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Small and Medium-sized Enterprise Partnership Promotion Survey
Survey on Utilizing Solar-Powered Portable Cold Storage System for the Fishing Communities
in Banda Aceh City, Indonesia E

SMEs and Counterpart Organization Proposed Product:

“Solar Cooler,”
B Name of SME: Tokyo Solar Building Materials Corporation (TSBM) consisted of:

B Location of SME: Tokyo, Japan - Solar panel

. . . . - DC powered cooling devise
B Survey Site: Banda Aceh City, Aceh Province, Indonesia ] CooFI)ing box containger

Concerned Development Issues Products and Technologies of SMEs

/> Fisheries sector in Aceh Province was devastated by \ 4 >
earthquake and tsunami in the Indian Ocean off Sumatra in
2004. Despite the ample supply of tuna, small-scale
fisheries remain unprofitable due to lack of skills and facility

to preserve freshness of the catch on the fishing boats. » The cost of solar power generation is dramatically reduced
» The province aims to promote export of fish products, but P g v

th h utilizing th tlet sol I Il as DC
the level of quality of the capture fisheries within the rough ULIZIng the OLTIEL solar panels, as wefl as

\ province remains insufficient powered system (eliminating the expensive AC converter). /
Business Sustainability

» Ourstrengths such as outlet solar panels and DC powered cooling devises will be imported from Japan, and the systems will be
assembled locally and sold through local agents. Quality control will be achieved through technical transfer from TSBM directly to
local human resources.

» Local procurement of system components will be increased over time, aiming at cost reduction by 30%.

» We aim at establishing local manufacturing and sales base and localizing the product brand in the future.

Expected Impact

>  For the fishing communities: Reducing the running cost for fishing and improving the selling price of the fish by 10% to 30%, which
can achieve economic empowerment for 80,000 fishermen in Aceh Province.
»  For the fisheries sector of Aceh: Increasing the supply in the export-quality fish can boost the province’s export industry

TSBM'’s “Solar Cooler” brings about substantial

improvement in freshness preservation of the catch by
enabling rapid cooling and cool-retention on the fishing
boats after the capture all the way to any destination.
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Survey on Utilizing Solar-Powered Portable Cold Storage System for the Fishing Communities in Banda Aceh
City, Indonesia (SME Partnership Promotion)
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SHFHETDHZ LD, EFMICITEERRELAFHICANR D 5,

RERGOT Y Ra—F— 3= b TH I, HOITRMEFTA L TELT. AREWITEWERE
THREICHEFEL TWD D, BE LITRVER, RIS S MEN TEITH LR 252 1T 556
THERIZRY . BFIT12%REIC 207D, BENTIEIRY, o, T E TOBMFGAEN T
BRI TRE 2 CERICOWTWAITHE & g a B, PROBBESSHER RN
TnbH7e, MFBNEZEE S LIE VR AET VOMBGITINEETH 5 &l Lz,

o TREMMLOBER & L UIBMOA —F —NBRER TR LA N TH D, — e KiE~ 7 aift
s (8x18 A — kLD 45 k~5 ik, GPS &ids 7 /L 4E4H) 13, Frdh TR 400 B v e T (K
300 5 M), THTHKIB0 BHAAET (K240 HH) THLIN, A—F—bldIhzdlaeTiHALT
W5, ZOXIRIEHANZA LTIV, BAROZHE & LT 25~35 TN ZRE-MICKETLHZ &
X, ZIUFERZRBRHEHEETIIRVWEEIOND, ZOBEEICE > TORER 28 U7k i
BOFEMEICHONT, U L LREDO/NURE~ 7 iy (45~5 Foifk) oA —F—nboe 7 v
Tb~ 7 OIS & 8T L, BRGE L7, RIS EE23 2018 4F 12 A RIZHEM L7z 2 [~ 7 a2 ifidIL
XDV E LT ORICHER LT,

#3—2—1 : BN

£ RN REHSLEAR b2 ]
(2018 £ 12 AH> 7)) (E5E)
KHEEAE 1,000,000 350,000 -650,000
b 2 6,000,000 6,000,000 0
A& 2,084,125 2,084,125 0
ZTDMEE 10,304,950 10,304,950 0
BESE 19,389,075 18,739,075 -650,000
Y EIF 26,099,000 33,317,872 +7,218,872
e E" 6,709,925 14,578,797  +7,868,872

(JICA FHAFERL)

1 [E O (10 BRI ICBSLLREIT, M9 ELAET (W15 1) THhH ., FIOKEEA
B OREHE . ANEER R, BHE~OES) »HEY. ZOE&FEICIIMOBIRE ACEHEN L Yo
AT FUAERLEEN TS, BERGEAIZ L Y KEEREEZFIA LI Rm S AR 22 AUE,
B EE D 5 HEFEOEMH T 2KkFE (Y4 X 200cmx800cmx 250cm) D 7= D# 100 VT
(i 23,000~30,000 /L &° 7" x20~40 A, #J 8 T-M) DORIELHIEAFTRE L 72 5, BARANIZIE, fif b
INT = AT A NCHEH LK EKDENEIZESITIX, ZNETKEE LTHRELTWZED
2B, 65— FEWKICEZDND Z ENMETE D, 2B, MERFICLEROKFED R 5
L. — AR 24T 28 £ TOBE IR EZ R B CHEAT 2 LER 20 E R S b8
A, TOHMMTIIMOBEBREZMZHZ ENTE D0, BEEOKIHYE O LRE (HEhEHxT

% Global Business Guide Indonesia (2016) “Indonesia’ s Fisheries Sector: Under a New

Paradigm”
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¥ UES O OS54 6,000 /L BT, 0x1,0000, 45,000 1) OEIEIZEN D RTREME D B DAY, Al
OB TITFEIETE o220, HEICITED R T,
fih 7. WA —TF— 1 BEIOHESH 7= 0 12~ 7 0 DRI DG LMFREICHONTIR, REICR DS
AbHIUE, 60 EHNAET (K47 FM) ORINERLZEELHY, FHSLREICL - TRELIE
LOXNH LN, FHE 20 BV ETRRE (B 40,000 /L T R kex500 keli#%, #J 148,000
M) THoHO, NRZTF 2 TITONLTWAREETIE, ~ 7/ BOfEIEETREL QT TL4oDT
L— RO B TR Y., Mk OFE1E 35,000~60,000 /L 7 () 260~470 1) ke & 7' L— RIZ
Lo TRERENRDH D, ML —BLREN AT EDEND C 7 L— FERDDH A X Df
EHIEE (2019 4F 4 HICHERR U 7= E Buffik% : 47,000 /L 7 =% 370 M/kg) 75, o B UL LD 7
L— RaRD, ARZIICD AN FT F =i bEHEZER L T LBIOME S (2019 4 4 7 2R
L 7= B Huffik% =60,000 /L &7 =#7 470 [/kg) ~EL V0 EEZUVEZ 52 LN TEIE, 28D 5 34
DI LOBEBUIKEZSD Z LN TE D,

PO LS 7 a X MHEEINAIENEB T 2 L RET DL, £3-2-1ITRLIZEY | 1EOHEST-
VI8 EINET (K6 3TM) OMAREOME RiAteZ LA TE %, HIZ, EMLEZSGR
L., B L72E 9 1C~ 7 miffiticfEf SN TV DB F ORI AT CORMMREBR LIz LE L., 31
DRAFEIRERLE L'y N, B33y MERT 2 2 & 2 1E LI HE 0BRSS S &7
B TRz, v 7 aiffihOMiEIE 1 » Ab- VB 2~3RITH L & 2 A, BN (25 HM/E v
) ThIuFW 120 (5 » H) TEESZREITE, BURMIK 35 /&> b)) THo-Th
KT E O (K7 7 H) TEINTE, 2o, #iEoEAEZBEZ T, 1 EOHEHZV K8 H ALY
7 (K168 FM) T oMFIREOEMN HIAD D L B EMICHERTIT D Z LN TE D,

ZOXI AN AY v NEFEFET S Z ENTEIE, A — T DI 2 < 2 L
F+RARETH D LEZX D, RFEERBK P OEIR 2T 7 3L LTE, 12 A 23 A~24 BTN
YET T = AT R TRRE S 7z JICA BEDOARTAN NI ERFER O T2 D O RAIT A <> M
WT, BRUGOTFTEL A M L—a U RO 7o il O LR T =< AT A MO EDOT B
—VEITWV, UL LREOHETI 2 I 2 =7 ¢ LT,

BHFHEFOe T Y U ZbiE, BHTIE Ny T U —OFEMIHT HREEBRE N ENFEEL
0 &lpodz, BHUIW@ET 23y 7 U — il OB 32 W o, —ICHEMIL 1I~2 8 Th
LEVIFRENEER L TND, RVATLTTHERT Ny 7 U — (BHEHZEOR S 2 HE) 1323
HHAEY (817,000 ) AEATdH D0, FERMZICEENLIMN8EHLALEY (K658 TH) /
WLHEOHIMFIIR 53 03D 3~5AERB E DM DO - DI T 20 Z I EH L VWL 25, il
7. tHIBEO MR I 5~10 FREE & A TR Y | HlRFA T HARORLE TH COEBIIXHE R AT
BoHT2, BICERENTE D X 5 RIEHIEE L S % OMFHEREE L2,

3—2—2 AN

10 FNR LIz o FV SN B HFH A IS B2 o T2 IR % O A E OfRIZLEL T O v,

O#R : w7 v 16 K, HERE 784kg, B Ul : 34,496,000 /L "7 (44,000 /L &7 /kg)
@R w7 m 4K, KRER 217kg, BEEUI : 9,548,000 LT ([A] L),
@FIR : v/ v 11K, #EHfE 539kg, HHulits : 25,333,000 /L7 (47,000 /L E T /kg) .
@FIF : v 71 3K, FpEE 150kg, H iR : 7,050,000 LT (A 1)
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PRI O EFES %38 U T 180 J7~200 TV ET
FI1FH5TFTH) TAXLCLIVEYEED, By b7 v
RO P =T DEFEDOFRITHESNTIT I 28, REA
BEFET D,

N BT F = fiNICRE SRV DA Bi7e, BRIE.
AT F U REAT O+ 1D B D AT ER 1A
T 2 =P =3 UNTERLEDE TV RN )
B, WERIEH AR STV, M3—2—2:

NUZTF2fINTORES, VX B Z TOREER  ~ 7 2iffinlc Bl S h iz X Sxor
BlEDR RS TOREZB L, A PR T ENTHET
D KGNS FOBG ik & il LTz, BEAZHENG]AL, A v FRUT7ENTHALTTND
EWRE 2010 FFLUE TS AL TV D, HERO O =7 BEEICZ D, WTILbHEIC X > T
HATEICRIT 5 P EE SR L O EIF RSO 2~3 TR S TWnWs Z bbb, WMEICH LT
IR [NT p— L ANEN,

3—3 NYa—FzI—V

3—3—1 &#HJ-H¥—EX

AT EOHLE TSolar Cooler)] 12 oW TIE2 — 210 CEEHRL7-EY .,

AR AT LB OBEHIET-WIEED N YT U —0D v AT A~OBINIE S B CTE A TEE
THDIEN, BANSEM 2R T 5 0B R B TORFELEKIA N TITHI Z EICE > T, AV —
7 —EIR AT OMBIALR EOARIZERS RIS 2 2L bARBIZAR D E B TVD, MA. DA
FraEw, AIREZRIR Y BIMIFHE R RE/R S AT MM AR5 2 Lic kb BiIRFAR TOBEMES (&
AT LARTKI 35 T ) 1Tk L, BT E v Mk T 25 T £ TORMELE fRIAAL TV D,
727U, ERMISIE A AN S O3 o7 Tk A f8E L7 Th Y | BRTIET 2581213 v &
BTV 5 T HRE OWIEE NN DT, — ERREOBHL O AN ATRE/e /S — N T — ORI &
2%,

BRI AN HT F = I FET DA FECHIAR Z i e 3R e ARBE & L TRIAA TV, Neay
F = TITEBEMAZITZ 53— M — R Ao ootz l b, Uy WA ZERETIHT
T HEEEFERMAIT) ZLICEY, 20T FHA TORBEEZITOE v Mt COMRIEE 25 77
M E TOEAFAL ATV T2,

UICIE EICHHEO AR ES~OxG, BRAMOMER, AT T AL WVWoT 7 X —h—E R
5T 5, REEMIMIZIFERE L. 2ORIIARHNTTHIGT 2 2 L2 EL TWD, 2B, AF
BULKRBGI S0V 20 4L B PRI 4s2S 10 4R b, AR 25K 5~10 FEFEE, N> 7 U —Id3

17



~EENHIAEND, F L FBIHGRERH AR O MR T 7V 2R LS, IRERIENC KDY
DF, IR & v ZIC X AEHRNAEETH S22, AT F A —EAOBMKITEBRTE S &
FIANTWD, RSO FATLCIIEIT O Fan A H], e REE 2@ C7e X T A —E R
DNTEAHIEE L T RFERIE & ORI BRI L T E 2y, Eloa—HF—~D B OE
HHEE Y R 2 L—y a2 VOBBRIZIE, 2O TS D FPROSHCIEH OB 2 & D - I 72 v
a2 b= g UERIERAIAFICE D T E TN,

3—3—2 NYya—FI—2
BIEE CHETCEAIRVATLONY 2 —F =2 — 2L FO@ v ISRk L=,

. AHEERE BEELOI—Fys

SAKZE(LETFFI)
n FaklybiS)L,
7B O—E@A (@A #h
(Bt —7—)

Hih ¥ (CrhLsERE)
- BRERYEKR

BRI R © TII—Y—ER | mRER
BEELO7—Frivs  WEE RS AT o =)

B A—h—(BXER) . ERELER-IEE
WA © VRTLREE B g
- R~ OHHTEE

s ARLREOIER

« T7obLybin
LR

IR A=D—(BRERN)

TSBM(feEEF)

3—3—2  HMESINDIBELEANIIDONDENY a—F = —
(JICA FHAHERR)

W AT NMIFIHT 2 KGR F T AARENTHREEORWRIEFEEZEDL A — D — L0 @il
IRV ERE LIHEERS 28 ), Ho, BERO@EV 77U Ry MLERSTZETAERE L, Tith
it L 0V BIZCTCOAFERL /29, FIZTIED D 0NERRFECMIANE R E1IAR A — B — R R ks
BRIRAEZ B IRV, SRVEOHREIT ) FRHKRD, EmEE, ROBRITOVTUIRERHE
DY AT KZHEET DR A RET 5 A - — %@ LiEEL B 27 9,

RROEIARV AT LOAEAA M WEIZHEE L2 KL v, mEEOLETMIZ OV T
ZORAKRENA=T—DTA Ty TNORERIMZE L, AT LABERORGFEB IR, &
AT AOBIMBRE~OMAGZ BB LEE Y AT LAOHRBEB IR,

ZOVAT hE, a7 TR TOMANIET &R ORREAT 51 R T ENOE¥EE
WUTHM L, BOEREE A28 U CTHE~DOIRREEZIT ), VAT LDOBMTOE=4Y 7 EFED
—HE T X 7T T KRR LA O AT EIEE ML 20 5 v AT A DOBIMIREL A ¥ 272
9o FEIT. PERAIICHET L T D IR A S OB E &I 1T 28I AR — N 155, ARA
ETRER T, Y7 7 7 RFRET—L 10, v 7 aififihOBEFOM MR B SROEZYGEL, W
A2 EHEITDIATL T A ORIEEZMB IR TR AR L2 b5 SRt &kt LT WEORWE
BRI ST,

BRI & 72 DA — T — IR O & L CIRERG AT AT 5 Z E A EE S, &R
WDAA=DIFEI -2 - 1ICTFRRLIZEY . BE~DORTED, AT LAOWRKEILR, 77 4 —
P—E R IR F T F = OHEHAGEAEE 2 5,

Ky AT LOTEHS ) 2 O AIIMEEIT,. BARENO S SE R/ Sv R 2 /)= 2k
CTHRERTRE M A E L — b & Bl AT ARG EARERETIT ) FCEHMTHE L L O DMk
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WO AIERTEXAETHY, EHMTOER, RKESOBRETEONIKBEEE, KFE, K
FREJENS 74— KRy 722052 L1280, LVEEORD D =—XTEWELICH R, &GE
LTWIFAEWS ETHD,

3—4 EHBEL/N—FF—IEHE

3—4—1 EHIE

B S THEELTWAYHDOFEET I3 —3 —20@Y, BEECEIT. MATHLT T Ly
R RV A AR B U, IRGEREE N B CHANL Tl v AT L &R T D L L big, Bl
MM ASDOHEMFE AT B D EEE I EZIT O, A > RV 7 Tlk, RSO EHEA I EE 23 0378
D —HEFNTICRE L TS0, s A —F—~OiR5ET, FIREECERE 2N Lz —
FEEENEN bR L7V, ML, ¥ % VX EICPHET D EERERHAN ATRE R B34 U Ty
AT KEMERH L, ST F B HOBECHEREZRGEREEE LTERNT L2 HEL T
b, ZOWEHBRBICE > T- /L LTE, S8, N 2T F = HICHHET D20 i & RTe iR 5240
EREON OIS 21T 9 Z L 2B LTV, 228 - IO 7 7 ¥ A0 = T FHALT
DERNEATZ DIET OGRS DI HAEFESCHEN TN TRON O o Tcloth, & 4 [FIBHFHAEIC T
JETRO ¥ V2 Zahiffl L, ¥ % I Z N E8— M —fEfli e L T2 2THLS & &b,
U IV H TR S T KGR E R E o /R 2y [SolarTech Indonesia 2019] Tli, KB/ Sk /L0
M 2 BEHEA L CODRELOFR Y NI —F U IRERLEZOT, A% ETFAZEBRL TS
WZHhz, TP Em s LCENLOMEL a L Z 7 AR EFNE - Wk ThE - 2 A b
EZ o TNETZN,

AV RRTTIZBW T, EBICEAD L THESAITITEARE 100 B ET (LH - @ 2ER<) 72
VL7725, JETRO V% WVXFHIICEIE, i n— Rty [FETE 58/ — h)F—
il U CHEELZREMT O HIENF/IMEEICE s TTUIFERE RS> TV DR H 5, Lo T, Yimldikie
RN ETLE LEFRETTAZHEEL TV D,

3—4—2 /N—MF—iRiE

B C KB O A 7 Z—s3— Kk & LT CoMU #FEI#HE (Koperasi CoMU) (2171 &5 T
%o [AALATX, JICA & HOPE 7 FEfii T D FEOIREAN 7 H OBIME FARTH Y, 7 ud=r METH
b A TEE 2 ke L TS 720 OB E L Z B L CHRFTOITBIE A HE L B, % 4E
e LEEE L TR R BOIGE F % Ehi L TV < EOMBMAEREBN ENTVD,

B CORGFANTROA T F U A JHELE OB D IWEIERO T2 D EEH S X—FF—L L
T, RERBE W TIXBER LENATRER B IIEZHE L TWD, N Z T F = hiNICHFIET 5 K
W I NREEMAR 5 /NBIEIL, AN A X ATHY . WS OEHERA L B S F2T TIIV
VN, AT DS PERR BB 2 3 T 3 L BRI SR U e hr o 772 CoMU W [RIFRA 232 D7 EI & - C
W AMREMEIC DWW TR e X i L T E 7oy, [ARE ISR, 2> 7 T CIAZ1T 5 B4 ) & KBk

U NA 73 E LD, EHOFEERED AR GEARIICIEB to 0), KIP & 52k RAGGREZ 17

T2 —r PO LHMABIRBEL TS, REEE e —r SR 22N TEY | AEBHEH L

TW5, NEHREIT 4~5%, SRITE Y ANEFNT 13% fHA =2 — 1% 16~20%F2 25 ka8 (2017 4F 4 A

JETRO ¥ I NVZFEEHTOLT V7 ED), N X7 F o COREBEREIC L, 8- F— b Al

AN B — B 72 AN e — %, 15~30% % 84 TIHA, 1 HE~T FTREF] 13~14%Th - 7=,
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—RZHDLETE VAT AOF I L TH LW, BBRAEATEL I Z & L L,
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BOZRBAKNL, F2tcmz, AF >0 11ETh D03, FtEOBLIEEHRO@E Y | Kl o~ 7
0 OREMR TH DD, BERML ORI E B s,

3—5 UNXEHE

FHABA

20



FHABA

3—6 MEINDIEZEE-URIERMIGEK
HRERL OB AIZH T2 > TIARREZESEOIVLERNH LN, BESLE L TUL, A v R 7 TP HE

21



A OEARHIRIN TSm0, YEEIZBWUEHT L7 7 Ry FSRR ZAUTIEEES L
EOEKREGLVLERSH D (RIFIZB L, JETRO AFLYH KO v VX HHFHHLE, T at
AB oy T SARE ) . Rk, ANERGEFEAIC LD BAEREL O EIGE D 12O T 1996 FELAREFF AT STz
& HERBWE P,

REHROY A7 L LT, BEEMEOBENFT N, YFETIIRMER (v olRiFEmk
254F) DEEle i E AR L7 - A e T 2 A R E LTV Do, EHIRIIZE Lanw e
R0, B TOREMEL - FEGFITK VAT &M S To RNV EE LT HEITA ~ Ry
7 ENOIERENI O MENH D, [FIEBUFIE, Act on Waste Management No. 18 (Act 18/2008) (2T g
FVDOES « HEFZED TVDLN, RKFEEOBHEEM O TlE, LEMRAEORG. FEHEY O
RULER G VE B QML FE D S 2 AT B D ATRENED & D, HOPE 1330 &7 F = i rBEEi & &
A BEFED D535 « BRIAOHEEICERD A TETEY . ZomABREER L, TEMOBE -
SR AANE 223 BRI E AT LT, KB SRV 2055 U A 7 )V IED L
SN TWVRWEA, IREMEMEIEL TV DIEIE 100% 0 EHE U W1 7 v 2 5l E 2632 BA
END/ SR S A 7 VAR A — T — DD ORFERE OFRIT, FiEOBIHIEE LRI ANTZ W,

EYURARADY A7 L L THRERESANER TR INDGD, BECFEITIRGCFEL RN
Do TEITed, SHBBEICHEMNT 5L TRIESNDHARBOT U F Ly MRV OFHENATRER
& FRUTMABIMIEN. R TH DT v 7 7 7 KW L5 O EEEMH > 27 A5 TF—
LEMTZ ST R Y B TOMMFRESCHE S AT LAOBEZED HDENRREL LT, a R
M wH DT ERAREL R Y | m ik E CIRARRE el ORI 2 BB S L Z L IC K D BB
L DFERUED RS,
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CHAPTER 1
INTRODUCTION

This technical report discuses the current result of performance test of cold storage from Tokyo
Solar Building Materials (TSBM). The cold storage will be used as a fish storage on Tuna
fishing boat in Banda Aceh, Indonesia. The cold storage components consist of a 200 litters
cooler boxes that made of stereo foam covered by aluminium foil, a cooling machine and a
solar panel system, as shown in Figure 1.1. The system is run by a 12 volt and 80 watt cooling
machine made by Twinbird, as shown in Figure 1.2.a. The solar panel system consists of 4 units
of 37 watt 8.66 volt solar panels (Sharp NT37KWD), one 12 volt 100 Ah battery (Liberty,
MPS12-100R) and one solar charge controller, as shown in Figure 1.2.b, 1.2.c and 1.2.d
respectively.

The performance tests have been conducted from July 2018 until December 2018. The first part
of the test was conducted at Laboratory of Design and Manufacture, Mechanical Engineering
Department, Faculty of Engineering, University of Syiah Kuala, Banda Aceh, Indonesia. The
performance parameters that have been measured were temperature (inside the cooler box) and
the working time of the system. Several improvement have been made based on the result of
the test in order to improve the performance of the cold storage system.

The second part of test aims to investigate the performance of the cold storage in the real
environment. It was conducted on the Tuna fishing boat during their fishing trip. The
performance parameters that have been measured were temperatures (inside the cooler box) and
the quality of the fish that stored inside the cooler box.

Figure 1.1. The cold storage system



Figure 1.2. The components of the cold storage system, (a) the cooling machine, (b)

the solar panels, (c) the battery and (d) the solar charge controller

Five persons have been directly involved in the performance test, as follow:

1.

4.

5.

Dr. Ir. Mohd. Igbal, MT (team leader, researcher)

Lecturer of Mechanical Engineering Department, Faculty of Engineering, Syiah Kuala
University, Banda Aceh.

Muhammad Tadjuddin, ST. M.EngSc (team member, researcher)

Lecturer of Mechanical Engineering Department, Faculty of Engineering, Syiah Kuala
University, Banda Aceh.

Kaysfil Azis (team member, research assistant)

Student of Mechanical Engineering Department, Faculty of Engineering, Syiah Kuala
University, Banda Aceh.

Fauzan Idris (general worker)

Worker of the Tuna fishing boat

Yusuke Kaneko (TSBM Tokyo)

The result of the testing shows a good performance of the cold storage, as well as the good
quality of the fish that stored in the cooler box. Based on the test result, it could be concluded
that the cold storage is feasible to be used to store the fish on the Tuna fishing boat in Banda
Aceh, Indonesia. The detail information regarding the test activities and their result, will be
discussed in the following section.



CHAPTER 2
COOLING RATE OF AIR
INSIDE THE BUILDING USING BATTERY POWER

Table 2.1. The testing conditions

Particular Condition

Obiject of the testing Air

Energy source of the cooler system | Battery

Location of the testing inside the building

Starting time Date: 7 September 2018. Time: 06.34 pm
Ending time Date: 8 September 2018. Time: 06.18 am

The testing condition is shown in Table 2.1. The test investigated the cooling rate of the air
inside the box of the cold storage. The objectives were to find out how much time was required
to cool the air from room temperature to 5°C, and to find out how long the battery will be able
to supply the power to the cold storage without the solar panels. The information could be used
to predict the capability of the cold storage to work at night or under rain/ cloudy whether
without proper sunlight.

The test was conducted on 7 September until 8 September 2018. The cold storage was put inside
the room. The system was powered by the battery that has been fully charged before the test
started. The temperature sensor 1 was put inside the cooler box and the temperature sensor 2
was put outside the cooler box. Both of the sensors continuously read and record the
temperature during the test. The cooler box was close at the starting and never be opened until
the test finished. The setup configuration of the test is shown in Figure 2.1.

The result of the temperature monitoring is shown in Figure 2.2. The conclusions of the

testing result are as follow:

1. The starting temperature (at 18.34 pm) was 26.9°C, inside the cooler box and outside the

cooler box. The temperature inside the cooler box decreased immediately and reached 3°C

after 69 minutes (18.34 pmto 19.43 pm).

The temparature reamained aproximately at 3°C until the test finish.

3. The system down after 11 hours and 45 minutes (at 6.19 am the following day). It means
without any supply from solar panels, the battery able to work only for 11 hours and 45
minutes.

N




Figure 2.1. The configuration of the test (air, inside the building, using battery power)
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No 1 = temperature sensor 1, was put inside the cooler box
No2 = temperature sensor 2, was put outside the cooler box

Figure 2.2. The temperature of the test (air, inside the building, using battery power)



CHAPTER 3
COOLING RATE OF SALT WATER
INSIDE THE BUILDING USING ELECTRIC (AC) POWER

Table 3.1. The testing conditions

Particular Condition

Obiject of the testing 70 liters salt water

Energy source of the cooler system | Electric (AC)

Location of the testing inside the building

Starting time Date: 29 September 2018. Time: 01.31 pm
Ending time Date: 3 October 2018. Time: 03.16 pm

The testing condition is shown in Table 3.1. The test investigated the cooling rate of the salt
water inside the box of the cold storage. The objective was to find out how much time was
required to cool the salt water from normal temperature to 5°C or below.

The salt water was used as to represent the sea water that will be used latter in the real
application on the boat. The salt water was prepared by using 70 liters plain water and 2.5 kg
of salt that approximately represents the 4% of salt in the sea water, as shown in Figure 3.1.
The salt water was put in a bucket, and the bucket was stored into the cooler box.

The test was conducted on 29 September until 3 October 2018. The cold storage was put inside
the room. The system was powered by the normal electric through the DC adaptor. The
temperature sensor 1 was put inside the cooler box and the temperature sensor 2 was put outside
the cooler box. Both of the sensors continuously read and record the temperature during the test.
The cooler box was close at the starting and never be opened until the test finished. The setup
configuration of the test is shown in Figure 3.2.

The result of the temperature monitoring is shown in Figure 3.3. The conclusions of the testing

result are as follow:

1. The testing started on 29 Sept 2018, at 1.31 pm. The starting temperature of the water was
28.1°C and room temperature outside the cooler box was 30.8°C

2. The temperature of the water decreased slowly and reach 2.3°C after 5 days or 120 hours
(on 3 October at 3.16 pm).

3. Meanwhile, the temperature of the air outside the cooler box remained the same,
approximately at 31°C.

4. We changed the switch from cold to freeze (on 3 October at 3.16 pm) and the temperature
of the water continued to decrease until -4°C with the same cooling rate. The top of the water
become ice form with the thickness of approximately 2 cm. We stopped the testing at this
point since the temperature of the water did not decrease any more.

5. It took almost 6 days (140 hours) to decrease the temperature of the water from normal
temperature (28°C to) to -4°C. The setting of the switch was cold mode on the first 120 hours,
continue with freeze mode on the last 20 hours.



Figure 3.2. The configuration of the test (salt water, inside the building, using electric power)
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No 1 = temperature sensor 1, was put in the salt water
No2 = temperature sensor 2, was put outside the cooler box

Figure 3.3. The temperature of the test (salt water, inside the building, using electric power)
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CHAPTER 4

COOLING RATE OF SALT WATER
OUTSIDE THE BUILDING USING ELECTRIC (AC) POWER

Table 4.1. The testing conditions

Particular Condition

Obiject of the testing 70 liters salt water

Energy source of the cooler system | Electric (AC)

Location of the testing outside the building

Starting time Date: 5 October 2018. Time: 09.37 am
Ending time Date: 9 October 2018. Time: 05.17 pm

The testing condition is shown in Table 4.1. The test investigated the cooling rate of the salt
water outside the building. The objective was to find out how much time was required to cool
the salt water from normal temperature to 5°C or below under the effect of the hot environment
temperature outside the building. The environment was believed as the same environment when
the cold storage is used latter on the boat.

The salt water was prepared using the same procedure as in the previous test. The cooler box
was put outside the building and fully exposed to the sun light. However, the cooling machine
was covered by plastic to protect it from possible damage because of high temperature from the
sunlight. The system was powered by the normal electric through the DC adaptor to ensure the
continuous and constant power supply to the system.

The test was conducted on 5 until 9 October 2018. The temperature sensor 1 was put inside the
cooler box and the temperature sensor 2 was put outside the cooler box. Both of the sensors
continuously read and record the temperature during the test. The cooler box was close at the
starting and never be opened until the test finished. The setup configuration of the test is shown
in Figure 4.1.

The result of the temperature monitoring is shown in Figure 4.2. The conclusions of the testing

result are as follow:

1. The testing started on 5 October 2018, at 9.37 am. The starting temperature of the water was
25.9°C and air temperature outside the cooler box was 36.0°C

2. The temperature of the water decreased fast and reach 7.5°C after 2 days or 48 hours and 20
minutes (on 7 October at 9.57 am).

3. The temperature of the water continued to increase until 9°C and decrease slowly and reach
-0.5°C on 11 October at 12.37 pm, or more than 6 days or 147 hours after the starting time
of the testing.

4. The setting of the switch was cold mode at the starting time, and was changed to freeze mode
when the temperature of the water was 3.6°C on 9 October at 5.17 pm until the test finish.

5. The temparature of the air outside the cooler box changed periodically according to the daily
time as shown in the Figure 2. The minimum one was 24°C that occurred from midnight
until early morning. The maximum one was 44.8°C that occurred at the middle of the day.



Figure 4.1. The configuration of the test (salt water, outside the building, using
electric power)
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Figure 4.2. The temperature of the test (salt water, outside the building, using electric power)



CHAPTER 5
COOLING RATE OF SALT WATER WITH PRECOOLING
INSIDE THE BUILDING USING BATTERY POWER

Table 5.1. The testing conditions

Particular Condition

Obiject of the testing 50 liters salt water + 20 kg ice

Energy source of the cooler system | battery

Location of the testing Inside the building

Starting time Date: 7 September 2018. Time: 10.54 am
Ending time Date: 7 September 2018. Time: 07.19 pm

The testing condition is shown in Table 5.1. The test investigated the capability of the cold
storage to maintain the low temperature of the salt water inside the cooler box. In this test, the
precooling process was provided by putting 20 kg of ice inside the 50 liters of salt water. By
calculation, it was predicted that the mixing will result with 70 liters of salt water with the
temperature of 5°C. The system was powered by the battery that has been fully charged before
the test started. The objective is to find out how long the battery will be able to supply the power
to the cold storage without the solar panels under the precooling condition.

The test was conducted on 7 September 2018. The cold storage was put inside the room. The
temperature sensor 1 was put inside the salt water. The temperature sensor 2 was put outside
the cooler box but outside the salt water. Both of the sensors continuously read and record the
temperature during the test. The cooler box was close at the starting and never be opened until
the test finished.

The result of the temperature monitoring is shown in Figure 5.1. The conclusions of the testing

result are as follow:

1. The testing started on 7 September 2018, at 10.54 am. The starting temperature of the water
was 6.9°C

2. The temperature varied from 8.3°C to 10.3°C during the testing for 8 hours.

3. More ice needs to be added in order to achieve -5°C of the water.

4. The system turn off by itself on 7 Sept at 7.19 pm. It means that without solar panel, the
battery able to supply the system for 8 hours and 25 minutes.
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No 1 = temperature sensor 1, was put in the salt water
No2 = temperature sensor 2, was put inside the cooler box but outside the water

Figure 5.1. The temperature of the test (salt water with precooling, inside the
building, using battery power)
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CHAPTER 6
COOLING CAPACITY OF THE COLD STORAGE
ON THE BOAT - FIRST TEST
6.1. Testing Setup

Table 6.1. The testing conditions

Particular Condition

Obiject of the testing 45 liters sea water + 25 kg ice

Energy source of the cooler system | Solar panel + battery

Location of the testing on the tuna fishing boat

Starting time Date: 10 October 2018. Time: 7.17 am
Ending time Date: 18 October 2018. Time: 5.37 pm

The testing was conducted on the 20 tons tuna fishing boat, as shown in Figure 6.1.a. The testing
condition is shown in Table 6.1. Forty five liters of sea water and 25 kg of ice were put in the
bucket inside the cooler box (Figure 6.1.b). The cooler box was put in the palka of the boat
(Figure 6.1.c). The solar panels were put inside the steel plate frame and were installed on the
boat roof (Figure 6.1.d). The temperature sensor 1 was put inside the water in the cooler box
and temperature sensor 2 was put outside the cooler box. The crew of the boat were briefed
how to switch on/ off the system, how to monitor the temperature and power sensor and how
to handle some unexpected event like loose of power, broke of cables, etc (Figure 6.1.e).

Figure 6.1. The preparation of the test (on the boat — first test), (a) the 20 tons tuna
fishing boat, (b) Forty five liters of sea water and 25 kg of ice, (c) location of the
cooler box, (d) location of the solar panels, (e) briefing to the boat crew, (f) the
fish inside the bucket

12



| -

el / 'lr'NMleerf

Tl i
Wl

ol

|
wﬂ{d J\“ﬁ

i

2018-11-20
00:00:00

2018-11-17
00:00:00

2018-11-14
00:00:00

2018-11-1
00:00:00

No 1 = temperature sensor 1, was put in the water inside the bucket
No2 = temperature sensor 2, was put outside the cooler box

Figure 6.2. Temperature of test (on the boat — first trip)

6.2. Result of the Temperature

The result of the temperature monitoring is shown in Figure 6.2. The conclusions of the testing
result are as follow:

1.
2.

3.

The testing started on 10 October 2018, at 7.17 am and the switch was set to freeze mode.
The starting temperature of the water was 4.2°C and air temperature outside the cooler box
was 24.4°C

The temperature of the water decreased as the ice melted into the water, reach 0°C after 7
hours and 15 minutes (on the same day at 2.32 pm).

. When the boat return to the port at 17 October, it was found that the water was still mixed

with some pieces of ice (as shown in Figure 6.1.f). The minimum temperature of the water
was -1.8°C.

The temparature of the air outside the cooler box changed periodically according to the daily
time as shown in the Figure 6.2. The minimum temperature was 24.2°C that occurred from
midnight until early morning. The maximum temperature was 30.1°C that occurred at the
middle of the day.

6.3. The Quality of The Fish

The quality of the fishes that have been stored in the cold storage have been investigated by
Mr. lgarashi, a fish expert regarding after catch handling process. Mr. Igarashi investigated
the outer shape and the inner meat of the fishes and he concluded that the fishes looked fresh
and the high quality of the fish meat could be maintained. Figure 6.3 shows the investigation
process of the fish quality.

13



(a) (b)
Figure 6.3. The investigation process of the fish quality (on the boat — first test),
(a) investigation of the outer shape, (b) investigation of the inner meat
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CHAPTER 7
COOLING CAPACITY OF THE COLD STORAGE
ON THE BOAT - SECOND TEST
7.1. Testing Setup

Table 7.1. The testing conditions

Particular Condition

Obiject of the testing 45 liters sea water + 25 kg ice

Energy source of the cooler system | Solar panel + battery

Location of the testing on the tuna fishing boat

Starting time Date: 6 December 2018. Time: 6.46 am
Ending time Date: 12 December 2018. Time: 11.26 am

In order to get more accurate data, the testing was conducted more time on the 20 tons tuna
fishing boat, as shown in Figure 7.1.a. The testing condition was shown in Table 7.1. The setup
of the equipment and sensors were the same as the first trip, as shwn in Figure 7.1. The
temperature sensor 1 was put inside the water in the cooler box and temperature sensor 2 was
put outside the cooler box. The crew of the boat were briefed how to switch on/ off the system,
how to monitor the temperature and power sensor and how to handle some unexpected event
like loose of power, broke of cables, etc (Figure 7.1.e).

Figure 7.1. (a) the 20 tons tuna fishing boat (b) Forty-five liters of sea water and 25 kg of
(c) Location of the cooler box (d) Location of the solar panels
(e) Briefing to the boat crew (f) The fish inside the bucket
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Figure 7.2. Temperature of test (on the boat — second trip)

2. Result of the Temperature

The result of the temperature monitoring is shown in Figure 7.2. The conclusion of the testing
results are as follow:

1.
2.

3.

7

The testing started on 6 December 2018, at 6.46 am and the switch was set to freeze mode.

The starting temperature of the water was 9°C and air temperature outside the cooler box
was 24.5°C.

The temperature of the water decreased as the ice melted into the water, reach 0°C after 1
hours and 15 minutes (on the same day at 8.01 am).

When the boat return to the port on 12 December at 11.26 am, it was found that the water
was still mixed with some pieces of ice. The minimum temperature of the water was -1.4°C.
The temperature of the air outside the cooler box changed periodically according to the daily
time as shown in the Figure 7.2. The minimum temperature was 24.4°C that occurred from
midnight until early morning. The maximum temperature was 34.8°C that occurred at the
middle of the day.

3. The Quality of The Fish

The quality of the fishes were investigated by Mr. Igarashi, as shown in Figure 7.3.a. This time
he investigated more detail regarding the meat and the eyes. According to Mr Igarashi, the
fishes looked fresh and the meat quality could be maintained. The meat was soft and showed a
good color (Figure 7.3 b). The fish’s eyes has bright color and transparent (Figure 7.3.c),
indicated a good quality of the fish and free of any contamination.
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Figure 7.3. The investigation process of the fish quality, (a) cutting, (b)
investigation of the meat, (c) investigation of the eyes
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CHAPTER 8
CONCLUSIONS

Based on the result of the testing, several points have been taken as the conclusions, as follow.

1.

According to Mr. Igarashi (Tuna Expert), after the catch the Tuna fish need to be stored in
cool water with the temperature between 0°C and 5 °C during the return trip from the sea to
the port.

The cold storage was able to cool-down 70 litters of seawater from normal temperature
(26°C) to 5°C after 120 hours or 5 days of continuous working. However, 5 days of the
cooling time was too long since there is a possibility that the boat will catch the first Tuna
on the second day of the trip. In order to shorten the cooling time and to save energy, the
pre-cooling method was suggested.

The pre-cooling was conducted by mixing 50 kg of sea water and 20 kg of ice. The result of
the mixing was the cool water with the temperature of 6.9°C. The energy of the cold storage
will be used to decrease the water temperature from 6.9°C to 5°C (which took only 1 hour
and 15 minutes) and to maintain the water temperature below 5°C. Therefore under the pre-
cooling condition, less energy is required by the cold storage.

. The solar panel system is able to supply energy to run cold storage system and to charge the

battery. It takes 2 hours for the solar panel system to fully charge the empty battery.
Without any supply from the solar panels, the fully charged battery is able to runs the cold
storage system for minimum 8 hours and 25 minutes and maximum 11 hours and 45 minutes.
It shows the capability of the system to keep running during the night or during the rainy/
cloudy day without proper sunlight.

The cold storage able to maintain the quality of the fish. It is based on the investigation of
the Tuna expert on the color of the outer skin, the color of the meat, the softness of the meat
and the color of the eyes.

By referring to the performance of the cooling machine, the performance of the solar panel
system, the temperature of the water inside the cooler box and the quality of the fish, we are
very confidence to conclude that the cold storage system is feasible to be used by Tuna
fishing boat in Banda Aceh.
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