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*Temperature
*Humidity
*Air movement

*Air cleanliness
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Typical Comfort Temperature
22°C to26°C

(2)Relative Humidity
Comfort RH:
40% to60% RH



(3) Fresh Air/ Ventllatlon
CO, eooooeo)eﬁ

(4) Air Filtration (IAQ) Indoor Air Quality
Dust, bacteria, odor (oooep shs

(5) Air Distribution
Draft e@o)e@eﬁ

Refrlge,r_gtlon vs Cool Storage vs Air Conditioning
36§3(03:6200 Concept

Refrigeration

“Make things cold”

Cool Storage

“Preserve quality and extend life”

Air Conditioning

“Make umans cognfcgrtable”
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— Cool Storage
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Introduction of Refrigeration









1.Texchem Marine Labutta Limited Labutta

2.Ayeyarwady MEF International Co.,Ltd Labutta

3. Pyi Phyo Tun International Co., Ltd. Kyun Su PP Thanintharyi, Myeik
4.Ayeyarwaddy Fisheries Limited Pathein PP Ayeyarwady
5.Htun Nay Linn Co., Ltd Yangon PP Yangon

6.MIN ZAR NI CO LTD Yangon

7.Shwe Yamone Manufacturing Company Limited Yangon

8. Mega Marine Frozen Sea Food Co., Ltd Yangon PP Yangon
9. May Yu Marine Products Co., Ltd Yangon

10. Twin Brothers Seafood Cold Storage Yangon

11. Shwe Ngar Processing & Cold Storage Plant Yangon

12. Myint Myat Hein Co., Ltd Yangon

13.Ghani Win International Modern Processing Plant And Cold Store Yangon
14.Shwe Myanmar Cold Store Yangon PP Yangon 23/11/201
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J) QOLEe3OONCL (Working Principle)
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Chest Freezer vs Upright Freczer
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Walk-in Freezer a?m')mcﬁ?
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Walk-in Freezer, Walk in Chiller 30000060
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Walk-in Freezer &cC: Walk-in Chiller m@osﬂ(rg
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ltem Walk-in Chiller Walk-in Freezer
Temperature 0°C~ +5°C -18°C ~ -25°C
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Insulation Thickness 75~100 mm 100~150 mm
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*Seafood
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*|ce Cream
*Frozen Chicken
*Sausage .
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*Export Frozen Product

*|QF Product

’M 1

¢ Pharmaceutical ndusty
*Vaccine

eLaboratory Sample

*Bi i

5. Fihery & Sesfood Industry
*Tuna

*Shrimp

*Crab
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Insulation Wall cool room
Sanewich Panel
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CooI Storage (Chilled Room)%e(é]ooCool Storage
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Operating Temperature

Product Temperature
Fruits +2°C to +15°C
Vegetables +2°C to +8°C
Meat 0°Cto +2°C

Dairy +2°C to +5°C
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Q) Blast Freczer



Mechanical & Cryogenic Freezing Equipment IQF Freezer



IQI; Blasct Freezer (Individual Quick Freezing)
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|IQF = Individual chk greoezmg

Food pleces ooo)aeﬁczo)o?
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*Rapid freeze C\)oeooo system @ogooéu
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*Shrimp

*Peas

*Strawberry

*French Fries

°%hickcen nuggets .
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Process
1.Product Q[>¢ conveyor GOTOOCOO&?

2.High velocity -40° C air @C blow C\)OOO&,)
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Cool Storage vs Blast Freezer vs IQF

Main Function
Product Condition
Temperature

Air Velocity
Freezing

Product Quality
Product Sticking

Application

Cooling

Chilled

+2°C to +10°C

Low

No

Fresh preservation
No issue

Fruits, vegetables

Rapid freezing
Frozen block
-30°C to -40°C
High

Yes

Good
Possible

Meat, seafood

Individual rapid freezing
Individually frozen
-35°C to -45°C

Very High

Yes

Excellent

No sticking

Peas, shrimp, fries



Engineering Item
Insulation Thickness
Compressor Capacity
Fan Size

Defrost Requirement
Door Heater

Floor Heater

Humidity Control

Cool Storage
75—-100 mm
Medium
Normal
Medium
Sometimes
Rare

Important

Blast/IQF
150-200 mm
Very High
High Static
Heavy
Necessary

Necessary

Frost control important



Contact Plate Freczer
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*Ready- made food packs
*Block ice cream
*Meat blocks

S Flat Shape Product op:3 Freeze c0OepoRC 3200863223:0300201
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Classiication @ Rerrigaratee




Application Temperature Range

|
High Medium Ultra Low

Temp. Temp. Low Temp. Temp.
Prolc_:i?]sesing Ante St%cr);% e Cryogenic
Chill Room Freezer Freezer
Chill Water
Etc.




“Typical Temperature Range”
In Food Processing Plant

Room Application Room Temp. Evaporating
e Temp. (°C)
Ante, Loading, Boxing +5 ~ +15°C +5 ~ -5°C
Cut up, Processing Area  +10 ~ +12°C +5 ~ -5°C
Chilled Room +5 ~ +0°C -10°C
Cold Storage -20 ~ -25°C -30 ~ -35°C
Freezing -35 ~ -40°C -40 ~ -45°C
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Cold Storage &C Controlled Atmosphere (CA) Storage ooé éj”
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Cold Storage (meszsa%sa?cc?of:@f:s)

*Humidity OO 32$€003CLI
a
*Oxygen / Gas ©00853)||00

Typical Conditions
*Temperature: 0°C - 2°C

*RH: 90-95%

-OZ/COZ :Doe§emoo (Air)
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*Maintenance C\)OOO?
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Controlled Atmosphere (CA) Storage
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Typical Conditions

*Temperature: 0°C - 1°C

*0,: 1-3%

*CO;: 1-3%

*N,: Balance Gas with Nitrogen Generator
*RH: 90-95%
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Nitrogen Generation SYSteEm
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Difference: Cold Storage vs CA Storage

Feature

Cost

Storage Period
Gas Control
Export Quality

Investment

Cold Storage
Lower

2—4 months
No

Medium

Moderate

CA Storage
Higher

6—12 months
Yes

High

High



Cold chain logistics
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Rhecooliing



Washing, Drying and Grading
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Commercial Potato Cold Storage etpzogccz—

1.Harvesting

2.Sorting / Grading

3.Curing
4.Pre-cooling
5.Cold Storage
6.Distribution
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Potatoes Harvesting
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Packaging Standard
ltem

Weight

Ventilation Hole

Food Grade Material
Label

Usage
Fresh market
Processing potato

Seed potato

21 Cold Storage :f):G
Storage Temperature

Humidity

Standard
5kg / 10kg / 25kg
Required

Required
Country, Farm, Batch No

Temperature
4-7°C
8-12°C
2-4°C

BE:

RH =90% to95%

Humidity fésc.\g%so']m Weight loss @S%Sméu



Ventilation Control

Potato 2000 Respiration o6 GOO’JG@’)(S
@ L ? o
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*Heat

°Mogsture .
oomC\)’)ooen
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OCL)OG@)é Forced Ventilation System C\OPB”B(SCD&SII

Ventilation Requirement
*Uniform airflow

*CO;, removal
*Temperature balancing

e Sprout Control ] coc o
Storage @’)C\)D(S](T) %oce(ﬂmélcoogll

Control Method

*Low temperature storage
*Dark storage

*Approved sprout inhibitor
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1. Temperature (:raoql
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2. ReIatlve Humldlty(RH)
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°condensat|on
*mold
*bacterial growth
*spro tcgrowth .
4p: (ggooao0pon
Sprouting O Q)C\)OOGCD’J RH Range —
*RH > 90% oc
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3200500 C —
°warm temperature + high RH
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High Humidity Condition
RH > 909,
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3DV VEAICHS FEMIC303 Condition
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Seed Potato

*Temperature =2 —-4°C

*RH =90 -95% c

Table Potato (msa?ssﬁ)

*Temperature =4 — 8°C

*RH =85 -90%

Processing Potato (chips/ french fries)

*Temperature =7 —10°C

*RH =90-95%



INe 9’)0 3’50CGL;]QDQ')(.\)
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°resp|rat|on
*metabolic activity

*dormancy break
OGN sprout oooooo

Dormancy breakoo 39@00 oomeepmeeeooaseepeao —

1.High Temperature
2.High Humidity
3.Ethylene Gas

4.Long Storage Time
5.Poor Ventilation
Sprouting BS(\}JE :no@ocmocﬁ
*Weight Loss

*Shrinkage

*Softening

*Sugar increase

*Quality decrease
*Market vaIue drop
Sprout DOO: QP393 :00C —
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Parameter Recommended
Temperature 4-7°C
Humidity 90-95%
Ventilation Continuous
Light Avoid

Impact Damage Minimize
Cleanliness High

s 0u: Export Industry 03¢ 326 °-°°30°m
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*Cold Chain e@orge@ef
*Mechanical Damage o QC)GQ)%C
sTemperature / Humidity 00 oOMm|® 0B&s
P _ ity 2 QPGP X%
*Proper Packaging Saw@leﬁ
*International Food SafLet Standard 9p: COMSIOS
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032G OSOOD 006amESECIMm
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*Shelf Life 03000
L, C
*Export Quality 6OMNCIANL0
C C
*Overseas Market Value @Cc\)’)e@
oC C

*Post-Harvest Loss GC\{I’OJQ?@?,Q)’)@@C @Q)Or]&)éll
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Export Documentation
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Required Documents

*Phytosanitary Certificate

*Certificate of Origin

*Packing List

*Commercial Invoice

*Export License

*Cold Chain Record

. QO _C C
Food Safety & International Standard VM $IGUR) Standard Y43

Standard Purpose

GAP Good Agricultural Practice
GMP Good Manufacturing Practice
HACCP Food Safety

ISO 22000 Food chain management

2 Export Quality Defect Y3
. C C
Export Reject @oeoem mqlmeu':s

*Green potato
*Excess soil

*Soft rot
*Mechanical damage
*Sprouting

*Insect damage
*High sugar content
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Phytosanltary Certlflcate m :Jooooo ooooeooaom

OCo

&CCOfIJOC Teple 39@ ) Plant Quarantme/AgrlcuIture Department o ooooeo ooell
C Co0O ¢

$UOSCCOIC —

*Department of Agriculture
°PIant Protectlon D|V|5|on / Plant Quarantine Section oo 00G0: [9
ooooeo GC\) 20
:n'.)e 9'Jc ms'aoaom
oocoe S M$OO :0nC —
: 2308054Pi0;
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c NS 26)20003
*Nematode

*Weed seeds
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Phytosanitary Certificate eﬁc&lé m@&%émcﬁ

Import Country © —
*Cargo Reject
*Return Shipment
*Destruction
*Quarantine Hold
*Fine / Penalt

b Fete ¢

o C
2R1°

C
Phytosanltary Certlflcate 2020 e’J —
C O OCo o
®00Lm GS]CéC DOCIE E‘ oooooo o)) &CC@’)SOO
C cl C
oocoepooc 0sDISC GEPO OOC ©CG C
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ooep 20C 3900@ leo 36000 Export Health Certificate
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803 (Onion) M 01025360qSI VOII:RSDIECOQS

§R \Dnion) 7 9NGRICOG P! QORNQ:CO ¢!
3e(ri|e®gﬁ §C Export Quality NNERN Cool Stcorage

on\)ogc ooeggoegepg Temperature, Humidity, Ventilation §C Gas

o ¢ C
Control QiPSO? 3’3%806363(7)616]&)8”

S,
)
L8

80
om
20

0CoO © C -
Storage WODCO 3663|0260 saao(g — Curing
0] N C C
28 oog?@ 32632594300 eoo&oog(ﬂu

)
3
?Bo
cCo
(Cee

)
3

~ (3]
3,
08
50

*Neck (39@@@0 835() oooooogecaeﬁ
*Moisture Zlab] NI
*Fungal infection & cOQs
Curing c00Oq0loo g\”{P QW
g CRO OO

Onion Curi CCondition
3QP3308 —

QPs322:(§C .
Temperature &C

RH = 60% ~ 70%



08%%- Onion) 00 Storage VE 29629005 sgg Weight Loss
m o

© C
(Cemg f da Damage (OOCBC“ Cza@o%o
chsoom C3) ®G®sﬁ 39@()000? §Op0323|00QPsed—
1.320 2309 (Temperature)

2. 6618 G])eG, VM (Relative Humidity — RH)
3. G(\)ocemogoo (Ventilation / Airflow)
4.Proper Curing (39@@')009@0

@@(ﬂ&)t’i’)ll

[ C Cco C C C
on |MMR$¢ Storage 3203M DCE0NEIN Temperature
Long- Term Cold Storage
3600CS aoo Temperature &0 —
% T=0°Cto2°C
®0 oo
33306&?000—
*Respiration Rate c?@ OV Sk :D&)
*Weight Loss $ .
S
prouting (32|Q®c0 e c) GOQRRP
*Fungus / Bacteria [r—B 0Q280$PO20 0

@@OO@II



Refrigeration 96](;](7)
Cool Dry Storage OOC —
T=7°Ctol3°C

OO’J &COO@

Shelf Life 8C20001
ODGOO’) CQQPSCO

I Relative Humidity (RH)

@moocﬁzaoom RH 3’3(\)?3’3661 [;_g :Jo&)n

Recommended RH
Cme o RH = 65% to75%
326000C3 aoz[?gc)oo I
< )
RH @cmf ¢ (>80%) I Ventilation (emocemogmt)
@@&CG:D’J J00$29QPs — Emooﬁoo&) Respiration C\)oea)’)e@oc—

*Mold *Heat

*Black Rot *Moisture

*Soft Rot *COzGas

*Neck Rot OOO’.)GO oo&)u

-Sproutingc @oc Ventllatlon ©0eOMCS C\}JC—

QP3O0 -Hot Spot @ .
*Condensation Dleviel

RH fem.‘s,c&lc (<60%)C ] *Rot @ogoo 5 ]

*Onion ooe 2N[=plealeelopioraliovien *Weight Loss 0250000

'Shrmkage

*Weight Loss
*Outer Skin G[;qoqu Q|OO<D 00;1) @o)c\)ooopou



I Ethylene s¢ CO, @a)).in
c _co_ 't o C . ...C
mac)ﬁ,ﬁ,:(p@ 2 0002600Vl
CO, QP C—
* Physiological Damage
* Bad Smell

* Quality Reduction

coC C
@co&coo [

(@]

QB{OPC—
CO, <3%

C C . . C C
@@Gaaoc Ventilation C\)oepo@u
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Anion lowcost storage Facility
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125mm _ N AR A
400mm S =S BTN \

i V7 BAs ! /i A § Bamboo or

timber, = |

200mm nailed or ties —= |
400mm

7 HCENTRAL FAN
200mm ; HOUSE
750mm
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Best Storage Condition Summary
Parameter

Temperature
RH

Airflow

CO,

Light
Storage Type

Pre-treatment

. C
2 Onion Damage @oeoem 396

Problem
Weight Loss
Sprouting
Rot

Black Mold
Soft Onion

Condensation

Recommended

0-2°C

65-75%

200-250 m¥*hr per ton

<3%

Dark

Ventilated Crate / Mesh Bag

Proper Curing

5‘)8861686"’)8

Cause

RH ﬂséggéz

Temperature eooé@é
C C

RH (9¢[g¢:

Wet Onion

Poor Ventilation

Rapid Cooling
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C CqOS (Chili / Pepper) 0% Ggazmdgocc: Export Quality
SE0DMCO oooﬂéo&%zooézécqo? Harvesting =

L
ng - Scorting - g(ackaging - Coo torage ? Transportation

0P 0§000M)| 00$:]||0q$ 3266 g(ﬂoo@n
3200300(¢C ]
*Moisture (6616’300)0 ]
*Temperature (Sfaclfqﬁ)
*Relative Humidity (RHC) .
*Air circulation (Gmocec\)ogm)

*Mold sgQres & insects
0808 ooC° 6 Oloe CII
Lo L ‘]SE?J[ cegc C
on Harvesting (slooooes 3)
Harvestin(g Time

9 o C (e Q0 C O
*30$CEPC 80-90% G@dcz[«jw %oooo

C ocC o) C ] C
*RSMIPDCONOCE DVVIOD Gﬁsoczoo
°8° @°OC 5°[§6°LOGC\L)6:DC L ©
LOCS)P °€?~I? i ° 1 5
Avoid
(@) C C ©
*DOOICSCID CHODIS
L =) o C ,] cc
°c 3 Ql (L)oooz ooc@ S
° C
ooe%msmepq@co
GoodCP %cticce
*COM geca}’)g’)as
*Plastic crate 3200:
\0 b C

*Gunny bag co0230(9C: ©

Ps)

OnNE -on
oo :

-0
Cn



Ju Cleaning & Sorting
Harvest @o&?’)m

cooer 93

-80000
«300Hs
L '] C c ©e
*3GOIMGWIMMIDS
e
*32§2§)20¢
*Insect damaged pods

ngmeooogaooo@c: &)?6]00

*G§6303 C\}JC Drying c0o2C: ®9C\)(Sg§(\%

Q! Curmg/ Drymg Process (33661 3
eeooooe@eﬁ :39@0033300@@:1)@"

Target Moisture Content

Mechanical Dryer (Qeamn¢&:)

oC O bcoc C
20307 QO0gP0F:5Ca000N
Recommended Drying Temperature
*50-60°C .
60°C eMPIC

*Color fade

*Capsaicinlo coc
eAroma loss ®§L.c

*Long storage 390000 8-10% moisture 2000003 616[33

Natural Sun Drymg

Method

'Bamboo mat / net tray GOT@?
O COo _¢C

clg(Mec0 ooooqooee 0061

‘OO(DG§6 -8 g?ael eﬁeepce P
@oocsaooc ooooer

Drying Duratlon
*7-15 days epooeooeoTeooe)



G Curing After Drying

Drying (G:00p5&C 03058053050 000:4)1
YINE [Jz0R&E OO *9

Conditioning Period

*1-2 8Y> C C C

*6325(§s6000CE0QNENINC6GHEP

e} (@)

za(rﬂlo.(;-(r{locl?o | .

*Remaining moisture balance |§®

*Condensation clev/e

*Mold growth G(\{]?o

9l Packaging
Recommended Packaging
Export Quality
*Food-grade PP woven bag
«Jute bag with inner liner
*Vacuum pack

*Hermetic bag

Small Retail
*Aluminum foil pouch
*Vacuum pouch



B Cool Storage Conditions
cqoaooe mm eafaom(;l condition mcoooocgjc
sheIf life os]eaoe)’u

Recommended Storage Temperature
Fresh chili oo 5°C 6320000008 Q«?JC chilling injury

coc
@@&COO@II

Product
Dry chili
Fresh chili
Recommended R atlve Hum|d|ty (RH)
Dry chili OOC RH CC\J)JC
*Mold
*Caking
@nsect growth
C C
© 020320l
Product RH
Dry chili 50-60% RH

Fresh chili 85-90% RH

Temperature
5-10°C
7-10°C



-2|| A|r Clrculatlon

GC\)OCGC\)(I)OO QG(T)’.)C C\J')JC Condensatlon@

Recommended
*Air velocity = 0.2-0.5 m/s

Stack between wall =30 cm gap

*Floor clearance = 15-20 cm
ol Mold Prevention (3’3661
Common Fungi

*Aspergillus

*Penicillium

*Rhizopu

3200520 c Aspergillus oo@ Aflatoxin 00

Preventlon Methods
Keep Moisture Low
*<10%

Maintain RH

*<60%

Ventilation
*Continuous airflow
Sanitation

*Store room cleaning
*Pest control

Use Desiccant

*Silica gel

Moisture absorber

lelet

9)

coc(e,
o&C
L

©n

s Export Reject @

C
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L
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C
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Small Commercial Chili Storage

2211 Export Quality Checklist

Required
*Uniform color
*No mold

: Condition Shelf Life
*Low moisture
*No insects Room temperature 2—4 months
*No aflatoxin Good dry storage 6—8 months
*Proper grading

Cool storage 10—-18 months

*Hygienic packing
Important Export Tests
*Moisture %

*Aflatoxin test
*Pesticide residue
*Microbial test

I Myanmar Climate 330000 3 B[gﬁlog
@LSG’)&CCU)C RH @CGOO’JG@)C Rainy season 085
3200: :)00800’) epo&gu
Best Practice
*Solar dryer 39&?8[9[
*Mechanical dryer backup
*Dehumidifier 0leooD storage
*Hygrometer 0 O0003



Aflatoxin Mold aéooém
(Mycotoxin) @: ®§5

32@«?39&6{300%]0 Og[’.)_’)I
parasiticus &)GOO’J Q

&)[gé Aspergillus fIavus &c Aspergillus
C
eoleplen]e @OD@II
Aflatoxin 0905(\3 Bogeo 000
ocC C Go ol o
20955(9¢]G: BobCianqprgann epepgpioy
s Aflatoxin oooocnooooooo@n
Saeipoao epiScievalicriiaticclalli sl s
*Peanut (¢ o)
*Maize (e|qdCs002)
C IL
°ao
-oqil 0
36| 003: &
*Animal feed (ooelmc?s*am)

OOBCDOOEII
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Aflatoxin eﬁ S
ol 39308 %?ﬁs

Aflatoxin 20 3200

39800@6)30

‘39&)8866T3C
eLiver cell damage
*Fatty liver

| iver failure
¢ OcC c
Q)G(D&COO&)II
L






Aflatoxm Bl
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aé:)moooo oéooremafaa'l
Step 10— mmac:ram o€
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Step 3 — DNA Damage @ocm)é
*Gene mutation
*Cell damage

*Tumor for(mation
blchientes]]

N
Step 4 — Liver Cancer @ %Emé
qfjlopooncy©
Hepatocellular Carcmoma HCC
aoeooo 3930@ N0

Mycotoxin @

C
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0

2



. . . .y C
Aflatoxin Mold (Aspergillus flavus / Aspergillus parasiticus © 0(800600’3
OoC C C Q o O O
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Cold Room Desigh Recommendation
Small Commercial Chili Storage

Parameter Recommendation
Temperature 5-10°C

RH 50-60%

Insulation PU Panel 75-100 mm
Air circulation Continuous

Lighting Low heat LED
Flooring Epoxy / concrete

Dehumidifier Recommended



Commercial Farm
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Head Pressure Contrel Valve REPY



. . . C 0] C C (o]
Showgase / Display Case Refr.lgfaratlon System QPsO3C CO2EqeD) oggosaeﬂlog’agooeoT
elfoogﬁ Temperature, Humidity,

Air Flow, Superheat, Defrost Control Dlevjevlesles
eoo&)c;:a’a’)cc: Set C\)(SG()SGl(S]OOéII
IL L

le L

3’36@’)68&?’) ogézo%cczggﬁ Shelf Life, Moisture Loss, Bacteria Growth Rate, Frost

Formation, Product Quality 0930 eorl%eoooe@’)coc: @ogooéll

1. Product Type 39(\%05 Temperature Set Point QPs

Product Type

Meat

Fish / Seafood

Dairy Product

Beverage

Cake / Bakery
Vegetable
Frozen Food

Ice Cream

Display Temperature

0°C~ +2°C
-1°C~ 0°C
+2°C~ +4°C
+4°C~ +8°C
+10°C ~ +15°C
+4°C ~ +8°C

-18°C ~ -22°C
-22°C~ -25°C

Relative Humidity (RH) Remarks Fresh

85~90%

90~95%

75~85%

60~70%

50~60%
85~95%

Low RH Frost Control 3263|033

Low RH

Meat Color ee@')ézeﬁ
Ice Bed 39:1?3@”33

Milk, Yogurt

Condensation e@g)ef

¢ C
Dry e@oaqic .
Moist 00§
oisture X ehs

Hard Frozen State



2. Thermostat Set C\?(C)(L)
Thermostat ooé Compressor ON/OFF 0% 08«%351”6600’3 Main
Temperature Controller @Qc)ooéu

pOed —
Meat Display Case
*Cut-in = +2°C

*Cut-out = 0°C

O O C
Selevjobien]ts
L L J o C C
Temperature +2°C O20DOPECY|C Compressor RUN

0°C eepchcpJé STOP

Beverage Cooler
*Cut-in = +8°C
*Cut-out = +4°C

Frozen Display
*Cut-in =-18°C
*Cut-out =-22°C



Superheat Setting 300120007572
32260120051 3AE3G °@°d]oo Si
L 2 9§32 0O

C C

Superheat eei%ac —
*Coil Freeze O§C
Liquid Refrigerant Compressor 030¢
*Cooling 0eOMES

cCOoC
*Energy Waste [§®§C
TXV (Thermostatic Expansion Valve) :l%eueorg EEV @cc: Superheat Ofc?)
Control C\?(C)@ooén

C
C

~2n0O

Recommended Superheat Values
Superheat Formula —

Superheat — Tsuction line — Tevaporating
808’) —
*Suction Line Temp =8°C
*Evaporating Temp = 2°C
Superheat = 6K



EEV / TXV / ERV a§cm

*EEV (Electronic Expansion Valve)
%

*TXV / TEV .

e Sfaagquz@oo&)u

EEV Advantages

*Precise Superheat Control
*Energy Saving

Stable Product Temperature . .
*Multi Product Display Case 320000 6OMNCS

Supermarket Multideck Showcase QﬂDOOCC: EEV Control 396“’)8858
) o C (o] L
330‘?@[@9@30@"

5. Humidity Control Pcq:
Vegetable <J§<§ Meat Display
*Weight Loss
*Product Drying
*Color Change
*Shrinkage
(GoStanssn
L
Vegetable Case
RH =90~95%
Cake Showcase

o330
O%”



ERV (Evaporator Regulating Valve) aooo')mm

ERV oo&) —

Evaporator Pressure oo Control (\)O

Evaporator Temperature o5 :)oooeooooo 62D Level &2
ooe 30003606000 Valve @ogoo&)n

Refrigeration System ooc —

Evaporating Pressure \l/

= Evaporating Temperature J
= Cooling 06322000
Evaporating Pressure T

= Evaporat)ing Temperature T
= Cooling 0G§3QD

¢
Pressure &C Temperature 800003039&]9’.) —
Pl=>T,pqp

< F

pr—

C ;)
.ERV ome o3¢ D6 sgsoocﬁ
. .° C
Rack Refrrgeratlon System 00®908
¢ O
Com essor ooo)c\) Jepleviies howcase QPG share
L (@)

CD@II

On



pOeO —Showcase Type Required Temp

Meat 0°C
Beverage +5°C
Vegetable +7°C
Frozen Food -20°C

. C Cc O C C C Cc o ﬁ
Compressor Suction Pressure ooc»aoo&gﬂeooomegshowcase ooa)ag%cmgl

0 ¢ L C C cl C
Evaporator Pressure 00 ERV @C eoo&)oemc Control QOGN G@)C
L C IL C C L °

C C C
Product OOQ)??SCOOQ)? 396398?'? s @OR:%COO Il
C ° C
ERV :DQ)G?GT)U) CDO:DC\\)
C C

d
ERV OchS Evaporator Outlet (Suction Line) eploplesle oo&aoéooéll

o

Flow Sequence —
Compressor - Condenser - Expansion Valve - Evaporator - ERV - Suction Line

0O ¢ O OC N

4. ERV on Temperature o MU0 $30C0

C . L o L. . C C
ERV 00 Suction Pressure 22 Artificially Hold Qv[el=10 e bTeb]
pOed —
IV(I)eatCDisplay Case
QV3|ce0 Coil Temp =-5°C
R404A Refrigerant Pressure Table <]
-2°C=25bar o e e
3le opP¢ ERV ™ 2.5 bar 32$302C Set QLD

° cL cl, O o édc
Pressure MY $2eFPee3nC Valve O ¢

o o

0On

(7]



The evaporator pressure regulator, or EPR, is a crucial control valve in the HVAC system.

It plays a significant role in maintaining a constant pressure within the evaporator coil, ensuring
the system’s optimal performance.

When load changes or varying ambient conditions occur, the EPR holds back refrigerant flow
until a preset pressure is reached, thereby keeping the evaporator temperature above freezing
or within the desired range.

This regulator, installed in the suction line at the outlet of the evaporator coil, effectively
manages downstream pressure based on the evaporator’s inside pressure, protecting against
coil frosting and maintaining the system’s peak performance.



Before understanding the working principle of a pressure-regulating valve, we should first
understand the composition of a pressure-regulating valve.

The pressure regulator valve is mainly composed of a spring, balance bellows, valve plate,
damping device, pressure gauge connector, adjusting nut, sealing cap, and valve seat.

Let’s take the evaporator pressure regulator as an example. Its working principle is the
comparison between the inlet pressure of the evaporator pressure regulator and the spring
elasticity.

When the pressure is lower than the set value (spring force), the evaporator pressure regulator

valve closes, the evaporator pressure regulator valve inlet pressure rises, the pressure inside the
evaporator falls (evaporator saturation pressure decreases), and the corresponding evaporation
temperature decreases.

A pressure regulating valve is mostly used in dual-temperature cold storage, through the
adjustment of pressure to realize that different evaporators have different evaporation pressures,
so as to realize different cold storage temperatures.



A condenser pressure regulator is a pressure regulator that controls the refrigerant flow from
the condenser to the receiver or other downstream components.

Its goal is to maintain minimum condensing pressure, especially during low ambient
temperature conditions.

This regulator is typically installed in the liquid line between the condenser and receiver to
restrict refrigerant flow as needed.

So it builds or maintains appropriate pressure in the condenser for efficient operation and
stable system pressure.



Product
Meat
Beverage
Vegetable

Frozen Food

C C ©
Pressure ERV ooo)eL;ei]CSQ)

TXV / EEV Superheat Setting

Product
Meat
Beverage

Frozen

Evap Temp
-5°C

0°C

+2°C

-28°C

ERV Pressure Setting
Higher Pressure
Medium

Higher

Very Low

Superheat
5K
8K
4K



Meat Showcase
Parameter

Room Temp
Evap Temp
Superheat
Defrost

Fan

RH

Beverage Showcase

Parameter
Room Temp
Evap Temp
Superheat
Fan

RH

Setting
0°C

-6°C

5K

6 hr

Low Speed
90%

Setting
+5°C
-2°C

8K
Medium

65%



Important Engineering Principle

C C
Product Temperatureoo Control COOEPORC —
Lc
“Air Temperature” ooc)aooe eoooo:)f\)

*Evaporator Pressure
*Coil Temperature
*Refrigerant Flow
*Superheat
*Air Velocity
*Humidity
'Defrost Frequency
3208 C\) 00 Comblned Control moqoqoo&’)n
ERV oo&‘) ooooe
“Evaporator Temperature Stabilization” 390805 32800 Role ooéeg@ogcﬂooén
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FEOE Preservaition Metnees




C o c _¢C o ¢ OoC ocC C ocC
39008326 200M ] tumo»s CS&? UJ‘)&] 963DC ooassaoes (03105 p) mlcroorganlsms (33(17)@0 c Ol 3’30q1‘fl

(=3 G’)GS (moisture).sc 6330053 803 U)(DcOCDCmCDO(S(;]O)OSII 3'307)°3’DGO.7)(D 0.7) 8633‘)8 "
| UCRR. AR P: P8

[~
o

oc oc __¢C

1

*Temperature: 0°C—4°g . c o ¢
'3900 ek 03’) 2Clel SieelsalSevtipgepletioviiValei lea
'PrlnC| le: 200503: °0539 [;_)% °&C°08 G

P ° ° 0 OJL‘?O [ C\{I?gll

2.
*Temperature: -18°C €320m
GBQ?S@{GPZ amscly frozen food
*Principle:
*  Microbial growth almost stops
* Enzyme activity clavieleal

'G«?G
C
‘3900 I_STJ (S] oG OOI 3’200 G (D

°Pr|nC|pIe GG]_G)OOGG]GIC U)(T.)CD 6100’3 8@8(18’)8%6

*Principle:
* Osmotic pressure G@DC bacteria cell Q0208

co



5. m
*Vinegar (Acetic aci 3220¢9|

*Principle:

* Low pH - bacteria eﬂ&%é

6. Canning (c3Bcsafecpndfgey
*High temperature sterilization + airtight container

*Principle:
*  Microorganism kill + air removal

7. Vacuum Packing / Modified Atmosphere

*Oxygen 02 OOOePS

*Principle: o oc
e Aerobic bacteria e[_@zogozt%c

8. Chemical Preservatives

*Sodium benzoate, potassium sorbate
*Principle:
*  Microbial growth inhibit

5. Fermentation (3/gewc5(3E:)
*Yogurt, kimchi

*Principle: ° o
* Good bacteria - harmful bacteria 0D 0005305
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C cf*C Cco C
3?0‘)83963)’)(7)%]’)8 C\RICB?QO)‘) (."000861&') J

— ¢
PDclonc:

P06M s%o oOw -
1. :Jomcdgsslswos (Bacteria) — 3228 m 6 9‘)5
C co ﬁ @]

*3OEIVEAD MG MOPEN F2000 cause
*Rapid growth (20-40°C &> 32 §e?)
*Protein rich foods (320001 Cl3 @ 394{[3336;)3
Example:

*Salmonella

*E. coli

2. § (Fungi / Mold & Yeast)

*Dry or acidic food 02C 329P:adc0D
o 0] c L ¢ Oe

-:afacsoToogn fuzzy growth |Q© 000D

*Some produce toxin (mycotoxin)
Example:

*Bread mold

*Fruit rot

3. %536185 (Virus)

*Food spoilage © ©c0MN3

*Human disease ogeo)orl;org (food poisoning)
*Food & multiply @(\?6%6

Example:

*Norovirus



Nutrition Value



Nutrition Value



Nutrition Value (mmq{po%goz)” 00 IEIIIEIN OO 05
o']\ L d C']C N0 L ol IL o c'] O¢
32EEROI0Y 3D0UEED0OGPE DVOEANMOVIOCESCOFOONM) (IO (YOIl

o] "] C N
320MOLIOCOD 3’36]?60)(7)60)’)
o o o

a o
1. Macronutrients (326m munslqps)
00 C O C
*Carbohydrates (mo:qu.zma o

C C C C
Q:32C (Energy) 60:c00D 3260 39610833@0)
*Protein (o%oogs)

o C Uc C N _C C
9pGIF sleptebltealealcl aoco@l[;jceqz

L - I
*Fat (3230)

C C [2] 2} c C C o
®683‘3CGUS[98 O0BCOOLIOI0DM 396618@8
(o] L ILIL (o]

2. Micronutrients (326203023 mmqqps)

a . (=) C
*Vitamins (oanecqps)
poe? —Vitamin A, B, C, D, E, K

q C

Minerals (o.og))leoooqpo) . |

0D — Calcium, Iron, Potassium, Zinc
3. Water (Gel)

O C C C C o C
"D COPOVOILYIPOIM e@@eeg?c\?sao
4. Fiber (3nunge )

. @ CcC O 60 (‘o o (‘o
0G(FOFOM MDO(G: IO $1IGERENICEO
5. Energy (Calorc;es) .

*3D0D332000 GO QO CLEIM

(kcal or kJ @56@’)@)

q

6. Other Components

*Sugar (oo@os)

*Sodium (aooseoorg)
*Cholesterol (cr?magoooeep)



C (o] Co C OC OC _» '] ere

330’)83’3600’)(7)60&)(? 0'7)188637)0 oo‘f:ooesoo:raa Nutrition Value
co C ¢c _c¢c Ic °

(mmoeloo‘f(fz) ()? 6@066‘5; (0 0] Q%CSO ) pH{[eppl8p ]

C o 2 o) C
“Q mMmoe3NCoNg” 60)0):73 0D3308D320DM mmq@eoemmes

O O N e & c L IL (o) L L

G)?SGDS(&C\?O?:ECgm BOO (oplo0]|]

. C C R CcOC C
1. Preservation mome@')c Nutrients c"mfcoooo
C
(9p)

cd oc o\ [
3202326000000 C0$30L30) process 0I0I|C:d
c [ '] c ° L
eqqRspIseeodvlmw
pOed—
. 390@5 (canning, cooking)
LU o . . co C
- Vitamin C, B vitamins Q|OP®3000
* Freezing . . coc
- Nutrient loss $POIcLOWY thawing & drip loss @@éL.C
* Drying coc
- Vitamin A, C CAQPHPOSC
13 C C C (-3 ° L o Oo C o \” O C ‘] C
DWFPI3CVAIGC INDUNEIQY F2$P0303C0" M ©P3023qUICOWS
2. Shelf life vs Nutrition (Balance 0:3561905)
*Shelf life @)?{]6 ¢ > harsh method (heat, chemical)
*Nutrition 00’)0800%5616 - mild method
2600000
. L ... (o} C N crRc
Shelf life + Nutrition o balance 00002 method Gelssuoogc
L L O

S o} co s c c
3. 32003300 339(7)0):?(3807) Nutrition |Q©O02 LD
cC _C_ O
320003326 0000D 0D QLO?—
C

’9({]0060380’)2

c L 0
'C;]GOGOLO) nutrient GJG(D’.O)ORg

g8
L C Cco C (2]
3’30)’)2390)’)39@@ 0)?&03(7{]80020308@



4. Nutrient degradation factors ((.uaggseo)o:g mqlcrgeuos)
08$308§zepm c3n M0l factors cone C nutrient
c L1 C’] C o °
COQP$PO02010I0000—
*Oxygen (oxidation)
Light (photodegradation)
*Temperature (heat damage)
*Enzyme activity

o C
006G C
Lo ° . N _C C 0 '] C
Vacuum packing, cold storage ®oo§932coezeog 203010000
C ° -
5. Consumer Health POM 26§3|0J3
. . . . C C
*Vitamin deficiency e@@@:{aoc
. . C
*Protein quality ©6QQPE3NDC
. C ° C
*Mineral loss e[;go)esgoc
n . C
Food preservation = Health protection system 003

6. Industry & Standard Requirements
*HACCP

*GMP

*Food labeling ococ c

Nutrition value ©00$3&CQC

market acceptability zlav/alea]



c Scodlous
eom@g §r:copdcovlowd
Strawberry
*Fresh > Vitamin C 3’3({]’)8858

L
*Dry > Shelf life (03
*BUT - Vitamin C Zlev]e

Decision:
*Export - freeze
*Snack - dry

Fish

*Fresh = Protein quality high
*Freeze - quality almost maintain
*Overheat - protein denature

PEq:3 ﬁ..am 3aq|m
Preservation 61 q@qwam =

Safety + Sheh;hfe + Nutrltlon retention
Nutrltlon 9038 30003 acL> C—

“@23 CDG]_GO@OO 3’2(’753” QG]CD 32003200 @08%6



The Role of Oxygen
In Product Cooling system

9]

productquallty(:ra @39633 0p

39() OO@SUJ@ sQO0MO
L

cl
oomeepmecz)o? 326 360D factor ooc»a ©0lo0o 0ol
:3900 ob]((e 200958 O(\')I a0:cls storage eooeo O, control
emoqc shelf life q?@ 30003 &ccﬂoooou

Refrlgeratlon & Cold Storag system ooc: Oxygen (Oz) 6pp)



o ae C Qo ocC _C C
1. Respiration (mwmqug) M 00§33)|06LE|JCS
C o 0 1 L . . C N\ C
Q003000600 VMY Cblolcoglcal ma'gerlal @@0?390800 storage
oéﬁnmég respiration aomc\?oec?cﬂoown
Respiration reaction:
-Food+0(29COZ+Heat+Water
O 2
2P c
— Respiration rate [e_:]co:
— Heat cOO)
@ Ocmc
- 3900300@(?
c k
0O, $POQC
— Respiration ¢
— Shelf life
3le ¢ Controlled Atmosphere (CA Storage) oo
5 O C O : C’]
*0, M ~2-5% 6000N0 GOQ[20922000001000)
Lo C cRcy° o oc¢ crc
2. Ripening (:raslooespmgcs) (05 oo‘fsemoéca
o : . C C
Oxygen 00 Ethylene reaction (ripening gas) 28 accelerate C\?OGOS(S]OOOD
C
O, 9p3gC
°Fruﬂgegolo (banana, mango, apple) @C@C
3 ¢ ‘ ‘ $9+9
O, clav/alN[e
*Ripening slow down
Export cold storage clepl-g

'Oz (7(.3) [ =
*CO; 0% control
Long distance transport OK

o

°oONn



3. Oxidation (eoorge cs@és) G“Il?ﬂl[ggg
Oxygen G C—
*Fruit brownmg (apple, potato)

*Fat oxidation (meat ranC|d|t¥
C C
*\/itamin loss o)oooo&oooo

C
0O, Goﬂ?oor)gelc
Color maintain
C
Taste ee@ocz

Nutrient preserve

. . o oC cCf*C

4.. MICI‘ObIa.| Growth (cl)..g).,qpo mfoqllogc,
Microorganisms GORED—

o]

*Aerobic bacteria > O, QD

°Anaerob|c bacterla - 0, eco
0O, Q{P C\Jc? qc

Aerobic bacteria growth @6
0O, c?ézqcc:

Spoilage bacteria clev]e
ooeoao

0O, 3361@ @@ 30003 elc

Anaerobic sp0|Iage / bad odor @5%6



Meat & Fish Quality (39&7)83366’[)5?(? freshness)

OO’)SC;]SGOQQJD—
O, presence
°Mea1<:) coCIor = bright red (oxymyoglobin)

0O, 8§ C

*Color = dark (deoxy state) cro
Retail display c0pe2 O, control C\)O[‘jg
« , 0COd ¢ C L
fresh look ooﬂszoooo(ﬂoow

Controlled Atmosphere (CA) vs Normal Cold Storage

Parameter Normal Cold Room CA Storage
Oxygen 21% (normal air) 1-5%
CO, 0.03% 3-10%
Shelf Life Normal 2-5 times longer

Control Temp only Temp + Gas



Oxidation Control Method



o
x
Q
o
.
(®)
S

C C
3002532600060 Oxygen (c:raomaoq_lcg G@c Eﬁo)or\)
C © o ° <] (*] C
(esaomaoes 8) 00D — 30IIOIC0E) 330! DI 0mecq§| 200U 0D
C

lo ¢ N oRC cke o
3BGGPC/ 39 OJSB(I?CSG{PS oD GC\')Q)G] Oxygen A G)O?O? fﬁ OBCS 0?
SOC\)(S]O’)ODII
¢ C . SO N o [0S2E0) ¢
3 ®®BG ((:, 3’2@’303’20)6008’) 63200 G@’)C C\)ﬁféﬂ’)o @@%CO o000V —
1) 24 ¢ coofgés (Rancudlty) )

C
33@04ﬂ9 s0locod o
e o ° C ocC c L
Oxygeng? o?E S agsq%soo 3PS C0OMANECOlIoONVII
3:]00 rancnd (oo C\)GS

2) :raespc clE.\pc: ¥
eoe’) — o
“20003: C\) 00038 elc PG
*320003 3’aeepc G c(:PTD\JS GE
C C
sleoomm Oxygen G C |9
e ce
3) Somwué q_lmg Cs
N C C
VltammC Vltamon)og ooooec Hopp) Oxygeng? ooeooslc QLOMED
00 &ccﬂoown
4 :rno:n oo1m° GC‘IP?B @C°
Oxidation {q®0>
czlostiezlalNg 3‘36183’36&)ol 3NN oofgs clev]p) 8&Slon b

L
Refrigeration / Cold Storage > e C 363 220007

Cool Storage CoId Room, CA Storage 0$060RED
Oxygen oo ooﬁs QJ{O@G (Controlled Atmosphere) @lcoo@(ﬂoooon

*Oxygen GC\{P oeo)@cczz
-Nltrogen
0, 08
3(\)0)0 Cs 00
ooo)oa o oooa Q e& cOO0N0S
Ox1dat|on ecqpeo)oooo
0SS e]p_.?eo)oooo
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Ethylene Gas LS



Ethylene Gas ooé Fruit Ripening fos) B%GOGQTD
c ¢ L
e|MpCiqs
C C © o C OC
Ethylene Gas (C;Ha) 0 ooa)oozomﬁipzooc Q000003200C8
C o) ) N
0060leox Plant Hormone Gas ooa)emz@a)[Sz Fruit Ripening
(:?938@ C@&) D 0082|060V
PP R O§:R|[0COPR
C,H,

cC O C C
Ethylene Gas 220000 32000000 ?

c © C L L L 0 ,]
se[jebticrlepler Ethylene Gas oeom epiavalcievalcris
. . o]
oIl Respiration Rate 0230020
o C . : ¢ C
303N 320000§)||9 ('Respwatlon) Eﬁmoo@u

o CC6H1206 + 602 - 6C02 + 6H20 + Energy
(I?G C —

*Energy 830(?0500 5
*Ripening Process%%c\)oa) 5

0o C C C
Ju Starchn? Sugar 33@0 6|4y2C360000

*Banana

*Mango

*Papaya

o%o%c Starch c{po% Sug?r 39@03c G@D&:G@@g q‘jlmoeo)ooéu
M Cell WaII?oftenmg @oegooe . 5

Ethylene 200 Enzyme Jep) Activate C\Boeog[gz

*Fruit Flesh GQRAD

®) C
-mgcx?oemoczma)&b



gu Color Change 060&)8

Chlorophyll (32063 Gspc) GOQPI: [9 —

*Yellow

*Orange

'BEd (o} C C

Pigment Q3 QOOCEPIDORVI

pOeD —

*Banana = 390)@ © 3901

Tomato - 32963 e :39@

9l Aroma & FIavor ooom')mp_o’

Ethylene G C —

*COS 0D

-:afaqi}jo (@)GOO’JC m@m&)

Cllmacterlc Fruits vs Non-Climacteric Fruits

Ethylene Sensitive Frmts Cllmactecrlc Fruits) o

Ethylene e@m 39(\1? $T0 OPEAD 3220:Qs

*Banana

*Mango

*Apple

*Papaya

*Tomato

*Avocado

Non-Climacteric Fruits

Ethylene oo(rgeep(rge §ézem woggqu
JL

*Orange



Cold Storage 0é Ethylene Control 32663 t_f]sb
0 C L C
Cool Storage / CA Storage QPsO3C Ethylene 3(\3?36]00

*Over Ripening
*Softening
POl S
*Shelf Life ¢ Ce
53500051
Belopc
*Ethylene Scrubber
*Fresh Air Ventilation
*Activated Carbon Filter
*Potassium Per ganate Filter
o3y oSseq)5|ogoopd
L o

Practical Example
N C

Apple Storage Room (CJOO’CJ)C Ethylene MOl —

cr*¢ C
-Apple [4$(g50p2005
*Texture cQPoO
.Ei);; rtce()\utzglﬁtyez 625
086@)5 Expo?’?ICo%)Storage Tep]e Ethylene Monitoring
Lo [ Q{I’)O (0]

System Qe oo&aocc:@ooén



Enzyme activity (32



Enzyme activity (335858 o
DS 39@00’)0039 & S
reaction éﬂ’)SOO ;?80%6(9) ) atf)C\%(S]oooon 3 enzyme Gooooo
30253200 ©QDEI0EICE0NC qualltyoo G@’JC (\)GQ)&CU) 39661@
factor ooo)aoml

%8

o o O N
Enzyme activity 00DINC
*Enzyme = blologlcalcatalyst

C
*3D0D3 39@’33908& naturally (S]G]oooo (fruit, vegetable, meat
3208 C\) aoe]oooo)
°:)ooooo reaction Goooo accelerate 60005
eom reactlon GOO—
C

*Ripening (3200 ee@cz)
*Browning (39<?ooe Calpés Cg
*Softening (& @C\)’) 5)

*Flavor change

o)

C N
Food preservatlon (% p) UJ)G@‘)C 336618 t{ab)

1. Spoilage eoooog Quality qjmoseooooo
Enzyme activity 00—

C C
.39@3@%2@(@903
nsSelpcs

¥ c

“texture Q|
. . ’] N\ C . ocC C
Microorganism ©0l236020C 32@:3200 quality 09|&C000)



C P>
2. Fruit & Vegetable 02 03C 320033266)3(NJ3

Example:

* Banana - overripe (enzyme activit
C C C . .
* Apple = cut C\)()E 3a§ooeepce Cs (enzymatic browning)

. Vegetable - soft
28 enzyme = Polyphenol oxidase (PPO)
3. Meat & Fish 035

*Protease enzyme - protein breakdown

*Result:
 Tenderization (GOO’JC oo:rasﬂoo)

» Spoilage (eeooac oo:a*aeﬂoo)

Enzyme activity m ooi emoslee 36 9”5
Enzyme activity @ooﬁs §Cc—
*Shelf life 6
*Nutrition loss EQC)
*Market quality

Q. c C C
Enzyme activity M DMEEPAIEOEIN factors

1. Temperature

*High temp - enzyme denature (inactive)
*Low temp —> activity slow

Refrigeration - slow

Cooking/Blanching = stop

2. pH

*Each enzyme has optimum pH

*Acidic condition = activity cQop
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¢ . O C

(sunlight) 00 3202:326200009Ps—
o C C

©23:0001 230sCl SpletientiValer[oplun=0lCs

C C N f] Ol o I c

MOOGCEPMCN0Y323| 326M305|YC

o

{Heat) % UV radiation c[opC
L "¢ ,] To coC ° ¢
c3200M0 (ﬂmmeeﬁ)z O&COIODVO—
AL L

o)

. GRS
1. Nutrient (mmel) mos@cs
*Vitamin eﬂog—:}aoozoo C Vitamin C, Vitamin A,
. . 0 IL ° C cMc
Vitamin B 000 3200CsS 3906@)0 Q{IC@?@’J
C e C o L ° O
Ocuaoczooood]oooo
C o C C o
'eom—cooczogzoocz galcleplen
6$GENCGINM00DQC Vitamin C
R 29 C

GC\{]??@S:%’JSU)U)CD@

2. Protein & Fat Degradation (oo')sé]sog
«0003Cl:00m protein c0) denature (@O
e . q. c(o A
*Fat (3290) ©0p oxidize @@[«jg rancidity (32
C C OocC
%qmcdm) OQNS&C
3. Moisture Loss (eclLeoorS cP$ Cs@és)
«cs6enC3206[0pE cqer05c0pad(d:
?CGE ILc °C 61 C ({I’) °
*2002D81 VICEAVICIHDGOY GQPI:SI
C . © c O ° O
G@omog)m shrink @o)oooo



4. Color Change (3366I)56@')g°68°)
co (O

'Chlorophyll carotenonds hlep) plgment zlep 006)8[98

°3fa®e GGIDCOOC 6100600 (ﬂoo’) 3l @e 30008 %C

3000 32§60 fade [_Cgo):no ooorS

2} 00 O C
5. Microbial Growth (oom 03383 g?o?smsgcs)
-G§Gepce@oc temperature 0D0DQOD00G C

O o
Q

(o] 0] ocC

*bacteria, mold, yeast 60D 000D:0D:&C
,] C cOclt LcO _lLloc
*000:Cle0Y 320Q$C|C(99TR QOIP:ESC

o (o] o L (0] L

Cco C
6. Texture Damage (32 ooolafasle:zaeoao cﬂmos@cs)
-3900 3a§eoo mushy o>ooo
Q cO C
«NEO0ES :§0060Y crisp ee]eooooo GQPIYOs

7. Enzymatic Reaction @ mf@co
*Enzyme activity OO(DC\)’)@ ripening B0 spoilage

@?C\)’)OOOO —

C C C
°eom—banana, tomato clep 33(\)?@?@?0

C C
C/O
(@) o

oC

8. Surface Drying & Sk|n ) Damage | _
-:zaeoToos*am’) elapmd(Qs cracks OSC

C
'393(7)6? mlcroorganlsms OCGGP(DC\gOOCD

En



Using Clacnicsl

DangedtodhealthiRisls




1. C Icium Carhide (CaC,)

Q@ O ¢ C ¢
'OO(DOO°OO 32 '?@ G3’B’)C ODOOOO

Je2o C
-Acetylene gas 0QO - Ethylene QD 32000 C\?()
200§
C
*Arsenic, Phosphorus impurity Ol8¢E
Lco C
*Headache, dizziness, vomiting O§C

o

°Long -term cancer risk
moooooosacnm 3’3(%6]:)006]

2. Formalfg ((Formaldehyde S tlonl
Cc O

*00D3B|OG3I0DC o?zoooo 00O
20042

C cC 00 ¢

*Toxic (3fa:>oooe]|[| %meze@m ooagm)

eCarcinogenic (Cancer O&C

C CcO ° ° C
PRSP (frowaysog
3. Fungicide / Preservative Overuse

e Carbendazim
* Thiabendazole
Residue © COO°88 5 OK
(QI? iL° LG].
Overuse - Liver, kidney damage risk

C O C OC C O \?
20CMUI0IC NWAD I|FP3d?
L " Ic v _cleo
209206p30) 20053
C Q
[ ] o
3GEPC ORI (natural variation)
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3. 33(75305@(5@(?&{]93

C\mgem:{aof)z@le:
$om:ne S ( H) O3 ao&ec»@&@ége(ﬂ(ﬁmwo%m@%m I
?iozogoocnac oM™ (p p{eallcelet 2gce (470 0D 0303000
e Qﬂ%o- C G@"] . oC C C C ey . .
3037000V MNDYPIYOEID OO (vinegar), CeleleclN[olccloatoely (citric acid)
c o ! L
blebleblen]l
C oc_¢ .
4, §IoepYcoc (Natamycin)
320030C0:
f]tc"coccc C T 8coloSwren 8. ¢
colcy o§gm?o?ieﬂm§9@$39@o QGOIMEIREMI02:50:q 3!
20IN0PROVEAN 00D (Natamycin)
ooéeoorgeoo ec?aézeoooa’aepoocc)?@éoaéu
C ..

OCH 06 6§)s3260ID0MNMEEPN MM

O OC C 0] ofo C C
ﬁooc?oeaooeﬂoi@ﬁa?o% oﬁgoe??am agcsgoosfamc?[%leqf,@@oeﬂeoeﬂpo (Food
Safety Regulations) QD0D§1§$A3202001

ooéemgeoooeoorgommooozaoéz[glooéooéu

° o) C Lo ce coc¢ C 0 C
32632:006000CH (Cold Storage) mmgz@lmo&coo&)nsaooeozeﬁm.
O OC L ] o) ol L L
©00$363059D3EN0ED MM S

L . C C L =Qc_ C c( FDA)
39@9039600’3msc;aﬂesfaeogooog?oooeoeqoemeﬂc e.g.,

009200 °39030°3935°[§ 20C0120051
8&{]8&“’% L ° [° l 5 8
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Refrigeration Work (3963’386086)?68) 086 Chilling, Cooling,
Freezing, Frozen 3805 33:1?839?’??86080)’) :39(\0)@73:396 o[ :(Qs —
320033200 Gaozg]zl Clean Room HVAC o éGO‘g@’JC\)@S 00 05
tempegature rgnge;}o controol method Gogﬁ]c;]ooogu 5
63NN S’aeé]oo + 32208 lefﬂ) + Temperature Rangeo?

. . C
engineering level %ﬂcz[gooozo 0DVO—

1. Cooling (mﬁeaﬂ?:ﬂgés)

23S
3200100
e C oc C

*Ambient temperature com PNOVI|$ SP3|(§¢?

0 C Ao cC O ik C °
2060 0 Csaoome’)e]eér.oooooo&)

Lo 1 1
Temperature Range

*+15°C = +30°C (Typical comfort cooling)
*HVAC system 60060 - +20°C - +25°C

2a%slg|esep
Office, Building HVAC
*Clean Room (Non-critical zones)
*Data Center pre-cooling
Note
C 0] ©) C
'C\)G?S’BSOCG@@ (Comfort) o 3200000250000
IL 1L c L
*Food preservation ISple



Chilling



2. Chilling (336338(13%8@58)

S
o O Ao @ 0 C C C cC ¢
*Product temperature o 0°C 258 2VOVI0D 32$D03CLIZPCOMOYC
ocC C L Lo 1L ¢}
m%soooz@cz
. C
*Freezing e@@@:)oz
Temperature Range
*0°C = +5°C (Typical)
*Pharma: +2°C - +8°C (Critical storage)
PRIYIePP
*Fresh food storage (meat, vegetables)
*Beverage industry
*Pharmaceutical cold chain
System
Chiller plant
*Cold room

Key Point
. 0] COC C
*Bacteria growth o8 slow down COOSCIOD

C
*|ce crystal e@@



3. Freezing (63335@53 Process)

28gluS

*Product (73 liquid = solid (ice) 33@5

G@')éze@c;:no process

*Water content 0% freeze 035[552
Temperature Range

*0°C - -18°C or lower
*Quick freezing: -30°C = -40°C

22%sg|e¢ep

*Food processing (meat, fish)
*|lce cream production

*IQF (Individual Quick Freezing)

Types o
*Slow freezing - Ice crystals |03¢

*Fast freezing - Quality coooC: (cell damage ‘?é)
Engineering Note s

*Heat removal rate (kW) :396618@8

*Blast freezer / plate freezer 32003q]:



Frozen (eafaséooos[gs state)

*Product already frozen state
*Storage condition
Temperature Range

< -18°C (Standard storage)
*Deep frozen - -25°C - -40°C
RRMYle+T

*Frozen food warehouse

*Cold chain logistics
*Supermarket freezer

Key Point

*Microbial activity almost stop
eLong-term preservation

Summary (Concept Clear)

Cooling = Comfort / General temperature reduction
Chilling = Cold but not frozen

Freezing = Process of making frozen

Frozen = Already frozen condition






PRODUCT WEIGHT LOST






Product Weight Lost

Weight lost in storage and freezing
Chilling injury

Freezing injury

Ammonia injury

C.A. Injury



czlosH 39@:)3000@0’) (3900 oo@c 2000321 !C:038 oocoglom amscls) o3
39639 :Decoocepm eooeloo quality defects / storage injuries 326§

i

1. Product Weight Loss (326003 q_lfeoqp[g 3)
336@’)C°

*Water loss (evapor(atlon/transplratlon) o c
*Cold storage 3203Cs humidity $POQQIC (3@0)
30034 (DG@JL G

*Shrinkage (6P o[ Cs)

res C °y O

*Wilting (ge@ 3)

c.__C
NMUO$03
*High Relative Humidity (85—95%)

*Proper packaging plas ic wrap, film)
*Air velocity QPeCQ$s @@@G@

2. Freezing Injury (3aesa°aooame)336@)53
C .
*Temperature 0°C 632000 - Ice crystal formation
*Cell structure Lﬂ(rSoe)g

[96¢
° C
*Texture mushy (ﬁo@C\o)«.?)
*Drip loss (water leak after thawing)
*Flavor degrade

c__C
MNMLI§p0s

*Rapid freezing (IQF, blast freeczer)
*Proper storage (-18°C 6320M)
*Re-freezing @C\Péﬁ%

N



Percentage of Weight (Moisture) Loss from Fruits and
Vegetable that A fects Produce Quality after Harvest

Beans (broad, runner, snap) 6.0, 5.0, 41.0
Broccoli 4.0
Cabbage 8.0
Carrots (mature, young) 8.0,4.0
Celery 10.0
Cucumbers 5
Lettuce 3.7
Onions 10.0
Potatoes 7.0
Spinach 3.0
Sweet Corn 7.0
Tomatoes 7.0




Hygiene



Food processioning



C . C . c ¢ _C
Cool Storage &C Food Processing Plapt eﬂooogc Hygleene (a)foc}]coﬁ?c

Ssene 385 00 §3 8@) 2000 PAS3I6 °@°Goo9 3 m@éd]oo Si
MY NI, CeAll0% q@o A RSk 3 22
3200520 gcooo)oogoam :39:13930 2l SOQOD 0P DS Frozen Foodl Ready-to-Eat
Food QP303C Hygiene eeomColm—

.0 0 oc¢
*Bacteria / Mold / Yeast ozeipzmzéc[%cz
. . coc(lc o 1

*Food Poisoning @@écgcg
*Shelf Life & Sslacs

RFPHIS
*Export Standard vo|gC:
*HACCP / GMP / 15022000 Certification ©q3¢(gSs

00 _Ccoc(¢ L

*Consumer Health coom&cC|ac:
o} @C‘ Toc‘f] cL L
D |Yoeco g%c:(c) ovjes]l . e e
Cool Storage $C FoochIant elp_seooc Hygiene 3366136]6:17) 36| CiqCsqs
1. Food Safety 3200 Pcqs|ngs(ges
39@’38336:)0’306&)&) Microorganism Qs 3200090 @SOO’JSgéGOO’J medium

C C o IL (@) L
@Q)ooen
*Salmonella
*E.coli
eListeria
Staphylococcus
°I>)/Iold §< Fungi o
epieniel Temperature, Moisture, Dirt 2 Olon
Cold Room O(\)ogcg Temperature cOO2Ce 8

¢
C {? C .
sjlecl-HeoakiZtevslevtovk Hygiene
C . C N CcCOoC C
weomE0lon Food Spoilage @o)e?ao @@et,coo&m



2. Cross Contamlnatlon momweﬁ
Food Plant ooc

*Raw Materlal
*Cooked Product
*Packaging Area
*\Waste Area

D 030000l BrapzniedaEa05I
o 0O ° LOQ{PO i’ L @

pOEd—
Raw Chlcken ej; Salmonella ooé Ready-to-Eat Food :)o
003003 &COO I
& lc &?
aQeOPe—

Separate Room

Positive / Negative Pressure
Personnel Flow Control

Air Curtain

Pass Box

Q0 [9@ C
UBOO? 393?0 l OO&)II



Product Shelf Life or?seoeﬁ:
Hygiene 600’368(;]00—
. . C

*Oxidation GQ{EQ?ez
*Mold Growth GC\?J?
*Enzyme Activity clav]e
*Moisture Contamination ¢

C . (@) C
oo@co: Shelf Life 0§ 06Ol
80@9—
Fresh Meat
Poor Hygiene = 3 days spoil

Good Hygiene + Proper Cooling - 10—29 days
4. International Export Standard 3200

C © O _C C
Export Food Factory QPso3C 6300l Standard Q[PsQP3202000—
*HACCP
|SO 22000
*GMP
*FDA
*Codex AIimentaCrius coc .
Hygiene 0o C0lm Export Reject @]o)c%cooeu
5. Refrigeration System Efficiency 200
Evaporator Coil G()Togcg—

*Mold
*Slime
eNii<t



Food Plant Hygiene Components

(A() Personnel Hyglene

@) 300 32000 contamination source
Y eiP >
(D&COO

C\)s*aoeuooeﬂ) —
*Hand Wash Station
*Sanitizer

*Hair Net

*Face Mask

*Gloves

*Safety Boot

*Clean Uniform
*Nail Control
*Medical Checkup

(B) Equipment Hygiene
Food Contact Surface Qs :)0@—
Stainless Steel SS304 / SS316
*Smooth Surface
*Easy to Clean
arrosign Resistant
[§®61@&>n
Dead Corner QP eqqu



(C) Air Hyglene
Food Plant OOC Airborne Contamination eﬂ’) C\)@ 326§ [(—B CD&?II

:3900 Qs 26000 System @Ds—
*H EPA Filter
*UV Sterilizer
*Positive Pressure Room
*Fresh Air AHU
*Dehumidification System
(D) Water Hygiene
32003|4|6200 6§00 —
*Potable Water
*RO Water
*UV Treated Water
-@Qloringted Water
IN[CTes]l
(E) Temperature Hygiene
Danger Zone Temperature 00 Gepcepo&)ll
32003 3’BGC)O’JOOCDC o olek @ér»mm 620D Range :D&)—
. . 5°C < T <60°C
@@:Den
*Chilled Food - 0to 4°C
*Frozen Food - -18°C
'Blast Freezer — —-35° C to -40°C

0C
OOO? OO OOOQOGPOEII

o



Emerging Refrigeration Technology



Emerging Refrigeration Technology 00 7NS?
Emerging Refrigeration Technology Selepales
eq?;sfaes’ageogo)ﬁsé (Refrigeration System) 6020062
2200000 e0l0nod $35:0 2 O3 °

O O f]o c ° fe" e')e"’)o L
3000100 VDI

Lol cC_C C .
czlclgalNTev][Ovi][oploplclens

* Environment-friendly @360653 (Low GWP / Zero

ODP) c e
* Energy efficiency Bcooc Cs
C C ° C,

-cg_LoommsaSw eqpy||yc:
cfoct lic o C C
*0$OMPI|GUESC QV(J| 02300MNE0|JCs
’ ILlo oLULILe L c
*Cold chain quality VemMIC:co|yCs

32663 Eseooo Emerging Technologies qP:
1) Natural Refrigerants (209770 Refrigerants)
PO -

eCarbon Dioxide

*Ammonia

*Propane



"GWP $6
*Environment-friendly .
*Energy efficiency coooCe

2) CO, Trans critical System .

*Supermarket, Cold storage QC 308

*High pressure system

*Climate-friendly
Europe €2 320033230393

3) Variable Speed Technology (Inverter /CV
*Compressor speed o C\):{ao:)oc\) c|lupCs

L
*Energy saving 3’3(\)13600’)00
ePartial load ooc 3900 ooceooo

4) Magnetic Bearlng Compressor

*Oil-free system
*Friction $

Efficiency

-Mamtenance G(\zps&)

5) Advanced Thermal Storage
*Ice storage system

*Phase Change Materials (PCM({

*Off-peak electricity 33:1)0[9[%0
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Reirigerant
Can Reduce ane Control
Ozone Layer Depletion
2Nl
Global Warming Potential



What is Ozone(03)

Ozone ’33(}3’303 5 G QJ) (')Oé:(c)('fc?)o (D%)GOTO% (Y{IGGP(’YSC\)’)GOD’)
3’2(\)C33c‘§ OL'C) 88’)30\)8 Ultra Violet Rays 6&]’)8@ (T)’)OOOSGOSGOO’) (0p]-pl~1q0]00)

o o L cl=e co ] c jop L
3’3(\)’)(3]80)0)9 ®(5]OD I 0zone QYD OOQ)S(S]OO 306 QOOCSO’DQﬂ’Dgl

©0 c L) oc cC O Co C
eﬂmo)s?oocgooeﬁpg (DGOT&C@C‘; S&C MOVOIVIT3DS s

¢ O oc ol ol ’T‘OOC’] c

3’3’)8?&?8(\)’)%0@@@6&)’) 3?(7{”&{]’) @@GO C\)’)?C O:D[Tl_‘)ll

()

Ozone depletion pgtential (ODP) . o o
ODP 8003&759’) chemical substance G@’DC stratospheric 32@§3
L C o LL C

MOE000S VEDAWININISE0DS NSO °oooga[§ogoa 51 ODP 20
.o ) ﬁ o C Le‘g?'oT‘b &?c ?oc‘ ?(s L fo) &? @
chemical ocboa& 39@$33260IDVMEENMVPY VDM Mass 320D0DE0
o) L ol L ol Sc ad IL ILJ
CFC 3249|3323 (o?j) HCFC 32 zsamzo?o@ﬁ 39%?333607‘0?
oacrgeep(rgoaéoe’)m?é KN Gpaé %%ﬁ@o)oaén HFC Refrigerant
390[8390)’)8000() oeom refrigerant Q[Ps20 chlorine atom gps
C C C C (®] C C C C
00 oceme@eg (ODP-zero) @@(Sloaeegll OCVIOPVED HFC 3?()0?(%)0(3]006&)’)
refrigerant G{P()Dé ozone Q0 8(”(78@8%66]"

3o

e}

O,
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Background

Ozone layer had been damaged by
Chlorine base refrigerant, CFC & HCFC

Il

[ Chlorine free alternative refrigerant (HFC) }

was introduced

v

[ Expansion of Ozone hole has stopped }

1

Global warming has been highlighted as the
critical environmental issue

183
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. 363250005 (Refrigerant) gpz0d 33@@5933?@52 SOJI2 5@92 SlaooSi
- o° Pl P:7 9S 29I 8 L -
[ ] Cgo?ojg)_

. a)mos‘aezaséogés (Natural Refrigerants)

C o C q q
VY06V PRIS (Synthetic Refrigerants)

.« 1. 0317)’3033639850 E‘E (Natural Refrigerants)

* CDOO’JOOU)O{? (‘7’{]6 %@ 2300 8) 606(3]C Qﬂ’) (D 3’303 @la)’) CD@II

* BOQ’JEﬂ’J .

J

eolszf%zoooz (Ammonia, R-717)

;

$3Cean 5835 (CO,, R-744)

~So
3n

3 mg%eﬂoz (Hydrocarbons)

L

o

0 &%3 (Propane, R-290)

L

C
C

~Jo
~8o

o&%s (Isobutane, R-600a)

IL
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ODS
(Ozone Depletion Substances)
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Boopden

ODS (Ozone-Depleting Substances)

C

C
0]6{~3008) G’)O’)Ggﬁpo

)
CFCs (Chlorofluorocarbons)

C
8&(5? O

1

P

32025

(0]

OoDS %eﬂl

06
o
1L

pOeD: CFC-11 (Trichlorofluoromethane), CFC-12 (Dichlorodifluoromethane)

ol G(O’o)

c C

o

C

(D?(DI GS’BGL]GSO’DC\)G{P

c0:

o
o

o

l@: %wsnleqoool 30632

=
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HCFCs (Hydrochlorofluorocarbons)

pOeD: HCFC-22 (Chlorodifluoromethane)

o, © CECs 03 Q. . C 9 c, C &< o, C
330?0[9[&% SO? 3’2®’DOCDL000@ OO’)(DOQ 033@6) 3363’300):"?@&{]’)0(%)0 393?0@[&)&?"

o _C. 00 C CEC ’] @) co C
3?65‘?0(“\07) CD?OO%? SG)(T) 3’3?@ COOOO('T)OD’JGCD’DC\)[E OOCDQC HOJ[C30 0 917 C 32&6P ﬂCDgII
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Refrigeration éC Cold Storage ®§®Goom 3996900 (modern
Ic
HVAC/R mdustry) & 3’3661 eo G|QoCs C\)@OO enwronmental

m{;;act (ODP GWP) oo G(}rvj)qlw refrlgerant etp 00

c|QDC3 C\)3’BOD° l(\)’)OO’)O Il

1. Refrigerant Environmental Indicators

ODP (Ozone Depletlon Potentlal)

*Ozone Iayeroo (sd(m) &Ce 39@0(:

*Reference = R11 - ODP 1

-Target 9 ODP=0

ODP e]oo refrigerant QPs (CFC, HCFC) oo phased-out C\)O[B 61[9
GWP (Global Warming Potential)

*CO, oo reference (GWP =1)

°Refr|gerant oomcﬂl atmosphere OOOCOO’J elc climate change 00
U)wemmoomespm:nc\)

Low GWP = Future trend

2. Refrigerant Generations Overview

(1) CFCs (Old — Banned)

D0ed - R11, R12

« ODP = High

* GWP = Very High

Completely banned (Montreal Protocol)



(2) HCFCs (Transitional — Phasing out)

PO — R22

* ODP = Low (but not zero)

« GWP = High

Developing countries (including Myanmar) still phase-out
timeline

(3) HFCs (Current but under reduction)
L2 — R134a, R404A, R410A
*ODP=0

« GWP = High

Controlled under

Kigali Amendment

(4) HFOs (Next generation — Synthetic Low GWP)
eoe’J — R1234yf, R1234ze

ODP =0

GWP = Very Low

* Mildly flammable (A2L)
Automotive & commercial refrigeration 60260 3200390
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. . C C C C o] Co C
CFC-12 (Dichlorodifluoromethane): 060> D00 §OGOYP 3200 OO
C

C C C

. . C o
CFC-113 (Trichloro trifluoroethane): 000) 08 §O 39 0OPOOYOI

—_

GQSC\) lﬁ.’&ﬂ’)go\)é 33(\)%(7)&%;&&&)@6 GC\)G)G’JB’)(TS(O)é
C Ol abs ce. Al o ° Cle, G L Q 5801
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cepesgom epeepligde sqsicaieepilaps (U
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L L 0 LLT O

326 égq& . CFCs 085 Mg s (Ch (JarIsNle F)i mg% (C)08 Oloé[a

O C O Q0 (0] ¢
* HCFGCs (cr?msel]mc\BeL]M\ReL]mg )
*  HCFC-22 (Chlorodifluoromethane): 6&1905 9] §<5e19 oM §<5 7100

C o C
eplovlepieblon]!

«  HCFC-141b: 6005 e 5098 2 :Déu
| | ° |
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(Kyoto Protocol)
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Parameter Typical Value
Temperature 0°C — 4°CRelative
Humidity 90-95%

Oxygen (O,) 1% — 3%

Carbon Dioxide (CO,) 1% — 5%
Nitrogen(N,) Balance

CA Storageejn Nitrogen (N,) — Balance C\%o G 0:)3325] 338(03]0500—
Oxygen (Oz):f Carbon Dioxide (CO;) WUDOY0D t'q_lff:ecicﬁ Gas 322:00:™ Nitrogen m
C °0 0 0 C L ° ain e L L
P2 002800 ) acPC\?d]oooou
::ooe% 6O (Normal Air)
emo?o?)efo gas (ﬂoéﬁ»m—

o]

Oz =21%
Nz = 78%
CO,.=0.04%

3|gpe gas wéégcos

CA Storage 05?0
Apple CA Storage &3 —
0,03 1-3% B e euooosooé
Lo o, C C
COzo? 1-5% o0 oo 33]|0 0023025
(xuc%g; percentage 0 Nitrogen (N;) m @ feosmé
Slelope— .

oC O _¢C C N\ 0 " ” C C"] C
02+ CO; 2 &0QVMD(Qs M|$0Y space 02 N2 00 "Balance” 00060507 |OOIOOWOI




System Components

1. Insulated CA Room

*High density PUF panel (100-150 mm)
*Vapor barrier sealed

*Airtight doors

*Floor insulation

2. Refrigeration System

eLow temperature chiller unit
*Precise temperature control (+0.5°C)
*Humidity control (humidifier)

3. Gas Control System

*Nitrogen Generator (PSA type)

*CO, Scrubber (Activated carbon / Lime scrubber)
*0O, Sensor

*CO, Sensor

*Automatic control panel

4. Air Circulation System
*Evaporator fans
*Uniform gas distribution



Basic Design Calculation Steps
Step 1: Room Volume
Volume = Length X Width X Height

Step 2: Product Load Calculatlon
Respiration heat 00 ooeoooosl@@u

Apple respiration heat (0—4°C) = 3—-10 W/ton (approx)

Step 3: Cooling Load

Total load includes:

*Product load

*Transmission load

eInfiltration load

eLighting load

*Fan load

Step 4: Gas Tightness Requirement
*Leakage rate < 0.1% volume per day
*Pressure test required

*Door gasket sealing

*Joint sealing with silicone



Step 5: Oxygen Reduction Process

Two common methods:

A) Nitrogen Flushing

*N, injected

*0, displaced

B) Membrane Nitrogen Generator

*On-site production

*More economical for large storage

5) Example Design Concept (Sample)

Assume:

*Capacity: 500 Tons Apple

*Room size: 30m x 20m x 6m

Design Targets:

*Temp: 2°C

*RH: 92%

*0,: 2%

*CO,: 3%

Recommended Equipment:

*1-2 TR precision refrigeration system
*Nitrogen generator (sized for 2-3% O, control)
*CO; scrubber capacity based on respiration rate
*PLC automatic gas control

6) Safety Considerations

A\ Low oxygen environment is dangerous for humans.

. .
ol YMNwhri1icAnm rmA~AanmiEFArim "\I"\V‘m



Apple Controlled Atmosphere (CA) Storage — Real Project

Example
Controlled Atmosphere Storage 00 39:)30 Apple

ooo 6-10 OO %qézaeooo oo§ 5063 &CGC)O’)
Commeraal CA Cold Store Prolect Example oo
Gs*a’.)ooooc G(SD@OO’J oo@u

Project Overview (Example Case)

Location: Temperate climate export facility
Capacity: 1,000 Metric Tons (Apple)
Storage Type: Long-term CA Storage
Purpose: Export market (off-season supply)

1) Room Design Data

Storage Capacity

*Total Apple: 1,000 Tons
*Palletized storage

Room Size (Example)
eLength: 40 m

*Width: 25 m

*Height: 8 m

*Total Volume = 8,000 m3



Design Conditions

Parameter Value
Temperature 1°C-2°C
Relative Humidity 90-95%
Oxygen (O,) 1.5-2%
Carbon Dioxide (CO,) 2-3%

Nitrogen (N,) Balance



Refrigeration System Design

Cooling Load Considerations

Main loads:

*Product respiration heat

*Transmission load (insulated panels)
*Infiltration load (door opening)

*Fan motor heat

eLighting load

Typical Installed Capacity (for 1,000 tons CA)
*Approx 25-35 kW refrigeration capacity
*Low-temperature evaporator

*Precision temperature control £0.5°C
*Humidification system included

4) Gas Control System Design

A) Nitrogen Generation System

Most common solution:

PSA Nitrogen Generator

*Capacity: ~50-80 Nm>*hr (depends on room leakage
& O, control speed)

*Purity: 95-99% N,

*Used for initial O, reduction



B) CO, Control System

Apple respiration produces CO,.

Therefore:

*CO; Scrubber Unit
* Activated carbon or lime-based absorber
* Automatic CO, monitoring
* Keeps CO; at 2—-3%

C) Monitoring System
Must include:

*0, Sensor (Continuous)
*CO; Sensor
*Temperature Sensors
*Humidity Sensor

*PLC Control Panel
*Alarm System

*Data logging system



5) Construction Specification
Insulation

*PUF Panel: 120-150 mm

*Floor insulation included

*Vapor barrier sealing

Airtight Requirement

*Leakage rate < 0.1% volume/day
*Special CA door with inflatable gasket
*Pressure test before commissioning

6) Operation Process

Step 1: Loading

*Apples pre-cooled to 0-2°C
*Rapid loading into sealed room
Step 2: Oxygen Reduction
*Nitrogen injection

*O; lowered from 21% - 2%
Step 3: Stabilization

*CO; controlled automatically
*Temperature maintained
Step 4: Long-Term Storage
*6—10 months storage possible



Safety Design

Because O is very low:
*Oxygen alarm outside room
*Emergency ventilation fan
*Door interlock system
*Warning lights

*Training for operators

Summary

A Real Apple CA Storage Project requires:

v Airtight insulated room

v Precision refrigeration system

v Nitrogen generation system

v/ CO, control system

v/ Continuous gas monitoring

v/ PLC automation

It is a high-investment but high-return technology for
export-oriented agriculture.



Humidity Control System
Fresh Produce :390806:
*RH 85-95% (Product Dependent)
*Humidifier System
*Defrost Contrg| Optimization
Low humidity QC)C\J{ICCZI
*Weight Loss
*Shrinkage
*Quality Degradation

Pre-Cooling System (Export Critical)
Methods:
*Forced Air Cooling
*Hydro Cooling
*Vacuum Cooling
*CA Pre-conditiopin\g < c e
Pre-cooling OO0 Storage mmq?zm@[écg
600620E0h

Controlled Atmosphere (Optional for Export)
For Apple, Pear, etc.
Gas Control:
*0, Reduction
*CO, Control

*Nitrogen Boal nce. .
Shelf Life o?g[;gél.ca)&)u



Area

Temperature Control
Humidity Control
Documentation
Certification

Power Backup

Hygiene

Requirement

+0.5°C Accuracy
Product Specific

Full Traceability
HACCP / I1SO 22000P
100% Backup

GMP Standard
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Apple Export Cool Storage is designed to keep apples
fresh for long-distance export by controlling:
*Temperature

*Relative Humidity (RH)

*Air circulation

*Oxygen (0,) & Carbon Dioxide (CO,) (for CA storage)
For export, there are usually two main systems:
1.Conventional Cold Storage (Chilled Room)
2.Controlled Atmosphere (CA) Storage — for long-
term export quality

Recommended Storage Conditions for Apples
Standard Cold Storage

*Temperature: 0°C to +2°C

*Relative Humidity: 90-95%

*Air circulation: Uniform airflow across pallets

Controlled Atmosphere (CA) Storage (Export Grade)
Temperature: 0°C to +1°C

Oxygen (0,): 1-3%

Carbon Dioxide (CO;): 1-3%

Nitrogen (N,): Balance gas

RH: 90-95%



CA storage slows down:

*Respiration

*Ripening

*Oxidation

*Mold growth

Basic Export Cold Room Design Layout

Room Structure

*PUF Sandwich Panels (100-150mm thickness)
*Floor insulation with Vapour Barrier + XPS
*Double insulated doors (air-tight)

Storage System

*Pallet racking (recommended for export)
*Allow air gap between pallets

*Avoid direct wall contact

Cooling System
*Evaporator unit with:

* Low air velocity

e Even air distribution
*Refrigerant options:

* R404A (older)

* R448A / R449A

* CO; system (advanced export)



Pre-Cooling System (Very Important)

Before storage, apples must be pre-cooled quickly:
Options:

*Forced Air Cooling (most common)

*Hydro Cooling (less common for apples)

*Room Cooling (slow method)

Target:

Bring fruit temperature from field (~25-35°C) down to 0-
2°C within 24 hours

CA System Components

For export-grade storage:
*Gas tight room

*0, / CO, sensors

*Nitrogen generator (N)
*CO; scrubber

*Pressure relief valves
eAutomatic gas control panel
Purpose:

Maintain controlled gas levels to extend storage life up to
6—-12 months



Example Design Calculation (Sample)
Example:

*Room Size: 30m x 20m x 6m

*Storage Capacity: ~400-600 tons apples
Typical Cooling Load Includes:

*Product load

*Wall heat gain

*Fresh air load

Lighting load

*Respiration heat (important for apples)
Apple respiration heat must be calculated for export design.
Export Quality Requirements

For international export:

Maintain cold chain from farm - pre-cooling - storage -
transport

Use data loggers

HACCP compliance

Good hygiene design

Pest control system

Standards often follow:

*|SO food safety

*Global G.A.P.

*Export country regulations



Difference: Cold Storage vs CA Storage

Feature

Cost

Storage Period
Gas Control
Export Quality

Investment

Cold Storage
Lower

2—4 months
No

Medium

Moderate

CA Storage
Higher

6—12 months
Yes

High

High



Design Example
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Cool Storage De5|gn & ooé sﬂ 616@396?&{]’) —
*Heat load (39000@)

eInsulation thlckness

*Air change rate (ACH)

*Humidity control

*Door opening loss

*Product load

Lighting load

*Outside design temperature



633906085 Cool Storage (Cold Room) ooog?eﬁ Full Energy Calculation Sample 093 39@0(?(\306 80@0[§§ @ooozd]oaén (Design Example)

Example Condition (eoeo a)cg?ogqlmcqu)
. Room Size=20m x 10 m X 6 m
. Volume = 1,200 m3
. Inside Temperature = 2°C
. Outside Temperature = 40°C
. Relative Humidity Outside = 80%
. Product Load = 10,000 kg/day (Apple)
. Operation = 24 hr/day
Heat Load Calculation (Total Cooling Load)

Cooling Load =
Wall Load + Product Load + Infiltration Load + Internal Load

(A) Transmission Load (Wall Heat Gain)
Formula:

Q=UXAXAT
Assume:

. U-value (PU Panel 100mm) = 0.25 W/m2K
. Total Surface Area = 600 m?
. AT=40-2=38K

Q =0.25 x 600 x 38
Q = 5700W = 5.7kW



(B) Product Cooling Load
Apple Specific Heat = 3.6 kl/kg-K
Assume:

. Incoming product temperature = 30°C

Final storage = 2°C

AT =28K

. Mass = 10,000 kg/day
Formula:

Q =mXCpXAT

Q = 10,000 x 3.6 x 28

Q = 1,008,000k//day
Convert to kW:

1,008,000 =~ 3600 = 280kWh/day
Average Load:

280 + 24 =11.7kW
(C) Infiltration Load (Air Leakage)

Assume air change = 0.5 ACH

Q =pXVXCpxAT
Approximate result:

= 8 kW

(High humidity area = latent load included)
(D) Internal Load

. Lighting = 2 kW

° Fan Motor = 3 kW



Total Cooling Load
Source kw

Wall Load 5.7
Product Load 11.7
Infiltration 8
Internal 6

Total 31.4 kW

Add 10% Safety Factor:

31.4 x 1.1 = 34.5kW
Convert to Refrigeration Ton (TR)

1TR = 3.517kW
34.5 +3.517 = 9.8TR
Required System = 10 TR

Compressor Power Calculation
Assume COP =3.0

ElectricalPower = CoolingLoad +~ COP
345 +3
= 11.5kW

Daily Energy Consumption

11.5kW X 24hr
= 276kWh/day
Monthly:

276 x 30
= 8,280kWh/month



Energy Saving Comparison
If:
e Inverter Compressor
e Good Insulation
e Floating Head Pressure

COP = 4.0 @o%o%o:

34.5 +~ 4 = 8.6kW

Daily:

8.6 x 24 = 206kWh/day

Saving:

276 — 206 = 70kWh/day

= 25% Energy Saving

Final Summary
For this example cold room:
e Cooling Capacity Required = 10 TR
e Compressor Power = 11-12 kW
e Daily Energy = 250-280 kWh
ocC

e Good Design @6 20-30% Energy Saving q&cooén

L
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Cool Storage zadgog Energy Saving Concept & Practice
C__C c
(geosfac 6|0 $p03 3)

Cool Storage (32632:9%:) ®§o§eipgoo 5 1600003
303|y|e 3PP30S @cggceooa ® % f[lggcc)ooocn
(o} . I-tl- eo(iPo L’ C OC ’ P—'O

Lo o°C C C L (o) JL
3230 COOC3IO0DC Vs3I CGI|OODLM

ce_ bk ¢© O C LI
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Building Design Concept (326302
(a) Insulation mqésaems@é@
N o °

(0] o C
*PU Panel / PIR Panel ooo?eooo 390(3(\?6(\)’)00600’)
o o C

C C o
%msgfgwog&voqu 39:130[9@? .
*Wall, Ceiling, Floor 0pC U-value $0C0q$

o ° 0 C 8e0C¢C C_C
) ©§6320C 3@C8C\)O€;
] L
|

C 0 00C¢C
msaessecs)
C L
C3

*Cold bridge (39(@0&\)636@053 L
. C
Insulation Gmoczcxﬂé Compressor Load chlo?&)ga)&m

o



(b) Air Leakage eco Cs
*Door sealing Gmégjlgc
*Rapid Roll Door / PVC Strip Curtain 330?@[%?
*Air lock room OO’J S
cooaoi€ Humidity Load (& : E
Fscoobeg Humidy 020 G e

o

Gogrqoopan

Refrigeration System Design
(a) High Efficiency Compressor
Inverter (Variable Speed Drive — VSD) Compressor

-Load 39(\)00 39@‘133?‘ G[;P zLC [ig
Part-load 39@@39&'3 ezsfac :D:)Sooo:)oo
ecqpee ee:neu

(b) Floating Head Pressure Control
oCcoCc¢C C .
Outdoor temperature egeihsogc Condensing

Pressure GC\J')J’)

(@] OC O C
Head Pressure 00 39(\)3’36 5{]?&2@03
Compressor Power :)ooooooeo):)oeu



(c) Efficient Evaporator Design
*Proper coil sizing

*High COP system

*Correct Superheat setting
Temperature & Humidity Control

(a) Proper Set Pomt
%9(\)390:)0 39(\):13639 2630 C eooo Q9

(eom 2°C co:raocgjc 0°C 000 ehs) coc c

1°C GC\IPQJOOCO Energy :)o:)o*)o)o ODMN&CI0RVII

(b) Defrost Optimization
°Electr|c defrost éﬂ’) 105 T|mer/Temperature based ooc? eﬂ[oshs
-C\Ds'aooo&):raghsoocoo') Deg‘rost c\)oq

Heat Load Reduction (3aolooce 6oRy co)
*Loading/unloading 323|877 Gc\ﬁ)Peﬂehs
*Pre-cooling room 32003 61
*Product eﬂ9°m 39639 2958 ooeooge SQOGC\J?J’)QJGF?
Product Load cleviplob ok C\J?JC Compressor Energy G(\ﬂ?@&)ll

o)



Lighting System
*LED Lighting 3’aoo°[§[el§
°Mot|on Sensor Sefovjenk Gla?
coc2ol
*3COCS em:raoqﬁ 005000 eﬁ
Smart Control System
*PLC / Building Management System (BMS)
*Temperature Data Logging

*Remote I\/Iom rlng .
Systemoo 32 3’BGCD’JC SO° 3BG[§3BGQ'SO‘8C

ooq's 20903 gcoop_qu

Regular Malntenance

*Condenser coil :)oe?e]c [§C°
*Evaporator frost ®®Gaoo &s
*Refrigerant leak eﬂemhs omcsaoz@ég

*Fan motor bearing maintenance .
Dirty coil = Power consumption oom@czll



Concept

Insulation

Compressor

Control

pressure Door System
Lighting

Maintenance

Operation

Practice

PU Panel, Low U-value
Inverter type

Floating head

Air lock + sealing

LED + Sensor

Regular cleaning

Proper set temperature
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o C C 20Co_C
RDPYOR 63363434
1. ISO Standards

ISO 22000: 390)’)8396:1)’)(786:7)8(7)626618 a%}% QO ® (HACCP <J§§G(S]68®6)II
2. FDA/FSMA (US) C e .
Food Sage y!ylcodernlzgtlgn Act (F MA )g%Pq’\? QM DMWY OM

GOOODCO$I0LEQI WHECIGE: c\)oc§ ) ot °
21 CFR Part 117: GMP (Good Manufacturing Practices) ®:ﬂ§r.etp Sl

3. EU Regulations
EC No 852/2004: 3000¢ 39@00’3000&?6]0 Gq aocep eoescﬂo Sl

BRGGS (British Retgil Consortium) & IFS (International Featured Standards):
SCCOOOMEQEMRMOCHS VIV COMYOIQP:I

o

®)

00 C
3@Csl
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Cold Chain Manageme
Export 390000 326€): [09 ao %qjm[gg@oo&)u
*Harvest —) Pre-cooling » Cold Storage - Transport =

Destination Cold Roo .
*Temperature Break 0|@®

*Refrigerated Truck 320039 &s
*Data Logger C Monltormg

5) Pre Coollngthstem .
oocoee 0023 00 Storage ooeooeac
*Forced Air Cooling

*Hydro Cooling

*Vacuum Cooling (Leafy vegetables)

. . cocC C
Pre-cooling ea?oqﬂoo Shelf Life GOQPR$PI&CI0VI
6) Packaging Standard
*Food Grade Packaging
*Ventilated Crates
*Moisture Control
*Labeling (Batch No, Date, Origin, Temp Requirement)
Export 390000
°Internat|onal Organization for Standardization (ISO labeling

requirements)
*Country-specific import regulations C\)(Y)?’)Gl?



7) Traceability System o
*Product Origin © Destination 3200 Tracking

*Batch Control Sys’gem
*Recall Procedure N

. 0 oC
*Barcode / QR System 39:1?3@@0

8) Facility Design Guideline

HVAC & Cold Room Design

*Insulated Panel (PU Panel, 100mm—-150mm)
*Proper Vapor Barrier

*Airflow Uniform Distribution

*Avoid Dead Zone

*Door Air Curtain / Strip Curtain

Cleanliness Standard

*Good Manufacturing Practice

*Food Processing Area Separation

*Air Pressure Control (Positive Pressure for clean area)



9) Environmental & Refrigerant Compliance
*Low GWP Refrigerant

*Ozone Friendly System

*Energy Efficient Design

*Leak Detection System

Documentation & Audit Requwement
Export Facility ek 390000

*SOP (Standard Operatlng Procedure)
*Cleaning Record

*Temperature Record

*Calibration Certificate

*Internal Audit

*Third Party Certification
- I

C C
Export P0YM IPEE3|NJ3303 9 JM

1.HACCP Implement 0000086605

2. Temperature Contmuous Monitoring
3.Cold Chain Break 0§ q
4.Traceability System G]Gl@é

5.International Standard Certification 6]619@
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