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Analyses on Geographical Distribution of Urban Anthropogenic Heat Based on Very

Precise Geographical Information

28 T A BT R kT
Toshiaki ICHINOSE ", Keisuke HANAKI, Tomonori MATSUO ™

ABSTRACT; With the energy statistics and very precise geographical information the very precise maps of
energy consumption in Tokyo were drawn by thc mcthod of computer mapping. Computer graphics
animation of the annual and diurnal variation of energy consumption in Tokyo was prepared with the
calculation in the super computer. These outputs seem to be available as a scenario of anthropogenic heat
exhaust, onc of the surface boundary conditions for the numerical simulation model of atmospheric
environment. The anthropogenic heat in the central Tokyo exceeds 400W,/m? in the daytime, especially
the maximum value is 1,590W _ “m? in winter. The hot water supply in office and hotel occupies 51%. In
the suburban area the anthropogenic heat from household sector reaches about 30W m? in the nighttime.

KEYWORDS; anthropogenic heat, urban area, geographical information, Tokyo, computer mapping
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2. TRN¥-HRFHMOKE

2.1 HFE2BRIEBUAIANYT-HEMEE
SER S IR, 19894 ORF2IRXICBIT A -
i 600 B coal & others
ANF-HREBMAR - BEEN O Y vy | heavy oil
. e < e 400+ M kerosene
A (Fig.1) TERBEL LA, FHEMASLHEL 35 I gasolines
ERAT BRI MY vy AtnBEoR ©  OYE gas

BEORRICH ST 5 LENH S, EDMCID
REESMRTEEREMICOVT, 19854 K
U19914E128 11 % AR - BREHE RS WAL o
EEFHMEEHEIT LTS3, 19654 LI
HEOHEZNHER (2BEG8H) 2RL T
B, 19854EXH 1991 I THE R OB
B —EOHETELZdD EHEL,
19894EICB1T 2 Bz - MR O~ L) v

0
household manufactur.
commercial transport.

electricity

total

Fig.1 Energy consumption in Tokyo (1989)

Revised from Hiramatsu et al. (1992)
city gas : LPG = 76 : 24 (gas)
"gasolines" includes light oil.
gasoline : light oil = 61 : 39

(transportation sector)

7 A (REHER) 2ERL7. £/, BMBCAHHELEEN2IX (PR ) ot he K ¢ L
Kk, HE2IROC MY v 2 AR L, 85612, BREESFICZ0REMILERET AHT, Al
BENFSTPHROIVE-FTE LIV M) v 7 AEBIELE (Fig.2 X UFig.3) .
FEZMTRBRBOT A PR, FEHBHAATH DO TV 225, EHERPITRAMAS 7 — 29418
T3, RE -ZBELLCHERVTA, IHREICKEL TS, $LBFEICOVWTHIE, RERMTETR
Ab—7HERLTVEY, EHEWPTHEEICAMK S S —ITKEFEL T2,

2. 2 HMEHEBLOMEE
(1) BEHE~D5H
140 9 |
120 4 M coal & ottiers
kerosene
% 100 - B rc
s 80 4 0 city gas
3 60 -Y [ ] electricity
o el
20 1 4
il
cooling hotwater utilities
heating  kitchen total!
Fig.2 Energy consumption in houschold sector
Tokyo (1989)
250
200 M petroleum
% i gas
s 180 W slectricity
S 100
a
50
cooflng  hotwater utilities
heating kitchen total

Fig.3 Energy consumption in commercial sector
Tokyo (1989)
city gas : LPG = 72 : 28 (gas)

kerosene : heavy oil = 35 : 65 (petroleum)
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N #h10,11%a, 1,535
hak KD & hi: (Figd) o
—H R FEAE W EE R
i, ERB A ERLRA
FIZH ETVT19864% L19
914 (D) 4= Bi} 5 H 23
X o+ 3 ) FI 8 B B 1 AR
ERLTVA, 198948
T ABRBERE ZDOT—F
PHRELABE LI,
BB 4k TR EBI TH
9 %D ML 2B,
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Tab.l Data source of unit energy consumption (EDMQ)

IMG (Land Use) EDMC This Research
Government Office Office
Utilities
Office
Transportation (half)
Education School 307 : Others 144 Education
(averaged)
Yelfare Hospital Welfare
Department Department Department
Store Store Store
Shop (half) Shop 276 : Restaurant 49 Shop
(averaged)
Hotel Hotel Hotel
Leisure Amusement Leisure
Residence a) Residence
Shop (half)
Manufactory (half)
ARriculture
tment House a) Apartment House
Factory b) Industry
Mapufactory (half)
Road c) Vehicle
Railway d) Train

TMG: Tokyo Metropolitan Government (1986) ---

EDMC: The Energy Data and Modeling Center (1993)

(half): half count

Bureau of Urban Planning

a) Hiramatsu et al. (1992)
--- Residence : Apartment House = 4 : 3 (unit cooling use)
=13 : 7 (unit heating use) by TMG
manufacturing sector
transportation sector except electricity
efectricity in transportation sector

b) Hiramatsu et al. (1992) ---
c) Hiramatsu et al. (1992) ---
d) Hiramatsu et al. (1992) ---
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HEHT HAHBRERECB T 2L BFAE L EDMCOOOEM & O MICTab L IR TRHGMAAR (#2) 2R
EL, AMEKCBIA12BEO AV —HRI 7T — 2O, T2, HBAIT ) —EBIIRFER

* PR ORI BBTR) % FOH A7 1

e ¥ CTHRZIN RGO TRMN KR E RS,
e on BHOBFHWMBOT )y 7 AL—BT 5 X
wities el 5% & R LRI L7, £ 0 BIN R OR
departmet store MO RAT 2 TV B, COMIEK £ D%
—_— | WHH 7 Y - OB RIE24~33% ML 7,

o nce 35, FOBWIC BI B MR O PRSI0t
oy REE DT AL @D L LD, WEH

¥
transportation

FICHRBZFig3t REAGDEILEE RV,

agriculture ~-

Fig.4 Square of floor in Tokyo (1989, estimated)

total: 50,044ha

(except road: 10,119ha and railway ctc.: 1,535ha)
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ELZVWED, KRB TRELER~O

FEIT o Tl HRHOFADTIREEN T 4 %Eﬁ%
BARIOEBEORENRAON, BOVKEVWEH y O E":':I';‘Ef:s
TIAEFPHETS00OW,/ muE 1T B, 3

(3) MF2IR BB Zh N F—HBROKM & ?

ZHILTRDBLNZHEYF T3 - B& R
MRRM R ORA2IR B pMaRE, 2 M W
CHLFig.s, Fig.61o¥ ., LB M & O 0"Iczducatiovr:el:i:r:artmenl.s:op hotel Msurveesid:::enmem'h'
HBERBRCBCTRBEREIKE < B Fig.5 Unit energy consumption in each land use
B2 AREICE & EFTwa, BEEERELE Tokyo (1989)
EEBER AR~y  REHRICBOTAEL, except Industry: 2.17 9GJ/ m?/ year
BHBEGEN AR A K - - A o S ersan e
BTREV, HEI T T —DOERICD L 247,
FHOOOHM L2 RBRIAO BB <, 100 L_L
BT TRMR BT 2~ 3 B, 24, . B oo
HRRCBERRIBVT 3~ s AMOmMER 10 B notwater
Tws. ~HIRLEOMTEFBF#RML, § o B uunies
EBHPIOMAHEED TS, 2 40
3. IRNF—HREBLL-BHTEHOET Y x
3.1 iﬁﬁﬁ{t - H Eﬂj O)#E ° office wclfnro. x .shop l.“,XX‘.Itlnlau;e - apartment.h.

R RBELE1DICIX, BYEE - S education department.s.  hotel residence
@#ﬁﬁf@?ﬁﬁ%ﬁ) CHEBERESATY S, Fig.6 Energy consumption in each land use
$ KB A (B) 201 i, A BT B SR Tokro (1989)

except Industry: 61PJ/year

(NIRA) %508BTER AN AkO 57— A8 Vebicle: 145PJ/ year

WFENTWVD, BEM L 2L HRIEH Trein: 14PN year

MTHEMFIUTEBL TV I EEL, BFOFEBRNAFINETHREERL SO Ay, FHEL - HEL
DI =V I THRFMBRTEHI~NEHH LA, Tab2IZHRHEL - HEkD Ny —v ol ERT,
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PTIEH D BEEHMC L 215G — 7 BB T 5B, BBE (Fig8) 22Tk, #HENOB LUK
—205HY, B BERPILTFToT W NI - ThHb, 5 ¥RABR TR T2y 77T o F 7
A EFTOBBHEIER 22TV B EE, BHOFTEEIKE », RESMI TR BB ERL TV L,
B# (Fig9) oW TiE, Wil - BRERCSIIPOE -7, FERFBRICBITLE0E — 2 H7 48
MTh3,

BB, TOMOBRIOVTHEFEHEILE S LTV, BRI 2WTIREHBIIEDD v 24 AN
wWEkbdh, BEIFT)-BOHBYERLTCEAR NS -VEED, B onTE, RHOTE
DTT Y FeRERTIENOBREONY—vEEOEEAVE, 2, TEBMTCOWTRARIZTHIL
TEST, TEFDHLEOTHM RN/ y —> (GEE-8) 2HE LA (Fig.10) . sGERMIZ2W TS
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Tab.2 Data source of loading curve (shape) COEHIILTHERENHEY F T = - B
WD 7 — % % Tab.3i R T,
3. 2 EAIMMICBIT MBS

Cooling Heating Hot Water

Supply
0ffice [ TMG - (1) BEyHEAE
Education TMG ---_Office ---> . 5 . o
Welfare <--- ™G s HE)ESEICLA LAV —HHROT Y L /I
(hospital) Wik, XKBREOHELOERNF— 7% 28R L TIT
Department T™MG <--- NIRA B . . ¢ hevE E o S -
Store (commerce) (depart. s.) IDHEE LAY, KBR7T-FLHMHICATTZE
& Shop LIERRETHY, B AERTFICIEIL 208
Hotel T™MG <--- NIRA - N . . .
Leisure < -~ CRS & J6A > BRENBLDEER Tz, L L%2H 5Bl C o
(sports club) (cinema hall) L7 X ) 236G, 5B A I 2% 3 B b~
averaged . - e 5 . s
remes T R e o HEW TS D OB BRREDS o, [ F il
(household) (apart, h,) BITEBEEICHBATSL] IR IKRY L2 hn
Apartment NIRA’ <---  TMG  ---> NN [ a
partn o) apart. b3 Bhath b, HBHZAIHED ATHBOMRIE
%ALY T Yy, HRABARTETHRGS S OEBHRT
Kitchen: original curve Y, 20% B EELALF—LLCHHEISH, L

Utilities: Cooling

—FUBICHER IR b T ey, Aff2D
) - by Iy I EAKBMRBEOMEL S, 58
JBERP] (HEEASE) XA ATHRGAE AL

The following data are summarized I "
Lt vy o
in Osaka Gas Co.,Ltd. (1991) TRIELTY2

T™MG: Tokyo Metropolitan Government (1991)
- Bureau of Environment Preservation

(2) g
NIRA: NIRA (1985) x 3 2 i B B i 7 A 28 A
CRS: Japan Co-generation Research Committee (1989) F By 33 O 3y 6 1) A B 18 AR L B L7 0 R
JGA: Japan Gas Society (1988) BERBEVIEERZIT-o>TWSE, ZTHIFFH L1898

NIRA’ : NIRA(1985) revised by Tokyo Gas Co.,Ltd. iFo f:ﬁ??&i%%ﬁﬁfkhﬂﬁﬁ%?%ﬁ?ﬁl: Lo
Thb, LALANLIOKERIEMICIZLH - BEKRI ST TEY, BRLBHE L ToOREAINMH
THHIER, BT IAMBS P BEESEIC I Y FE8RTLEIC L 2 EHA 2MENSHS, £/
HHERBESRIMIINT, BTHREOAEEIABRO2 ~IHBREOTE RHRRND) 4L
FHH, RRYINETYECTFTHIEHNTE RV,

3.3 A REREFOFS

ELDLBMIEBVWTAKRPLORBEFL100~140W,/ A2DE LT w2, BEBHAFICE LTL500mA y

Vo ORMAL - BEALOF -5 i g

THH, NOBENRY -V ERAy Ya LRV 20| {3 yetters y a3

THRETAIEVPEHTH oA, 40T 8 hotel ‘z.

ME# 6 O RBEEFEL Tz, B2 § 152 mo / ;

RICBWTS~10%M%INIIN L = 7 & i e BREV il

BLOWEND S, $LRRBREBIBHK AT

WMBER,S ORBICOVTIZABHREL 5 ,M' /’ s

RS 5TV 329, MBI L, AR ) 4 ek

WICB T A BREYHRASE» L0 HMI1,121 ° I I A i
1 3 5 7 9 11 13 15 17 19 21 23

W/ mIiZEL, 505 HMFAHED B TR 2 4 6 8 10 12 14 16 18 20 22 24

bAREVHERoTVSE, LALENMEL, X hour

LB ARRRE G REERD S Fig.7 Diurnal variation of cooling use

EEREM BB A S E S EATE D, Tokyo (1989)
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SHEENDDEIZZDE S ZEBPET-
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Fig.8 Diurnal variation of heating use
Tokyo (1989)
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Fig.9 Diurnal variation of hot water supply
Tokyo (1989)
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Fig.10 Diurnal variation of energy consumption
Tokyo (1989)

(industry and transportation)

-PH = -CH+IE (2)
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BHAKNOHB,A /57 F = (1)+(2)= OE+IE (3)

HHEZANF-HRELFOFIATIHRALEZIDL Z LENTE 5,

R AR ANV HEBEORYRIINREBEHE- ¥ —T65~80%, NEIKRS T —T65~70%, it
KATT18%, BERTIOBEVbATVEY, BYBEBOLZALHRELTAIDY FTEEN, £-F
P IR REORHPBESZAL S OXKBRIIEDLETTOT UL AR EA R THELLEV, EYbIFRS
5 THIPENBEIHALIOLNTVIHAOBHICOVTIE, AOFOREROKE SHIZERHEN
~NBET A BEOBEEAY, TABICHNERAARIIDVTLHRTILEND S, ZH L2
HEBWTfiomRABICEINT, RETHBINAVARVUERBHO37%ICHYE T EHNTFKIZAS,
CHRAPEE2IRKE YT 26, BBIHOLRZBROH SHXTAREICHBER B LIZE 3
(Fig2 BR) o - WHAA~DA ¥ 87 L EXH LTI, RBRERBOMASDEIC I HRA - B
ORBDRVR, ZERBEISOHROBHBLIZOVT S ER T LENH 545, KR TERE LS
FIETE->TWR,

Tab.3 Diurnal variation of energy copsumption in _each type of land use.

W/w2 (h) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 KI/d
Os 0 1 1 2 2 211 26 56 57 57 60 59 59 53 54 57 51 34 31 19 8 5 2 2537
Om 1 1 1 2 2 311 34 63 60 58 58 56 58 49 48 53 45 28 25 15 7 5 2 2464
Ow 2 3 3 3 4 518 72132122110103 99103 85 79 84 70 39 34 21 13 11 3 4380
Es 4 4 4 4 4 4 81525 41 40 39 38 35 3231302314 9 8 6 6 5 1540
Em 3 3 3 3 3 4102951 605551 5046 40 37 36 29 1511 8 7 7 4 2031
Ew 6 6 6 6 6 8 22 87164161142126122117102 87 85 71 34 27 19 17 17 6 5190
Ws 19 11 10 8 8 14 61 78 78 77121103102 75 76 72101122139171161118 89 18 6589
Wm 27 15 13 11 11 21 78111128124164126124 93 91 84117144172214207156114 20 8514
T 44 26 23 20 20 33109174237232291209205170162148188223265320306245170 3013860
Ds 7 8 8 5 5 3 4 6 9 28 86 89 89107 96 98 99 97 86 74 60 48 39 11 4170
Dm 6 7 6 4 4 3 3 5 7 227278 78108 91 93 94 88 76 63 51 41 34 9 3746
Dw 5 6 6 3 3 2 3 4154132149150133166135134151157145 51 40 32 26 8 6209
Ss 5 6 6 3 3 2 3 4 7 20 66 69 69 8 75 77 78 76 67 58 47 38 32 8 3251
Sm 4 5 4 3 3 2 2 3 51553595986 71 7273 68 57 47 39 32 27 6 2850
Sw 3 4 4 2 2 2 2 3246196188184157183146144172186178 36 29 23 19 5 7346
Hs 40 14 12 9 8 12 68 99158133110 96 98 79 91 91 85 93114 95113101102 77 6833
Hm 47 14 12 11 11 13 76112183154118 99100 81 97 97 86 98124101123112115 88 7450
Hw 106 71 71 72 72 77129171251214140117118 9711611610214316514116416817114711300
Ls 0O 0 0 0 0 0 13267 6588111105106108 96105105 96 95 90 32 3 0 4708
Lm 0 0 0 0 O 0 13106 89 75 96113106106107 94106106 99100 97 33 4 0 5216
Lw 0 0 0 0 0 0 44494278329228328219202228153224198127133133 45 6 012130
Rs 2 1 11 1 2 7 9 8 5 9 910 8 9 7 91214 26 31 22 15 8 812
Rm 4 3 2 2 2 3121512 7111010 9 9 8101519 31 37 27 19 7 1020
Rw 12 8 7 6 6 9253426 15 19 17 16 15 15 13 17 26 36 51 62 48 36 11 1911
As 2 1 11 1 2 7 98 5 8 8 9 8 9 7 9121425 302114 7 785
An 3 2 2 2 2 3101310 610 910 8 9 7 10 14 18 29 35 25 18 7 937
Aw 8 5 5 4 4 6182519 11 1513 13 12 12 11 14 21 29 43 52 39 29 9 1903
1 33 33 17 17 17 17 83116116116116 83116116116116116116 33 33 33 33 33 33 5969
v 22 11 0 0 0 22 33 76 76 66 66 55 44 44 44 55 66 66 76 76 66 66 44 22 3929
T 14 7 0 0 01421 49 49 42 42 35 28 28 28 35 42 42 49 49 42 42 28 14 2516

0: Office, E: Education, W: Welfare, D: Department Store, S: Shon, H: Hotel,
L: Leisure, R: Residence, A: Apartment House, I: Industry, V: Vehicle, T: Train

s: July-August, m: April-May and October -November, w: January-February
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Fig.11 Distribution of anthropogenic heat in Tokyo

(winter, 14:00)

Fig.12 Distribution of anthropogenic heat in Tokyo

(winter, 21:00)
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Fig.13 Diurnal variation of total energy consumption

Tokyo (1989)
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