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1. [XCHIC

DTN —HROBE LR & ZAUTH: S BERTEOBEIC L V. =R R4
EBRBEROERE B LI-EMPBARMBES N TG, 22T, BRI =R —iH 8 onhE
& LT, KBTI ORRAR A M HE X CBEEOHARIR L i8S 2 7 A& FIFIS 2 HE ARt 5,
BEfFDOAEAKIZZSE T 5°CHilts £ TARMET T 528, #EROAERHE TIIKIROTEE T LT 2
W2, FRIAGHIEAKZAED - DICER, HARBHEIAO ST, Bx RBEEA S DRI L
DIRAKERAE AU, ZORBICET B TRAX - DERISEIFCE B, 18K kD ZEEREICTHD
DEARTIIH D, B BB OEEIIZERA2 a2 M5 Z EATARSN, b VBFL I 2
8% T2 TIRHEOREERL R E LT, 18k 6 h5KEEZ VT, —MFRECHEAT 20
WAL AR CAERE RIS D LD VAT LERRHT D, MRS LTI, BHEO ALK BT O
BAERIRT2EDTNTHS ) LEZ NS, BAETHEESND 1 KTIVE—D 450 1 3B
RHIRDN DS, AL RT L TIHEIRDHOKEOBEAERT 5720, BEWESICRERT 513080
1= ZORKSEEM UAESFIRIT 5 Z L 03ATREE 725, ZHUCE T, BHIABOREFIT TR AX—0D
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72, SEIIHRGENICERE T DB AT OV THEL E1T ),
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. Ceramics & Cement
Transportation 2.3% Paper & Pulp
15.9%  Others \ F2.0%
0.7%

Residential &
Commercial
17.3%

y T hon & oSteel o . Metal Products &
e 7.5% ' Machines
1.8%

; Industry

Losses at Other 31.2%
Conversion ’ Other Industries
6.3% 6.9%
Chemicals §
I " T85% Agriculture, Forestry
Losses at Power Exports & Fishery
Generation 4.4% 2.2%

24.1%

Total Primary Energy Supply 5,439 Pcal/Year

Fig.1 Primary energy consumption in Japan (1995) *



2. KUERERERFIREKEHE AT L

2. 1 =
BEEDAGE B CEHRICIIRAAT 51213, W 2D DAEIEAKIE & HEE T 2 R EFT & %1%

ARE TR TIRADEE AT 5 D23, ¥+ HEER D22 a2 ML ERITHS 5 L EZ b3,
AL CHBAHR L TEFA~OEUKIBEOKEE 2RI 2 LBEL TV DOT, Fi/2akii & LT
LA L PENROMOFR A T A & arTvyy— JENEIRAL A 710 R SV

25,

Waterworks in Operation

s S A TR

Source of
Water Supply

_‘_f Distribution
' Pipes

Water
Supply

Newly-Constructing
_Water Heating System
(Conde

Power Plant?
Fig.2 The outline of warm water supplying system 2"
2. 2 KBRTTIRILY—HER
BROAGERNT DT RN —HEBIZOVTIL, FEESFIOIHY 0 1 E B & LR DI~ R EiEY

DIHEREN D, PSSR AER L CHABAEN Y O 1 RV —EBEEL, CO, MR 4 B
T5%, (Tab.2)

Tab.1 Base data

T Japan [ Tokyo
| Population [109] * 12,557 1477
| Households[10% ® 4411 800 |
Floor Space in 8 7
____Commercial Sector [10°m?] 1524 - 71756




TRAF—FEHOTRALF—FHN (ZRLF—ILEK) & CO, PeHEHATREBAIIZ OV Tid, AR
ETHR LT —F_—R LR U #fEaFIAI LY, ZZT,

. Output Energy 7
e . N
LAV - I3 = B —DEEBBEAEIT b 5 Input Energy EW))

THD, THUIED, FAT7HA 70 1 KREFLF—REBRE (= [HITURCBIT AR 1EEE)
ST RNF—INK)) HEETE H(Tab.3), AR, CO,HEHFHIAIZRIL Tk

CO sty TR - OREBBEMIDESCO MR

Output Energy

THY, ZHEANTIA 7Y A 7L CO, HHHE (= TR AX—EEE X [CO, HEHURHBT)) &
HT& 5,

Tab.2 Boiler efﬁmency, Energy output/mput ratlo 002 emission ¥

p——

Efﬁaency of Boiler Energy Output/lnput Ratno  [9C /Mga% Emls[:_cgomééu,,
| Electricity 64% p 0328 21 2 4
| Gas | = 8% | 0.836 .4 2712 |
Ol | 8% ] 095 | 8 . 32
| Coal _ 88% i 0948 109 400
Others 100% — - 5 -

Tab. 3 Energy consumptlon as hot water © [Tcal/year] [kt—C/year]

Energy consumption’ | Effective anary energy CO,

L Tl I—Hotwater ~ calorificvalue |  consumption | |_emission
Electicty [ 766080 10454 669 31909 1265
1319200 116,089 157,718) 9769
oy 94,751 83,381 104,704 8,400
3 7612 6,698 8,031 831
14-508, 14,508 0
[ 259,245 227 3677 N 20,265
1185 758 L 148
14832) 12876 1,084
gl 8,856 892
3 S
_— ! 2,206

YRR (=X —HIOBERRX BN | LiL, FENITREMHRRATE-8ETHY



INEY HREEY O ANXGL (SR 1 RTFAX—EER) & CO,HEHEHIA. (=CO,
PRHE AR 2EELE, TRFACIIRETIT 0.752, BEET 0.749. CO, HEHEHLT
VZ2ET 89.1 g-C/Meal, HAERT 89.0 g-C/Meal & 72 -77,

2. 3 BKEnx
2Tk E#aRE, BT DREOER AN TR~ B,

2. 3. 1 %Ki5
FEE ORI 2H7KE 10 EETC. ZH8n0— B Y Y O KOEEE & KiR% Tab.4 1573, Zofh

WCIRAARE D H D0, HKE LTRHWONS Z & b BV DO THEE, $BAORADLERRLETE,

Tab.4 Quantity of water-purifying and temperature at filtration plants around Tokyo *

Quantity of water-purifying Water fémbérature fC]
Filtration plant per day N T
_ C o Im%day] | Max | M. | Ae
Misato 567,400 | 305 38 | 159
Kanamachi » 9216()6 309 : 7487 | 767 -
Asaka | 1224800 | 287 | 30 | 151 |
[ Msono 1280400 | 288 36 | 154 |
[ Ozaku | 192300 236 | 36 12.9
Higashimurayama 877400 274 37 | 142 |
Sakai 7 104000 | 267 | 47 | 142
[ Nagasawa 194500 241 | 65 | 145 |
Kinua-Ue | 43900 208 | 122 166 |
| kinuashia | 3040 | 200 124 | 161 ;

2. 3. 2 FKE

P, RBE LISKEORE L 8R4 Figd K0 Tabs (7T, BEOASIERER & &1%K38% Hhit
SRR SN SHE TED, AKIBAME DO TRACIBWHI VAL 2 & & T3, = 2 Cliigmi o
B ZOE ERAEOREL LI2pS, FIEA RS TX 2D Tl T 1 ~ 28R 25 Th A

90



@, Shita
Shinagawa, Ohi
Power Plant

Fig.3 Filtration plants around Tokyo and newly-constructing water pipes '

Tab.5 The length of newly-constructing water pipe
. . Length
| WeterPpes | Sedn Ckml
No.1 . Msato—Kanamachi | 8
- Kanamachi— Shinagawa 20
No.2 Asaka - Misono 6
1 __Misono—-Shinagawa | 23
No3 |  Ozaku- Higashimurayama 14
| Higashimurayama-Sakai | 10
) Sakai — Kinuta Ue 1
~__ Nagawawa-Kinuale | 4
. KinutaUe—-KinutaShita | 2
- . KnuaShta-Ohi | 14

R, BEERIC OV TR EAT o7, BRI IIT HEKER L UK E ORVER AT TR D L, #HAK
BECILILIANTAMOD 3,800mm, FEUKE Cidiidi FHEHRD 2,700mm ARATHS Y, D= b3
miEEDLDOTHEERT D Z LMD LEX6NE, EEOREEMAUKE T 2 miHgn b 01%
IRETHIL LT B,

—BXAE

VY, 2T BAERORAEEZ 2mE 3mi
AUEOHRRICEL Tid, FBHMBICOWTORBEEITNZ 7=, BETMITT_T8e L (AAICHIT 28

DTFVLF AT 6.287 Geallton, CO,HEHUFEIIE 0.573 g-Clg-8k& L=, 9). MFMIE 1544

L7

2. 3. 3 EHhiE%k

BOESARKIIRAUC L~ TEHIT 2 219
Darcy - Weisbach ™3\,
%

AP !
_zf._.t
/4 d 2g



y @ WA [kef/ m¥),1: /XM 72K [m],d: /3 7B [m],

v: & [m/s], g: EANBEE [m/s 2], f: BEEMREL
Z 2T EROBE D L—F 4 —apR LY
k10 ]’/ !

f= 0.0055{1 + [20,000~ i
d Re

k : BNEH X [m),

Re: L1/ /L X¥
Re = vd
v

v @ JEAEOEHEE [mYs)

2. 3. 4 &8k
HHREITIEFR L DREENOKRRAUIC L > TREDK T2EHT2 12,
BADBERT

_”'d"K’I
AT =T, [1 e 0" )
1

T, : BELERRR TOBEMNIRA & B & DIREZ ['C]
d: EWNEE [m], W: & [m¥h]
K, : BN AEEERFR [keal/ m?-h-C]

T TKITANT,

o, BRI EEEES keal/ m?-h-°C), d,: BFME [m]
A BMOBLESR [kealm-h-°C],
a; BENFHREZGERR [keal/ m?-h-C]

T I Ta 20T, ARE LMBENECT 57 ¢ v ¥ ABDORL Y

%’i = 0.023(Re)"* (Pr)**

w

Ay KOBMLGFER [keal/m-h-C), Pr: 77 MUK



2. 4 REMR

FOGIRONSWERARTE L TIAHORMAS, Sl @R+, I, BEED LNG k11 &b 5,
ERBAROPEE Tab.6 15T, &Il KFH &)1 FURE & CIIEMEERET 1 2km 13 CBER TV VB A5,

ZZ T 1 TP st RO
THELTHRERITY,

(2, an)ll- RIFREROBANZ =

Tab.6 Heat balanoe in electmc power plant around Tokyo

NO DD MK S IRREFHAE

Ohi Oil Shnmg(;iwa Ka\LN;éakl ngashu-Ohglshlma
Pow?r Plantig _PowerPlant | Power Plant | LNG Power Piai
Scale 2 [MW] ] 1,050 - 17140_ 1,050 - 2,000 B
Efficiency 3% | 50% ~ 50% 50% -
Loss at Thermal Cycle ol 8% | _44% ol A% | 4%
| Own Use & Other Losses 61% | 35% |  35% |  35% |
| Power Output[MW] 985 1,100 1013 ] 1,930
Fuel Consumption N
_ [Gealhour] 2315 1,961 1806 3440
[ Quantity of Waste Heat
[Gealhour] 1,273 863 795 1,514
_ _ [Gealday]l 30563 20706 | 19071 | 36326

...............................

Condexser 1 Condexjser 2

Fig.4 The system diagram of power generation model




Fig 4 (ZHHE L7 BB R T LORAM A AT, WBEABE%H; >7-1H/K% Condenser 2 XV [ENY L,
HRIBIT BT B CHvK L IRE L OKIROMIE 1T >, BFSHIESO/D720 & %13 Condenser] (2% 0
RO & HBEHAAT 5,

5 — U DR L B OBENEIIR L OBIR 2 =B 7-010, 1 BT L% o1 2 A0k

E%;E.?—ﬂ/;&.ﬂ;ﬁk L/f:o 14,15,16,17)

1 3
n| e h3
T=550C

.............. | h2

h
1 :
Pi=22MPa
h5| .5 Po=5kPa
T=329C

Fig. 5 The Reheating Rankine Cycle on h—s diagram

7 N ORAEEITR OB Y TH B,

FEERTHUR 35 T kWx3

RA 5 —h% 75 =0.95

F—r NS EE x=0.88
F—EHIBEADRE 550°C
F—EHBARRES 22MPa
F— RO E S 5kPa~
F—-ELWERE 7, =0.90

SEHE 7 = 0.98
EkEshE 1. =0.95

h —h,)+(h,—h
?j\l&‘j]% 77 = LJ ___Az,),._..(_:; 4) X 77}3 X 77(} ...... (itg)

o (hl _h5)+(h3 _Z)_



R WG h)ethon) (2 10)

m e P — _ R
— e — ——
55% ——— T - -
Waste Heat nw
=
'9 sm L — JR— N,
®
24
3.45% : - - e e -
S ‘ Efficiency of Generation
San s T
wi
35% - S e e R
Sm ' — S —

30 3 4 45 5 5 60 6 70
Temperature of Waste Heat [°C]

Fig.6 Efficiency ratio of generation and waste heat

in different temperature of waste heat

KR 15°CRE T, BKRIZBURT 15°CETCICEBIl SN T3, ¥ — b  HAakiEs: 329CTHD
Mo, BUROBKIEOMRER B L TERHUTITH 10°CDBEENRUE L RET D, ZOEE. Btk
RS 23 CRE AR D LK HINBRONENE 2D . BEANEL S - LItk 3,

3. KRR TLDY I aL—Y 3y

3. 1 AHREM .

DV Ialb—Vva TR 2013, KB COREIARKLBUEL, REFTOPRETH IHEAT
BB, ZNHOTUAREINTRD &5 IHRKIR LEBREREL. —FRHTENE IO IAE—R
CO, HEHI BRI I C& 2%~ 5,

- BOHEE
BHAKB TOKRT —ZIFERORS « Bl - THOLADT, Zhbi b & iIi—EROKRAHET

Do

10



— HOWRKIENY A =T LT3 THEBT B L IRET D &

T, ; '5) ) (_T_hAz-Tl ] X coS[—'@E ﬂ) ...... & 11)

re T, =

Th: E&KR ['C], Tl: &&E/KkiE [C]
Date : B A% (BEKBDH Date =1)
EHobEs,

Tw[C]

Winter

> Date [days]

Heating by
oo s this system
Tl . S

Fig.7 Fluctuations in water temperature
« MR OHEE
INEZEROTHE 2m T 12CH5 20°CTH Y . HAOKIR L FHEICHEE 24T 272 19,

BB ROWE

E£E 100mm 7>5 100mm ZA T, K 2,000mm & 3,000mm O 2 7 — 2 248ES 3,

« BHEAKIR DR E
kG CONMBHROBAKIR Td 13 15°C,22°C,28°CD 3 7 — 254813, 15C L5 DA E
PUKBRET, 28 CIIREARILL . 22CIIEDOFRE LV S B TH S, FRZEUT, HAEOK
RS Z ORHE BIFKIR Td K VK< 725 & B BES T\ T BN H1T 5,

HKRGEOBEZIRD & 5 IZEHETE B,
mgEEE:  Q=C,xpxWx(T,-T,) .. (X 12)

Q: HKEHTER [Mcal/day), C, : IRAKEEHS [keal(kg-C)]

11



o : BEton/ m®], W: ¥k Elm®/ day), T,: #&BEAR

INEY, WEAE Qt (RREOAFEOMERE 2K, WXkE Tg GENVEH B ZiEyic
RETIUDEKE Wt (REEOBROKE) 13RO L > ICHHETX 3,

KA - Wy=— 7 **-) ------ (X 13)
d

Wi : 8k B{m® / day], Qp : #iEAEL [Mcal / day], Tg : #%E[C]

Baa BEKE Td, BKER D ORES—AZEIZ, BikiR Tg GERFRHLERE) %/$5 A—&—
& LTHERR, SRR, B AZEHT D, ThE 2 ECEE LIRERDT 3L - FHA & FV
TIRZFNLF-BITHE L,

s JER+ BB+ B E o <
VT — R -
IV RS R I R B

...... (ft 14)

ZR/NTT DR ERD B,

Y ab—va AIRO LD RNEFTIT>7- (Fig8),
O BRAHADOZINXF—ERER/NT B & 5 A RBREORER DI 2RET 5,
@ FRRFTTRF--EDBYNTAR D & 5 I CERKIR Tg 2 RET 5,
® =TRVF—BIERURMBERI S EET S,

—RUERISIS KBNS BRI R BIZERE A Y | BURRURE D R IEHEAIBANE < 72
DITERE LD, —TEDEEERIZR L, EiKiE L MK B RTRIBIT 20T, FHE @ME+
REOR) LOMIZFL— R T7RELB 2 LTINS,

12



Thermal Demand

for Each Sector

N ,*VL_T_,_gﬁ,“_u,
Establish Tg ~21 Calculate Wt }
N TN e
Establish Di ]‘ Calculate AP, AT
— T T - T ’W o 7'*—"
Calculate Loss at
Power Plant
:iiiﬂfi:fﬁgi"
— ] Calculate Total Loss
T at Max. Load
Minimize , o
Fix Di
T ,
1 Calculate Total Loss
per Year
Fix Total Loss per Year l
Fig.8 Flow chart of the simulation

3. 2 #£8

Figd I, BHEEHEAR T, VB D ORELAIC, BokiR Tg 1ofbo - w3l SRk
DRTETS, Y al—ya L ORRERS L, THLE L) SRR, BHRANE S LIk
BOBEELRD G D, DL EEXKMTRIR S 7-BER L B OREES Tab.7 (074, e
AR EBHTHE RIR S MBI E ) RSB VS, FERAINT B 71 = 3L %o 2
535,

13



g

18% | Td= 15°C(D§2m)_
—aTd = 2°C (DS2m) :
16% | - “Td = 28°C(D<2m) |
== Td=15°C(D=3m) |
§14% e m=Td=22°C(DS3m)
212 - _'Td=28C(DS3m) ;
8
o 10% | e
c
w
T &
[«]
[ d 6% |
2% .
0% R
15 20 25 30 35 40 45

Temperature of Transported Water Tg [°C)

Fig.9 Energy losses in different temperature of transported water Tg

Tab.7 The optimum condition of diameter of pipes [m] and temperature of transported water Tg[°C]

Max. Dlarge[zgéf l?lpes | <o B | é?’v -
Temm@m _?; I?:cs:t]nbuted Water 15 2 %8 15 | © o 28_
Misato - Kanamachi 18 | 18 | 18 | 21 | 24 | 23
| Kanamachi-Shinagawa | 20 | 20 | 20 | 30 | 30 | 30
| Asaka-Misoo | 20 | 20 | 20 | 30 | 30 | 30 |
 Misono-Shinagawa | 20 | 20 | 20 | 30 | 30 | 30
| Ozaku-—Higashimurayama | 10 | 10 | 11 | 12 | 14 | 13
Hngasﬁmuray@ma Sakai 20 20 7 20 28 Eo” 30
_Sakai-KinuaUe | 20 | 20 | 20 | 30 | 30 | 30 |
Nagawawa — Kinuta Ue 10 { 10 | 10 | 11 | 14 | 13 |
| KinuaUe-KinuaShta | 20 | 20 | 20 | 30 | 30 | 30
| Kinuta Shita—Ohi | 20 1 20 | 20 | 30 | 30 | 30 |
[Temperature c_Jlf;'[r?g]sportedWater - —;4 - 0 7 - ‘2 4* B 20

Wiz, SROERIBORMENER (—EURER LR IR (o DA (RENAL.
IRk, RERHTO R, BERE) OHRERD-(Fig.10), FRD<3m DHAE LY LR D<2m O
AOIE > DU BBAIRD LSR5 T3 %0 2 DBIMAKE L, =L, BEES LR
ELRBII TR, BEKRO LS & ) REFOREIFIKAE < FRBIDThHD, o, BE
PITHIRB IR E < £ BT LAY, BEENEOT OIS BB THB LB, L, BUAEEE LS

14



VAT CHIZ L7 BIRORSE, BBNCBET DHMBOT A 794 7 MEHER 0= X Rl & Dk
BVTREDLDTHDIN D, TNHOHELSRMLETH S,

16% o LTI : =

O Thermal Energy Loss .Pumpmg Energy Loss

14% o
| Dtoss at Power Plant MConstruction 1= ~10.09%

Losses Rate

Td=15°C Td=15°C Td=22°C Td=22°C Td=28°C Td=28°C
(D=2m) (D=3m) (D=2m) (D=3m) (D=2m) (D<3m)

Fig.10 Losses ratio in different condition with temperature of distributed water (Td)

and maximum diameter of pipes (D)

DT RN X —HERE, SEORHERE, D AN THE L, =31 ¥— . CO, B (Tab2)
THREL TR 1 KoL —HERRL CO, HHBZEE LT, ZHUSH L CHDEIEE (K25 A
LG SN E) % 2.2 BiCRE L7ARBBVEHIN 2 IV T 1 koL —E L CO, R B
L. ENTHOHBHRFEZEE LT,

FEOAERDERENEZEZ DL, KFTHRIEHETIZ 100CLLTO®AE L TR STV
FbH Y, IR LR RN X —DRBATE 5 L1322 (Tab8), 72T, AL RF AT
L0 G SN BB D 5 B ENTEIBENHIR SN h R RO 3 75— RIZREL T, CO2 HEHEDH
e Rl L 7= (Fig.11),

KERILHIBEHRORE R

Casel : ZEEMM (R&) 11.1%
Case2 : ZFUEEF (KF+ES) 24.9%
Case3 : Case2+ ¥5 /2 48.4%

15



Tab.8 Estimated share of use in distributed water in Tokyo

B 'duantity
| Sedor | Use | pfooom | SPere
Residential Cooking 252,993 13.8%
Washing 233,532 12.7%
WC. 204,340 11.1%
Bath 204,340 11.1%
| Others | 778441  42%
B - Subtotal | 973050 53.0%
Commercial | 863425[ 47.0%|
| Total .. 1836475
W - S N
g ‘ — & -—Casel ) m—Case? ™ 4 Case3
g e e - ’
§2% SR et
s ,-*
2 - * - - —x
F1h L T T
3 ¢ . —— -
.8 i — m—— —
S
0% . . — e e e e et e el .
15 17 19 21 23 25 27 29
Temperature of Distributed Water Td [°C]
Fig.11 Reduction ratio in CO2 emission in different temperature of distributed water (Td)

(Maximum diameter of pipes : D=3m)
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