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ABSTRACT: This study aims to find out the optimized insulation thickness of refrigerated
warehouse ‘with different envelope structures (RC and PC wall) and insulation materials (ure-
thane and icynene). Each of them is compared according to the thickness of insulation (100,
150, 200 mm /50 or 250 mm) and the temperature of cold storage room (0, —6, —15C). As re-
sults, it is proved to have the best economical efficiency in life cycle cost when PC wall with
thickness of 100 mm (0 and —6C) and 150 mm (—15C) urethane, respectively, are applied.
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Table 1 The present condition of each envelope structure

Envelope structure

Example

Wall composition

RC wall with
internal insulation

- S Refrigerated warehouse of the fish market
- A Refrigerated warehouse
- S Refrigerated warehouse
- Most of the existing refrigerated warehouses

- RC wall
- Insulation
- Interior finish

PC wall with
internal insulation

- K Refrigerated warehouse

« PC wall with anchor
- Insulation

- Interior finish
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Table 2 Characteristics of urethane/icynene

Urethane

Icynene

Construction method
Adhesion method
Construction performance

Cure time 3~4 minutes 5 seconds
Number of constructors 1 team of 3 persons 1 team of 2 persons
MQismre Hard to construct at rainy season | Possible to construct at rainy seasor
Temperature Hard to construct at sub-zero Possible to construct at sub-zero
Thermal insulation performance Good Good
Dehumidification effect Poor Good

Spray
Self-adhesion
Foaming of 25 times

Spray, Injection

Self-adhesion

Foaming of 100 times

Table 3 Temperature of cold storage room

Table 4 Building description

Grade C3|{C2|C1

F SF

Item

Contents

Temperature (C)| 0 | -6[—15

—25|-5~—65

No. of floor

B1l(Processing room)
7(Cold storage room)

Aed @A olole NAHY F3Pe wa Floor area (m®) 1,035
Hrrstdoh @A AFUde 23 3EL 3 Total area (m”) 3,280
23t Aoz ¥ ddA FAE AARA} Cold [Floor area (m? 1,035
AnE wgoE 100, 150, 200mme gk storage| Volume (m®) 43,470
room | Storage (ton) 10,000
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Fig. 1 Typical floor plan.

*—% -
TF Cold storage room

Cold storage room

A Fzd BEIFEL I Y H7}
€ 98 Zd JFYATLE AYAAT. 2
PEWREnE 994 394 @38 Mg Sa
WEWRADE NFoz A FAH B
7t EEWRA ol9e RE(EE, A F)&
dqulzt glemk 2d WsYARRE YEFUF
4 REY APy en, A 139 g2 st

6F

SF Cold storage room

4F

Cold storage room J

3F Cold storage room

F1) B ddA FAY A4 13 FAE goie
3 GdA FoAE Aoul g FolE BAY F, ZF
g9dA A w3zld 0E& Aoulg Ut AL iF
7t E2 7aY ZAFE Bo You| o] HA
7b 9 A QdFAE ¥9d¥d + g A%
Z E 994 FAG £ 200mm ) o3
F7197171 98 A8 Agso olg 23 A
A4 HrA Hesant

Cold storage room

Cold storage room

Processing room

Fig. 2 Section.
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Table 5 Detailed envelope structure

RC wall with internal insulation PC wall with internal insulation
Wall Slab Wall Slab
Floor : Thick- Thick- . Thick-~ Thick-
Section Material ness Material ness Section Material ness Material ness
(mm) (mm) (mm) (mm)
Qutside Upper Qutside Upper
Concrete 230 o Spancrete | 120
DP-Coat - Concrete 100 D PC Concrete 100
EE— A~ vapour Sheet - _ Sheet -
f']FOD UL, retarder Concrete | 250 Inssl.ﬁziton 50~ Extruded | 250
oor Insulation | 50~ Urethane 220 250 polystyrene
250 | Galvaneum| 05 Cold storage Concrete 250
Galvaneu| 0.8 room Galvaneum| 0.8
Inside Lower - Inside Lower
Qutside Upper Outside Upper
Concrete 100
Concrete 230 Sheet - Spancrete | 120
DP-Coat | - | Extruded | 200 PR
———— vapour polystyrene R
Typ. | R, retarder Sheet - Shee.t Concrete 250
floor ) Insulation { 50~
4 Insulation | 50~ Concrete 250
250
250 Sheet - Galvaneum | 0.8
Cold storage Galvaneum | 0.8 Urethane 170 ’
foom Galvaneum | 0.5
Inside Lower Inside Lower
7 Outside Upper Qutside Upper
Concrete 100 Concrete 100
Cold storage Cold storag
S%E%SZ: 21}0 Sheet - om Spancrete | 120 Sheet -
vapour Extruded | 250 PC Extruded | 250
1st A ret:;)der polystyrene Sheet - polystyrene
floor Insulation | 50~ Sheet - Insulation | 50~ Sheet -
%50 Concrete 300 250 Concrete 300
Galvaneum | 08 Urethane 70 Processing Galvaneum | 0.8 Urethane 70
) Perlite 5 room Perlite 5
- Inside Lower - Inside Lower
Qutside Upper Qutside Upper
Concrete 300 Epoxy - Concrete 300 Epoxy -
Cement - paint Cement - paint
water proof Concrete 150 water proof Concrete 150
Bl Mortar 18 Cement - Mortar 18 Cement -
0.5B brick 90 |water proof 0.5B brick 90 |water proof
Mortar 18 Concrete 300 Mortar 18 Concrete 300
Epoxy - Concrete 50 Epoxy - Concrete 30
paint Rubble 200 paint Rubble 200
Inside Lower Inside Lower

<Remarks> Wall insulation material : Urethane, Icynene

Wall insulation thickness @ First evaluation 100, 150, 200 mm, Second evaluation 50 or 250 mm
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Fig. 3 Construction schedule (RC wall with internal insulation).
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Foundation | (1-3r> -
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spraying
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Fig. 4 Construction schedule (PC wall with internal insulation).
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Table 7 Material properties

Tempe-
Floor Plan Zone Usage | rature
(C)
ZONE |Pr i
Bl e W "B | room | 2
Cold 0,
1~-6 ZONE-TYP i %ggg storage -6,
room —15
__—_.__—1
0,
. ZONE Cold
2ONE-TOP i -Top storage -6,
room -15

Material co’rl;ctilsgtril\z/iilty Dens‘?’ S%?algc
(W/mce) | k&/m)\jgT)

p&e;“ﬁgfcﬂw 13103 | 224258| 83677
PC 10932 |174167| 836.77
Rubble 279 2630.00| 775.00
Extruded polystyrene;  0.0290 56.00{1220.00
Urethane 0.0267 24.03 | 1589.86
Icynene 0.0396 7.00 | 1589.86
Perlite 0.0485 93.00 | 1090.00
Brick 07207 |1922.22| 836.77
Mortar 07207 |1858.14| 836.77
Galvaneum 4530 7830.00| 500.00
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Table 8 Internal load schedule

Room Item | Day [1~5] 6 | 7 | 8 9o [10 11213141516 |17 181920 21 ] 221 23 | 24
" | Weekday | 0 | 0 0.1 [027095]095[095][095] 05 [0.95]0.95]095/095] 0.3 | 01 | 0.1 | 0.1 | 0.1 |0.05] 0.05
Occupanqy [Saturday | 0 | 0 [0.1]01[03]03[03[03]01]01]01]01]101]005]0065] 0] 0] 0] 0]o0
Process- Holiday | 0 | 0 |0.05[0.05]0.05]0.05[0.06[0:05]0.05]{0.05]0.05 005 [005[005] 0 | 0 | 0 | 0] 0] 0
o | Weekday |0.05[ 01 [01]03]09[09]09 09 0809 09|05 090503 [03][02]02]01]00
E‘a‘ugi’;;et Saturday [ 0.05[0.05] 0.1 [ 01 [03 |03 [ 03]03]015][015]0.15]0.15]0.15] 0.05]0.05 | 0.05 | 0.05]0.05 | 0.05 | 0.05
Holiday | 0.05[0.05]0.05]0.05]0.05]0.050.05 [ 0.05 [0.05 ] 0.05 ] 0.05 [0.05 [ 0.05 | 0.05 ] 0.05 | 0.05 | 0.05 | 0.06 | 0.05 | 0.05
Weekday] 0 [ 0 | 0 [015]07 (0909 09 05 085[085]085/02] 0 | 0] 0] o0 o]o]o
Occupancy [Saturday | 0 | 0 [ 0 [ 0 [o2[o2]o2 o2 o101 o101l olo]|o]o]olo|o]o
Holiday | 0 [0 JoJoJololofoflo]o]olojotololololo|o]o
Cold Weekday {0.05]0.05[0.05] 04 [ 07 |09 [ 09 09 08[09]09]09]09][03]005|0.05]005]005]005]005
storage | Lighting | Saturday | 0.05]0.05]0.05]0.05] 0.1 [0.25]0.25]0.25]0.05]0.05 [ 0.05 [ 0.05 | 0.05 | 0.05 | 0.05 [ 0.05 | 0.05 | 0.05 | 0.05 | 0.6
room . | Holiday |0.05[0.05]0.05[0.05[0.05[0.0510.05]0.05]0.05]0.05]0.05] 005 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05
" [ Weekday 10.05[0.05]005[ 04 [ 07 |09 [ 09| 09| 0809|0909 ] 09] 03 |005]005]005]005]005]00
Equipment  Saturday | 0.05 | 0.05 [0.05]0.05] 0.1 10.25[0.25[0.25]0.050.0510.05 | 0.05] 0.05 [ 0.05 | 0.05 | 0.05 | 0.05 ] 0.05 | 0.05 | 0.05
Holiday | 0.05{0.05 [ 0.05] 0.05 [ 0.05 [ 0.05 [ 0.05 | 0.05 { 0.05 ] 0.05 [ 0:05 ] 0.05 | 0.05 [ 0.05 | 0.05 [ 0.05 [ 0.05 | 0.05 [ 0.05 | 0.5
Table 9 Internal load density
10; "/ ¥ ‘
M 4
Room Item Value 3 /1
Occupancy 23.20 m%/ person 32 /
i L. @ - 3
Processing Lighting 16.10 W/m? £ aml— : 2
room 9 H 6§
Equipment 10.80 W/m £ . x
Occupancy 46.50 mz/person I 1% / 1
COki_ O?)trcr)lrage Lighting 12.92 W/m® ’
Equipment 2.15 W/m®
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Table 10 Life cycle cost (RC wall with internal insulation)
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Icynene | Urethane
0T
50 mm {100 mm | 150 mm | 200 mm | 50 mm | 100 mm | 150 mm { 200 mm
Construction cost (1,000 won) 2,219,6582,322,47412,425,290( 2,528,106 2,202,522 2,288,202| 2,373,882 2,459,562
Maintenance cost (1,000 won) 45136 45136 45]136] 45136] 45136 45136 45136| 45,136
Annual cooling load (MWH) 883.988| 680.289| 598.226; 553.926| 758.166] 600.344| 540.160| 508.396
Annual cooling energy cost (1,000 won) 36,275 27831 24429] 22592| 31,059 24,516 22,022 20,706
Life time cooling energy cost (1,000 won)| 716,964 550,076 482,848| 446,528| 613,874| 484561 435271| 409,260
Life cycle cost (1,000 won) 2,981,75912,917,686|2,953,274|3,019,771|2,861,533| 2,817,900 2,854,289| 2,913,958
—-6T
50mm | 100mm | 150 mm | 200 mm | 50 mm | 100 mm | 150 mm | 200 mm
Construction cost (1,000 won) 2,219,658|2,322,474{2,425,290| 2,528,106 2,202,522 2,288,202| 2,373,882 2,459,562
Maintenance cost (1,000 won) 45136 45136 45136| 45136 45,136 45136 45,136 45,136
Annual cooling load (MWH) 1,089.656] 812456 700.761( 640.435{ 918433 703.639; 621.701 578.493
Annual cooling energy cost (1,000 won) 44606| 33,184| 28582 26,096 37,551| 28,700] 25326 23544
Life time cooling energy cost (1,000 won)| 881,623| 655,871| 564,916 515,795 742,180| 567,257 500,561 465,353
Life cycle cost (1,000 won) 3,146,418(3,023,4813,035,342] 3,089,038 2,989,838 2,900,595 2,919,595/ 2,970,052
—-15T
- 100 mm | 150 mm | 200 mm - 100 mm | 150 mm | 200 mm
Construction cost (1,000 won) - 2,322,47412,425,290( 2,528,106 - 2,288,2022,373,882| 2,459,562
Maintenance cost (1,000 won) - 45136 45,136 45,136 - 45,136 45,136] 45136
Annual cooling load MWH) - 1,010.767| 854577 770.233 - 858.601| 744.059| 683.609
Annual cooling energy cost (1,000 won) - 41,216 34812 31,353 - 349770 30,281 27,803
Life time cooling energy cost (1,000 won) - 814,633| 688,064| 619,697 - 691,311 598,503| 549,516
Life cycle cost (1,000 won) - 3,182,243|3,158,490| 3,192,939 - 3,024,649(3,017,521|3,054,215
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Table 11 Life cycle cost (PC wall with internal insulation)

Icynene | Urethane
0T
50mm |100mm | 150 mm | 200 mm | 50 mm | 100 mm | 150 mm | 200 mm
Construction cost (1,000 won) 1,839,036|1,941,852| 2,044,668 2,147,484]1,321,900( 1,907,580] 1,993,260 2,078,540
Maintenance cost (1,000 won) 45,136 45136] 45136 45136f 45136] 45136| 45136 45136
Annual cooling load (MWH) 896.070| 681.553] 597.205 552.127| 762.699] 599.435| 538.263 506.202
Annual cooling| energy cost (1,000 won) 36,780 27,885 24388 22520] 31,250 24481 21,945 20616
Life time cooling energy cost (1,000 won)| 726,948; 551,155 482,037 445,113| 617,660 483,867 433,745 407,483
Life cycle cost (1,000 won) 2,611,120§2,538,143|2,571,842| 2,637,733| 2,484,697| 2,436,584 2,472,141| 2,531,560
-6T
50mm | 100mm | 150 mm | 200 mm | 50 mm | 100 mm | 150 mm | 200 mm
Construction cost (1,000 won) 1,839,036| 1,941,852 2,044,668 2,147,434{1,821,900} 1,907,580 1,993,260{ 2,078 940
Maintenarice cost (1,000 won) 45136 45136| 45,136 45136 45136| 45136 45,136 45,136
Annual cooling load (MWH) 1,107.619| 815314 700.293 638.818] 925.970| 703.315| 619.852| 576.152
Annual cooling: energy cost (1,000 won) 45350 33304 28564 26,031 37,863] 28689 25251 23449
Life time cooling energy cost (1,000 won)| 896,331| 658251| 564,562| 514,492 748363| 567,045 499,077| 463466
Life cycle cost (1,000 won) 2,780,503 2,645,239(2,654,367| 2,707,112/ 2,615,400{ 2,519,761 | 2,537,473} 2,587,543
—-15T
- 100 mm | 150 mm | 200 mm - 100 mm | 150 mm | 200 mm
Construction cost (1,000 won) - 1,941,852|2,044,668| 2,147,484 - 1,907,580(1,993,260( 2,078,940
Maintenance cost (1,000 won) - 45136] 45,136] 45,136 - 45,136 45,136 45,136
Annual caoling load (MWH) - 1,015992| 854.888| 768.797 - 859.160 742.291] 681.043
Annual cooling energy cost (1,000 won) - 41433] 34,827 31,296 - 35,001 30,209 27,698
Life time cooling energy cost (1,000 won) - 818910 688,341} 618,568 - 691,787 597,083 547,449
Life cycle cost (1,000 won) - 2,805,898|2,778,146|2,811,188 - 2,644,504|2,635,479|2,671,525
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Fig. 6 Life cycle cost (0C).
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Fig. 7 Life cycle cost (—6T).
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Fig. 8 Life cycle cost (—15T).
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