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{ SUMMARY )

Purpose &
Contents

Reduction E

ffect of urban heat island and greenhouse gas by applying “Cool Roof

System” which was developed by PCM plate to roof of the buildling

Results

18t year

Analysis of concept and present condition of PCM Cool Roof System
Analysis of surface temperature by roof finishing materials
Analysis of current situation of existing city for system
application and performance test

Design of heat storage plate and scale model test

Economic evaluation of PCM Cool Roof System

Development of optimal state-stable-PCM type

Case study of PCM application and analysis of thermal performance
Analysis of a range of application and applicability to city
Analysis of reduction Effect of urban heat island by simulation
Analysis of reduction of cooling energy by improving thermal

per formance of heat storage plate

2 year
t

Analysis of thermal behavior of state-stable-PCM

Research of improving heat storage performance

Design of heat storage plate and scale model test

- Design of heat storage plate with state-stable-PCM

- Analysis of thermal behavior of heat storage plate by scale model

est

Analysis of thermal behavior by change of Cool Roof System

- nalysis of thermal behavior of state-stable-PCM through measuring
heat flow by data-logger

3¢ year

Measurement of albedo and surface temperature by finishing of
building and analysis of microclimate

Performance test of PCM Cool Roof System by selecting Test-bed and
mock-up test

Thermal simulation of PCM Cool Roof System

Reduction of urban heat island effect by PCM Cool Roof System
through CFD simulation

Development of standard of design by preceding research analysis and
theory consideration

Study on heating energy of PCM Cool Roof System by energy simulation
Consideration of application methods for optimal PCM by microclimate
simulation

Expected
Contribution

terraces,

energy

7}. Development of state-stable-PCM heat storage plate
= Ultimate form of PCM heat storage plate can be applied to roof, as well as,

wood deck, etc. so that it is expected to have effects on reducing

temperature of whole city. It is possible to apply PCM plate to various
industry fields as well as architectural field, as MPPCM which have various
phase change temperature could be produced by type of PCM.

= Furthermore, a single-product with large amount of PCM could be developed by
aluminum panel and it could reduce not only urban heat island also building




L}. Performance test of PCM Cool Roof System and anaylsis of reduction of urban

heat island phenomenon

= Designing PCM plate for application to existing building and newly-built

building and verifying reduction of urban heat island

= Reducing the effect of load and improving structural safety by light weight &

high strength finishing,

it could be applied to various type of building and
reduce the difficulties of maintenance

= Utilization as basic data for PCM research of materials and related fields and

it is expected to contribute to vitalization of related industry

Cl. Design criteria of PCM Cool Roof System

= There are no methods and standards of PCM application to roof of building,

therefore, one of the results of this study is to make guideline of design

criteria of PCM Cool Roof System and maintenance management

= it is expected to be utilized as base data of understanding concept,

per formance, construction method, maintenance and technical terms of PCM Cool

Roof System for the public as well as experts

Keywords

Urban heat
Island

Phase Change
Material

PCM plate

Cooling&Heating
peak load mitigation
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PCM PCM

Corrugated roof PCM  Insulal

PCM PCM
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= 20 —Ta
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0 1 2 3 4 5 6 7 8
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#2 = #1 + PU 15mm layer (2t O
#3 = #1 + PU 15mm + PCM layer (Et€ O)

(28 3.5) X350 weE A2z 2MZ 5t

* Alawadhi et al.2 A&Tdd AE&HE= FAYE FxRud
g3t PCMO A -AAZe] 7} A1 vbgo glo] &
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+ Koény et al..& Bio PCM<S %83} 73/‘}75_] A 5Fo FEFTS TS A= U
oA zs gk A4E Tt 59, = A
sl A&HATh ARH o PCMO] —‘.%017& Aes
PCMo] Soj7F AAFA xEZ=o] m2Aw (18 37)9 WHkA|
A= (29 3.8)°] e AT

Metal roof panels
Air cavit
Fiberglass

Shingles
Moisture Shield

Oriented
Strand Board

1.6-cm

Heat Flux Transducer

i 3-cm
Wood Fiberboard -

2.5-cm
Wood Fiberboard
Heat Flux
Transducers (2)

Thermocouples (9)

(28 3.7) PCMO| E0{Zt ZAL XS &lolo] ZAE

70
|Jul 19, 2010| |Ju| 20, 2010[
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40 - ' H ' i 24 i
@ 5o \ :'! [ Ay ~
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E 30l L e N
- 5 "-“-. ‘,' \TODOFPCM} . "-
20 - NS SR meling | -
|PCM discharging heat ‘
10 +—+——t + t R

80 86 92 98 104 110 118 122 128
Time into Week (Hrs.)
----- Top Fiberglass — -Top PCM — —Bottom PCM

P

(28 3.8) HHAE 7|& XS5 2=H
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) AE JFed POM A4 24 A% B4

(1) i stE4d(PCM)

* PCM2 &9 wWiste] we} o] Wsle 4=, 4o LAA HA, £ AA A
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A ATE FHA T
« A&¥H PCMS ArE&S WA sty 9ste] MPCM(Microencapsulated PCM; 743 PCM)<
AH-&-31 A

(2) MPCM (Microencapsulated PCM; <3} PCM)

MPCM A %34 A

« dutx o2 MPCM< Core material?} Shell material® T+ %o A=, MPCM< Core
materialdll FSAIE &3 o] &% Y pH 1S 9ol oEHE Azl AH oA
Shell materialS %] polymerizatione 3+ 5 E2HA]7#H MPCMS A %3}
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g o] Z Micelleo] 21l 3stt}. Micelled] ThA] shell materiale] €el&0] &g oA g
MPCMo] A 2%},

« MPCM<& A|xdte WS o] 9o|x Coacervation % Solgel A 5 %3 Wyo=
A z7F 7FEsieh (29 39+ dHbdQl MPCM Az st ZAEE BoFoh

Factor Hardening &
L Stabilization

Core Material |—— Emuision —— | Polymerization —l

Separation
(Purification)

| Emuisifier | Shell Material |

Drying
Microcapsule «—‘

(28 3.9) Microcapsulated PCM M Z=2}d 2AIE

Hydrophilic group
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PCM Emulsifier

Microcapsule
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Mast HAgoA oF =d3 EeA HHEA HAA A
Aol A AFE3E MPCM HEH o2 66.61k]/kge] FTEFS 714
(29 311)T MPCMe AA 253 FAPAAET Z(SEM; Scanning electron microscopy)
olm| A #AS E% PAFEE BoEt)

L
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MPCMYV (Microencapsulated PCM)¢] 3Eje} SEM #4243 MPCM=2 %4 31909
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« 45 %F A (TGA; Thermogravimetric analysis)S PCM<e] |4 Aol o 24
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3) PCM Cool Roof System®] 7§ 2 7§23 3}
7} PCM Cool Roof Systeme] 7§y

* PCM Cool Roof System< PCM9| AH#H3 EAS o] &3}
ddds F7HE T AEE RSt FUkE Hax
sl 2xdd =deiA HY S Fde FdHE FHstd A
P2 AAste 7IE AeAdeE GE dABT =,

ke
(g
Ao,
ng
o,
Mo ko
dr o o N R

ol
il
w
<
I\
(@)
a
fr
Jo 0
N
QL
£
)
or
lo
i)

30°C 30°C
: v : 1 A PCM
- . . . . : / Cool
NE S ¥ ¥ 30400+ Roof

—  50~80°C T system
: k“:‘l!\\, . /;..’:: ‘2 ‘-.
50~60%C 30°C
28°C 28°C

IRl e
A O
R I

(22 3.13) PCM Cool Roof System2l 74

cEA dAdERe ARe fadE A% ARmy o 7
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o]¢} o] PCM Cool Roof Systeme ZF x| FHe e, oA
ZAoR FFE HuE BULLE AR ATol tih "olAy, 1E
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vrold 4= glont, 7|E A BA Y WS R T sl JidstE S gk

2z Hgt
Lidl A7 gk A7
e BB ooeereerereeeeenn e,

65-90T

Oé gt x| 27 Low reflectance(0.05~0.25),
o High emittance(0.800| 4
T e PCM Cool Roof
LT e Ty
o . v\ ¥t Cool Roof High reflectance(0.700]44),
g g High emittance(0.800|4)

(212 3.14) PCM Cool Roof System2| 2tz EM

1}) PCM Cool Roof System ##H A+ &

* PCM<& HWZM oyl ﬂﬂxﬂi g8t AtElE 2AFSE T
g < o]&3te] Elde] PCMeo| X3 =855 EXH
#90}0# ﬂﬂ%E—é Xiﬂo} ATE FdEAT T 67 4] Bhdel st
7}7] 2] 8] 01011 & PCMe =4 *é%—% o] &% THLLE AS FA3
~7C

(L8 3.15) Tested tiles coated with

common, cool and PCM coatings
(Source: Karlessi, 2011)
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The uppermost layer  2mim Aluminum alloy plate

Thesecond BT >0pmm leveling blanket and

preventing water layer

100mm PCM roof
-Tr 303K{30°C), 307K(34°C), 311K{(38°(Q)

—— The third layer

— The bottom layer 100mm Reinforced concrete

(28 3.16) XlSaolof 74
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—¥— PCM307 roof
[ —&— PCM311 roof
40

Temperature, C

L i i i i i 1
0 4 8 12 16 20 24
Time. h

(28 3.17) 24 21 X852 2 2%
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)
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b PCMefid o]l 5ozt A5 A
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(3) A9 AAABPCM(Shape stabilized PCM, SSPCM) type 7/1'271& &3

1) Z<kAd PCM(Shape stabilized PCM, SSPCM)type®} Cool Roof System?te] Z3HA #2

~

= =
R
R AFAE duwdoz AgHE Mg 54 ERs $4 P5E ER(RAER)
MPCME &£3te] 59 282 Ax3ta o F o] §3to] Bl Hg3te] HFHow 3=

s FAEE 60gel & Hwt%(3g)S A3 & MPCMS FAE=Re ZHagu|o dbj
5wt%(3g), 10wt%(6g), 15wt%(9g), 20wt%(12g) FH 7}t 5, 500RPMe] £ == HH
WHES AAETE FAEE 45g0] AEAl 15gS £33 § MPCMS oA w3l 53

H
A=Fao] Al ZH2F 10wt2%(6g), 30wt2%(18g), 50wt2%(30g) # 7Fatal 500RPM &%= & 5

1

S R AN

MromE oft AN

B MPCM¥ =59 334 A% #4& 53 s34 H7}

+ MPCM3# =8¢ 584< dopur] ¢ste] MPCM £32¢ Tz 7 384
Feolua A9 2 e
SolH ettt FTIR 9=
a8 3 725cm-19 W

E
b

2
%

2 o

£

>~

B (FTIR; Fourier transform infrared spectroscopy)
oA, MPCM9 wWxAel dade 2026, 2855, 2872, 2962, 1379
Byl o]= CH3, CH2E #AZFgoR zt= EAHAS HoFr 2

A= olE B MPCME AlEdol vetdy e dAde EFH=
o] Fol A &S gl
c 3l FAERE 2 fFAER MPCME £33 A1&9 FTIR 244345 1Y, SR
23" MPCMe 4% &3o]Fod= MPCMeo] 7FAla %+ PCM 3=, 5 2900cm-1th 2]
FTIR ¥ a7} A3t AL Felgkd}. vbdd] MPCMS fA =80 £33 49 PCMo)
d4de yYeldle vart 9y 9 AR ol MPCMeol A Eset &3tshs g oA
PCM«] dde]l WHPHAY A7) wEQld, ARHoR {FAEERUE FAER
MPCM< &3t8tE 3ol MPCMe Asdde #sts & 4 th
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Transmittance

—— —_— =\ ’ \ =
M Al A T e e I N
—— MPEM \.“/ | N : VW‘ \ AN
I —— MPCM V G |
\\\‘/\V{ﬁ P
—— Hydrophilic Paint + MPCM(20wt%) S i 8 e \s Al
H\\_/\\p m % — Hydrophobic Paint + MPCM(30wt%)

V X S

—— Hydrophilic Paint + MPCM(15wt%) Y \/‘\'\\, e [ TN
2 —— Hydrophobic Paint + MPCM(20wt%)
@©
—— Hydrophilic Paint + MPCM(10wt%) =
—— Hydrophobic Paint + MPCM(10wt%)
—— Hydrophilic Paint + MPCM(5wt%) *w‘—\
—— Hydrophobic Paint
—— Hydrophilic Paint
T T T T T T
4600 30'00 20'00 ] 0’00 4000 3000 2000 1000
Bl 4
Wave Numbers(cm ') Wave Numbers(cm™)

(38! 3.23) MPCM + hydrophilic paint2| FTIR £ (O3 3.24) MPCM + hydrophobic paint2| FTIR &4

W DSCE 58 F94% 24

- DSCEAS £3 MPCM SHERS 5:4, Y244, 299 59 94 452 Braan
MPCM EH2e] =te Azvlel gaglol MPCMe sias wZeisl e
Aoz FAsArh AW W7t A sl MPOMEY § 9 LxdA dojut AL
e 4 d, o]AE& MPCMel wmsh E@dd wa #HuzAARe o AaHY)
wpolth, e MPCMe] A@ul7h Z7hgel weh 44 =8 MPCM 3% 4ol
MAdon Fge gt

<E 3.1> DSC analysis of MPCM/paint(Hydrophilic, Hydrophobic) composites

. Latent heat . Latent heat
Sample =L capacity PUCEIITE capacity
oint (C oint (C
point () | "y gy | Point (TI 1 gy
MPCM 31.46 80.37 32.05 80.11
Hydrophilic paint + MPCM 5wt% 29.70 3.823 26.77 3.676
Hydrophilic paint + MPCM 10wt% 29.68 6.854 26.81 6.384
Hydrophilic paint + MPCM 15wt% 29.73 9.547 26.72 9.629
Hydrophobic paint + MPCM 10wt% 31.63 4.826 25.27 3.935
Hydrophobic paint + MPCM 30wt% 31.51 4.922 26.08 3.956
Hydrophobic paint + MPCM 50wt% 32.76 15.97 25.79 10.51
59 =87t 448 Hdel Ag 4 24
MPCM3} E5& E#ste]l A28 FUERe =xd 29etde] AGaag AN
AdaA AdS 98 200mm x 200mm x 7mm (1 x w x t) A7|E Zt= g =4
F9EE 10g8 B¥el] 59 Bde Axadrh Az8 FI8YE 5mm Fe) Bd
Sol dAson, dde FFer] feke] 50OW FRAWZE 470mm Foll el
AN F Axe zAsd ALE FHeAL.
AFRAoZ Y ¥He yaLEsE AyHw MPCMe] 0, 10 Z18]3 20wt%7F 5914 u
Zy7y 491, 483 283l 477CHES BAY. BY stiodA= 22 %7 466, 452 184l
48CE YEIES s HFHor ddA o= 383, 37.8 181 37.1CHS
ol sk et
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3) EEAE] YA A

s AlEH A S Al AXFE T o=o]l 14dme] 5% UWF AMFE d=Eolt dES
Aol HAHAv = oF 42%= 9] 7]o Wele= 42 Thermal Brake’l 8% <31+
zHdS AHEstA T PCMS A &3H7] 9g & A& WA 1007.19m' 0] =9 THALS
4507.22m' o)tk flel A AFs &S goketd vt <3k 3.13>¢9F #Zth

c AMRE S AEo] Hg3 An] AlaEle 712X Q) Fan Coil Unit Systemeo]™ @1 Al A A7p~
AbgT Wuk A A7IAME S 714 S E. Constructions Datacl A Flat RoofE A ¢33 &
RS Aol 5Ad W Flat Roofe] 1AL (28 3.62)3 #Zth

<3 3.13> Building Information

2= L = ASH0ld 24
=0| 14m
Ex 5&
&t &
Z 4 M| 41.72%
=1 2.8m
Ale & 9A 1,007. 19m <0 W — ey i ey
A=HA 901.44n
s HA 4 507 .22t
80mm Asbestos Related Materials — Cement Sheet | S0mm Asbestos Related Materials — Cement Sheet
3 Z - 100mm PCM Plate Laver

140mm Glass Fibre/Wool - Fibre Slab 140mm Glass Fibre/Wool = Fibre Slab
190mm Cast Concrete T e C oot
10mm Plasterboard 10mm Plasterboard

(O 3.62) Flat Roof Layer Detail (Normal / PCM Plate)

ol x AvE BAS Axn= olge <F 3.14>¢ Zrh oyA AH|EHS 2ato] oJFFSs
7 A ve 4SS 2459 e, PCM ZHolEE A&t &4 A Ak Sy
Hl . Al Total Site Energye} @9\ AS oyxE ¢F 28%9 Azxaxs ¢l 3 &
AATH F oAU A v HF2 2 F 7|7 ESE XS AoRE Aes T duyA A
A sl= vl &o] A HAFo] FEY H T WHeUA = 2.6%, dol Y A= 7.2%9]
IUA A A2 E BRI, & W-ddoyx] 7382 3.38% = YESET]

<i 3.14> Total Energy Comparison Between Normal Type Roof System and PCM Roof System

Total Site Energy Normal Roof System PCM Roof System Variation
Total Energy [kWh] 239,916 234,305.04 2.8% i
Energy Per Total Building 5
Area [KWh/m ] 133.07 129.96 2.8% &
Heating Energy [kWh] 12,051.65 11,183.97 7.2% &
Cooling Energy [kWh] 56,278.76 54,834.71 2.6% &
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- PCMEUI0IE Hg2o=2 Qlst WXl 2
= mg A2h WEHUHX B2 x MMSAEF(m
= 1.6kWh/m" x 23,936.22m" = 38,344.31kWh

- HHHHXIS BAHENZE
= PCM EdIOIE=Z QI&t HEt

x EtAHIEH 2

= (88,344.31kWhx0.424kg/Kwh)
= 16,257.99 kg

£ CO, T4 MU I

= 8t

oret
=20 o

UEPN (kwh)

N 22k

QI 5t =asS

- PCMZLI0IE HE2= O X
= mgh b HEHUX B2 x MHBAHEE ()
= 0.96kWh/m* x 23,936.22m" = 23,039.78kWh

- HENUXIS BAMENZE
= PCM SdIOIEZ I8t X

x EtAUIE A=
= (283,089.78kWhx2.24kg/m x0.082m /kWh)
= 4,231.95 kg

- CO. 24 XL 3

2F
=]

)

& oret
=20 o

(kWh)

= EtAUIEY M2 ({on) x CO, 1tonY HH2SNH = EtAUIEY M2 (ton) x CO, 1tonE HeH2SH
= 16.258(t) x 10,550(&) = 171,521.79(&) = 4.232(t) x 10,550(¥) = 44,647.04(&)
5 olv A vl& =3+
c7)ES] SRS AEEE gl HE POMEBdClE g A RaAgoR @ oA
Hlgol AEd. AEUAL 5F PCMEHE HEMAgoz Ag oA APFS
Aikste] dlyuA] @rtE el AztE e vl g Aels FAgs
"PCMEdolE Hg A Az W-belyx A7 Foe 77h 354wy, 153w AR
Uetgtow & A7 5 oF 507vr o2 YEelyt 7]E AE giv] PCMEHolE 48§ A
AR v g AHE&S ZHz gk oA 2.56%, el A] 72% A% FAas Sl
- PCME2dI0IE #g82=x I8t UK B2 - PCMEdI0IE HE2=Z Q& 0K B2
= me o2 HHQ UK HAE x MHYSAIFHE () = mg A2 AU K B2 x MHSAFHE (M)
= 1.6kWh/m x 23,936.22m = 38,344.31kWh = 0.96kWh/m x 23,936.22m = 23,039.78kWh

e iUX 22 HIE
= PCM ZdI0IE 2822
X Oll LA K10t
= 38,344.31kWh x 92.3(&/kWh)
= 3,539,179.8&

pl=13

oo

elst BIAXl M (kWh)

- uel iHX 22 HIE
= PCM ZdI0IE HE2=2 QI8 Xl X2 & (kwh)
x Ol XIEHO

= 23,039.78kWhx810.6(&/m")x0.082(m /kWh)
= 1,5631,435.74&
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Ol 7e SFE BAle =&
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oy 0L rSte P Packinghl 81 HRIE} 1 o 8 A JlE
cTsT == NSS4 S=/0| ASS &l
Total Site Energy Haormal Roof System FEW Roof Svsten Yariation
Total Enersy [kihl 33,916 234, 306, 00 B
E”E'“AE {Eﬁ’f‘}m?]“ Ity 133.07 129.96 2820
Heating Erergy [kWh] 12,061 .B5 11,183.97 Ti0% 5
Cooling Eneragy [kWh] 56, 278.76 54,834.71 2.6% I
* Energy Plus Al2al0l& £=3Y
* PCM Cool Roof System2 ‘S E S8t & 2 HlE 24
ZHE Bt - oY 2 HEHA OlatetEta A2 HIHA M2
HIE 216,169&
- Xl H& BIE 5,070,615&
- HJ|& Zatee| 2 HlE 7,180,8663
- & A 2 12,467,650 HIE B
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Thermocouple

@ Packing type PCM A =t
* PCM< Melting point7} 44°C ¢l RUBITHERM®AF®] n-Docosanedd PCMS AF-&-3t4th
- A71E (2" 3679 2ol YUBFEd PCME #4993 I3 thoz yA HALEE
A 2sk 3l v

300mm

T AAELF), 5AEHD), dFrEEdlE)=E

Tl A FE AR H = it F e
A 55 A rpe R A skt
« (19 368)F #o] mpzw ol ol Packing typed PCM<S 4Fisle] W2 x W=
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I - Finishing Material :— » Surface variable
i - Packing Type PCM

-Concrete Mortar THK 2

-Insulation THK 10

-Concrete THK 30

= ngge AJeEE = 2w Ay et 49 Cool Paintt}zrs A

El

Case 1 Case 2 Case 3
aEZ PCM+44 THEHY PCM+= TH PO 20l
hx= =M EE s / FIMR2Y EFEE S / Cool paint

SR

@ Case 1. AAEL (A AF) =zt

+c) ——Green ——Gray Cool paint ——PCM44+White - Qutside temp.
70

60
50 ] ‘nuﬂ*-ﬂf-: mp\
f \,;

40

30

20 —
e e
1 2A17F 30271 2F2| 24:00

Time lag 28

10 -

0 - : : .
0:00 4:00 8:00 12:00 16:00 20:00 24:00

(28 3.69) AMMEIY ot FH2E =

cHALYE B FTHL2E 645T, IAMFEE 569T, Cool Paint 44.9C<Y uwf, PCMZ4 &
A (A7) 2%+ 309C2E YEFSTH(E=2133.6T, 26.0C, 14.0TC).(Z2¥ 3.69)

s Hal 9]l RT7CHeH, PCMOZ 23 Time lage oF 2A17F 30% 0 & }Ebyt),

@ Case 2. ZA(d=2) vzt
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) ——green Gray Cool Paint ——PCMa44+White - outside Temp.

80
70
60 -
50
240 - o
- A
] f——/ 1 =
*E — 1A1Zkzo g 7hEs el
1 i Time lag 254
10 -
o ; :
0:00 a:00 8:00 12:00 16:00 20:00 24:00

(23 3.70) =X ol EH2E J=

c=AMoYE AR THLE 70.1TC, MY E 624°C, Cool Paint 50.3CY o, PCM<
AEt HA(F )] 25F 37.2TC2 YEPGTH(>%=%4:3297T, 252, 13.17C). (29 3.70)

s Ha 97 445Cg e, PCMOZ 23 Time lage oF 1A17F 2080 &2 eyt

@ Case 3. &FH|H(&UlE) vt

%) ——Green Gray Cool paint —— PCMa4+White ------- Outside Temp.
70
60
50
10
30
20 '
} 208 7}2F0]
10
; Time lag ‘2
o T T T
0:00 4:00 8:00 12:00 16:00 20:00 24:00

(38 3.71) ¥Fojg oty FH2E O =

=AY E Are] ¥HSE 620C, 3 564°C, Cool Paint 46.7C% uw, PCM<
g5t dFuE(EHoE)Y e 344T=E YEHYTH(EE21276T, 22.0TC, 12.37).
71)

3
* H 3 97]L 380CHo™, PCMOZ 213t Time lage °F 2080 2 YER T

@ Cased A& W Hi &% A A

<E 3.34> Case M=o M z1 2z ™AL} (=h2l:C)
=M &t S|M 22 et Cool paint PCM
1 =2 64.5 56.9 44.9 A THEFL
case
PCMtSl 2& Xt 33.6 26.0 14.0 30.9
=2 70.1 62.4 50.3 =27
case? -
PCMtSl 2& Xt 32.9 25.2 13.1 37.2
=2 62.0 56.4 46.7 gz2(|s
case3d -
PCMtel 2& Xt 27.6 22.0 12.3 34.4
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S qAEe] PCME AIe 4F s, AAede 9 Anew
3|4 g€k, Cool painte} Hlul 3 79 3367C, 26.0C, 140T ©

—4

s EAel PCM< AFIE Ad Axh, HAe] W HukE 372TE =54 g, 34
L#d g Cool paintet vl & A9 3297TC, 25.2C, 131C ¢ @& 2= eyt
cdFuEd PCMS Abdstel Agst 23 4FvnHe #HW HIeLEve 344TCT=2 54
S, A g Cool painte} W 3 AH$- 276C, 220C, 123TC ¢ ¥ =&
LR T

2} &~4

3] A9-2 gk, Cool paint L83 PCMS 483 A Aetd, 54,
Azt qAetdy ZA7 SFujERg oF 36C A etk
o] AL AAE 20804 EAE 247 30E71EFY Time-lagd A<
A= PCMY SEA4 5oz Qe Anz #asn 53] ojfs dAds &
FH2E 9 Yuist ARans 7 & JdS Aoz Ak
5340 54 g A ehlarite] 56TCTT0Ce] &2 FXE
B3, Cool paint®= B 47.3C9 X5 yERHth 28y PCMAE = vt 342TC2 4
9 s Ae-getd A gre Fat 27.9C $A, Cool paint® Ut 13.1°C A YERSLT

2) WPC(Wood Plastic Composite)d] €3 AE AH

. -
E dA=Ss 54

7hH WPC 3 dub =4

s WPCe} dubEx] 2% 600mmX600mm
el 3.72), <#E 3.35>.
cAAESE AN g5 <xE 335>F o] Akl ZAYE Hu WPCS HAj7t 77t
[e]

hyA
AL
SHi, 12vfe] A2 ddras zte AS FAssith

u

Hlo

—

o

2 g BelolEE AR 24 AES

WPC

Material Thermal conductivity(W/m* C)
WPC 0.35
EER 0.15
HE =M 0.13
2EZICE 1.83
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S~

&3t “ﬂC%ﬁ~%éa%ﬂ
055 W/m-K, 053 W/m-K
A ErSH(1:3) o EY=
Beuw 132 0.028 W/m-Ke

Lm&

<¥ 3.36> 335 =& WPC €dMEE 1 Z3}
f&;ﬁs}z;;§ K (W/mK) 1/

1 887.9944 0.529941 96.88897
2 888.5313 0.530477 97.07762
3 889.8055 0.53175 96.99586
4 894 .8415 0.536787 97.38058
5 890.3037 0.532248 97. 11777
6 889.1223 0.531067 97.03074
7 893.0003 0.534945 97.3482
8 891.1271 0.533071 97.23239
9 894 .2066 0.536152 97.3451

888.4203 0.530366 97.01608

g 0.53268
3.37> 5535 o|xZg WPC &N Z 1t
— 2
I[Enflzl;swny (ws? / K (W/mK) i
1 899.1821117 0.541137 97.54179
2 906.0743065 0.548058 97.94915
3 913.4769912 0.555512 98.53692
4 906. 1098626 0.548094 98.03331
5 908.2804648 0.550277 98. 16699
6 911.3248005 0.553343 98.3449
7 915.3820019 0.557433 98.6515
8 911.1074731 0.553124 98.40718
9 911.2035677 0.553221 98.41604
10 913.5568462 0.555592 98.39406
g 0.551579
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0 AR — S 0[Es ZyojEs —E2Tn —ETm Wh/m)
70 - 900

- 800

- 700

- 600

- 500
30 - — '
: # - 300
20 - _ x-:n—:
W - 200
1 Global Irr.(Wh/m) - 100
5,716

0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00

=443 vz gWel Hu&EE WPCZE 580TC, ZA7F 464TC=
= B3, HAAeEE WPCrE 1257,

iv
uj
X

|

&
Ml o
rlo
k1

r

=

=3

@
N
=
=
I
)
N
&
~

fru
o

c) AT ——Z 30 Es SZ0|E42 ——ST1 —— I (Wh/ )
70 - 900

- 800

60 -
- 700
50 N k- o

- 600

30 - e

———cee 300

10 -

Global Irr.(Wh/m) 100
5,716

0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00
(33 3.74) o4 HFE2E =

ek bAl YReE A4y kAl ZHe HuLEE WPCZE 519C, EA17F 398T=
el on Ha#SEE WPCZF 30.3C, ZA17F 255CE Ve, AA &%= WPCPF 15.3C,
2 A7} 14.2°C o] T}
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A —Zo|Es — EXjs1

(c) (Wh/ )
70 - 900
: - 800
60 -
- 700
50 -

: - 60D
40 - \_\ - 500
30 - - 400

. \- 300
20 -

- 200
10 -

; Global Irr.(Wh/m) 100

: 5,716
o . . . ; T : ' ' . ; ; : o

0:00 2:00 4:00 5:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00

(O8 3.75) ojdA StRE2E Jsi=

cEREA sk SAAN v gHe] Hueks WPCZE 382T, HAVE 402T=
vUeben, B2 =s WPC7F 309C, HA7F 255C =2 Yesa, HA2%=s WPCZF 1327,
B 7} 140Cel ek &9 <#E 338> 7+ golojd 25 E ek,

<¥ 3.38> Z ZojojE 2% (2Hel:C)

WPC =V 2C Rt

Ines 58.0 46.4 1.6

OF2M 249 Hpec 30.1 25.7 4.4

HAN2E 12.5 1.3 1.2

Anes 51.9 39.8 12.1

OF2M L= o2t 30.3 25.5 4.8

AN2E 15.3 14.2 1.1

Nnes 58.2 40.2 18.0

Ot2 M &t= o2t 30.9 25.5 5.4

AN2E 13.2 14.0 -0.8

e
ol Mo

L N
fr o rlo F2

iy e B

A7F WPCell Hlgte] v 225 yerdia 9l

B

Rloo¥ mx

AT i)

T h)
o

= At

ko
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3) WPCE 2 £3% PCM Cool Roof System A% A3

7F) WPC % Packing type PCM A %}

Hg A8d 5 s FEF0 A NHAES

o A& ¥ WPC: Packing type PCM<S A& 4
Aot (¥ 3.76).

£
A

-

(08 3.76) WPC 7= HHE

cWPCY Z3¥=°] A9 ¥ Packing type PCM& thg9 (¥ 3.77)% #o] 35g/packC =

Rl =it

cEaEd AAE Awdd AR AR wuTde Rz 110 A,

600x600x600mm 712 AZeRw, ARE Asld WA @ viete] AZYS w] 9lskel

40mme] HAAE A )

‘AR wTre deel (28 3w gl SURAARE 2ase @, R
=4 AL Zeolze] A¥, Zaole ¥, Zeo=a,

ol =g o] = ROODEA

VTP T 0

« PCMo] Ag5# & v WPC ZdolE
*RT 44 PCM(44C)o] A&¥ WPC
* Bio-PCM(26C)°] A&¥ WPC
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<¥ 3.39> M Z%Z PCM (Bio PCM, RT 44 PCM)
2= Bio PCM RT 44 PCM (n—Paraffins)
RT 44 PCM
MBSIR2E 23 ~ 26 44°C W
=RM2 A=Y b 2HEl A
1= 2 2 34.779 36.18¢g
() (~200J/9) (241J/ g)
AHE
2 A4y
O A3Ms
« AFe 20154 9¢Y 229 8-H 9¥9 24Y47A] ASEHEA] T2 AT A T4t
2088 AESAolA HellE=Z Q13 Al W7t gle APIAES S SAHES
A9
059 AgAI(aYE 3792 A 3U7E] HolEolH, AAg dolH A4S $3te] 9¥
249 dlolHE &3 vh(1d 3.80783).
* 9924d o] H 7| &2 234C, A +H2 3.0, HFTH52 1.9m/so|t}.

Solar Radiant Bio #1 Bio 42 = Plate Only #1 =——Plate Onlyj2 =——— PCM RT44 #1 = PCM RT44d#2 - Outside Temp .
gc} (Wh/m)
7 1000

} 0@ 222 08 232 0g 242 ~252 06A
- SEBALE: 4,628 Wh/m SEAE: 1979 Wh/m SE QAR 4,632 Wh/nv - 800
: - 800

40
30%
20 -
10 -

§

H =Z9oE

cZYoE FHeE SAZAY Hueke T ZHoE
PCM2 4772 YEgon PCMeo] E°A &2 o
RT 44 PCM¥} vlxl A H o 6.8C2 zto]7} vhe}ytT)

50 -

- 700

- 600

- 500

r 400
- 300

- 200

- 100
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1000
700

(Wh/m")

4:00 5:00

Outside Temp

2:00

000

PCM RTE4 H2 o

s g e,

22:00

20:00

PCM RT44 #1

18:00

> US 18127

Plgte Onby#2

16:00

2olE

14:00

I

=

Plate Only #1
1z2:00

(28 3.80)

Bio #2
10:00

8:00

> US 06:21
5:00

4:00

Solar Radiant —— Bio #1

2:00

0o

£
50 -
30

10 -

A

o

il

el o]

44 PCM =

x
=

#lo] &, BIO-PCM, RT

1

P
T

S

ok
=1

dl, Bio-PCMe] 7%

PCM ¢ 3 °F 64

Q =
A=

fei3
=

|

[e)
frA13F% 3L, n—docosane

o
o

A Time lag &%

7kl

;L

30+

%
0
0

~

C)E

> 524727

s

94
2EM3C We)E FAH

s

2A]

5:00

-~ Qutside Temp
'—Z’:IOIHE:
4:00

4,632 Wh/w

2:00

PCM RT&4 #2
C:00

22:00

20:00

PCM RT24 #1

18:00

18:27

16:00

»

14:00

Plate Only #2

12:00

(28 3.81)

10:00

Plate Only #1

800

> U= 06:21

Bio#2

6100

Bio #1
4:00

2:00

e
T

0:00

°C J
a8
50
30

20

ic

H

5=z i

2|0|E L

=
=

14
ol
T

dolE 3}

m =

O

%

0

100

Bo

o)
ZO
|

N

3]

-
T

A YEr =, o]

172C

ok
O

T =
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o) Bio#1 Bio#2 ——PlateOnly#1 — Plate Only #2 PCMRT44#1 ———PCMRT44%2 - Outside Temp

70 =
: > 2= 08:21 > US 18:27 LX)
4,632 Wh/m*

50 -

0:00 2:00 4:00 6100 800 10:00 12:00 14:00 16:00 18:00 20:00 22:00 C:00 2:00 4:00 5:00

(L8 3.82) EEI0|E SIE=2F Ji=

WYY dE2=

CANE AFLE ZRAN A AU HAn ew B A

=

Bio PCM 174 20+, RT 44 PCM 174 31 =A12 YERS: d s
Wz Al v A@ACl st ko] Wz £E7F =d s #lsdith ofdd wek d=
o] AUy HA 2%+ Bio PCM 23.3TC, RT 44 PCM 21.7C, @ ZdYolE 209TC o=
LHERSE
Bio#1 Plate Only #1 PCM RT&4 #1 s QUtSide TEMP

(0

FO

: » UE 06:21 > US 18:27 LRI

i 4,632 Wh/m*

60.

505

10 -

0:00 2:00 400 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00 2:00 4:00 6:00

(13 3.83) Al MEA=2T Osi=
wh) &~4A

w49 Ane

il

QoFsh oS 2

s WPCel PCME #&31# &2 wd Z#olEd H|ste PCMS A&3 ZolEr7l #W
257 o A Ve

* PCM9] melting point =%=x¥ Hlnlo| A= Bio-PCMX.t} RT 44 PCM9 XWH2%7F ¢
XA e olE Ui PCMe 5oz s g g £ o3 Aoz dAumn,
A or AWHE %7 %S RT 44 PCMeO A$ AWz 2% Wi Huds
A3t AES gl

« w2k, WPC+PCM EJ A5 E A evbidAldd 483 745, dut dA5Als B THE7}
A e S8 gl

* £3] Melting Point 44°C¢! RT 44 PCMe] Bio PCM 26C Bt} &% A 7to] 243t Ao 7 el
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4) PCM Cool Roof System9] vz dd 95 23

7F Brown, White2] 42l PCM Cool Roof System =423 &3 A2
* Packing type PCM¥ WPCE vlaAdd dAds 29SS 98] Brown, White 249 F
A& ALst A
* 718 AERD WPCe] A 2 Brown) oz &Aool AdAslar, 4 (White)e] 7% Cool
Roof vt o s F2 ALEH 7] wido] WPCH HIEE Z=x3to] Alztalslt.
cAA E g PCMO WMAFE thge] <E 340>3 gom, FaRgS Agete AL
A A S TH Y 3.84785).
(08 3.85) 428 A
<IFE 3.40> HpMH™
Huas 1 Huad 2
POME F AL PCMEF A PCME R A PCME = A
) Bio 25 . . .
_ RT 44 PCM| White |[RT 44 PCM| Brown White | Bio PCM | White
AER P
A - White, Brown PCM &2 - RT 44 PCM, Bio PCM

L

O AdNsa

- A3e 20151 10€ 20¥FH 109 26U7HA ME5EA AT SA4 5] AAF Tl
208 A= SAddA HelER gk dAbe] w7t fle AFERAE At FAS
ERER AT

o HAYZAI (Y 38600 FAHS 6¥9 dolHE YehdH, B A Holy #4&
st 10¢€ 209 dolHE ®EASATHIZHE 3.87790). 10¥€ 20¥e Hir7|=2 1667T,
Hit&F2 29, e &52 1.6m/so| o,
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5

45

35

30

25

20

is o

io

T T T T T T T T T T T T T T 7 T T
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 000 12:00 000 12:00 0:00

Solar Radiation RT 44 Brown RT 44 White bio White e Outside Temp 5
C) (Wh/m’)
700

300

o 200

100

(22 3.86) =™MZT (108 20~25%)

s ZHOE pUlE AN AU e dA4d%E FdHolEZF Brownd W FHiaE7)
39T, Whitex= 24CW9l= oF 15Te] zol7d yepytth. a3y, PCM S5l whE
AT FULEANAME PCM Fiel we ael7h gle Aox ey

:Solar Radiation ~——RT 44 Brown RT 44 White bio White - Outside Temp
I o
15 - 700
- 600
- 500
400
L 800
- 200

5 - 100
o . T T T T T T T T T T T T T T T T T T ]
0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00

[m
FH
|'EI
ro
H
I
f)
[H

(28 3.87) Es&lol

c ZYOlE UYiexE SAAY xudd mE 4TS RH2EA YERd AZole AA
th2x ekgttl. PCM 7ol we dAls =3 guToMel o] PCM Fiol we
Aol 7k gl Ao ek
=—RT 44 Brown RT 44 White bio White e Outside Temp
69
5
45
E
35
30
25
0
s b g e
ic
5
[y T T T T T T T T T T T T T T T T T T T
0:00 2:00 4:00 5:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00

(18 3.88) Z|0|E LR Jf=
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ZHOE %
s ZHoE SR2x FHAY xudd we d4Te EHolEZE Brownd w Hiawvt
36T, Whitei:= 22C= White7} oF 14T9 S yewt. PCM F70l we d4ds =3
gL et o] PCM FHell wE Ael7h fle o2 eyt

—RT 44 Brown RT 44 White bio White - Quiside Temp
o
5©)
45
40
35 -
30 -
25
20 :
15 o PRI A L T T gy I e e
ic
=
o T T T T T T T T T T T T T T T T T T T T T T T
0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00

(18 3.89) ZH|0|E ster2r Jef=

W JHH =AHAZA43 gudo s dA5e ZYoEV Brownd W Hue®=7F 30CY
ACHLIZ <F 6T Aol7F YEeElyT. PCM F7Hd wE dAls T3
WL ek o] PCM F o WE Zol7l §le Ao =2 e

RT 44 Brown RT 44 White bio White - Qutside Temp

£

45

35 -

30

253

0 o= —
e S YR
15 g

ic

000 2:00 4.00 6:00 8.00 10:00 12:00 i4:.00 16:00 18:00 20:00 22.00 0:.00

(I3 3.90) Af M2 =

o) &2
* 12> %F Browne] 3897C, Whitex 23.7C=E 152T 9] #olE& H AT
c ZFYolE UH2E+F Browneol 389T, White 228C= 161T Apoluvir, FHHoE

2%+ Browno] 36.1C, Whitex 226C= 135C, AW HFHL2E=+ Browne] 2947,
White= 240C= 54T #o]E H AT}

*PCM F7ol we 4 FAHATR FhEtds Aolrb Ao AL, o W7 A
Bio-PCMe°] 05C = A Yttt
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3]
=

L 64

gt PCM Cool Roof System €38 A% 4

5) 9&71F AP ES ol &

i
o

B
%T
N
Mo

—_—

0

Fol sl

e

oo

—_
file)

el

o] (¥ 391)

KeN
=]

- o}

FAALI Ao

E

Dz

Q]
=

tolgo] o3t

&

7]

o)

FAeH (L 3.92).

5

AGA 2 A

&

Typical day ™ Controlled day

o
o
~

o
[a]
o

o
Q
e

:
o o o
o o o
< o (2]

[w/puciejos]

100

1 12 13 14 15 16 17 18
Hour

10

ZE7|atdolH Bl

=

Total
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5,038

3,709

5,104

18
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208
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191

1
(100%)

17

488

188
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354

2
(100%)

16

669

464

272

528

3
(150%)

15

783

569

338

528

3
(150%)

14

833

575

519

634

4
(200%)

13

897

658

597

634

4
(200%)

12

875

586

438

634

4
(200%)

11

788

641

538

528

3
(150%)

10

669

511

347

528

3
(150%)

475

383

222

354

2
(100%)

316

61

191

1
(50%)

Al2¢

(W/m?)

(W/m?)

3

R

K1
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Rl
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=l

ciol
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2

o

ua)
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cAALYF 2He O AoE Bt AdE e, 7 dAY dxE SAHIE F5H
AL 2d S FAst T
c AF Al YALELS AF gEEFS V)FoR At T AHOR 5100 W/m2 W& E vHEslo]
A7 Adee] gdes FEsath
W) 425 AdA Az 2 =4 )
*WPC "2 ZgolE FWol Ado] ALE ¥ Al 7FA v g4 85 =¥
« WAL S Zb7) 84047, 3] 4:0.22, ZA:0.17°] T}
« A& AFE ® PCME 25T (Bio 25), 30°C(Bio 30), 34C(Bio 34), 44C(RT 44) 4 7IA =
2 &3 TH<E 3.42>.
A S f3 4 vl A, UAE 25524 dHZEvEH, HolHEAE ARSI o,
A A dse v <3 343>3 #rh
<E 3.42> HEAMA
Zd0|E DI MA PCM Melting point
OF2HA4 A | A 3| A4 2+ A PCMEZ | Bio 25 | Bio 30 | Bio 34 RT 44
BHALE 0.47 0.22 0.17 Mzcl)fr']rt‘g 250 30°C 34°C 44C
H H

ol
<IE 3.43> ™ 7|AHHM
U AFH| CXE 255 |LHS0EH L LA HOIE2H
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c @A) Fle] POMER 3o tiEe $96 o] mie 44 349 2 A F gl

Se gl AR, FF AU A7 u}
ol

wel A, B Ao = DA A gtol] tidk ¥
PCM Cool Roof System®] H&¢7}1S &85

1) ¥ -&AA

* 245 PCM Cool Roof System® @l Imd F9o]y, Ago] 83k plate typeel PCM
Cool Roof system®] T+%E nlg o=z H|{W7IE 23T
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— WPC WPC+PCM WPC+PCMHCool Paint ... 9] 7|
65°C

60°C -

55°C
50°C
45°C -

40°C
35°C T
30°C

25°C
Pl —
15°C -

10°C
SO S Q@ Q@ CRL q}@ SO S S PSP @& ®

(38 3.132) EE0|E W&

R E R R RN

<¥ 3.78> E2O|E WRE2k: 5841} (Et2l @ ©)
=dI0IE Rk
WPC WPC+PCM WPC+PCM+Cool Paint
ES ) 53.3 56.4 41.2
ESPN 17.2 17.2 16.0
g4 31.4 34.4 26.5

ZYolE UReE ZAAY, HELE:

Paint:26.5C = EFSLTH
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WPC:31.4C, WPC+PCM:34.4C, WPC+PCM+Cool



AW 2% (0] © 1200mm)

——WPC WPC+PCM WPC+PCVCool Paint |7

45°C
arc
35°C -
30°C
I5°C Pe—
e
15°C -
10°C

oSS ,bé’ Q& {ys@ & @@ \?@ f\?& ‘9@ SHL LSS Q& Of@ »»"@ & Q@ @@ S LS PP 0@ 0@ & h@ %@ «5’& q}@ &

(28 3.133) Al & Z3of gz

<E 3.79> AU =™HZ1 (2t2] : C)
ALY 1200mm 2%
WPC WPC+PCM WPC+PCM+Cool Paint
ESin) 28.5 27.9 27.5
ESDN 241 24.5 23.9
B 25.9 26.0 25.4
AYer 2AAy HHFeEE WPC25.9C, WPC+PCM:26TC, WPC+PCM+Cool Paint:254C &
e T
O 2gdAx = aof
2 A8 Axrs gkt uS 2o
c ZHolE ¥W HIFLLEE WPC:33.1CT, WPC+PCM:33.9C, WPC+PCM+Cool Paint:28.27T =
Uebyon Ay HaeEE WPC:25.9C, WPC+PCM:26C, WPC+PCM+Cool Paint:25.4C &
yelytth & gdHexe Ader: 25 Room3(WPC+PCM+Cool Paint)7} 7} Y7
e

metA, PCM  cool roof systeme] 37 A& A& THSE Ay AUy 2%
APt Azh) 23 2 UEeueE AS d5skath

2) PCM cool roof & €A% AEHNAE 53 YWHs AF As AF

- /& : PCM cool roof®] WHWHst Az de HAese Sl =

NS AEIOASE FI FdeUT. AHEd 232 EnergyPlus  Ver.
UA A Qlxlo 2 AFE3lE Design Builder version 4.7 ©|th. 33 A e tsS3
Zth (1) PCM Cool Roofe Z4AREAAI HAZvolHe ZARPNAN 5U3

X Al =

AR SR Algdeold volHE Hlulske] Al o]

rol
BN
)
(o]
fru

) Hrs AFsta, (2) PCM
Cool Roof7} 89 =473} Test-bed, PCM Cool Roof7} &% A & ZAmy i
Test-bedE AlE#HoIA Z2ads Fa FAIh 3) AlEHINA FPoz YW ds
AbZETh wix o R (4) 4R &3 Test-bedol PCM Cool Roof 2-&A1¢F 1281
WikshFE(A EdelAd ZA3gh) wlawE F3 PCM Cool Roofel Wyt Az deg
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c AlEHOIASE Fo WSt A A Asvla 249 <A PCM Cool Roof System®]
A 2 Hla-HFske] AlE#olAd Zaado]l Al

AR AW Aol st AEdeld dolg
2 A4 AF

« A% FH 7]F (ASHRAE 7]5)
- Ao Aol A EH oA Aol Hlu HEE ASHRAENA #|¢tsta 2= MBE (Mean
Bias Error, ¥+ 3% 2%, RMSE (Root Mean Square Error, ¥t AlF<- 23},

CVRMSE (Coefficient of Variation of the Root Mean Square Error, it A3 2322
HEAT)E AFEste] ATt A4 Holel A8 A2 o (574 1, 2, 3)3 2.

MR =25 (gng) > 100
- 2
(4 2) RMSE= Z—(S M)
N
MSE
421 3) CVRMSE(%) = 2 AS < 100
ASHRAE(2002) 7]<tel u}= A dlolH 2 HfEd Ede] MBE #te] £10% o|uj<l
RAog Fddrt ASHRAE] A

74%-, CVRMSE kel 30% OMM Ag mdo]l AHAgk A
Al&3k= MBE, CVRMSE 712 th& <& 3.80>¢9 #th

<3 3.80> ASHRAE(2002) 7|&

Calibration Type [ ndex Acceptable Value
MBE + 5%
Monthly
CVRMSE 15%
MBE + 10%
Hour |y
CVRMSE 30%
@ AlE#old A AF Ma

« oyxl A A& o]A : EnergyPlus Ver. 8-5
« Rda 2 73 : Design Builder version 4.7

© Z1dely ¢ H 1097k A2 dHeoly (71747%)

© PCMe| ©m g9 @ AT dYSPUDSCIOR 24 2 48



<I 3.81> AlZE0|d HE
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A
HA
2= PSS
AZ2dI0I& I EnergyPlus + Design Bui lder
JI A HI0IE JlAHE =2 10E2t2] G0l EH
24y SADSEAEA
PCM &2 ANXFZ=AL =Y (DSC)
=X A2t 24N 2F [ 1AI2H
O Fa2EY E4A 44 =1
ooy A =7
Algdold Rde oue 4Ry HAPA e Y sdsiAl AEsdoen, AEd
g9 o FAR e by <E 382>9 2k
<E 3.82> =403 H Mg ZF
& SN A= e
Wood derivatives—plywood 3 mm 0.12 W/mK
XPS Extruded Polystyrene
"HEC Blowing 40 mm | 0.03 W/mK
Wood
derivatives 3 mm 0.12 W/m-K
-plywood
- AR 4g 22
AlEgold R e H42EY HAIA A} sdsiAl Agsd o, AlEdg ol
A AR AT Fe oS <HE 383> 2}
<¥ 3.83> =451y X8 M 4
& S| HNES e
Mor tar 2 mm 0.88 W/m—-K
XPS Extruded
Polystyrene 18 mm | 0.03 W/m-K
-HFC Blowing
Concrete 30 mm 1.35 W/m—K
PCM Cool Roof System A4 =4
AlEg ol 2del PCM Cool Roof Systeme 458 A 2713 sdstA ZE3s9e
AEg ol A-8H PCM Cool Roof System® TA3} & ths <3 3.84>9F 72t}



<¥ 3.84> 4238 PCM Cool Roof System H& Zf

-4 M SNEE CHH G
WPC 3 mm 0.25 W/m—-K
RT 44 PCM 7 mm 0.18 W/m-K

WPC 3 mm 0.25 W/m—=K

RT 44 PCMe #d= H
dF=AHH(DSC)el A e <F 3.85>¢

<¥ 3.85> RT 44 PCM A|AFAL H=HEH Znt
=5 2z (C) Enthalpy (j/kg)
Point 1 10 19907
Point 2 15 29700
Point 3 20 39907
Point 4 25 50700
Point 5 30 61249
Point 6 35 72180
Point 7 40 83268
Point 8 42 89458
Point 9 43 94921
Point 10 44 109212
Point 11 45 137871
Point 12 46 167454
Point 13 48 184978
Point 14 50 190852
Point 15 55 202534
Point 16 60 214415

(© Test-bed?] A HAA =4

. gtﬁl AR ZA

=20 T
AERY ¥ M=% #d 100mm, 5= ¥ 800x600mm H-o= FAEJOH, FF
ELEE Fal dAel FFE A g Fxolth Algdold Rde] oue HAERPAFP A
213 sd3A Hgstdom, AlgEdelAdd AHeH ¥z e v <% 386> #

-4 SH NS SHE
Mor tar 3 mm 0.88 W/m—K
Zinc 2 mm 110.00 W/m—K
XPS Extruded
Polystyrene 96 mm 0.03 W/m-K
-HFC Blowing
Zinc 2 mm 110.00 W/m—K
Mor tar 3 mm 0.88 W/m-K
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0.88 W/m-K
110.00 W/m-K

0.03 W/m-K

110.00 W/m-K

0.88 W/mK

3 mm

2 mm

96 mm

2 mm

3 mm

24

Mortar

Zinc
XPS Extruded

Polystyrene
-HFC Blowing

Zinc

Mor tar
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System

Roof

PCM Cool
Al E# o] Add A-8&% PCM Cool Roof System =7
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et

PCM Cool Roof System
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o

3.88> M=%
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LA
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A
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0.25 W/m—=K
0.18 W/m

K
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m
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* PCM Cool Roof System®]

391>3 2t}

Ay A
3t

p 84

g e <

26m'olt}, A& o

<¥ 391> 7|2H=E M

3J
U
O
oY

N

00

LH

2.5m

K10

i00
30
&0

2.4m

26 m

It

=0l

3
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00
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<E 3.92> 7|

A
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il
A
<l
toll

0.88 W/m—K
110.00 W/m-K

0.03 W/m—K

110.00 W/m-K

0.88 W/m-K

3 mm

2 mm

96 mm

2 mm

3 mm

Mortar

Zinc
XPS Extruded

Polystyrene
-HFC Blowing

Zinc

Mor tar
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A% 44 27
A ARe A=AA Ad 100mmz FAH vk ABdold mde Aze
AERPAFAY 2139 LA ALt on, Algdoldd A& A§ =1L o <3
393>} 2o}
<E 3.93> 7|2HE Xs HE gt
24 SH NS S
Mor tar 3 mm 0.88 W/m-K
Zinc 2 mm 110.00 W/m—K
XPS Extruded
Polystyrene 96 mm 0.03 W/mK
-HFC Blowing
Zinc 2 mm 110.00 W/m-K
Mor tar 3 mm 0.88 W/m-K

* PCM Cool Roof System A %4

AEA8 PCM Cool Roof System= Y=ol

| = A
RT 44 PCM, PCM (%) Tmm= A &3ttt Algde]de] A& PCM Cool Roof
System Z712 o5& <3 394> 2t}

<¥ 3.94>7|27E PCM Cool Roof System H& Zf

-4 SN SHE =2 B
WPC 3mm | 0.25 W/mK

RT 44 PCM 7 mm 0.18 W/m—=K
WPC 3mm | 0.25 W/mK

Aut ALHEE AL An) Axdog 7]EAe FCU(Fan Coil Unit)¥ & #32 W% 7] (Air Cooled
[e)

How dAslen W Al HAZkR ARSI W A A7IAMES 7R skl
712 ASHRAE 90.1-2007¢] Building Area Method_Office Buildings 3313}¢]
9 % W 2AFS A&k th Heating System® COPE 0.8501% FH &%+

[e} =
A A3k¢ 3L, Cooling System® COP Al 18011 FHE: 12CE AAEA

gy Ra AR 4% A% A9

71 A& wpA (9HARE 0.1), Cool Roof System(¥HAFS 0.1, 0.3, 0.5, 0.7), PCM Cool Roof
System(¥HAFE 0.1, 0.3, 0.5, 0.7),2] W- dyx] 2 93 J3E v B4 At

wAbgo] 032 W Cool Roofel Wirelux: 891%, W 3= Pabi 386% 7 astlch
PCM Cool Roof System?] Wl YA = 9.96%, W 33 F-31= 4.00% 7435

HEARS o] 059 W Cool Roofe] WHblUixE 1524%, Wi ]2 Rahs 7.29% 7253k,
PCM Cool Roof System®] Wwo|l Y =]+= 15.07%, W ¥ = F3F= 7.19% 7438t}

HEALE o] 0.7¢ ® Cool Roofe] WwrelyAl= 21.91%, W 93 F3b+= 11.63% 7H4sS
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PCM Cool Roof System?] WHo| Y =x]+= 20.85%, W 13 F3F= 11.60% 7435

* Cool Roof, PCM Cool Roof System oY %] AH|z v

A& w74, Cool Roof, PCM Cool Roof System©] WhAF&of w& oy x| A=k

E Aas] 2 ofge <3 395>¢F Zth PCM Cool Roof System¥} Cool Roof<}
-, PCM Cool Roof Systeme] WFA}E-0] 0.791 A-$ Cool RoofE #&3}= 4-FHT}H
&S 0.72% A, WHk Ay A S 1.34% "L% ok YA 1.60% A, W
A F3= 003% A, i 33 Bele 0.22% Aaste AS el oyt Aye
Ul AlHAIG o2 AE A5 HE5a e Cool Roof ZEJﬂJﬂ} Hlal Al PCM Cool Roof

System®] F oA %] Az 7]¥9] Cool Roof Bt} 32l Aoz dctE),

<E 3.95> 7|Z& X2 olZdA the| PCM Cool Roof System OflL{X| HZtEf

. PCM Cool Roof System BtAl=
= 0.1 0.3 0.5 0.7
et ol X (KWh) 5.44% I} 9.96% 15.07% <& 20.85% It
ek I3 L5 (W) 0.62% L 4.00% b 7.19% L 11.60% <L
et ol X (KWh) -3.6%% 1 -5.67% 1 -8.03% 1 -10.90% 1
i L

o} ofgtEe} FEltkx| o] £Atel PCM Cool Roof #-& Al W8t 3t &3 v]al

i

g AlEg oA

@ Design BuilderE &

« g8y BEAzZz WS Design Builder® PCM cool roof system’ 2§ A
Wy =] Anle A a3E 48] f1ske] ARE-sEsth
c AEY 9y rdy ¥ HVAC A28, 2AE 948 Tl AMgHAAA = Z2 a3 o)

Nataa e 99 Adata, 74 99 o] AFEG W@ FAge =Ha

<¥ 3.96> CHX|EF 1l Al Zefo|d 2HE

AlEg oM =

-
Ao
s
0fo

o}mtE

1,079m> -




 AlEYOA A =14
- A g duyA AlEdolAd FACA ARES AT g TR aFTA L
SIE(FA) WAR BHAG O, 7t RxME Y S Rolsdn
-84 A 21E okl <3 397>¢F 2
<¥ 3.97> 24Y AlFHolHd ZHY MY =AH
ASY0ld 2ea SXMXAH
PCM Roof System &1t HEZ0IX LUS B2 A=
ANESxH - HAS
RT 44 PCM, & ® =& : 0.2W/mK
e &8 =2 Heat Storage Capacity : 241KJ/kg
S == % | 4EWE : Asbestos Related Materials:Cement Sheet(22)
Glass fibre/wool-fibre slab
Cast Concrete
PlasterBoard(LH =)
HMTHE : Asbestos Related Materials:Cement Sheet(2l2)
e 48 A Glass fibre/wool-fibre slab
Cast Concrete
PlasterBoard(LHi &)
A= EHEAMH| : 43%
g Mg (W/m- K) : 0.9
2 A== (U-Value) : 1.978W/m K
2= 48 XA | EMH - 3mm, Y S
2UAI EUE : 0.687
Mg dAL EUE 0 0.624
JIAZE SUE @ 0.744
=3 . 13mm
AH| AlI2AE® &3 : FCU , S3A HsD|
SEAAE HAF | LY Al i‘iot'?}ﬁ ALE, HEE Al @DIM%
XA AHE XA ASHRAE 90.1-2007 22 29 L XY AHE &S
Heating System COP : 0.85 %E%E 35T
Cooling System COP : 1.8 E2=22%& 12T
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<¥ 3.98> AlFelo|d 2HE MY =AH F EHHE
- = T+ & S N g M= (s =
Abestos Related Materials :
Cement Sheet 0.08m 0.36W/m—K
PCM Glass fibre/wool - fibre slab 0.14m 0.035W/m-K
MESE=S
X= Cast Concrete 0.19m 1. 13W/m-K
Plasterboard 0.01m 0.25W/m—=K
RT 44 PCM 0.03m 0.2W/m—K
R . WWmnRTHE 7
Asbestos Related Materials : 0.08m 0.36W/m-K
Cement Sheet
PCM
ESR=2 Glass fibre/wool - fibre slab 0.14m 0.035W/m-K
=
Cast Concrete 0.19m 1.13W/m-K
PlasterBoard 0.01m 0.25W/m—K
Abestos Related Materials :
Cement Sheet 0.08m 0.36W/m—-K
stoe Relsted Matenal - Coment Shee!
Glass fibre/wool - fibre slab 0.14m 0.035W/m-K
o=
Cast Concrete 0.19m 1.13W/m-K
Plasterboard 0.01m 0.25W/m—-K
O AlE#eold 4t
o APduA]o] Yl A] M #Ee <F 3.99>9F Zo] PCM cool roof system W] A -gof H|&|
PCM cool roof systemE A& IS A-F A7 Wbolyx] An|zFo] 29% A7tel 3=
Uetlom H Al dddEe] Wiel x| 3la Av| oA+ 6.7%Y A7HS e
<X 3.99> AMUCHX] Huto| X AH[Z A Z3}
2 HEo L X = WBH|I L K| AH| 2 He o A=5=9
AHIZF(A) [KWh] (A*AH =22 JH==) [kWwh] | Y=OIWX T3 AHIE
—Eaw BY === -8 A=F2- [kWh/min]
PCM cool roof system OI& & 182,326.8 2,370,248.4 34.82
PCM cool roof system && 177,210.4 2,368,735.2 32.63
X Adlg 2248 2.9% & 6.7% &
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= AutoCAD Program
= Google Sketchup

=  Boun dary Condition
= SA
= .Heachm

feedback

= Solver Processing = CFD Program

ost-Processing

':"*—‘mil Cifet a2

CoaARR oE S WA gl U2 w4 Addge 2AS] o8 wHs @
wagach vy g Az JreAsh Fure FAwA o,

O BRde #RE 1¥ste] AxHmesh) A7IE 02m=2 AAsA I, 334

Moz 4 7best 5718 A A (polyhedral mesh)Z 743} th.

3.102>+% Star-CCM+oll A tha AEe] mddy YAE Az 235 ye

<IE 3.102> that A2 AX =&

= %2 ax = ©x
A% 2
A2 His 50% 14%
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o) AAzEA

« U= 713 ARE Faste] Vet 95H HiE|=(267), ALH Hd7]2(-6T)=

et o, FdEn Mock-up A& oA AAgH PCM cool roof system =% #7F
Uk A5 2243 PCM cool roof system 2§ SAS Hulsl g

2
© <3 3103>cM = o FE I A AR S gEes ddZ23%E JEia vk

ot =S4 _
T Hoiec PCM cool roof EHE&E 2 N
HEZ 54.5C 47.7°C 6.8C |
HEH 28.8T 17.8C 11T |
<IE 3.104> Al=2|0|M aljA =A
g = (W=
3 2 Three Dimensional
Al 2t Steady
2 Al Gas
7= 88 Segregated Flow
= Al el Equilibrium Air
dd 3k Turbulent
dolz=x 4R olile k-€ Turbulence
A2d0lE S 1003l
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2h) Algeold A3t

(1) 45 @A

Fodxoq dut AE SAH(545C)% PCM cool roof system(47.7C)e] oJ&8d 2%
FEEE ob#) <F 3.105>, <3 3.106>9 2}

PCM cool roof

Temperature (C) Temperature (C)
<2 AF j | > +2 26322 31792 37262 42733 48203 53673 26,013 29958 33.962 37.936 41011 25885
]
= m D __'nm B e © EE
b

Temperature (C) Temperature (C)
26181 29 345 2 509 35673 0/ 26,002 27590 29176 30.76: 33934

Temperature (C)
570

Temperature (C)
<2 A} j I = +20 26045 27533 29022 30. 31.999 33487 26.000 26220 26458 26.657 26916 22744
oo [ m | T __I'm R " ol

= [=wa =
o s 25 2ExT(04E)
]
2o AS=4 PCM cool roof
 ss—
B |
Temperature (C) Temperature (C)
26.011 31.651 37.292 42933 48573 54.214 26.000 30215 34.430 38.645 42.860 47.075

[ R

Temperature (C)
26012 31.654 37.295 42936 48.577 54.218

Temperature (C)

zsviio 30219 34.437 38656 42875 47.094
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Adut HAE 2AH288T)¥ PCM cool roof system(17.8C)¢ A& 2%
¥ 3.107>, <% 3.108>¢} #t}.

<#¥ 3.107> 4 CiHTo e 2= &

=
7= oTET

(A

2
=

)

0 o

o K
Mo

PCM cool roof

2 ;
2_| g" j o + m Temperature (C) Temperature (C)
-5.5671 1.1081 7.7833 14.458 21.134 27.809 -5.9525 -1.4649 3.0227 7.5103 11.998 16485

% /c\>|- J I 2':_ + 1 Om Temperature (C)

Temperature (C)
-5.7549 18415 20720 5.9854 9.8988 13812 |.50704  .q1856  -23919 0598

=4 JIE +20m )

-5.9380 -4.0540 -2.1700 -0.28596 1.5981 34821 |5.9976 -5.2946 -4.591

Temperature (C)
8885 -3.1855 -2.4825

o W2 2E REE(HE)
28t A==d PCM cool roof

L A

Temperature (C)

Temperature (C)
-5.9844 0.90370 7.7917 14.680 2].568 28.456 -5.9997 -1.3285 3.3427 80138 12.685

17.356

Temperature (C) Temperature (C)
-5.9821 0.90645 7.7950 14.684 21.572 28.461 -5.9997 -1.3263 3.3471 8.0204 12.694 17.367
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(2) =7 @A

« FA GA oA dut AE 2AHB45T)¥ PCM  cool
Y= ofg <3F 3.109>, <% 3.110>¢F #Zt}

<¥E 3.109> =4

roof system(47.7C)e] oJ&d 2%

==
—

PCM cool roof

Temperature (C)
26.007 31223 36.438 41.654 46.869 52.085

Temperature (C)
26.001 29.932 33.864 37.796 41.728 45659

Temperature (C)
26.004 26858 27711 28.565 29418 30272

Temperature (C)
26.000 26.380 26.760. 27.139 27.519 27.899

Temperature (C)
26.006 Zrog2 29.837 31.752 33.668 35583

i
<

T

o

Temperature (C)
29.59

26.001 27.198 28.394 1 30.788 37.985

PCM cool roof

Temperature (C)
26.003 31.507 37.011 42516 48.020 53.524

Temperature (C)
26.000 30.170 34.340 38510 42679 46.849

Temperature (C)
26002 31522 37042 42561 48.081 53.600

Temperature (C)
26.000 30.192 34.383 38575 42766 46958
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« FA GAgA Lt AE SAH288T)¥ PCM  cool
EYE= ofgf <& 3.111>, <F# 3.112>¢F #Zt}.

<E 3.111> =4 ciH

roof system(17.8C)e] #-&4

7=

PCM cool roof

A

g é'- j | . +2m Temperature (C)

-5.9914 037591 67432 13111 19.478 2584

Temperature (C)
5|-5.9996 -1.7330 25336 6.8003

o>

Temperature (C)
.3191 017 B ; 56903

Temperature (C) Temperature (C)
5.9948 49510 39071 2863, 18195 0.77567 |-5.9298 -5.6139 -5.2280 -4.8421 -4.4562_ -4.0703
| T _'m [T I

Temperature (C)
-5.9997 -4.8792 -3.7587 -2.6382 -1.5178 -0.39728

e 25 XL (AHE)
ol A== 4l PCM cool roof

Temperature (C)
| -5.9967 072418 7.4451 14.166 20.887 27.608

Temperature (C)
-6.0000 -1.4446 3.1108 7.6662 12.222 16.777

Temperature (C)
-5.8872 0.74551 7.4882 14.231 20.974 27716

Temperature (C)
-6.0000 -1.4181 3.1639 7.7458 12328 16910
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Aoz eyt
(4) PCM Cool roof system &&= g PCME A H§ "Wt 4 & A<t
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7hH AlEdold e

* PCM Cool Roof System®] Z-f-o= ASAdo & SHAE Zter)h g : W97 &
PCMe] F#7F wl¢ ©A% MPPCMe Alzx 9 A3 Aus FHFsted & o8des
zb=th, meba] tekst AREe s J9lE 2t PCME HA A8 Wt g sty
A= AlEE oA S Fg dFo] destt & AT e oyA As H7F =9
EnergyPlus Z2138 3835to] 7et®l PCM Cool Roof Systeme] ¥W WHALS 2 PCM
2o & EAIHAS A 2HE EA sk, HA e ALets AjbstaAt gk

) A EH o)A Z2 13 (EnergyPlus)

* EnergyPlus Z2Z1#92 Wk vt 37 29, 55 & BT X&ste AdEYA
M-S FHrlste Z2ao|t, b 2 5L 2AXY, gARIdY 59 v Azl
AFol 7heslth= AolH, o]t oS T A AHQl EEg o] stk

o AES 2 ndd

= duRAEEAYIE olsk® AdASe]  VEAoR
AUAALEFol Ae A=s skt dee weEwHAd Fol= 100m2, 3.0me]th
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© A FHO WkALg S Ant mAMEgW(02)9F MNFEEHE06)S VEoR AAsYa,
PCMe] W3l 2%E 10CoA 50C ®WHolA 10T tAoz FE3te] AAs % on,
PCM® F7+= 01, 02, 03 mm= AAste] F 162719 CASEd Wig vlaEA S
AAEAT A9l 714EAE EnergyPlusol Al AlFsta v dd A9 7|FHHE
83t
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<E3113> HE 29

SR

L

2UIE (W/nK)

$$ HEH I Off LA XI & 2k & 2 0| &=
Eps 0.262 0.270
N 0.179 0.180
= 0.223 0.230
5 2.100 2.100

<E3.114> M| ERo| mjalEA PCMel Azl 25 77 U AL

AUEE=2E Heating : 20°C, RH 50%, Cooling : 26°C, RH 50%
AAHE Mal, ole, 2&, = : ON(00:00~24:00)
AR g =y 117W/person
M 2 0.0440
g wg 5.0 W/m?
0] ¢4 ogge gle A2z IHE
HER £ 0.113(People/m?)
S 0.2 ACH
| g 10£ / sec - person
HVAC Ideal Load Air System
JI &GOl Incheon, Korea (.epw)
UhAHR PCM =n
- 02 7 Nore 10mm
./j femne M.P. 10 20mm

3.0m




* EnergyPlusoll A& &=-dgy 345 T3 PCMY W3t 245 483 4 . PCMQ
A [e]

=L-dgy g4 AAlgE PCME 7182 274 dlo]gel DSC dHolHE
B8] A, ew-dws Fdel ALole WAL eueh, 24 PCMel AW
AHANAN 2m-dgs] Ao 7]&7]|7F F7Feks AR Hol PCME] Hldo] AA F7tsh=
e AT F 3l (1§ 3136)= 2 AEdolddA W= A4 pPCMY gHst
2=l 9E Yel Y, n-octadecane?] 2=-<gy FAS V|Fow FUI VE7E zE
PCM<S oz AAS G 72 2=dA] FA49 71e7]8 sdstA 243 A PCMY
Fd&o] FdstA AASA S vt
300000
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+ MP 40 8T TN
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30 20 .10 O 10 20 30 40 50 60 70O 80 90
Temperature (C)

(18 3.136) PCMe| 2 -0lEtu] ZM
(7I& : n—octadecane)

2) PCM cool roof system® EHLE A7 a3 &4
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60

Refiectivity
—=—0.2
+—0.25
+— 0.3
+—0.35
—+—04
—+—0.45
— 0.5
—e—0.55
—+—0.6

50

—

40

x‘.v { 3 -;:P e

=

EEyArdirEm

,23-‘3‘*

revaeiran

CxavAsThEn.

30

Roof Surface Temperature (C)

H

20

07/25 24:00:00 07/26 24:00:00 07/27 24:00:00
Day

(23 3.137) HHALS Histof| 2 X222 EHR2T He ({EH)

<E3.115> HIALEO| U2 X85 20 EH=2E

F= HEHEE (T)

BEALS

798 25Y 78 26Y 78 27 728 28Y
0.2 42 .13 54,32 40.76 51.76
0.25 41.09 52.57 39.77 50.09
0.3 40.05 50.82 38.77 48 .41
0.35 39.00 49.05 37.78 46.72
0.4 37.95 47.28 36.78 45.02
0.45 36.90 45.49 35.77 43.30
0.5 35.83 43.70 34.76 41.57
0.55 34.77 41.90 33.75 39.82
0.6 33.70 40.09 32.74 38.09
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Roof Surface Temperature (T)

Reflectivity : 0.2, thickness : 0.01 m

Melting Point
—s— No PCM
——107TC
——207TC
~—307T
+—40C
——507C

20
07/25 24:00:00 07/26 24:00:00 07/27 24:00:00
Day
(18 3.138) PCM AtHist2: Helo| wE X85 EU2T Hs}
(G E===))]
o
°
=
©
3
£
(0]
|_
[0}
@
‘©
=)
(7]
‘s
[e]
(4
20 ,
04/02 06:00:00 07/02 12:00:00 10/01 18:00:00
Day
(22 3.139) X2 TH2E Wt
<¥E3.116> PCMQ| AMHEI2To wWE XE2Z =M EH2T
Z Q= HH2E ()
ARHBIRE (T)
78 25Y 78 26 78 27 78 28
No PCM 42 .13 54.32 40.76 51.76
10 42 .04 54.27 40.67 51.68
20 42 .01 54.21 40.66 51.57
30 40.53 53.37 39.85 50.43
40 40.21 52.33 39.24 49.10
50 42 .13 51.48 40.82 49.92
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1) PCM Cool Roof System®] A A7]=(eh) 7ite] 7fQa

+ mA POM Agow EAY A%E

WS AV AW, AAVIE, FARE R AN ] 5 ARk ]l 7P ]ﬁﬂ‘r‘ﬂ A A]

2) PCM cool roof system®] Aol 2 54
7F) PCM cool roof system % 9]
* PCM Cool Roof System< PCM<e] AH3 EA]S o] &3te] AEA o532 714
Gdd s S7HE B AEEH G &
* PCMe| 2%&7} dWist 2k =dsiA #u o
do] ALY FHE AAste 7S ASAdes gy 9A
HdE = AS Gz sk Ao
e (29 3.142)9F o] 7|E AE9 2n7} 50780C /A A=
LT =2 30740CE A o] x| Eo AL wx|F= Aol EA ot}

N
Ll
2
=
>
ofr
ol
rr
P
o
o

_ﬂ r

30°C 30°C
I Pl ECh
e + ¥ P i =
] 50~80°C y— System
e 1 RS
50-60% T 30°C
28°C 28°C

R TR it il
A VRN AT
IR NI R A O

(28l 3.142) PCM Cool Roof System<e| 7i&

1}) PCM cool roof system EA
« 71E A% FHEo] Jtedokslrr FEe] ZdolE FEl® sfutdit
- A ZYolE Feo packing type® PCMS A gttt

} o

W vhe WARRI Pabge] & ARE vhdde] vine] AAYS s

O

|

F
o

o},

e A2l =g A2l

R . TCRREE R PR B e

°EJ gt X234 Low reflectance(0.05~0.25),
High emittance(0.800|4})

T 'PCM Cool Roof
35-60C g
"""" % Cool Roof High reflectance(0.700| &),
High emittance(0.800| 4}

(12 3.143) PCM Cool Roof System2| 2EHz EM
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W) =l A A FRE A

<E 3.120> I XIZH SFHE UAIS
_ Hec AN BRec

T =2 ot =3 ot =3 ot 2

=AM0Or 20.5C 58C -12.9C 16.1C -0.6C 38C

S| MO 16°C 53.9C -12.9C 16.9C -1.2C 15.7C

oples 3.9C 38°C 3.6 29 5 0.7¢C 24.3C

4) PCM cool roof system 7|

7} PCM cool roof system & T4 % 7%

® Cool Roof

=

(3 3.144) PCM cool roof system & 74

@O PCM (Phase Change Material)
« 25X Wsle] we o] Wt £
« 4ol aAA] WA F AA A AR AJo] WHIT W FHe] FEE dAYAE

=X 3d= EA

* Micro-encapsulation 7]% ¥ Composite PCM& ©]-&
78] 7 SHelA

5l Shape-Stabilized PCM(SSPCM)

@2 WPC (Wood-Plastic Composition)

© A5 A SHage AHe FF e 84 A3 A

©oEARSE A7t aRAE EF A B4R S8 nEAe o @3
7a€r§‘r(Encapsulatlon)9 HFEE HE AIESIY] AP A2

* 5A AT R EEEE 9= ERO~ B

(28 3.145) WPC
(Wood—-plastic composite)
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@ Cool Roof

* ZFZ(Cool Roof)&t dwk AG-mpgkAjo Hlsto] W

c A FHO 2EE UFY] el E AEAE FHo H& HhALS(Solar reflectance) ¥}
WALE-(Thermal emittance)S 81
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Mounting clip

(28 3.146) PCM cool roof system2| O|A| EtHE

D PCM (Phase Change Material)

« HRALE O E PCMEHFYE FH2%9 wel Packing type PCM A 2ol A8 = PCM-2
AR 37} 44°C ¢l Rubitherm®AFe] n-Paraffin A9 RT44 PCMS A&

© PCMO| Fa&FE 241/g olu2 SE3 HIdd RS 9 19 T 35go|de= A%

© HA Ee] PCME Bty fls fAlvE feiurbA] s 37 (Packing)dte] A
IHE AFY

oY £AAY FRES OulE FbH AURAE AL
_ﬁ_

<E 3.121> gHA}jgo| mE PCMERY FHRE
BHALS BHALE 0.17 BHANE 0.22 BFALE 0.47
PCNEF (S]440H2) (2r440H2) (2la40H2)
Bio 25 61.0C 64.5C 49.3C
Bio 30 59.6C 61.6C 47.9C
Bio 34 53.8 54.8C 47.7°C
RT 44 64.8 57.5C 45.5C
g 59.8C 59.6°C 47.6°C
© HF e RSl mob GHEHRANA Bdol AHom A H WEA] =2
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Uit E e 2dstoz A HdaAlFo] bl A 9 A A7 7HA,

« 71eE WA AR UEs] WA EE WPCY dAEe dZ2 gEE 7Y AE. WPCY

2 7bsstenz gz Sl Algte] glo] Hbgd A ARgo] Thw

150mm*800mm=*30mm WPC 170l FAI7} FT7kegd S nHIAS u dAgB= FE3
PR EEE)

* PCM cool roof system®| 3ls2 °F 116kg/molB2z 7|E AFEN F7l2 AXT H¢
F7 = ekl gk 24 e 2 H ko] A,
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