE of transformed consumption data after clustering
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Figure 2 Clustering result visualized using a) t-SNE and b)

PCA for comparison. Black dots correspond to outliers.

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 3 shows an example of such calculation result for
the prefecture data from cluster 13. 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.

Table 2 shows significant (i.e. with low p-value) conditional
probabilities and average values from the identified clusters. For
practical reasons, only the results for clusters representing more
than 1% of the whole set (73.1% in total or 95.2% of the whole
set excluding outliers) and p-values lower than 0.01 are shown.
Heating equipment and vehicles fuel data are omitted here
because of their triviality (households using kerosene have
kerosene based heating equipment etc). It appears that households

from clusters 17, 19 and 22 tend to have a more than average

number of residents, income and floor area while households from
clusters 4, 7, 10, 12 and 15 tend to be small and have few residents
with low income. Clusters 4, 22 and 7, 21 seem concentrated in
northern and southern Japan respectively while clusters 13, 15
seem to mostly be constituted of households from prefectures
with high population density.

To avoid misleading the reader interpretation, we do not advance
hypothesis on these results but rather plain observations. However,
we emphasize the fact that conditional probabilities and average

values should not be used to demonstrate causality. We employ

Table 1 Summary of clusters energy consumption.

(GJ/hous.year) (GJ/resid.year)
Cluster |Nb points |% points |Electricity |City gas |LP gas  |Kerosene |Gasoline [Diesel Total Total
1 22| 023 18.6 21.8 0 0 13 24.4 66.1 23.1
2 23] 024] 202 0 44 443 438 82| 1207 413
3 26] 027 34.3 0 0 13.0 40.2 19.3 106.8 32.8
4 210 2.21 10.3 0 5.8 16.9 0 0 33.0 21.9
5 23] 0.4 11.3 0.1 0 50.2 0 0 61.7 40
6 44| 0.46 19.1 0 0 9.3 0 0 28.4 17.7
7 242|255 10.4 0 9.4 0 0 0 19.8 12
8 50]  0.62 14.0 2.7 0 49.5 28.0 0 94.2 38.7
9 726]  7.64 13.7 18.6 0 10.3 25.0 0 67.6 26.1
10 143] 150 24.7 0 0 0 0 0 24.7 12.4
11 34 0.36 10.8 14.4 0 2.2 0 0 27.4 13.7
12 106] 1.12 11.7 15.1 0 9.4 0 0 36.2 18.7
13 1346] 14.16 145 21.5 0 0 20.3 0 56.4 215
14 31 033 4.3 19 0 0 0 o[ EZs
15 821 8.64 12.0 16.0 0 0 0 0 28.0 14.4
16 25|  0.26 6.6 0 5.1 3.1 10.8 0 25.6 20.9
17 927 975 325 0 0 0 30.6 0 63.1 22.4
18 200 o021 32.5 0 0 1.0 31.1 0 64.6 20.9
19 732  7.70 28.1 0 0 17.9 31.8 0 77.8 29.3
20 41 043 5.3 0 2.2 0 10.0 0 17.5 16.3
21 721]  7.59 13.1 0 13.1 0 28.7 0 54.9 23.1
22 489 514 15.4 0 3.1 39.0 33.4 0 90.9 34.8
23 480  5.05 12.7 0 16.3 10.5 32.0 0 71.4 28.3
Outliers 2214]  23.29
Total 9505 100
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Figure 3 Example of prefectures conditional probability distribution for cluster 13 with the corresponding p-values.



such approach here for the mere purpose of revealing
relationships, not their nature. Although the total energy
consumption might be directly related with the number of
residents, floor area or income, the relationships between these
variables and individual resources consumption might not be so
trivial. Especially, geographical location and construction year
should be related to the complex evolution history of Japan with

environmental, economic and political factors.

4. Conclusion

Because of the complexity of energy systems, there is a limit to
their analysis through modeling and one ultimately have to
explore their reality from data. With the increasing amount of data
and the development of advanced algorithms for analysis, we are
now able to fill our lack of knowledge on these systems and

provide better solutions toward sustainability. The present study

focuses on the analysis of residential energy consumption in Japan.

With the use of clustering and standard statistical tools, we were
able to identify clusters in energy consumption profiles divided in
electricity, city gas, LP gas, kerosene, gasoline and diesel fuel as
well as specificities in households data associated with each
clusters. The method presented here however do not allow to draw
conclusions on the nature of the relationships between each
energy resources and these households’ specificities. For this
purpose, one could use other machine learning techniques such as

association rules learning (5), although current algorithms require

great computer resources. Lastly, one cannot exclude the risk of
biases in the sampling so an increase in data amount and diversity
would be beneficial, particularly some prefectures are represented

by very few households.
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Table 2 Specificities in clusters representing more than 1% of the whole data set. Only p-values less than 0.01 are shown here.

Cluster 4 7 9 10 12 13
Prefecture Hokkaido 22.4%|Okinawa  22.3%|Niigata 15.2%|Osaka 11%|Kanagawa 10.4%|Aichi 12.5%
Aomori 7.1%|Fukuoka  11.6%]Aichi 9.5% Miyagi 7.5%| Tokyo 11.5%
Iwate 5.2% Osaka 7.3% Kyoto 6.6%)|Osaka 10.9%
Toyama 4.8% Hiroshima  6.3% Kanagawa  7.6%
Miyagi 5.5% Hyogo 6.5%
Chiba 3.9% Chiba 5.4%
Nara 1.9% Saitama 3.6%
Kyoto 3.5%
Shiga 1.1%
Av. Residents 1.7 (-1.0) 18 (-0.9) 28 (+0.1) 22 (-05) 22 (-05) 29 (+02)

Nb. (diff. other)

Income

<250 59.5%

<250 46.7%

250-500 43.3%

<250 37.1%

<250 39.6%

>500 58.5%

(10k yens)
Auv. Floor
Area m2 84.3 (-18.3) 55.9 (-47.5) 87.2 (-15.2) 93.7 (-9.9)
(diff. other)
Constr. Year <1981 45.7% 1971-1995 51.2%|2011-2015 19.6% <1981 37.7%|1996-2000 17.3%
2011-2015 13.7%
Av. Cars Nb.
(diff. other) 0.3 (-1.0) 0.3 (-1.0) 0.5 (-0.8) 0.3 (-1.0) 1.2 (-0.1)
Cluster 15 17 19 21 22 23
Prefecture Tokyo 26.6%|Ehime 7.2%|Hokkaido  13.5%]|Okinawa  30.5%|Hokkaido  30.5%|Miyagi 5%
Osaka 19.6% | Kagawa 5.2%| Ishikawa 4.2%|Ehime 5.5%|Aomori 5.3%|Fukushima  4.4%
Kanagawa 11.4% |Okayama 4.2%|Yamaguchi  3.7%|Okayama 3.9%| Iwate 4.9% |Okayama 4.4%
Hyogo 6.6%| Ishikawa 3.7%| Fukui 3.4%|Kagoshima 3.2%]|Toyama 3.7%| Iwate 3.5%
Saitama 4.4%|Tokushima  3.1%|Toyama 3.3%| Shimane 2.1%|Yamagata  3.5% |Nagasaki 2.5%
Kyoto 3.2%| Fukui 2.6%)| Akita 2.6%|Kumamoto  1.8%]Akita 2.7%]|Nagano 2.1%
Shimane 2.2%|Wakayama  1.1%]Yamanashi  1.2%|Saga 1.5%
Wakayama  1.2%
Av. Residents 22 (-05) 3.2 (+0.6) 3.1 (+0.4) 3 (+0.2)

Nb. (diff. other)

Income

<250 25.9%

500-2000 60.9%

500-1000 44.7%

250-500 40.4%

250-500 40.9%

250-500 45.6%

(10k yens)

Av. Floor

Aream? 682 (-372)| 1251 (+254)| 1343 (+348) 70 (-34.8)| 1365 (+36.2) 89.2 (-13.7)
(diff. other)

Constr. Year > 2000 68.5%|2001-2010 30.2%|2001-2010 28.3%| <1991 59.1%|1991-1995 14.4%
Av. Cars Nb. 02 (-1.2) 16 (+0.4) 18 (+0.8) 14 (+0.1) 1.8 (+0.6) 16 (+0.3)

(diff. other)
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Development of a Prototype Tool for Efficient Analysis of
Household COz2 Statistical Data
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Tsuyoshi Ueno

Masahito Takahashi Yasusi Sinohara

Abstract

calculations were performed using the tool.

The Ministry of the Environment's household CO:2 statistics is a valuable data source that includes information on the energy
consumption of actual houses in Japan, as well as information on municipalities. However, it is difficult to intuitively
determine the location of the target house from this data alone, and weather conditions and regional characteristics are also
unknown. Therefore, we linked the locations to local government codes and linked them to weather data and census data. For
efficient analysis, a tool for visualization, filtering, and linkage with other databases was built on the GUI, and trial

Key words : Household CO:z statistic, inquiry Data, GUI tool, EV/PHV
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