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LIEBABARL AV OZZ A X =T 0 — (FENELLOT — 05 OIEB) B TO Ry 03 i)
2. ABFTEC—RBEEMNIMGE DT — 2 #MA T, NA A~ AL BEEDHKOPEROREKRT v v
NERE Lo, B\OAREEEEIZBEIC A b SN TV D FEH 2 R TH, Hkm~10 kmfEECTH 5, 17410
FERERTRIRD90% LA B3, Al R CLSkmELNIZINE A CTH D Z &b, B\EE A it 2 o/
MR RRE LT, =23 F—T7 e —ICiERFH (ZE2UR) b —F &a L7 ¢ 7,2016) %
5L, BEEDONAA A~ AR ROPFREZ ENGET L5 LIk, BIBENORIEARARTFELRET
HZEERF LT, AR THEGETHEA T A b E AW TSRS AT A%, 200°CHE O PEEL % [A]
L, 100~150°CREE DAL E LTIRIAET D728, 200°0CLL EDOPEEE 150°C % TR L 72854 O R FH
BART vy, T = Fy—Yxr—, BA T4 FARA TOEEER, HEGREH T ALY
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BEGIE S AT LONFEEFTTH LT, RERBIRERNTOPRADOER L LTORIERT Vv vy VAR
H L7,

Rk, O~QDHMHE L D~DD v A7 LGN TH HLCA, = A MEIEMEHT, #E 38 B 54T,
Mz TEETOARFEBRRT 2 v Vil & 2AFEERIC X0 224 M: 2 fesl U7 Bl AR AT 12 X 2 s FHRE o4
DEFHC X v R S, HIRTEROKM, VAT LTS L D ER SN D IR UGEOEB OFE,
B EOI A 7 V2R T 52 ERalRe L ooz,
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------ -[ EHXT— a3~ ]._________

[ : CAPEX
I ATYRAYST  avsrE | OPEX
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1 : |
: : EEEF :
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I‘ CFT4 bFAF FHRAZ !
(aEZ

X6 HEGLES AT ADaA NEH

5. MREOHEZE

< [V 77—~ 1] BEVLFIZI T 5 RF]FHENZ T B pE 3 Cml A3 2 R 5 B oo H 2LGE T 52 3 4%
B OEE>

[l 3R] B AEO~@IZ kfiis

HHT 2474 MFAAE L, REL6mMMO B — XK %2 A=, £7-FancamReEEilize juv
T A FERMA UG L. e KWE #130.23 kglkg, A 2h& BV EE13572kIkgTH D Z L 2R LT-, £
KEAEALBR 2 Fhi L, AKEBITBH SN AWNW T L 2R L B2 73 27 AW 5 i
DA A 7V iE5000H A 7 L & LTz,

M7IZFER LTIz B AT 4 bR TR 2 T, £7o, KTARIEAR A 7 ENHO o EE , K740
WL5EGEa > T T NOERRE 2 Z N R L TWD, £, K8IZEA T A A4 TZERNIZKMNT 57
L= b7 4 o Fa—TXREZHEGREZ R, B4 T A MiiE14.9kglh, BAREAE #0.04 kg/kg, BERX A A
T B OWEFARKFRE1.92 kglh, BAZHZR~ DR KFEE2.16 kg/h D 5 F TRKAE KB 2 £ L7z

7)
o

BT EFERBRIC 1T 2~ ANT U A% Rmd, WBREEF ORI O™, i SN2 EiRETcoE A Z
A4 MEEFMA-EICHEH S TEY, EEHHNEBRINTWDL Z bbb, ElBRBmERIC
NN S B TdH 50.04kg/kg D DB AEKE LTEA T A MCWRESHIZRETHH S TWAD AN,
Rk L & BICHRH SN D EA T4 MPEHERERE L BEKOBEENHEKLTWDHLZ ERDLND,
BEAGABR B AR IO i BT IC R S N TV 2B A T 4 M3 FEEA D P S 4 2 4~50F 82 12 W 35 B
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0.169 kg/kglZiZEL TH Y, TRRALVEHNAKEZTXITREL TWVDLZ LRDND,

1.92[kg/h]
14.9[kg/h]

rnin'
Goye = Oy + ——— = 0.04[kg/kg] +

zeo_dry

=0.169[kg/kg] (3)

<iLHF>

m: EH&E [kg/h]. q: W& [ka/kg]

<IRTF>

dry : #ERZERE, in : $&AIE, inj : MEH, out : PEHIE, zeo: A Z A K

PLEXD ., KRBRICBWTTART AR ENTND Z L 2/MR LT,

WAZ K10 R B AE % 20 D O A JE S (EF L Y 0, 35, 151, 265, 379, 495 mm) OIREBIEZ <3,
REIGIE R IR OB AT A4 Mg ORENES S 72K OWEIC X Y 200°CEL B AL, 20#%
BRI PR L WD 2 bbb, R EHEIY THOUERIZBITHEA T A NEihE X B REH
DRI FENR 2 IR B U, SREBRBIAR AR R CEFIRBICEL VWD Z ENbnd,

TEHIRABICEE U7 R BRBR AR 4 5.5 IS B 1T 2 NER IR E oA 2 1L R T, ik B C¥ 47 4 FER
FER220CIZE L TEBY . ZOBRBLZHEBNOFEAK & OBZHIC L VIRESK T L, 110CEE THEHE S
NTWDZENbhD, ok, =T —/— X355 4h 14 SIRF ] ~ 6IRE [ % O & & 58 D e KA & Fe/ME %
ARLTWD, 2535 mmo HlE SIXLIRE T ORIKIRE23189C, &miREN27TC L K b AN KX
MoTe, TV EEAHE TIXREEHE N E W0, BEITIFIEEA T A NOWBEBRDORIZ LY RES
nHZ lizxt L, 35 mmOHEIZEA T A FOWFE LFEKE DRI L DT v A TIRENRE S 1,
BTSN DAE KDY, LBAD /N S WIBEBVER & 2> TOTIREZ(E R R E W=D Th 5, 35 mmHh S L
S ORE ST LTI KE & e/ MEDSL0CRIGICIE > T D, BLEDFEFERBRIC LD HE15%,
B HE56% & EM L, HEEO, @&k L7,

Fo. KNS T 4 VR E2 KRB EOBAEEHNT OFEF & B LI BB O R &2 0 TRy, 74>
R EBE LIV E AT A D BRKRAKSNDEAZBRFEM L TH O, P CRMICEEMET
LTWbLZERbhd, —J, 74 VR EEBR LTBIERT OFEFIZEA T A4 N OIRES A B —
BHLTEBY., 74 V5B UM TET VO SMEERT D L & I FELBA O M RE T
WCHWBZ &L LT,

EDIC/NRB AR BB R OFEFEE LT, R2TRT X I ICEBE%EZ I Lz P £9°2023412 4
17H~20H 2 CTHRUBE TG ICCTE A T A F200ke DL E&2FHEL . N7 AEICRFAF LTz, WRICLHNITHT
M X EERENSEAL R RO HEFCEALEZEA T A FE2ERH L, HEAMTH 2TkmEN7=2 VU —
=V T Uiz, 20244E1A17TH 198 IZZNENY UV —=2 7 T OBER R A 71 b DER &R
B EE, MERKOERGARICKI Lz, 22X V10 ARNCEER L2 b 7 & 7 sk o R A A 24
ZERFE L2 Z > 7 B LB, IEAKE LTI T Z &k L, REOY A 7 v%22H ~3H
T TH O LA 7V FER LT,
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X7 2474 bARA TRBREE
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u Dried zeolite
®m Adsorbed water

40 r

Mass flow rate (kg/h)
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B9 AKAERRRBRT OMEZE AT A iR & RAE KR REOHER

250
200 +
@)
L
© 150
=
©
3100
£
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0 1 1 1 1 1
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2.16 kg/h Temperature (°C)
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UM 2 B RE U T2 AR 2 -V T, RO AT A FARA T OMREE THI L 72, BEfEbTic
BWT, HIR/T A — K O CREZ 522 78R & O BREHINBCRIC B3 2 AR AT 2 S5 L. PR
RFIl 75 #:230.214 kglkg & 725 L 9 e 78R B A EHN T2 7 — AN b IREHHIBI R R @ 2 &b o
oo REMRFERLE LTRI2@ICEA T A FiELL thh, #/KTEE260 kg/h, MRS #1911 kg/hd 3
HOMRETT, FFERBR & IZEFR CIREBER GO TWD, 2, EEREEEO K E SIXBER A A
ZERFERICLZ Yy b7V beT5720—01m & LT, BB EIIEEL T4 MRESRMBICRIT
B R OBREHENBEN R 099% L 72 D KO E LTz, 20L& &, BARIEII8T% THY . BIEQ % EK
L7,

FEBIEBIC OV T RIS EMRAT 2 9206 L7z, FEVEEIX180°C, MAIZ25 mé Lz, &M
REERELTEAT A MRELL YN & EOFREREZKI2MD)ICAT, Z6 b RERIC/INEEE BB X
D EZYEEHERLCND PR T i MET A2 A MBS LT, RAEKTHLER
SLEARMBEERE LT R
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191 kg/h S | ¢l

Cl

EEEEEER
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[N
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o o
© (o]
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7]':‘/7"\\
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18°
(uessEEEEEEEEEN 0 01 0-2 03 0.1 0.2 0.3
- N E_ Water uptake (ke/ke) Water uptake (kg/kg)
BEE R A ¥
(@ €4TA bEAT ()b — b F v — v — (LR

12 =5 AR O S fim A A s S

[ 27 2] HIE@~DIZHIG

VL EOBAERNT 278 T, 0.1~20 thOFEA T A FREICE W T, REHEIEC L EHBIE) 1, &2
BOV A XANEREI I, LS AT AIBTHREHES A (GHG) PEHEO A % BfF, H
E@OZER L, ZOMEZHWTLCAZ Eii L7z % | M13I12Y 77 L A7 — A ZBIT HLCAD
(Q)GHGHEH B (L) EIREE B OR R 2 /8T, M13@IZRT L 21, B4 T A MRERKIC X 0 BB
WRT D70, h—H L TOGHGIZHIRT 2 /R E/rolc, LLEATA MEENSHE KT S L, FE
fMcH7a v HHEROGHGHEHEN KT 5720, B4 T4 Mifll thizB W\ CGHGHEH & 1T &/
LD, ENEVLEATA MRESE KT HE =X L TOGHGHEH BT KIC#z U, 1.8 thl ET
IET AT L OEALLHT & i U CGHGHEM BT R T /R L o7, £/, KI3b)IZRT Lo, &
BB A L R7 MIEATA MUEREDOA X I BB THY . B4 T A iR EOBRIT LY
KTDFERERST2, 7277 L, IOCGHGHEHENR VW EB AT A Mii&ELL thizB 1 2 &FEEE A > 8
7 MiE, 1.8 X 100 Kg-Sbeg/KWhTH U | [A L =R VX —IFBIEEARTH DV F U AL ANy 7 U — (1072
~103kg-She/kWh) (Cusenza, M., et al., 2019, Peters, J.F., 2016) & i L TIRUVME & 7o o 72, U F T LA A
Ry T ) —IXENBRATH LD, 2 BAX—H720 TOERBEEA N7 MET D L, B
BAGIE S AT D OBERIEE A > 237 FiE1.2 X 105 Kg-Sheg/kWhex TH 1, =7 E X — Tl L T HEW
AURTRNTHDLZ ERbhoTlz, LEXY, —MICGHGHEH &, BIFHE & bICEBRFO 7 1 UE)
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JIMKELH)TH Y | FEEEICB T 5 E TR KOS EI2 81 2 BHHIBEE K A7 LD
REAMKBICERT 228, B4 74 MR OEBIIREHRBEE A > X7 P TR F—Z 7B T
LEMTHDZ ENbNoTz,

T, KUCHE T B — A28 HLCAD (Q)GHGHEH & (D) BRI B & DR 2 R"7, 17— A
BOWTIEY 77 L A —ACBWTCKEW TH =70 VB RNy R eEilidsk e 20, fiiE
DDA TENIRE BRI L TV D (ERICITEE T 0 AHRORBEARMBBET D) ., 2054,
GHGHEHN EITEA 7 A MREDOWKE L HIHIETHIR TE 52 Enbholz, Lo T, ETEOY b
Uk ERIEHCRORFIA B E LEBIR L T 556, WEMIOEB AT A SR A T ORREFHHITIE K 25 5 5 A
EIIZE#RT 2 Z &b hroT,

B, FHMERICER—ZAETLE L TEL T4 NIBXEH WL G OLCADRE R 2 @G Lz, &
FERBR CIEE A T A4 MAZERA L, €474 MARKBRLLIZZWEOOEREE CIZIEAL T A b
13XIZH D72 (BA T A M3XDOAENZE K ES84 kglkg, W& AARK O E 2 L5 < L 217 kl/kg., 4A
DA B EEFEST2 KIIkg, WA RL[OEE A £ 1L 51< £179kIkg) . B4 T A4 MAZ W56 DGHG
HIRZ R 77 L A7 —ATOEAE T4 MEELLIUNIBWTEA T A FBXEMEHA LEEA L
L C25% D352 Enbhot,

IEDOLCAIC L b, EBEEEMOE AN L 2B RED R 2R L, BEG@ZER LT,

250

200  Blower power  m Fuel for truck Zeolite  m Fuelsaving  m Power for zeolite transport  m Other equipement (Manufacturing) ~ m Disposal O Total —

[ ]
150 - .
]
100 || . .
[ |

50

0

-50

Lifecycle GHG emissions (tCO,q/year)

-100

-150

-200

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2 1.3 1.4 15 1.6 17 1.8 1.9 2.0
Mass flow of zeoite (t/h)

(a) GHG #Eti &

m Blower power  m Fuel for truck Zeolite  m Fuelsaving  m Power for zeolite transport ~ m Other equipement (Manufacturing) ~ mDisposal O Total I

Abiotic resource depletion (kgSB,,/year)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2 13 14 15 16 17 1.8 1.9 2.0
Mass flow of zeoite (t/h)

(o) &R E
K13 LCADHRER (V77 LA —X)
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N
S

i
o

m Blower power  m Fuel for truck Zeolite  m Fuelsaving  m Power for zeolite transport ~ m Other equipement (Manufacturing) ~ m Disposal O Total

i
1)

o

o

Lifecycle GHG emissions (tCO . /year)
505 &

o
S

o
a

&
3

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2 1.3 1.4 15 1.6 17 1.8 1.9 2.0
Mass flow of zeoite (t/h)

(a) GHGHE I &

= Blower power 1 Fuel for truck Zeolite  ® Fuelsaving  m Power for zeolite transport M Other equipement (Manufacturing) ~ M Disposal O Total

=
=Y o

Abiotic resource depletion (kgSB,,/year)
o
o

anﬂﬂnnn
- = = = = = = mwwEEEEN

o

-0.5

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11 1.2 13 1.4 15 16 17 18 1.9 2.0
Mass flow of zeoite (t/h)

(b) B
K14 LCADFKER (&7 —X)

K152 7 7 LY A — A2 CEA T A MiELL thOEE O 3 A2 MEd &2~ , CAPEXILIM 4%k
154F, &FI5% & L7z & & D Annual CAPEXTH 5, BIKIICOPEXD N K& 2B EZ EDHDTEBY, £
FCHERICERED NEE, B R ToOT e UB A KREREEEEDTWND, £, #&ETIEE
FTA FARA T OB, EY A FTORLHS (GGH) NRERFNIEGZHEDTWD Z &b
Too 7o, HMIBICH T H 7 — AT T, GHGHFHEN R HIRWEAF T 14 MfiELL thoHE 0 3 A MEE
o9, AR TCOEBRFNAEW &, TaUE o3 R M EBE LRI LI XY CAPEXN XELH T
bHZENDrol, KITIZY 77 LA —AB L OHE A7 —RAZBWT, &7 — XD KM% %
1& LR RN 2 rmd, BrEr—ACBW T2 A hOXEEROLI>THLH T e VEITDa R
FAFEAE LT, GHGIAEE, MIE CTRIZERE AL, B4 74 MREL2 th) b RFITIHRE L2 &N
RS, £, V77 LA —ATE T 0 VEINICXT 23 A NBRET H720, GHGRIER, v
— WAL, BA T4 MfEE04 ~17t1hD L EITETIZARY, 11thD L X ITRROFRE 2D Z &
Nbhrole, ZOMBEIZCHGHEHENR/INE R D&M LE B L TWD, SHIZKITIZY 77 L AT —
AZH1F % Levelized Cost of Energy & i CToRd™, U7 7 LU A —RIZBWTET L2 504~1.7th(Z
BT, Levelized Cost of Energy($26~40 F/kWhth T 0 BI{ED LA IRELD =2 2 b & RIS 72 51213
i 2 A FNOLUSRREDOHBINMEATH D Z LR bhoT,

UEXYFEEMHEDOA N =2 a v RXR—XATHEHANARETHDLZENbNY, BEOZEMR LT,
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2 A BFET—X V7 7Ly Rr—2X 150

LCOE(CAPEX100% 75 8/1)

[ele]

—e— |COE
15 } —o— LCOE(CAPEX1/3#88h)

(@)
oo o AA 4 100

Relative profit
LCOE (JPY/kWhth)

_2 1 1 1 0
0 0.5 1 1.5 2
Mass flow of zeolite (t/h)

X17 B S AT L ORI & LCOE

Fo. Ihooax MEBZREIC, BBFEOBMEEORARIGEK L GbE, FEEERR~OH /2 H
B TEEE ) ZERk Uio, BT Of5 R &S S 2 2 & THAIDIE U TERARBENEILT S X
INCREMTET LT, THETICHIE LB FBERERER (B TH, 2019) ZHWT, V77 LA
Ir— ARFIC BN L H AN 2 A L7 A BT D BN S KON A~ D BRI S g B & AT LT
K18IZ VU 7 7 LV A —AIZEBWT, FERMEEIN 28 A L6 0N, BANERONRERT, &
KL L CTIHIRAIZT1% 38k 229% O K N E T D Z & Wby T2, AN & O NFRIZ A INIE 2339% .
HRBAR6LY% & 7oz, iz, AbAEZ BADLIEA L T =484 100% & 325 LN, mshicz
NENL07%., 43% DP RN AIAEND Z ERNbhoT=, Ko THA I K NR57%EA L, BHNIZ107% D
WRONRDBREST D2 LD SN TOIEROREFE LB RIT164% L7250 Z &N broTe, 2B, Wit
WRIZIE, BADPOBAT 2HAN O AEER K (B4 bEENTWD 72D, B LA BN TR AERE
THZENAREL RUE, SHICENTORKEANRIAD S, EEMEIIEL T4 M EEd 2058
DD, WNEEOPFTEL 2 EHD 20PN EREYRETHY | L CTaMmES, BEEEH,
BIRIEEE, BRME~OEENE N ERnbhot, £, FRCKLER T 0 Ui I L CTEHE
M~ R EREL Lo TND I EnNbholz, 7ok, FEWE I 1T A MR HCBIM O BADMLET
HO ., BEOICEAERE LTS Z EIZRD, 2220 TIE, BN TEIENPED LI TWND /A 4
=& /= (BT6H, 2019) LESHBE (HEEEE, 2023) . XA A~ 2%E (BT6H, 2019) 7L
ORBEFEOEANIZLD, EOITHNEEEZHRKSEDLZENAHETH D, LLEIC XD 3 ER 5EE A
IZ R DI TORBEI DR AT L, BEOEEMR LT,

ULbEDy AT LGl a5 T, BREAWNOXEEK TH 57 1 VB ORI, BB R O 8 K2
VETHDZ ERbhrolc, FITBEHEIEZ RO KRIZ OV T, K12@ICR"T L2 BA T4 bARA
TInDOPEHEE, B4 T A MX60°CLL ETHEH SN TR Y | ZOBEAE R A 7 OMAKFETEINT 5 2
ETCRIAFMETH D, MATEAT o 2 2E B LIZLCAZ £+ 5 & GHGHEH B IT2B H 0B Higs D
EAM ZBE LT bR R60%HITHA R D RKBRIAD D Z L Rbhoiz,
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. (B) A F~AHKOP ERE, B4 T4 bEHAWTZEREE S AT 5 TYEARENOKER
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[Abstract]

Unutilized local resources from biomass residues and waste incineration should be efficiently utilized
within the region. Currently, power generation using waste is being actively conducted, but due to the
variety of heating value of fuels, the efficiency of power generation is low and a large amount of unused
heat is generated. On the other hand, other industries in the vicinal area often use heat from burning fossil
resources. In order to efficiently circulate local resources, it is necessary to develop and apply technologies
for recovering and distributing unused heat. The gap in time and space between the generation of unused
heat and the demand for fossil fuels needs to be resolved, and it is necessary to establish a thermal energy
storage and transport system. The objective of this project is to propose a system for transporting unused
heat to neighboring industries using zeolite, a heat charging material, to make waste treatment facilities a
stable energy generation base for the region, and to conduct small-scale demonstration tests and system
evaluation of an original heat discharging system that can continuously generate pressurized steam for
industrial use. A small-scale demonstration test rig of a "zeolite boiler" employing a moving bed indirect
heat exchange system capable of continuously generating pressurized steam using zeolite was constructed
and installed in a cleaning factory on Tanegashima where a fossil fuel boiler was installed. The demonstration
test was conducted on a scale of 15 kg/h zeolite flow rate, and it was demonstrated that the use of the heat
charging material has the effect of increasing the heat of steam. In addition, a numerical analysis model
coupled with heat/mass conservation equations was constructed to simulate the demonstration test, and
its validity was confirmed. Using the numerical model that was validated through demonstration tests, a
conceptual design of a commercial-scale equipment was conducted, and system evaluations such as life
cycle assessment, cost analysis, and input-output analysis were conducted on a commercial scale (zeolite
flow rate: 0.1-2.0 t/h), and the dominant factors of the thermal energy storage and transport system that
circulates local resources were identified, and to confirm the possibility of providing feedback for further
technological development.
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