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ABSTRACT

The cold storage facility plays a crucial role in maintaining the quality and extending
the shelf life of perishable food products by creating a low-temperature environment
within the food supply chain. However, conventional cold stores that employ vapor
compression refrigeration systems are known for their high energy consumption, resulting
in high electricity costs and reduced competitiveness in markets. Unfortunately, limited
information is available regarding temperature performance and energy consumption of
cold stores in the Thai food industry. Therefore, this study aims to address this ¢ap by
conducting field investigations on nine cold stores used in food processing factories. The
temperature performance of each cold store was assessed by continuously measuring
and monitoring the air temperatures for a minimum period of 60 days. In addition, the
energy consumption performance was evaluated by employing a developed energy
consumption program that calculated the specific energy consumption (SEC) of each
cold store. The accuracy of the program was previously validated against the measured
energy consumption of a laboratory cold store, exhibiting an error of 3.3%.

The findings of the study revealed that none of the investigated cold stores
demonstrated good temperature performance, with eight stores exhibiting moderate
performance and one store showing poor performance. However, all cold stores showed

good energy consumption performance. The SECs ranged from 20.0 to 128.1 kWh'm"

3-year for frozen cold stores and from 7.4 to 98.0 kWh+m=+year for chilled cold stores.
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mMsauetewsAe Msdaeignisiuinwemislasasasemsinlduiniian nsaueu
91NN S WU Msvhuis Mt Msnes msangumall Fansausremsfenisan
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QUMIANYILANTNTIVBINTTUIUNITI NI WE 997U (Metabolic process) 1y n13vela
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Yoqaunisdgnians (Cengel & Ghajar, 2015) uasfigamadannin 14 °C nsiasaiAvlnuea
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YoAUN éaﬂama”mmmmmmmmﬁ -12 °C (James et al,, 2014) 8ndadedrdgylunis
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gﬂﬁ 2.1 gaumniiunsasuLnveeaun3d (Cengel & Ghajar, 2015)



2.2 STUUTIAULEY

ssw‘v‘hmmLﬁmm‘ué’@laLﬂuiswﬁwmm@uﬁﬁaﬂ%’ﬁ’umﬂ‘ﬁqﬂ (Aste et al., 2017)
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gﬂﬁ 2.2 druUsynauvessruuInAIduLuusale (Dinger & Kanoglu, 2010)

1. poulAuLges (Condensen) n3eanpudTouidugunsalivminissuisauiousen
Nnansyhauduiifigumgivaranusugagdanadeumeuen ievilashausud
ganINABLIAUER S Tana

2. Fufuasiiauu Receiven find fiifvaisvauduimaifieonann
AOULAULYDS

3. fameinseieed (Filter drier) Anssliluvieansviaudu Suihfinsesouniauas
@m%’umwm%ﬂumiﬁﬂmmLsﬁuaaﬂmLﬁaﬂaqﬁ’mzwﬁﬁmmﬁu

4. gunsalanAusy (Expansion device) Inthitanmnusunazgamaiivesansyaiy
Huanansyhanuduifausugsbiduansviamnudugumgiivazanudusi wieudas
szvenanoidulefidnluinmes

5. 80lUisimes (Evaporator) viienedifuiiugunsalddgfvihmiiiuanilaeuaim

Fouaniiundeanisianudu lnearsianuduneludnivsmesgaduainuseuain



omealuriesinlvigumaiionniaanas Weansvimnudugaduanufeuluudansvaaniy
szenaeidule
6. upARILAADT (Accumulator) Aadafivioansvaruduneudigremmsaves &
i fiAvansvheadumaniiszmelinue edestuamsvharudumanidnoumsaiwes
7. ARLLNTALEas (Compresson) iawniasdale WWuwilavesssuurianudu vimind

a

galoashanduandnlvismes mdadfiunnuduanlearsvhaubuiigamaiaauas
anususulearsvinanufud gungduazanusugenoudi dsarsiansduluss
AOULAULYDS

8. aaBIENNILEADS (Ol separator) fvthiluenindueanainarsyiaubuiioonain
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3vinALEY m- anarlalu Analufe wun sl

10,900 zmmﬂl-umu (wsmsuaumaaa)
R22 0.055 1,810 Tl Tl andnmsigaulul 2040
RA04A 0 3,920 Tl T
RA10A 0 2000 - ik annsldamae 159% Tul 2036
R32 \antiee Tl
v
IsobutaneCM\ EJ, 3\’ L n a q\ //
R — — 7 &
Ammonia NH x-——_.—-ﬁﬂ( Duity Wananntluownn
3
o, 0 1 Lt Tai

gﬂ‘ﬁ 2.3 Ussiavansvihaadu (Panasonic, 2018)



1. Chlorofluorocarbon (CFC) 11 R12 tTuansyinaud uussiantsnAwmunty e
d‘ o I3 g" [~ v o 5 a 4 aa

Wagannansyinanudulssaniidusunsiewazyinanglalaulutuansilnailes Tunsans
1aunseeavelitennasiuldarsyinanududsennd

2. Hydrochlorofluorocarbon (HCFC) Wy R22 aunusnldaunaunuaisitainudy
Uszenn CFC ansvianudulszinniliinassutissninarsvineinudulszny CFC wazilan
Ozone Depletion Potential (ODP) N1

3. Hydrofluorocarbon (HFC) 141 RA04A AG10A way R32 Lduarsvinaauidud ladl
AaasutdussrUsenau Feldvinanalelaulutuanslaailles da1 ODP windu 0 agslsfiniu

) [ dyd 1 v dl' = [y} I3 I3
asyianudulsEaniinansenudannglaniau Wasuiuaisusulaeanlen (CO,)

4. Halogen free: hydrocarbon (HC) 191 Ammonia (R717) ua¥ Isobutane (R600a) 1Ty
ansvihanuuniauduiionn latlywdedeu Wesnarsianuduiliiaaeiudu
29AUIENBU TIA1 ODP NN 0 WasiNansEnuapan1ILsounsyanios na1lfs daA1 Global
Warming Potential (GWP) fi1n31 5 eglsfinuansiaaaduiiluasili Ssgneaunau

nshrauluagUssing

b4
2.4 ANENNAUTIU
% A A v Sa £ 1% I

A19EN19AINTBU (Heat load) AeuUTunauanuieuniindurimuanigluiesdy ssuy

anuduiinindinsensaudeauileanluanvenduiesnweamadnielulveglu
v v i 1% 9 ) = I

TEAUTIABINIT WHANANTENANTBUVBMBAEY (U7 2.4) laun

1. psgneausousnnnIsadEuauTour1uN (Transmission load)

2. nTENIANTeulIne Nt eueniluaiunteluiesduainnisidausey
(Infiltration load)

3. myzmennuseunndusiifiumeluiesdiu (Product load)

4. psennepnuTeuniinangunsallndin (Electrical load)

5. psgneausounnniinauniglueadu (Personnel load)

6. ANTTNNAMUSDUNATOIVINANNTDUVBITEUVAZANLNLTY (Defrosts load)



Total thermal load

Transmission load Infiltration load Product load Electrical load Personnel load Defrosts load

JUN 2.4 anseneanufounigluieandu

2.5 USeLnNUa9iaadu

v =4 ! 1 acy v v =1
vendunumNteumaintdauld 2 Ussian gl

2.5.1 vioanadiu (Chilled store)

a 14 [ Y] 1 1 .| a A’ o
’qm%iﬁ]ﬂﬂ’]&ﬂu%@\‘lLL%LEJUI@EJ%’ﬂUEJ&;JJi%WJ’N -1 W 10 °C AUYUAVBIBIMITVILNUINY

v oA [

msugiiuiiaiiuinwiemns & 3 Yaduddgndmaeianisiivinwivesens liun aamgl

o

S <

AuulsUTIuvesg vyl uagn1sgidoun orgniniusnviemisudifud uegnis
Wiydulavesdordunss usaghilsfinuemsfivssyluvssydndilimuzaunoliiie
msgrydsihuinaivesenahliaanmyesenmsanas ewnsutifuiiivinuaielu
viosutiuiofiannislindamuesiennifuliiianuasasiunisgn dehvesomsdes

mupuAITauMelwietduliiIaandnssnwaamgiivlanuiiun

2.5.2 MeddLionuds (Frozen store)

=3 =y S a b A A ! <
91YNIILNUINYIVBIDTIANIL TR UIN UV U -18 °C ApUTTU 3-4 1ROY EJEJ’NVLiﬂG]’]lI

'
o w A 1 |

A& v = a 5 <@ v ¥ =2 = A v
MMINNUINYINGUNIN -25 °C grasanusnulauiuns 2 U 6 e JadudrAuidimans

o

ANINAZENENSAUSNIEIa I SHYRTRRgl AuLUsUTIMYRtnngiiuarnTgdy
11 Wineesiisu (Freezer burn) wagniniintudsluussq s (n-package frosting) 1iu
anwndfyreInT gy denmsutnly W%wa%tﬁ%mﬁmmﬂm'ﬁqagl,ﬁaﬁw%vamﬁ’maqm‘vm
dosannssudinriltindniilusesuidurvsedndeiinavesems msiintuddy
Uiiﬁ;ﬁmsflﬁmﬂﬂmiqiy,lﬁaﬁwaammi UsTlimgay uazaamaiulsusiu Taetih
ﬁqmﬁamﬂmmﬁlmxas”J'maluuaia;ﬁ’msﬁmﬂﬁ?ufflﬂmmﬂuﬁwLL%&@@J'ﬂ']EJMUﬁ@;ﬁMGﬁ 13
Tﬁussqﬁ’mﬁﬁmmzauLLazmsmuQuqmmﬁﬁﬁmmmammiLﬁmff']LLé‘ﬁﬂuUisQﬁ’msﬂé’
AnuUsUTINvssanmn)inelurosudionudslinisiiu 2 °C James et al,, 2014)
qmmﬁﬁmmxazﬂ,umiLﬁu%’ﬂmmmwﬁwm 9 nmelurputifunasviosntidonuds

mﬂmﬂi%ﬂﬂﬁﬂi%%ﬁ’]ﬂﬁ"lﬁ’limq%LLﬁﬂﬂum’]iNﬁ 2.1



al a [
f1919N 2.1 PUNNULATITYSLIAINTTNUINYIDINNTER (ﬂiﬁ/l'ﬁ?ﬂﬂ']ﬁ'ﬁfhl?ﬂ, 2561)

) Asudliy nsudidanuda
4ine1m1s - —— _ ——
LR sTaLLIANAUSNYY gaunil STETIANNUTAEN

iadnian
-~ iefuty <5°C laitAu 5 Ju Fnan -18°C laifiu 12 hou
_\ilaun <5°C laitAu 5 Ju N -18°C Tl 6 hou
~wdedlu <5°C TlaiAiu 2 Ty N -18°C Tl 4 hou
iadnidnan
- yiagh laisiin 5 °C laiAu 2 Ju fndn -18°C laifiu 12 hou
- Pty laiiiu 5 °C TaitAu 2 u N -18°C Tl 9 hou
~wdedlu s 5°C laitAu 2 9 N -18°C T 4 1heu
Ualazomsngla
_ Jansiashn laifiu 5°C laiAiu 2 A -18°C laliiiy 6 wou
_Janfuiu laitfin 5 °C laitAu 2 u AN ~18°C il 3 Lheu
-9 108 Y way Taifiu 5 °C e 2 Ju A -18°C Laifiu 6 o
Uanniin
o
yisly laiiAu 5°C laitAiu 35 Ju laimsudigonuds
- laduns wazlyana | lidu 5°C T3y 21 Yu A -18°C laiifiu 12 1hou
A
WA
- fgnfulu laivAu 7 °C laitAu 5 Ju laimsudonuds
- {nfu laitfiu 10 °C Taitfiu 10 Tu laimasudidonuds
- finAUKa laiiu 10 °C laiiAiu 10 Ju laimsudidonuds
algl
-waliildenuun | Tadiiu 10 °C laiAiu 14 Ju laimsudidonuds
- waldidenuna TlaivAiu 5 °C laiAiu 5 Tu laimsudidonuds
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1 a 4 a a ¥ <
2.6 ATNFIUNDIUIZANTNINUDIVIDILEU

2.6.1 fullUs¥anNSA N (Energy Efficiency Index, EE)

Ardaiusyans ammduiaidd Tauszans am (Key Performance Indicator, KPI) 14
Wigulfiguaussausvean1stanasaulaz inusedns nnvesnsldna sy lnaanaad
UszanSanwesiaaduanuisamlaaindnsnadiudsunumsidndaanudeUnudsunanisid

U ! = U dl
Waamummgmmaﬂ PAIEFUNITN 2.1

EEI = Let x100 (2.1)
C
Tne EEl  Aamawiiusyansann (%)

AEC  favsunaumslandsnusal (kWheyear™)

SAEC AoUsinaunislingenuinnsgiunet (kWh-year?)

2.6.2 Anslanassuanng (Specific Energy Consumption, SEC)

A1 SEC 1fupsnsfioddalunsdanisndsnuvesiondu ieliansase ey
Usgansammsldndsnuvesieaduiuieaduiesduls auinasgiuvesannmylsy N
1612:2012 Energy Efficiency and Savings Calculation, Top-down and Bottom-up
Methods léfmuanismen SEC voskoaduium Tngra SEC vesvenduauisanilaan

F09718UTENINUSUIUNITIINS 19UV B RTUAUAUUSUNIN SV B LEY FIaunIsN 2.2

SEQ ~5% (2.2)
\
g SEC dAeAmsldndsnudimnzvasioady (kWhem3-year?)

AEC foUsunamsldndsnuvesieaduratl (kWh-year?)

Y, Aavsuwsneluvesiaadu (m?)

Duiven and Binard (2002) #u31 A1 SEC vewipaduiifnegsewing 30 §a 50 KWhem>-year’
Tawen SEC Fuegiuiadenng 9 wnnue wu panmussmuutaiuamiuiou Ussnvvesisady

(oudd s ovietidonuds) Usuwsvewieudu aamnliuayiindusn
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Singh (2008) leidsaavisadulusguadnesidy Ussmeanigonsn $1uau 25 uis vunn

AU 8,400 f19 170,000 m? woadundrsidiulugduresduiuiledn’ nansér5a nuin

[ (%
K% 1

A1 SEC vasmdduamisadulunmsdrmatiiiidaus 14.5 §9 132.4 kWh-m>-year'

Evans et al. (2014) lédsauasifiudoyavasionduisioudfunasHosdidonuds
dmsuiiusnwienms S1uau 126 e waz 132 vios Tu 21 Ysewe nan1sfny) wuii ey
av 85 vawfonduiluunn 57 9 225,000 m® flfn SEC faust 4.4 f9 250.4 kKWh-m> year
Maudtganudevunn 100 §9 291,280 m> A1 SEC 6.0 9 240.4 kWh+m>*year? Ingan SEC
yosripaduiinuuandsiuin 1esann 5Unss vum sdauazvuinvesauueaiuaiy
Sou uarannensldauiiunndeiu sunssesiesfudmasgianndenislindsnues

a £ 1

o < - | & Ada o v I v 2 Aad A v
Vieudu eanngunssdmaneiuiiivemtdsioniu vieuduniinuniidssdmaliniseni

v | I [ 1 v a1 Y v <@ a a b’ddy Aa
ANNIBUIINNTARIUAINTOUR UK TSHIA oY InerBudusunsadmasugnuiAndnuiig
o iidn

Y o < [ v =3 o [ [ a a

Evans et al. (2015) lmamf\]LLazmUma%amammwuamsummﬂmmmimmmmmm
= | v = Al vee 1% [ o 12 v 1A I3 o
Anwneunti Tunsfinendlddnwieadidu 91U 167 %o wagiaaudlganuds 91U 262
%09 LA 23 Useind wui1en SEC vewiosudiduiian 4.4 fia 250.4 KWhem3-year! uagan
SEC wpwipaudiBonudsfinn 6.0 §1 391.6 kWh*m?>-year! InggamgRaniniindounieueniiiing
agsiiveddasan SEC Tasiatuiiu uidmsursutianudveamlanmwindeunieuend

1 N v o W ' { 1% 1 13
naRE 1N TdAEADAT SEC UBIrastiE onuy

Tuuseinalne Tachajapong et al. (2022) ivdeyanistdndnuvesioudidy S1um
48 %93 U 20 89 16,074 m> Lariinwdtdonida 311U 113 e vun 130 D4 108,222
m? HANSANYINULT A1 SEC vesvioutifuiian 37 6 481 kWh+m™syear! wagen SEC U9

wosudidonudedlan 46 fie 212 kWh+m?-year! usnanil wuitvuinvesisaudidulag e

wionudsdsnandedidudAyrenisldndseu

a

JUT 2.5 uanern SEC vawinudifiuiarieantigonudanidsialalulszmeasig 1
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500

B Chilled clod stores
~ 400 { | ®Frozen cold stores

T e S U N N S
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X -Y\\'r
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cr
JUN 2.5 A1 SEC vosvipautiuuaziosudidonudsulszmeasing o

(Evans et al., 2015; Tachajapong et al., 2022)

2.6.3 A SEC vesioaduiifinnssanisia

Pearson (2019) Anwn1sldnaseuve siesfusiuay 21 wvs fidauia 50,000 @
380,000 m* lutszinassnquiidnisquasnwiet 1aaueuazldssuuanudud il
Usgansnan Teun szvvimudusdalduonluile (Pumped ammonia system) sEUUvi
Anuduriianeslaisuazasuaulneenlen Araan (Ammonia / Carbon dioxide cascade
system) szuuvhanufurdauesladsuSuaas (Low charge ammonia system) Wag
izuuﬁmmmﬁunﬁaqﬁ (Secondary refrigerant system) fA1 SEC 5$1119 8 wag 27.5
KWhem3+year! uagldas1saunisan SEC vosaadufiiin1sdnn1siia (Best practice) fs

AUNNSN 2.3

SEC,, =15500V % (2.3)

1ng SEC,, fermnisliwaarudunigvenionduiifinsdanisna
(kWh*m?3-year?)

V Aavsuwsneluvesiaadu (m?)

2.6.4 Msldndsnudnmeinieveioniululsemelny
Tachajapong et al. (2022) ladsi9nasdudvosdunielulssnalneuasiivtayq

AT WA UV IR LEY TIUIU 48 o9 YU 20 D49 16,074 m> wariow i antd
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103U 113 %e9 YU 130 9 108,222 m? Tulsewnelng wuinaAn SEC vasipaudiduilan 37
9 481 kWh*m?+year! uagen SEC vaaviosutionudadian 46 §4 212 kWh m>-year! uay
as9aunsAn SEC vasisaudifuuavvasutidonuds (Average practice) mua1diu faaunis

i 2.4 uay 2.5

SEC,, =1603.3v 0% (2.4)
SEC,, =1560.0v 0% (2.5)
lng SEC., Aanslinasusnwizvosiotdidu (kWh m>-year?)

SEC,, Aamislimdsnuiinizvesiosutibonuds (kWhem>-year?)

V Aavsumsnluvasraadu (m?)

2.6.5 ANUALITUSIERINeAIMSIINaIIUT Iz LagUSIRsTesie iy

NANSANWIAT SEC vaeviaaldu lay Evans et al. (2015); Evans et al. (2014);
Tachajapong et al. (2022) Wy SEC Uesviastdusimuuiosutifulas o idonud o
wrlinanas WeUSunsvesioaduiiudu Wewin

] o 3 ) v o =

1. nannsnsuszundndevun (Economies of scale) lnginlusosduruinlugiiuves
U3vnaualug Aflunuinn Jsarunsaldidenldaunselvesszuurhanuusazauiu
Yostupuseuinivszdnsnimgs souvedinisdnnisnistdnuieaduegnefivszdnsnim v
19N15EN9AINFOUIINNITARUATUTOUNIUNTIY. N1TZNNAMNTOUINDINIANBUD LT
dnelueadu asevneenufeusnaunsaineluieadu dndvesduvuiaian

2. dnnduNuNRIneUSInsveoudurunluaiinivesduruindn vilinisy
AUSEUIINNTAEUANS DU UNITIR B USINASTR s LduTuIalr Aon e uruIe
[
ian

3. gunsalssuuihanududmsuienduruialvgeonuuulidusz@nsnmas wu W

a & v < ' ° ~ & o = v v
auresdnlusweinuluieuduruialvgaiunsaviauianuiimdannislonasuls

2.7 4IR3NSINUSEANS ATWNTITWAI U DL e

nsUsulTaUszanSamnslindinuvewienduiioannisldndanuvesiondurinle

ad o

&
$any3e PNU
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2.7.1 auruAuAuIoU

nifs mdap s einany uariuresisadudeddauiutunnufeuiivunismeoiie
Joatuanuseuanaeuenidignieluieadu aupudemnsmsianuseu, n1svianuiu
wagN15USURINALIENTFaIISNT (American Society of Heating, Refrigerating and. Air-
Conditioning Engineers, ASHRAE) luuziianunuvesauiuiuaudouvewiisioadud

wnzaudLandlun1a 2.2 (ASHRAE, 2014)

A519% 2.2 mm‘wmamuﬁumm%@uIWmeﬁlaMl%mLimﬁLLusﬁﬁ (ASHRAE, 2014)

aaumgiildnuvasioudu (°C) auruvasnulndlalyleeuisn (mm)
10 04 16 50
4 8910 50
4094 75
9034 75
18 09 -9 100
26 049 -18 100
-40 9 26 125

2.7.2 msanauseuninonieseudngniglue iy

vioanTeudosmuangumgiinaonnauas feslgumgiinzauiiotesiuauiou
wazAuduanneuendgiondu uenanidunelinmeluunaliiniudses den
neliminsuninele Ing ASHRAE lauuvdiluviesnSouaisiaamgll 2 9 7 °C (ASHRAE,

2014)

2.7.3 M3nnnsdluianes

mudsfnsdluismesinudAgyeg1unnaenisinaisusinangluiessdmwa
Aogamgiineluieadu (unew., 2560)

1. dmsureadunlddnluisnesansdanisinn@anluismnes a ALl Inanies

v o o v Y a oa v o v Y ~ a s
wagliiunasrunu Mufnndnluismesiiiuieiniadud i Wesaindnluismesas

I a 5o v o 14 I a e 1 14 a

aremAduanglvswmesimsat iliemadulraieuldlin dwalvgunginigly

viesldfianuainaue dawandluzun 2.6
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2. dmsureauduiiinuenitsyniiszezdsainmiurednlulsiaes AITAAS WA
v @ v 2 a X £y A v I P | I o
Jervaulrenieiudstunazlvaluniumaiuies wislveiniadulralisuag199709 69

uamaluguil 2.7

=5

—

)
LHITIAUAL

y <« — Uszg
UGN .

5UN 2.7 m3fnfaunsdaAuay

[ (%

3. MsfndedItUismeslasAndslnduszaniadisenuselnandilsuanununse
WeanEasnnAuly
4. [8niswesifiniininamnzgay waziinsdwimeduldlng welwsainig

NILABLAZNITAIDNIFLEUTIITD

a

2.7.4 gunsalmsmiuaularduingamgil

vendunlsiiszuunazaunsalmuaugamgdnldaulanasaszesiaanieliuuladn

Y

a

a v v & a a N ¢ 1y 3 a & = ' =
aumnelurionduigumaliaad leeaunsalineamgiingluiesduaisiaadluigainenind

Y
[% [%

MUiswes mndigunsalinunndt 1 iases Amasiaadlyivineandu ldaisiaddusmumslng
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WaaugAo1nA 13eUsznnatioen tiesangumgifanuduniugs souduvuinidn
(W3asAnan 500 m?) msldgunsalingamnd 1 1edes Feuduruianats (W3nas 500
30,000 m*) msidaunsalingamail 2 1A3 04 wagouduvuinlng (USu1ms 30,000
60,000 m?) msligunsalingmuunadl 4 1a3ee wazenduruialuguin (U3nmsuinni

60,000 m esligunsalingamndl 6 Le3es (unet., 2560)

2.7.5 Winay

a

AMUSDUNLANDINNNTYIINY LS WaaNluTa L ud snaman1sEN19AILSoU
Watuneluiendueteidoddy uamasliirvilawaanlna (Shaded pole motor) i
UszANSninussunad 17-30% 1ateas W 1vidanszuanss (Direct current motor) &
UsgAnSnmuseana 70-75% mslduamaslifianduseansangsaiunsaanniseneniny
Sauiianneluesfuadlanazinaliiaafuusendandsauuiniyu (Evans, 2009) #58
a 5 a I3 4 o [ [ A Y @ ) ¥
fnmadunasnes (Inverter) Nuiaaulndnseladauialiinala@Iu1snanA1L5 v ule
1A8RAAUNANAIDUIBNDSLH V119U AIULSY 50% LALTWAIIIULA 12.5% Lilownauly

NAILANRIFINALANAAUAS19IN15EMIANLSaUARAY (Hilton, 2013)

2.7.6 ARUWNSELLES
Tngvialuaounseawes LUugunsalnldndsuunnigalussuurianuduidany
ndunideddduinsnsUsendandenu veuduvuamadmandodldnaunsawesaiinang
(Screw compresson) &aiiuszdvdnngadevinauneldaniizniasgnsianuaun (Full
load) agnalsAniudsea@ninimusinaumsawss anasagrauintilovinaunieldaniizi i
A158N15YM91UU9E Y (Partial load) § 95 A1ud i udaafae 9 BuLiasLnes i oty

& ° v A ° ) | ° &

ABLNSALDS @11N5aVaunelaanENlnNSEA1YINTBeNINNNSENNSYINIUANT 30%
InaUsz@van nuosnaumsairasanastioafian (Evans, 2009) fnsaldnwilul 2013 oadu
wiAantlslaundunesmes wse VFD (Variable Frequency Drive) AAfIiUADLINIALTDI VS
° a & W Ay v a & ° I | Y W v
seuurasaudusaloflduanludedua1svinanudu nuin @amisaannisnasauadle

Jszuned 8.5% (Hilton, 2013)

2.7.7 gunsaidestuenmialvaniiulsey

asenemuieuninenaseunsueniluadiineluienduainnsde/Adauses
& % Ao a A A v A= a o & aw o w
WUNITENNAIUTOUNLUTNIALIN LIWONANNTITZNAIIUTOUUIINAUINTUNADIIINA

Ysunaemaseuiilvaidiunnigluvies nsanvuiaiuiusegnadiaunsoanysuinning



17

Soudlidnunlel Tnevhldfesldgunsaidestuemelnariudsegdeiussansamnnsiesiu
wonsafulumusidauaganinnisldauvesudazgunsal sunarafnidan nlvad
UszdnSnin 95% snunanafndusz@nsain 80-85% wasaan (Air lock) fuszd@nsain
Useanal 85-95% 1i1uena (Air curtain) $UszAnSamuszann 70% nsldUszaily
syozaln/AatosanusaanuTinueiniaieuiidunld Ussgvieadulasiluldnande/
Un 15-25 3undi Tuvausdiuseganuidags (High speed doon) Miszaziianiia/Aauies 5-10

U171 (ASHRAE, 2014)

I
|

2.7.8 NMSLNUUNNIAIAT

ada d‘

nmaiugamgfinednluisnieigalunisysendandanuvasiondu tnevilunisiiiy
gaumall 1 °C anunsausendanadssiuls 2-3% ussgdlsiniunisidsuidatonmgiianunse
°o g v S g o a Y = ¢ PN a v o o
linunmvesevsiiiusnyildsuudasls daufnviiiiveamgidvendusin 4 °C 1y
6 °C anunsaussndanasnulate 12% uidueiiusnwuudeude 8. Cereus gatiu 5.4%

(Duret et al., 2021)

2.7.9 wad@INg

1%
' '

AUS UM ARINNITY U Iaan Al U e wfudenasonIsEn AL T oUTIAR T

= LY

nslivaenlnniivseansnmgevsenaenlinda1uszdnsAndnisaesading (Efficacy) g9 &

[

vaoaldlLuUsTINAAUsEAVSANdnsdetadne 8-13.5 Im W vineavigeaisaisud T5 dAn

a

Useandeangnisdeasainauszuiny 89 Im-W! nasalED T5 dA1Usz@nSdndni1sdeading

a o

Uszanad 130 tm-W! viaealnniiauseansdndgeluvasnvinanuagldndsnuaivilviin

ANMUSOULIRY

2.7.10 MsUeeAumNN5oUIINNITURSIEINAs01TINg

nsteaiuauseuainnsiiSdvesnseindidus osdrAiioan nsenseniea

SauannnsaaiiuausoununlanldtaUszasdnelurasdulutlranenindinisdo swas

Wnnegensdlaense awnsatesiulanaiedsnis wu fedsgunsaldesiunan Ugnauld

Aa

iedasiuuan mdemsuseldiagnirmnisazviousidoiindas



=
unv 3
ad o o\
9NT1INTUUNITU
= ' <) ] 1 1 gf A o 1 [ d‘
nsAnwwUseantu 2 @i laun ﬂ?iaQ‘WU‘VIﬁ']i"J’i]VE]\iLEJUIUI?N’]ULLTJ?EU@’M’]iL‘IN@

Usziliulszdvsnmnmssnwaamgiiveviondu uazmsiaunlusunsuaianisldndany

v 2 A a a a Y o o & o =
GUEN‘W'ENLEJuLW@‘U?SLNu‘Ui%ﬁVlﬁﬂ']Wﬂ']il‘UWﬁQQ']uGU@QM@QLEJU WQE‘U‘W 3.1

'y AR nsuszdlusEaNSAIWN 1T e
I Asasiufidrsravotiu .

YNNI
RELMT)

N > msUsziliulsyaniamnisld
I Mgl ANTATIEOUATIIDNAEA —

WAITY

5UM 3.1 duneunisaniuau

¥ '
AN A o L4

<
3.1 A19A9NUNATIANDILYU
1500 N o ) < ¢ a A o 2 v a Y
NITANNUNAI TN UNIAUIZENA 2 UTzn1T AD (1) INBE1TI9LagNUTaYatneIny
v 2 A o A v = ° o a A a Y a
NOIUTU Way (2) Lwaamqm%gmnwaiumaqwuLLazumﬂmUizLmﬂssammwmﬁﬂmqmmu

¥ < a o &
VNVDIYU TUASEDYARIU

3.1.1 msdmauazfudeyaiieafiusieady
msfnwiifingusegsionduimua $1uau 9 o wisoenaugamgiinarinisly
s 2 Uszian loud (1) Hesundu Nivasgamndldanuszning 0 fs 10 °C uay (2) e
uthienuds Afivasgamniilday sndd <18 °C (Tachajapong et al,, 2022)

maiudeyaieiuiesduaniunisiig 2 35 sl

3.1.1.1 NMIABULUUABUINHLAEMTAUNTYRIR AN

foyannnsnounuuasunuuaznsduNTaifsefagURss1eR 3.18sUsznaudie
Toya 3 nuIn bou

(1) YoyailiAetesiulassairaioadu (Structure) o vunm (Arwns Anuennay

A3EY) AINY ITAKATAIUMUIVRIRUIUAUANUTBUYDINTY FIALaziY YWIAUTE
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(AINUNT18 ANFMALAINNUT) UseianUses (WU UIuRY viudeu v msld
gunsnitlasiuoIniadariusEy (U i thuema Feandos)

(2) %}aiﬂa‘ﬁlLﬁ&J’J‘ﬁ@QﬁUiZUUﬁWﬂ’NNLgu (Refrigeration system) laun Usgtanszuuyin
Ay (szuudale szuugadu) a1svinadnudu ddsaeuinsawes (Compressor
capacity) svuvazaneiuda (Defrost system) Useinnuaealiuasmasini (wu vigesisa

wud woadn) Mmaslniinauasessziiensedluisnes (Evaporator fan)

]
a A

(3) Yeyaniiigrtesiuaniizn13na1u (Operating condition) louA gaumgiildaruaiu
N13A9AT SEUUAIUANEMNYT (Thermostat setting) aaumgfiainiAsauRe iU gyl
a v 3 9

ausnaunulurewiu nslamunaseang (Forklift) n13aANszUUaZaN8ULT ANLANNS

UnuazlnUsegriondu dnuaiznisdaiudu (Wu duans wian aznf -1a+)

M157199 3.1 FpgN1sREULUAR LA IRy A NI UTR Y

UIEN A annudisa
wuaad 1 Tnseadag Section 1 Structure fin wine
AN URR L8 Schematic of a cold store
W H
"'V o
Wi i
\;
W \/

aurnngly Internal dimensions
-AUAIN -Width (W) mm
-ANUYTY -Length (L) mm
-AAAEN -Height (H) mm
AU Wall direction
it 1 W1
fudi 2 W2
it 3 W3
$uit 4 W4
KNATL/RAIAT Ceiling/roof
-pgnansunnvisell -Sun exposure
‘ﬁu Floor
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SruuYAuSou -Floor heater

-maalvn (@) -Electrical power (if YES) W
auauiuAIuTaU Insulation

AN Wall

“Januiia -Wall material

AN -Wall thickness mm
‘ﬁu Floor

—fﬁﬂﬁu %’uﬁ 1 -Floor material 1

—mmwm‘ﬁu %u‘ﬂl 1 -Floor thickness 1 mm
-"’Jfa@;ﬁu %’uﬁ 2 -Floor material 2

—mmmmﬁu %guﬁ 2 -Floor thickness 2 mm
—‘E'aﬂﬁu Fuit 3 -Floor material 3

—mmwm‘ﬁu 68514171 3 -Floor thickness 3 mm
LNATL/HE9AT Ceiling/roof

“Janna 1/ vmaenn Ceiling/roof material

-AUAUNATU/TAIAT Ceiling/roof thickness mm
N9 Entrance

-Uszlnniseg -Door type

-AUNIN “Width (W) mm
AU -Height (H) mm
—ﬁm’m%#%mnﬂﬂ/ﬂmﬂ%@ -Opening frequency time+day
—iSEJSL’Ja’m’ﬁLTJmLGiam%ﬁ -Duration of each opening S
-gunsnitfaariu -Door protection

AN UL VDI UL -Door seal condition

NN Ante room

SONIRE -Temperature °C
S -Humidity %
vm'mﬁ 2 ssuuiAuLdu Section 2 Refrigeration system

UsenAnssuu System type

qmwgm%ﬂ’m Setting storage temperature °C
d5vianuduy Refrigerant

Sruautunssale Number of compression stages

ABUNSELYRS Compressor

-SEUTIAIMNNU -Operation time hr-day™
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Ss‘l.l‘uaxmﬂ‘lfﬂl,lfm Defrost system

-Uszim -System type

-masluia (@) -Electrical power (if any) W
“Uszansnn -Defrost efficiency %
SrEvRALAaEASs -Defrost duration s
Srunuadadetu -Defrost frequency Time+day™
nnaudNnluisines Evaporator fans

41U -Number

sl (eiedos) -Electrical power w
“Uszansnn -Motor efficiency %
WAAUADULAULYDS Condenser fans

AU -Number

aalui (eindes) -Electrical power W
“Uszansnaw -Motor efficiency %
wiuaafl 3 Q‘Unszﬁ Section 3 Equipment

080 Forklift truck

31U -Number

-UUR -Size W
S2YZNAINTIENUY -Operation time hr-day
FEUULESEINS Lighting

UszLnnviaealul -Type of lighting

-3 -Number

-SEHZIAINB LT -Operation time h-day
ANIULTLLENEIN Lux tm*m~
“UsyanBNan1Tdo9aINg -Luminous Efficacy im-w?!
WHNIY Personnel

-1 -Number

-58ELIANNU -Operation time h-day™
svovnaneglufesusiazads | -Duration of each entry Min
NARAUN Product

-USuau -Daily loading kg-day
-gaungiidinriondu -Initial temperature °C

USunaazaulureaduisd

-Total loading

kg
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“UseLnvuandiugi -Product type

38y -Specify
saugamaiiiuing -Storage temperature level
SzgzlaINIsusn® -Storage duration hr
—5mwmiqagl,§m§1‘v1ﬁfﬂ -Daily weight loss kg-day
-SnN1sgeyAenan s -Product loss kg*day™
“SnwagnsInAY -Characteristic of storage
nuewmn : Yesdiledfevesdmsunsendayalnegneuiuudeuniy; n/a Aelinsuteya/hidldeya

3.1.1.2 MIasiuiidnea

UsratATesnIsae Ui TRTeRe itediadnunsuaranwuasienununisld
nuRtauagilomudouragnieeseyaiildinanuuuasuntazsdunwaliasiod
desngneviuvasunuenahiiilavisidladnmaaiaedeult uenanmsiiuteya
Avatudnvagvesiandundn nsdnalddiiunsinanniivesonia seiuuasaing

malwisadu drvaunsalinfiagulunsnei 3.2

M19197 3.2 AasdnwazegUnsalianlalunisdisia

A10U | AaudsNan aunsal AUUIIUNTY B339
1 WAeadNe | Uni-T UT383BT +4% 1w 34| duinmnuiduvaauasaing
(Uni-Trend nN1570 0 83 | M lux) 5 Mmunidsnielu
Technology 9999 Lux noafu lngTauavduiindn
(China) Co., Ltd., 1n -9 53l 1Wuan 1
China) U LAITINIALRAS VDI
AYALLNUY
< . v < o 1
2 | anudiay | Hot-wire +0.03  mes? | IAuE01AA 5 Flnig
anemometer Iuszj"gqms"ﬁ’ﬂ 0 G]’]MLLU’JﬁﬂVl’Nﬂ’]ﬂﬂ/ia“UEN
Testo 440 (Testo | 8920 m-s | ®INAINAMNUINLIEN
Inc., Germany) TUiswesauislseaniadn
= v Y [ a
NIDNUINDIEU (NTUUTZH
madhildegnsatnuiudn
lisined) Anugeaniy
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ALUsNIN

aunsal

AULUUNTI

3511590

Useanad 2-2.5 WS 1gin
wazUuiinAvn 9 3 Jui
I~4 = Y =
Wuan 1 119 a9

ANLDALVDILAAT LA

wannilaanfunisinduniesdainkaziuiinArgaumnduagAnud uduinsduu

= [ b4 [ P ] [y a % [ 1 [ &
muﬂhmﬂu‘mmwu Lwaﬁﬁiﬁﬂaﬂ@mgﬂ’ﬁﬂﬁz‘mEJQEU‘VIQNQ’]EJIUM@QLEJU’J’]LUUIWJW]&I NIENAN

L4 = 1 6 v v L3 (2 PN o 1
nsldunield gunsalinuazanudnuueaUnTlLanIAINITINN 3.3 LALAIWNLINTT

(%
a o

Ansisgunsaiintuieaduwsazivisliasulilunienuan n

a LY 6 v o Y
19199 3.3 @maﬂwmwaqqﬂﬂsm’mLLazuumﬂsuayJa

AAU

[

ALUsNIA

aunsal ANAULUUNTS

A8N1599

1

a

RINZEALN

9 Y

+0.5 °C Turansin
5589 +125 °C

DS18B20

%
%

Aasigunsal 912U 6 LAT0s 7
mumgeng o nelusisaduni
wiiAn1INslravesanniAan
AU UL B S AU
Usggniadisentiiondu
(nssdUszamaililnegnsetny

[y

fudnluianed) mNugInTs

[V 7
(%

mm?ﬁuagjf"fummqqﬁumﬁmuaz

3D

AuTINiloYRUTENBUNTT N3

v =

YUNNANMAUA I ALAETUANAN

nn 9 5 ud Wunan 60-90 Ju

q

+0.5 °C Turansin
-40 99 +80 °C way

DHT22

+2 %rh Tug19n1579

0 94 100 %rh

Y

Andiagunsal 913U 1 1A 7
G‘hLmﬁw%nmﬂizauaﬂﬁauﬁu
ANSUUNNAITAUA LA I LAY
=1 1 =1 I3
Juiinenn 9 5wl 1uaa

60-90 U
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3.1.2 nMsUszdliulszdvsnmnissnugaumglivesieddy

Usgansnmnissnwianmgineluionduinnsanann 3 nael dsil

(1) gaumgiidenigluiiowasnyiaiainisin (60-90 u) lagAnidwinlaliaisiiu

'
a o

AT ANMUARILIUSENANTENTINEAEITUAY (NTENTHEASITAIGY, 2561) Tufe grumgiiang
whiuvdetiesnth 5 °C dwsumafvdudunbulssnnidodniviondnaniiedng wiiu
wiatesnin 10 °C dmsunisiivauduyidulssianinuasnaliivazivinduniedasnidn
~18 °C dwsunisiivdududidonudanuszay

(2) ANNLUTUTIUNYBIRUNNIA1ULIA1 (Temporal Temperature Fluctuation: TTF)
AMuanndiudssuuinasg e iiedunasnyianaiweenisin (60-90 Ju) lagan
TTF qqthjmitﬁu 2 °C (James et al., 2014)

(3) mmLLUsUsaumaﬂqmwgﬁL%aﬁuﬁ (Spatial Temperature Fluctuation: STF) Anu5u
NNALANFN TR SgANTIAB IR UL ST ANEALALHAR aniu Tage STF GRGLI
A5LAY 2 °C (James et al,, 2014)

UszAnsammssnmeamgilnelurendunvadu 3 sviu ldud “f deshuinasinn
Yo “Urunane’ Wewnasiiansanituegiaies 1 4o way “Usuuse Weliiunamifasan

JolaLag

3.2 M3 lUsHASHATLIAINS IINA1UYa iR L8
mswarlsunsaAumnsdnd e wionduutaduy 4 Sumeu Thud (1) Suneu

MsaUlUsLATY (2) FUROUNISASHVAOUAINIILLIUNATS (Accuracy) ¥a3lUsunsu (3) Funou

nsthlusunstlUlddsediudssansnunslindsnuvewiondulunudne wes (4) Junou

ASLAUBUINTNISUTENTANSIIUY SazLDunvadLfasIunaulinsmalul

3.2.1 MR LUSLATY

Tsunsumuwansldndsnuvesioaduimulaeldlusunsy MATLAB R2022a il
funaAn SEC saudamsldndsnuliiwesieadu Grwfosfulasiosunionuds) Tnoe
Wi uvosiendufuanaInnsEmeruseuiintumeluie sy A Asenieany
OUINATAINIUAMUSDURIURTS N15EN19AMLTIUIINDINIATOUNBUENT InaLT L
aeluienduainnisda/Uausen aseneauieuanninaunigluieudu a1senis
AIUSOUIINTALNAUAT N15ENNIANTBUIINLEIETIN AITENANMLSOUINATBITIAIY

%fausuaﬁzuuazmaﬁ'nvﬁq LAZANTENNAIIUSOUIINUBDLADIVBINAANTYBIDILULILADS NS
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Awunszanuseuiinadungluienduldisnismunniugiiessuuiauduves
ASHREA Usgnaunuanuidgves Foster et al. (2016) Duret et al. (2020) wag Brito et al.
(2014)

wasulnihaldluiesdu (P, ) wheind (W) dwaldainaunisi 3.1

P
Poa =2 (3.1)
(o2
oy o fedrlsgnaunsuiluiiiesiunasnunldlasgunsalluiau 9 anelu

Wi 91nN13ENTINVRINTURALINSINUNAUVUKAZEYTNENATU (W) WUTINE LT
1 laspaunsalsasrondsusiuvasinniufody 52% way 78% dnsuviaandifunasy
Moiganids sudéu (DEDE, 2020)

nasulniildvesnsunsawas (P ) nieingd (W) @auisafiuiadbaannaunisa

com

3.2

00D % Qr

= (3.2)
com
77 XCOP(:arnot
lag Q. AemszmsihAnudunianun (Total cooling load) veswioadu (W)
n AoduUsydnNs dUTTULYDILAS BIYINAINLT W (Performance

coefficient of cooling unit) lngandal ANa1ATENI19NITUTTUIUNITUALATTANTT LY

o vy a ° [ o ) a £ al ° 2 A Y
WaQQWUIMUEJUV]QW AT UNDUIUAUUTLANTANTTOULVDILATINIANULT UL ANNINY 0.25
(Duret et al., 2020)

COP

carnot

v

Aadulsedns aussousvesdinsmisiun (Coefficient Of
Performance of Carnot) wasszuuviaufu Jsiualsainaunis 3.3 (Duret et al,

2020)

COP. = Tl (3.3)

carnot —
T, T

hot ~ 'cold

1ng T uaz T

cold

Aogaun)ilansviinudu (Refrigerant) Tudnluisinesuas

ABULAULYRTMNANY (MUIY 1AaTu, K) lnguszanaaingumgiiinesiuauns (Thermostat
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Temperature, T,,) dwsU T, ¥30mgioin1An1euan (Ambient Temperature, T,

dwdu T, aansofuindldainaunisd 3.4 uwag 3.5 (Duret et al., 2020)

T = (Ty, +273.15)-10 (3.4)
T = (T, +273.15) +10 (3.5)

hot

1ng DC #AafiUsenauiant19naubnsa@masyinaIy AmuINaINaUnIsi 3.6

DC = t§—4 (3.6)

gt AevnnaIneswsawe YUY (Talug)

AN9EMIVIIANULE U IAUAUDIA DIV UNATINVBINTENNAIINSDUITIVUA FIAUNTITT

3.7

QTotal = Qtrans ~ Qdo + Qpeople i Qfork + Qlight == Qdef Iy de (37)

(1) A15ENAIINTBUIINAITAINIUAINTOUNTUNTR (Q, ... ) ABUTUIUAUFTOUDIN

mia'achumm%’aumﬂmsuamﬂwdﬁamﬁumumﬁn WAIRNUBAE Y @1U150AIUIIANNEUNTS

7138
Qtrans,j = UjA\N,j (To,j _Tth +Tso|ar,j) (3.8)
1oy j ADNTY, LAY IONUNAISINATTEUT
U ApAFUUTEANS N0 18MAIUS BUSIN (Global heat transfer

coefficient: U-Value) 138 W/m?K auUsiunuanuuzlasias1auaganva s e

&
waz iy
a & da @ & 1 3
A, AONUNRIVEINTI e uLasiuYeioLEY
T, Aegumginieuentioadu (O)
T,  Aoguugilaadl (°0)

—

ADRMHYALAINNTUHTIEAUTEUVBIAWBTINE (°C)

solar
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(1.1) AdUUTEANT N15018MAINS BUTIU N3 U-Value (U ) muiauni835a71u

[

ANUNIUANNSDU (Thermal resistance method) F9UUBEAUANYULIATIAS19VDINLY LWNATY

Y

a

waENUYBIRAdY (MN51991 3.4) wazAuldlaalnaunisi 3.9

1
U= 1 1 (3.9)
—+(ReCyie.) +—
ho hi
1ne h AadulsyansnisanemeanusauvuiuRInelurowdy fvualid

ANYINNAU 9.3 Wem 2K 1 (ASHRAE, 2014)

£
o a =%

1UTLANSN19018MAUIBUVUNURIN18UBNT D LEY T uBe

Y

0o

h Ao

fupadrauneuenAiiuiatu (v,,,)

nstiausIanlaiAy 5 mes ! muralsanaunisn 3.10

h, =5.62+3.9v (3.10)

wind

AsAAMUSIAY (Ve ) §3037 5 mesT Arduusedns nsaaemausouuui uiia

wind

o0 v a

AMeusnendu (hy) dawvindy 25 w-m! Tunsalindsniasnansaneganelueinis
[J Y I v a £ ' v & a v < = Y
AualiaduyUsedninisatsmainudeuvuiuiinisuenieady (hy) dawvindu 9.3
W-m>2K! (Foster et al., 2016)

R ABAIAINUATUNIUAIINSOY (MKW FIaUN1SN YA NS UAIUIN

¥ Y
=2 <

Tuey TUANWMLlATIET VDI NI kazuYeIieLdu dmsunudnuil

° o Y & v & Ao ) d'
ﬂ']ﬁu@lﬂ;ﬂ:ﬂﬁ\iﬁi'msﬂaﬂmuii LANATU LAEWUYDINDUYULANWULAINITIN 3.4

Ci. AoAduUsEaEMIHoNvesauIulesiuamiou Ineviosdueny 1-

9

a1 1 a1

3 ¥ fawiniv 0.92 wendueny 3-5 U danvindu 0.865 eudueiy 5-10 U den

Wity 0.832 Weaduenaunnnin 10 Y TAwviniu 0.827 (PU Europe, 2006)
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A15199 3.4 1AS9a519009NTI AN LasueiadLiy

Tasaadng

anwaelasaadng

Wall

“—r
Thickness

1A59a519009819 ISOWALL Usgnaunae
Fuauautunudouiiussneudedy
Tavizanssimilagiinludnanivdnndneu
Fangd Tun1sATUINAIAUATUNIY
A euvont ezl g ulansan
mwaniiesanaaudumunuseu
sastulansilafesunnidaifioutudu

QUIUNUAIUS DU

WA

Roof/Ceiling I Thickness

TAs9assves NNt aud Uil autuntle
wATiduDIN ALAL NS IAB991ANSLTLAN
TunsatlunisAuIaAIALF Ny
audoureanaylaiddsd siueinie

LA WAIAIVDINATY

.

=)
=

|

1* Floor i I Thickness 1
!

Thickness 2

I'hickness 3

'
2
-
3
S
(]

Huvesteadulaeily Usznaudae 5
Fu ldud Fuila Funouninad ol
(Floor 1) $uaaufiupufeu (Floor 2)
Fupoundn (Floor 3) wavtudu lunsald
TuAISAUINAIAIIUATUNIUAIINS DU

YpsiuliA et uR AT TURY

1NA15199 3.4 ATANUATUNIUAIINSBUYDINT S LWATY LATNU ATUIIINNANANT

bANATU

R — ewall
I(wall
R — eroof

=~

roof

(3.11)

(3.12)
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e

P
R= eﬂoorl + eﬂoorz + efloor3 (3 13)
kﬂoorl + kflooerroorS
Tng e ADANUNUIVDIRUIUUBINUAINNSBU (M)
k AoA1duUIEaN5 N15UIAINT DU (Thermal conductivity) #17e

Wem 'K voeTanlindanis iauuariusauTidegly 115199 3.5

L4

A1319% 3.5 dudszansnishauioureianneaine (NTUimuINEINUNAWILLAZaUSNY

NAWY, 2564)

P ArduUszansNstnuiou
&)
(W-m'K™)

Tlndalndu wuvaenesi

AUNUILUY 9 kg*m® 0.047

AUMUIUY 16 kg'm? 0.037

AU 20 kg m 0.036

AUAUILUY 24-32 kg m? &955
InlulndgTinu 0.023
T lwaLeriau 0.029
Trisndlelglyeyisn 0.027
auloum

ANRUILUY 10 kg'm” 0.046

AIUNUIUY 12 kg*m” 0.042

AU 16 kg=m™ 0.038

AUAUILUY 24 kg m” 0.035

. B 0.033
AUNUIUY 32-48 kg*m
. B 0.031

AUNUIUY 56-69 kg*m
auuleiu ANURUILUY 6.4-32 kg*m 0.039
ADUNIAALAU 1.442
Yuau @wudnaumng) 0.72
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nsallinsudeyavesauiudesiuanuiouldmanuiumuainuioususi A5 3.6

A15197 3.6 AAINEIUIUALSouLUEI (ASHRAE, 2014)

RN Ut ANAUATUNILAINEDU (MZK-W™)
MoauiLiu MA9A 6.2-17.0
AON 4.2 -56
o 35
Voaudidonuds PHIAN 7.9-88
AN 62-7.0
i 48-56

1 '
aa

1.2) NUNRIVDINUI WA hagiu

—~

[
=]

NUNRIVDINTS BWATY LAY WU H1579095 (M?) HBI9INNITAININAINUSDUVD
N wpasRatlAn iy AuNEIve N e wasiuluwsasaiuanuisam winlaann
aunisnaneludl

njanFalanas Nele

Ay =W, x H, (3.14)
NUINIANE IUA NLASNANLIUBDN
Ay, = LoxH, (3.15)
LA TUBAE Y
Ay =Wp x Ly (3.16)
1ng W, fAeanuniiewesieadu (m)

L, Aemiugivesieudu (m)

H, Aornugweaiondu (m)

(1.3) anmuIndeunieuen (External ambient condition)
a S o o o« < a &
9NN AUTTEINIA, ANUYUFUIMS wazarusiauateusnildlulusunsy Uy
anmwindeuneuensiedilusdounas 1 U lnedeyailinunaing uteyaves NASA Langley
Research Center (LaRC) POWER Project 71 bl SU W 11 NASA Earth Science/Applied

[

Science Program mufiegitiull https://power.larc.nasa.gov/data-access-viewer/

Y



https://power.larc.nasa.gov/data-access-viewer/
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dmsunils Mviungamglennianieueniendu (T,) wiadu 2 n3dl laun
1. nadiudsegnieluems dvueld T, Sewhdugamafiondluiuiifinafusiiay
2. nssdntlsegniguana1s Amuald T, sufinvesuila fie
Wiafiente dvuald T, fewiiugamgiiusseinieniewen (T,,,)
Wiaiiels Aanziueen uariianziuan dvuald T, da1virdugamgiussenia
ABUBNUINAUR UM TYALYEANUTOUIINAITUKTITVRIAI907170E (Solar radiation) A

AN 3.7

M19197 3.7 gUNQNYALYEAINTOUIINNITUNSIAVDINIR1ING (ASHRAE, 2014)

FvIntaLazan fAela AANZIUAN | AARZIUDDN #aIAN
()
Ay (@en) 3 5 5 11
duuvaunans (87 95 Fuunddidu @ 3 4 4 9
WA &N wazddel)
Fa19 (@uuddanng wazden) " 3 3 5

dusumenu Mruagavgieinianisueniendy (T,) wiidvaumngiiussenie
AouenuAInUamaTinvefaes1ei 3.7 dmsuineuilifeurutestuanuiou uas
oumgienmenisusneadu (T,) Whduguuaiiusseinmanisusndmsumnuiiiauiy
Ueaiuadnuiou

dwfuiny fuungmgisnianguenieady (T,) WhiveumngiusseiniAaneuen

ANSLNIAMNTDUIINNITAINIUAMNSDUN MR TN M UA A UNATINYDIUT U AN

FoUNNTAIURURTINAIN A ukas Y AwIlaannaunisn 3.17

6
Qtrans = Z Qtrans,j (3 1 7)
j=1

v a

Tng i PPN LWANY MIDNUNANRININTUN
J
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(2) M3EN19ANSouIINeINIASauntBuanfili e lute iy Aeriudeusin
anmeasounsusnfidunnsluiendulszneusmeoiniadou 2 dw laun
1. omednluseninensiaUseauayln
2. oimAtrugUnsalfuU sy
Tnensemaanudeuanainadeunsuenfidiunnelufoudumuin (Q, ) 91

AuNNSU09 Foster et al. (2016) faunisi 3.18

— Ndo
Quo = (My, +mds)x|:cp(To —Tp) + (@, =) x(ly, +Iv)thdo Xm (3.18)
JGE C,  femulAFoudumg (Specific heat capacity) ¥89@1NALIAY 3

ANVNAU 1,006 J-kgteCt
If
ALY 334,000 J-kg?°C?

ABAINS DULKIUBINTRBULMAY (Latent heat of fusion) ¥89un &

u

I AOAITNTDULNIUBINITTEINY (Latent heat of vaporization) U841

v
AU 2,260,000 JrkgteCt
AaszevIaNliUnuayUnUsensionsa (s)
Ny Aadnuiunsaiilnuseasieduy
Aadnsinisivaveseiniasouiliuinisluiesduras Uausen
(kg/s)

Y v v v < U o
m, fednsnisivareteimasounidiinnigluedduniugunsaliu

noulnusey (kg/s)

(2.1) ‘LJ‘%mmmmﬁ%fauﬁlfﬁwmmSiuﬁaaLs‘"]’usumzL?JmUiz@

Ustnaenaseuiidunaeluionduvasdnuszg (my,) AMuineinaunisi 3.19

m,, = (1—E)x0.221A, p. x (1—£22)%5 (g x H)** x F (3.19)
Pi

1% '

lay A, Aeuliuszaieaudu (m?)

Y

g AoANUL LRI NUsIlUNawedlan dAviAU 9.81 mes?
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F ADAIUTENDUAIIUNUILUY (Density factor) ATUININNEUNITT
3.20

15

F= 2 (3.20)

1/3
[o]

P, hag p, AeanuvuiniuvesenAanslullaznieuenvesiondu (kg/m?)

LAZAINNTOAIUIUANUNUILUNVDIDINIANAISINANTAN NEUNITN 3.21

Mo i P
o1 =~ (3.21)
o
R, (T, +273.18)(1+ " )
w,j
Wy wngdenefisdsiansan (i munednely, o winefiansuen)
T,  fegauugilonma (°0)

P, ABANAUUTIENNIA (Pa)

M, #ag M, Asmaisluiana (Molecular mass) ves01nAkisuaz et
Tuene SAnasiiintu 0.028966 ke'mol? way 0.018015268 ke*mol™ auady

R, Aeri1Asilatnaveslna (Universal gas constant) A 149 117U
8.314472 Pa*m>*mol K"

@ fosnIndrunImd u (Humidity Ratio) %138 Kgyater vapor’KSdry ai

fuMRINELN13es (Gatley, 2013) aunasi 3.22

M i
@, =—x Pur (3.22)

Mda pamb - pwv,j

p,, AoAuAuveslaurlueInia (Water vapor pressure) (Pa) A1uIe

NEUNT 3.23 (Gatley, 2013)



O
pwv,j = pws,j s

100

34

(3.23)

) ADANUTUAUNNSVDI917# (Relative humidity) (%)

P fAoAuduveslound udqlusinia (Saturated water vapor

pressure) (Pa) aun1siildauinuuseanidu 2 an1iz lneduey fuaamgiivedainie

(Gatley, 2013)

anwil 1 Yaaunng IAPWS-IF97 ﬁm’%’uqquﬁmaqmmﬁﬁum 0°C i1 100°C (IAPWS:

the International Association for the Properties of Water and Steam) Faaunnsil 3.24

4

2]
Pus; =10° S = (3.24)
~J, +(3,5~43,3,)
B J,, J, uaz J, AeA1Asd AIUIBIANN
J = +ng+n, (3.25)
J, =ng* +n,4+n, (3.26)
J; =ngd® +n.g+n, (3.27)
n
¢ = (T, +273.15)+ 3 (3.28)
(T, +273.15) —n,,
1A8AIAT N LERIAINITINT 3.8
M15199 3.8 AAITEUTUYAENNT IAPWS-97
fawls A1 fauls A
n, 1167.05214527670 N, 14.9151086135300
n, -724213.167032060 n, -4823.26573615910
n, ~17.0738469400920 n, 405113.405420570
n, 12020.8247024700 n, -0.238555575678490
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Al A fauls A

ng -3232555.03223330 n, 650.175348447980

4n1ed 2 YAaUnIs IAPWS-06 dmsugaumaiienniasaus -233 °C £ 0 °C

a1®jbl +a2®jbz + a3®jb3

P, =611.657exp 5 (3.29)
i
Tne ® ADAIAIN ANWIIRNNANNNST 3.30
T, +273.15
Q) = —— (3.30)
273.16
LATAIASY a way b LARIR9RISIN 3.9
A1519% 3.9 A1 a way b
ALUS AN AUs A
a, -21.2144006 b, 0.00333333333
a, 27.3203819 b, 1.20666667
a, -6.10598130 b, 170333333

E foUsvdnsuavetgunsailesdueinialyanuusey (Effectiveness of

door protective devices) sfirAuediurlinvesgunsaidosiu fam1sai 3.10

51971 3.10 UszAvdnavesgunsaliesfuennialuarinuusye (ASHRAE, 2014)

Uszinmaunsal UseanSua
aifi 0
[l Qy a . . o v Y 1o I3 o [ R4 [
1uTIwana@n (Strip curtain) 0.8 @ANSUTBLYEDNLTI way 0.85 ANUSUTDILTEU
(0.95 dnsusuRnfalng)
11U81N"¢ (Air curtain) 0.7
PoINng® (Airlock) 0.8 d1vsusiaUiands waz 0.85 dmsuriaaudiiu

*nsdlgunsalliifinisungednundianimdisn dmueld E Se1e1ndn 0.5



36

(2.2) Usnasemasauiidiannieluieaduinuaunsaliusinewlalses (my) Awia

1N

My, =V, Ly (3.31)

lng vV Aednsnisivaresainiartuveulses daAwniu 0.003 mes?
dwiureuUsernanmidenanin tag 0.0006 m* st dmiuveulszganing
p - AeAnuvukUuvesenangluioudu (kgrm?)

L ADANNENVBINOUUTER (M)

(3) mﬁzmqmm%aummﬁ%’mum&ﬂuﬁamﬁu ANUIIANNANNNST 3.32

Qpeople :1'25Npeople (272_6Ti)tpeople (332)
og N fAesnauninauiiesluroudu (aw)
people U
T, fegamginmeluiendu (O
I~ A Y 1 % <@ (-
toone ABIZEZRAMMTINMLBEMElWBLEUSR T (h)
(4) M3EANTaUNIALNFUAT (Q,,, ) AIUINIINANNITN 3.33
Qfork = Nfork Pforktfork (333)
1ng N Aoduusaenduiilegluendu (fu)
P Aomadluinvessaendus (W)
t,, Aoszuznafisnsnihauneluionduseiu (h)
(5) MIENNAMUTBUIINTTUVTBINEANEIN (Q,,, ) ANUIUIINANNTTN 3.34
Le (Agoor + t,
Q"ght — F( floor A\Nall) light (334)

24Umm
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anangn1sadesaIng (lux ¥59 Im=m2)

o))

1ng L
A

A4 & A o ow < 2
Ay AENUNHUIABUEU (M?)

i v o

ANUNNUDLIU (M?)

o))

floor

t AaszeznanUalasainamau (h)

light

£ Cs

Mg AEUTEAVEANGNN5ARAATI9 (Luminous efficacy) vasmaanlil (Im-W

) L@nIfIm15199 3.11

A15199 3.11 ANUSEANSANGNITdRIaN9UUSTN I VaRa I

Uszimviaanin gunnid AszanSandnisdesadng (Im-w)
vaanlnngosisalud T8 6500 K 72
vaonlnvigeslsaud T5 6500 K 89
vaanlnuaads T8 6500 K 105
vaoalieadd T5 6500 K 130
vaaaliiglaiauy 4200 K 46

fiun PHILIPS Lighting price list 2019-2020 (PHILIPS ELECTRONICS (THAILAND) CO., LTD.)

(6) A13zMIANTOUNINTTUVAZAUILD (Q,,, ) AoUTNIaA NS auTidasldindnun

Tusrnanluaitunisluresdu AunuaInaunIsh 3.35

1 t. N
Qdefr = E_l (mdo+mds)(a)o_a}|)lfu (24.(1(1—3800()} (335)

e 7, AoUsEavSa mvesszuvaratsuiude Wy ssuuanehudediansindu 0.5
mnefaodindeny 2 whvomdsnulunsazaneiuds

dmsuszuvazaneiudeiidunisavarsiudddaesssuni @aszuurhenudu) vie
Tufiasou Muuald Q,,, TAnviiuaud

(7) Mszmannudeuanuamesinanvanaiesdnluinmesfinnnseg neluiendy
(Q,,,) AUIUANANNTA 3.36

N. P
Qefan — efan’ efan (336)

efan
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lng N, AIUIUVBINNENVDAATOITIIUTADS

o v

P Aamaslwiruaainay (W)

efan

N AOUIZAVBNMUDINBLADINARL (%)

(8) NszneAuSouanAumRIaiunsTuiRdy wuwdy

doud 1 Usinaueuieuiildangamiidun (Q,, ) Auiaainaunisi 3.37

mpde,pdab (Tde _0) + mpdcp,pdbe (O_TI) + mpd Lpd

Qu = 283500 (3.37)
oy m,, AoUlinaduiiidaiunetu ke)
Todo AogamgiiaudiFusuieudafuiiieady (C)
. fesnmgineluieadu (0)
o — AomnugauFeudnizaesduntuiiegadanuds Uk
loC-l)
CLLL Aemuamnafeudnzvesduiagadenuds ( kg

L, Aemnueuunslunsvaevaivesdu (J-ks?)

] d' a b4 a v o C% ¥
d2ufl 2 USuaannuseuainnismelavesdumdimininiazeald (Q
A1N1SN 3.38

) ATUILRIN

res

m | gres
Q\= 2—2‘(%} (% + 32) (3.38)

[y

e f waz g, PeATEUUIZANSNISIElY AAIRINITINN 3.12

A1919% 3.12 dulszavanismela (ASHRAE, 2014)

Audn f O es
wotila 5.6871 x 10° 2.5977
nendUa 6.0803 x 10 2.6183
LATON 0.050018 1.7926
adu 7.056 x 107 3.033
Wviou 3.668 x 10 2.538
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Audn fres O es
du 2.8050 x 10 2.6840
NER 0.01709 1.769
ANTOLUDSS 3.6683 x 10" 3.0330
UL 2.0074 x 10* 2.8350

3.2.2 M5 UlUshATY

TUTLATUAIUAIUNT I NA U o funmullnelalusinsy MATLAB R2022a 1o

Tsunsurwinnissnauiouiiaduntgluieadunn 9 1 d9lus Wunan 1 U legld

PayaaninaIniAgeunds 1 U unudenisvirnuvedusinsuianslusun 3.2 35n15ldau

TUSLNSULAAILUNTANTAN U hagshauaty (Source code) WaARILUNIANLAN A

Insert information of

cold store

I

Insert weather

information

i

Calculate heat load

I

Calculate energy consumption of

cold store

l

Calculate SEC

!

Report result

JUM 3.2 unulen1svinauvesisunsy

End
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3.2.3 N13RTIIEOUANATIVBILUSUATY

TWsunsudnnaunsldndsnuresiondulignasiaaeuaiu wivasilaaifisuiunisly
wdsulnlihaneeumsawesvosionfuremiiedsedslannsiawaznisenisaudou
vasrnfudslaannsuwnlagldamsfimesaunisd 3.13 Werwanisldndaenu
vosaudy lunisAulanisenieauseuveaiondu T35 AulIauuUani1Ie Ll aeda
(Transient state) %aﬁwmmqmmﬁLLazﬂ’sm%yua"’uﬁmésuaﬁhLL’mé’aum&Juamqm 1 #lug
Iﬂﬂiﬁﬁﬁﬂja%aaﬂ’l’;mrméjamqﬂ NASA Langley Research Center (LaRC) POWER Project Tu
w97 HoaLd uresnuaeidod sog ludrsiandetunisiandsnuluiai1ldlae

ADILNTEALYDI VDIV L§u

A15199 3.13 ANAmasYaa iU IMLeITY

Tioudu fAaeng Aonuiing nny.
wuand 1 Tnseadng Section 1 Structure AN w2
AN UTR R Schematic of a cold store
/3] H
/; o
.| /\
v
W /
a’m{h’f@’m Cold Store Service Life 1-3 year
Iurnne Ty Internal dimensions
AN -Width (W) 3.4 mm
-AUYTD -Length (L) 2.2 mm
-AAEN -Height (H) 24 mm
NAYDINLY Wall direction
$uil 1 W1 it
it 2 W2 Pz IUAN
udi 3 W3 wtle
w4 -Wa Py iueon
NAL/AEIAN Ceiling/roof
-gnaAnvsel -Sun exposure 1o
auauiuAuiou Insulation
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AN Wall
—’QJJ?IG}N"LTQ -Wall material PUR
-AUNUINY -Wall thickness 100 mm
17': Floor
—’J’ﬁ@‘ﬁu Fuit 1 -Floor material 1 PUR
—mwwm‘ﬁu %uﬁ' 1 -Floor thickness 1 100 mm
LNATU/RAIAT Ceiling/roof
-TARINANL/RAN Ceiling/roof material PUR
“AUAUBNATU/NEIA Ceiling/roof thickness 100 mm
M9 Entrance
AN -Width (W) 1 mm
-ANUE -Height (H) 2 mm
—a"wmuﬂ%gqmiﬁm/ﬂmﬂiza -Opening frequency 3 time/day
—'ﬁSEJ%L’Jﬁ’]ﬂ’ISL‘LQJWLLGiaSﬂ%ﬁ -Duration of each opening 600 S
-gunsnidasiu -Door protection 3 TUNANERN
AN UL VDI N U -Door seal condition f
79NN Ante room i
mrmﬁ 2 ssuuiaudy | Section 2 Refrigeration system
UssLnssuu System type onle
Qmwgmﬁﬁmu Setting storage temperature -19 ¥y
d5viAnuLdy Refrigerant RA04A
ADUINTELYDT Compressor
-SEULLIAINY -Operation time 13.8 hr-day"
syuvazatetude Defrost system

} FEUUVINAY
Uz -System type .
“Usgansan -Defrost efficiency 30% %
SravnauAazAss -Defrost duration 1200 s
Srnuadedetu -Defrost frequency 6 Time+day™
nnaudnluisines Evaporator fans
I -Number 3
dslyiih (oiedos) -Electrical power 186 W
-Usgansan -Motor efficiency 67.5 %

nunil 3 gunsal

Section 3 Equipment




a2

08N Forklift truck

- -Number 0

U Size 0 W

-SEyELAINTUY -Operation time 0 hr-day

FEUULEIAINN Lighting

“Uszinyviaonll -Type of lighting Wgeaisalsus

U -Number 1

-SEUELIAINTLTU -Operation time 0.5 h-day”

-AULTULASAI Lux 100 (m+m?

-Uszdnsnan1sdesadny -Luminous Efficacy 89 im-w!

WUN9U Personnel

U -Number 1

-538EIANYINNU -Operation time 0.5 h+day

NARHUN Product

U3 -Daily loading 100 kg*day™

-gaungiidhriondu -Initial temperature -19 °C

31971 3.14 gUnsaiinuarandnunzresgUnse]
fdiu | suusiin | gunsal AUUIUATY 351339
1 | nszualnd | weendiees | lWinssuaadu Tonszualninves

(Clamp +29% Turn9n153n 0.1 | Aouwsalwesuazin
meter) 9 600.0 A dwsuns | nszudlnlfivesioaduy
Testo 770-3 | Tawuunily lnginuazduiindnneg
(Testo Inc., 1 W Juan 24
Germany) lus
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o w

MaabinvesrsUNsAWwDTAILITAAUIMLANNEUNISA 3.39

1440
P= Z—3IiVCOS® (3.39)
i 60

[

g P Aordslniihvesmomnsaes wihesnddlusetu (Wheday™)
% Aomusadndlniln 3 e a1 380 Taan (V)
I Aenszualniivesnsinsaesilaainnisianng 1 unii iunan
24 3139 Miewauwds (A)
COSO fAafusenaumaalili 3 wa a1y 0.8 (Duret et al., 2020)

3.2.0 n5UsEiiuUsEandnInnIstangenu

suAnwivsefiulssans mmnisldndsauee wionudulpelden SEC voeraaduiiu
ot Tagen SEC vasroauanainmsmualaeldlusunsudinautulunudnui uagld
foyatildannsasiuiidunvaiiardnaendumuddddeyaanmadonnsuaniios
Fu . 2565 o sundsivondunsegluniseiuaman SEC anduiimsisuiioy
Symi19A1 SEC vasveaduiilamnmuaza1 SEC wasvosiendululssmalngmunisane
404 Tachajapong et al. (2022) karA1 SEC vasaadufiiinisdnnisia (Pearson, 2019)
Tnoinausifiansanen veaieadunansdagud 3.3 uaganei 3.15 ldasunnuvansvesn

SEC TumpaglauniaunukuInianIsuss g ana 91w
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100,000

10,000

1,000

100

SEC (kWh-m3-year!)

I ‘t J J. '

1 10 100 1,000 10,000 100,000

2

Store volume (m?)
Average practice of chilled cold stores in Thailand (Tachajapong et al., 2022)

- = =International best practice for mixed cold stores{Pearson, 2019)

JUT 3.3 \nausin1sHaIsanAT SEC

A15197 3.15 Lnuein1sNaIseunAn SEC

Tu AIUNUNY

a

1 & aa a a [T k% I
1 ‘Vi’eNLEJ‘LJ‘VI‘WGuﬁmmﬂiza‘mﬁmwmﬂ%wawmq&mmmLmﬂ,uﬂizL‘Vlﬂl‘VlEJ

v & aa ) Aa
LLASWBNLYUNUATTINNTITING

2 weauniasaniuszdnsnmmslindsnugeanitveaduninisdnnisng

usnnIeadululsymelng

v & aa = a a DY ° = <
3 Poudunnansandivseansannistandsnusiniavewdululssinalne

wazredduninisann1sng

¥ @& aa = a a Y @ (R4 I 1
4 ‘VFENLUUV\WQ’]iﬂJ'\NUiSﬂWSﬂ'WWﬂ’ﬁIGUWEi\‘]\ﬂMQQﬂ'J"MENLHUIU‘IJi%LVIﬁIV]ULW]

° v 2 aa o Aa
F1NINVBILYUNHNNTITINNTITING




uni 4

NaN1SANE

4.1 UszAnsnnnsinunaamgiivesieadu

4.1.1 Yayavieaduifny

= dy Y o 4 [ gj o ¥ 1 @) ¥
ﬂ?iﬁﬂiﬁ?ﬁlﬂﬁ’ﬁ’l‘ﬂ%@ﬂLEJUGZJENIE\‘N']‘ULL‘USE‘U@W‘VI’]TVNW&I@ AUIU 9 19 hULUU hBY

Hulsennudidonids 314U 5 %89 (F1-F5) waznaadulsennudidu 3117y 4 ves (C1-

Cd) 5198LL8MNIRI5199 4.1

15197 4.1 IimuLLﬂigUmmiLLazﬁaaLﬁmaﬂiqmuﬁﬁﬂm

gL 0 Uszum Uszm Useuan
A (QUNA) 2AEINNIIU N duan
3 I (% = 19 1w Nalﬂ
no3Leu F1 UNYs (NARZIUDDN) 91sUIgy WAL o
WL
AL = 3 VUNAIU
nasLeU F2 Unusl (n1Anans) oulIgy WL o
WLLU
. L A =’ a1
nodldu F3 UUNY3 (1ANAN) omsuUTgy WL .
WD
£3 < [
oL F4 AYnNIaInT (NANAIN) DIzl WAL DM TITLA
4 < [
odLdu F5 dyNIaIAT (NNANAIY) TulTgy WYL NI
wedu C1 dnyu (nawnile) 93wy whiu Haldl
ey C2 Unusil (1ana) asuUsU wdu Anan
vieafu C3 UATWIEN (NMARYIUBDN) 91IkUI3U Wy luudssy
wieadu C4 aynIUTING (A1ANAY) ERGIVRV NS whfu GALIVSEUN
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4. vieufu Fa

I
a v

Auvisiansgunsalingmgll (0518820) Tusuvisdl 1 9 6 lusieadu F4 yuues

AuvULazLNLeI Ut andlusu 0.7 Tag gunsalindiumian 1 AnAsusnamadluls

Y

was gunsaliaiumian 2 Annsusnamthdnivismes gunsalinduni 3 uay 4 e

[
Y

a v & I a '3 v cw o I A a
"UiL'JﬂJLW@']u‘VI@QLUU?S"W'J'N'EJ'J']IULiLﬁ]'&)iLLagﬂiga'ﬂqﬂLsﬂq Q‘Uﬂim'ﬂﬂ(ﬂqwﬁqu 5 hay 6 AR

U‘%L’Jmmﬁaﬂiz@mqL%hmaiuuazmauamﬁmLﬁumuﬁﬁu Aauanalugun n.8

@ @ Fuapora

s fan uni

/ @ OO,
20T i

fan units

L

- >
22 m 22m

vangwg : O dumisgunselingamgdl  wnewme : O dundigunsalinganall

JUT 0.7 wnudavieadu F4 (@) yusesinuuy (b) yusesinud

I
Y

U n.8 nsinssgunsalinaamgiinngluiendu Fa
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5. Wiedu F5

fusdndagunssiingamgdl (0518820) Tushumusdl 1 fa 6 Tudoadu F5 yuues
Fuvuuazsusosiuitandlugul n.9 musiiu Tae gunsaiinfuied 1 fadausina
nddlviawes gunsai¥amuniadl 2 Aadsusinumindlvsmes gunsaifamumsd 3
way 4 AassuinamauionfussridriveweiuasUssgniadn gunsalindumdsd 5

uay 6 Ansausnamileyszgmadiniglusazaeueniiendumudidiu dwandluguil n.10

(a)

& L,,,.J ]

E

Door -

Evaporator

fan units

30 m Evaporator

¢ fan units

O ORD

® O MO

- Door 30 m

a

; wanewn : O fumisgunsalinaamgl

Y

30 m

a

vinewnn : O dumisgunsalingaumall

Y

JUN 1.9 wauvieddu F5 (a) yuupsnuuy (b) duuesnudig
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3UN .10 n1sinsivaunsalineangineluriondu F5

6. ioudu C1

ﬁﬂLLMﬂQﬁﬂﬁzﬂqﬂﬂiaﬁﬂqquﬁ (DS18820) lushusuient 1 f9 5 uazgunsalingangd
uae BTG (DHT22) fuvishl 6 Tuenfu C1 uumeswinuuuuazsiasd i auans
Tuguil n.11 Tne gunsalasdumisdl 1 wag 2 Redsuinmndsiondy sswi@nliamesds
Useaynadn gunsaiiaduniedl 3 FadunileUssgmadinielusondy gunsaifamumied
4 uay 5 Rassusnadaisndu seinassaniadhdsiundaies uaggunsnidadumiad

6 AndamiloUsygmadinieusnieadu faguil n.12
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(@

Evaporator

. fan units
Evaporator @ -
fan units \ 161 @ @ @ @ 6.3

. Door .,

19 m

& OO0 O )

(6) " ooer wnewn : O dumisgunsalingaumall

Y

19m

vanewn : O dumisgunsalingamai

JUT n.11 wndwiondu C1 (@) yuuawinuuw (b) yuuesinudi

Y

JUN n.12 Msfnsgunsalingaumaiineluiondu C1

7. oy C2

o
1 a v

Auwvisinssgunsalingamail (0S18B20) lusinunisil 1 8s 6 wazgunsalingumngll

]
[

wazALTUFURNS (DHT22) funieil 7 war 8 lueadu C2 yuuesiuuLLazyuLes
Autauandlugui n.13 Tng gunsalindunusd 1 wag 2 AnRsUsInAUaILAEA NS

Miswes gunsalindunus? 3 uas 4 fadsusnandainansiondy gunsalinsumnied
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5 Annsusnaumilouserdniesdunn aunsalindiuvian 6 AndauTiiundnsetiudlus
was aunsalindunian 7 Andeusnanideyssgmadinieluiendu uazaunsalin

° A a O v v v v I Y] a
FLNAUIN 8 ﬂﬂﬂﬂﬂqumqﬂﬂﬁxﬂ‘ﬂqﬂL?J']ﬂ']ﬂu@ﬂ‘ﬁ@ﬂlﬂu V’IQE‘U‘V] n.14

() Moor ® A

Evaporator

~ Evaporator
fan units T * P

(b)

fan units

»

el o

a

O) o] Ol

@4 B
—Jf '

- - -

6 m 6m

vanewn : O dumisgunsaiingamall  visnewg : @ dumsaunsalingamgl

Y

SUN .13 unulaiondu C2 @) yuuesrnuuy (b) yuueisnud

U n.14 nsfnssgunsalingamaiinneluieudu C2
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8. vioafiu C3

fuviisdnsisgunsalingamndl (0518820) Tushuwiiedl 1 fs 5 wazgunsaiingaumgi
wagANTURYS (DHT22) siuvisdl 6 Tuveadu C3 yuuosiuuukaraumoadudauans
Tugufl n.15 Toe gunsaiiasumiedl 1 wae 2 AadausnudunduagduniidnTdinnes
1Ry gunsalindunsdl 3 uay 4 Aadsuinandssenindnluinnesisegniadn
gUnsaiingumied 5 Andainadiszgmadinmeluienduiud wargunsalinsums
il 6 Aedaunadneussgmadnasuensioududud Ui n.16

(a)

g ©)
NN
/ / e N
Evaporator ‘
fan units @
10
Evaporator
(b) / fan units
OE®
Don\r @ @ @ @ !
S @ § Door
®

12m 12m

a

vnewg : @ dumbsgunsaiingnmgs wemn : O dumdsgunsalingaumgd

Y

JUT .15 unudaiondu C3 (a) yuuosiiuuy (b) yuuewudng



JUN .16 nsAnsiagUnsnlinenmginieluioadu C3

9. Woudu C4

Funsiaregunsaiinonmnd (0518820) Tusumisdt 1 fa 5 uargUnanitagangd
uazP RTINS (DHT22) Musisil 6 Tudendu Ca smmeswnuuILazsmuoIiud AR
Tuguil 017 Tasgunsaitnamgiisauisd 1 8 5 Aedmannglufesdurudas nasey

¥ & a o oA a o a v < [ a
NI LLﬁ%E}Uﬂim’]@quQNWWLMUQ% 6 G]ﬂ@]\‘iUﬁL’JmUiSQﬂ’]EJUE]ﬂMaQLEJ‘LJ GN'E‘U‘W n.18

(a)

«~ Door

@ =

(b)
30 a

O © o o g,

+— Door

60 m 60m

a

waneg : O dumisgunsaitagamgl  wnewq : O dumisgunsaiingaumai

U

JUT n.17 unudeiondu C4 () yunpsinuuy (b) yusewinudng
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JUN n.18 nMsfnagunsalingamaiineluvesdu Ca
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dy 3 dl Y o L v dl = ! 5 1 Y o ¥ €Y 1Y
wnanstiluenansianulidmsunisidauienistnwintu leugslmiluldusslomismunisi

I e~ O & A U Yv agvo & Y Y a = v & A ° v
lmﬁqﬂiﬂﬂ@ﬂ NG @ﬂﬂﬂﬂqﬂﬂiﬂﬂmuﬂa%u@ﬂq LLagm@fl@WQ@ﬂﬁﬂL?\]'WGUENL@ﬂﬁqﬁnﬂﬂﬁﬂwmﬂqiuqlﬂiﬁ
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1. Ml ulUsHASUALIMNSIINS19UYaITR LU
(1) {1¥nsendeyavesionduliasudiunnuiilaun Structure, Insulation, Door,

Product Wag Operation

JUN ©.1 Wesudwsudldnunsendeyavesioiu

(2) slerldvinn1snsandoyaasudiugas 39n13adni RUN LitevinsaIuiunisly

NI UVDIILE U

=

JUN ¥.2 Yy RUN dwsunisinuianisidndanuesieady

9

2. NI IATIEATUTNTUAIUIINITITNE I UVD IR U U
szvutisdndulananing 3 9819 loun Arszn1ealusoudiiinduntelureiu
(Thermal load), N1stndaauuesssuurinAuauiu (Refrigeration system), WagAINTS

Tindsaudnng (Specific Energy Consumption, SEC) Aeguf .3 lneliseavidunsiail
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UM 2.3 wasvuutiednaula DSS

(1) msymannufeuiitistumeluiondu (Thermal load)

LanInsEnenLdeuRasiintunalueafudsUsynoudie asymennnudeusin
MsdRIuALSoUH RS AT eeNSauaInaInIAseunteuendild e Tuiesdu
AsgnanuseunIngldaunigluiendu 1158119ANTOUTINTEUUTDILEAIETN A15Y
PIAILSOUIINTOINAURT NNSENIIAINSBUINUBLADS RAALTOLAS DITENY A1TEN
audeuandusisnfiuneluiedy uazaisenamiuseuninssuvazatotinuda

(2) msldndanueesssuuyanuaadu (Refrigeration system)

Lananslangsnureanisldndinumeaniownle msldndinuresieaduiaies uay
Arlnihvesioadudsnannnisldndsuvesiondu Tuusaziiou

(3) A1 SEC

A1 SEC aasveuduiilddrsiatiuan SEC wasvesieadululsundalneuaza SEC vas
vioadunifimsdnnsfialnetnausifiansana SEC vesiaaiulanidiosud v.4 uazassil 2.1

Ipasuarumuneveden SEC luusinglaunsauiuiuiniin1susengnnasau

100,000

®

10,000 £~

1,000

100

SEC (kWh-m?-year!)

1 t t + 1
1 10 100 1,000 10,000 100,000

Store volume (m?)
Average practice of chilled cold stores in Thailand (Tachajapong et al., 2022)

- — —International best practice for mixed cold stores (Pearson, 2019)

UM 0.4 1neuainsAansanA SEC
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A15197 2.1 LNeusin1SRITUIAT SEC

Tu AMUNUY
Y 2 aa ~ A a Y W v =

1 ‘Vi’e)ﬂLEJUVIWRHiﬂJ’]ﬂJUiZﬁVIﬁﬂ’]‘Wﬂ’]ﬂsﬁwaﬂ\‘ﬂu’q&ﬂ’l’mmLEJ‘UI‘UU?%L‘VI?T
Ineuazieuiunin1sannIsna
Y & aa ~ a a v W % 2 aAa

2 viaqLsnmwmimmﬂszammwmﬂ%waamuqqmmaqwu‘wumi
o d‘d |<‘> 1 ¥ I~
IAN5NALAAINIe RS Ul sEmelne
v < q'a = a a £ [ é I v =3

3 PowIUNNINTUINUSEANS AN I Na s UsINIaRduluUsE A
Inawazseduninisann1sng
v < aa ~ a a Y % ]

q 'viaaLs;lu‘wwmimmﬂizams,ﬂwwmﬂﬁawaqmuqqmmmL&JuiuﬂigLMﬁ
INBuAFIN IR A UNTNITIANISTA

3. WA SLNSUAIUIUATS IINS 1N UUD I D LEU

(1) Toyalassairesiondu (Structure)
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Ut WP insulation Door  Product  Operation
Basic information ()

Electricity Cost (Baht/kWh)

Cold store Type Ciled cloud store ~

Cold Store Volume

Cold Store Service Life os v

Global Performance of Cold Room

Store Condition @

ting Time Per day (hr)

& Width (m)

North wall @

ion of Wall is internalor External

Color of Wal 2k v

utside Temperature
East wall @
Location of Wall 1s.internal or External
Color of Wall Black v
Outside Temperature
West wall @
Location of Wall is internal or Extarna Into ~
Color'ef Wall ~
Outside Temperature
South wall @
Location of Wall is internalier External e ~
Colopof Wall Flac -
Qutside Temperature

Reaf/Ceiling @

Locationaf Waltisinternal or External o ~

JUT .5 vosunsendeyalasadisesiondy

(1.1) Gﬁjau”aﬁb’ﬂﬂ (Basic Information)

Electricity Cost Aiamluiinsoniiay (Un/nuae, uimn/kwh)

(%
v 1

Cold Store Type foUszinnvewiondu Favulu 2 Ussiavmugnmginei laun
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1. ipsuiiu (Chilled cold store) gaungigendn -1°C
2. Wosutidonud (Frozen cold store) gauunfidnd -1°C
Cold Store Volume faUsunnsadduniasuns (m)
Cold Store Service Life fiongnisldauresiondulunsdlinsvengldnuveias
Fulfergrersuisnuny Tnsutsorgnisldeudy 4 dasldud 1. 139 2. 359 3. 510 1

wazuNAIN 10 Y

s
a a

Global Performance of Cold Store fia AduUsEANTUSEANSAINSZUUTINANLLE VDY
woafuilanviniu 0.25
(1.2) anmviaai (Store Condition)

= A v < ' = o
Store Temperature ﬂaqqummmmﬂuwaﬁwu BuIBIANYaLYd (°C)

v
IS U v 6

Store Relative Humidity feadnududusimsaeluieadu niewasifus (%RH)

Compressor Operating Time Per day fe32ext9a19M137u03A5 098wl olunil +7u
wihetaliseu (hreday™)

Store Width Aspunitsesieadulaefiuualvmuiauiofoniiuning niiowns
(m)

Store Length AeAinuevesiaddulaaiinunlinuiidn: Jusenfannuei nuae
e (m)

Store Height AoAugavadipudu miiawns (m)

(1.3) wsviAnile (North Wall)

Location of Wall is Internal or External Aentlsfiviioatniglunsanisueneinis

Color of Wall fiedvesniawionduiiewile Tae 1. d1 2. &, 1, 85 3. dv10 4. egluy
sy

Outside Temperature flegunailnguenxtsiimmile miivesmiwaidea (°C)

(1.4) milsiiAnziuaan (East Wall)

Location of Wall is Internal or External Aenisfianziusaney n1elunieateusn
9113

Color of Wall fedvesntsieaduiienziuean laeg 1. @1 2. @1, 1, 85 3. dvn 4.
ogluiisy

Outside Temperature fleguvgineuanutiiifngiuesn vilgesmiaded (°C)

(1.5) WHanAREIUmn (West Wall)
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Location of Wall is Internal or External Aeriafiang Junnegnigluvienieusnenans

Color of Wall Aedvesniaiondufianziuan tae 1. 81 2. @wn, 11, 85 3. 8217 4. og
Tuisy

Outside Temperature AvgauuiineuanNNisiAnz AN Mituesrmgadea (°C)

(1.6) wilafiale (South Wall)

Location of Wall is Internal or External Aantisiirlaagnglursaniguanains

Color of Wall Aedvewiaieaduiield lag 1. &1 2. &, I, 85 3. dv11 4. eglud

Outside Temperature flegamginiguenutisiield nilgesrnsaidea (°C)

(1.7) #a9@1/ AU (Roof/Ceiling)

Location of Roof is Internal or External Aaimueadusgnieluvsenisusneinis
Color of Roof Asdveunaurisadu las 1. 81 2. dwn, 1, 85 3. v 4. agﬂuﬁéu

Outside Temperature flBguUIMEUDNINATY VLILasALIALTYH (°C)

2) awrutlasiuaIusau (nsulation)

UM 2.6 vesunsendeyaauiudesiuauiou

(2.1) w1d9 (Wall)
Type of Wall Insulation AeUszinnauiutesiuauieuresnisioady
Thickness of Wall Insulation ABAMNNUIYBIRWIUTBITUAMLSDUNTI LY YLIe

LA (M)
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(2.2) nl3A1 (Roof)

Is there a specification? Aans1udayavilawaraiunuivesauIudasiuauiouves
s misely nsdlldnsulusunsuagldmanusiunuanuseusuridmsundinvieadu

Type of Roof Insulation AeUssianauluteaiuanuiouvesmdanieadu

Thickness of Roof Insulation AeA31uKUIVeIRUIUT BeTUANS BUNS A1 R aLTY
PULUAT (M)

(2.3) #u (Floor)

Is there a specification? AianNI1uTayavilakarANnUIvesRUINTaITuAINTaUYEY
Hundolyl nsdllinsuTusunsualdAimnudumiumudeulughdmduiiuieasy

Type of 1st Floor Insulation faussinnauanifosiumudeufiuionduduil 1 viedu
VUAAIAATL AN

Thickness of 1st Floor Insulation A ssmunvesatiutiosunueuiuioniudy
7 1 whewas (m)

Type of 2nd Floor Insulation Fetszianauautiosiuninuseuiiufendudud 2 wie
Funanssauanslunm

Thickness of 2nd Floor Insulation Aenamunvesauiutesiuaudeuiiuie adudu
7 2 whewns (m)

Type of 3rd Floor Insulation AeUsstamaunulesiuanudouiiuesduduil 3 vietu
a19ganakanglunn

Thickness of 3rd Floor Insulation Aoaumunvesauuiesiunuieuituiosdudy

7 3 MILUAS (M)
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(3) Uszgiieatdu (Door)

e

SUN 0.7 Wesunsendeyauszavionduy

(3.1) Uszgiiaaéu (Door)

Number of door AaduIuusanied1ve ey

Width of door Aearuninwesusyeviendu wiiewuns (m)

Height of door oA ugeUsegiatdu miewuns (m)

Is there an anteroom Aettondulivaunisuuinmtiusegrondursely

Outside Temperature AoauungiusInmtUssnRoniy

Outside Relative Humidity Aoauiudumivdniussgendu misiediiud (%6RH)
Type of Door protection Aausgnnvesaunsailesiueinialyariiu

Current Door Seal Condition Aaanmiaguiuvesdasniusyaviondu

Duration of Each Door Opening Aessezlintszgrondulunsasads nheunfi (s)

Number of Door Openings per Day feduaunsalnuszgredusietu (a5y/day)
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(4) @uA (Product)

Structure Insulation Door Product ' 4 Dperation
Product m

Type of Product kept in a cold store ruits and Vegetabie ~

nitial Temperaute (°C)

Product Load per Day (kg/day)

sUN .8 wosunsondouadun

(4.1) @uA (Product)

Type of Product Kept in a cold store fesfinrasduditinunivinuiniegluiesfy
oA

1. Fruit and Vegetable fofnuaznalsvioaumilifinsangamgiinomiuinm

2. Frozen products entered at the room temperature A8&UA1 wdudadi nnsan
samgiinewivsnwnisluiondy

Initial Temperature Aegunn i3 uduresdudinouivinuiluviaandu miigesm
walgea (°0)

Product Load per Day (ke/day) flousunadudifiiusnunieluiendusetu nie
Alansusodu (kg/day)

Specific Heat of Product flaa11uqAusaudinzvesduni mite (J/kgK)

Respiration Coefficient (g) Aaduuszansnismelavesiiniaznalil

Respiration Coefficient (f) Aaduuszansnisnilavesiniazualsd
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(5) M3UfURU (Operation)

Structure Insulation ~ Door  Product
Forklifts @

Number of Forkifts<
Power (W)

Estimated Operetion time (h/day)

Evaporator fans @)

Efficiency.of S! led pole moig: 30% DC'Moter 70-75%

Detiontsystem @)

Light @
Estimat pergtian Time (h/day:

LUX (Im/m*

Type cf Light Bulb T v

prsornel | @)

The Number of Personnel Working in'Cold Store:

imatedOperetion Tife (h/day

JUN 2.9 vlesunsendeyanmsuumnu

(5.1) saan (Forklifts)

Number of Forklifts Aedmausagniiufisumeluieady

Power ApmastiiiwessonfiufoRnuluviondu nieind W)

Estimated operation Time AeszgzinaiisagnufuAtiunislureadudety v
FlussioTu (hr/day)

(5.2) Wnandluisiees (Evaporator Fans)

Number of Evaporator Fans Aednuiusinandiluisines nelusieadu

Power Fadtlnfivesinandiviswes uaviades mieTad (W)

Efficiency fauszansvesinaudinluismed uravndes nieofdud (%)

(5.3) svuvavaneniuda (Defrost System)

Type of Defrost System AeUsunnuessyuvazaniudwesieady Taun

1. Off cycle MmsazansiudalngnisUnszuurinanudu
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2. Hot-gas m3avaneiudslneldufadou

3. Electrical heater nsavaneiudddneldunainanudeu

(5.4) wawalng (Light)

Estimated operation Time fieszeziafidauasainanisluiondu mizedlusiot
(hr/day)

LUX famnuduvewasaininisluiendu mieguusionsnauns (mm?)

Type of Light Bulb fauszinnuemasaliiinasneluiondy

(5.5) WNa1U (Personnel)

The number of Personnel Working in Cold Stores ﬁaﬁi’ﬁmuwﬁ’ﬂmuﬁlﬂﬁﬂ’ﬁmu
nelusieafiu

Estimated operation Time Apszgziiaintinauujiauneluendu viedalus

nadu (hrday)

(6) MIuAREEaNITZNNALSauIRaTungTuRLi Y (Thermal load)

QUSHETREN  FRefrigeration system  SEC

Infiltration (W) Parsonnel (kW) Lights (kW) Forkiirt (kW EVaporator fans (kW) Product (kW) Dafrosts (kW)

JUN 9.10 MIUAAINANITENAINLTOU

Transmission ABA1TENIIAIMNSBUIINAITARWIUAINSDUKUNLS rdeRladng (kW)

Infiltration Aan15EN AT IUIINBINTIASEUNBUENTLE WA el uR o udY Mg
Aladng (kw)

Personnel Aan1sznispnudenaingldeuneluieadu mieilaing (kw)

Lights AoN1TENINANLTIUIINTEUUVBILEEIN MieRlaingd (kW)

Forklifts ABN15EN19AIUTDUINTOLNAUAT WIBALATRA (KW)

Evaporator fans flaniseniaanudeuainyewmesinauveansossye niieilaing
(kW)
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Product Aennsgmsmudeuanauiiidaiiuneluiondu mieiladnd (w)

Defrosts Ronszyniandouanszuvazansthuds miwilatad (w)

nsuanmansznanufeulusuil 9.10 mnefiwioaduidanssmamiufouandud
gefian Andu 44.7% sesamnliun aszmannudouanueinesinanveaaiesszne N3

d1uAnuSouNIuNle 91n1ATaUN B UBNT ININ18TURDEU STUVVDILAIAIY LAY

dldauneluiendu Andu 35.28%, 15.73%, 2.73% uay 2.69% Auadu

(7) mshindanuszuuranuduvesieady (Refrigeration system)

IETRIEERRY Retrigeration system  [EiEs

‘‘‘‘‘

JUN .11 Msuanananislandsnuresssuuinanugy

Compressor AanslandwIurenIoonle vuaeilatnatalug (kwh)

Cold Store Aionslindaureiauduyvioedenuniewnlo wasEINe Waay sEUU
avaneuds wavssuvdugneluioadu wieilainddalus (kwh)

Energy Cost Aaalninvesiesfudemuinainnislandsnuvesiondunazan i
WU

Y @ [J < (% a = = ¥ [
NSUARINANITIINANUVRITTUUIANUEUATTUT 2.11 Wisuiisunslindsauain
o/ (% a % 13 [ 14 [ 3 ¥ = 1 I
MSINAIUTRIATBIEAle kaznsTEndsuvetiaRduies saudsaluilusey

wau ngagunmsldndsnunazaliinlusedsndae



85

(8) NMIuARINAAT SEC Yoeia iy

geration system g

JUN .12 N15uaARINa SEC vaevialiu

A 1

AT Aedn SEC vasisuduiosil nuie (kWhm3year?)

\E@udung AeAn SEC wdevewnadululsunalne wiag (kWhm2year™)

U3y Aern SEC vewiauduniinisdnnisiavule (kWhm3year?)

N3LERINGA1 SEC vaiviounduniguil v.12 SEC vosvipaduiiiirn 86.97 kWhm>year
Feaglulawn 1 auensei 9.1 annseagulddniendunnarsaniuszvsnimnislindsau

t% ] v 2 Ao v Sy i o & o
gandveaduludssmalvewasionduiiinisiansng Ludiaudwdulunislduinsnis

Usgndanaaanu esainUszdnsamnislandsnuresiondusglusy Auiifue
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Y % r\q\“
agnant®

dy 3 dl Y o L v dl = ! 5 1 Y o ¥ €Y 1Y
wnanstiluenansianulidmsunisidauienistnwintu leugslmiluldusslomismunisi

I e~ O & A U Yv agvo & Y Y a = v & A ° v
lmﬁqﬂiﬂﬂ@ﬂ NG @ﬂﬂﬂﬂqﬂﬂiﬂﬂmuﬂa%u@ﬂq LLagm@fl@WQ@ﬂﬁﬂL?\]'WGUENL@ﬂﬁqﬁnﬂﬂﬁﬂwmﬂqiuqlﬂiﬁ
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%input data

%structure

Tth = app.StoreTemperatureCEditField.Value; %3umsius Tth

rh_i = app.StoreRelativeHumidityEditField.Value; %SuAaauds rh_i

tCN = app.CompressorOperatingTimePerdayhrEditField.Value; %5uensiauils tCN
WR = app.StoreWidthmEditField.Value; %5ufisinuls WR

LR = app.StoreLengthmEditField.Value; %5ufisiauds LR

HR = app.StoreHeightmEditField.Value; %5uA1aawils HR

Ec = app.ElectricityCostBahtkWhEditField.Value; %Furieuis Ec

VC = HR*LR*WR; %Anuanlsunnsiaaifiu
app.ColdStoreVolumemEditField.Value = VC; %uaaIAALT VC

DC = tCN/(24);

switch app.ColdStoreTypeDropDown.Value %fudifiuds drsenaumsudluia
sundvnunldlaaadnsallWihdugaraluviavibiu suaisi 7
case 'Chilled cold store'

cf = 9.52; %asuLfiv cf = 0.52
case 'Frozen cold store'
cf = 0.78; %viasuifianude cf = 0.78

end

switch app.ColdStoreServicelLifeyearDropDown.Value — %3u@aialuils Clife
case '0-1'
Clife = 1;
case '"1-3'
Clife = 0.92;
case '3-5'
Clife = 0.865;
case '5-10'
Clife = 0.855;
case '10-15'
Clife = 0.832;
case '>15'
Clife = 0.827;
end

%North wall
switch app.LocationofWallisInternalorExternalDropDown 2.Value %5ufiéiatals NW
case 'Internal'

NW = 1; guiaviAvitiaatTuaims NW = 1
case 'External'’
NW = 2; %HiaVidLviillaatuana1As NW = 2
end

switch app.ColorofWallDropDown.Value %FuAeILLs NWC
case 'Black’
NWC = 1; %W TALKTIaReN NWC = 1
case 'Gray, Wood, Brick'
NWC = 2; %WITITiIALKTaRN NWC = 2
case 'White'
NWC = 3; %ufoidmuiiadund NWC = 3

case 'In shaded’
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NWC = 0; %ilanaLuiialilauian NWC = 0
end
TN = app.OutsideTemperatureCEditField.Value; %FUAIAILUT TN aauunninand
widla
%East wall
switch app.LocationofWallisInternalorExternalDropDown_4.Value %Fuegiaals
EW
case 'Internal’
EW = 1; %Hiandaaziuaanatluaias EW =
case 'External'’
EW = 2; %NaniAasTuaanatiuana1As EW = 2
end

switch app.ColorofWallDropDown_2.Value  %3u@i6iauils EWC
case 'Black’

EWC = 1; %HaAAa I uaanien EWC = 1

case 'Gray, Wood, Brick'

EWC = 2; SHdIARAayIuaan&NT EWC = 2
case 'White'

EWC = 3; %HIAAaZIUaanFu1) EWC = 3
case 'In shaded'

EWC = 0; %t nAnzIuaanlilauLan EWNC = 0

end

TE = app.OutsideTemperatureCEditField 2.Value;  %3uaiaiuds TE aaungidniloniea
fAzIuaan
%West wall

switch app.LocationofWallisInternalorExternalDropDown.Value %FumeIwls
WW

case 'Internal'’

WW = 1; FuilvnAazIuanatluatas WW = 1

case 'External'’

WW = 2; %andaagIuanatuanmIs W = 2

End

switch app.ColorofWallDropDown_3.Value %3UANAILUT WIWC
case 'Black'

WWC = 1; BTN AARZIUANRET WWC = 1

case 'Gray, Wood, Brick'

WWC = 2; BHINAARZTUANFLNN WNC = 2
case 'White’

WWC = 3; %NITINANZTUAARUI WWC = 3
case 'In shaded'

WWC = 0; %HTInAasIuUanTViIlauLaa WWNC = ©

End

TW = app.OutsideTemperatureCEditField_3.Value;  %5uaéiuds TW aatunninilonid
aziunan
%South wall
switch app.LocationofWallisInternalorExternalDropDown_3.Value %FUAGN
wals SW

case 'Internal’

SW = 1; %uiandlsatiua1as SW = 1



case 'External'
SW = 2;
end

switch app.ColorofWallDropDown_4.Value
case 'Black’

SWC = 1;
case 'Gray, Wood, Brick’
SWC = 2;
case 'White'
SWC = 3;
case 'In shaded’
SWC = ©0;
end
TS = app.OutsideTemperatureCEditField_4.Value;
T
%Roof
switch app.LocationofRoofisInternalorExternalDropDown.Value
RW
case 'Internal'
RW = 1;
case 'External'
RW = 2;
end

switch app.ColorofRoofDropDown.Value
case 'Black'

RWC = 1;
case 'Gray, Wood, Brick'
RWC = 2;
case 'White'
RWC = 3;
case 'In shaded'
RWC = 9;
End
TR =
%Insulation
%wall

switch app.TypeofWallInsulationDropDown.Value

case 'Expanded polystyrene (EPS)'

kw = 0.037;

case 'Extruded polystyrene (XPS)'

kw = 0.035;

case 'Polyurethane (PUR)'

kw = 9.023;

case 'Polyisocyanurate (PIR)'

kw = 9.027;

case 'Concrete’

kw = 2.25;
end
ew =
ADIAUIY
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%uilaviAlsatuanaiAs SW = 2
%5uAanils SWC
BHIINATARAT SWC = 1

%HITINATARLNT SWC

1}
N

BHITINATARUNI SWC = 3

%NINTNATH LU TAULAR SWC = ©

%FuAeinuds TS aaunniniiond

%5uAcas

Iideaatinnalualas RW = 1

%MRIAIBLAEUANAIAIT RW = 2

%5uAIeILUs RWC
%UAIARAT RWC = 1

%UAIAIRLN RWC

1
N

%UNIARUNY RWC = 3

nAIARLUTAULAR RWC = ©

app.OutsideTemperatureCEditField 5.Value; %3u@aiaiuils TR aaunnfinavan

%5uA kw e157197 1

%WI9RUIU EPS kw = 0.037
%HI9RUIU XPS kw = 0.035
%W UIU PUR kw = 0.023
%HiaauUIU PIR kw = 0.027
%M UIU CONCRETE kw = 2.25

app.ThicknessofWallInsulationmEditField.Value; %Fufisiuds ew @unUN



%Floor
switch app.IsthereaspecificationDropDown_2.Value

case 'No’

Rf ann AHSRAE

end

efl

switch app.Typeof2ndFloorInsulationDropDown.Value
case 'Expanded polystyrene (EPS)'

end

ef2

switch app.Typeof3rdFloorInsulationDropDown.Value
case 'Expanded polystyrene (EPS)'

switch app.ColdStoreTypeDropDown.Value

case 'Chilled cold store'

Rf = 3.5;
case 'Frozen cold store'
Rf = 4.8;

end

case 'Yes'

%viagutifiu Rf = 3.5 @N59% 2

%viasudifianude Rf = 4.8

%asdilsoonufidayanuviaifiu

switch app.TypeoflstFloorInsulationDropDown.Value %5uai@iuals kfl

case 'Expanded polystyrene (EPS)'

kfl = 0.037;

case 'Extruded polystyrene (XPS)'

kfl = 0.035;
case 'Polyurethane (PUR)'
kfl = 0.023;

case 'Polyisocyanurate (PIR)'

kfl = 0.027;
case 'Concrete’
kfl1 = 2.25;

%hutu 1 «fu EPS kf1=0.037
%huun 1 1fu XPS kf1=0.035
%fuatud 1 1fu PUR kf1=0.023

yudud 1 1y PTR kf1=0.027
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%nseilseonu'lifivayafiuviaoidu ladn

%ugiud 1 1Hu CONCRETE kfl =2.25

= app.ThicknessoflstFloorInsulationmEditField.Value; %3uadluis efl

kf2 = 0.037;

case 'Extruded polystyrene (XPS)'

kf2 = 0.035;
case 'Polyurethane (PUR)'
kf2 = 0.023;

case 'Polyisocyanurate (PIR)"

kf2 = 0.027;
case 'Concrete'
kf2 = 2.25;

%5uaciuis kf2
%Autun 2 1l EPS kf2=0.037
%Autuf 2 U XxpPs kf2=0.035
%Autuf 2 uPUR kf2=0.023

%hutu 2 18u PIR kf2=0.027

%Wutiufl 2 1Ty CONCRETE kf2=2.25

= app.Thicknessof2ndFloorInsulationmEditField.Value; %3uaaluils ef2

kf3 = 0.037;

case 'Extruded polystyrene (XPS)'

kf3 = 0.035;
case 'Polyurethane (PUR)
kf3 = 0.023;

case 'Polyisocyanurate (PIR)'

kf3 = 0.027;
case 'Concrete’

%5uAsiuds kf3

1flu EPS kf3=0.037

X
=
=
58(
=
w

flu XPs kf3=0.035

X
=
=
58(
=
w

1flu PUR kf3=0.023

X
=
=
58(
=
w

1flu PIR kf3=0.027

X
=
=
58(
=
w



kf3 = 2.25;

end
ef3 =
Rf=

end
%Roof

app.Thicknessof3rdFloorInsulationmEditField.Value;
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%Wudui 3 1flu CONCRETE kf3=2.25

%5uasiuds ef3

(ef1l/kfl)+(ef2/kf2)+(ef3/kf3%AuIew thermal resistant Rf 229U

switch app.IsthereaspecificationDropDown.Value

case 'No'

switch app.ColdStoreTypeDropDown.Value
case 'Chilled cold store’

Rr = 6.2;

case 'Frozen cold store'
Rr = 7.9;

end

case 'Yes'

%n3eilTs99nuliisayauasndvan

%vinguadifiu Rr = 6.2
%vinsudiianude Rr = 7.9

%n3A115991UFUDYaNAIAN

switch app.TypeofRoofInsulationDropDown.Value

case 'Cork’ %uavaLilu EPS kr-= 0.037

kr = 0.036;

case 'Extruded polystyrene (XPS)'

kr = 0.035; %navAilu XPS kr = 0.035
case 'Polyurethane (PUR)'

kr = 0.023; %navailu PUR kr = 0.023
case 'Polyisocyanurate (PIR)'

kr = 0.027; %uN9m iy PIR kr = 0.027
case 'Concrete’

kr = 2.25; gnagAilu-Concrete kn = 2.25
end

er = app.ThicknessofRoofInsulationmEditField.Value; %Fuesinis er

Rr= (er/kr);
end
%Door

ND = app.NumberofdoorEditField 3.Value;

Dw = app.WidthofdoormEditField 3.Value;
Dh = app.HeightofdoormEditField_3.Value;
switch app.IsthereananteroomDropDown.Value
case 'Yes'
Aroom = 1;
case 'No'
Aroom = 2;
end
To = app.OutsideTemperatureCEditField_6.Value;
rh_o = app.OutsideRelativeHumidityEditField.
aeuan

switch app.TypeofDoorprotectionDropDown.Value

case 'Wide open'

E = 0;
case 'New plastic strip '
E = 0.95;

case 'Plastic strip'’
E = 0.8;

%A1ulal thermal resistant Rr 2adniavA

%5udnsiauds ND dunuilsee
%Fuensauds Dw anunivilsee
%3uAIeAtUs Dh' Augulses
%3ufneawals Aroom

%A¥a9Laaan Aroom = 1
%WifiviavLe3au Aroom = 2
%FuAnsiuils To aaunnidanauan
Value; %3u@iénuils rh_o anudu
%Fumainds E adnsalilasAuilsee
%hifialnsaillasiu E=0
Finuwaaaining E =

0.95

%INUNRFRALAN E =20.8



case 'Air curtain’

E =

0.7;

case 'Air lock with strip’
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%iuann@ E =0.7

E = 0.85; %air lock E = 0.85
End
tdo = app.DurationofEachDoorOpeningsEditField.Value; %Fueciuils tdo
Ndo = app.NumberofDoorOpeningsperDayEditField.Value; %Fueeiuils Ndo
switch app.CurrentDoorSealConditionDropDown.Value %Fueiciuils v

case 'Good'

vV = 0.0006; %Uauaulsya&nING v = 0.0006

case 'Poor'

vV = 0.003; %iauauilszgan1nwliud v = 0.0003
end

L_ds = 2*(Dw+Dh);

%Product
switch app.TypeofProductKeptinacoldstoreDropDown.Value %35u@1 Prod
case 'Fruits and Vegetables'
sudniuaiidudnuazna’liy Prod = 1
case 'Frozen products entered at the room temperature'’

Prod

=1;

Prod = 2; snan At iuaninsududoiananmgfiua’ Prod = 2
End
Tpdo = app.InitialTemperauteCEditField.Value; %3uA6us Tpdo aaunnd
Aualzueu

Mpd = app.ProductLoadperDaykgdayEditField.Value; %3u@16auis Mpd
cp_pr = app.SpecificHeatabovefreezingpointofProductJkgKEditField.Value;
ANusaudIwIzuiiaaatianudonasiing

%5ue@uils cp _pr

cp_prbe = app.SpecificHeatbelowfreezingpointofProductlkgkEditField.Value;
ANusaudInIzeIaLiianudivuadnig

%5uflenuis cp_prbe

la p

gres
fres

%»for
Nfor
Pfor
tfor

n

k
k
k
k

= app.LatentHeatofFusionJkgEditField.Value;
%FuAfatds la pr

= app.RespirationCoefficientgEditField.Value;
= app.RespirationCoefficientfEditField.Value;

lift

= app.NumberofForkliftsEditField.Value;

ANNTDULHNIADIDIUNT

= app.PowerWEditField_5.Value;

%Evaporator
Nefan
Pefan
eff_efan =

app.NumberofEvaporatorFanseditField.Value;

= app.PowerWEditField_6.Value;

%Light
tlight = app.EstimatedOperationTimehdayEditField _2.Value; %3Fuf1aiuis tlight
app.LUXImmEditField_3.Value;

LF =

switch app.TypeofLightBulbDropDown.Value

case

app.EfficiencyEditField_3.Value;

'LED T5'
Lamp = 1;
case 'LED T8'

%3UARILUST gres
%5ueciuids fres

%5uA16uds Nfork
%5uAsiuds Pfork

app.EstimatedOperationTimehdayEditField.Value; %5uAnsaus tfork

%5uA16auils Nefan
%5uAsiuls Pefan
%Fueciuils eff_efan

%3um1euds LF
%FuA1AILs Lamp

%viaaalW LED T5 Lamp = 1
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Lamp = 2; %naaa’lW LED T8 Lamp = 2
case 'Fluorescent T5'
Lamp = 3; %naaa'lW Fluorescent T5 Lamp = 3
case 'Fluorescent T8'
Lamp = 4; %naaa'lW Fluorescent T8 Lamp = 4
case 'Halogen'
Lamp = 5; %nana'lW Halogen Lamp = 5
End
%Personnel
Npeople = app.ThenumberofPersonnelWorkinginColdStoresEditField.Value;
%3urnenuls Npeop
tpeople = app.EstimatedOperationTimehdayEditField 3.Value; %Fueisus
tpeople
%defrost
switch app.TypeofDefrostSystemDropDown.Value %sufisiuis Def
case 'Off cycle'
Defr = 2; %szuvarareiiudeinatlassuy Defr = 2
case 'Hot-gas'
Defr = 2; %sruuazaraiiudeiaaldudssau Defr = 2
case 'Electrical heater’
Defr = 1; %svuuazanaiiudoianly heater Defr = 1
End
Jommmmmmmm s e - Time-dependent variables = -=------------"--------- %
BKK_Weather = readtable("Weather CiKanokfruit_ 2022"); %@viayasgnainainiedain
1Wad excel
BKK = table2timetable(BKK_Weather); %AvdayasgnIwaindlnlia excel

day = (hour(BKK.Time) >= 6 & (hour(BKK.Time) <18)); %vna1eiu  06:00-

17:00
night = (hour(BKK.Time) >= 18 | (hour(BKK.Time) < 6)); %2wnal9Au 18:00-
05:00

Tsoil = BKK(:,"Temperature C "); %ANnuaaILs Tsoil
aunNiau

v_wind = BKK(:,"WindSpeed m s "); %Envumsialls v_wind
ANULEIAN

Tday = BKK(day, "Temperature C "); %avuaaads Tday
aauqiidenalgiu

Tnight = BKK(night,"Temperature C_"); %Annuaainls Tnight
aauunnfizhenai@u

v_wind_d = v_wind(day, "WindSpeed m_s "); %Anviuasals v_wind_d
ANNLTIANIINRITU

v_wind_n = v_wind(night, "WindSpeed_m_s_"); %ANnuaaILls v_wind_n
ANUIANAIINAIAY .

tT = size(BKK,1); BIAINNA tT 119
td = size(Tday,1); %anahvnateiu td

I Tu9

tn = size(Tnight,1); %a1natvAU tn

2 Tue

tday = removevars(Tday, 'Temperature_C_');

tnight = removevars(Tnight, 'Temperature C_');

t= removevars(Tsoil, "Temperature_C_");
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Tamb =BKK(:,"Temperature C_");
= mmmmmmmmmm e e e oo - constants value -----------mmmmmm e
cp_a = 1006; % @A1ANNFANNTAUNNE [I/kg. °C]

P_atm = 101325;

R

WSIAUUTTENANA [Pa]

g = 9.81; % usaTUNa [m/s2]
Mda = ©.028966; % aluanaaIMAuny [kg/mol]
Mwv = ©.018015268; % waluana'lain [kg/mol]

Ru = 8.314472;
1 fu = 334e+3;
1 v = 2260e+3;

R

A1AIGILAR [Pa.m3/mol.K]
ANuaANusaulumsnaauualin [I/kg]
anuaausaulunmsaarailulavain [I/kg]

S

>

%Saturation water vapor pressure (SVP) [Pa] (Gatley D.P. 2013)
%constant value for LAPWS-IF97 equation 100>T>=373 C

N1= 1167.0521452767; N2= -724213.16703206;
N3= -17.073846940092; N4= 12020.82470247;
N5= -3232555.0322333; N6= 14.91510861353;
N7= -4823.2657361591; N8= 405113.40542057;
N9= -0.23855557567849; N10= 650.17534844798;

%constant value for IAPWS-06 equation -223<T<0 (Gatley,2013)

al = -21.2144006; bl = ©.00333333333;
a2 = 27.3203819; b2 = 0.120666667;
a3 = -6.10598130; b3 = 1.70333333;

%% A13MNANNIAU heat load calculation

Jpmmmmmmmmmmmm oo Q1 Heat through the cold room wall----------------------
R e R S E | Lot (Foster . etial,2015) -#-i=%-=2c----fer-F---------
% hi = duissandnisanamaniusaunasainidaaly surface heat transfer
coefficient inside a cold store [W/m2.K]

% ho = fulsz@ninisaiainAnusauaasaimAntuan surface heat transfer
coefficient outside a cold store outside a building [W/m2.K]

hi= 9.3; %nuaeaLls hi
ho d = ones(td,1); %avuasauls ho d 2vnaieiu
for i = 1:td %@l ho 2vnatgiu

if  (v_wind_d.WindSpeed m_ s (i,1)) <= 5 %f@nusiauliiius ho d
AAANNFNATTNA 16
ho d(i,1) = 5.62+(3.9*v_wind _d.WindSpeed m_s (i,1));

else
ho d(i,1) = 25; %61ANNEINULAU 5 ho_d winAu 25
end
end
ho_n = ones(tn,1); %Aviuaditds ho_n vnalvdu
for i = 1:tn %@l ho vna1vAU

if  (v_wind_n.WindSpeed_m_s_(i,1)) <= 5 %&1anuianhitiu 5 ho_n
AUIAUANNFNNTTN 16
ho n(i,1) = 5.62+(3.9*v_wind_n.WindSpeed m s (i,1));
else
ho_n(i,1)
end

25; %61ANUETIRULAU 5 ho_d 1vinAu 25



end

% Determination of surface areas and store volume
AN= WR*HR; %Auiaufuninforiduiia [mr2]

AE= LR*HR; %fuiafiunintoridnziuaan [m 2]

AW= LR*HR; %fuiafiunintonidnaziunn [m 2]

AS= WR*HR; %AuIauAurAnTonials [m~2]

AR= WR*LR; %Anuiaufiuiiwaiu [m~2]

AF= WR*LR; %@udiaufuiiau [m 2]

VR= WR*LR*HR; %@1ulauil3unasviad [m 3]

%wall color AIAINTAUINNNTLHSIRAIVATinE
%east

if EWC == 1
SEE = 5; %61 EWC-="1 LAY SEE =5
elseif EWC == 2
SEE = 4; %671-EWC = 2 WK SEE = 4
elseif EWC ==
SEE = 3; %671 EWC = 3 WA SEE = 3
else
SEE = 0; %61 EWC = 0 ua?1 SEE =0
end
%»west
if WWC == 1
SEW = 5; %61 WWC = 1 LL82I SEW = 5
elseif WWC == 2
SEW = 4; %61 WWC = 2 L3I SEW = 4
elseif WWC == 3
SEW = 3; %61 WWC = 3 LLaY SEW = 3
else
SEW = 0; %1 WWC = @ Ul? SEW = ©
end
%south
if SWC == 1
SES = 3; %61 SWC = 1 WA SES = 3
elseif SWC == 2
SES = 3; %61 SWC = 2 LRI SES = 3
elseif SWC == 3
SES = 2; %61 SWC = 3 Wwa? SES = 2
else
SES = 0; %6 SWC = 0 UA?Y SES =0
end
%roof
if RWC ==
SER = 11; %61 RWC = 1 W82 SER = 11
elseif RWC == 2
SER = 9; %61 RWC = 2 Wa3 SER = 9
elseif RWC == 3
SER = 5; %61 RWC = 3 w3 SER = 5
else
SER = 0; %61 RWC = O LRI SER = 0

end
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% l.inside wall or 2.outside wall
4 aleY o T e e el
if NW == 1 %@ual tranmission load WiluvidLuila nsdlagluainnsg

UWN= 1/(1/hi+Clife*ew/kw+1/hi); %overall heat transfer coefficient
[W/mA2*K]

gtrans_N_d= ones(td,1);

gtrans_N_d= gtrans_N_d* (UWN*AN*(TN-Tth))/1000; %[kW] 29naiedu

gtrans_N_n= ones(tn,1);
gtrans_N_n= gtrans_N_n* (UWN*AN*(TN-Tth))/1000; %[kW] 29naiv@u

else %@L gtrans WividLKila nsdlatuanalins
for i=1:td %u9na193u
UWN_d(i,1) = 1/(1/ho_d(i,1)+Clife*ew/kw+1l/hi); %overall heat
transfer coefficient [W/m~2*K]
gtrans_N_d(i,1) = UWN_d(i,1)*AN*(Tday.Temperature C (i,1)-
Tth)/1000; %[kW] @ulas gtrans 29na1eTu
end

for i=1:tn %ur9narvAu
UWN_n(i,1) = 1/(1/ho_n(i,1)+Clife*ew/kw+1/hi); %overall heat
transfer coefficient [W/m”"2*K]
gtrans_N_n(i,1) = UWN_n(i,1)*AN*(Tnight.Temperature C (i,1)-
Tth)/1000; %[kW] @1ulas gtrans 239ARIAU
end
end

Ao | R e o a (A) (A 18) 1aY T e et 1 i 2= L G SR o EEEEEE T
if EW ==1 %@udeu tranmission load wilsvidayiuaan nsdiatluaims

UWE= 1/(1/hi+Clife*ew/kw+1/hi); %overall heat transfer coefficient
[W/mA2%K]

gqtrans_E _d= ones(td,1);
gtrans_E_d= gtrans_E_d*(UWE*AE*(TE-Tth))/1000; %[kW] @1udeu gtrans 29
HERKE)!

gtrans_E_n= ones(tn,1);
gtrans_E_n= qgtrans_E_n*(UWE*AE*(TE-Tth))/1000; %[kW] @udan gtrans 39
NANYAY

else %@1ulaL tranmission load wWivvidayIuaan nsdlatiuanalmls
for i=1:td
UWE_d(i,1) = 1/(1/ho_d(i,1)+Clife*ew/kw+1/hi); %overall heat
transfer coefficient [W/m~2*K]
gtrans_E_d(i,1) = UWE_d(i,1)*AE*(Tday.Temperature_C (i,1)-

Tth+SEE)/1000; %[kW] @érudan gtrans vnatviu
end
for i=1:tn
UWE n(i,1) = 1/(1/ho_n(i,1)+Clife*ew/kw+1/hi); %overall heat

transfer coefficient [W/m~2*K]
gtrans_E_n(i,1) = UWE_n(i,1)*AE*(Tnight.Temperature_C_(i,1)-
Tth)/1000;  %[kW] @udaL gtrans 9naINAU
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end
end
A i e L L L L
if WW == %@1ual tranmission load Wilviideziuannsdiatliuaras

UWW= 1/(1/hi+Clife*ew/kw+1/hi); %overall heat transfer coefficient
[W/mA2*K]

gtrans_W_d= ones(td,1);
gtrans_W_d= gtrans_W_d* (UWW*AW* (TW-Tth))/1000; %[kW] @udaL gtrans 239
naneiu

gtrans_W _n= ones(tn,1);
gtrans_W_n= gtrans_W_n* (UWW*AW* (TW-Tth))/1000; %[kW] @udeaL gtrans 239
NANYAUY

else %AWl tranmission load WilviAasIuaNAsAlaguanaIAg
for i=1:td
UWW_d(i,1) = 1/(1/ho_d(i,1)+Clife*ew/kw+1/hi); %overall heat
transfer coefficient [W/m~2*K] &un1si 15
gtrans_ W d(i,1) = UWW_d(i,1)*AW*(Tday.Temperature C_(i,1)-

Tth+SEW)/1000; %[kW] @uae gtrans gnansiu
end
for i=1:tn
UWW n(i,1) = 1/(1/ho_n(i,1)+Clife*ew/kw+1/hi); %overall heat

transfer coefficient [W/m"2*K]
gtrans W n(i,1) = UWW n(i,1)*AW*(Tnight.Temperature C_(i,1)-
Tth)/1000; %[kW] @1ulaL gtrans 2A9na19AU
end
end

%south -G B GT oo -C s e
if SW == 1 %@ udeu tranmission load wWilwvidayiulsnsaiagluainis

UWS= 1/(1/hi+Clife*ew/kw+1/hi); %overall heat transfer coefficient
[W/mA2*K]

gtrans_S_d= ones(td,1);
gtrans_S_d= gtrans_S_d*(UWS*AS*(TS-Tth))/1000; %[kW] @udaL gtrans 239
HERNR)!

gtrans_S_n= ones(tn,1);
gtrans_S_n= gtrans_S_n*(UWS*AS*(TS-Tth))/1000; %[kW] @udaL gtrans 239
NRIAU

else %AWl tranmission load wWilvviAeazIuldnsdlatuanaias
for i=1:td
UWS_d(i,1) = 1/(1/ho_d(i,1)+Clife*ew/kw+1/hi); %overall heat
transfer coefficient [W/m~2*K] JUASTA 15
gtrans_S_d(i,1) = UWS_d(i,1)*AS*(Tday.Temperature_C (i,1)-
Tth+SES)/1000; %[kW] @érudan gtrans vnatviu
end
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for i=1:tn
UWS_n(i,1) = 1/(1/ho_n(i,1)+Clife*ew/kw+1/hi); %overall heat
transfer coefficient [W/m~2*K]
gtrans_S n(i,1) = UWS_n(i,1)*AS*(Tnight.Temperature_C_(i,1)-
Tth)/1000;  %[kW] @udeL gtrans 9naIv@AU

end
end
e To g i kLY
if RW == 1  %@ua tranmission load wwenunsdiatluainnsg
for i=1:td

UR_d(i,1) = 1/(1/hi+Clife*Rr+1/hi); %overall heat transfer coefficient
[W/mA2*K]

gtrans_R_d(i,1) = UR_d(i,1)*AR*(TR-Tth)/1000; %LkW] @éruaL gtrans 39
ARIIY
end

for i=1:tn
UR_n(i,1) = 1/(1/hi+Clife*Rr+1/hi); %overall heat transfer coefficient
[W/mA2%K]

gtrans_R n(i,1) = UR_n(i,1)*AR*(TR-Tth)/1000; %[kW] @érna gtrans 39
ARIAU
end

else %@ uian tranmission load tweunsdlatiuanaiais
%day
for i=1:td
UR d(i,1) = 1/(1/ho_d(i,1)+Clife*Rr+1/hi); %overall heat transfer
coefficient [W/m~2*K]

gtrans_R _d(i,1) = UR_d(i,1)*AR*(Tday.Temperature_C_(i,1)-Tth+SER)/1000;
%LkW] @ulan gtrans dvna1giu
end

%night
for i=1:tn

UR_n(i,1) = 1/(1/ho_n(i,1)+Clife*Rr+1/hi); %overall heat transfer
coefficient [W/m~2*K]

gtrans_R n(i,1) = UR_n(i,1)*AR*(Tnight.Temperature_C_(i,1)-Tth)/1000;
%[kW] frudal gtrans H9naIAU

end

end

BT 100 —mmmmm e
%day %Aulas tranmission load Wu saunatgiu

for i=1:td

UF(i,1)= 1/(Clife*Rf+1/hi);
%overall heat transfer coefficient [W/m"2*K]

gtrans_F_d(i,1)= UF(i,1)*AF*((Tday.Temperature_C_(i,1)-5.5)-Tth)/1000;
%[kW] @ulas gtrans wwnateiu
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end
%night %@udaL tranmission load Wu maunavAU
for i=1:tn

UF(i,1)= 1/(Clife*Rf+1/hi); %overall heat transfer coefficient
[W/mA2*K]

gtrans_F_n(i,1)= UF(i,1)*AF*(Tnight.Temperature_C_(i,1)-Tth)/1000;
%[kW] fuaL gtrans H9nRNAU
end

gtrans_N_d = addvars(tday,qtrans_N_d, 'NewVariableNames', 'gtrans N');
HANGIws gtrans_N_d um1s193an gtrans_N

gtrans_N_n = addvars(tnight,qtrans_N_n, 'NewVariableNames', 'gtrans N");
BANGILs gtrans_N_n luaIsidilar gtrans N

gtrans_E_d = addvars(tday,qtrans_E_d, 'NewVariableNames', 'gtrans E');
HANGIws gtrans E-d ums191aan qtrans E

gtrans_E_n = addvars(tnight,qtrans_E_n, 'NewVariableNames', 'qtrans E");
BANGILS gtrans_E-n-lumsiean gtrans. E

gtrans_W_d = addvars(tday,qtrans_W_d, 'NewVariableNames', 'gqtrans W');
mRuduls gtrans_W_d luansieaan gtrans W

gtrans_W_n = addvars(tnight,qtrans_W_n, 'NewVariableNames', 'gtrans W');
wANdIwls gtrans W_n ua519038) gtrans W

gtrans_S d = addvars(tday,qtrans_S d, 'NewVariableNames', 'qtrans_S');
HANEIwLs gtrans S d uesvnal gtrans_ S

gtrans_S n = addvars(tnight,qtrans_S n, 'NewVariableNames', 'qtrans S');
wAndIwils gtrans_S_n WaI3190aN gtrans_S

gtrans_R d = addvars(tday,qtrans_R d, 'NewVariableNames', 'qtrans R'");
wANdIwlls gtrans R_d uens193an gtrans, R

gtrans_R_n = addvars(tnight,qtrans_R n, 'NewVariableNames', "gtrans R');
wANdIwals gtrans_R n' tum1s93an gtrans R

gtrans_F_d = addvars(tday,qtrans_F_d, '‘NewVariableNames', 'gtrans F');
wANEIwls gtrans F_d ua1s19t3al gtrans_ F

gtrans_F_n = addvars(tnight,qtrans_F_n, 'NewVariableNames','qgtrans F');
HANIws gtrans_Fon Tumiseian gtrans F

gtrans_N = [gtrans_N_d;qtrans N _n]; %samuilsianeladu
gtrans_N = sortrows(qtrans_N); %IREIA A UUADYRAIULIA
gtrans_E = [qtrans_E d;qtrans_E_n]; %aaanilsianeladu
gtrans_E = sortrows(qtrans_E); %IENRAUUANRAINLIAN
gtrans_W = [qgqtrans_W_d;qtrans_W n]; %saanalsianelafu
gtrans_W = sortrows(qtrans_W); HFENRIGUUDYAANLIAN
gtrans_S = [qtrans_S_d;qtrans_S_n]; %saulsianalafu
gtrans_S = sortrows(qtrans_S); BRI LUADYRAIULIAN
gtrans_ R = [gtrans_R_d;qtrans_R_n]; %aaualsiaineaefu
gtrans_R = sortrows(qtrans_R); BILIANALUDYRAIULIAN
gtrans_F = [gqtrans_F_d;qtrans_F_n]; %aacualsianeadu
gtrans_F = sortrows(qtrans_F); HFENR A UUADYAAINLIAN

gtrans = [gtrans_N gtrans_E qtrans_W qtrans_S qtrans_R qtrans_F];
%3IUATIIRLAAI e U

gtrans = mergevars(qtrans,1:6, 'NewVariableName', 'qtrans');

%5yueuds gtrans_N gtrans E gtrans_W gtrans_S gtrans_R qgtrans_F tiu qtrans
gtrans.qgtrans = sum(qtrans.qtrans,2);

%A1UANATINUAIAILLS gtrans_N qtrans_E gtrans_W gtrans_S qtrans_R gtrans_F
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Qtrans = retime(qgtrans, 'monthly", 'sum"); %A tranmission load WweRg
tiau [kWh]

e L LEEEEEEE R Q2 heat through the door opening-------------------
%= === mmmmm e (ASHRAE REFIG)----==--====-==cooomoemmn

%inside aip--------cccmm e e e -
Ta_i= ones(tT,1)*(Tth+273.15); %Air temperature inside room [K]
rh_i= rh_i*ones(tT,1);

%ATua ANNGunaslafifudiluannid (Saturated water vapor pressure) (Pa)
for i=1:1tT
if Ta_i(i,1)»=273.15 %nstiasnnlainieagaonin 0 C
Qi(i,1)= Ta_i(i,1)+(N9/(Ta_i(i,1)-N10));
Ai(i,1)= Qi(di,1)72+(N1*Qi(i,1))+N2;
Bi(i,1)= (N3*Qi(i,1)"2)+(N4*Qi(i,1))+N5;
Ci(i,1)= (N6*Qi(i,1)22)+(N7*Qi(i,1))+N8;
pws_i(i,1)= (1@76)*((2*Ci(i,1))/(-Bi(i,1)+(Bi(i,1)"2-
4*Ai(i,1)*Ci(i,1))"0.5))"4; %&IN159 28 Saturated water vapor pressure
[Pa] T>0 (Gatley,2013)
else
%nselaaungiisiindy @ C
Qi(i,1)= Ta_i(i,1)/273.16;
pws_i(i,1) =
611.657*exp((al1*Qi(i,1)*b1+a2*Qi(i,1)"b2+a3*Qi(i,1)"b3)/Qi(i,1)); Saturated
water vapor pressure [Pa] T<@ (Gatley,2013)
end
end

%AnwIas anuduradlaiiluainia (Water vapor pressure) (Pa) wag aududurivnguas
a1ne (Relative humidity) (%)

for i=1:tT

pwv_i(i,1)= pws_i(i,1)*(rh_i(i,1)/100); %Actual water vapor pressure
[Pa]

Xi(i,1)= (Mwv/Mda)*(pwv_i(i,1)/(P_atm-pwv_i(i,1))); %Humidity

ratio [kg water vapor/kg dry air]

rho_i(i,1)= (Mda*P_atm)/(Ru*Ta_i(i,1)*(1+(Mda/Mwv)*Xi(i,1)));
%density of outside air -[kg/m"3]
end

% %outside air-------- -y, ST - - - -

if Aroom == 1%ns56lilvinalaaen
Ta_o= ones(tT,1)*(To+273.15); %Air temperature inside room [K]
rh_o= rh_o*ones(tT,1);
for i=1:1T

%At ANNduzaslafidudiluannid (Saturated water vapor pressure) (Pa)
if Ta_o0»>=273.15
%n3easnniaInMAganI1 0 C
Qo(i,1)= Ta_o(i,1)+(N9/(Ta_o(i,1)-N10));
Ao(i,1)= Qo(i,1)”2+(N1*Qo(i,1))+N2;
Bo(i,1)= (N3*Qo(i,1)”2)+(N4*Qo(i,1))+N5; %
Co(i,1)= (N6*Qo(i,1)”2)+(N7*Qo(i,1))+N8;
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pws_o(i,1)= (1076)*((2*Co(i,1))/(-Bo(i,1)+(Bo(i,1)"2-
4*Ao(i,1)*Co(i,1))"0.5))"4; %Saturated water vapor pressure [Pa] T>0
(Gatley,2013)
else
%natiaaunnidennin @ C
Q o(i,1)= Ta_o(i,1)/273.16;
pws_o(i,1) =
611.657*exp((al*Q_o(i,1)*b1+a2*Q_o(i,1)"*b2+a3*Q _o(i,1)"b3)/Q o(i,1)); %
Saturated water vapor pressure [Pa] T<@ (Gatley,2013)
end

%ﬁﬁulntﬂlﬁuﬁumaoﬂaﬁﬁiuaﬁnﬁﬂ(Water vapor pressure) (Pa) Way AmNuAU
fuinsuavaind (Relative humidity) (%)
pwv_o(i,1)= pws_o(i,1)*(rh_o(i,1)/100);
% Actual water vapor pressure [Pa]
Xo(i,1)= (Mwv/Mda)*(pwv_o(i,1)/(P_atm-pwv_o(i,1)));
% Humidity ratio kg water vapor/kg dry air
rho_o(i,1)= (Mda*P_atm)/(Ru*Ta_o(i,1)*(1+(Mda/Mwv)*Xo(i,1)));
% density of outside air [kg/m”*3]
end

else
%n3en Lidviasazey
To= BKK(:,"Temperature C ");
%5uf6iuds To
Ta_o= (To.Temperature C_+273.15);
%Muils Ta_o
rh_o= BKK(:,"RelativeHumidity ");
%5uesuds rh_o
for i=1:1T .
%enna anuautaglaiiduailuainie (Saturated water vapor pressure) (Pa)
Qo(i,1)= Ta_o(i,1)+(N9/(Ta_o(i,1)-N10));
Ao(i,1)= Qo(i,1)”2+(N1*Qo(i,1))+N2;
Bo(i,1)= (N3*Qo(i,1)72)+(N4*Qo(i,1))+N5; %
Co(i,1)= (N6*Qo(i,1)"2)+(N7*Qo(i,1))+N8;
pws_o(i,1)= (1076)*((2*Co(i,1))/(-Bo(i,1)+(Bo(i,1)"2-
4*Ao(i,1)*Co(i,1))"0.5))"4;
%8UN15N 28 Saturated water vapor pressure [Pa] T>0 (Gatley,2013)

pwv_o(i,1)= pws_o(i,1)*(rh_o.RelativeHumidity__ (i,1)/100);
%Actual water vapor pressure [Pa]

Xo(i,1)= (Mwv/Mda)*(pwv_o(i,1)/(P_atm-pwv_o(i,1)));
%Humidity ratio kg water vapor/kg dry air

rho_o(i,1)= (Mda*P_atm)/(Ru*Ta_o(i,1)*(1+(Mda/Mwv)*Xo(i,1)));
%density of outside air [kg/m”3]

end

end

for i=1:1tT
Fm(i,1)= (2/(1+(rho_i(i,1)/rho_o(i,1))~(1/3)))"~1.5 ; %density factor
F1(i,1)= (1-(rho_o(i,1)/rho_i(i,1)))"e0.5;
mdo(i,1)= (1-
E)*@.221*(Dw*Dh)*rho_i(i,1)*F1(i,1)*((9.81*Dh)*0.5)*Fm(i,1); %am31A15A7LUA
aavanAsauiinnaaluvasdunaeitailseg [kg/s]
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mds(i,1)= v*rho_ i(i,1)*L_ds; %ans1nslrazasarndsautinunaaiuiag
usnaaaulses [kg/s]
m_ad(i,1)= mds(i,1)+mdo(i,1); %an31ANT LauadaNATauLinuNAalurag

Woviua [kg/s]
qdo(i,1)= ND*m_ad(i,1) * (cp_a*(Ta_o(i,1)-Ta_i(i,1))+(Xo(i,1)-
Xi(i,1))*(1_fu+l_v)) * tdo*Ndo/(24*3600*1000); %UzunaAnusauaInaInA
saununaaluvaaidu  [kw]
end

qdo = addvars(t,qdo, 'NewVariableNames', 'qdo'); BANIwlsNAT t AU Fuwls
gqdo Tumsgnan

Qdo = retime(qdo, 'monthly’, 'sum"); %L infiltration load usiasiéiau
[kiWh]

Fmmmmmmmmmm - Q3 people, forklift, light -----------“--“--mmmmmemoo -
% Determination of surface areas and store volume
Alamp = AF+AN+AE+AW+AS;

%Selection of luminous efficacy of lamps used [Im/W]

%PHILIPS Lighting price list 2019-2020 (PHILIPS ELECTRONICS (THAILAND)
CO., LTDY)

switch Lamp %3uensnuls elamp @1319 7
case 1
elight = 130; %LED T5
case 2
elight = 105; %LED T8
case 3
elight = 89; %Fluorescent T5
case 4
elight = 72; %Fluorescent T8
case 5
elight = 49.1; 7%Halogen
end
%light
pl= (LF*Alamp)/elight; %UTITAUAINNTDUANATEUUULFITNG [W]

glight= pl*tlight/(24*1000); %i3unaianusauannsyuLadaiteluadrinailau

glight= qlight*ones(tT,1);

glight = addvars(t,qlight, 'NewVariableNames','qlight"); HRNFILLS
a1t AU fuids glight Tuasvnan

Qlight = retime(qlight, 'monthly"', "sum'); %@1uaL lighting load uwsiagLfiay
[kiWh]

%fork 1lift

gfork= Nfork*Pfork*tfork/(24*1000); %heat load from fork lift [kW]

gfork= gfork*ones(tT,1);

gfork = addvars(t,qfork, 'NewVariableNames', 'qfork"); BANFILTHAT t
Ay duds gfl Tuasanan

Qfork = retime(gfork, 'monthly", 'sum"); %A1 fork 1ift load usiay
Liau [kih]

%people
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gpeople= 1.25*Npeople*(272-6*Tth)*(tpeople/24)/1000;  %U3u1auAINUTAUINN
saundudIvinaunnaluraciiu [ki]

gpeople= gpeople*ones(tT,1);

gpeople = addvars(t,qpeople, 'NewVariableNames', 'qpeople’); AT pITRI
na1 t Au éauds gpeople Tuasgnan

Qpeople = retime(qgpeople, 'monthly"', 'sum'); %AUI0L peolple load ue
astfau[kWh]
Fmmmmmmmmmmm e - Q4 Evaporator fans (motors)------------------------------
R e e s %
eff_efan = eff_efan/100;
for i=1:tT
gefan(i,1) = DC*Nefan*(Pefan/eff_efan)/1000; %U3unaiAnusTauan
Waau [kW]
end

gefan = addvars(t,qgefan,'NewVariableNames', 'gefan'); %neiudsnan t Au dauwls
gpfan Tuasgnan
Qefan = retime(gefan, '‘monthly', 'sum'); %@A1ulaL fan load uweaztdiau[kih]

switch Prod
case 1 %nsaiannnslidinng precooling
switch app.ColdStoreTypeDropDown.Value
case 'Chilled cold store’
for i=1:tT
qpd(i,1) = (Mpd*cp_pr*(Tpd@-Tth))/(24*3600); %aun157i 41 Usunauaau
saunlyanaangfi§ud [W]

gres(i,1) = (10.7*fres/3600)*(((9*Tth/5)+32)"gres)*(Mpd/24); %
JUAT 42 WBanaanusauannmsmtlazasdumaiwadnuasualal [W]
gprod(i,1) = (qpd(i,1l)+qres(i,1))/1000; %N13MIANNTAUNNRUAT
FatAunaluvaaidu [ki]
end

case 'Frozen cold store’

for i=1:1tT

gpdab(i,1) = (Mpd*cp_pr*(Tpde-0))/(24*3600); %137 41 USinauay
saurildanaaungfidud [W] wilaasdanuds

gpdbe(i,1) = (Mpd*cp_prbe*(0-Tth))/(24*3600); %i5inaAnusauiilaan
aaungfidudn [W] shaadanude

gpdla(i,1) = (Mpd*la_pr)/(24*3600); slsnaanusauiildsusniuzaad
aavtna’luainns

gprod(i,1) = (qpdab(i,1)+qpdbe(i,1)+qpdla(i,1))/1000; %N
AnusaunnIuAInIatAunaluvasifiu [ki]

end

end

case 2 %n3ia1nsiinng precooling

gpd = zeros(tT,1); %sunamnusauiilianaangidfue [W]
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gres = zeros(tT,1); %Usunamnusauannnsiialazasdudaridimininuay
Walal [W]
gprod = zeros(tT,1); %A3EMIANNTaUNRUATATALALAaTY
watfiu [kw]
end

gprod = addvars(t,qprod, 'NewVariableNames', 'qprod"); BANILsIAT t
AU fuds gprod Tusisreian

Qprod = retime(gprod, 'monthly", 'sum"); %@1udaL product load ueaztfiau
[kwh]

switch Defr
case 1

for i=1:tT %ssuvavaramiitudeiitdunsazarasudeian heater

eff _defr = 0.3;

gdefr(i,1) = ((1/eff_defr)-1) * (m_ad(i,1)*(Xo(i,1)-Xi(i,1))) *
(1 _fu/1000)* tdo*Ndo/(24*3600); %3unatanusanaINAZasvinANTa UL aITILILATANE
tude [kw]

end

case 2 %svunavarathudeiiilunisazanmiudoTaasssuand (Jassuuvinanuiv)
waalduAgsau
qdefr(1:tT,1) = 0;
end

qdefr = addvars(t,qdefr, 'NewVariableNames', 'qdefr'); %ndiudlsal t Au dauwds
gdefr Tuasnan
Qdefr = retime(qdefr, 'monthly', 'sum'); %@ual defrost load wusastéiau [kWh]

gheat = [qtrans qdo gpeople glight gfork gefan gprod qdefr];

%3ails gtrans qdo gpeople glight qfl gefan gpd qdefr 1WataisigIaLfiaIAu
gheat_total = mergevars(gheat,1:8, 'NewVariableName', 'gheat');

%3@ils gtrans qdo gpeop-qlight qfl gefan gpd qdefr wi@8AU gheat_total
gheat_total.gheat = sum(gheat_total.gheat,2);

%3A1@ls gtrans qdo gpeop glight gqfl gefan gpd qdefr wiheredu gheat

Qheat = [Qtrans Qdo Qpeople Qlight Qfork Qefan Qprod Qdefr];

%375 Qtrans Qdo Qpeople Qlight Qfork Qefan Qpd Qdefr IlWatmisivLIaTLAeIAU
Qheat_total = mergevars(Qheat,1:8, 'NewVariableName', 'Qheat');

%357auls Qtrans Qdo Qpeople Qlight Qfork Qefan Qpd Qdefr weEAY
Qheat_total

Qheat_total.Qheat = sum(Qheat_total.Qheat,2);

%35A1als Qtrans Qdo Qpeople Qlight Qfork Qefan Qpd Qdefr t2n@7afiu Qheat

% KW ===mmmmmmmmemae—eaa- Electrical power [W]----------------"-------—-
eff comp = 0.25;  %dusv@naaussauraadiaiasvinmnuifiu

for i=1:tT
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Tcold(i,1) = (Tth-10)+273.15; %evaporating temperature [K] Steven
et al. (2021)

Thot(i,1) = (Tamb.Temperature C_(i,1)+10)+273.15; %condensing
temperature [K] Steven et al. (2021)

end
for i=1:1T
COPc(i,1) = Tcold(i,1)/(Thot(i,1)-Tcold(i,1));
Pcom(i,1) = (DC*gheat_total.gheat(i,1))/(COPc(i,1)*eff_comp);
ZNRINU WA TduaaZavdnla [kW]
end

COPc = addvars(t,COPc, 'NewVariableNames','COPc'); Buinudsa t Au duls
COPc Tums19Ian
COPc = retime(COPc, 'monthly", 'mean'); ~  %W1A1Lade COPc UeasLfinay

Pcom = addvars(t,Pcom, 'NewVariableNames', 'Pcom'); uindulsnat t Ay duls
Pcom Tugs19LIan

Pcom = retime(Pcom, "'monthly’, 'sum'); %HaTIN Pcom uaastfiau [kWh]
Pcomyearly=retime(Pcom, 'yearly', 'sum'); %#Na534 Pcom ﬁﬁﬂ[kWh]

for i=1:12 .
Pcold(i,1) = Pcom.Pcom(i,1)/cf; WUl lduasviagidu [kw]
end
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AN AENNIANNFDU ANFENNANNFDU AsEeNeu | A1ssvanueu ANIENNIANNFDU ANIENNIANNTDU ANIENNIANNFDU A1IENNIAINFDU
NATARIUAI NIMASEU nndnnumely | 9InuasEing Qiight 9INTALNAUA NnuaweiinaNves | Mndudiiumely MniaTesriia
o v 4 o s o < %
2 uunils Qtrans mauiﬂwimm Foui Qpeople (kW) Qo RGP RINIE0 voudu Q iaiguaiszuuazmﬂ
(kW) aeluieaduain o, (kW) Qetan (kW) WU Q ey,
nsdavsey Qg (kw) (kw)
(kw)

0:00 0.47 0.28 0.01 0.00 0.00 0.48 0.00 0.04
1:00 0.47 0.28 0.01 0.00 0.00 0.48 0.00 0.04
2:00 0.47 0.28 0.01 0.00 0.00 0.48 0.00 0.04
3:00 0.46 0.28 0.01 0.00 0.00 0.48 0.00 0.04
4:00 0.46 0.28 0.01 0.00 0.00 0.48 0.00 0.04
5:00 0.46 0.27 0.01 0.00 0.00 0.48 0.00 0.04
6:00 0.47 0.28 0.01 0.00 0.00 0.48 0.00 0.04
7:00 0.49 0.29 0.01 0.00 0.00 0.48 0.00 0.04
8:00 0.50 0.28 0.01 0.00 0.00 0.48 0.00 0.04
9:00 0.51 0.28 0.01 0.00 0.00 0.48 0.00 0.03
10:00 0.52 0.28 0.01 0.00 0.00 0.48 0.00 0.03
11:00 0.52 0.28 0.01 0.00 0.00 0.48 0.00 0.03
12:00 0.52 0.28 0.01 0.00 0.00 0.48 0.00 0.03
13:00 0.52 0.28 0.01 0.00 0.00 0.48 0.00 0.03
14:00 0.52 0.28 0.01 0.00 0.00 0.48 0.00 0.03
15:00 0.52 0.28 0.01 0.00 0.00 0.48 0.00 0.03
16:00 0.51 0.28 0.01 0.00 0.00 0.48 0.00 0.03
17:00 0.51 0.28 0.01 0.00 0.00 0.48 0.00 0.03
18:00 0.49 0.28 0.01 0.00 0.00 0.48 0.00 0.04
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19:00 0.48 0.28 0.01 0.00 0.00 0.48 0.00 0.04

20:00 0.48 0.28 0.01 0.00 0.00 0.48 0.00 0.04

21:00 0.47 0.28 0.01 0.00 0.00 0.48 0.00 0.04

22:00 0.47 0.28 0.01 0.00 0.00 0.48 0.00 0.04

23:00 0.47 0.28 0.01 0.00 0.00 0.48 0.00 0.04
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iy F1

Taudu F2

ey F3

Tioudu F4

vioadu F5

A5l A5l N3 le N5l N5l N5l N5l N5l N5l N5l
waselnd | wasew | wasswlnidn | waseu | wasewlnwin | wasey | wasewlddn | wasew | waswlnidn | waseu
ou Y4 Infas | vag IWiwes | vag Infwes | vag IWilwes | va9 Infvag
ARUNSAIYDS | vioudu | AeuwsAwes | vewdu | Aeuwsawes | Foudu | Aowuwsawes | doudu | meuwsdlwes | weudu
(kwh) (kwWh) (kwh) (kwh) (kwh) (kWh) (kwh) (kwh) (kwh) (kwh)
1. 43P 7,262 9,310 1,805 2,314 1,309 1,679 2,383 3,056 4,453 5,708
2. QMﬂ’]ﬁUé 6,593 8,452 1,684 2,159 1,222 1,567 2,190 2,807 4,084 5,236
3. fluay 7,555 9,686 2,055 2,634 1,498 1,921 2,550 3,269 4,731 6,065
4. ey 7,396 9,432 1,982 2,541 1,448 1,856 2,529 3,242 4,679 5,999
5. N BAAY 7,626 9,777 1,983 2,543 1,439 1,845 2,512 3,220 4,668 5,984
6. ﬁqmau 7,410 9,499 1,934 2,480 1,404 1,799 2,451 3,143 4,551 5,834
7. NINHIAY 7,586 9,725 1,987 2,547 1,440 1,847 2,508 3,216 4,661 5,976
8. @Ay 7,509 9,627 1,947 2,496 1,409 1,807 2,474 3,172 4,604 5,903
9. U 7,196 9,226 1,853 2,376 1,340 1,717 2,367 3,035 4411 5,655
10. panAy 7,324 9,389 1,837 2,356 1,326 1,700 2,379 3,050 4,446 5,700
11. ‘quﬁmau 7,087 9,086 1,796 2,303 1,298 1,664 2,312 2,965 4,319 5,537
12. §unay 6,941 8,899 1,619 2,075 1,163 1,491 2,230 2,859 4,196 5,380




A1519% 9.1 (s19) Mslandsnuvesiaudululdazifou

oy C1

fioaLfy C2

oudu C3

oy C4
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(kwWh) (kWh) (kwh) (kwh) (kWh) (kwh) (kwh) (kwh)
1. 4n31AYU 5,628 10,823 386 743 1,056 2,031 5,686 10,934
2. QMﬂWﬁUé 5,193 9,986 353 679 976 1,877 5,227 10,052
3. fluay 7,620 14,653 419 807 1,178 2,265 7,196 13,839
4. ey 7,480 14,384 411 790 1,134 2,182 7,490 14,403
5. N WAL 7,365 14,163 398 166 1,130 2,172 6,568 12,630
6. STIE]‘LI’]EJ‘LI 7,275 13,991 386 743 1,102 2,119 6,365 12,241
7. NINHIAY 7,641 14,694 395 760 1,137 2,187 6,195 11,914
8. @Ay 7,403 14,236 389 748 1,119 2,152 5,861 11,272
9. ALY 7,085 13,624 370 711 1,071 2,059 5,296 10,184
10. panAy 6,343 13,160 373 717 1,068 2,054 4,873 9,371
11. ‘wqm%mau 6,373 12,257 365 702 1,048 2,015 4,898 9,419
12. §unay 5,724 11,008 342 658 962 1,851 3,262 6,273
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A5ENMeAu5ou (Heat loads)

Usznnn15zn19nusau (Type of heat load)

voudu F1

youdu F2

Toudu F3

Tioudu F4

Toudu F5

(kw) (%) (kw) (%) (kW) (%) (kW) | (%) (kW) | (%)
1. A1TENNANUTDUIINNTANIUAINS DUH UK 1330 | 82879 | 2.24{ 53.70% | 1.96 | 33.90% | 3.79 | 63.62% | 3.79 | 63.62%
2. asEneenussuane nmaseuntsueniiiunmelureaduain 2 1.24 1 29.77% | 1.63 | 28.29% | 0.18 | 2.96% | 0.18 | 2.96%
0.38 2.26%
msiUnusen
3. mMsgnaanufaunniinaunieluieaiu 004 | 028% |0.04[098% |003|057% |001 |0.18% |[0.01 |0.18%
4. AMTENNANMUTDUNLEIAIN 043 | 0810 1001]019% |0.13|231% |007 |1.10% |0.07 | 1.10%
5. A1TENNANUSTDUIINTOLAFUAN 040 | 2.46% 0.00 | 0.00% 0.00 | 0.00% 0.11 | 1.79% | 0.11 | 1.79%
6. AMIENNAMUSBUINU BN NAALVDID N ULSLABS 181 | 11200 | 0.89 | 11.81% | 0.36 | 6.23% | 1.81 | 30.33% | 1.81 | 30.33%
7. Mszmemnudeuandusiniunieluiondy 000 | 0.00% |0.00 | 0.:00% | 1.53 |26.50% | 0.00 | 0.00% | 0.00 | 0.00%
8. ANSEMeANLSUANLAT DAL S eLTD ST UUAT AL 000 | 000% 10.15[3.56% |0.13|2.17% |000 | 0.00% |0.00 | 0.00%
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A5EMeAu5ou (Heat loads)

UszLnNn1529119A21359U (Type of heat load)

oy C1

woadu C2

vioudu C 3

vioudu C 4

(kW) ) | W) | (0 | &KW | (@) | KW | (%)
1. A1TENNANUTDUIINNTANIUAINS DUH UK 591 | 20.02% | 0.40 | 26.31% | 1.60 | 23.37% | 30.89 | 84.24%
2. pszvannufeusnemiadeungueniiiiunnsluwionduainnintauszg | 556 | 18.82% | 025 | 16.09% | 0.34 | 4.99% | 0.00 | 0.00%
3. MsgmeAnLSouanniinaunelure sy 0.11 0.37% 0.09 | 6.20% 0.01 | 0.16% 0.01 0.02%
4. AITNNIANNTBUINUATEIN 259 | 876% |0.09 [581% |028 |4.11% |3.43 | 9.35%
5. ANSENNANNTBUIINTOLNEUAT 1.00 | 3.39% | 0.00 | 0.00% | 0.00 | 0.00% | 0.20 | 0.54%
6. NIENWANMUSOUNNUBLADITNABNVDIDIIUISIABS 1.08 | 367% |0.36 |2324% | 034 |4.90% | 214 |585%
7. anseveanufeuandudiiiuneluiensu 12.34 | 41.80% | 0.3¢ | 22.39% | 4.28 | 62.42% | 0.00 | 0.00%
8. AsEmemnudouaniiewhauteuTessyuvarasiL 093 | 3.16% | 0.00 | 0.00% | 0.00 | 0.00% | 0.00 | 0.00%

147



148

1. vioadu F1

s lu 1 T FeudiBenudsliiian SEC 23.37 kWhem?year! uagiinis
Tdwdaaulaiiiniu 112,158 kwh Tneflengeanluiounguate (9,777 kWh) uaziigalu
LPDUNUNINUS (8,452 kWh) §9915197 2.1 LLﬁ%ﬂ’]iBVI’Nﬂ’J’]ZJ%IE]uﬁLﬁﬂ%ﬂﬁ?ﬁi%@jﬁ@ﬂ’]i%
VM9ALSUIINATARIUAILS I URUNT S FeRnTuSenay 82.87 veenisEneALSeu
Ve mudenseneanudeusnuetnedinauvessnTusinesdindutosay 11.22

YDINTENANUSDUNINUA HIASI9N 2.2

2. ieadu F2
PMSAINNUI T 1 U vesudidonudaetifian SEC 128.11 kWh m>+year! uazdl

nstindanulniindu 28,824 kwh lneddgeantuiouninginu (2,547 kwh) LazAEn

q

Tuhousuau (2,075 KWh) 3919197 9.1 hazatsenanuseuiiindudiuluaAnnsy

NNANNSDUIINNITAIHIUANMNT UK UNTY FeRaTusosaz 53.70 ¥9907152n19ANSOU

(%
o

ANUA2YNITENIIAINSDUINNDINIFS D UATBUNTALT I8 TuT B d U INNITITA

P197UR
Use9) FeRadusouaz 29.77 YaINITENNANUSDUNINUA AIANTIIT .2

3. vieaLdu F3

gnmsAuanuan Ty 13 Hewdidenudeiliiin SEC 111.43 kWh-m > year! wazil
nslinasuliiinny 20,893 kwh Ineilagsantuinouiiuiag (1,921 kwh) LLazﬁwqﬂ‘lu
Weusuaan (1,491 kWh) famns1ait 4.1 wazasemsaaafouiiiatudulng fonissima
audeuannsassunudeuRurs SsAndudosay 33.90 FeamstneaLtousimiun

AusensEeAILfeuIneInIaseuneuen i elueaiuainnislnuszg Jefa

WuSovay 28.29 U09N15ENNAINLSOUNNUUA FINNSIIN .2

4. ioadu Fa

NAsAINUI 1w 1 U HesuidonudaliiAn SEC 20.04 kWh+m>+year wazinis
Tgndaeulninyindu 37,034 kwh laedanasgaluiiouiuiny (3,269 kwh) wazaaaly
LABUNUNINUS (2,807 kKWh) fan191971 9.1 WazniseneanuieuiiiiafudiulrgAenise
N9ANUSUINANTAEUAINS BURUNTS TeRnluSoeas 63.62 vBIA1TEN19ANSBU
3 13 [ & a st a ) o
INUA AINAITATTETNNAMNTDUNNBIBTHAANVDID M LULIReITsAnIduTouay 30.33

YDINITENNANUTOUNIAUA AIN1TIN .2



149

5. o F5

s lu 1 T FediBenudsliiian SEC 23.65 kWhem?year! uagiinas
Tinasaulwiiiniy 68,977 kwh Taefrrgegaludoudiuiam (6,065 kwh) uagangaly
LABUNUNINUS (5,236 KWh) §99n5797 .1 LLasmszmqmm%uﬁ'Lﬁmﬁuﬁ’;uhwjﬁamis
MepMuSouaInnITaIIuAN SR uRTY FeRndusesay 70.01 s89n1EeALS oY
Wanun mudennsensanudeunnuenesinauvesdnluisiesdinduiosay 14.55

YDINNTENANUSDUNINUA HIASI9N 0.2

6. vioafiu Cl
MSAUINNUI1 T 1 Y desudifuliian SEC 81.96 kWhem>+year’ waziln5l4
waauliwindu 156,979 kwh lnedangeanluiiouiuiny (14,653 kwh) uagaianlu
LADUNUAINUS (9,986 KWh) fepn5799 9.1 wazn1sen1enuseuiiindudulng Aense
% a v 4 a v 2 oA & v v &
NamINSaundummnuNelurondudsAndusesay 41.80 U89N15EN19AIILSBUNINUN
AUAEANTLN AU BUIINANTAINIUANLSDURIUNT FeAnTuSaeas 20.02 V0915

7119ANUSDUNINUA AINITIN .2

7. eaifiu 2

gnmsAuanuin Ty 1 Hewdifuiliian SEC 98.04 kwh-m?ryear! uaziinasld
wdauliiamingy 8,824 kwh Tneifidgegalutieuiiuiay (807 kwh) uazsgaluiiieu
Surau (658 KWh) fam1s1ad 9.1 waznnssnneanuseuilind udiulngfonsemery
Lauanmsasiuansdeusiunt dandufesas 26.31 993M589AIL U LA AL
Frun15EMNILeLINLaWeIRaNTeIs I Uisnes T sAmuderay 23.24 999015EN9

AUSDUVIVUA AINNSIN .2

8. vioadiu C3

gnmsFwannudn Ty 1 3 Fosudifuiilan SEC 52.01 kWh-m3+year! uaziinsld
waselniinty 24,964 kwh Taefidgsgaluifousiunay (2,265 kwh) uazsaaluliiou
Ay (1,851 KWh) sfamnsed .1 LLazLLasmizmqmmﬁ”auﬁLﬁmﬁudauiwmﬁamizw

o A v A & v 2 & a @ v o o
ﬂ'ﬂqi\l'ﬁau"ﬂqﬂaUWWWLﬂUﬂ']EJGLUWENLEJu FIAALUUTDYAY 62.42 YDINITLNINAINUTDUNINUA



150

ANUAYNITENIIANSBUIINATAIHIUAIMNS DUR UK FaRaluSesay 23.37 1890158

P19AUSDUNINUA AINTIN .2

9. iaadu C4

syt Tu 1 9 Kesudifuiiian SEC 7.36 kWhem?-year! waziinsld
wdsawlnlivindy 132,532 kwh Tnefidigagalufioudiuiam (14,403 kwh) uazsngaly
AousuIAN (6,273 kKWh) 957991 2.1 LLazmizmqmm%fauﬁLﬁﬂﬁuéauiﬁ@ﬁa. A5
audauanmsasihumnndourunids FiRnludosay 84.24 vasnnsEeAIILSaUT VLA
AUEREANsEeATIES e nLEsEIe FaRaudoras 9.35 YaennsEveALSauTILn &9

AN .2



151

dy 3 dl Y o L v dl = ! 5 1 Y o ¥ €Y 1Y
wnanstiluenansianulidmsunisidauienistnwintu leugslmiluldusslomismunisi

I e~ O & A U Yv agvo & Y Y a = v & A ° v
lmﬁqﬂiﬂﬂ@ﬂ NG @ﬂﬂﬂﬂqﬂﬂiﬂﬂmuﬂa%u@ﬂq LLagm@fl@WQ@ﬂﬁﬂL?\]'WGUENL@ﬂﬁqﬁnﬂﬂﬁﬂwmﬂqiuqlﬂiﬁ



152

Energy Consumption and Temperature Performance of
Cold Stores in the Food Industries of Thailand

T Nuangjamnong® ¥, N Chaomuang" * and P Ongkunaruk®®

! Department of Food Engineering, School of Engineering, King Mongkut s Institute of Technology Ladkrabang
1 Soi Chalong Krung 1, Ladkrabang, Bangkok, 10520, Thailand
2 Department of Industrial Engineering, Faculty of Engineering, Kasetsart University, 50 Ngamwongwan Road,
Latyao, Chatuchak, Bangkok, 10900, Thailand

a) 63601293(@kmitl.ac.th
b) Corresponding author: nattawut. chi@kmitl.ac.th
¢) pornthipa.o@ku.ac.th

Abstract. Refrigeration is an important part of the food supply chain because a low temperature environment helps to
maintain the quality of perishable products, thus prolonging their shelf life. However, refrigeration systems require a
considerable amount of energy. This fact contributes to an increased cost for electricity and reduced competitiveness in
markets. The current status ofthe energy consumption performance of cold stores in food companies in Thailand is scarcely
available. The company stakeholders usually have no tool to evaluate their cold stores and cannoet effectively implement
energy-efficiency measures. In this study, a simple model based on thermal loads was developed and used to estimate the
energy consumption of seven cold stores. On-site investigations were also conducted to assess their temperature
performance. The results showed that the energy consumption of all investigated cold stores appeared to be better than both
international and national average practices. Conversely, most cold stores exhibited moderate temperature performance. A
case study of one cold store was condueted to improve its energy performance. Energy savings of 20% can be achieved by
either precooling produect prior to storage or using curtain strips.

INTRODUCTION

Globally, one-third of foods produced are lost annually [1]. Bundhurat et af. [2] reported that up to 60% of
vegetables were lost along the supply chain in Thailand. Refrigeration is thus an important part of post-harvest
processes because a low temperature environment helps to slow the growth of microorganisims and preserve the quality
of products, thus prolonging shelf life. About 13% of food losses could be avoided in the supply chain when the
refrigeration 1s sufficient [3]. This necessitates the use of refrigeration in the food supply chain, a so-called cold chain.

Cold storage is broadly used in food industry. It is generally driven by a mechanical vapor-compression
refrigeration system which is known to be an energy-intensive system [4]. For instance, 1t could account for 35% of
the total energy consumption of the whole food production plant [5]. Numerous studies were conducted to investigate
the energy consumption of cold stores and specific energy consumption (SEC) is typically used as an indicator
according to the European Standard (EN 1621:2012). Figure 1 illustrates the SEC values of cold stores in various
countries [6]. In Thailand, Tachajapong et al. [7] observed that the SECs varied between 37-481 kWh-m3-year™ and
46-212 kWh-m?-year? for chilled and frozen cold stores, respectively. These findings demonstrated a substantial
variation in the SECs that result from the differences in temperature settings, operations, and the use of energy efficient
technologies [5]. These data enable engmeers and policymakers to effectively apply energy saving measures. Many
food companies in Thailand are small and medium-sized enterprises (SMEs) which accounts for approximately 99.8%
of all food manufacturing companies [8]. These companies often do not have trained cold store operators. Therefore,
it can be challenging for them to analyze the current performance of their cold stores.
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This study aimed to propose a simple tool for SMEs to investigate the current status of energy consumption of
their cold stores and benchmark against “average practices” indicating average energy use in a typical cold store with
the same volume. The model was developed based on quantification of total thermal loads in a cold store, which could
enable appropriate recommendation of energy reduction measures. To demonstrate implementation of the developed
model, several field investigations were performed to collect data of existing cold stores in food companies, which
were input into the model to present an overview of energy consumption of the cold stores used by SMEs together
with their temperature performance. A case study of one investigated cold store was conducted.
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FIGURE 1. SECs for chilled and frozen cold stores in different countries [6, 7]
MATERIALS AND METHODS

Field Investigation

In this study, both in-person interviews and on-site measurements were carned out to collect information on cold
stores used in Thai food processing companies. There were seven participating companies in the study. Each company
selected one of their cold stores for performance evaluation, thus seven cold stores were investigated in total.
According to a classification based on the set temperature [5]. the investigated cold stores were divided into one
‘chilled’ cold store (=1 to 10 °C) and six ‘frozen’ cold stores (below =18 °C). Data collected from the interviews
involved the information related to construction (e.g., store dimensions, envelope and door charactenistics, as well as
the refrigeration system) and operating conditions (e.g., set temperature, product throughput, door opening
frequencies, defrost operation). These data were further input into a mathematical model developed in the study to
predict the energy consumption of the cold stores.

Air temperature in the cold stores was also measured on-site using a temperature data logger (Elitech RC-5,
precision +0.5 °C). Five dataloggers were installed to monitor the internal air temperature at different positions across
the cold store (from an evaporative fan unit to the main entrance) and another data logger was installed at the door
outside the cold store. Figure 2 illustrates an example of a cold store layout and the positions of temperature
measurement. To avoid the interruption of regular operations, these data loggers were attached to the storage racks or
the walls at the mid-height of the store, or dangled from the store ceiling, depending on accessibility. All dataloggers
were set to record the temperature at 30 s intervals for 7 days.
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FIGURE 2. A layout of a cold store and temperature measurement positions indicated by numbers 1-6,
Model development

An energy consumption model was developed using MATLAB based on the quantification of total thermal loads
(O, ) in the cold store.

QT :er +Qin +Qp1‘ +Q¢t +Qp¢ +Qo‘c (1)

where (J, is the heat transmission through the cold store envelope, (3, is the heat of external air infiltration through
door scals and door openings, (), is the heat generation of stored products and the heat required for product cooling,

(), is the heat dissipation of electrical equipment (e.g., motors, lights), U,

is the heat required to defrost. All these thermal loads are calculated based on methods described by ASHRAE [9],
Duret ef al. [10]. and Toster ef al. [11]. A model developed based on these method is usually a steady-state model in
which external temperature vanations were not considered. Therefore, the prediction of the energy consumption of
the cold store for a whole year could be overdetermined [12]. To address this limitation. the model developed in the
present study used historical local weather data retrieved from the NASA Langley Research Center Power Project
(https://power.larc.nasa.gov/data-access-viewer) to calculate energy consumption on an hourly basis, thus more
realistic annual energy consumption.

is the heat generation of people, and O,

Energy performance evaluation

To benchmark the energy performance of the cold store, energy consumption predicted from the model was used
to determine the specific energy consumption (SEC), which represents the ratioc of annual energy consumption to total
store volume ( 77) expressed as

ok

£ 2

SEC =

where o is a correction [actor to include the energy consumed by other electrical equipment of the cold store such as
fans, lights, defrost heaters, efe. According to a survey conducted by the Department of Alternative Energy
Development and Efficiency (DEDE) [13]. the contribution of energy consumed by the compressor to the total energy
consumption of the cold store is 52% and 78% for chilled and frozen cold stores, respectively. Based on these values,
correction factors of 1.923 and 1.282 were input in the model. F is the electrical energy consumption of the

compressor, which depends on the global performance coefficient (#.) and the coeflicient of performance (COP) of

the cooling unit.

= @
n.-CoP
cop - @
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where 7. and 7, are respectively the temperature of the evaporator and condenser of the refrigeration system. In the
model, these temperatures were estimated from the set temperature and the ambient temperature using a temperature
pinch of 10 °C [10]. The SECs of individual cold stores were then compared to the average values of other cold stores
in Thailand [7] and international ‘Best Practices’ [14].

Temperature performance evaluation

In view of temperature performance, a good cold store should satisfy the following performance parameters so
that the safety and/or quality of the stored food products will not be affected.

(i) Mean temperature is the average of the time-averaged temperature of each measured position over seven
days. According to the Notification of the Ministry of Public Health of Thailand [15], the storage temperature of
chilled cold stores should be equal to or less than 5 °C and 10 °C for animal-based food products and fruits and
vegetables, respectively. For frozen cold stores, the storage temperature should be equal to or less than —18 °C.

(i1} Temporal temperature fluctuation is the standard deviation of the time-averaged temperature of each
measured position over seven days. The maximum TTF is expected to be less than 2 °C [16].

(iii) Spatial temperature fluctuation is the temperature ditference between two positions with the maximum
and minimum temperatures at a given time. The maximum STF is expected to be less than 2 °C [16].

The temperature performance is considered as ‘Good’, "Moderate’, and ‘Poor’ when all, at least one, and
none of these parameters are satisfied, respectively.

RESULTS AND DISCUSSION
Model validation

Before further use, the model was validated against the measured energy consumption of the cold store reported
by Evans ef al. [12]. The values of all input parameters were the same as those used in their study. Some parameters
were assumed due to lack of available data m their study. Two calculations were conducted, one with a constant
external temperature (steady state) and another with a variable external temperature (transient). A comparison of the
results is depicted in Figure 3. The model exhibited a good agreement between measured and predicted data with
differences of approximately 7.7% and 4.6% for steady state and transient calculations, respectively. Due to its better
accuracy, the model with transient calculation was further used to predict the energy consumption of the investigated
cold stores.

Energy performance

Based on the annual energy consumption predicted by the developed model, the SECs of investigated chilled and
frozen cold stores were determined and compared against the national “average practices”™ [7] and the international
“best practices” [14] as illustrated in Figure 4. Tt was observed that both chilled and frozen cold stores had the SECs
lower than these practices. This implied that these cold stores operated at better performance than average. Therefore,
implementation of any energy reduction measures would further strengthen their energy performance. Nevertheless,
these results should be considered with caution as they were solely based on model predictions.

Annual electrical energy consumption of a compressor (kWh-year')

0 2,500 35,000 7,500 10,000 12,500

Measured du 12 —

Predicod da (endy suc) | 757>
T
Predicted dat (eansient o) | 9

FIGURE 3. Comparison of measured and predicted annual energy consumption of a compressor.
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FIGURE 4, SECs of the investigated (a) chilled and (b) frozen cold stores compared against the national “average practices™
|7] and the international “best practices™ |14].

Temperature performance

Based on the on-site temperature measurements, the temperature performance of the investigated cold stores was
also evaluated in terms of mean temperature (MT), temporal temperature tfluctuation (TTF), and spatial temperature
fluctuation (STF). As shown in Table 1, it was found that no cold store had good temperature performance. One chilled
cold store and four frozen cold stores had a moderate temperature performance. whereas two frozen cold stores had a
poor temperature performance, since none of the criteria were satistied. Since temperature is an important factor
determining the safety and quality of food products, these cold stores required immediate action to correct their storage
temperatiures.

IMPLEMENTATION OF ENERGY EFFICIENCY MEASURES — A CASE STUDY

Following the findings in the previous section, there are incentives for cold store operators to reduce energy
consumption. One of the mvestigated cold stores was selected and used as a case study to demonstrate the potential
of energy savings through different measures. Five measures were selected based on the thermal loads with substantial
contributions to the total energy consumption (Figure 5). Correspending energy savings predicted by the model are
depicted in Figure 6. Despite its largest contribution, the measure for the reduction of the transmission load was not
selected since it requires modifications to the existing construction of the cold store. The selected cold store is a frozen
cold store of frozen steamed food without precooling prior to storage. Thercfore, the result clearly showed that an
energy saving of 20% could be achieved if precooling was implemented. Meanwhile, the use of new curtain strips
could achieve the same percentage of energy savings. However, the former measure requires relatively higher capital
costs compared to the latter one. Therefore, the cold store owner needs to tradeoff between capital costs, acquired
savings, and product quality to make the suitable decision [or the business. Nevertheless, if the quality of the products
is prioritized. precooling is recommended since the products frozen by static air often have lower quality than the ones
cooled by forced air [17].

TABLE 1. Temperature performance of mvestigation cold stores.
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Cold tem;:lt'ature teml\;:;nmre MT((:ijnas °@ s
store ©C) CC) MTF <_1g°c  TTF=2°C  STF<2°C performance
Chilled cold store
Cl 4 59 4 Moderate
Frozen cold store
F1 -7 -4 v Moderate
F2 26 25 v v Moderate
F3 25 -20.4 28 v Moderate
F4 -20 -12.7 Poor
F5S =20 24 v v Moderate
F6 225 -14.6 Poor

MTC = Mean temperature for chilled cold stores; MTF = Mean temperature for frozen cold stores;

TTF = Temporal temperature fluctuation; STF = Spatial temperature fluctuation.
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Defrosts
Forklifts
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Fan motors
Products
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FIGURE 5. Predicted thermal loads in selected frozen cold stores.

Use VFD fans
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FIGURE 6. Savings from different energy efficiency measures.
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CONCLUSIONS

The present study presents the current status of energy consumption and temperature performance of cold stores
used in seven food companies in Thailand. It was found that the energy consumption of the investigated cold stores
was in a good condition when compared with national and international baselines. Most cold stores had moderate
temperature performance, thus necessitating the immediate actions for the correction of storage temperature. A case
study was conducted to demonstrate the energy saving potentials using the developed model. Tt was shown to be a
useful tool for cold store operators to select and implement appropriate energy saving measures for their facilities.
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