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Study on air conditioning use, occupant behaviours and energy
saving effect in the fuel cell installed condominium
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v [6] ZEE Lz, THIEKIRBE(LIREHRE] & AE SH (7] 2030 2131 % GHG HEHH &
DOHE B AEIIHERD 26% 715 46%I251 & LT Hiviz, FEEHMOHI B Z E 40%0° 5 66%
25l E EFohn, Bile LT MEEOHE =2 AF—(b) B3 F—MERED @ik -
Bear O AMEHE | THUSH) 7e =) L X —EBOFENE ] LIS TRRFETLT A 7 A K A L~
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Figure 1-1 Building type of Japanese residence
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2030 AR BRI, FEET O 100%7% ZEH FEHEOE = x K EIT#E G, B L OBEFETEA b
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Figure 1-2 Number of household members
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Figure 1-3 Share of the dual-earner in married women
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Figure 1-4 Air conditioner penetration rate
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JHTXx 5 Z & &MERE LT, Pellegrino H[65] 1%, A ¥ VU7 i a—nm v GEEICEBIT HE
T H FC-CGS 12X DAk~ 2Bl D2h % bhig LT\ %, Di Marcoberardiano &
Manzolini [66] I%. 5kW DHRESI D FC /BRI T — 1 v R2B T DL 72 FL X —HERkIC
BT 2 BATH I K ORRE I 223l 21T > T\ D,

WOKFEE & BAR T XX — DRI K E RMERN D 5, Bk TS E 72138
HAGIC L DEERE Y FIABB L AT ANEL, BEHOTHRIEZIT>TWHELH
%, —J THARTIIFRT AGG#HD KN TH D, EIZABDTIZDDEOTZENECK &
LR U CTv/e b K&V, B OBREEMERERVEIINCK TIXFBEEA TV D2, BATIT
EFEEEOR TRV —MEORFILIZT NN LOTETHD, BHFAHAEZAD L. FC ¥
B H ) DERBEMRA~OWITIIRCK & 72> TRO LI TN,

AARTHREIEMICET 2 ONDOMENRZ T b, BARL67] X, FEFEEICEK
I7 % PEFC-CGS D4 = /L F—2h 5, CO HEHEHIBEN R, HBE AR ROV TT
2 b= UEATV, R HIEIE EHIBEIR AR E WD L 2 REE LTz, [R5 [68] 13,
IRABHGRIEFHEN S < @R E T V2 WV, FREEIZBWTT 77 A vong
7V v NABH L OMBAADEIC L D FC-CGS DE =R X —R a0 Lz, HAS
[69] 1. FREET DA RFEHERERICHOWT 3FED CGS TY I 2 b—3 3 U &2ITWV, &
THRNF = RILHPEEOFEAE L L ONBHEICEEIND & Lz, /MNF5[70]
IX. FHEMH FC-CGS DKFRER &2 KFEABHERAT — a2 VOMi7EiE L L TEHT 2
ZLAEREL, TOWRMEL FULLEMIOE ST 2R RITEENTFHME Lz, IIAS
[71~73] 1%, EAEZBICBWT1IHEOFEHFC 2 2F P CHAT 2R EHF L, £/
FRYEEICIIT D HEMS 7 — & & W2 FKEM FC D FEREIT 21T o T2, S HITFREE



2{EFIZR T HEFEM FC OREMZRFHANC LV . A=V F—2 BB L OVEHAWEE~O
IBREVERE 2 30T L CREMF ORI TE & il U7z, RS [74] IXTHIEBAHENICB T, &
N 10~30 TE. ZHHIE 70~150 B DOFEHN FC ORFENZ RS 53 I 2 L—
a VEITWV, BIBREOC—7 1y NIREMR LT, A O[75] X, FEM FC 2 2H
B CEANL CREIENEZFA LIS AEO—RE=F X —HEEHIBEI IOV TY I 2
L—ya w7 o7.

ZOXIICKEOEAEMEITV I 2L —a ko Thy, EEETEHNRICE
HICHFHI 77— 2 I HES BRI 720, 2018 FRITIXEE D 44% % LFFEEN HH T
BU]. EEEEL AR LEFESHITIEETH S,

1-3RDEH

INETHEARLEIIE, Fa—ARETHLIEEOE = MLEED HT-DITIE, &
Yo SR DN — RAaPERE A 1A L S B B2 Thed, AFEAZ AV E X ALF—FAD
BAfR Ly Y 7 b2l A SRR B S S BRI U, R - PREME & WNL T 5 E =k TEN &
FATTHLELBUETHD, L LFICESEZBICEBN IRV =T —F 25 T&
LHHEGINDIRL . EERARIIA 0 Th D, EREIIFREHFCOEREZ HIEL TV 523,
WMAEE— Ry ZHE D ICHEATWRY, ZOBHO—2I2, KICESEEIZB T HECO
B ROEEEN 2 SN TN ERFITF b5,

AR TIIERAEENTHIE SN FC 2 R THIO TRFITEA LZEAET SKIZE
WTC, =7 a7 EOsIEEIE A G TE IR, FCIZ X RER, VA - KEEHEE
HEMS TEHIL, 207 —Z ZFRICHHT 22 L 2 WMARMEITMZ DT L TRFO
HEMS 7 — % # B3 L7z, S HICoEAFEE 21 BBV LT v 7 — MNER 2@ L
TREEDORIBEZHRTHEMS 7 — X G L=, 20 2B\ TV F—FHFERE &
T — MNRABICKAEEEOEIEASANE I A A LT T5Z & T, @& (~—FK)
EEFWH (Y7 R DA RICKIETHEOEREFIZLL T O ZS>OMEIZE R %
YT THEEL T2,

B2, BEEOBEEAMZ RO LT 2 =X &R TE O FERE 2 R
L. &% - F5RE, BEZEORE « EIRAXANVNE 2 HHBERGE LT, Z OFERIL,
JE R ANE ) 2R IR R B R TEN A D D IO OIFH L L TR Z E RSN D,

B, REEBICBITLFCOE MR LR L, FBEEORE - EFERZ A V035
ADRBEMFELT., EOICFCOBFETRPROM EREELZ LT, ZO/MRKIT. FIES
FEEICBT HEEHRE DO FCEHEADTZDOMFEHR E L TELD LI, ELBIBERN FC 0% K&
IR S5 72O ORI RICE#RT 5 2 LB WfFSh b,

IO OEREMIC LY | ARUFRIT KU 28R T 5 IR FE S 0
FHA~OEMRIZET D B2 5,

1-4 ABRSC DR

10



AREN e < BEOHIZLL T DM Y Th 2,

9 2 BETIL, ARSI A LA AT 5, BARBCIE, RS, FRA T Gk
W, 5trT— 2 & HETH 5,

%3 BT, BEROESEEOREIC L 2 =% X —FIHOZERE R L, G4 -
Mg « TRV F =R LI L2 EZROEREZZLET 5, IDICEOERIKEZ ETr—
INFX—FIHFEEZ L CRETOT — & 2 G LI-EA5EE SK Zx810, BT
By DM, AR - B ER RIS LB = 2 X =R of R & LB OER & o
%y

% 4 mECIE, BEEE SK XU, MEEFHAOMAIC X BEEO X A TR EAT
W, =RV R &R EE R - AR A XAV OREEE T LT, S BICEER IR
U7z (R - Pt & N 2 = xR EBRT D,

B SETIL, FEM FC 2H T HHEE{EE SK x5z, £EAEEICBITS FC 0BT x
RO FRE & JREFH ORE « ATEAZ A NVNE 2 DHBERGE LT, S DIZFCOE XL
RoOm EREBLRET D,

96 T CIL, AP TR OILCER., ., SHBOBEICONWTRIEZIT ),
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2-3-4 IEREAFEE I NV—T72 (SK)
2-4 T —4

2-4-1 HEMS 7 — %

2-4-2 JR{EE T v — MR

2-4-3 75 - KIRT —#
2-5 3T T ik

2-5-1 =R RLF—HH BB L O CO HEH &R IR
2-5-2 7 — ZHEP L W EHRMT

13



2-1 [FLCHIC

KT, ABFGEDEM S IEC OV TLLF O T+ 5,

2-2 T, AHZEDO EEPEIZ SOV THIAT 5,

2-3 Tk, #£AMFETE SK 25 LA S8 22 BUZ DWW T, 4 70— T I s 4 3t
92,

2-4 TIX, SHTICHWE HEMS 7—#, 77— MllEORIZE, K4 - KIROINTT —
HIZOWTCHAT 5,

2-5 Tk, =X —FIHOMBELRE, 7 — X FEP L FRFHRNT O FIEIZ DWW TS 2,

2-2 AR DBE

KRFFEIL. FKEEMABRENEM (Fuel cell; FC) ZA 3 2% AFE SK ##hic., BEfF - 184
b T 2R2HOESEBICE T HEET —ZIZESL O TH S, MHROEEAF— AT,
N RIREERE L Y 7 MeEFEWHICE S B =R NROMEE L V9 $242T 2013 (12
RSz MEE - #FME COy ol [BRER 11 1THESE, aHmRFELEE
FEESK R EENE L THI NV —T 2§ 5 s CEE L-, £AEESKICE
W TR B RIER FC #5728 DO— RRIEEITV, S OICHIBOEARES 21 B
M2 CT o — MNEEZITo -, fFE T EORIHIZOWTRIEZ ST ANEED
HEMS 7 — % ZHif% L7z, AT SK B L UMLOFEETE 1 HiTiL, HEMS 7 — & 2158
HIIZHWD Z L2 FOBAOKMEITMATIREL, £2F 0T —4 255 LT,

BRI B OEASFEEIT, TFRBARFICBECARE A THY | 7o r— MEZ ANEEZRD
P DA Fh LT BT 2 Z—7 BXOWFRRMGIFICERE TP THY . AFERTE
NERZT v r— NRBEEIT TR EE | I V— T LESEE SK, D 4 7 )V—7 THERK
END, 2013 4FEEROIEEFEFINEZ T T4 EENLRELZBML L, K52 DEAFEE
T 2016 - £ 7213 2018 4R E £ T HEMS 7 — # % Hif5: L 7= [Figure 2.1],

FY 2014|FY 2015|FY 2016|FY 2017|FY 2018/ ¢® -Preparation
{Questionnaire design, Measurement preparation)

Web survey o ‘¢=T—'—-‘l=‘=a Evergy data by HEMS

Existing group 1 @‘ ‘ 8z { Questionaire survey of pre-occupancy

N M Questionaire survey of post occupanoy

Existing group 2

&P Prevocoupancy survey
[Investigation at the previous meidence of the contractor!
& Post-occupancy survey

Newly built group 1

Newly built group 2
[SK]

D : Analysis and evaluation

Figure 2.1 Outline of the survey
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23 AENREY
22 BROEEE % Table 2.1 I[Z77,

Table 2.1 Investigated condominiums

Nof Completed Floor N of QS

1D Location flats time area [m?]  collected Remarks
Existing group 1
F-1 Shinjuku-ku, Tokyo 27 Jan. 2012 43 ~ 84 10 All-electric
F-2 Bunkyo-ku, Tokyo 29 Nov. 2013 42 ~171 13 All-electric
F-3 Suginami-ku, Tokyo 24 Feb. 2013 42 ~77 11
F-4 Megro-ku, Tokyo 47 Feb. 2014 62 ~ 83 16
F-5 Megro-ku, Tokyo 23 Mar. 2014 62 ~80 13
F-6 Takatsu-ku, Kawasaki 63 Mar. 2014 62~ 177 27
F-7 Toshima-ku, Tokyo 64 Mar. 2014 42 ~ 84 27
F-8 Sagamihara, Kanagawa 254 Feb. 2014 66 ~ 96 98
Existing group 2
T-1 Aoba-ku, Yokohama 88 Jan.1978 74 ~ 98 20
T-2 Chigasaki, Kanagawa 59 Oct. 1989 79 15
T-3 Toda, Saitama 60 Dec.1994 50 ~90 12
T-4 Fujisawa, Kanagawa 67 Nov. 1995 55~68 20
T-5 Kasukabe, Saitama 62 Feb. 1997 58 ~77 9
T-6 Minami-ku, Kyoto 86 Oct. 1998 56 ~99 16
T-7 Fushimi-ku, Kyoto 84 Mar. 1999 61 ~84 20
T-8 Suita, Osaka 82 Dec. 2003 72 ~ 107 21
T-9 Nishinomiya, Hyogo 78 Mar. 2005 65 ~ 87 21
T-10 Chukyo-ku, Kyoto 48 Apr. 2012 43 ~ 74 13
Newly built group 1
IG Aoba-ku, Yokohama 176 Sept. 2014 66 ~ 78 11
IH Aoba-ku, Yokohama 140 Nov. 2014 72 ~78 37
T Totsuka-ku, Yokohama 109 Dec. 2015 42 ~75 93
Newly built group 2
SK Shinagawa-ku, Tokyo 356 Nov. 2015 71 ~90 181 Fuel cell
Total 2026 704

N: number; QS: questionnaire survey

2-3-1 REREEEIIL—T 1

BEFEAGEFEEIV—7 11, THBDFEL, FHERHND HEMS Hh— B AN E SN K
FAR & A7) OFR LI - AV OESEE 8§ HTHY . HLIUX 2012~2014 FTh 5,
HEMS — bt A {IX FAECTH D, = F—FIHONGRIL, A—VEBLEEN 28 (F1,
F2), R APEIEED 6 i TH D, 7THITERDOFILERE « 7 A - KO &2 FHH L
TWDHD, MO 1 (F-8 (FR) ZMEAEIEHEOLFHIIL T\ D, JBEEDT V7
— M Z 2014 4EFE & 2015 4EED 2 [B{T o 7=, 7 47— FillEICB W T HEMS 5 — 4 %
PEFIEHE DM FRICRIM T 5 2 LK 13T 7 A K41, 2014~2016 FFEE 3Ry DT — #
1 27 % HEMS H— b 2 HEE LTS LT,
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F-8 (FR)

Photo 2.1 Existing condominiums - group 1

232 BIFEREEEIIN—T2
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MGFESEEIN—7 21, EEEEOEHREELT D THIZV—T 0 TC AR, TR~
— kv v a VB AR R EE B4 (MEMS) | HlED MEMS 727V 75— & L
T, BHZENROESEBICEE—FEZELEA L-FRIC HEMS ¥ —EANRE Sz
TEEAEE 10MTH D, EHEBE S, TEE S TH Y | BT 1978 0D 2012 4RI
HoTW5, HEMS H—EX4gflix E+ECTh D, =X —EBOFHMUITEAE1HEHED
HTo 57, HEMS —E 20— CENERE (RE, WE, BE) % 1 gL Tn
Do BEFEOT v — NRE A 2015 FEICIERIT 72, 77— FHAEIZIB W T HEMS 7
— T PEFEEE ORI D 2 S THRFE ST 2RI, 2015~2018 4R 4453 D
T —4% 1% HEMS —E ZAFEEEZE N LG LT,

=

v mﬂﬂkfuumjm—uw .

T3 (K) T-4 (FZ)
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Photo 2.2 Existing condominiums - group 2
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2-33FELEREEITINL—T1

BERESEEINA—7 1IE, THBADFEL, FER D HEMS % — B ARGERE - m
BN ORMANUELSFEE 3 THDH, HEMS —ERHI EfTHDH, =FXLF—8D
FHANZEEABIEHEOATH 573, HEMS —E 20O —B CTRENERE (RE, BE, B
FE) % 1 2pratiil L Tng,

T o — M A ANERTO 2014 4R & NJER O 2015 I 2 [T o7, IG & THIZT &~
r— MHAEIZIBWT HEMS 7 — & OfF%8 H B9~ R IG5 7 F 7 2 %4412, NE#k
M5 2018 FEEFE TOT —F 1 /% HEMS h—ERAFEENSEA L, £EHEE T Tk
HEMS 7 — % % BB ORISR 5 2 & 2RO A ST A2, 27 Z2%f
GUIANBH DD 20184 E TOT —H 1 7 % HEMS Yy —E A FEENLHG LT,

Photo 2.3 Newly built condominiums - group 1

19



234 FEEKEFEETIL—T 2 (SK)

AW O & 70 HFEEAREE T V—7 2 (SK) 1%, T #E237058 U7 Rl dn) 1 XA SE
Hi4 % 18 P THAF L 356 F O SEHERI 2 0 EB{EE TH S (Photo 1 (a)), 201549 H K
WCARBRZBMG L, 72— FPREIIAER, AERMGER, AEBRG 1ERO3EIT -7,
AR E T, EUL 3LDK (71.01~77.13m?) 272 fE77# KO 4LDK (80.86~90.23 m?)
84{EFTdH Y (Figure2.2) . HRIeMiik&Aii 32~69 H HHBTH D,

LLLRELLLEL L)

(a) Appearamncé of the building

(b) Fuel cell co-generation system

Photo 2.4 Condominium SK and installed fuel cell

(1) [}
T1-7
i i
- EEIRY] I E
wa(3) n a1 ] (1) ATl ar BE(2)
i 8
= - — [
A 4
®F| % e Y T nE(y) [
2= | n™
Bl q g 41 —
0 2 .
7 = B
L G LTI ) r\' 4}E
L
FEFY
d-FL A8 LR
=il | ITSLAE FET
W)
PEST AL Pt DEES R P ELECALRE b
= FOEE

=l =

Figure 2.2 Plan of condominium SK (eastern end)
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AR DWrEWE 2 8] B ST (UME UE=0.6OW/m?-K) [KIXFBEEWRELZTE L, £/
LRI DT= O D/RAK 7 b g iE L CHARMSUCEE., K20 2~6 BEIZIZE O H
FHER DT DD 7 )= h—T VA7 v 7 T B E, Ny v TEEFHBITo TV D,

LA T STz ER &5 IR R (Polymer electrolyte fuel cell; PEFC)73 ﬂiﬁ'»
THIDTEFICREIN TS (Photo 1 (b)), LDIZH ARBEFENDEE IALTWDH,
TRIXkEFEM (Fuel cell; FC) TlixR<, RXu o7 “/7°ﬂ5/f T =R STV D, %\é
W7 arEfartr b, BLOSEEIZ=T a7 NHOARY —T &R EL TN
[BREE 3],

HEMS % —bE 22T EtTH D, AT & L5308 Ml D /&, FCIZ X D3 E &,
AAFIAE, KFAEZFHHL TS, £72 HEMS y—E A0 B CTENERE (BE, &
FE. BBEE) & 1AM L TW B,

NEBRDOFERRT — & Z T O IRICHFIA T2 2 & 2 EERER OHEASRIFITINZ .
B KRG NEER DD 20184 E TO 3FEH53 DT —F 1 7 % HEMS H— B 2 FEEH )
OEG LT, 7o — FRAEIIAJERTO 2015 4F 2 A 6 ARG 1 %% O 2016 4 11 A
£ TO 3 [AFEfE U[Table 2.2], 181 HHI4> DRI % Hufs L 7=,

Table 2.2 Questionnaire survey conducted at SK

Surveys Surveys
Survey Period
Distributed Collected
1: February 2015 (before completion) 104 77
2: November 2015 (immediately after completion) 225 93
3: November 2016 (1 year after completion) 356 115

HE£AFEF SK T, Rijal H[76]18 L OKC H[77~7913 7 > 77— b illd & ENERELIEIC X
V. HAROXWEIZE L7 ENIREEREE ICX T 20 TE 2 7 Wb T o517 -7, %
TP AS [80] 23, T HRAFX—{HEET — X &7 v — NalEOMRGREDGHTICEY . 7T
r— MRAER R T2 AW TE= VX =R 2 5 TR T 0 FIELZIRE LT,

2-4 T —4

2-4-1 HEMS ¥—#

AR G E A Sz HEMS 13 30 2R C= L F—35E A5 L, 1 H 48D
T—Hu L L TEEINTND, 2-3DFHETIHRALFIRTRG LT —F 12 7 DN,
KRPETNTERFEEDORVMET OT —Z 2 oixtge b Lic, S#EAEZEOITRIG A s
Table 2.3 (2757, AT SK D 309 7% 2018 FEE DR FHTH Y . 2016 R X
Umn@f®ﬂﬁﬁ%iﬂwﬁépﬁﬁbtiﬁLﬁﬂE@EF#%ékbmﬁ<@o
TWb, EEHEARICBIT 2 EHMOSHICBW L, RSB 206 2k 57
W, Fl—OEF I X OVEEEFED 37 A7 Totr L7z,
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HLHEESK Tlix, EHEN WEAET) BLUIE 8 EIE (DLD =7 2>, @F=E1
=7 ay, @LD/@FE 1,/ OFE2/ ©FH,/ OWkHT,/ ©XZBEE T kM L4&ED R
BrOartr b)) oEHENE, FCORERELZ CT B (HhiiZ+2%F.S.) T,
HAEREE AR —2— (BREAZE3%) TaHll, KEFAEZTER @FEL5%) T/
AFHIIL T\ 5, F7oE B X 0 BNOKIR « FIRHE - BREEE 2~10 2k TRl
LTV (REEHRZER2C), TNHDOT =X 7 iEA % —% > b %4 LT HEMS
P—ERFEEOT T R —NICEHEIND, FEFEIZPCROA~Y— N7 4 VHH TT
INFXF—FIEE LV TNAEA DGR T 22 LR TE D,

Table 2.3 Number of households in each building where HEMS data were analyzed

Exiting F-1 F-2 F-3 F-4 F5 F-6 F-7 F-8

group 1 7 9 7 13 8 18 16 75

Exiting T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8 9 T-10
group 2 9 7 6 9 4 11 16 13 10 7

Newly build IG IH T SK
group 1 & 2 9 26 58 309

u MIRER

(a) PC (b) Smart phone (c) Measuring device

Photo 2.5 Monitor screen of HEMS (a)(b) and measuring device of indoor environment
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242 BEET7 V7 — FRE

ARG DOJFHEZ\ZFEM L7277 > — MREOBEME X, KR, EIGAZ A
V. ERR RS, B R ITENIZR & Ch D PBERER 2], A= RITEIC OV, ED
FHEBEIC L T36HAZRE L, N I12HEA 2R EFETEHICET2EA ThH
Do

Table 2.4 Conducting behavior for the energy saving in terms of thermal comfort

1
Q15 ATHOEBOBHLFMIC R BEDHBENFT. UTOFMEREOBEFVTRELTUF T

1 2 3 4
x SR = e
7 ; 17 i* ]
* L £l ¥ 'l
3] $io) T 5T !_ F 1
. ! Ly 17 50
= mi L i
LyLy by LY
2] Ly
1 | ITPOL (BSF) OMESEETDESD BbICHETS 1 3 2 p
2 | Ee IFO (BB TN, REREEHTS : 3 3 2
1| 98 ITFOLE-BICmBRAEEHTS ) 3 3 7
w | 4 | BARBCHSEO N POATEEMG. BHIFERMBENSTS 1 2 3 4
g; 5 | BOESEMBRORETIZXS : > . =
o | 6 | BOESHIREOSRERA D 1 > : y
B |7 | BAEBCh—T 0T 51 = RS 1 , ; ;
a | 8 | BB EoEENEMNS ; ; ; p
= 9 88 BOoh—7058D043 | 2 1 4
10 | ULy - BANET SASEL, B3ALRCLEVNEDIETS 1 2 3 4
11 | EFFECTEENCREAEED 1 5 3 =
12 | TFAADTNS—ETEHNBICERT S i 2 3 2

2-4-3 KR - KRT—4

HEHEE SK OGHTIZBNT, & HOYHRIRR EDORRT — X IXKRGR)T O s < 548
B AT I (7 AKX A AMeDAS) [81] 725 SK DOITFHICALE 3 5 P HBEHIFTICHE I 5
2016 ~ 2018 HEEDT — & & iz, £ A OKIBIZHEFEAKEROART —4% (CEEk 30 4F
FE) [82] &=,

SRR &2 E e 2011 ~ 2020 FED 10 FRIOKGT — ¥ Ol % Figure 2.3 B3 LW
Table 2.527~ 9, 2018 D AEHKIRIZ4H & 7TAICHOFEE LV m < 72> TW\Wb, 2018
FEEIZBWT, HimEIEN 35°CUL EE oo BT 6 B & 104Ef D 290 B LY %
<. HERKIED 0°CHN M & 2o7-HEIX 1 B & 10BN D 4.7 B L0 RS KIKTH
ST, 2018 HEEDRGRMITHONT, [IRIZED TH -T2 H DD, RIRIZIIMOHERE D
B & K& BT R 2Tz 8 Wz D, 2017 FEEITE N DA THHOEE LV
BWEBTH Y, BREKIED 0°CREE 2o b 8 HE 10 FERTRLE -T2,
2016 X H i K0 H B AR 35°CLL B & o7 HER, B EARSIRD 0°CAd & 72 -
7o BEE HIZ 10 FEOFEIE L~ Th % (Figure 2.3 (a), Table 2.5),

PRAK EITFEEICLDIEL DI REV, 2018 FE1L 9 HIZZ L, 10~ 1 A7) T
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HD, 2017 HEILS - 6 A2 104 THAK, 10 « 3 A 235 E A LV (Figure 2.3 (b)),

35 500
450
30 q
_ 400
S
g 2 E 350
E £
=
g 20 & 300
] =
< £ 250
= 5
@ ~ £
) B
N & 200
b<|
8
10 A 150
100
5
50
0 0
Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.
Month
Month
----FY2011 - - - - FY2012 FY2013 FY2014 - - - - FY2015 ----FY2011 - - - - FY2012 FY2013 FY2014 - - - - FY2015
FY2016 FY2017 FY2018 ------- FY2019 ------- FY2020 Fy2016 FY2017 ====FY2018 ------- FY2019 ------- FY2020
(a) Outdoor air temperature (b) Precipitation

Figure 2.3 Weather data of each month for ten years (FY2011 ~ FY2020): (a) Mean outdoor air

temperature; (b) Precipitation total

Table 2.5 Days above 35°C and below 0°C in each year.

Description Days of the maximum Days of the minimum
temperature above 35°C temperature below 0°C
Apr. 2016 ~ Mar. 2017 2 5
Apr. 2017 ~ Mar. 2018 2 8
Apr. 2018 ~ Mar. 2019 6 1
Average 2.9 4.7
Maximum 9 (FY2020) 8 (FY2017)
Minimum 0 (FY2019) 1 (FY2018, FY2019)
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-5 A&
2-5-1 —RIFIILF—HEES LU CO HHEDRRERZH
BAOHBRAEIT, — R —HEENE =R BB D55 515 [83]. COBEH
EIIREEAE - R EFER T L D 2016 4FAEFERRE [84] 36 LU 2018 FFEEFEMT [85]ICFH 1T 54
E LR (=R FER) Ve, TADOHREREIX, — R X - &
(=R#E) BLOCOHEHE (REMF) & HITHIRA ADAFRAHE [86] Z AV /- (Table
2.6),

Table 2.6 Conversion factors for energy consumption and CO» emission.

Primary Energy I 5
Energy Source Consumption (GJ) CO; Emission (+-CO»)
. 0.518 -CO2/MWh (FY2016
Electricity (MWh) 9.76 GJ/MWh 0.462 t-COj MWD EFY2018;
Gas (m?) 0.045 GJ/m? 0.00221 -CO»/m?

2-5-2 T—R B L EHEM

HEMS 7 —Z 2O\ T, 303 EZ HEICEFILTEHD 1 Y0 OFEHEAFE T L
7o MRS 22 BRIC IS T &t trid, BEAFE A2 7 v —7 113 2016 4EE£ D HEMS 7
— X ZOMD T N—T1X 2016 ~ 2018 4FE D HEMS 7 — % % 7o, 5L SK Bl
IIHTIZ DN TR, AEREA TR O 2018 4EFED HEMS 7 — % % 7=,

EAEESK OB HEHAEIL, WMABNEL FCICLA2BEEDEIMEE Lz, £ TR
AR ARBNC G SN TWZRWAS, FC OFEBITHE DY T AMAEIC OV TR EE)
HEFH L7,

T — RAEDRIZEIZOWTIE, EEFIC L Y BRI & RN R B 70, FEF
DIAEAE A U CRIERER A —DICEN Lz, FEAEE SKIZHE W TIX, HEMS 7 —
2 LRGN LD 162 Wy DEEZ TR & Lz, £20Hrkt4o HEMS 7 — & 73
018FETH Y 72— MNERMFH & B2 5720, FRHICOWTET v 7 — M FERREH &
D 2018 FRED AR A M L THMT 1T o7,

7o — NEAEOEMEE OW, IRBGREREITENCE T 2 = T8 12 HA X, 441
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REIZHEBRT H2bDEB 25D,

34T—w%mﬁ%t%ﬁﬁxﬁﬁﬁ%@:*w#—ﬂmw&ﬁ

AETIE, BfFEEZV—7 1 2BV TEMR O 3L X —HHoMm % g+ 5, BE
FHEE T N—7 1T B & s M%;¢ﬁ¢5ﬁ~w$M2ﬁ B APERET 6 1
Thd, KEMICEBT DT v — MREORIZE L T A - 4% Table 3-1
\ZR" T, £7ZHEMS T — 4 OO 5 2016 FEOEME S - TAFHE, —RT*
X —{HE & - COPEH &% Table 3-2 12”7,

F—NVEEBITER - T AADEL Y — RV F—1HEE - CO HEHHENZME
&g oTWD, FEMICKIT D AmEOH Y ) — R R LF — {4 & - COr PEHED
HER % Figure 3-1 129, A — /VELETIL, FFICAHIIC R LVF—HE & - COHEH
BENZ, BT L X —F MRS A0 B3 1%, 7 O N T 6 Ty 23 BB ik
Th b,

Table 3-1 Profile of residents in condominiums of existing group 1

D Number of questionnaire Mean number of Mean age of
surveys collected household members householder

F-1 10 2.7 41

F-2 13 2.5 37

F-3 11 1.2 42

F-4 16 2.5 43

F-5 13 2.5 40

F-6 27 2.4 41

F-7 27 2.0 40

F-8 98 2.6 44
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Table 3-2 Annual energy use in condominiums of existing group 1

Mean annual Mean annual  Primary energy CO;
D Number of electricity use gas use Consumption emission
HEMS data [kWh/year [m3/year [Gl/year [t-COy/year
/household] /household] /household] /household]
F-1 7 7064 No use 68.9 3.66
F-2 9 6915 No use 67.5 3.58
F-3 7 2186 309.7 353 1.82
F-4 13 3418 460.9 54.1 2.79
F-5 8 3737 444.5 56.5 2.92
F-6 18 3153 402.2 48.9 2.52
F-7 16 3935 506.2 61.2 3.16
F-8 75 2802 No data - -
Total 153 - No data - -
F-1~2 16 6980 No use 68.1 3.62
F-4~7 55 3528 452.5 54.8 2.83
F-3~7 62 3377 436.4 52.6 2.71
F-3~8 137 3062 No data - -
10 _ 0.5
Eé % AN
F < 4 .
% 8 § 0.4 4 =
§ 6 §~ 0.3
g %
:
S 2 @ 01
g
g 0.0
Apr. May Jun. Jul. Aug.Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.Sept. Oct. Nov. Dec. Jan. Feb. Mar.
Month Month
-==F1 F-2 F-3 F-4 - ==F1 F-2 F-3 F-4
F-5 F-6 ——F-7 — F-5 ——— F-6 —— F-7
(a) Primary energy (b) CO2 emission

Figure 3-1 Monthly change of energy use per day in the condominiums of existing group 1: (a)

primary energy consumption [MJ]; (b) CO; emission [kg-CO]

AEFEELMBEICEDIIRILF—FAOLE

ARETIE, BAEEINV—T 2 [ZBWTEYR O 3L —F|H O % i 5, BE
THEEZV—7 213, EHE LSBT 285 W AREE 10 Th s, FHllx
ZIIREROBIEHEDAHTHY | HAMEHEITFHHI L TRV, F@&EMICBITLT 7
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— NHA D EIE S & S NB - iy 4R R A Table 3-3 12”7, F72 HEMS 7 — % D47
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YEDNRRE SN AT, T-2 1ZIHEEUED S B EHED ], T3 ~7 1B A HED S I R EDO R, T
8 ~ 10 [T MRIEMER CTH D, BB T 5 T-1IXBENEAENRKE L, T2 b EHE
WS A ZEDOMOEE (T3 ~5) LV RXDTHD, Figure 3-2 I 3FETDOT — X201 H
5&?%%%*%@%Tﬁﬁbkﬂ@@ﬁ%@?Wﬁﬁﬁm%@%% R, Ao —

<2 AT OB NEREDOZENKE N, ZOHME LTL, BRI OBRFEHER D=9
izw%~%4ﬂﬁm:&kﬁ . B OWEWERE MR T2 %%izw%~#k%<
2o TND I ENHERI SIS, JAHAD [49] 13, WiBMEREDZEIZ K 5 285 k= 1 )L ¥ —{H
BEOBEWVIZOWVWTY I 2 b— 3 U&7, ﬂmﬁmék&ﬁﬁﬁﬁv&wf@24%
DENDD L LI, ARIOWRTH RO N E 2 5, THIERIRIEL X 5R T
2030 4| E%x%/ymam%éixﬁﬁ Aéﬁékwoaﬁ%%ffwéo_m%
FHRT L7201, BEYWBEVERRO EZN TRV — B RICHEL 52 5 2 L 2 BWTha
%_MﬂéﬁézEW%w AWFED X 5727 4 — /v NiREIZEETH D,

1%4$MV@@1%#Ti HEENC ST 2 (T3 ~5) X0 UrskEc m#%&
£ (T-6 ~10) [ZBIFD2ENEHENR L VEHAI L oo T D, ZAUIRHAREKLIEIC
Hé%@@%xi ﬁ@#ﬂ%@bfnéﬂ%@ﬁ%éoL&I_kwfﬁﬁﬁw%&ﬁ
REFEOHOEY (T-6,7) LKHEAREEROEY (T8 ~10) DMICERITA LR,

Table 3-3 Profile of residents in condominiums of existing group 2

D Number of questionnaire Mean number of Mean age of

surveys collected household members householder
T-1 20 24 63
T-2 15 2.5 60
T-3 12 2.9 47
T-4 20 2.6 53
T-5 9 2.1 46
T-6 16 2.2 45
T-7 20 2.8 49
T-8 21 33 50
T-9 21 23 50
T-10 13 2.5 52
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Table 3-4 Annual energy use in condominiums of existing group 2

Mean annual electricity use
Number of HEMS data

ID [kWh/year/household]
FY2016  FY2017 FY2018 FY2016 FY2017 FY2018

T-1 9 9 9 4643 4806 4630
T-2 1 7 7 4736 3718 3628
T-3 6 6 6 3202 2946 2957
T-4 9 0 6 2815 No data 3560
T-5 4 3 3 3385 3271 3653
T-6 11 11 11 3446 3409 3263
T-7 15 16 16 4011 3975 3940
T-8 12 13 11 3957 4073 4037
T-9 10 0 11 3763 No data 3594
T-10 0 7 7 No data 3681 3714
Total 77 72 87 3738 3842 3747
T-1~2 10 16 16 4652 4330 4191
T-3~5 19 9 15 3057 3054 3337
T-6~7 26 27 27 3,772 3,744 3,664
T-8~10 22 20 29 3,869 3,936 3,791
T-6~10 48 47 56 3816 3826 3730
T-3~10 67 56 71 3601 3702 3647

T1~2: Build before the energy-saving standard of 1992 in Metropolitan area; T3~5: Build after the
energy-saving standard of 1992 in Metropolitan area; T-6~7: Build during the energy-saving standard
of 1992 in Kinki area; T-8~10: Build after the energy-saving standard of 1999 in Kinki area; T-6~10:
Build in Kinki area; T-3~10: Build after the energy-saving standard of 1992

25 4

20 A

15 A

10 A

Electricity use [kWh/day; hosehold]

R Y I B e s T Y
Month
-=-T-1 T-2 T-3 T-5 T-6 T-7 T-8
n= 9 1 6 3 11 15 11

Figure 3-2 Monthly change of electricity use in condominiums of existing group 2 for three years

(Apr. 2016 ~ Mar. 2019)
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FEEZ V=7 11F, RN 2 ER TAFAEE 3B TH D, FHSRIT KD
BAFHAEOALATH Y, A AERAEITFHIL TRV, 2O 3BUCESETE SK 2 M2 724
BN 27 o — MR DRIZEE & SFEFENI - A7 444 Table 3-5 1R T, %
72 HEMS 7 — % OS5 8 F 5 L 2016 ~ 2018 4 O 4E [ 7 F14# I & % Table 3-6 (27”7,

PEET 7 N —7 1 OFEBEEEDEHE 3019 ~ 3141kWh/AF1T, BEfFHEE F-3 ~8 (&
R HAPEH) O 3062kWh/AER L OV T-3~5 (EHRREIC S 9~ 2 SE4E 38 LU MET)
DI-EIE 3054 ~ 3337kWhAF: L [RIKHETH D, £7FHOHY Y FLHBEIERAEOHSE %
Figure 3-3 |Z7" 9, S£EG(EE SKITE AR, I L OWRELENM (Fuel cell; FC) IZ X 5% %E
EMz-EHAE EAE+FFC BER) O 2@0 25 Lz, SK OF¥EHEHED HraE(s
TIN—T 1 LIZFFEAKETH Y PREFER (Fuel cell; FC) 12 K 23 HEMF M /1 H &
DI 40%% J1 38— LT\ 5D,

Table 3-5 Profile of residents in condominiums of newly built group

D Number of questionnaire Mean number of Mean age of
surveys collected household members householder
IG 11 3.1 35
IH 37 3.2 40
T 93 23 50
SK 181 2.7 40
Table 3-6 Annual energy use in condominiums of existing group 2
b Numberarnews dno e
FY2016  FY2017  FY2018 FY2016 FY2017 FY2018
IG 9 9 8 3494 3265 3208
H 26 26 26 3214 3250 3315
T 58 56 55 2933 2873 3049
Total 93 91 89 3066 3019 3141
229 299 309 2999 3206 3355
SK Purchased 1741 1882 2049
Generated by FC 1258 1324 1309
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Figure 3-3 Monthly change of electricity use in condominiums of newly build group

for three years (Apr. 2016 ~ Mar. 2019)
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NE &R = OF WA /R, Table 3-8 IZFEIMOBES A 7', KT OEREO R ERT,
i L R T OFMIT, 2018 4D HEMS 7 — X IZAE L5780, 7 v 7 — NEiR O [E1%
filfl & Ffi1E L7z,
3LDK & 4LDK OJEfEH & Hled % & | 4LDK OEEH T AZN L 0, I 4R
WE, HEFROLENED, KEOFRMIL SRR LD, Lol m3dH 273,
WTFIOHBIZBWTHAEREITRY, ki 1-2-3 TR~ EEEE & T 5
L UTOX D R HBND,
A AR 2.72 NITZEENEE O 2.5 A [16]1L 0 T2, vt 1 AR 72 <
(REE) 10%, 2EEE) 25%) . 3 AR 2 (REW) 39%, 2EFH 20%) = &
&5,
Feffy X AT RE TS LRIC 65% T 5 [17], B3 T 3 o) & fhh & belie L
T, 3AMHE (75%) 2 2 HETHEICE S (p=0.02), 55 EotHE (22%) A
BElZZW (p=0.002),

Table 3-7 Characteristics of household.

Description Total 3LDK 4 LDK
Avg. SD. Avg. SD. Avg. S.D.
Number of household members (n = 161) 272 099 266 098 3.00 1.00
Age of householder (n = 160) 42.4 9.5 420 9.5 44.0 9.6

LDK: living, dining and kitchen; Avg.: average; S.D.: standard deviation.
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Table 3-8 Employment status of married women and age of children.

Description Type Total 3LDK 4LDK
n_ p® =n p®) n p©)
Employment status of Working outside 90 64 77 66 13 54
married women Full-time housewife 51 36 40 36 11 46
<5 years old 56 62 43 60 13 68
Age of youngest child 6-15 years old 23 25 19 26 4 21
>16 years old 12 13 10 14 2 11

LDK: living, dining and kitchen; n: number of households; p: percentage.
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BORTRSTELZMOD) 1.7 3 OFERE 20D - @I E] [11LERZ BT
THREMNDL ) TA—T T IA4 L R d) O4HETHY | @5 728 TrEEkR
BT RITECTH D, WIZFEITEMERNER X 9o —T v 225< %) BEBICTENE
2FD] T LY < BN E Z AT 5] O3HEETHY | R E 2T FMA 00
LETRITEE VR D,

IR BB HEATENC B9 28 =178 12HHH O, FEFNETL TV DHE = RITEIH
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12 items for energy-saving behaviour

—_
—
~
=

|

1. Setting AC temperature to a moderate level

2. Using the fan instead of AC in summer

3. Using the fan with AC in summer

4. Shutting the door during cooling/heating use

Energy-saving behaviour

12 T S L1 5. Saving cooling/heating use at day

6 I I I 6. Saving cooling/heating use at night

2 | | 7. Shutting the curtain/blind during cooling/heating use
10 ' ' 8. Hanging the bamboo blind at the window in summer

8 ' ' 9. Using the green curtain in summer

A ' ' 10. Staying at places cooler/warmer than in the house

0 20 40 60 80 100 | 11. Opening the windows for ventilation positively
Percentage [%] 12. Cleaning the AC filter regularly
B Doing O Like to do from now on * AC: Air conditioner

OWon't do from now on  ONot applicable
Figure 3-4 Percentage of energy saving behaviors
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Number of households

Number of energy saving behaviours

Figure 3-5 Number of energy-saving behaviours practised in households
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BEIIFALEOMENR T a2 ZHE L TWDER, TR IV REEN R LD,
TT A OEHFRARERIL 272 B TH L, BHREWEIZOWVWTIE, EXA =7, 77k
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—Z —ORARIT %K TH D, REMEIT 4750 3 HERRAL TND,

Table 3-9 Retention rate of cooling / heating equipment in condominium SK

Equipment Retention rate Equipment Retention rate
ACinLD 97.4 Gas stove 0.9
AC in master bedroom 91.2 Electric stove 14.9
AC in bedroom 2 51.7 Oil stove 0.9
AC in bedroom 3 27.2 Gas fan heater 0.9
AC in bedroom 4 9.7 Electric fan heater 11.4
Fan / Circulator 75.4 Oil fan heater 0.9
Hot carpet 0.9 Oil heater 53

Kotatsu 14.0

3-6-3 £ &1FE SKIZHI1+5 HEMS F|A

AIETIE, f£EEET SKICBIT L7 — MAEMRICESE, BAEH O HEMS (Home
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MR L R ) CIIEEE O RIS 2= 3 VX —E8) 217 D flife & L,
2030 4 & TIZ HEMS # &I E AT 5 Z & & HIE(L LT\ 5, HEMS A D = 1 Zh R
ZRRE L2 SEATIRE S & 5 [61],
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2nd survey 39 | 31 (n=93
Directly after the start of the residence
(n=115)
Srd survey L5 | 33 One year after the start of the residence
0 20 40 60 80 100

[%]
B Using HEMS
O Completed the procedures of HEMS, but no use
ONo procedure for use of HEMS

Figure 3-6 Use of HEMS
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Figure 3-7 Annual distribution of (a) electricity; (b) gas; (c) water use; (d) primary energy

consumption; (¢) CO, emission
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mACin LD B AC in master bedroom
OAC in other bedrooms 0O Other
[1Washroom (Washing machine) m Kitchen (Refrigerator, disposer)
& Entrance, corridor and restroom Bed room 1 (Lighting and outlet)

Bed rooms 2 and 3 (Lighting and outlet) B LD (Lighting and outlet)

Figure 3-8 Monthly change of mean daily electricity use of each branch circuit
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Figure 3-9 Relationship between the electricity use and the outdoor air temperature: (a) monthly

mean value of each flat (n = 3648); (b) monthly mean value (n = 12).
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Existing group 1 (all-electric)
Existing group 1 (electric & gas)
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Existing group 2 (Metropolitan area)
Existing group 2 (Kinki area)
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Condominium SK (2nd survey)

Condominium SK (3rd survey)

[%]
B Conducting B Conducting a little O Not doing B Other

Figure 3-10 Self-Assessment of energy saving behavior
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Ny ks Zlopki< . EERRGEHFOESFEETITAMA F—7 OFHRIIKL ., Al
DEHRES REOELEEED 0.12t-CO, & LT 0.04-COz. S HIZBRREMTT - BT
FIAEHLTIL 0.03t-COy & 2272 W/ SV, AT SK IZH T HEFE#IRORA R (Table 3-9)
H ZOPEMREITVENZ R L TEY, BEARITEAFET SK 220\ TH 72 E
AEBLRBEOEIEAZ ANV EEZEZLND,
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Table 3-7 CO, emission in the various residents in Japan (FY 2018)

Annual CO: emission [kg-COz]

Attribute n Energy type Energy
Electricity City gas LPG Kerosene total

B Throughout Japan
All type 9996 1953 401 172 375 2900
Apartment house 3645 1282 392 170 116 1962
B Location of apartment house in Kanto-koushin area
All area 792 1318 473 128 41 1959
City grade 1 411 1337 555 59 25 1979
B Number of household members living at apartment house in Kanto-koushin area
1 213 956 255 93 21 1323
2 282 1515 583 99 53 2249
3 179 1785 758 229 92 2864
4~ 118 2100 969 247 43 3361
B Age of householder living at apartment house in Kanto-koushin area
~29 23 843 179 181 18 1219
30~39 92 1147 361 218 27 1754
40 ~ 49 154 1331 478 176 49 2032
50 ~59 211 1383 519 128 54 2086
60 ~64 90 1364 551 113 44 2071
65 ~ 208 1380 495 47 36 1959
B Annual household income living at apartment house in Kanto-koushin area
~ 2.5 million yen 124 1072 325 90 32 1521
2.5 ~ 5 million yen 253 1204 400 160 36 1802
5 ~ 7.5 million yen 185 1365 435 177 71 2050
7.5 ~ 10 million yen 121 1530 712 96 40 2378
10 million yen ~ 105 1866 851 60 16 2794
B Build year of apartment house in Kanto-koushin area
~ 1980 128 1252 484 26 40 1800
1981 ~ 1990 132 1356 462 98 63 1976
1991 ~ 2000 211 1386 538 128 33 2086
2001 ~2010 175 1453 535 171 43 2199
2011 ~ 66 1214 392 174 15 1794
B Ownership of apartment house in Kanto-koushin area
Condominium 350 1534 683 33 24 2274
B Floor are of flat in apartment house in Kanto-koushin area
50 ~ 75 m? 383 1460 573 155 46 2237
75 ~ 100 m? 126 1621 730 17 24 2395
H  Number of rooms in flat of apartment house in Kanto-koushin area
4 336 1600 688 122 46 2455
5~ 47 1919 666 67 31 2686

City grade 1: Prefectural capital or government-designated city; LPG: liquefied petroleum gas
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Table 3-8 Most frequently used in the various residents in Japan (FY 2018)

Most frequently used Throughout Japan Kanto-koushin area
heating equipment [%] Apartment Detached Apartment Detached
Air-conditioner 37 29 43 35
Electric stove 10 5 11 3
Electric carpet / Kotatsu 19 14 20 15
Gas stove 5 5 7 10
Oil stove 20 34 9 25
Gas floor heating 2 2 7 6
No equipment 4 1 2 0
Other / Unknown 3 10 1 6
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[Questionnaire survey]
+ Attribute of residennts

(Family size, Age, Job) . Characteristics of residents and
- Energy saving behaviours energy-saving behavior (section 3-6)
(Self estimation, 12 items about HVAC)
- Lifestyle (Absent hours in a day)

Heating/cooling by the type of residents (section 4-7)
> (Mainly air-conditioning in living-dining room)

+ (Family size, Age of householder,

Employment of married women, Absence time)

[HEMS datal
+ Purchased electricity

- Generation of the fuel cel [ Soaponal vanation of energy use (section 479

+ Electricity use by air-conditioning in living-dining room
+ Gas use

1 > Heating/cooling by the type of flats (section 4-6)
1 (Mainly air-conditioning in living-dining room)
[Type of flats]
+ Location

+ Plan

Figure 4-1 Scheme of the study
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Figure 4-2 Monthly mean electricity use of each household per day for AC in living-dining room
(LD)

48



50

40

Mean = 226.59
Std. Dev. = 172.486
N = 309

g 30
c
L)
&
&
=~
20
10
0
0 200 400 600 800 1000
Electricty use [kWh]
(a) Annual AC use in LD
Mean = 145.94
60 Std. Dev.= 103.069
N = 309
2
<
%
=]
=l
%
&

400 600

500

100 200 300
Electricity [kWh]

(c) AC use in LD in summer

50
Mean = 8.43
Std. Dev.= 2.784
40 N = 309
2 30
1=
v
3
=3
2
=50
10

0 1 2 3 4 5 6 7 8

Months of AC use
(b) Number of months where AC was used

9 10 11 12

180

Mean = 72.87
160 Std. Dev. = 110.974
N = 309
140
120
[
£ 100
v
3
g
£ 80
60
40
20
|

0 I I ! T T

700

300 400 500 600

200

0 100

Electricity [kWh]

(d) AC use in LD in winter

Figure 4-3 AC use in living-dining room (LD)
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Figure 4-4 Daily change in the number of households using AC use in LD and outdoor air
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Figure 4-6 Mean daily outdoor air temperature and number of households using AC in LD during

cooling period
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WCHEBOBY VERRENBET DETE2IWs) XA 7L Uiz, 344 7OhEIX, [Sw)¥
A7 5%, [SIZ AT 24%, [Ws|Z AT 19%L o7, 72 1 HHFITFEMEZELETLD =
T arERHA L TR,

Table 4-1 (2, FEMENHHE, LD =7 a > OEM BEH A% HER L OMEH
%%ﬂﬁ\ﬁxﬁ%g\mﬁ%g\*&i%w%%ﬁﬁﬁ%mﬁo%547@%ﬁuom
T, MAEDHEZE 2B DTIZDICtREEZIT IR EEZOLNT TR, ZO5OKEND
IZLL T DA 23 BEA R 5,

- SRR A RN TWs) [Sw TSI DNEIZZ 23, [Swi & TWsIZIZIERAKETH Y . W5
EHISIEAEEN® D,

- AEM LD =7 2 S RS L ORI REAE AL TWs) [Swi TSI DNEIZZ < | FHEICHE
=ZRD D,

- MO LD =7 2 B EHEILISWI TSI TWsI DIEIZZ <, TSwi & TWs) [l THEZEN
H D,

s AW T AFRAEIXISWIDEL, ISITWs) M EREER® b,

- KWDS DO AFE R, FER R LRI ISw) [WsI TSI DJEIZZ <, 8] &
[Swl [Ws] DA EZER & 5,

INOORRENG, LMc=T 2 FIRHORWSI # A4 7B X OE Mo 7 2 R E
MG T AHE BN LW SWI X A TEHEDED ERERTR0%E HD, Tt DFEF T4
DEREEE L THAKEEZFHAL WD Z RSN D, —FT&ice T a2 FlA
FEREWIWs) XA F3EA b =7 a2 EEEE LTHRALTWAEFTH D Z & 03 HEl
INb,

Figure 3-5 T/ L /e &b OB = (A TEV AT H A W T TIHE 6 LN O R & 7 2L
FoHIc =L, LD a3 XA 7L OBRERD L THEU EOE = T
ZIATL TV AR DOERITIS) Z A 75 66%., [Swl & A 73 45%, [WsiZ A 75 21%T
bole, FTe@2HETI ZA THOE =TI FEITHAR A KT 2 & 1%KEOHFEE
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NbH, Ko7 a BEAER L T 1S A4 71%ISw) [Ws) Z A 7L T
Mzl L T X —FHNDR L B MTEHOFEITE LS\ & bE = R FTHE
HThirltEZOND, —FHTAWICT a VIEEFIHEDEWIWSs) & A 7138 = 2178

DFEITE MR S W2 D,

Table 4-1 Energy use variables by 3 types of AC use in living-dining room (LD)

Variable Type of AC use in LD P value of t-test
S (n=73) Sw (n=175) Ws (n=60) . . .
Avg. SD. _Avg. SD. Avg. SD, °-SW Sw:Ws S:Ws
Annual electricity use
[kWh/househctJ){d] 2,871 1,127 3500 1,039 3521 1,052 <0.001 0.90 0.001
Annual AC use in LD
[KWhihousehold] 144 121 223 149 342 221 <0.001 <0.001 <0.001
Number of months
where AC was used 5.1 14 9.2 2.2 104 1.7 <0.001 <0.001 <0.001
ACuseinLDin
summer 141 118 162 101 108 77 0.17 <0.001 0.06
AC[kWh/hEuDsehoIQ]
use in in winter
[kWh/hOUSEhOld] 0 0 53 67 219 147 <0.001 <0.001 <0.001
Gas use in winter
[m3/hqusehold] 360 177 434 169 361 116 0.002 <0.001 0.96
Annual primary energy g, 24 73 22 68 18 <0001 011 0.02

[GJ/household]

S: AC use in summer but not use in winter; Sw: Max. AC use in summer but also use in winter; Ws:
Max. AC use in winter but also use in summer, Avg.: average; S.D.: standard deviation, Electricity
use was sum of the purchased electricity and the generated electricity by fuel cell cogeneration

system (FC-CGS)
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4-52 T7aAVFIARBKICK HER

AE T, £EEESKIZBITS LD =7 a A WT, &7 a RN
AT DHABIC K DM E ST 5, LD=T7 a2 UFIFAER T3 ¥ A 7% 2~3 1ZFH0EI LT
TR EREL, K3ED LD =7 2 B HE/ B O % Figure 4-8 127 L72,

LD =7 2% 11~12 » AR L T AEF (KB oX#) X BB/ BEoE—27 A
(7-8H1-2H) ICBIFLLD=TavyENEHRELZ W, FIHAKEE—2 HDET
EA BN 21T D &, 3 ZA4 7z, FIHABOZ WtmIIb vt L v —2
Aox7 a B HENENEY - A8 L b ARIZZ W (1S] 2 A 77T 5%KHE, TSw)TWs)
A AT T1%KHEE), LD =T aFIHAROZ N RITEE 1 O=7 a U EHEHE
H% <, ISWIZA T TIIABEN DD, ZOTT I ANAFEDO @R T, SR
RO RBIEA DN, HA - KEOFIAEH L TR eF—L g &n
ITENTE D, BZRBRICANT, ZHEOERN (B {TEE OBKRRY) 2Hid
HWEDNRD D,

’,\ Type of AC use
> 3 - === S-short (AC use: 2-5 month)
\ / \
) ' \ / \ S-long (AC use: 6-9 month)
E ! —\ // \ ===Sw-short (AC use: 3-8 month)
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Figure 4-8 Monthly mean electricity use per day for AC in living-dining room (LD) in each group
based on the number of months where AC was used
(S: AC use in summer but not use in winter; Sw: Max. AC use in summer but also use in winter; Ws:

Max. AC use in winter but also use in summer)
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4-53 T7AVFIAR A TEE IR TRIORR

ARIE T, E£AEE SKIZBWT, LD =7 2 UFF O & 4 = 1178 & OBIFRZ 5
T %, Figure 4-9 123 A T HOE = RTEIOFEITE L RT,

.7 arClaa BEEEEZER ] 1XISI TEITENFEICHL (IS) % ISwiT
p=0.03, 22%pt ), B.=7 a2 & —EIZHEEMEZIEH] bmmd (IS 1XISwl Tws) &
10~12%pt ) TH D, ZOfth .27 a2 OREHEE ] 183721 N1LEZBT CEE

[12. AC 7 4 V& —1Efi] & 5~20%pt =iV,

B RIATHAT OIS Z A 7 Cld, AR R B RIF T 2572 8, ffaxE T
RITEOREG L LT 7 avyENERAEZIHIL WD Z LR Ens, —4, AiET
S LT 3 ARGFEO SO 2 oty & i35 & TSw & TWs) % A 7" CHHH
2+ 3 DR EBEIE A EMEL . KIS TWs) Z 4 7 TIXEH 3 NAEICEW,

UEIZERY, TSwITWs] Z A FIZEEND =0 F—LHEMEITS LT, IS12 A4
TH LD EFEDE = R ATE OFEIRI) 72 FAT 2R TR A2 COFBERN A EEZZ D
N5,

LIFOGHT Tk, ISITSwiWs) # A 7RI CHEZDH D MR LD =7 =2 8Bl A
B TRIAsAER % TEH (69 H) LD=7 & EHAE] 48 (123 A) LD
aEERE) (AW AENERE] ORBIZE Y ERZEZITI,

100 Type of AC use
‘ ® s :noACusein winter
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Energy saving behaviour

Figure 4-9 Practicing rate of each energy saving behavior in each type of AC use

(See Figure 3-3 for behavior number)
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4-6 TFFEDEE

4-6-1 A 1 FICKBER

AHETIE, £EHAEE SKIZHWT, LD =7 2 R oM & MR Y A 7 & OBRE 5547
T 5, HREES AR CRmEST O %% 3LDK (71~77m?) & 4LDK (80~90m?)
WP R D720, FREF EAEFIZHEIL, 44 D 3LDK & 4LDK DO4ER =11
X—FIH %l L7z (Table 4-2),
—RTRNAF—HEEIL, FREEFBIOAET L I ALDK DR EVHATH 2 1E
BT, —HFTAEFTIE=T a URIARES - 48 & 612 4LDK D5 23D 72 e )
Thd, LDZ7 a L FHIZONTIL, BIRZ A TOEICLDEBIIRNWEBZ LN,

Table 4-2 Energy use values in each plan type

Location Type of floor plan p value
of flat Energy values SLDK 4LDK of t-test
Avg. S.D. Avg. S.D.
Annual electricity use [kWh/household] 3080 957 3824 1249 0.65
Annual AC use in LD [kWh/household] 349 243 224 135 0.02
Number of months AC was used 9.1 2.8 9.2 2.6 0.89
Corner AC use in LD in summer [kWh/household] 173 96 125 96 0.09
AC use in LD in winter [kWh/household] 156 165 93 92 0.07
Gas use in winter [m%/household] 412 153 466 175 0.27
Annual primary energy [GJ/household] 76 17 78 24 0.68
Annual electricity use [kWh/household] 3215 1031 3396 1120 0.37
Annual AC use in LD [kWh/household] 215 161 250 229 0.29
Intermed. Number of months AC was used 8.3 2.8 7.7 2.8 0.27
) AC use in LD in summer [KWh/household] 145 98 167 144 0.28
fate AC use in LD in winter [kWh/household] 62 103 78 134 0.43
Gas use in winter [m3/household] 386 163 422 155 0.26
Annual primary energy [GJ/household] 66 22 71 22 0.31
4-6-2 EFHIEICK HER

ARIETIE, EAEE SKICBWT, LD =7 = U FIH O [a & AEFALE & ORISR Z 5541
%o fEFLEIC L DT R F =BG HOWT, FBATHFZETIIAKRS B [40] 28 [EIRS -
AN RUCEE T D EFE D 7 Wi - SUBTEICERI & 22 D 72 D FEH = L F—N
DI EERL TN D,

AEFETHEER. ok T QF) - TR - & B (18F) IZX4rL, LD=T7 2
FIH & A 7O 3L ¥ —&% Table 4-3 123 d, MAEFITHMES &L TIWs) # A
TOHRNZL L 01%KEOHEENH D, E72SIISwl & A T DL AIRE/R 4T DXy
WCBWCKRBEERZEGA TS T AEHEN, AEFIZBNTEL Lo TWD, Frlhk
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EHEOAET (Sw D) IFEENL->TEL, 6 7L EdH D [S) [Swl # A TOMDX 53D
WPFNELAEEENBDOND, XD LD =7 a U ESIMEAREICHOWNWTS, Sw] ZA
TOREME L R EECAEFSTREF LD 48%L LX< o TV D, TR THE
FO—RTFNF—HEEL COPHHENTREFT LD b 5%KEOFEATREL, §F
2 [Ws) XA 7 TEOMEANPBEETH D, ui*iw HEE T & AR O B BUE R I 72
W U HEFER OEWIZE D 6T, AEFOAHICK T 2RFE = VX — &IPS
O REWVWEEZ NS,

IR E T BB & IR T D &L TWs) A 7 Cldidx EHEO = 31X —fi ]
ENREL Lo TWENR, I8) ISw) A4 T T LANSHTHD, ok FHED
[Sw) 1Z=7 a U FIAMENELS, EHORALZWMHN TSH D, & FBETIE. BT 5
ERIE ST R EOSNERBREE SR D T2 6D | BRE R - 774A/%ﬁ%kbfi7:/
FIRANREL 2o TWDEBEVEN & 5,

[HBERIRAE AL R A 12 W T, BrRAEET Tldk < BEfHEEICB O T b MrEiE
Ol EEBR LTS, TORDITITIIROEWI I 1T 5 BrEWERETR(L O A 2 40E L,
BEFIZZ OB T 2R R A SELIMLERH 5, JRHD [49] 1%, WiEERED K
AR T R IEAE L ~UL DY & BEWTEGE Y D) 2 i L, ZER R R L X E T
z4@®#%ﬁbkoﬁﬁ%ﬂ%@%m&ﬁﬁ%i*%ﬁiw%é6 O EWERE DI R

REMBEL IV TH D, AEF BT EZWEWER EORMNS D Z & 03 0h
otoﬁﬂi EAHES EAEFTEX D Z LT TIERWD, EFEOZEL R
HTD7DI2iE, AEFOWEW 2 ET 5 &\ o 7e5kEt « i T EOBRRENRD LD,

Table 4-3 Mean energy use values in each location of flat

Type of AC use in LD Type S Type Sw Type Ws
Lg?i};‘;” Floor level 2nd  3-17 18th 2nd 3-17 18th 3-17 18th
Number of households [units] 1 7 0 1 24 4 21 0
Annual AC use in LD [kWh] 294 94 - 168 253 268 325
Number of months AC used 5.0 5.0 - 6.0 95 100 104
Corner AC use in LD in summer [kWh] 280 92 - 167 174 178 99
AC use in LD in winter [kWh] 0 0 - 0.2 73 74 212
Gas use in winter [m3] 659 435 - 521 452 767 380
Number of households [units] 5 58 2 11 126 9 36 3
Annual AC use in LD [kWh] 127 151 79 244 216 200 341 478
Intermedi Number of months AC usedD 5.2 51 40 103 9.2 80 104 103
ate AC use in LD in summer [kWh] 126 148 79 175 159 146 107 183
AC use in LD in winter [kKWh] 0 0 0 63 49 49 220 269
Gas use in winter [m3] 398 344 303 390 426 383 350 352

S: AC use in summer but not use in winter; Sw: Max. AC use in summer but also use in winter; Ws: Max. AC use in

winter but also use in summer, LD: living-dining room
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41 BEEREOXE

4-7- 1 HEABICLHER

ARETIX, £EEE SKIZBWT, LD =7 = FIH O & 4 N & OBtk & i
Do KARD [40] 1%, AN 5 &= x NV F—HHAEBMT 58, — A% =x
WX —FHEIXHDTH5Z L E2R LTS, KED [52] ZeEESEEOMEI L, U
T2 ITBWTENENEITHE AR E AERHEERICH L 2L 2R LTS, 3-8T
fibiv7z K oI, BREEA O TR 30 4R FEEFIM 0 CO2 PRI SEREHGG A [42] TH M
CO e BT FRE DB 2R LTV 5,

Figure 4-10 1%, H NS OFM LD =7 a2 B HEL LD =7 2 VR Z A 7Rl
RLIEbDTH D, AP HINT L5 EEMLD =7 a2 EEAEN L 2o Tk
0. KBS [40] - KEED [52] DR E—%T 5, B LD =7 2 VR A 7O
It NET, TSI A4 7 T2.69 N, TSw)Z A7 T278 N, [Ws)]ZA 7 T255 NThHD
D, FHHOAEZEITR,

Table 4-4 1X, BB )L —ffi & & AF L OB ORI TEPRIERH &
A ANE & OISR CH D, AMNTKREFE ZTEH T 5 1S) [Sw & A 7 TIXA& Mo T A ff
&L A ABUCHBRIEOMBNR S 5, M S [50] (XA A5l 5 1 2 & % 54T
U, AT D12 oERE - EOMAEO T AHEENL L hdBEm LR, 2
DOHERE LT, ANEODIWEE TS ERY OB W=7 a v EPOMRNE L. AN
MBI CIIRIE R 2 BRI LT D LHEZE LTV 5,

S: no AC use in winter Sw: Max. in summer Ws: Max. in winter
other than S

800

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
n= 4 10 17 4 1 9 29 36 18 4 4 10 10 5

Electricty use [kWh/year]

Number of household members [persons]

Figure 4-10 Annual AC use in living-dining room (LD) by family size in three types
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Table 4-4 Correlation coefficient with the number of household members

Items Description Type S Type Sw Type Ws

Annual AC use in LD 0.31 0.16 0.01

Number of months AC used in LD 0.08 -0.10 -0.04

Energy use AC use in LD in summer 0.31 0.19 -0.05
AC use in LD in winter - 0.07 0.07
Gas use in winter 0.36 * 0.37 ** 0.12

Absence Weekday -0.49 * -0.30 * -0.23
time Weekend -0.51 ** -0.26 0.38

S: AC use in summer but not use in winter; Sw: Max. AC use in summer but also use in winter;
Ws: Max. AC use in winter but also use in summer, LD: living-dining room, Significant level: **: p

<0.01; *: p<0.05

AW FERT G I THAT AR L IRIEE & OBIRE X DICRFTT 5720, Lo A
B L OUKEE B AR5 4 & 2 7= (Figure 4-11) , HIH:5 [50] (2 L 2 0 A HEDH
WHERECIX, AT TG 23 TOMI AifR/B . TBEREC DMl A3 30MI A%/ H TH Y | i
FHWHARKRBEREICHD D RITTE :3FITH D, Z DHFEEZARFITXREDIFIH
L. T#68) A ESKEEHEICHAIT 2 LRE L T, TIRETOM) H A6 H &3
HANELOHNNZ X > THMT B R ELUF O & 5 I2HEEH L7z,

1. HARMEEHEORMZIIZ S D 2G5 T AEREOHEMNS (A) =KER&EDH

NNEEx70%

2. WEEHERITAEREOWMS B) =T A2EFEHE— (A)

3. WEFETOMM AT A EOIEINER=(B)/30%

BIZIX 1T AD S 2 ANMENTEEIN L 7235825 H T2 &0 THad) 7 AEH&EIC X 28
11% (=16%x0.7), TBEFEZ DM T AEHEIZ L 28NIE 3% (=14%—11%) L7eD
(16% & 14%IZ 2Tl Figure 4-11 2 /8) . [BRFEZ DAl 7 AEH EOHEMFE L2 W H 35
EL DA S 2 AR IZ 10% (=3%/0.3) N9 5, 20X 51285 S iR
L7658 % Table 4-5 123, TBEEE OM ) 7 A M HE OB O KNV ZREF O F|H E 2
WL TS LRSS, ARSI EREE ORI A GO & HEF LT S
B [50] DHTRER & —FH LT\ 5,
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Figure 4-11 Gas or water use in winter by family size

Table 4-5 Estimation of increase rate of gas use for heating and others by the change of family size

o 1to 2to 3to
Change of family size [person] 1to2 1to3 46 2t03 46 46

Increase rate of gas use for heating

and others [%] +10 +13 +20 +3 +13 +10

il ABcT 2 AL AR & 3 AL B AR IC — 08I L, Table 4-4 (2789 = VX —{f fl &

EREROAIER %2 K/AND 2 7 N—F 1B LT, HHEASD 2 7 —7 L %I1HA
KrxD2IN—TTLILPREEToTe, TOREIT, IS] IZBWTHEMBLUEH LD
7 3 CEMEHEO O O RN 2 ALUF I~ T 3 AL B THEICE <
7role, Eio TSwi IZBWTHEH B LUK A OALERFH DD 72 it D FeskHs 2 AL i
AT 3 AL B THEICE W, AIERFHE & AL TS OFH - IRHB LW
[Sw| OFHTHLHEERMENSH Y (Table 4-4) . fEEHRFI AN 3L X —ffi R I ESL
FIF LTS ATREMEDS R S D,

T4 N OIREERBEREATENC B3 28 — AT AT % Figure 4-12 IZ77 7, K¥D
B THEE T, AN LW ERETE L E L 2> T D, R4 AL EO IR T
X, BB (EHE 1) CREEOFIE (HE 3) BNE 2o Tnbd,

LLREIZE Y | A e =L — i &SRB T & OB BRI LT 25 2
EMTE, L LIEE ABUTBIET 2 R0 0B = R R RET D722, S BITE
ERBERMEZ ST 52 EBRAIRTH Y, HEOZT 2 U OREE O FERE e
EDLT A ATREIC T DAL NI L 72 D,
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Energy saving behaviour

Figure 4-12. Practicing rate of each energy saving behavior by the family size

(See Figure 3-3 for behavior number)
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TT 32 OREREZRORED - FmOICRE] 2FTL TR, £ 15 BORGHEE
DOEERAEYEZ D) & T6. ROBNHEHAFOMEHAYEZ 2] OFITELEV, SFEEIE 1A
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Figure 4-13. Annual AC use in living-dining room (LD) by the age of householder in three types
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Figure 4-14. Practicing rate of each energy saving behavior by the age of householder

(See Figure 3-3 for behavior number)
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Figure 4-15. Annual AC use in living-dining room (LD) by the age of youngest child in three types
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Figure 4-16. Practicing rate of each energy saving behavior by the age of youngest child

(See Figure 3-3 for behavior number)
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Table 4-6. Energy use in each group of the employment status of married women

Fulltime
Description Dual-earner p value
housewife
Annual AC use in LD [kWh/household] 224 206 0.53
Number of months AC used in LD 8.5 8.5 0.95
AC use in LD in summer [kWh/household] 144 138 0.76
AC use in LD in winter [kWh/household] 74 61 0.52
Gas use in winter [m*/household] 390 479 0.003

67



20

15

10

Kepsaapy

Employment status of

”
<
S
= .
g o ,_|l_- married women
=
5y 20 B Dual-carner
g [CJFulltime housewife
g 15 -
Z (]
3
=
10 g
o
5
0 [ || m
0 1 2 3 4 5 6 7 ) 9 10 11 12 13 14 15 16 17-

Absent hours [h]

Figure 4-17. Absence time away from home in a day
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Figure 4-18 Practicing rate of each energy saving behavior by the employment status of married

women (See Fig. 3 for behaviour number)
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Table 4-7 Correlation coefficient with the absent hours in a day

Correlation analysis

Description Weekday Weekend
Annual electricity use -0.29 ** -0.20 *
Annual AC use in LD -0.06 -0.08

Annual gas use -0.28** -0.16
Annual water use -0.35 ** -0.19

LD: living-dining room, Significant level: **: p <0.01; *: p <0.05
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Table 5-1 Performance values of PEFC-CGS for a condominium.

Item Value
Electricity generation output [W] (minimum) 200-750 (rated)
Rated hot water output [W] 1080
Rated generation efficiency based on LHV [%] 39
Rated heat recovery efficiency based on LHV [%] 56
Rated integrated efficiency based on LHV [%] 95
Water tank capacity [Litre] 147

LHYV: Lower heating value
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1 H DA TR B &I %waﬁméﬂéo_@$W°\I@@&mﬁ%dﬂm%iU
17:00 7> 5 B85 2:30 |2 EREIRZIT > TV D Z ENFiAIN D, EETRET HENTFE
TXE AN BIEA LT 5 (Figure 5-2 (a)),
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Figure 5-2 Variation of daily energy use (example data of a flat on Feb. 1): (a) electricity generated

by CGS and purchased; (b) gas use (except for CGS) and water use.
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Figure 5-3 Annual distribution (n = 304): (a) electricity generation; (b) gas use (except for CGS); (c)

water use; (d) contribution rate; (e) reduction rate of primary energy consumption; (f) reduction rate

of CO; emission.
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ClZ L DEMDE =RV —RITONT, KRHFIE & L THFZE & DLl % Table 5-2 12
R, AEMPEERIIAFEOME RN ATHRL Y bETE, FHRITATHRO A
FHNIZ & 5 [65, 69 70],

H ARBUFIT 2030 4% T2 530 AP FC-CGS #3EAT 5 Z L2 HIEL LTHIFTW\W5,
A SI51IE. HARBUFO BEEIZH > TRET H%ICHY T 5712 FC A8 A LTESGE
D=7 T FAXF—HIHNREE S I a2l —ar L, FORE, — kT R —HI
BT 75 PIAE, HIBERITR R D7 — AT 1.3%E o iz, Rl —R T R LX —{HE EOHIHK
IR OFERDIATIIRL D bREWVFER L oo Tnd, L L CO BN EDHIFEIT
ARAFFEOREFNBAEAZE L 0 HAKVN67, 68],

B IT RN EES < RBFFE @ﬁ%iv::v~yay*%6<%ﬁﬁ%kﬁwbt
FREVWR D, L LA =R RITIRFEHIZ0Mm LT 5, BlZIXFF 5T 8%
5 65%ICH > T 5, itcm%mgmﬁﬁ%i B A L B A — — O R TIIE
i) 1.0 -=CO2[76] Th o 7273, HBAMHEE SKITHIT 5 FHEHIL 0.03~0.9 t-CO, L FEFICL D
ZENRKRE L, FHEIZ039t-CO, Th o7z, o THATRNLFT—2ROERITEE L 52
TWAHERZHLNCT LI ENHEETH D,

Table 5-2 Annual effect values of cogeneration system (CGS) in previous studies.

RRpg RRce
Author Type of House Method G (MWh) CR (%)
(%) (%)
. . Measured
This study Condominium 1.31 38.2 12.3 11.7
data
Kuroki et al. [65] Detached house  Simulation 45 10 13-17
Wakui et al. [66] Detached house  Simulation 17
Yamamoto et al. Apartment . .
Simulation 1.2 31 7
[69] house
Yamamoto et al. Measured 2.2
Detached house
[70] data (1.0~2.5)
. . Apartment Simulation
Arinami et al. [73] 7.3
house (Tokyo)

G: Generation; CR: Contribution Rate; RR: Reduction Rate; PE: Primary Energy; CE: CO2 Emission

5-52 FMENEAELBHERDOEIRNROBR

KRIETIE, BOFIHESE FCICEAE TR LX—ROEE BERE, F5K, —Kk=
RNF—HBEEOHI, COPEHEDHI) & DRRICONTHHTT 5,

Figure 5-4 ()l FCIZ X % LAFERIOEBE NFIHE L HREE L OBR TH D, W& ITAEEDH
R B D 28, AEMEIFAEL 4 MW F 28 2 5 & BEOBINRITS L4 2 A
\2d 5, Figure 5-4 (O)WIEMOBENFIHE L FCOFERLE DR TH D, FEHEBEIFIHE
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Figure 5-4 Relationship of annual values in each household (n = 304): (a) generation and electricity
use; (b) contribution rate and electricity use; (c) reduction in primary energy and generation; (d)

reduction in CO; emission and generation.

—IRT RN F—HEEB L O CO M EOAIEIL, FIRSHTICL Y L TR ERED—
TR TCIHElENn 5,

RV, =6.6Eg— 045  (R2=0.998) (5-3)
RVco, = 0.31E,— 0.024 (R?=0.997) (5-4)
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Z 2T RVp I —RE=FNF =23 F—{HEEDOHIBEGI). RVcolE COHEHEDH|
P E(t-COs), Eg I13FEEMWh)TH 5,

Figure 5-4 (¢) (d) (3% %, FHDOREREE —RT=RVX—HERE 1T CO HEH EDHITHK
RKEDERTHD, FHBEENL 2MWNFZB2 5 L. &6 5 ORI HBUME IR
U5, ZAUXBEAFHEIEVGEEE T FC-CGS O &5 RN EMEAICEL U5 (Figure 5-4
(b)) ZEEBEFLTWDERDbRD,

5-5-3 EMARB L UKERE L BRHELDOE T RZROBERK

WEME 2 —Y =2 L —3 3 U AT A(FC-CGS) TR BRI A U 7= BVE #3155 R 4
D, ARETIX, FCLUANDHT AL LOKOFIHEL FCIZL 2B =R LXF R (BELE.
wEE) ORRE ST 5,

Figure 5-5 ([Z4AER A A (FC LIAL) FIE L FCIZ L DB =X =3 ROMFREEZRT,
FHIIAEZAMEBARRRE H 52, WERE RMEIL 0.3 THE <722V, ZHUE FC LSt D I A4l
MEIKG LS ORI, BIBREER, 0, WEREOFHRGER TS D, 1T652
INRKREL RO TWHZ LI D EEDbILD,

y = — 0.00000070x2 + 0.0023x + 0.44 80 -1 y =-0.000028x2+ 0.056x + 20
(R?=0.34) _ (R2=0.30)
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Figure 5-5 Relationship between the annual gas use (except for CGS) and the energy-saving effects
of CGS in each household (N = 304): (a) generation; (b) contribution rate.

Figure 5-6 I[ZAE DKFIH & FC-CGS IZ X A =X NF = ROBAKRERT, ZHH bl
FIIA BRGNS . S HICRMEIZ 0.6 TEHV, FICHGRIIBAEZIITA LKL
L TR o T D, > TKFIFAEN FC DR 5RICERE L H 2 T 5 EEARER &
B2,
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Figure 5-6 Relationship between the annual water use and the energy-saving effects of CGS in each

household (N = 304): (a) generation; (b) contribution rate.

ZZTHEI - TA (FC LN « AKOFEMFIHEOEE % g3 5728, Table 5-3 D L

N2 101~102 FEF7 D 3 7 N—F1253E LT, Figure 5-712 3 7 /V—7150 FCIZ L % FH]
WEE L THROHMETRT,

B EHAOFNIHEDO K/ L DR BER T 5 &, BERILEIFHEDOEENK
U (Figure 5-7 (a)) . Lﬁb%@wiﬁzﬂ%a@%@#k%<ﬁofwé(E@m57
(©)o —HTENEKOFHEDOI/N L HBE LT 5 &, HER - THELBIC
mﬂ%g®%@wk%w(m@m5ummp FRIKFHABERRE W L—7"TlL, B
FIHEOZEIZEDL LT 5ENEL o T D, BEFDOAREIBEDZEN FC DE T3
NF DRI L TND T ERMREEND, ZIUTHFARD [69] IZX D FREEEICET S
Vial—yarOfiRE—ET 5,

Table 5-3 Three levels of annual electricity, gas, and water use in each household.

Items Low Middle High
Electricity use (MWh) 1.17-2.77 2.78-3.78 3.79-7.64
Gas use (m?) 85-341 343-519 521-1589
Water use (m?) 41-156 157-215 216-529

83



Generation [MWh]

~
o
=

Generation [MWh]

(©

25

0.5

25

2.0

0.5

Middle

Electricity use

High

Gas 55
T Low
T Middle 50
% T High S
% L 4
e
% =
-g 40
% 5
2
=
% S 35 % %
5]
O
} " %
25
Low Middle High Low
Electricity use
(b)
Water 55
T Low
% I Middle .
T High

45
40 %
35

30 %

Contribution rate [%]

Low

Middle High

Electricity use

25

Low

(d)

Middle

Electricity use

High

T Low
I Middle
T High

Water
I Low
T Middle
T High

Figure 5-7 Relationship between the annual energy-saving effect of cogeneration system (CGS) and

the annual electricity use by three levels of gas use (except for CGS) or water use (n = 304): (a)

generation by gas use; (b) contribution rate by gas use; (c) generation by water use; (d) contribution

rate by water use.
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Figure 5-8 Monthly variation (n = 304): (a) electricity use; (b) contribution rate; (c) gas use (except
for CGS); (d) water use.
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Figure 5-9 Relationship between the energy-saving effect of cogeneration system (CGS) and the

outdoor air or water temperature (n = 12): (a) generation; (b) contribution rate.
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Figure 5-10 Variation by the family size (n = 161): (a) electricity use; (b) water use; (c) electricity

generation by cogeneration system (CGS); (d) contribution rate.
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Figure 5-11 Variation of contribution rate by the type of flat: (a) location; (b) plan type
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Table 5-4 Pattern of energy use and energy efficiency.
Electricity =~ Hot water

Potential for improving

Case demand demand Operation of FC energy efficiency
1 Large Large Full operating already X
Shortage of hot water
. . Hot water supply
supplied by FC is .
2 Small Large increases by the external
supplemented by backup L.
. use of surplus electricity
boiler
3 Large Small Shortage of electricity is y
purchased
4 Small Small Low operating according to o
low demand
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EL. 820z 3 X —igkE s CO R EOHIBICE T 2 ATietEn & 5,

Vlll.'.-- ulih VASA2I-LAT N
- .86. ?‘J‘/a T

(@) Elctricity management system (b) PV on the roof

Figure 5-12 Electricity of common area in the condominium SK: (a) configuration diagram; (b) PV

on the roof
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Figure 5-13 Electricity use in the common area in the condominium SK.
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