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This paper reports on the relationship between the set temperature reduction and human comfort by subject experiments
in summer in the building using thermal radiation air conditioning system from thermal storage concrete slab by using both
natural energy and heat pump. According to the comparison of thermal sensation vote through the subject experiment of the
radiant air conditioning system and the FCU (convection air conditioning) system, we understood the change in people's

sense of comfort of the indoor thermal environment.
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We report CFD simulation result of the indoor environment which uses this system. We focus on PMV to see how much
the set temperature could adjust. With floor radiant air conditioning during cooling, the possibility of significantly
adjusting the set temperature can be expected. However, in the celling radiant air conditioning during cooling and floor
radiant air conditioning during heating , the range of change in PMV is large. The adjustable range is 2 degrees for ceiling

radiant air conditioning and 1 degree for floor radiant air conditioning.
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Practical Use of Thermal Radiation Air Conditioning System from Thermal Storage Concrete
Slab by Using both Natural Energy and Heat Pump

(Part6) Annual operation results and examination of improvement system

Orgy ek (ZIFREERGEHEH AR E17 GLafERT) T M8 Gl Rss)
IR B (RIPEREESGTFS T A LT (L EEERE )
Xu Jun (SZAnfER5:) g PR (LK)
Toshinari TAKETANI*1 Tomoyuki CHIKAMOTO*2  Shushi DOI*3
Yoichi KOBAYASHI*1 Jyoji ENOMOTO*1 Xu JUN*2 Rinako KATO*2
*1 YASUI Architects & Engineers, Inc. *2  Ritsumeikan University. *3 Kyoto Tachibana University
Through the demonstration operation of the Thermal Radiation Air Conditioning System from Thermal Storage Concrete
Slab by Using both Natural Energy and Heat Pump, it was confirmed that the indoor load treatment of the ZEB Ready
building is possible only with this system. In addition, the problems of this system were clarified by the annual
demonstration operation. It is estimated that the primary energy consumption of air conditioning can be suppressed to 319

MJ/ m by adding the precooling and preheating function of the outside air treatment air conditioner to this system.
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Table-3 ZEB Ready Building indoor heating load
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Fig-10 System efficiency in winter
Table-4 Annual primary energy consumption of improvement system
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Research on optimization method in operation of
heat interchange system among buildings for air conditioning

Comparison of current operation by trained technicians and primary energy minimization operation
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In Japan, we aim to reduce greenhouse gas emissions by 26% in 2030 compared to 2013, new technological development
and energy saving measures are required. "The thermal grid air conditioning system" (TGS) which was a bi-directional
distributed heat transfer system was proposed. In this research, we created a program to optimize heat source operation for
TGS of the International Exhibition Center, which expressed simply by using "calorie base model” and is optimized by using
eDE. In addition, got air conditioning data from BEMS, optimized, and compared current operation by trained technicians

and primary energy minimization operation.
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Fig.1 Thermal grid air conditioning system
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Table.1 heat quantity base model IEC

Building Heat source Cooling load
number | (Rated capacity[kW]) [kWh]
1 R301 (2110) 0
2 -(0) Building 3
3 R101 (2110) 0
4 R201 (2813) Building 2
5 - (0) Building 1
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6 R501(1960) Building 5
7 R502(985) 0
8 -(0) Building 4
9 R606(1760) 0
10 R602(3516) Building 6
11 R604(4395) 0
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dys+i  ° Piping diameter [m]

v : Flow velocity (=2.5[m/s])

At : Temperature difference (=5[K])

c : Specific heat of water (=4.19 [J/(g - K)])
p : Density (=1000kg/m?)
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2 FEENER CIIEH, A = HF D 2 ODR T )
WHEER L 72> TR Y (B L 7V v R 7 % R
B S gD & A= FHIENTWA T Y v R
R T DENN, EFHKR T OEINAT TLEVE
ETHENIFEERERINTND, DD, 25
FHICB W TFBJESBE L TV 2854, BVED 5 XA
HWTEIRNE WS R EAINT 5,

333. Uy FROTOERRE
N—TEE D SIERN~OEEDF| X AL, 7V
v KR TDRENICE > TEASND, TDY, &
BLOBETHHEIND 7V v KRRV T HREN, T
iRl ol 1 SRR s W ek | FASE ST g B 0 e R

MmRgp = Mgp ®
mRgp  : Rated flow rate of grid pump [m3/s]
mgp - Flow rate of grid pump [m3/s]
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BT
DG L7222l T — 42 &2 AT, EHENEIC L HH,
Wi 2 E T 5

BLRIEIR D AT, BRI AT DR ®R2 &
DD — IR TRV F — i LiER A BT 5
4.2 WK EELDOHE

Y X D BUREE OB MBI DWW T
TICREHT 2,

B0 D 22T — 213 1 I S5 B3 A
TR T 1 RO A r— /L T 24T 5, LA
Tz, FEA &OFEHBLBIZOWCREE T 5,

m — Zggl,gas>0 Xk (h) (9)
0t,ga5>0 (h)
— YR
y(h) = 0 (10)
x(h) : 1 hour average [-]
x, (h) : Value per minute[-]
Ot gas>o(h) : Operating time of heat source[min]

AN RS | AN TR | BRI ED
I D T A B2 (9) 2 Vv, PEC & I
W5 T A EE &, ARMANEE - &, 7V v KR
T EIL10)Z AW TR AT O, Zhub OFHEE
ZHWT, mEANT, MEHE, PEC 2R T 5, B
WigEdzo PEC 11D E=HWTHEET %,

PEC(h) = gas(h) x 40.5 (11)

PEC(h) :Primary energy consumption [MdJ/h]

43 —RIFINF—R/MLEGLDOEH
431 &#EILFE

PR ORRE & L CL HERFBSE R TH D = &
WZETHNTRY, Rk ORI Z X 5720,
eDE Z8HT %, eDE [THISMHED D OMMBLE D fx
/Me & BB D /MU Z BRI AN 27208 B
WHRTHFETHY, MBS DIXHRAETFEO R
TR EE W RREREZ RSO L A2 /R LT D,
4.3.2. LM HREL

AR I 1T D I fl Tl 30 #ED W Hl Feawfl & L
TWnb, BEZ LT, BRFMERET D LITED,
BOEfRDOPRBMERE A M LS 2DV DRH D,
50 B RGEEE « K H RS < AR DR I
RECFHEZIT) VI 2 L—2NTERRED N
A—=F L LTHWTWD, £ D7 DB O B
% WD B 7o 012, 5 0 BEIEBLIRGERS L 0 SR 72 il
B REER A R L EOBR Y I 2 L—XIZA
NWRHHEEIT S,
% 1~9 B« ERRERGOBJEEIE R606 O 4@ sh3E
K —R T, ZFOMOBIRIE T ARINAABAETH D

ZERAAN - AR LT SO
TR R R S (2021, 3.8)

7o, FEARHIIZ R606 B AR S H 5 2 & VK
WAL IR D RREMEN B W ENR TR EIND, £ I T,
R606 NS T D2 RB T DL 5,
% 10~29 FE: 55 10~29 BRI B O HEE T LITR R Y |
FMEMT T, MOBREITOMLE T D,

5. EEEST

LAEE ARV MBS 9HE 10 HD 3 H
FEXNRE L, BELEREZTo70, AR TIE I AD
H5H1HO 3K R X 3) &2 REH &35, PEC
DA B BE D PEC 1ZERHE & ieREh ) O 4 FHE
ThbH, 1L DOFHEERRIT 15~20 SEETh -
7=, (fEH PC ®~7 r+t v : Intel(R)Core(TM)i7-
10510U CPU @ 1.80GHz 2.30GHz E# X%V :
16.0GB)

51 BEILERET—R
Casel:BLIk D ERR BRSO 51 T T i
Case2:/V—7HER % 1.5 1%

BlER DU &> TTBRZ SR THE ST TH,
BEEEOHFIC L VEETE RV D E X b
7=, BEREREL LEBEORG 21T,
Case3: 7'V v RNV T OEKGEL 1.5 %

MO TRAM > 5] ZIAL A REEVR L 72 DA
VN OBIROMERRICEGR 2 BWRE BB T2 0
X2 b720 2, 7Yy KRR 7O ERKTTREZ K& <
L7258 Ot 217 9,
Cased:fil/EEE, 7'V v RRV T OERKTESL 1.5 1%

Case2 & Case3 DFMFEMAEGDOEIGE DR
2179,

52. HIROEH T TORBELHER

Fig.3 1 1 Wl H O BUREix(realtime) & it fif
RIRER & it 1 o PEC(IMJ/h] TFoR), Fig.4
12 1 B H 0% 0 #(model_real0) & &y it fi D ZE IR ER
TR & fitdhc 1 B oo PEC, Fig.5 (2 1 BE4 H O BLIRE
i & fr it g o0 B A O LS EVE (/2 |) - PEC(5 1) -
T AT 5 COP(ET) - BURERL L 25 0 #E PEC(H
). Table.2 |Z i fiE DO HIBEN R 2 /17, BLRERR &
FOHSHLLITR LT, KEfFDO PEC 2/hanz
LR T E D, BEEREEIL. BURERD 6 A,
RIEER 4 B THY | 2 B TE DRI /R LN
Too BEROREEGE LV | BEZIE CHURERR LY
i ARES & 7o TV D 72, BURO B EA RIS
L CLEENCBJE O BN e S TWiz B2 6
N5, BURIEIR COBFERIRN 6 B Tho7-DIX, i#E
MELEIC L DKL OMBEAMPRELS 2D &
DOFRRZEF BND, Flo, 1 KL H OBURIER & 5
0 OB D PEC DRRAITR 6% & 720 . BE
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Rt 7 v 7 AD Y o b—F—3, BREE %
BB C & T, 1 REZ B IEBLIRERS TEJR O %
EREZ>TEBLT, EFIRETH-Te, WTHDRF
A b A R XA S A 72 LoD 88 0 BEIZXF LT
23.0%~31.2% DHIEEN R NG B vz, BUREER %)
T 2DHNEEN R & 25 0 B3 2 HIBh R D& 2 I
B 22.2%, 3 WL BT 45.7% & 72 0 K& IR 2nE
CTWAN, ik &21T - 7= 1 B o th THUREER IS
BV TEJROIATIZ L0 | BRERFH 0O I 5 IR
MIEEFIRECTH o T27d W AEBRENOENT S
BUREIRD PEC /N &L o 7c 2 LITRFT 5,
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Fig.4 PEC and selective heat source
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Fig.5 Detailed comparison of each item

Table.2 Reduction effect of optimal solution

realtime (%) model_real0 (%)
Time 1 +17.4 +23.0
Time 2 +9.0 +31.2
Time 3 -18.1 +27.6

ZERAAN - AR LT SO
TR R R S (2021, 3.8)

53. HlMEH B HI-IHEEDRELIER

Casel |Zx7 % Case2~Cased DHIHEZNFDOEAL
Z Tabel.3 (TR, WT LD S Cased O HITERN R
Db RE 2D KR 3 KA H Tl 20.0% & 72>
7o 21k D Case2, Case3 ZHm X v &, fFHIC &
VHERDHBNRESE DN D FREMEZ R LT,

Tabel.3 Changes in reduction effect by constraints

Case2 Case3 Case4
Time 1 +2.5 -2.9 +5.2
Time 2 +1.1 +1.8 +3.3
Time 3 +3.3 +4.9 +20.0
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BREN—RETIICEERBILD-HDRREEIFIEDELEER L

Research on optimization method in operation of heat interchange system among buildings
for air conditioning
Improving estimation accuracy of characteristics of heat source equipment
for optimization by calorie-based model

O&mM W&  (KKRIZKF)
s R (RIRMSLKRT)
B EE (KIRIHSZIKT)
RIE T CGRRENR—VT 4 T R)
Yuki TOMIOKA*!  Yoshiki TAKAHASHI*2
Masaki NAKAO*!

Minako NABESHIMA*!
Daisuke KUBOI?  Hiroyuki MAEDA*?

il EAT (RERITISZRS)
v B ORBRTSER)
ORIt Rl GROIREN S —NT 4 T R)

Masatoshi NISHIOK A *!

*10saka City University *?Tokyo Electric Power Company Holdings, Inc.

A thermal grid system, TGS, which is the bidirectional heat interchange system among buildings for air conditioning was
introduced to the exhibition hall. Energy saving effect was demonstrated by an optimization system in 2015, however now
the site managers have chosen refrigerators to use based on their experience. This paper aims to improve the optimization
system. Results of analysis of actual driving data, estimation of the primary energy consumption has been improved by

modeling of the refrigerators.

. HxRE=-BM

VT, IREhEN AHNBI T ol CLER OB =L
—EAME L IPTEY | B OB A L — T Bl
TEEGE LRUH I CEREbA A1 T2 % [Hh—<L 7' v R A
7 AL, TGS)) MMER SN, 2015 FiZ TGS DIFEFFHE
BRONKBRK O ERSE RS T Thil, EE LT Z Ol To
TGS DB L HE=IRAEI SN LIz 12, Ui,
2015 G- YR Z SRR AL L 7oK fish oy VL7 oy o %
% % REICHE LRt AT MIEE %L | Bomii
PR SNRWGANH D = EHERAE N LD
ZOHOERCHEA SN2 -7, BHEOERR AR
V1% TGS OIER AL, X4 H O ORI FRIRI S OSERR
DUZEEADNT, BFEBEE DRET 2 2R 2 3R L Tk
. BE(blc X5k —1HE EHRORM B 5
LEZHND,

AR & AL TGS 1ZI81T 2 A5 e A R DD itk V4 i
PCFRBT DRER— AT T U CGEE T LT Y X
LER, ZERY AT ABRO—IR TRV B
/N T BEIEDR M EAT O haib FEA B L=, L
L. ZOFHEIMAEEX TORHADHRTH Y | FEFDH,
POIIREESN TR, ZOBER—2AET U L 5%
Wby AT 2EFEEED TGS OEMASHICEAT 57201
%, BUGORRSO =3V P —HE B A HEE T 2R
IS EE DS BN 2 AL L XD, [RIRFICR IR O
Ha b MECTH DT OERAEATH D Z & bEEND,

AWIE TR DR -~ & S A0 LA
i D HEART A AR T D, & BIT, BT

BRSO BT, FIIT— 5 &P B I S
LIS & OBIRER~D,
Tablel Rated values of heat source equipment at the
International Exhibition Hall
Cooling Gas
name capacity consumption
[kW] [Nm3/h]
R-101 | Gas absorption chiller/heater 2110 164
R-201 | Gas absorption chiller/heater 2813 218
R-301 | Gas absorption chiller/heater 2110 179
R-501 | Gas absorption chiller/heater 1960 1255
R-502 | Gas absorption chiller/heater 985 63.5
R-602 | Gas absorption chiller/heater 3517 273
R-604 | Gas absorption chiller/heater 4395 341
R-606 Turbo chillers 1758] 256kW(Electricity)

2. R BRI O LRERE M

ARG TIHHEEET V2 WS, BEARFZE VTl AR D
FENEENTE L TRERTOZETHIE LT VRD
Tl OARZE CIIENEBE LT, e VL I33805
— 2 B FE L UEAZE S LTV, R ST ORI
L LTODOEE L= b DTH D, 737 A—FIFET
— & DYGRIZEL & HEEMED 2223V % e N 3l TR
72e ZOFET /I LCEM V— L & RRRI KRR EDK
REAEBEL2NLE, FEEENLI D Dbl zo
TWD, F7z, S E BB ZEL OO BRI T SEFR ORI
RIRAFRORAET— 5 30 IROBIRDERSL LT D,
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1 BEEEEN 012725 & W AHEEDN 0 L7825,
ii. A B TSR O LRI 22 D,
HEVKANY R & /K PIREED N 0 127ed &
HAEEED 0 72D,
iv. HATHEEIIAHEIKN Y DR & Kk DR O
(Tt LHERHEINCH .
v. WKIREN 012725 & T ATEEENR 0 72D,
i T AT B AR R Ok LTI T 5,
5T, HAMBEEIIHHKAY MIEEE & mKH DEE O
FEDREFTHRILEIND LIET D,

IR SRR, R & I E SRR AE

&L, FMEEIRRIE L 13, KT — X A FEE TR LB 0T
HD,
AR 28T — 2 I EEE RSO BEMS 7>5 H
NENT 1 HEBROIET—% W ER LT, T—%
BNV IpWnN=T A N TR IR T -2 LRI D ET
%, F£72R101 & R201 DA EAEE LT,

G _ (Q a tcon_in—tEva_out 2 m )3
G_0 n (Q_O) X (tCon,in,o—tEva,out.O) X (m_o) )
G :Gas consumption [Nm3 /h]
Gy : Reference value of gas consumption [Nm3/h]
teva out  ‘Outlet temperature of hot and cold water K]
" ‘Reference value of outlet temperature of hot K]
Evaoutd  4nd cold water
m Flow rate of hot and cold water [m3/h]
m ‘Reference value of flow rate of hot and [m? /h]
0 cold water
tconin - Inlet temperature of cooling water K]
b ‘Reference value of inlet temperature of K]
Conind  qooling water
Q : Heat production kW]
Qo ‘Reference value of heat production kW]
a;~as ‘parameters [

2.1. 1049, 30 P EHEET—4H

FET— 4 L LT 2019 T — X D 10 43+ 30 43 VI
DOEEREL FENERE ) 23 5%LL FOE R IRAEZfhHH
L7=7 —% % AW T35A8 0OfER% Table 2 | R 7, ZEMEEIX
UGG EAL 10% DFEHE T 25, Table 2 LV
R101,R201,R501 ™ 10 43 F4IDHFETIL 30 /3 AR L D
HIRTERBDND LTS, T2 53 L0 20 10 50 87
—H|ZOWTELEEZITI,

Fig. 1 XV R501 CTIZERMERD 0 OFSIETCOP 23 1.4 %
B2 D E\MEOHEEE & 72 2R L 72 5T Y R201,
R504 CTH IR B2, Fig. 2 &V R602 Tl
EBEOZEEN I L TH AHBEED—EDfEE & > TnD
FET— 2 1 EHFARIEL LTSN Tl v, #tEt
HIEEOME 27~ H D & 7> T D, ZHUER301, R604
(B TR L BTz,

Lo T TR 5% L FOEFIREDT —4 & LTH A
BEN—EDNE L DT 2 D> T L% ) . AR

SR - R TR
SRR H LRI (2021.3.8)

O LEHEAE RN FEEIR L T L C L E D 2 & DA
1888 5%LNFOEHT — & & FHT—4% L LTHW RN Z
sl By ey

F72 R502 IZBWCTEFIRIEDOT =273 0 L7p>TnD
DL, FCEHNORRTH 2 R501 (ZHTHAKE N
1K< WEARDYVNSWIRHARAFREIR S 1D Z L0,
Fig. 3 OIRAMHERRFORYEEEDEEN 2 725 L EHE 1L
DB A TON T AT R DA R E <, £Hfk
B B%LAT DT =2 N0 ElpoT=Z ENREZBND,

Table2  Comparison of different average times
correlation decision regression | number of
coefficient | coefficient | coefficient data

name [10min{30min|10min{30min|{10min|30min{10min[30min
R101 0.69] 0.75( 0.47| 0.56| 0.47| 0.55| 178 51
R201 0.94] 0.99( 0.89] 0.99] 0.88| 0.98] 170 5
R301 0.71] 0.71f 0.51| 0.51] 0.49 0.49] 254 51
R501 0.94| 0.98[ 0.89] 0.95 0.88| 0.95| 1176 331
0 0
R602 0.73] 0.32[ 0.54| 0.10] 0.51| 0.10] 303f 51
R604 0.69| 0.45( 0.47| 0.21] 0.44( 0.20] 590 162
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Fig.1 RS501 Scatter plot of load rate and COP
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2.2. 1 BETHT—4

BEERITE 2028 CEBE RGO ERT — & % 1 FHEE)
LT 7280, 1 RPN T — 2 2 VW CReE OBk
AT D, ZORFT— 2 EfifefRod7= 2016 4, 2019 4, 2020
FOT— 5 LSRG  E OIEICRE 727803002 & % hf
PRUEA L7, F72, a3 R502 0 X 9 Zke@ihfs (k-7
BIIRELTWADT—Z & 1 BRI LIRS, 15 1R
0 DIEH EDTFEINREH SN TR Y | FEEE & (3t L7
BRI OT—H L 725 Te, D7 1 PN EITH
BRICHECEIREY 1 RIASR ORI I bR 2 U A1 75
77

Table 3 OFEF(D 1 FFEFEE), @ 1 IRFEREE), EBIRFTH]DS
1 RO B OZEIFR LV | EEIR 1 RO —
ZEHIR LT 2 LIS L0 etk R602 LIS Ca) | LT,
R502 Tix7 —#ENKE b L= Z LIC L W HEEREE
WFERSTZ ENREZBND,

F7o, B 1 RSO T— 2 ZH R L= LI
L VIFHOBGFE ClIT — 25035 2 b Li-olzxt L
T R502 T3 8 Elisy) LIk /b hni-(Fig. 4. Fig.
5), ZAUT FRE TR~ &L 9 IIRAFHEIRR 23847 5 fEh
BRI LD EEZ BND,

TERT — 4 &l — 2 AW R BT, Fig. 1 O
LR AMTHER T COP ASE\ MEDHERNE & 72 2 i
& e o T BN T, 1 KPS T — 2 &2 Ve 2 & O AT
DT — & 3NN LA 0 DEIZ COP A3 0, AR
LC COP MHFHHNNT 2R s 7e - 7=(Fig. 6), [FRIERIC
Fig. 2 @ X 5 |CREEBEDOEB KT L CH AHE B —TE
D% & DR E 72 o T BRI, 2D L9707 —X
S 1 REPET — 2 Tl U, Rt A HE &S 0
DORFZHEEERES 0 L7eh | BEEEEICKH L T AT &
DSHFRRENN- DR L 7o 72 (Fig. 7).

EHRIZIIT B35 A—ZZONWT, T—F DR H S

R201 % .5 & BERE: L AR RS & kiR
FEDFET U AHEEAHFFEINL TR0, Ziud Bid
OBFRLFRICTH D, MWiRKIEEIZE Ui 2R
LTW52 Fig. 9 £V 0.8~1.3 DF—Z 7 81%% 5D T
BTG A—HOEEIVIPNEEZT, (Fig. 8

Table3  Comparison of different average times
correlation| decision [regression|[number of

coefficient|coefficient |coefficient data

name | © | @ | O | @ | O | @ | © | @
R101 0.95( 0.98] 0.91| 0.96| 0.92| 0.99 144| 117
R201 0.96( 0.97| 0.91] 0.95| 0.92| 0.95[ 889| 781
R301 0.96( 0.96] 0.91]| 0.91] 0.92| 0.93| 280| 238
R501 0.98( 0.98| 0.96] 0.96| 0.99| 0.99 395| 321
R502 [ 0.94[ 0.75| 0.88] 0.57| 0.91| 0.56 398| 81
R602 [ 0.97[ 0.97| 0.95| 0.95| 0.97| 0.96| 393| 327
R604 [ 0.94[ 0.95| 0.89] 0.91| 0.90| 0.90 347| 290

SR - R TR
SRR H LRI (2021.3.8)
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Fig. 9 Histogram of flow rate of hot and cold water(R201)
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LAV 272 30 ERT— 4 &z,

COP = Ncarnot,0 COPcarnot * MpL ()
_ Cop ®

Ncarnot,0 = COPCarnot,O
co _ Tcon_out,o (4)

I:’Carnot,o -
(Tcon_out,o - Teva_out,o)
Teon_out 5)
carnot Tcon_out - Teva_out
YpL = Q_ ®
0

@)

NpL = a1 + 2, ypr, + a3 YhL

Zai =1 ®

tconout - Outlet temperature of cooling water K]
¢ ‘Reference value of outlet temperature of K]
C t0 .
on-ou cooling water
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Fig. 10 R606 Training data and estimates of electricity
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Scatter plot of load rate and COP
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Basic study on Using Thermal Strategy Facilities to Minimize Amount of CO2 Emission in

Future Constitution of Power Supply
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There are various power demands in urban areas. In recent years, due to the expansion of introduction of renewable energy,

it has become difficult to suppress output of electric power on the supply side. Therefore, “DR” is attracting attention due to

the shift in power demand of equipment on the demand side. In this research as well, we searched for usage methods that

can reduce the amount of CO: by using heat storage equipment, which is one of the “DR” methods.
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ERTTE Cldtk 2 R BB ENFET D08, BIOMLS
RRESCHHRENEL D & (EEREOFEEZF XD
TR S D7D TR MR 1:1 &7 D K5 722 1)
REFIE) OIENILELE ST D, L LITE, KRG
FER EOEEIEA RS XL X =D KT, +
NEDEELNINAREETH D, T/ T AL bl
DITIL, FEEFT 2 E OIS IR 217 5 23, 5% X
LR AFAFRET L —DEANEREND &, T
NG UADREERRD T ENREEL 72D 2 EREZ BN
%, U EOWEEND | TFEFMTEIIOFTFHGNT o A h
P57~ RUARCA (DR) 3EH STV 5, K
e ClL, 8iciBiT %5 DR OFETH HEE L
T AIZOWT, DR IZEITAIEMN CO-HEHEHRKIZ &
BT DOTIHRNDE WV S REIZ OV TR 5,

BRERI Y AT DL, RRFHEOBLE D b i E I B
T8 OZENM TN TE T (BIZIEFRIEN V),
F 72, IETIE DR OBLEN S BEFZE BT TN D (K
#5 ?) Ziuck L, AWFZECIL, B ABPEA - LD
D, COHEH BRI rTRE/E NI A 7 A DTEM %
Rt L, EORBRINZNRZRD D Z LB ET 5,

2. AR E
KRG DFHUMET V% Fig 1 (R, B RS D
BRI OSIEE . B AERIRIEE S 72  ORGEE
e, BRSEROE AN O B O I FEE O S E
AT 5 Z & T, ZEREREFO COHEHECEH = A K,
TATHA 7 NVvaxX NEET 5, Ziva VT ORERE
JEHERK T COLERWRE NG X 5 COHEHERHR = A
N A BT 5 2 & T, CO2 B/ NEFDZEEG M ORI A

B RRT B, F- L. ZROEH LAEE. &8
YRERIRmfESH - TH Y, kMR 2B E L0
FHE 7RG CH D,

Supply Side Demand Side
* Rate of Component Heat Demand Unit by
Power Each Building Use
+ Coefficient of CO, Capacity of Machine
Emission Efficiency of Machine
[ B

S

Calculated Value

«  Amount of CO, Emission [g/m?]
Operating Cost [yen/m?]
Life-Cycle Cost [yen/m?]

Fig.1. Model of this study
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@ Decision of rated capacity
of a heat source appliance

@ Decision of heat
storage capacity

©) Decision of heat
storage time

@ Decision of heat
dissipation time

Fig.2. Process of Optimization Calculation
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Table.1

Coefficient of | Cosffiient off
60 Emission] * ™| 0. Emission
[-COx/kiWh] [-COw/kWh]
0.00034| 13| 0.00033
0.00034| 14| 0.00035
0.00034| 15| 0.00038
0.00034| 16| 0.00041
0.00034| 17| 0.00045
0.00031] 18| 0.00047
0.00030| 19| 0.00048

o
3
@

n [g/kWh

Coefficient of CO, Emissio

0.00030] 20 0.00048
000032] 21] 0.00047
0.00030] 22| 0.00046
0.00030] 23] 000043
. ) o 0.00028] 24] 0.00039
Fig.3. Coefficient of COzEmission avg| 000032
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Table.2 Contract electric fundamental charge [yen/kW]

Fundamental charge [yen/kw]
personal 400
corporate 2000

123 456 7 8 910111213 1415161718 19202122 23 24
time

B hydraulic ®nuclear Boil ®coal WING Msolar EMwind B pump

Fig.4. Meter rate charge in the future
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Table.3. Heat source machine

Kind of heat source machine Air-cooled Heat Pump Type
Initial cost of heat source machine [yen/kW] 52,000
Efficiency of heat source machine [-] 30

Table.d. Heat storage tank

Kind of heat storage tank Water Heat Storage Tank
Initial cost of heat storage tank [yen/m"3] 520,000
Efficiency of heat storage tank [-] 0.95

3. AR
31 CO: B ER/NFDEBERRIEDFM

2030 REEDOEIFRERL N1 DEEEE, EBaR D
WEAAIZOWT, COPEtE A f/Mbd 28R 21T -
7o htd % Fig S~Fig8 IZR” T,

Fig5 13, HRAEHEEICRIT HHGFERE L ERELZ XL
X TH D, KINTHGEENIRENZ DO —ATIE CO
HEHEZRINTT D720, AHOENZFIH LTz
ELTWD Z ENDND,

ZEEQANRD + Al TRl S5
IR R R SCIE (2021.3.8)

Fig.6 |3 EWEE AT X 2FEMTO COHEHFIE
KLEH = 2 MEREZE LTV D, EEEEOHTEH
FIZBWTI, FEWEOEAIZ LY | FRIRK 13% 0 CO
MBS ATRE L 22 o7z, ZOE, EH = 2 N HAERMT
24%DHISFIRE & 72 0 | FRGRIH DS & LT, B

DS AFEREGEED 25%, BRHEER A B DR
TED 40% & 72577,
0.025

~ EHeat Demand

c 002

= @ Making Heat

E

Z0015

£

‘5 001

éooos — | | |

<

o

123456 7 8 9101112131415 1617 18 192021 22 23 24
time

Fig.5. Demand and Making Heat of House
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Fig.6. Reduction rate of CO2 and Cost in House
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Fig.7 Demand and Making Heat of Office Building
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Fig.8. Reduction rate of CO, and cost in Office Building
Table.S. Calculated Values

Annual reduction rate[%] b
a
CO.(max)| Operating cost
cool 13.3 23.6 0.40 0.25
house
heat 6.4 5.7 0.70 0.13
cool 12.4 24.8 0.50 0.25
hotel
heat 3.8 11.0 0.70 0.07
. cool 7.0 16.5 0.70 0.19
office
heat 49 24.9 0.60 0.09
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Fig.9. Reduction rate of cost and depreciation in House
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Fig.10. Reduction rate of cost and depreciation in Office Building
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Study on Aquifer Thermal Energy Storage System for Space Cooling and Heating

- (Part 6) Examination of Increasing Cold Heat Storage in Winter -
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Osaka City University

Aquifer Thermal Energy Storage system (ATES) is expected to have an energy-saving effect by keeping waste heat in an

aquifer and using for heat source. For the long-term operation of ATES, it is important to balance the annual heat storage

amount and flow rate. In Japan, cooling load tends to be larger than the heating load, so it is necessary to increase the amount

of heat storage in winter. In this study, we verify the effects of two methods of cold water heat storage in winter, the free-

cooling system and the high efficiency turbo heat pump system, and compare them.
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Table 1 Equipment list ™

Name Specification Meotor input

Name Specification Meoter input

Capacity  |200 USRt (703.3 kW)

Input : 12.0°C

Chilled water |Output : 7.0°C

Turbo heat pump Flow ra?e 11207 m/h 114.6 kW
Input : 33°C

Cooling water |Output : 38°C

Flow rate : 141.5 m*/h

Exchange heat guantity  [409.0 kW
High temperature side 19°C/14°C

diti I m/]

Heat Exchanger condmon 0.3 m/h
(for Aquifer) Low temperature side 13°C/23°C

r irer, 3

arnqute condition 70.3 m*/h
Fluid.HeatExchangers.DryEffective
module
nessNTU

module Fluid.Chillers.ElectricReformulatedEIR Exchange heat quantity  |818.0 kW
Flow rate 100 m*/h High temperature side 38°C/33°C

Deep well pump Litt 60 mAg 18.5 kW Mt Bl condition uo7 .F.f«'h
module Fluid.Movers.FlowControlled_m_flow . Low temperature side 32°C/37°C
Flow rate  [150.2 m*/h (for Cooling tower) condition 140.7 m/h

Chilled water pumpl Lift 28 mAg 185 kW module Fluid.HeatExchangers.DryEffective

module Fluid.Movers.FlowControlled_m_flow nessMNTU
Flow rate  127.0 m%/h Capacity 1089.0 kW

Chilled water pump2 Lift 27 mAg 15.0 kW
module Fluid.Movers.FlowControlled_m_flow
Flow rate  [170.4 m*/h

Cooling water pump Lift 20 mAg 15.0 kW

module Fluid.Movers.FlowControlled_m_flow

Cooling water temperature [32°C / 37.5°C

Qutside wet bulb temperature |27 °C

Cooling tower - 2.2%2 kW
Flow rate 170.3 m’/h
ul Fluid HeatExchangers.CoolingTowers
moduie YorkCalc
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BB ORRETH LN, mh#Es —Re — MR T EES
KUITBNTA =& =R — bR A KIRSE
THREDIEF I E < AR 50% CIElRT 5 L ) ICREL
7oz, WHUKR 7 B HEHK R RK ClElind 54
T3 7 PR CHElR L CH RV, 2 TR
— R — MR TEESGRICBN T, BHKIGEL S
D 70mP/h (2 2 CiEls L7258 2E L, AT A COP
% Fig7 \JERE LTo, MBI AT ADOTHEE )
BHAE L Figl0 1279, Fig8, 9, 10 kW b— KR~
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Q

SLop = Pcd + Pchl + Pwell (1)
Q
SCOP_Pcd+Pch1+Pch2+Pwell+Php (2)
Q : Heat storage[MJ]
Py : Power consumption of Cooling water pump[MJ]
Popi, Pena : Power consumption of Chiller water pump[MJ]
Pyen : Power consumption of Deep well pump[MJ]
Py : Power consumption of Turbo heat pump[MJ]
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Fig. 9 Power consumption (Heat pump system)
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Fig. 10 Power consumption (Heat pump system, Half the Cooling water)
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Study on Analysis of Demonstration Experiments to Reduce Air-conditioning Energy

Consumption in Underground Malls

(Part 1) Study on Air-conditioning Energy Reduction According to the Number of Stayers

Ofeiliy K (MFRT)

bk st (fER5)

HHOEA (FRE R

Yuta NARAZAKI®' Hideki TAKEBAYASHI*! Naoto YOSHIDA™

“Kobe University

In recent years, commercial use of underground mall is processing. In such space, the energy consumption required for air

conditioning is large, due to a large number of visitors and large outdoor opening. In order to reduce energy consumption in

these space,we have to control air-conditioning and ventilation method based on the visiter’s behavior. In this study, we

conducted a demonstration experiment in the underground mall and examine the possibility of reducing heat exchange

volume by the air-conditioner by controlling the air-conditioning volume according to the number of stayers.
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Table.1 Outline of objective area

Total floor area [m?] 19,109
Air conditioning area [m?] 13,709
Stores 10:00 ~ 20:00
Service Restaurants 11:00 ~21:00
Passage 6:00 ~24:00
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Fig.2 System diagram of air conditioning unit A05-AC
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Qsa : ZEFIBEALERE S [(MT]

Qour : IMVRAMHALEEZ R [M]]
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Vsa : SA JAE [m'/h]
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hin » ZERSA D ZER = 2 e [k]/ke]
houe : ZEFIEH D285 Z v E— [k]/kg]
hoa : JEEINZER T # L E— [k]/ke]
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Table.2 Control point of air conditioning unit A05-AC

Normal Demonstrative
operation operation
D OA damper opening 50% 5%~10%
(2) AC unit fan frequency 36Hz 30Hz
3)RA setup temperature 25°C 25°C~27°C

e [nfared sensor

1 Stayers measurement area
= Thermometer ® CO2densitometer

Fig.3 Measurement point
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Table.3 Air conditioning area

A04-AC | A21-AC | B06-AC
Store [m2] 1,140 1,617 1,561
Passage [m2] 433 459
Air conditioning area [m2] 1,140 2,050 2,020

The number of stayers
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O e
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Fig.8 The number of stayeres in each air conditioning area
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Study on Analysis of Demonstration Experiments to Reduce Air Conditioning Energy

Consumption in Underground Malls

-Part2 Declaration Survey on Thermal and Comfort Sensation of Clerk, Customer and

Passerby in Store and Study on Possibility of Relaxation of Set Temperature-

OL W Wi & (MFEKRE) Trodk R (FERE)
Sayaka UEDA*1 Hideki TAKEBAYASHI*1
*1 Kobe University

It is required for the efficient heating and cooling method for the space that has both aisle and store functions. This
paper investigates thermal sensation of users in the store that also serves as an aisle. The declaration survey for clerk,
customer and passerby were conducted at underground store in Kobe city, in summer, 2020. As a result, there was a
difference in the sensation between the clerk and the customer. There is a possibility that the set temperature of heating and

cooling can be relaxed by responding individually to the clerk.
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Table.1 Store clerk attributes

Store type (number) Clothes Metabolism
Restaurant (2) Large Large
Clothing store (6) Medium Medium

Cosmetics store (1) Medium Medium
Grocery store (3) Large Medium
Table.2 Subject attributes
12people Age Height (cm) Weight (kg)
2man,10woman 22-24 153-168 46-63
average 22.2 163.5 554
‘{ T
y a2
9 == == =
E\s B e e i
™ - 7 ul Sweets mate
\’: H\ Survey target stores
{Ch Home & life © Customer’s answer points

o |
=l

® Passerby route and answer points

Fig.1 Target areas and answer points and route
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Disaggregation of time series electricity demand for commercial buildings and application of

energy management.
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This study developed an energy saving tool for various commercial buildings. The tool is consisted of the

disaggregation model and the anomaly detection model. In the disaggregation model, 4 ingredients are estimated from time

series electricity demand and time series temperature data. In the anomaly detection model, by analyzing the difference

between actual electricity demand and the sum of 4 ingredients from the disaggregation model, we detected the time when

consumers used too much electricity. In this detected time, unnecessary electricity demand may arise, so detecting this

time helps saving energy and reduction of CO2 emission of the commercial department.
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The Feasibility of Regionally Distributed Energy by V2H-System
Simulation Tool Development and Implementation Analysis
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In this research, we setup a power system for a model house which can use EV's battery by connecting to Vehicle-to-Home system
(V2H). By considering the daily-use of EV, we also connected a home-use Lithium-lon Battery (LiB) as a second battery. In the first part,
we simulated a daylike-load and test how long the system can continue without commercial power supply, In the second part, we feed
the system continuous-vary load to build precise model and developed a simulation tool to predict the power supply. In the final part, we

used the simulation tool to analyze the effect of implementing V2H.
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Fig.3 Summer Experiment Result (Independence-Continue Power Supply)
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Fig.4 Summer Experiment Result (Independence-Continue Power Supply)
:EQB% . ﬁﬁ':ﬁj—étﬂﬂiﬂ%ﬁ 6 kw 1 kw
M - EHIEAT, IED 0% 0b A ARERANE | o W
VIH S AT BCE XA, AfORE IcHL, S Y g /ﬁ -
0 kw =
HIIDH T NEIT—E Tl 2Tz, B DA w 0 kW
B ORI Z I ST B 720 B 0. 02k s lln
-1 kW
735 6.00 kW FE TEHEEIIZ 0. 02 kW oo L, Khkon oKW ew
DR DRIZNT T EITo T2, ZDOREJIOFRER % . “Lkw
Fig 5 7‘7"?‘ W Consumption [ FV & LIB mVZH ®Grid ¥PV e Grid V2ZH aLiB Consumption
Fig5-A bbb Koz, Afif (BIEE) PMRxIC A Power Supply (Time series) C  Power Factor

., AMORE ST 2K EIRO ) FED o
7z, Fig5-B 1%, Af&EIIT 25 EROLIEDO T 1
NXIToH D, Figsh-B OfEFRA VY, EIINHEIZ PV D%
ERZEROiZ [RERE) &L, RO THEREZ

4 kw PV LiB

AR, VoH - LiB « Grid o )& E BRAEEE L, (4] - .
et a1t o7z, REBIOREIFHER%Z Table.2 (TR - /%—
T El, TOMBEEESE MITFMUEIL, v S Grid
Sal—iaL Y [QPSS) AR L7, xPV o+ Grid .V2H .LiB
B Demand - Power Supply (Scatter Plot)
Table.2 Power Supply Model (by Regression Analysis) Fig.5 Supply Volume Experiment - Result (representative case)
Equipment Composition -3kW = Demand<0 Demand = -3kW ,Ag,\%xﬂa /XTAJ 4)%_;;’»%% L/ uuj L?LCO %@J:\
yopy | RegEion | y=-00043x00027 | y=-09612x-2.9045 THi ), T#6 - FEFBIE) . TEE/03250). TRV &HTEREE) 7
Py o | LOE2Y 0 YO RE AR & L TR
VA | g | YERERORE e ISMTRIG L LT, ARIETIE 4 ARBROF D
Grid | o [ y=oumeeo0ms | y=oosncaonsy WA 4 AENVETEY Tl %) ZE2BEL, K
Fest | 257E-102 185E-82 I & FHE2 ADMEATHAIAEEE L. #2000 m2 TH
HIAEA 7 ¢ AR VARG L L, BIHEICx 5 Ve
4. FE=ERE: D2 aL—2aVITKBEADRDHT HADRNFANZOWNTHTEIT 90 AWFFETIE, =L+
AIalb—yary—n CLFQPSS) 1%, 15 45ED — DB ELSS, BN ERDT=9 2, BEEEIOR
A 2 BT UL, RERSITHEIRDE 7T BB L, BIEKEOZ L RHMET 2,
AT CED L OITHR Lz, BWATr Y 2 —/UT Fig.6 134 AFROEIRART 2T AR A BN T

AHIZRE TE 5203, BRZERAMIENAIERISEN  BHOREREZ SLIEHOTHD, VaH & LiB &— f%‘.‘
BEGIFFUAT OO 132K 28 4R = L — SR VB CVEL L 7o — HA LA, Figb IR Lz 21c, BEOBEANE
A —TH B PERE ORI BE9 2 Bl it 3>%7“*“<H€L BELD L, 0~T RORFIC E—2 7 b uto
B Uz, 7o, A5 PV SERERLII NEDO O A RERD L, —r AOEBERRE LIS LR



A—36

500.0 Peak-Cut amount: 20 EVs

ZEIANRN - B TR STE
TR R R S (2021, 3.8)

+ Peak-Cut Target: 100 kW

1000 Wil
100-°W‘Fﬂ—v—v—m—v—v—v—m—ﬂ‘ﬂ_ﬂm

‘HWWWﬂﬂTWWWWﬁﬂﬂ

1l
e -

-500.0
838388833338 R33038R8338R838330338R38R8383383388383388333838388888388%
OOHHNNMMd‘d‘mmlﬂtﬂl\l\mmmmOOHHNNMMd‘d‘IﬂIﬂO\DI\I\ﬁﬁG\G\OOHHNNMM
OO0 0000000000000 00000 MW" ™ ™ore ™\ o Sl S W oE Sl WA NN NN NN
mmmm Demand I Grid s PV e V2H s Peak-Cut Target

Fig.7 One-Day Electric Power Balance Simulation (Office Building, when 20 EVs can be used)
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Development of an Energy Demand Estimation Model for Restaurants and Global Warming
Countermeasure Plan
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Atsushi Otsuka, Yohei Yamaguchi, Koutarou Yamashita, Kotone Akizawa, Yoshiyuki Shimoda

Osaka University

This research aims to develop an energy demand estimation model for restaurants and to study the deployment of energy

conservation measures for carbon dioxide emissions reduction. The developed model consists of building archetypes

representing various restaurant business categories. The energy conservation effect by energy conservation measures was

quantified by using the building archetypes. The result was aggregated considering the composition of restaurant building

stock composition. The carbon dioxide emission reduction was estimated to be equivalent to 2% of the Japanese

commercial and other sectors.
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Study on method of creating collection area of household garbage on local districts

- Estimation of carbon dioxide emissions from garbage collection vehicles for Osaka city -
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As the population decreases and the amount of household garbage is reduced, it is necessary to review the garbage
collection system. Referring to previous studies, we have developed a model for creating collection areas with local districts
as the basic unit. In this model, the plant area and day and time area are set based on the plant location and population, and

carbon dioxide emissions can be estimated. In addition, simulations using this model were conducted and discussed for 10

cases with varying the quantity of garbage disposed of per day per person and population.
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Figure.2 Diagram of the relationship between collection distance
and total road length
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Lgoltection — 1 1106 « LT0ad (1)
Lgottection Collection distance [km]
Lroad : Total road length [km]
Ll;:ranspart = 1.35 « [distance )
LiensPert: Transportation distance [km]
Ldistance : Total linear distance from the center of gravity to
g the plant [km)]
Iny =2.67—0.927In(x/100) — 0.6481In z 3-1)
Iny =271 - 0.8121In(x/100) — 0.6541In z 3-2)
: Fuel consumption per ton-kilometer transported
g [Vt - k)]
x : Loading factor (%)
z : Maximum load capacity [kg]
P 5 G x4
n= "TT “
n : Number of vehicles required [units]
prex : Maximum population in the area [people]
G : The quantity of garbage disposed of per day per
person [ g/(day = people) ]
r : Number of round trips [times]
w : Amount of garbage collected per collection

[ t/(units = times) ]

collection _ collection collection
Uy = § Nk * Vi *Zp % X

7 (-1
* Li_"z;(llectwn )
o—transport — o—transport
Uy = Zni,k *Y; * Z;
i
(5-2)
* xl:O—tTanSDOT't % Ls(ransport 7
* 2
h—transport __ h—transport
Uy = Z Nyg * Y * Zj
i
h—transport transport (5_3)
x; * Ly *xT
* 2
Uy : Fuel consumption in plant area k [1]
Nk : Number of vehicles required for type i
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Table.1 Type and number of vehicles

Maximum Toading | Working N Number | Ratio of Amount of
Maximu: m Number
Purpose Car model capacity on standard of units | number of B garbage
load factor of units
if load, owned units collected
Medium-size packer truck 2.55 180 1% 9| 3.91%| 1.00 1.80|
General [Small press car (2-ton car) 2.00 160 80% 36| 15.65%| 4.00 6.40
garbage [Small press car (3-ton car) 2.20 1.80 82% 100| 43.48% 1111 20.00
Light motor vehicle 0.35 0.30 86% 85 36.96%| 9.44 2.83|
230 31.03
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Table.2 Before and after ton-kilometer adjustment

(£/t+ km)
Outward Return Collection
Car model Ton kilometer  |Adjusted ton- Ton kilometer  |Adjusted ton- Ton kilometer | Adjusted ton-
before adjustment| kilometer | before adjustment | kilometer | before adjustment | kilometer
Medium-size
0.577 0.865 0.118 0.177 0.156 0.312
packer truck
Small press car
0.676 1.014 0.125 0.187 0.183 0.366
(2-ton car)
Small press car
0.635 0.953 0.115 0.173 0.172 0.344
(3-ton car)
Light motor
. 2.742 4.112 0.374 0.561 0.617 1.233
vehicle

Table.3 Simulated and daily reported values of mileage

(km)

Simulation | Daily report
Transportation distance 497.2

Medium-size packer truck P 594.0
Collection distance 13.9
Transportation distance 4474.5

Small press car 5368.0
Collection distance 1122.9
. . Transportation distance 2734.4

Light motor vehicle 3579.0
Collection distance 457.5

Total driving distance 9300.4 9541.0

Table.4 Simulated and daily reported values of fuel consumption
(2)

Simulation | Daily report
X . Fuel consumed for transportation 134.0
Medium-size packer truck 254.0
Fuel consumed for collection 55
Fuel consumed for transportation 1154.1
Small press car P 1688.0
Fuel consumed for collection 421.0
Fuel consumed for transportation 4217.0
Light motor vehicle P 387.0
Fuel consumed for collection 98.7
Total fuel consumption 2240.4 2329.0
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Table.2 Conditions and results for each case

Dietonce The quantity of garbage | Total driving | Total annual carbon
Case | Incineration plant |~ %" |Population| cisposed of per day per | distance | dioxide emissions
person [g/day - people] | [10"3 km/year] |  [t-CO2/year]
Five plants other than
1 8.5 km 356.0 5112 3,042.3
the Suminoe Plant
2 356.0 5,158 3,068.1
IEN 3204 4,715 2,821.9
I Five plants other than | o 284.8 4272 2575.7
5 | the Tsurumi Plant Year 2015 249.2 3,829 2,329.5
[ 6 | 2136 3,386 2,083.4
[ 7] 178.0 2,943 1,837.2
Four plants other than
8 the Tsurumiand | 9.5km 178.0 4,801 2,869.7
Maishima Plant
9 | Five plants other than 356.0 3,712 22645
10 the Maishima Plant None | Year 2050 178.0 2,220 1,435.4




Figure.3 Incineration plant area for Case 1

Figure.5 Incineration plant area for Case 8
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Figure.7 Annual carbon dioxide emissions for each case
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Examination of Possibility to Utilize Renewable Energy
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Kosei FUJIMOTO*!  Minako NABESHIMA*1

gk RAET CRBRMNLRYE)
HE R CRBRHSLREE)

Masatoshi NISHIOKA*1  Yoshinori KANJYO*1

*10saka City University

In this study, we focused on the kitchen-waste and estimated amount of renewable energy at incineration and sewage plant
in Osaka city assuming the waste separation treatment by introducing a disposer. At the incineration plant we analyzed the
impact of reducing kitchen waste on power generation and power consumption. At sewage plant, we estimated the amount
of biogas power generation and the use of waste heat from gas engines as the amount of renewable energy. Finally, the results
of these trial calculations are shown as the CO2 emission reduction effect for the entire city of Osaka.
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H, = 339.4C + 1435.1 (H —%) +9435—25(9H + W (2-1)
H; : Lower calorific value (kJ/kg)

C : Carbon content (% /wet base)

H : Hydrogen content (% /wet base)

0 : Oxygen content (% /wet base)

N : Carbon content (% /wet base)

w : Water content (% /wet base)

Calculation of --P-—P Incinerator _1 t

ZEIANRN - B TR STE
TR R R S (2021, 3.8)

3 Kitchen-waste
Reduction Qinc_out

[ otoue

B0|Ier

(&= Air Preheater

Smoke Prevention
Reheater

Turblne = Deaerator

‘ Tank
Condenser

Fig.1 Incineration processing system

Qg : Calorific value of garbage (MJ/h)
H; : Lower calorific value (MJ/kg)
Qinc out : Heat loss from incinerator (MJ/h)
Qex : Sensible heat of exhaust gas (MJ/h)
Qboi out : Heat loss from boiler (MJ/h)
Qco : Heat loss from condenser (MJ/h)
Qe : Electric power generation (MJ/h)
Ppc=a*xx;+b*xx,+c*xx3+d 3-1)
Xy = wWi/¢; (3-2)

= fS xod *ra (3-3)
P : Power consumption (kWh/kg)
ab,cd : Const (-)
X1 : Years of operation (year)
X, : Load factor (-)
X3 : Lower calorific value (kJ/kg)
w; : Amount of incineration (t/y)
fs : Incineration capacity (t/y)
¢ : Facility scale (t/day)
od : Working days (day)
ra : Plant usage (-)

[0 Power generation =< Power consumption
=C02 reduction

_ 5000 r 0 _

s - 1000 &

% »500(()) 2000 g

S - -3000 S

S 10000 | 4000 %

§ -15000 | 5000 g

-20000 - -6000

Reduction rate of Kitchen-waste

Fig.2 Changes in power generation and

power consumption
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5 5 N ) = Release
Kitchen-waste basin reaction tank basin

\/ 1}
Gravity concentration Sludge thicker
1
Fermenter = Dehydrator
Release
—
- Gas engine -
Sludge incineration
| [
Fig.5 Sewage processing system
Qdigestion = Hdigestion * Gdigestion/3-6 (4‘1)
_ Gdigestion (4‘2)
Qel_digestion - qgas_engine
gdigestion
_ Gdigestion (4‘3)
Qwaste - Qwaste
gdigestion
Qwaste = Qheat + Qwaste_redidual (4‘4)

Qaigestion : Calorific value of digestion gas (kWh)

Qel_digestion : Electric energy of digestion gas (kWh)
Qwaste : Steam recovery heat (kWh)
Qneat : Digestive tank heat (kWh)

: Residual heat (kWh)

Qwaste_redidual

Qtank inc : Waste heat from tank (kWh)
Gaigestion : Amount of digestion gas (mi/h)
Haigestion : basic unit of digestion gas (23MJ/m)

Type2(10~2073 ni/d) =~ Qel_digestion = Qheat = Qwaste_redidual

400000

300000

200000

100000

=2

Renewable energy(MWh/y)

18 <-4« Typel(2073 m/d~)
— 16 S Type3(~1073 m/d)
3 )
< 14 3
£k B
212 ¢ £ 1200
g 1 PR 2
5 ) Y =9.7289x .2100.0
g 08 5~ R7=0.9759 2
g 0.6 —Segi— 2 800 —— = —
E 04 —— — - -
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g Zz
sz ° S 400
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Amount of treated waste water(m/ d ) o

Fig.2 Approximation of power

consumption

Inflow rate of Kitchen-waste

Fig.3 Electricity self-sufficiency

0 e, posel o a2els] e
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Inflow rate of Kitchen-waste
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Fig.4 Renewable energy

rate classified by use
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@ Incineration plant Sewage plant

@i Renewable energy =—Total reduction
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Carbon dioxide emisstions

Fig.6 CO2 emissions reduction effect

Grenewable_coz = Qel_digestion * Cel_co2 + Qwaste (5'1)

* Cheat_co2

Grenewabie coz  : CO2 emissions reduction (t-CO»/y)

Cheat co2 : Basic unit CO, emissions from steam heat (t-
CO,/kWh)

Ginc_caZ = Gpla_coz + Ginceliw2 + Gg_coz (5-2)
Gplacaz = Gpla * Ipla_co2 (5-3)
Ginc_et.coz = Qinc_el * Cel_coz (5-4)
Gy_coz = Gg * (CcHa * CcHag,, T CN20 * CN20,,,) (5-5)
Ginc coz : CO, emissions from incineration plant (t-CO,/y)

Gpla_coZ : CO; emissions from plastic incineration (t-CO,/y)

Ginc el coz : CO, emissions from power consumption (t-CO»/y)

Gg_coZ : CO; emissions from incineration (t-CO,/y)

Gpia : Amount of plastic (t/y)

Ipla_co2 : Basic unit CO, emissions plastic (t-CO,/t)

Cel co2 : Basic unit CO, emissions from power consumption
(t-CO2/kWh)

CcHa : Basic unit CH, emissions (t-CHa/t)

Cn20 : Basic unit N,O emissions (t-N2O/t)

CcHa _co2 : CO; emission factor of CHy (t-CO2/t-CHs)

CN20_co2 : CO; emission factor of N,O (t-COz2/t-N20)

Gsewage_coz = Gsewage_el_coz + G_ludge_coz (5'6)

Gsewage_el_coz = Qsewage_el * Cel_co2 (5-7

Gsludge_coz = Gg_sludge * (CCH4_sludeg * CCH4_c02 (5'8)

+ CNZO_sludge * CNZO_COZ)

Gsewage_co2 : CO, emissions from sewage plant (t-CO2/y)

Gsewage_el_coz : CO, emissions from power consumption (t-COs/y)

Gsiuage co2 : CO, emissions from sludge incineration (t-COz/y)

Qsewage_el : Power consumption in sewage plant (kWh/4%)

Gy siudge : Amount of sludge (t/y)

CcHa _sludeg : Basic unit CH,4 emissions from sludge (t-CHa/t)

CN20_sludge : Basic unit N,O emissions from sludge (t-N20/t)
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Analysis of demonstration experiment results of road watering
as a countermeasure against extreme high temperature
(Partl) Analysis of watering experiment results

O#&F X %= (HFKRY)

rodk 3 B (E R

Hiroyuki MORI*1  Hideki TAKEBAYASHI*1

*1  Kobe University

In recent years, the heat island phenomenon has become a problem, and measures against extreme high temperatures to

suppress its influence have been attracting attention. In Kobe City, watering on roadway was carried out in the center of

the city from July to September in 2020 with the aim of reducing the effective temperature of pedestrians. In this study, we

analyze the effect of watering on road based on the measurement results and consider the effect of mitigating the

pedestrian thermal environment.
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I, E— 7 A 70 BRI E o> TEBY, £
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EDOTANS 9 HE TELER CIEMEUKZ I L7z 2.
ABFECIE, TEREBOK O A RIERER L0 5547 LTl
BERBHEAIIIR A BT 5.
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K, 13H~15HFCTH 5.

BEH T, AT OOEE DR 5 (K],
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DA & VER, RS S T &S 7= B AL E R o Hl
ETE], R THD. WEHSR AN IR, FEK
(BT ST T & LRI oI X bz, E
R B 13 ANE 2 S el O RREEC X 0 BUE LT

WIEEBRE, XUR, WA, RO, Bn), RiRE (HE,
Al BEm) , AR CH 0, SR A BE L CRIE L.
FEYERUCITAUR, W, HiEZE 5 RRlR CEteilE L
7o, TR FHE B VEO S @RS B SR E N R E
L, &, MR, JRGE, JEAOBIER 31T 1.2m THD.

3. RERIEIEROHEAZE
3.1 MRT

MRT [ ZHHZZE L CFRCIVEH L. AF%
VRIS B) =SB IFRE Lz, K2 I K & xf5im D
TERERREL, X 3 ICAIE S DOIERE RS & g

1
3
&
MRT= (?Q - Z :3 Tl-“)
-1

Q=Qu+Qs: HH&EAFHW/M]

Qu : B H 4 S[Wini]

Qs : K72 H 5 &E[W/m]

T : R, REEOHRHEEK]

® : T, KZEOERE]]

: BRI (=0.7)

G: AT T 7 R UEE (=5.67x10-8[WI(m2K4)])

3]

: Reference point

: Road in a east-west direction
¢ Intersection

@ : Road in a north-south direction
@
@ : Road in a north-south direction{water retentive pavement)

Fig.1 Measurement point in target area
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m View factor (®a(—0.19)) ™ View factor (Ob) ™ View factor (Oc) ™ View factor (®d) = View factor (Pe) B View factor (Of)

Fig.3 View factor at each measurement point

Fig.2 View factor between the human body and each surface
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Fig.14 Reduction of MRT in changing the distance from the watered road to the human body
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Fig.15 Reduction of SET* in changing the distance from the watered road to the human body

6. %53

HEHEDS K& < HIFREIRFED 40°CE M2 5 R85
T, HBETEOBERICHOK LI-35A101E, ERA0E
BR BB <, HIFREIRE IR TH 10°C, MRT
IR RCHY 1.9°C, SET*I3R R CHY 0.8°CIEJk L 7=, 7l
ITEEDTERIT oK L2 A 1% SETHI 3R K T 0.8°CIE
W20, BEOERICHUK L2 5A103Em K TR 0.1°C
DT & 22~ 72

B

AWFFEE, PR OO B Rl R OMR Lo L TR
M L7z, METHOFERR, ERFK, BEK, RuRi3e
O HTANTZBIRE DERICHEZ R L E T

ZE R

DEEEE - e — b7 A 72 BASRIA R A L UGThR, (2013)

2) ZHCHIE, RRHE—, FOILER, JIRSOE « iifizEilicIs 1)

IR OBLIER & BISROFITIC L 22 FU B3 20158,

BRESTH R AR ceis28(0), 373-378, (2014)

EEFZAL, VISR « SR AR D ISR DB FTREM:

WZRETDATSE, HAEUEHSGT ATJEREE 55 60
GREER), (2020)

AYFREETRAL, AR NEXT | 1 B 32 by, fHERAOE A

FONTHE A UK, (2020)

5)VDI (1998): Methods for the human biometeorological evaluation

7127_L

of climate and air quality for urban and regional planning at regional
level part 1: climate. VDI Guideline 3787, Part2.



ZE SR « i T de
A—-41 SRR K2R (2021, 3.8)

EESRMEKE L TOEBBKDRERIRERGERD S
(Z2M2) EESEARIRDIH
Analysis of demonstration experiment results of road watering
as a countermeasure against extreme high temperature

(Part2) Analysis of the effects of a countermeasure against extreme high temperature

OF % 7 fd (M7 K%) Pro#k 3 (e R
Hiroki DANNO *!  Hideki TAKEBAYASHI *!

*1 Kobe University

In recent years, plans for the introduction of adaptation measures for urban heat island into the street canyon are being
studied in order to cope with extreme high temperatures in the urban area of Kobe city. Watering on roadway was carried
out in the center of the city from July to September in 2020. In this study, evaporative efficiency was calculated from the
results of road watering demonstration experiments by using the surface heat balance equation and the effect of mitigating

pedestrian thermal environment was analyzed by using building shape data.
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Fig.7 Road surface temperature distribution without watering
at 13:00 on August 5, 2020
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Fig.8 Road surface temperature distribution with watering
at 13:00 on August 5, 2020
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Fig.11 Relation between calculation and measurement road surface
temperature reduction
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