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Development of a zero energy cool chamber

MORIMOTO, TETSUO
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This study developed a zero-energy cool chamber (ZECC) with a solar-driven
adsorption refrigerator that does not use electricity. It consists of a solar collector containing
activated carbon as an adsorbent, a condenser and an evaporator. It cools water based by evaporating

methanol and adsorbing it on activated carbon, and then makes ice. The methanol adsorbed on the
activated carbon is desorbed by applying solar heat. The ice is then used to cool the storage space.
During evaporation of methanol inside the evaporator at adsorption phase, the evaporator
temperature reduced to -10° C that triggered the transforming process of liquid water to solid ice.
We obtained about 3.5kg ice per day. The water evaporative cooling system also cools the storage
space by evaporating water from the wet walls containing wet filler. The combined use of two cooling
systems reduced the average inside temperature and extended the shelf life of tomatoes from 7 to 23

days.



B X C—19. F—19—1, Z—19.

1. MERBYIIOER

et BRI RIFEROBANG, B
AEPEE S, A=RERBNR D ERE -
TV, &<IT, FRYOITET B TILMm R
EZE D AENEIC L OBIEEZMHD DT,
Z OAE DIFRN,

Z ZCARMIE T, #isii ks K O i %
HEHLT, BREZIFEEAEHDRWTERY
KR ATER TX 5 ¥ oo %)L X —{KIRITER
JE % BT 5,

B 1IXARMIETRET HEr = R LFX—
KIRATEE Ch 5, BRAEMM D WnENEE
LTC2o0ERE D, 1DHITKDRIEE
RARIZFALZR/EBHTH D, T,
BESSIROMAELE LT, LT m (&
) DOREXWEETL— bk &M ENT-
KRKEA T A VW, FZZ2/KTEOHHE,
FICHRARE T, T LTEMR 27 7 IC &
ZEREI @R TmAEAIT S, I 62, B (F
W) LERAZEOTT200AMHER IO 7
R D ERT, FRaE{bTFIEERWT, EN
BENRILE 725 X o (ThkEfliE+ 5,

2OHDOWENEIL, AX J— (B &
TEVERSGRkHE (WAEM) ZIEH L7 Lk
HRGEETH D, K 213F OHHA ORI
Tho, AX ) —NEANT-Fes A L IEMER
FHEE ANT-RBB 2/, T THEWTE
AL, WA IRE (BZ%) 295, £979 5%
L BWMATIIAY ) —LINVEIRTAR LG
Hansd, 2oLz, BB LAY —VZ
Ko B OTEVER FAE CRRBIMICERAE S
HOT, BEMEEIND, KIZ, BELE
AFNT I a—uiE, KB L0 MR R
MHEN S LA SH, ZhakTme L TRik
L. bEDRMAILHLET, 20Ttk x%

M IKT & REAITHBET E LT n <,
%
- |\\\ EHH—T
R
Q:‘ (ZIL=8)
=% —
o HFa—7 1 . 9137
B+ RBEFTAL) i BERDBHTRT
BRI &% B
YT &% m ™ ¢ {1 <(:;§a.
r} 7haT iR 7 %1&*:4;&
HzH wmss HAH S
;“r N GREAS1H) [ 2H
Soil 7 H H 7 H
£ _Ha = Soil
- ' =
ROBSE)
B 1 Bwu o kor X — KR TR O B X

BHEA CHENER) B#B
LI -
N B& XK%?&
}"4_ s / —

AFLTILIA—L SEM R RS
B2 s A A O BIE X

CK—19 (Jtm)

— . RARFEICI T BB ECIRE O FRHT
HEix, EFIE MO T, =a—F %y b
U—7 O%F LT, & L TGRIBH
TAITY XA KD REEOBEEEE AWV,
JEE IR E DN RA & 70 D K ) ISRl 5,

T2, AEFXTEHAMBIZ L Y EANORE
TE<720, IEERBELSLTL D, 2
DT, FEK BRA A %) 28A LTI
MR Z RS 2,

Fo. HEEMBEKRICH 40~50CHER b L
A EfE LT, SEERSIONREE T 572
T ELRFET 5,

2. MIEDBEMW

AR BIE, FFEp & Fdr, 612
RE(LTIEEZER LT, F52mamicd
A L AP AE L T, BRAIFE AL
PR THERYMAZKBEITE CE S Er R
NX—RKIBITEEDOR B Z1T9 2 L Th D,

3. WFEEDFHE

BESPROMELE LTIV U, IBE S L —
K (20%20x2cm, 30x30x2cm, K OGPESEHL)
etz Hn-, /-, 2EBEORTEM & L
T & RIREAT A & (0.25~1mmo, & D
T—8) ZRAELTHWE,

W ERBH S AT LOWPEIEA X ) — L,
WA FNTTEPE IR (IR R i4~10 A » v
2, THITATRAY) LIEMERFEMME (7%
V—y— bk, =FH) EHWE, FHEIL,
RO (BEfmaeate) T 16mmp, ARHEVEEEL
#x N OHITE T 40mmoD & D % FV Tz,

Bk X A KALEEI O REGRIE S LT,
—a—IN0FRy U= LEBEHT LI
R L wIEH LT e i bik 2 v ¢, BE
FEM (L KRR AT A ) ~DKiEFAHE:
B (BER) Ik v ENORE (HEE) %
RARIC T 2 21T > 7=,

4. R

(1) Pozix ¥ —(KiBITRREORIE

K 31%., BRIE L7 e p 0 X — (KRR
EREROFEETHY | KRR EROKE G
Hy 27 5 GAME) %2z b, ZHUTIKIRET
JERJEE & KGR 5 AOK BB HI > AT By
Bk D, O IHMKIRITHESOEETH D,
WEBIZIX 1 0 X 9 ¢, BFEEIL In® 1T & DRT
RZER ., BHE BB O DD 2 ERE (LA
Elea 7 LV— ) CIEEAEBEEOTIR,
EFNEOEBS AT b, FIGAF o — Ll
O =AMAEM GEBVBREHEAT) . 2250 B AR
WMERET oD mZE (T =7y aH) i
Y —7 2, FLTHKIZE 2RIbEHEIT A
T LIS D, 2 BRI EICEHMEORE
L— hZ2 W TKDORME & B CRIbBA
PRS-, FL UL AV, 2 ERE
ORI AN D FFHM I & KKREAT A b
DIREM Z AV, BEDKARER &I 2 13>
STz, REGATL. ARIEOFEE V72T
Lo, PO RRE A ICEE LT,



—

(a) &fK
CRERR AT ZOKE RN H VAT A5 Te)

5 ——

(b) BRI Ay e

K3 #ELEEo X — (KRR E

X 4 (a) 1L KGR EROKZBRH v AT
LOWEK T 5D, KEGEEERGR . ZATE,
KEBER, BEfEE DD, (DIFFRFEEE Lok
HEGR, T RGEERER ., (DTG T
5o Z DK AEAKEBGLHIT AT LD
BENL, WIS A S ) — V2 iERICARESE
THHILKE DL b, BREIKKZEER &
THENZHRLT &L bic, KB TIEMERFE
HEHEND A X ) — v E NG S8, Efgas TH
L TRIEIZRET,

AB g ﬂﬂ/w? (LRI E M B )
A
- -l \
Lj‘ SEME R R

RS

& T (744

E—»

= | #n® kzii

ki G

% KAt |3k

N

A
AFILTILI—) K
(a) BIROHEIEX

O ABFRERG: (MDY RS & i)

llllllll

(d) HEffid
B4 KEGEWAEROKEBGEI L 2T A



(2) KRz LB RLmENCE T 5%

X 50%. KEtFEDO A F 7125t L TN
FENIFBNZ ED L D IZENT D0, ZDH)
M@ &2 BRi-boThsd, End, HENIE
. FHEE, L CKEHED on—of f #A{E
ThbH, Kifar Ao 425 L, IBEIT 30 4
ZET1ICIEERTT 52, 2OEEEIT 1
H LI 2WENERETHY | JEEHE T
MEWNE ML, —J7, Ktk E 47 L=
BT DINETH D, HXHREX, K%
FTBHESWRNIZE LR LN, 4735
L B%RHIZE LR LT-, 2ok Hic, BERIR
PEVIARBERE D on—of f #AEICKS LT ETT
5 M DLHIEIFRE & D,

ZOXHIRAMNT— 4% 25 ¥ —1H
BL, 2 b AHIBR (BT —%) %
SEBO=a—F %y NU—7 2N TH
BHL, BIETLVEME L, ZoLx, 22
RYE— TR E DT MBI, 3 XK
— NI FOFTF VORIV, FOfE
Ry BB RREE FE = 2 — v B ERGE
ALBRCERATEGHMICB A Z LT LY . BED
BWEIET VERME T HZ LN TEX T,

WIZ, HEL-=a—TF %y NU—JF
FILERNT, 2O Ialb—grhb,
BT AT Y X LZ T, ENOREZ
KIKIZT 25 8 A7 v 7 DKM O B 7e
on—of f BfE X — B RDI=, IHIT, Fh
VZEED U T il ) & 3 A 7

X 6 %, NOIREZKIKIZT 572008
AT T OKRMAGENE (on—of f #1E) DIt
HEERTH D, BT LI XLIZED
?%Bﬂfl%iﬁ1ﬁ&i {le Ty, Ts, Ta, Ts, Te, To,
Ts, To, Tio, Tii, Tz, Tis, Tia, T15} = {3557\
ON, 55 %y OFF, 354y ON, 554y OFF, 3574y
ON, 5574y OFF, 354y ON, 554y OFF, 35
4y ON, 55 %y OFF, 354 ON, 55 4y OFF,
354y ON, 5574y OFF, 354y 0N, 55 %) OFF}
Elpolz, THEEBRICEALTEZONZ O
RS R T o 72,

5 KRS (on—of £ #fF) (T D EHND
TELEE & AR SeHE B D B 281k

=
<1000 -

0 60 120 180 240 300 360 420 480 540 600 660 720
Time (min)

40 1
9
1
2
=
- _w
=9
£
z
5
=}
jz}
g 20 — T T T T
0 60 120 180 240 300 360 420 480 540 600 660 720
Time (min)
TKIEHE D EE7R on—off BIE/\FZ—2
—— Optimal watering --++ Continuous watering = = No watering
oo 1
g
3
=
=
0
0 60 120 180 240 300 360 420 480 540 600 660 720
Time (min)
30 ~
3 T
1 e et No watering
2 . -
g . ot _—
2 - .. L ’_...-,'__.-'" “=" Continuous Watering
g L
2 204
L
=]
E \ Optimal Watering
[ N O Sl il S 2R
10

0 6'[} ll20 1;30 2:10 3{IJO 3(;0 4i0 4EISU 5:10 6(IJU 6(;0 7£0
Time (min)

X6 N OREZEKICT DKM

(on—of £ #1E) D il AENAS

X6 L0, BEREEOREMEIL., KEEG
#E L CIEH 29°C &£ T ESH L7228, ekt
FATTITHK 25°C, il 72 K fIAG IR 200C ©
IEFE > TWEDORSND, FHRETHD
& Bt 7o KIS . ERTRALE . ARG fE
LDJEIZ 18.7, 22.6, 26.2CThHo7-, =
DX DI, HoE /R KEHAHIE TR, KIS
HELOBEALVE 7.5CKLS ., ZoHAIT
KA DEEL DFEWRDOTHLNTH DN,
HH KGOS L TH 3. 9TV
Doyind, ZOEBEIE, FEM OR DK
DRI D FELG W GEFRERE) OEWTH D |
H KIS TR TR T D23,
1 72 KRG HI A ClI ok & 72 0 | ARSI
L7ZRAE E KA DNRT v A B3 1272077
EEZLND,



(a) BEHNIZEWEZ h~ K

(b) JE/ZE N b~ B

7 16 HREETE L7=%D b~ kOB

HM7IEZOFHECIVITFELIZ1I6BEZD
h~ FOWRETH D, BHEINZEWTZ b~ M
KAWL HNP/NE L K16H B TER L7225,
EAMZEW T b~ MIKTH B TER LT,

(3) KBBEEZKBRAEH T X T A

WIZ, KGR A ZOKEBMHAI L AT AT
BT 2 AR AT, X8 & 9IXEEMER 72
EEBERTHY . EY LT 5/ OW
RKBE Y AT L TlTo 12, K 8 IR MR &
BERTOBEKRTHS, IEHEREEZEZLT5H
F EIRFEXERRACAR T Lz, ZAUTIETER
DENEZDEREBEIND AKX ) —LEN
WMZIBENRIVKETFTLEEZDEEZLN D,
QITHIEL LT 3D T La— L& FHun
FHEDOREOHMMVEILLERLIZLDT
HD, ZORERITIEHEOFHRMEDENL D
HLOTHY, T hERAZ ) — LTS
HICHERTHY , BT P TiREZEAIK
TEEDLZENTE, 30 HIEFLT-12.5CE
TV 2oz, LILT & bR
HERFENDO TR 2T, FBRA0T
WO THEWIZS WEF R D,

T TOERMRLY . REBROBHKE
%, BEZRET, WEA (EMRSE) Ot
EEIZEST, DRV EDD Lo, F
7o Ta— L U3 et 2 &% L
T, AX 7 —)v&x W=,

Wz, EERCTREREZ RS, K1 01X
KEGEEENGE (ETRE) LRBIBOEED
BETHD, RBHEH AT AZBWT, &
LA X ) — NV EIERICERE S TRibm
HZ LV KkEDL 203, BEITKRBGELCIEM
RIND A S ) — L ERE ST, FOR%EN
THR L THRIRIZERET & &bz, BN
KK ZEER S CTENZHCT, KEEEEL
ZROIEEX, BREITEREOE KL EHITE
FH LU 100°CULEE 72 D08, ZRRIENOKIE
SCIEEDHMIE EYEoTWnD, £2. K
FHIZBWTIZSHFZ AN A X ) — V&L
FIHRRE S TR H AR ST 508, =
NI LY ERIBNOKIEIZ-10CETILF L,
3. bkg/day DKW TE 1=,

BE (°C)

_6 1 1
0 1000 2000
EERE (9)

3000

8  IEMER R &R ORISR

5

—_— =

ZWEE(°C)

0 5 10 15 2 5 30
B (5)

9 S3FEOT I a— LA WS
DIRJE DRRIRFZEAL,

900
800
‘E 00 |
E
§ 500
Z 400 t
b=
£ 300 f
8 20 |
E 200
100
0 ) )
5:00 %00 11:00 14:00 17:00 20:00 23:00 2:00
Sunrise Local time
105 —— Ambient temperature
L A
-~ 90 Vel N Adsorbent bed
15 J '\ temperature
‘:__': 60 | ",.J '\.‘ -+ = Evaporator temperature
] £
g 45t 7 .
£ 30 bt R e e
S5t .
0 1 “‘I‘ -
-15 " L 1 L L A :
5:00  8:00 11:00 14:00 17:00 20:00 23:00 2:00
Local time

10 KBAERRE L RRBOWED A
21l
2

1 1%, AKife EfefaAK) Ik %1k
WH & RGBWERKZERRE AT LD
BN X A BENEREDO BELTH D (FEFREH
IR o bt IR (JEPHEEE ., BN |
JE N ORI . AKEFE D on—of f HfE (i
BiraAK) & KGR AROKZEBGHI VAT A
TOL bITKKDOIEREBIETCH S, 1 HH
X, ERAAKDORIZ L DRI LBEITHY . =



AU K0 EPREE X, SR PR 37°CE T
R LKL, § 22CIcR SNz,
SHEBEIL 74~T7T%RH TH 5, 2 HHIZ, #H
AT Z, 2R 8 FE TKAKDIEER
WL > THENDOH A ZI T e TH D, 2
L0 | FEBEE XN 35 CE T LREALTW
D0, BENIEEIIRIKE TR I0CE TIKF L7,
F 7o TAUTHE RN OFE R 13 90%RH
FCTER LA, 2oL EBEIL. %
DFREIZDIRMDDTHELWEILE R/
WS, TR OZFEBUTLE 9 KK ORI
NHTHIX, EFICHEDEEZEAOND, ZD
X9z, KGEWERBH Y AT LA EBEH S
w52 LT, ENIEEIL, KD DS
B WIR2CKRTSHELZENTE,
PlEX v AR CRIELIzEr = RLF
—RIRIEE L, BREIZEAEER LW
DT, BTRHA TORFHEE & L THRILDOE
EZOND, £, BROF DK EE 5T
(72 &), b LL IB%® EE oS 7
Bk & LT & Bbn s,

40

—— Ambicnt temperature Temperature reduced by

- Inside temperature 2
Inside temperature watering & ice evaporator

-

e 1209 |
- ;
~ - 3
.- v '

\

Temperature (°C)

15 Temperature reduced by watering = o 121%
), 528 | -
10 L
10.1°%¢C

PSR S S SO ST L M N M L S L R
R RN S Sl 3 S

Local ume

Relative humidity increased by

watering & ice evaporator 908

x
Relative humidity increased by T
watering

-

s e

Relative humidity (%)

4%

S @ & @
PR L S e S S S I R SR\
L S O T A 8 NN

S & &
AT AR A A ARG ko v

LY

Local time
= |

——Watering

cvaporating

=o=lce evaporating

Watering & ice

P P PP PP P PPN P DS SH ™S
oo L L SR LIS SIS SN

Local time

11 KGRI X D% bm Al & KEGEWK
HAOKEBMA S 2T L OB K 2 A
DILFE LABRHEEE O A2 b (R GE)

5. ERFERHE

(BFRAR . WFFEs 08 M OB HERF 728712
BN

GeEgEam=a) Gt 9 1)

(1) Islam, M.P. and Morimoto, T. Nonlinear

autoregressive neural network approach
for inside air temperature prediction of a
pillar cooler. International Journal of
Green Energy, 14(2), 141-149, 2017. &
aJt

(2) Islam, M.P. and Morimoto T.
Thermodynamic performances of a solar
driven adsorption system. Solar Energy, 139,
266-277, 2016. A5

(3) Islam, M.P. and Morimoto, T. Quality of
fresh tomato fruit stored inside a solar
adsorption cooling storage system as
function of low pressure treatment.
CIGR Journal, 18(3), 258-265, 2016. &
aJt

(4) Islam, M.P. and

Morimoto, T.

Performance of mathematical system
identification in modeling of hybrid
evaporative cooling system.
International Journal of Computer

Applications, 123(1), 44-49, 2015. E&x
"

(5) Islam, M.P. and Morimoto, T.
Evaluation of a new heat transfer and
evaporative design for a zero energy
storage structure. Solar Energy, 118,
469-484, 2015. E#tH

(6) Islam, M.P. and Morimoto, T. Progress
and development in brick wall cooler
storage system. Renewable &
Sustainable  Energy  Reviews, 50,
277-303, 2015. Et

(7) 1slam, M.P. and Morimoto, T. Performance
prediction of solar collector adsorber tube
temperature using a nonlinear
autoregressive model with exogenous input.
International  Journal of Computer
Applications, 114(12), 24-32, 2015. &5ty

(8) Islam, M.P. and Morimoto, T. A new zero
energy cool chamber with a solar-driven
adsorption refrigerator. Renewable Energy, 72,
367-376,2014. & HE

(9) Islam, M.P., Morimoto, T., Hatou, K. Effect
of  passive  evaporative  cooler on
physico-chemical properties of hot water
treated Solanum melongena L. CIGR Journal,
16(2), 181-186, 2014. &=

(%) GH51F)

6. WFZEHRR

(1) WroefRFHE
HA #R (MORIMOTO, Tetsuo)
BIRKF: - RFEPLEFEITE - Bz
WeeERKRE 50127916


http://www.sciencedirect.com/science/journal/0038092X
http://www.sciencedirect.com/science/journal/0038092X/139/supp/C

