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SUMMARY

1. Title
Technology development plan on building application of PCM for

performance improvement of living space

O. Summary
1. Definition

O Development of technology for PCM manufacture and processing for building
materials

- Development of technology for building Bio-based PCM manufacture
- Development of technology for building Paraffin] PCM manufacture
- Development of technology for PCM stabilization process

O Development of PCM-specific heat storage building materials

- Analysis on required property by building materials and performance evaluation
on PCM

- Development of building materials(internal/external) for high performance of
thermal storage applying PCM

- Development of building structures for high performance of thermal storage
(concrete/masonry brick) applying PCM

O Optimization on application and design/construction/operation method for building
structure

- Development of PCM application method for building structure

- Analysis on improvement of energy efficiency according to PCM application plan
for building structure

- Eco-friendly design method applying PCM

- Development of guideline on design/construction/operation for optimization
applying PCM

O Performance test method for PCM and demonstration through test bed

- Development and verification of performance test method on PCM material and
applied material

- Development of performance test method for buildings appled PCM

- Verfication test for performance evaluation of buildings appled PCM

_XI_



2. Background

- Promotion of high efficiency buildings and expansion of market on low energy
building for reducing CO, emission

- Establishment of new paradigm for passive-house related element technology and
Zero energy house

- Increase of interest in comfort and healthy eco-friendly building

3. Research necessity

(O Necessity of Energy Reduction Technology of Buildings in Response to Climate
Change

- Importance of improvement of residential space performance through materials
- Activation of domestic PCM market

- Necessity of linkage strategy with government policy through systematic research

II. Research configuration and strategies
1. Vision and objectives
1) Vision

- Realizing of customized happy residential space for zero energy age

2) Objectives

- Improvement of Building energy performance : reduction of energy consumption
by 10 % compared to existing building

- Improvement of thermal comfort : Reduction of thermal-discomfort time about
300 hours on non-air-conditioning buildings

- Reduction of carbon emission : Reduction of CO, emission by 4 ton compared to
2016 standard housing(floor area : 100m?)
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Energy Efficiency Partnership, NEEP)+= Net Zero Energy Buildingsell th gt
AgA ol FAZAQ FF w=go] HagS 23t 20123 Zero Energy
Building®] Roadmap< 493t

O NEEP2 A= du4A A=
ALBl o] o] Fastthal <
I3 35 /iE 92 F8 dAE
AZ U AR AES HF FHLATN H&S FXsH7] f& AU
(5 2 FH giAF A9 : Connecticut, Delaware, District of Columbia, Maine,
Maryland, Massachusetts, New Hampshire, New York, New Jersey, Pennsylvania,
Rhode Island and Vermont)

O £ @AA A Roadmape FFHEL AF AES 74 U)oz su
o™, Net Zero Energy &3 A= Ea& AT Ho] 845 FA433 L
JW7He NdU e a9 10~153%ke)] =717 A8 FYsta e
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O Net Zero Energy Building ©4-< 93¢ ©AE 3 d5 o2 1491794 2

zEPI* Scale to ZNE bz

2030 Challenge
Timeline National Codes Regional Context
2000 100 - CBECS 2003 Average”
75 - ASHRAE 90,1-2004
72 - ASHRAE 90.1-2007
58 - ASHRAE 90.1-2010
54 . ASHRAE 0.1-2013
2010 50 . IgCC-2015 (Chapler &) 51 - Northeast CHPS - Performance Criteria
2015
2020 20
2025 10
2030 0
¢ 5 Jom by Pt inde +* CBECS Commmran Raithegs Ergy D smgtes Gy U5 Doparimmt of fory
NET ZERO © 2015 New Bulldings institute

Step 1: Develop a “Path to Highest Performance” Information Campaign
Step 2: Promote the Continued Development of Exemplary Public Buildings
Step 3: Prioritize Measurement and Public Reporting of Building Energy Performance

Step 4: Implement Stretch Building Energy Codes

. Step 5: Create a Revolving Loan Fund or Similar Mechanism to Provide Capital for Energy

12 17. NEEP2| Net Zero Energy Building EA & ¢|st ChAHE =3 st=
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BARRIERS & SoLUTIONS TO ZERO NET ENERGY BUILDINGS @

I.'aCk of . Understand technical/financial fundamentals
information
& edu.ca.twon Trained workforce
on building
energy Trained building occupants & operators
performance
Asset and operational ratings
Low rates
of building Information Stricter codes
energy code campaign
enforcement Qutcome-based codes
& compliance Asset rating
Performance incentives for design teams
Stretch code
Green leasing provisions
Incentives for
ildi Address plug & process loads
Inability exemplary buildings plug& p
fo f'!nance Revolving loan fund Continuous commissioning
projects
Increased financial incentives for efficiency
Public/private partnerships for tax benefits
Utility rate Utility decoupling
structure
Ease net metering restrictions
— B
L4
Intermediate-term steps
Barriers Near-term steps (10-15 years) Long-term goal

2 18. Northeast Energy Efficiency Partnershipl Zero Energy Building Roadmap

20163 6¥°] NEEP+= ‘Roadmap to Zero Energy Public Buildings: Progress
Report’ & waslar, 20123 R A w3 & Zero Energy Buildingol] thdt 3wd7+e]
Brreta o, 33 AdEY A9, 71F odUA Zhol= gl o]

o] Ao R FUIHI o, BAAOTE kA A

A AEol AS, dRE =t A o]&3a = ASHRAE Standard 90.13% the
International Energy Conservation Code (IECC)e] 7|&& w23 lor, 3dnlc
BAEE o] F 7 Ad 10dEY 30%0]°4e A AFS Agsta e
Aoz gl

2R A, Al D IS 7SSt IdEY e Ayt A8, Askd
M 2D 7]Fo] wFEo] A1 S, ASHRAE Standard 189.1¢} the International
Green Construction Code (IGCC)e] ASHRAE Standard 90.134 IECC o}&j
rEolsom, A7 ZHAdAAE AT FAC AZAHA B aHEY

:
o] FAHIL L.

ol
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State Report Card

O

(@)

@

@) ) ),

8 19. 2 ¥ Roadmap to Zero Energy Public Buildings: Progress Reporto|
o= 39zt g8 E "mot
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New York, NY  Boston, MA District of Philadelphia, Cambridge,
Columbia PA MA
Local Law 84 Building Energy Clean and BILL NC. Building Energy
Reporting and Affordable 120428-A Usage
Disclosure Energy Act of Disclosure
Ordinance 2008 Ordinance
(Title V
2009 2013 2008 2012 2014
May 2010 All October 2014 January 2012 December 2014
10,000 sq. ft.+ 10,000 sq. ft.= 10,000 sq. ft. + 10,000 sq. ft. +
2010 2012 Data/Map 2013 Report 2013 Data
2011
2012 2013 and Data
May 2011 Sept. 2014 April 2013 November 2013 May 2015
S R il A0,INHD s AL F O sh. A 50,000 sq.ft.+ 50,000 sq.ft.+
i B AND AND
May 2016 April 2014 (Of commercial May 2016
35,000 sq. ft.+ 50,000 sq. ft.+ use) 25,000 sq.ft.+
May 2011 May 2015 April 2013 March 2015 May 2015
50k sg. ft.+ /50 100,000 sg. ft. +
50,000 sq. ft.+ Units+ AND 50,000 sq. ft.+ 50+ Units
AND April 2014
May 2017 50,000 =q. ft.+
35k sq. L.+ £30
units +
5500 per quarter  535-5200/day 5100/day Mon- 5300 within first Pending
{limit 52,000 {limit 53,000 Compliance 30 days, 5100
annually) annually) Penalty per day
thereafter
New York Connecticut Rhode Island Delaware
Executive Public Act DOE funded grant  Executive Order 18
Order 88 13-298 (non-law)
2012 2013 2012-2015 2010
Montgomery County, MD
BILL 2-14
2014
8 20. MEZolHX| LYY MA % Feg flsto] s Fo ZstE #HA J|E
(3) ¥E29] Zero Energy Building A2 &3
O 4 AALIFA Y BaAo mad, MgRELS HFAHA 40 30%E
A BFAL B3 1] a8 %7}7} dAstnE, AT AA A& =71
HAZ sta glon, 53], 39 AR Q3 AEgsg A4, IAAA

Wslo] @2 o] 7
N AFHE)e B

AUA Al el o] B ol A

ol AstAl A4 H A=

ERE
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O ol#g viA oA AW 84 FHE A3HAI7IA FoHA tiEZ v A3
A ¥3t= ZEB(Net Zero Energy Building)e] 521

20143 4¢ Z2AH ‘Oﬂlﬂﬂﬂiﬁlﬂ o w=w, ‘2020W@71A A=
FEAFEOAA, 2030971 = AFAFEY Ho] ZEBS Adste AS SR
3 olzte AR EFIIE AAEHS OUJ] g 20159 79l A HAUT

A7IANJA FFAY oA E 2030de] HREE AR A A 171
H8l, ‘ZEBAHAES AT thA Tl 93 nE9 AqUAATEETE 7kl Ad5=E9
HEgs FA o] AAE Ho A

dEANAE= ZEBY 24S A% FAZQ Wete HAESHZ] Aske] 2009%
[ZEBS] A& 2 wj=zo) #A3 AF3I]E SHA7IAL

ZEB 3}& 3 2L vHES AAsta, dAd of-&ste Wtk
Bl = dE29] AbHQl F71%3) - A8 F 3ol A= 2030744 “ZEBS}
7149 8”7 2050 71A] “HeE Bofo Xﬂioﬂﬂxlﬁr e o]y 013}*

oﬁ i
flo
fft
ox,
ol

|

[4_{

ofLix|E 2ulo| BLe HUXIE BEH2E ME Ol x| & 44t
(HEAME, HE 238
ZA ol
nA A
3 A n 3
A
v :A
v$
Y £ v A&
a8 21, d&229| ZEH JHE
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BELS, CASBEE, LEED *| 22} ZEB2| ##|

CASBEE
ASEE THUS T 2E

BELS
HEE o|x| Wt ME BAHE

LEED
Leadership in Energy & Environmental Design

O7Eo|SEET|,
@ THUER), B HELSL,
@ 83 380 tiE ol 7|e x| E

ER AT HFH HEE LR 1A
ol £~H & 3 BEI 2/ w7t

BEI (Building Energy Index)

@Sustainable Sites @Water Efficisncy
@Enemy & Atmosphere @Material & Resources

®Indoor Environmental Quality

I} BEE (Built Environment Etficiency®l ®Innovation Design @Regional Priorty EFE0IIAM 2t
STME | sz paol Mg B BE| = _ A 17 o
. Bol2 83, AYD, BiaE, B33, 71=0] S| = 1AF I A] |+ =722 Cenified, Silver, Gold, Platinume &7]
c#d3z 87| + HBIIED 5%, 4%, 3%, 2%, 1% 2 B7|
= = _—-—
SEES | pBE|Ss-
ko k ok = v
Sawaas Avwes Banw Haa Co 2 2.:" ;5' '_’.\E \
o o NS HIs13 st - W ! 4 ; vl
v f
ajgy g
§ o | o 4049  50-59 80+
[ T
i Points
[ ) 1|
REWORANA L
Reference ZEB Ready Nearly ZEB ZEB
(2013 ofj %] H¥ 7I-I’.E) [A50%) | (A75%) (A100%)
; f t t t t f } t I I
CASBEE | Level 3 | Level 4 " Level 5 |
BELS 2% 3% | 4% | 5%
LEED ‘merg %o ptE | | | 19 pt BHE S0f 19 pt
T8 22, &2 Zt ol X| MsEIL X FE2t ZEB2te| A
N Er
i ES 2,030

1,770

A2 HF

o]

1,700 - AelolLx| ol
1,660 | |— vas g
1,520 | PN

1,150

I1asx4

770

M| 0A7]7]

560

7|Ef Ha{ 2|

1%t ol x| 8|2 (MJ/m /)

0

a8 23. ZEBS| 4@ Jtsdol
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O ZEBe] A8 7bs4 e AEstnA Qro| ZEHYES 8ol ZEBe] 4
5ol B Al ATE WA B BT e AES FAF
O =%, ZEBe] 8194 AE Aot A% §24, Fwd, o, 398, A9
b AES U] }ZA AT
Aofo] ot AH S st Yok,

D

o
=
- L
R OXéZ‘]?_

2015 2016 2017dE 2018 20194 = 20204 =

ZEBe| Mol &3  Ho| &Y Zeo wat Yo HHE
. M7 XA 2ES AT A Al
2A 2 MY * 27 xtol 2t SlMElS HoiE A

ZEBQ| XH|& EZ2 fI8 J[& e

HE 3T AN . - e s e
RSt A% B3 A58 -ZIEB°I dsigesng s
ZEB2| L ZEBo| 2
_________________________________________________ _I

o
m
i

ZEBQ—I 2g MA - _ . _
ek AFxol #S A Sol 27t dlole] 7, £, FI|H

ZEBe| A3 HE ZEBS| A, AtsEZ

T8 24, Y=o ZEB ME Y 232 9% =2y

O 71383 #d A7 A AAAQA F2 ols7t "ol weh, EUe 20203 7HA &
AEE FEAA 1990 iy 24712 vlE 20% 2%, A b 20% A7 2
AAYAAR] BgS 20%7HA 58 74% 2RZ, 2000@7HA] A5E FiEY
227t~ wlES 1990 Y] 88~91% o8 FAGA ZFole AL Bug e

O AF: 33 AFEY 35 2018%1 D7HA Az A o F-3LE AAsEL AoH,
2020 Z7kA] A 2o A AZFEMANZAN AU, nearly Zero-Energy

Buildings)e] H=% A ‘EL

2) Towards nearly zero-energy buildings “Definition of common principles under the EPBD” final report
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NZEB 27pA|= o 38 O/} o - 20% Off L X]-2H|
{)I% E_T'_l'\1 _T'D_ﬂ .'..".".'.III* _ 2% Ef___!?lé“l%
+ 20% M LE]
EPBD recast B S A2 (M= } =33 (RE AZE)
o e DﬂL‘lJCl NZEB MNZEB
1
1
1
1
A"
LY -

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

2 25. EPBD recast 2| nHMZolH{X|HEH2H Z=H
(EX:Towards nearly M Zo|HX|2Zs “Definition of common principles under the EPBD” final report )

(5) IEA (International Energy Agency) AZAUAYL R BF A=A
O [EAE 2D Ayg e

rulru

BEaly) gt ARRES) CO2 L FrholA FOHTE
eraslsl SAEolof shnl, I thgoRE b, AR,
st WRRE, elw Sl A oA R £os B4 A oo
2 ANG
O @NAA~2025)08 NEAR A3 D ARFY AT J= £ AF
oA eliulold old B F|EAR gwulold o ee WM 20 FEOE
vxlom ANZAEe] A9 20200 5E omHoz AZoix] WY o=

Energy savings from 6DS to 2DS Emissions savings from 6DS to 2DS

Exajoules

2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
B Space heating W Water heating W Lighting, appliances and space cooling M Cooking W Building envelope Electricity
decarbonisation

a8 26. IEAS| 6DALIZ| 20 2DA|LIZ|Z J17] {8t &4F #=ct
(ZX: Energy Technology Perspective 2014, IEA)

6) S AZAAALY #H FH 5 A

O =9 A% JR= EPBDe) 87 AHFS 2537 93 20109 99 289, =7}

_28_



AA A" ey Bl 7% 75’ o 5ol B3 HAE Adsa
ko] A 4= oAUA AR A, olUA &89 S, AR A o
Mol r, 2020747 A 7F2 vl ES 1990 thw] 40% #=skal, 2050744
80%°1d A=sto] g4 FTH HdEo EDste Zo] H3xolH, ARdHALY
Hes f3 A% 8 7E A=Y A s T8 b3 25

- 20203 7bA) A AR 8T 20% 7HA, 205013 7EA] 1AF oA 8= 80% T4

- 205074 tlEe] AR 7 FHE T8 F4

b

A

)

Primary energy demand for a semi-detached house - heating [kWh/m?a]

300

; y ; H 1
Minimum requirements (Thermal Insulation Ordinance - TIO -

250 [

‘ V| — and IEnergy Savin.g Ordinance & ESQ) i SS———
| 108 /| 1 i i |
< ey | ! | |

200 NG ¢ —t
3 . WSVO i I

150 |Construction practice I NS £:1- -0 I SURUONS (U
y |

100 R Low- energy houses | } i S T T
50 | I Ultra- lnwenergyhouses! ——&——L\* !
, Research | i passive houses | l
o tdemonstfetlon prolects' | | .Zero heating energy houses i |
{ 1 1 1
‘ | I ] Efficiency Houses Plus I
_So H } H H i L ]

1980 1985 1990 1995 2000 2005 2010 2015 2020

O8 27, 59| H=ZolHx] ¢d A |
(&ZX: Hauser, Gerd; SCHMIDT, Dietrich. What has been achieved in energy efficiency, IEA Annex, 2010)

(M) ZFx AzqUALY #d 34 2 A

O 2012@74A Alzolldx] A, 20203 7kA Z3 2=olld A =9 dxts}, 20203 71=

20114 thul )& AE LA & 3%l BES BEZ AAB
Aol 2HE %H HA D AT, FF AU AAS DS ABL
,1

)
it
@
esl
o
O
wn
o
o}
jamg
=3
D
=
=
o

o] 22 A JUAE F7F X8t Ze] 2o
energie positive)e °%-3} == A E 1 U
- 2P 2E AZUAUYEE ‘ANUAAEMBBC) olF SR AHF
BBC= RT2012€ &3t A= A
ﬁ&"ﬂ‘#?‘l/\&"* 25 00l &
RN &

29 A A=3} He
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bepos : Batiment a Energie POSitive B I'@“Ch ENERGIES
(production > consommation) Evolution des réglementations

Rmzo thermiques (RT) en France
<«

H " maison passive (consommation = zéro)

passivhaus
maison econome 19‘
EED RT2012 A
914150 & o | A
e D RT2005 U g
e {2000

RTigsy =
RTI974

maison énergivore

I

OF 28, EEH Z™A BBC =

M

A
ne

FH

(ZX: www.rouchenergies.fr)
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2. U9 8 R&D AA 5%
7}. Zu) R&D A5
) ZEIE 7&S B3 IFUyE

S HERE el S Ao Al o)
Suse 4% 44RdYy snel By

- 71&9] 54
FHAE d= 2 HS Ad
- 2023d7kA] 7R 537 LAHE]

R&D o

71454

_HA AL

A ‘13~ 11D 2040 A7) 2= S H
Az 11 AA A=
XH 3 2 A A 20% AT Ex S

S 93 FENEV|E 4@ D 10 3 24 E(Value Creator

2008 &3t g7 A4

(2) 84 wEy Fd: 3134 . A7 Fd
- 9 ASEA S HE [FaA @58 FHEok] & AAs FH 9o 7&E
AFARse EE, HaA, 1344, A¥AP & Fussty, g FA5999
B3t vy FRIAL7|<9 My BRES 53 FH 2 A= HAAN A=
- 79 d&A Has g AN AR HEEs FI By ARAdYA FEES
AS3sta, FARA L HAHY TS A% L4V E(Fs, 293, AUFr)d
Zz3d 7154 A8d M8AE FYr|e
SPIPEN s | o [ o [ o [ oo [ o [ oo [ ooon
HWAHH " " o
note g WONO| AOIEE WY BETS TN Y AN oY g WA MED BN OH
MAY mpoWN Y BN OF ¥E W RUSY LW NI 5U 2F WY R ELR-UT ]
ofLing
Yy SHNE Y NEY XANE WEYT 79 1NN WY
ey My NEFL 28N P9 YL WY W Y8
s BB 953 0 ¥N-BF-NB YN WY O0(=AC 3T 15Y OFA PAUS WY
CHag)

SSBrFALY-223 NG WS g2y oy B 252 0H AN - NSUS

UEY FY 2=

=~ o
e l:l'lI
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Q) JAFA T TEFI A0E 3H A
- AnjgoZ TAF 9 AFEANA avlske duyA 2 g#A2E AEs] 9
A&7 sA7]eS AEHHoZ AEste g4t
L L T T T T
nery SN U BENLH O BY Y U-City ENEY BRE Y EWIe MY
L=}

MEY NFY lof W, =N 2B 2N U FBUS WY

Vision
H| X
olz}a] ak= MIA ME71&(7]1) & OFZ A}S| L=
Target e HE oA HE712019) 2 OFHAIS| 75
=g MEy|S 224 7l 9N RisH 2 Abz Mz
79E 52 1174 874 20%
W -y 39 N 10%
c 0 eo; R@; M [ ey 4 @! iﬁ
- ‘,“‘,‘J e e |
” > - 7 &’ wﬁa =
2018 2023 2018 2023 2018 2023 2018 2023
_

1 1 22k 22 D2AHE
Direction & Ath 42} 100] £ Z2HE
Strategy | @ TOP Hi7} AER{X
ursk ol Xk =2 A

g. 5_ == N~ S
a8 © =23 Aye
. BRI O rexdzz
71k = | © olzt 33712 olmat =y
o|Z2%X|= a7
A 0 2z%is =32
ZEZZLEN | @ XisE et xisa|
=2 0O 203 2217
3= I 77 N T I
201 ygr=x| O +x 258 o
gd { @ A0ts HEaEAAY
02 31, REWSL FEY| 4iM 2 jotf B TRME
2x: ZENSY “TEIE R&D FA7| M2 2014)
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©) ARFTA A3 R =A 74

6) 2040 ZELF 1| &) Z2A}

- 7ENF 2000 vHrlE F s FdoE €8 A" e S59te AEE 9T
M 7l AA

. =9 R&D A EFE

D 54

O 20063 ~ 2010d ZAE Beyem 833 BMW A& &3l on] PCM A F3}
2 Z A E(PCM Demonstation Project) %1
- FaUE  AHslEEY dAS5E AE8S A% FAHLA T F AF ©x] FE
1) Water-carrying heating / cooling ceiling with PCM
2) Ventilated cooling ceiling with PCM
3) Sunscreen system with PCM

O 2013 ~ 20161 =Y AFEE= @ AyA 7ley A0 £ 98] A6}

A= AT ZZIe(the 6th Energy Research Program)& FFX13FH A o4 A
AT 717 oF € 35 YUz 3L npHEIG e I F PCM 453
xZAE || (PCM Demonstration Collaborative Project 11)& FZ Fol

ol
- F8 g AFE A g0l Jh5d DU JunEAe FYHE A
AFNEAFEUHYES 2053 gom 1 F ABdur 58 3

Ag7ed AT
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. 912 o8}
PCM A28l 53
esugss

= A[EI0]4 B 4=X]af 4

PCM A|2R 24 E

A& E| Xzt

‘ PCM X &
NEE IR
1820l S & AIRX} 42
Fo 07es 4E u=e
— o i 35 2LHEF PCM A|AE A= skAH
oy 2 24 HE AA" FYg20
» 7|CH &3} - I
AR &0 Wing Ba) mz AgyolM Y2E Y
. 7|3 H|2 AEX =82 F7t
HME L ABHES
i 7}
olx] Ea
MEG o =3
% 32. PCM Demo Il Atd=E & =2 F& HE

) "=

O 20133 w]= o |q =] H(the US. Department of Energy): ml= 3 2 7] 3o
o= PCM A& A=E /LS 3 A= 2 13(U.S. PCM research program)-2
FZBAEA ANHA AT 7= 2t

E

=] o] o
T O]’—ﬂ- )y]\]:r

[e)
=

= A|AFA

O =99 o] A & SsiAe &7 F2 FASE LS ATt Ae 8=
7] Mol AF=l FE8ee AL = A= 7lEd Aol 28

O 7l& AX=E & gH5ste #3294 AAE A= & de drlss
AEd = = R&DE oldsta la, dauled da 5 A48 AP
ATNEE FaA St A&

O o5 &3l a7 Eokoll thdt =7} R&D A He] APHI Y= Ao 2 Ao

O A TN IS 7 e dEARA g #Alo] x5 o
Bokol] thgk @ 7] R&D FA7} o] oA oyt AR Aed 5 e
AEL wAEE A=

O a8y olA7tA HEAS5 S 71z PCM Al =o i R&D A& wx &
Ao, 8 s vt 88 FANA AE&HA Rt e AL 28
AT mEl, AAE 24, AAZIE vH T2 9dE0] JeBE oFF

EANES

| Adst7] gt R&D7F AAl=ofoF 3

O ol& B3l o] ®ofdllA AA Hi +F9 7|&S FEIA et
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2. Fus) ARAF 2L A%

Ne

O A AAAR A def ZA o wet A7y 718 A\ AE ZA A&t
FEY EEAUAE 2rtESH] 29 F = PCM 28] oy,
THA oz FdE PCM &A1&l 43 AXIL A=

i)

o] oA Aok FAo] o FHol 17544 PCM AlS ol&Fa glow,

7b I Bglg2 & AR, FFols obAotollAE AHE oluvR] &&
=&, HVAC, Cold chain, Textile, Shipping, packagings 2] Al 43} £
Z PCM A #&o] FAE A= Hd

3

O
=R N SO R
it

rl

L = ANZEE
7h =9 A AR

O A AAAR] && olardl A T3t} oA Aokol] that AAlo] FrkstiA, &
MA PCM YA 5 A AL 20143 FE CAGR 20.8%=% 2025 o= <F $4,395
million(ef 5% Yol o5 Aoz HAwkHE. (2014 ReportsnReports,“Advanced Phase

Change Material Market by Type and Application®)

O =3 Frost&Sullivan E.a1 Ao wp=2H, PCM 9% % Organic PCM< 7}&3+
Micro-encapsulated PCM(MPCM) A]7e] 749, 202537 o= <F $2,760 million(2F
31z ol o]& A= HuH

H# 3. PCM AlZH Az &def & 7|Et QlALS. (20144 Frost&Sullivan NFO0-39)

o o o

Factor Current Future

Growth Trend High growth Stable
Fire-resistance, lightweight and high phase

change performance in hospitals, hotels,
airports, and other public building and

Primary Driver Energy efficiency ) ) o )
construction. Increasing applications in
residential buildings subject to price
reductions.
Dominant Organics—higher .
. Organics
Material revenue share
. Paraffins—higher Slow but steady substitution by bio-based
Materials Used
volume share MPCMs

O AfrdolA PCM 7HE Bl A8&S AEH Fdo] 7P dAL glom,

Oeos 9=, 292 X2 A% a4 A A=
ASEol Bol AR e, FF dF=2 45 4
2 A=l #HH 252 #F4 3 <=
£

d
< ARt =S F A

N7

-4 o 4
uﬁ;

L )



O ofrlel AHe M= T, titt, &, = 5o PCM &= =87l e

O DuPont, BASF, National Gypsum % Climator 52 221 7|gE0| tjafdt Hofz
oheFe Al Fl A&str] A% PCMES Fw3stal Jlow 53], 349 2 =8 PCM

]
Fol 29 BRI lol, A% AL 9% PCM AL B A% B} o) Foj2
(]

T 3 =
HAo=z Zst

O RGEESA= A4S B3 AR ZAES 2] 913 Bio 7148 PCMS 1158
o] 2] Cold Chain, A5 =}, Textiles 5ol 28-S 3 F52 st IS

4. 9d 2 AZE PCM A el 2 AMAL FHE (20149 Frost&Sullivan NFO0-39)

Suppliers Position in Value Chain

MPCM

Encapsys Bio—based

RGEES Paraffins and bio—based

Microtek microPCM™—paraffins and bio—based
MCI Technologies Paraffins

PCM Bulk

Entropy Solutios Bio—based

Rubitherm Paraffin, bio—based, inorganics

Shell Petrochemical-based paraffins
Chevron Petrochemical-based paraffins

Sasol Parafol® — oleochemical-based paraffins
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. PCM#A v H(s<)) B B3 #-8(2011~2016)
(D) S24 7|¢4E PCM o4 <4 3 B #-8(2011~2016)

O PCM vl =AOHAY]) F 55 %7t == 7Idol AAsta o, 3 vl=
val

]
H
228 7] v Fa A AT, FAe 235y 2uy SUlekal s

5 224 7|¥YH pCM Eof £=¢ ¥ Eoj™FS(2011~2016)

kH

(k2 M USD)

Brand T2 2011 2012 2013 2014 2015 2016E
BASE =¢ 36.61 40.52 46.90 53.32 59.88 67.46
HMRE%) | 1035 9.94 9.74 9.62 9.20 9.00

=4 30.33 34.53 40.99 46.06 54.10 62.96

Honeywell T

HR2(%) 8.58 8.47 8.52 8.31 8.31 8.40

=4 29.13 33.52 40.15 45.79 53.66 62.99

Cryopak Moo

g 7=2(%) 8.24 8.22 8.34 8.27 8.24 8.40

Entropy Solution +¢ 26.14 30.05 35.40 40.40 46.77 54.51
Inc. M E(%) 7.39 7.37 7.35 7.29 7.18 7.27
Climator Sweden =4 20.91 23.84 28.77 32.74 38.29 43.60
AB HRE%) 5.91 5.85 5.98 5.91 5.88 5.82

Phase Change = 10.68 12.49 14.73 16.52 19.71 22.82
Energy Solution | HRE(%) 3.02 3.06 3.06 2.98 3.03 3.04
Outlast +=¢ 9.12 10.68 12.63 14.65 17.58 20.12
Technologies HRE2%) 2.58 2.62 2.62 2.64 2.70 2.68
Dow Building +=¢ 9.09 10.44 12.25 13.72 15.77 17.90
Solution HRE(%) 2.57 2.56 2.54 248 242 2.39
Chemours =Y 9.05 10.27 12.27 14.10 16.57 18.86
Company HRE%) 2.56 2.52 2.55 2.54 2.55 2.52
PCM Energy Ltd | — j;;! 8.92 10.06 11.95 13.52 15.80 17.91
dR2(%) 2.52 2.47 2.48 2.44 243 2.39

Rubitherm +=¢ 8.73 9.89 11.65 13.54 15.80 18.36
Technologies GmbH | B-R&(%) 2.47 242 2.42 2.44 243 2.45
Other =g 154.89 | 18149 | 213.66 | 249.67 | 297.08 | 342.16
HMRE(%) | 43.80 44.50 4439 45.06 4563 45.64
Total = 353.60 | 407.80 | 48135 | 554.03 | 651.02 | 749.67
HRE%) 100 100 100 100 100 100
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(2) =72 PCM 2

O M%3 #31 F49
_‘%_

AAX7EL A

E 6. 27HE PCM Hoj 59

e

ANRATFEAA T3 DB

49 2 Bl §-£(2011-2016)

5 ofAlol AHE F

tol & 7 =(2011~2016)

r®
>,
N

(k2] M USD)

Nation T2 2011 2012 2013 2014 2015 2016E
USA = 70.10 78.97 92.20 105.62 | 12037 | 136.19
Ha2(%) 19.82 19.36 19.15 19.06 18.49 18.17
Europe =g 63.56 73.14 84.94 95.50 110.72 | 125.85
P Heg%) | 1797 17.94 17.65 17.24 17.01 16.79
China = 55.66 65.20 79.05 92.77 11144 | 13227
HaE2(%) 15.74 15.99 16.42 16.74 17.12 17.64
) = 52.06 58.17 65.60 71.73 80.21 89.03
apan XMe8%) | 1472 | 1426 | 1363 | 1295 | 1232 | 1188
Southeast Asi +¢ 45.03 52.28 63.64 74.77 90.24 105.38
outheast Asla "o gwy | 1274 | 1282 | 1322 | 1350 | 1386 | 1406
ndi ¢ 28.78 34.24 41.28 4934 59.73 69.67
ndia Hog%) | 814 8.40 8.58 891 917 9.29
ROW ¢ 3841 45.81 54.65 64.30 78.30 91.27
HHE%) 10.86 11.23 11.35 11.61 12.03 12.18
Total =2 353.60 | 407.80 | 48135 | 554.03 | 651.02 | 749.67
HFE(%) 100 100 100 100 100 100
(3) & FEopd PCM HvjF 2 o] {F-8(2011~2016)
O S&EorE PCM & 2 Ay {88 B3 23, AS5Eok7) PCM Al A2l 54
%ol S At 9o, FujEFs 20119 iy 2016@L 3R FEF5tL Y-S
® 7. 3320H PCM Hof 3 o FZ(2011~2016)
Ek2l Ton)
Application T2 2011 2012 2013 2014 2015 2016E
Building & mtoj 2 14,765 | 18,072 | 22,713 | 28,247 | 35,194 | 43,177
Construction HIE%) 56.06 55.64 55.24 54.91 54.16 53.79
Refrigerati O 2 3,432 4,313 5,530 7,017 9,046 | 11,130
errigeration
g HEFE(%) 13.03 13.28 13.45 13.64 13.92 13.86
c 4 o 2 4,243 5,207 6,644 8,277 | 10,534 | 13,117
onsumer gooas
9 HHE(%) 16.11 16.03 16.16 16.09 16.21 16.34
oth oy 2 3,897 4,888 6,230 7,902 | 10,208 | 12,852
t
e ML E(%) 14.80 15.05 15.15 15.36 15.71 16.01
Total =9 26,337 | 32,480 | 41,117 | 51,443 | 64,982 | 80,276
Otla
HIEFE (%) 100 100 100 100 100 100
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(4) Building & Constructiond]
(2011~2016)

gt =7id PCM oz 2
O Building & Construction®] tigt =713 PCM ZojF 2 A H{F&S B4 2o,
=0 FuAF&o] 2 Ik vl A FUEl S FAASAS

¥ 8. Building & Constructionoll gt =714 PCM Zoj2F 2! oM 7 &(2011~2016)
(ck2| Ton)

Nation T2 2011 2012 2013 2014 2015 2016E
USA ¢ 2,573 3,113 3,731 4,609 5,799 6,813
HeE(%) 17.43 17.23 16.43 16.32 16.48 15.78

Europe = 2,291 2,724 3,236 3,849 4,583 5,421
HI2(%) 15.52 15.07 14.25 13.63 13.02 12.56

China = 2,806 3,591 4,751 5,892 7,608 9,661
HIF2(%) 19.00 19.87 20.92 20.86 21.62 22.38

= 1,940 2,272 2,670 3,246 3,862 4,595

Japan MO2%) | 1314 | 1257 | 1176 | 1149 | 1097 | 1064
Southeast ¢ 2,179 2,623 3,325 4,190 5,248 6,645
Asia HRIE%) 14.76 14.51 14.64 14.83 14.91 15.39
indi +¢ 1,588 1,977 2,576 3,287 4,206 5,404
ndia M%) | 1076 | 1094 | 1134 | 1164 | 1195 | 1252
= 1,388 1,772 2,424 3,174 3,888 4,638

ROW HEE2%) 9.40 9.81 10.67 11.24 11.05 10.74
Total = 14,765 18,072 22,713 28,247 35194 | 43,177

HeE(%) 100 100 100 100 100 100
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ot 2249 71g4dE PCM#E =& 32011~2016)

(1) BASF
H 9 7|HE" ¥ &= (2011~2016)
AEEE] M&E WE
Commercial Production Date 1865
Manufacturing Locations of PCM Europe
Sales Regions Global

Market Position

Global Leader

PCM Product Type

Polymer Wax

S5pm
Tm:21/23/26 *C

Micronal® PCM

T Che 2011 2012 2013 2014 2015 2016E
Sales Tonnes 1,076 1,258 1,536 1,788 2,085 2,430
Revenue M USD 36.61 40.52 46.90 53.32 59.88 67.46
Gross % 39,57 38.20 36.36 32.46 30.08 29.25
Margin
Price USD/Tonne | 34,033 32,222 30,527 29,818 28,716 27,758
(2) Cropak
E 10. 7|gsE 3 o &8 &(2011~2016)
EEES NE e
Commercial Production Date 1990
Manufacturing Locations of PCM USA
Sales Regions Global
Market Position Global Leader
PCM Product Type
1
th"
Phase 5™
T CHS| 2011 2012 2013 2014 2015 2016E
Sales Tonnes 889 1,059 1,291 1,494 1,757 2,064
Revenue M USD 29.13 33.52 40.15 45.79 53.66 62.99
Gross % 3951 37.19 34.89 33.69 3078 27.79
Margin
Price USD/Tonne | 32,759 31,641 31,093 30,646 30,549 30,515
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(3) Entropy Solutions Inc.

E 1. 7|¢gsE 2 of£6E(2011~2016)
=] ME LHE
Commercial Production Date 2007
Manufacturing Locations of PCM USA
Sales Regions Global

Market Position

Global authority on PCM

PCM Product Type

)}

Pure Temp 8

Pu reT(;mp 15

T&= Che 2011 2012 2013 2014 2015 2016E
Sales Tonnes 824 982 1,189 1,376 1,646 1,966
Revenue M USD 26.14 30.05 35.40 40.40 46.77 54.51
Gross % 38.46 35.13 33.01 2961 27.51 24.68
Margin
Price USD/Tonne 31,725 30,604 29,776 29,362 28,420 27,717
(4) Climator Sweden AB
¥ 12, 7|HedE ¢ oj =3 &(2011~2016)
R NE W&
Commercial Production Date 1979
Manufacturing Locations of PCM Sweden
Sales Regions Global
Market Position Global Leader in energy storage
PCM Product Type PureTemp 15
T2 =he| 2011 2012 2013 2014 2015 2016E
Sales Tonnes 673 812 1,052 1,225 1,515 1,786
Revenue M USD 20.91 23.84 28.77 32.74 38.29 43.60
Gross
. % 35.76 34.03 29.94 29.28 26.66 24.35
Margin
) USD/Tonn
Price o 31,049 29,358 27,351 26,722 25,270 24,418
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(5) DOW Building Solutions

I 13, 7|HEE ¥ oiE#E(2011~2016)

AEEE] N&E We
Commercial Production Date 1950
Manufacturing Locations of PCM China
Sales Regions Global

Market Position

Global leader in extruded polystyrene insulation

PCM Product Type

DECKMATE CM

= Ch2 2011 2012 2013 2014 2015 2016E
Sales Tonnes 829 1,003 1,255 1,527 1,859 2,256
Revenue M USD 9.09 10.44 12.25 13.72 15.77 17.90
Gross
] % 33.74 32.68 32.18 28.75 26.92 25.04
Margin
) USD/Tonn
Price 10,971 10,409 9,763 8,983 8,480 7,934
e
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2}, PCM¥#™ AH4AIQ
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O 714 %A% vlsn
- PCM9] B+ 7142 2002 o] $8.5/kgoll A 201013 o] $5/kgo.2 7431 o
o|e % 7HA Foli PCM A §Eok Z7ksk A§ ol Hol 3t PCM 214 3718
A sk H4H POM 7H2o] 328 202 gy, AFEoks JHoE

wopol] Wla| Fwsl 27 wEel POM 7o) 2 Ao MR, ol

RuN N
G- 9l g gtw Aol FsaA T kgd POM 714 A4 e
Ao Av

10

o
n|
8 o
c (] O
6 Qe
& o

2002 2003 2004 2005 2006 2007 2008 2003 2010
8 37. PCME| 714 HEIEHE

O #7325 A

I 14. PCM AlE & Kool & ™2t

Restraints 1-2 years 3-4 Years 5-7 Years
Technological roadblocks H M M
Higher prices hindering growth M M M
Lack of testing standards and measurements M L L
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g}. Porter’ s 5 Forces Modeld& o] &3 PCM A& B4

O 71& 2 44 A= : High
- PCM A1 &2 7 71gel AiA AA™E S SRt A Fon, g2 7ol
TARE AT RE A AL s e
O At AEIdAe]l A« High
- At AFRAYA A o7 AFd el el E= &gkl AAl S, AR FH
HFAZ Qe Yol AF=2eH, 3 B v 52 PCM €3} 7€ 59
A7ee T3l A HH o] go
O thAlA o] 1 : Low
- e 9 "5 52 PCMO| TS Rebelr] 98 AR Qs A= 9o,
SEAA B YA B 5o olqpet gtEY PCMell #4o] SFHAL S+
O Teiake] d4= - Medium
- ol otE FAHLE F7IPCMol| ik =a7F F7HE skl o, ol Fo
PCM7HA & TH2A1713L &
O 32 44 : Medium
- AFe TR/ "t PCMEFAe] @8] 2971 ¥
- ffHS THLE F7IPCME] &Hol Ae AujstAIRE ofrlots FTAHOR
F71PCMell B gk #Ale] S7hsekar A=

Threat of Substitutes

Low

Intensity of Rivalry

Bargaining Power
of Suppliers

Medium
High

Threat of New Entrants

High

Bargaining Power
of Customers

Medium

12 38. Porter’'s 5 Forces Model& O

) = st = AGet aa viel S ZEZE AL A

5 PCM Al 24



= A ALA

O 2025374, A AMA PCMAI A2 $4,395 million(¢f 5x2¢) #E=E AHAE Ao=E

- A%Eopl FF PCMe| 8 FEEOIE YHT 0= o4y

ol B POM AZS 4 F3E AT /16 AU, AAAIRE Jus
S Qe ekl UE = ZELR S

O PCM A& 83 H1 AFoA FEdAA A3t
- 54 H=E FAHCE ASFE AU def @ a&7 o]&S % PCM
& A7 5584 SUFek L e
- DuPont, BASF, National Gypsum % Climator 5 PCM& A4tsl= 2249
31813 AHE2 PCMY| 7H4 &=t 9 A 8-Fokg gdisty] fsl F935t U+

O obAlolA Y A%AFe PCM 44 7HsA
- oMol AE FF, tie, YR So] POM F8 £3F Adom 44w
el ¥
- obAlobe] A% f7 @ BEjo] Wls] PCM AlAfel 43 7]%H fEe] Tha
"ol AL, obAo} Bl AFsE PCM AW B 7% go] o] Folrkd B
AART d 2 BAH, 71€H FA4el vty Bod

O =Tl E MAAAE &3l E5ta
AT ¢ thSo] BT Ao=E AT

- PCM Az 2 A EE& A% 712d79 HL8A
- PCM #&E 7]& MEe E3 n)g AZA A SA3keF Ao I
- 22Y PCM Ao 29 e A% Edf wHA
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O PCM &2 A4 #7141 PCM =23 F714] PCM =242 #+&& & A1, F714
PCM & 2+ paraffinf, fatty acids, sugar alcohols &©| AF-&4

7} #5714 PCM
(1) Paraffinic PCM

- Paraffinic PCM-& Z#j4+e] C13 ~ C28 Hydrocarbon © & o]Fo]x Qo] ZAo)7}
HdojA W &g259 AHoldegn Fristr, =47 (-5° C ~ 60° O)
treFste] thREEe 7|5 BE 4 QA SebAA, HI=A, vhE ARS PP A,
22 Azt 2 A, A AFA, 7 &old 5o Aol oA
AZFE Hgole= A F& paraffic PCM ARSIl &

- 2y, AAe] & vgo] S9o] arKtechnical grade $7.04/kg)olw, #-& olleky]
(150~200kJ/kg), &2 StANR, @& dXERE 59 &S 1 glon,

FEFRE FEHEE 71A0] A-, AASH BA @7 WztstH, HZ A
7}4 o] ol Q27|% 3}e] paraffinic PCMS tf2 PCMOo 2 U A3} 1A} Sf+=
A =7) kst e

- Parrafinoll= A&7/ 9 714 A%+ 9ske] carbon, graphite filler ¥7HE =%

<7b

o, ]l’U

(2) Biobased PCM

- Biobased PCM2 Beef tallow, Lard &< &=/ A%o|y palms, coconuts,
soybeans 2¥ T2 AEA Oilss 952 dAA= AP FEAEEER,
21 42] C12 ~ C22 Hydrocarbon &2 o]Fo]x glo} Aol7} dojxH
259 FHoldegn FrtstH, 2=H7F (-5° C ~ 60° C) thsto
e 7] %o BtE 4 A AN, A, =54, v AR
A, 2 AYG, =& AP, A A, 7o 8ol 9 paraffic

BE7 A 31 93, paraffic PCMETH U] =& 314 QA A, A3

7H4, melting2 5 & fatty acidsE9] ©ld F§EHES ol &3t a7 vt

fA =Ao] 7l

A= AAEE 7R

7R 7FA 2L )] A petroleum-based PCM2S- thA| & <=
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2
O

w3 A5 HE HA 2LUEL renewable AY O ZH L27F4Q1 o] Ak EFA
Wl Eo AU IF4AA 958t FHE 7HA 3 9. Fatty acidsE9]

714 Z(stearic-: $1.43~1.56/kg, palmitic-: $1.61~1.72/kg, oleic-: $1.67~1.76/kg,
Biodiesel crude glycerine $0.22~0.29/kg (CIF china Mainland)) Bla& == 3s}aL
st o2 E4A BATEMNAC] st Aol A o xHo]
HAFEE 27dg7 28

. 5714 PCM

O F71A] PCM2 Salt hydrate® &2k Well st oo & #jfstaL e 7=

O

- Grag & (1985) =& =

T o] a1, latent heat/Mass += 71419} w3ty W=7} =27] wj&of latent
heat/Volume & f7]AIRT o & EAE 7HA 3 I+

F=4, Ustshd, f71520s 52 454, FH e dHoe= (5~130° 0), ¥
74, & A% (250~350kI/kg), T GAEE 05wMK) 59 - AR 9

AZE Agol AYY
Tk AT A TR, B, 1 #Y =
2% B4 A0 2] MEe] AFA £ AN BT ASE 2§

A gk

F71A PCM 7oA o33 B2 5E4& Aojste A77F 8ol s

o] o
P

o

A
salt So] vj¢ -9 A
BIANA AR A &

F7] salt 52 EAY €89 BAE A , T2

FrEE 8357 A Z7] Wi Aris 84 o] EAe FU19S
Htgto 2 vhepgkA st Ao FostA] XFoE BES Holmg e o]
. o5 E HUE 45t st A=V A

g BA e 2IA A BAE At 12AE @ FHEES HUlskeE

= & Zo|t}, polymer7} Na,SO4 - 10H,0, Na,HPO, - 12H,0O, Na,CO; + 10H,O
= {8314 HAAZRyu at al. 1992). 12} o] & Thixotropic

TC

ZHAE = OE 714 5o 9glo] 8

o
composites} 3715

- Microencapsulation of Salt hydrateo

771 E4E A&3) 37] $18ke] emulsion polymerization, dispersion
polymerization, microemulsion polymerization, miniemulsion polymerization 52
o]l AFEolx Al 915 (Jing et al, 2011)
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=> o] 73] encapsulation yield7} o} 78<& U2 solid centent 7} Yt

=> A= ALF7] $JsiA= shell &2 o] water/vapor barrier@ =Z}-g-3f oFs}ar
AAdolojor & g of salt hydrateZ2HE] €42 2& 4+ 9<. Organic
polymer £©°] F&2 20|24} salt hydrates 2}= A-8A0] BE3F hgo] UL

(1) ¥71& encapsulation

- Salt hydrate meltE Inorganic-Organic hybrid polymer ORMOCER ©]-&-3} A4
Capsulation (Fraunhofer ISC)

- salt hydrate meltZ ORMOCER &< Injectiond}™ salt drop®t H&5sle= HE2
BEA o 2 solidifiying 2

- salt hydrate drop %ol @3t capsule & A

- 78 = drop #g|, washing, dry

- salt hydrate W& & cooling gl we} 243} 3

o

- B8 oA B4, A EAE A AS

(2) Hessbrugge Vaidya (1997)

- water-soluble saltZ encapsulatings}al A 22 W A<t

- aqueous-organic AlH-S A Al71=H B8 emulsifier, 18] a1 7}-3] ol
os) Ay7l= el A A AS 93 acid acceptorsZF H7IAIE E R lE simple
process

- w]%- 2 microencapsulation %'H

(3) Brandt 5 (2006)

- Na2CO3 hydrate YA+ 3+ & F7] SiOx5 2.2 encapsulation
- TMOS-&< o 4] sol-gel process

o AT FF AT

(

O &% 7ML A48 gudT=2 J52 A9, PCM Producte] 714 & 9=
=4 7FA3} encapsulation process HI-& 5 F 7HA 842 AAH. A8 E’QQ]

BAH AP} BAH DAk ATPH Ae] 2ol BFolW A,

L

O Y9584 2= dA paraffinse] 7Fg o] 2~o0]31 QA 9F Building applicationS

?13 A= latene enthalpy/unit volume, @34 (&4 APA)S F8& He AAE
T s oF g

O paraffine A 9] 5 7}A] criteria o] 2 <F 231 F7] salt hydrate®= ©

S A $3tr] wWEo FAH o2 paraffine A & 7hsAdol FAE

A

f

_—

% 74
s
=

al
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A7 F3 = AR, F7] PCMe] Building application®l] 3] 2:0]7]
Aales 2 7HA 71eF AE S sfdaof 3

Q)
=
S [CEROE )

microencapsulation®] o2 2

O Biobased PCM &= EAAA, ssibAdAd, F54, v AME b8, 242 izt
o AAA, A FFA, 7139 &o]A, paraffic PCMET T & 3}A] o+ A,
A &E3 714, melting2 =% fatty acidsE9] o] FEETES o] &3l 279
o] A 2A-o| 7153 AR IR Qo] A petroleum—based PCM&
AE 7 e JFAES 7HAL 5. B 7 ofyeg}, dE7 He A9 LdE2
renewable A¢ S 2H 2A47F2~Q1 o]4kslEbA wlE o %*éc’d 8784 dsgte

A= 7HA L A+
O paraffinol H]3} transition 542 controlsl= o 22 x|2)o] & Q3}31, process

technology 2] . 7jAdo] 8] Fo]oji 7}7p ule el Biobased PCMo]

paraffing WAE 7lsAdE HAA L J=

2. PCM ¥g5AF 5%
7t. =9 PCM 354 5%
H 15. F2 PCM ¥= & H=At
Raw Materials Company Location
Petrochina China
Sinopec China
locl India,
Paraffin Wax Sasol South Africa
Exxonmobil USA
Igiwax USA
Petro-Canada Canada
Lenzing AG Austria
Nippon Chemicals Industrial Company Ltd. Japan
Elementis plc UK
Sulfate Du Pont USA
Alkim Alkali Kimya AS Istanbul
China NaFine Group International Co. Ltd. China
Akzo Nobel Netherlands
BASF SE USA
Fatty Acids Arizona Chemicals USA
Eastman Chemical USA
Croda and Oleon N.V. Belgium
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. PCM 712 7=

Proportion of Manufacturing Cost Structure

Labor Cost_____

7% ﬁﬁ““ﬂnhﬂhhmqﬁhﬁx

Manufacturing
Expenses
18%

a2 39. PCM 714 =

. =2 PCM &5A 5%

rd "
| @ PEEH %P & inganoi Sove. M
sas0L s P EKD".M""" Llj PETROBRAS

T

Upstream ‘

THE T EBRATIONLL GROUR e,

K Liren pocs
| Musra  sufisw

"\

-

-

. [ EETT=3 Honeywell Cryopak «i|

Midstream CliMator sutwe
e T oo

L

100EE {080

( bouyguES\.' vnq:[l:p T Ee

Downstream Centex @ !:-I:x "
b= - ,"

_ ddcron [} samsunc

Source: QYR Chemical & Material Research Center. Jan 2017
3 40. PCMEHH AdA el
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2. =Y PCM 354 &%

O Tl E AU E, AA-2Fg o, 1AL, 5 HBASF SollA PCM
o, 22H PCM 7|3+ 28] TuolA = PCM Aol i
2AHA 71w AT Qlo]l FEelvt HFH A
- (Pl Eol| A = Rubitherm A}e] Paraffinic PCMS 12,000-225009/Kg 714 o &2
FY3t in-situH S 2 micro-encapsulation st FgF 3kl &
- AA§-2F g ofo| A= Sasol AFY] 7] PCM< &353tal lom,
I H 224G A= v Phase Change Energy Solutionse] BioPCM-E

Y =] [e]
EESPEE EUER)

i

E 16. =294 PCM &Xf S3AF &= (20134 Frost&Sullivan 9833-39)

End-use Applications

JRITTEEIEY Automotive
Company Cold Chain | Textiles EBuiIding andE Solar | Aerospace and | Electronics | Others

:Construction

: : Defense
DuPont - - ' * - - - -
BASF 3 L 3 ; s
National Gypsum - - * = S = =
Climator * - ' ¥ = - = =
Croda % - ¥ ' - - & -
PCM Products Ltd * - * * - - *
Rubitherm ; ; : : <
Technologies i ) i )
PCM Energy P.Ltd : ; * R K R .
RGEES . - ; " :
Entropy Solutions, . . . . ) ) .
Inc : :
Phase Change ] ) : ’ ' } ) i ’
Products Pty Ltd :
Qutlast Technologies - 5 - - - = =
Laird Technologies - - = = 2 * =
Brady Global
Engineered - - - - = * -
Solutions S :
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2. PCM 7+&71€ A 2 383 3%

7t PCM 71871« L 5F

Direct incorporation

Nano-
encapsulation

Microencapsulation

Capsule

O PCM 7+ 7= 4
- Direct incorporation : A4 == EA PCME
Edste WA o E Ao HlER H FEo FAVF A
- Immersion : 431, £2 ZIYE T2 AZAA HAJe)e] PCMES FHA 7=
WAoo w FE A7 AT
- Macro-encapsulation PCM : {8, 3@ 59| &7]9] PCM& Y& 2o g &9
A= floy mAg B nAst g AARte] 2 EA7F A

=

- Micro-encapsulation PCM : PCM<S 184 542 &3} sl 4 4= ¢
ANARE, dA8 5o 724 A gk 7 B8

- Shape-stabilized PCM : Poly-ethylene®} -2 22 Ao s}etd A o] PCMS
TAA 71 Ao R JdAT &S A A A7 28

- Nano-encapsulation PCM : 7]& 7Z2A]%yt o2} Smart windows o ¥FA}SE]
MEoE AL F UESE FHAS G5 F e 94771 28



, 2000@ o]Ho= PCMS A1, 38 E T
AH Este B 2 ?E}%l% /\171%3 WS sl e, 201599l PCMS
W&t ANAA HAaRE HE3te YA 4aBE 40% ATA7E 7I</NE,

O 2020383 ol& U=l ed PCMS 2PtE A5 /g o2 A A 7= 7e/fEo]
o] Fojd o H<]. (20161d Frost&Sullivan D737-TV)

O
o
O
=
N
t
N
i
off
o
a| m[o
m_?:
FI

1}, Micro-encapsulation PCM
(1) Micronal® PCM

O 59 BASFe| 7A-¢ AxlolAd Hetd S ofadA 1&AE HEdANA 2 A5E
PCMA&A & 21 C(coolenoll Al 26 C(warmen= L A3 =7} 24| 7153k
Micronal® PCM A|Z oz A @ Aoty 9gom, ¥ 17 F8 Micronal® PCMY]
T8 AFS Y

E 17. &2 Micronal® PCM

(ZX: www.micronal.de)

Product Product Melting point L Operational LElEET heat Solid
designation type approx HEplEEiE range EEIPE1 content
’ - approx.
. ! . Summertime excessive Cane Approx
DS 5000 Dispersion 26C heating protection 10-30TC 45 kd/kg 499
Stabilisation of the
DS 5007 | Dispersion 23 indoor temperature in the | o g4 41 kJ/kg Approx
comfort zone Passive 42%
and active application
) . . . . Approx
DS 5030 Dispersion 21C Surface cooling systems 10-30C 37 kd/kg 409%
DS 5001 Pulver 26C Summertime excessive 10-30C 110 kJ/kg | M powder
heating protection form
Stabilisation of the
DS 5008 Pulver 53C indoor temperature in the 10-30C 100 kd/kg In powder
comfort zone Passive form
and active application
DS 5029 Pulver 21C Surface cooling systems 10-30C 90 kJ/kg n fpoorxder

O Micronal® PCM& & 17 oA & 4= %] I H(Dispersion)¥} 3}-9-T (Pulver)

Fee] PCM &4 71€8 P NS BFstal A&

- Micronal® PCM& 1% A8 2 Alx®lo] 283} Knauf PCM SmartBoard® (from
Knauf Gips KG), Ilkatherm® System (from Ilkazell Isoliertechnik GmbH), Maxit
clima® machine-applied plaster (from Maxit Deutschland GmbH), CelBloc® Plus
(from H+H Deutschland GmbH) 5¢] &3 AF= /I X FFHIL AS
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PCM SmartBoard®

Maxit clima® machine—applied plaster CelBloc®Plus

a8 42. Micronal® PCME X &% 215 ME 2 Al2H of

[==]

1}, Macro-encapsulation PCM

(1) Energain®

Eoll 719 <l Thermal Mass&
AsFozn gt oA 2 of 2= Wl me Ao 2= ¥3}
AA3 zA3sl7] 98] DuPontAlel &3l 7

O Energain®= €32 #Ao] & AF Fx

I
o
N
£

- dRulE FE AR T4 Qor), o]& B3 A AL Folw oA
WS APeke CO2 MEFL Fol: e BEE I
- BE U2 AF F b EFvE BOE Hof gov, 9 AU Fu
& @ 5

T12 43. Energain®2| thod g At 12| 44. Energain®2el 7|2 MZE 37|



O 718 =79 AEL 5.2 mme FA <} 4.

Abololl &= ParaffinAl PCMo] &% o] Q1S 2 &% Paraffine 43l
ColH, oAl AzHIAJSANE Bt =& FEEF (70 kikg= 2
- YRt o R EEHRE W T o3 YIS Haslstaa dA v =

AgEH B2 dEoyA Hrb AlEdeld AToA AEH AHE Holil &

5 kg/m*e] FAE zty &dFnjF &
7

E 18. Energain® % Y=Z0|F HolZ 24

THERMAL MASS PANEL

Descriptive Properties Unit Value
Thickness mm 5.2
Width mm 1000
Length mm 1198
Area weight kg/m? 4.5
Aluminium thickness (sheet) pm 100
Aluminium thickness (edges) pm 75
Paraffin loading % ]
Melt point (parathn) oI 21.7
Latent heat storage capacity (15°C - 30°C) k]/kg > 70

Total hear storage capaciry

(Temperature range 15°C w 30°C) K] /kg - 140
Aluminium sheet delamination force N/em >20
Conductivity solid WimK) 0.18
Conductivity liquid Wim.K) 0.14
Flash Point (paraffin) °C 148

ALUMINIUM TAPE

Descriptive Properties Unit Value
Thickness pm 75
Width mm 50

a2 45, 9= Hamond 1SSt A& Alal 18 46. Tibet Demo—house project M-&A|
(photos DuPontTM Energain®) (photos DuPontTM Energain®)
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(2) BioPCM®
O BioPCM®& w] =+ Phase Change Energy Solutionsoll ¢} /W= 1 FE5 1 9o,
A3 A Algo] &olstr] W] W Mock-up A3oA FE AEH
- 71& PCM# 28] W& Eol7] A8l Qst JAAl 4o &8 &
EASAA, vlo] e JES o] &3 A X3t AFoZ NAHAS

a2 47. BioPCM®

O A& g2l fwli A A4 § 9lor] ExF e BioPCM*E Algshe
AGole= AES PR F Stapler A2 UFE ¥ ~E o] AL 1 9ol
Mu REZS ’éilﬂ EstA AlEE A
- 53], e @ttioo] AAstH HAge oA Hid a5 AT F A+
- A2 FHAAE &1 SAAT FIFFA AlEE AHIZE AS




t}. PCM & 718719 Add B4

O Micronal®®] 72, th¥dt AFA 850 aggg};q PCME &% 4 9l 353
Shell2 =8 Aof7] wj&ol 27l SFANE FEo] dojuA] FARE Y3t o]
she B S 1y

O Energain®e $Fx WAl AlFo] 7hs3ta Fadde] ¥ Ao Jout Eo u$
Aoke wyg nY

O Wi, BioPCM®E 138} A4 JRoz s Y-S 3= AA T A7
Y7A4Le g2 PCMo| vl e <

O WA 7 485 POMES] B S 4T 4 At B9e AN Bart e

MATERIAL ES/PROS &

Energain + In bunldmgs hlgh surface area

(DuPont) allows for large energy storage 20°C
== Paraffin-based; flammable

Micronal + Wax capsules in building material;

(BASF) no leaks if damaged 21-26°C*
== Flammable

BioPCM Soy-based gel in wall cavities _2Q°(*

(Phase Change + Low flammability - Z3ih9MC

JO8 49. T AE3) PCMe| FCHE 2 MEst 2 HE
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3. PCM A& &4 AEAA 483t d3
7}

ZaE R gYuEA)

M3t ZI2E 2 HUIEM g
EERNER)) HED ESYNET:
Saint-Gobain Weber Weber. Mur Clima® Enthalpy of fussion
. (Ts = 23 ~ 26 C)
() dry Plaster Mix 18 kJ/kg
Maxit Deutsch-land | Maxit-Clima Gypsum —7..,..'1""‘“‘” Enthalpy of fussion
P . (Ts =21 ~ 26 C)
(%) Plaster E 18 kl/kg
L
Enthalpy of fussion
CSV(&E=&= Klima 544 TYNK (Ts =26 C) :
100 kJ/kg
WINCO Technologies Enthalpy of fussion
_ ENERCIEL (Ts =23 ~ 26 C) :
SAS (Z&2) 184 kJ/kg
U Hare
HF 20. PCM M8 &83 MIEE
HZAH=E]) H = HEARR FARF
Knauf Knauf PCM Enthalpy of fussion
(Ts = 23 ~ 26 C) :
(5Y) Smartboard® 110 kJ/kg
National Gypsum ) ™ Enthalpy of fussion
ThermalCORE® — 4 (Ts = 23 ~ 26 C) :
(=) 110 kJ/kg
¥ah
Saint-Gobain Rigips | Alba® Balance Plaster
(=9 2) Panels

Enthalpy of fussion
(Ts =23 ~26 C) :

110 kd/kg
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F 21. PCM M2 HE gl dichxf st

HZ=A(=H)

HEY

M FAR

Rubitherm
(5¢)

Rubitherm® FB
(fiber board)

Datum Phase Change Ltd.

ThermaCool®
(F=)
Armstrong o
CoolZone ceiling tile
(F=)

EBB board technology

Ecco Building Boards

DuPont™

Energain® Boards
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gt @A 2 Fz
E 22 PCM M8 483 o 2 ¥5 oY
H=AK=H) HEZY HZAR
| ‘e
Advanced Fiber PCM Enhanced
Technologies Cellulose Fiber S il e
(W =) Insulation m
ton, SC Installation |
GLASSX Inc.(2=%]22) GLASSX

4. PCM ASE A371¥ d3 2 AA A

7t ANF 7149
(D CoolZone

z] &Rk

1o

O

TEGULAR 8

12 50. CoolZone MZ AlE 7|H
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(2) Alba® balance solid plasterboard

O "

] EXRXXRAK

ALE IS R XXX IR EEE
¥i \PAVAVAVAYI[ FAVAYAYAYAIAY FAVAVAY
N I T PRy Y O T T (T L TYEY T ¥ Y

5 g
Cladding for facing wall

Cladding exterior wall in timber structure Cladding for wooden frameworks

a8 51. PCM HE HA Als 7|H

O

2
o)

Cladding for suspended ceiling

Cladding for heated/chilled ceiling Attic extension

8 52. PCM H& HMZT Al 7[H

0K
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O A%g 547, adrlo] he exoele g2 Aoy A7e A%
2879 S 98], POMe] Adste el ue WA, A% % A 7] e
POME #&3t3 Q& 02 BN, 7 POM AZYAEE HA9| Y57
8 SANAE 9T ATPES ALstel sk A ¢ F A

. Hg Al

(1) Whitehall Building(g =)

O AFE W AT P33 2 oA &4 F4LS 98l BASF| Micronal®
PCME o] &3 HAELY Al2=®" RACUS®RS F=9] x| 7|$RsF(F7F e
Whitehall Buildingell A2 %]

8 53. Great Pavilion

(2) Great Pavilion(=¥)

O PCM= A &3k vtgtA) =3k dA A7 3 7ide] 27] @24 W3 ede dA
HEAdZA A = ol A AAHNe] 249l Great Paviliond] dU2= #A&

A&l hFEFY W 3ol RUBITHERMAFS] Macro-encapsulation PCM¢1 CSM(compact
storage modules) 3000 kg& A-83ste] AL 259 FAE F Az 22,000
kWhe] o= ¢} 589 CO2 7} AZEHE AogE Asd
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% 54. Great Pavilion

(3) CasaE(H. &+4)

O a9 HzYz AFo] Ao CasaEx Hebd Hx9 oyA Z&3<
oz A=AA 400 HWrE 7|Fo2 71Ee FaRg A 70 %9 oA
goz 3 Ui g Micronal® PCMS 2 &3ty F&%<l

% 55. CasaE
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= e—

Bicester Eco—-Town House

Solar Decathlon(Madrid)

a8 56. PCM Clayboard7} & 2=l

]
b h
glov), Bz RCTE 3 214 7

e
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5. PCM &4 9 o]l& FH LR 7|54 AFAA Hrbles 5%
7}. PCM &4 H7}7 &

O @A &Ad g 8 =27

o

A7 2 AR e B
U Ald4d 729 54 ASAA Hrple
O @A v=3% F8 Fo/e= PCMe 283 549 d5AA tig A d4d 1529
A58 7= F2 Guarded hot boxe} Large scale climate simulatorE o] -&3}¢]

REE, dAY, A9A &nlFeS Brkstal ey, ofd7tA £F35hd
ANETHE s Y

' “

% i

12l 58. Large scale climate simulatorE 0| 235}0f PCME M &8t X|2 o E|AE Zio

O
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o A7E EPAIFHYAM Y SE ASAA Brble

O Aitx mgd@Feo] 3 =94 A5AA B771<€2 A Hut Field Testst
Whole-Building Field Testing® WA=t A vl=3 F4 FoAAE F
AR A E AF8oR IY Fol loH, AFE AFEC] #4331 HA
e A ofF 7% WA wet A el 9FS FoEM, oA 7HA EFEE

N

ot rlr

PR b =4y

I

-
' - H_‘l

=1 o
I - |

=1 |

asnoy 19}y

I8 60. Whole-Building Field Testing
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2t ASAHA

O =9 RAL Quality Association PCMol| A+ RAL-GZ 8962 A A3t PCMS 2 &3+
71674 A=AA A g Hrt 8 JISAY S skl AF
- FoHEI =
- Phase Transition Temperature
Stored heat
Cycle Stability (50 ~ 10,000 Cycle)

height adjustable

Awarding certificate

insulation N

cooling/heating mhe\
metal plate «-.____“‘- % IR A L_J
sample room %
mw‘errls for powder pl:qucu /
feed tube << §1 / ,
LY
return tube s
08 61. POMES HE3H 7|54 2SNl th3t T8 62. PCMEY MSelEA
Cycle Stability Test 24 = (RAL Quality Association PCMersl)

O RAL Quality Association PCM ¢4 &3+
- Micronal® PCM, PCM Smartboard®
=< BASFolA 71dE PCM &4 2 A ZAA (A 2] Ul epdA])
T PCM &A|9} AF5AA= ZE RAL HXEE 34
2008y 8¢ 22¢ RAL #4 vi3 g%
- RAL ?15&3] Members 71
=9 F9 PCM A% 7149 E(BASF, PCM Technelegy, Ehtropy Solutions,
Rubitherm, Sasol )& RAL ¢1=3& 3] ¢ Members 7|

- RAL )I5& &% 7IE PCM &4 2 #AA9 F4d A5 H2=E AdA
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=M:TN S CRODA EMC0

We create chemistry

BASF SE Croda Europe Ltd. Emeo Bau- und Klimatechnik GmbH & Co.
KG

v Entropy £ goralcoptem PuM

Solut:ons - tec ne gy

Entropy Solutions LLC Global Energy Systems Europe BY PCM Technology
] L USS RUBIfHERM esen e rontrs :f’
synefglsm At work PHASE CHANGE MATERIAL
PLUSS Advanced Technologies Pvt. Ltd, RUBITHERM Technologies GmbH Sasol Germany GmbH

18l 63. RAL 21&8 s Members 7|
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= A ALA
O PCM €A &A 71¥ 7€ "™ 1 Z7|7F FolAe= AEFE BY
- 20004 o] Aol PCME 2 Edets wajoz g
- 201530 = PCMES <3 AAA ASAA | H&
- 2020 @)= Nano Alo]l=¢] PCM 7} 7|<o] /ME=E Aoz oA

O "=, §9, 354 &34 PCMe] ZF5 1 ¢low, nl=3 =9 Dupont,
National Gypsum, BASFell A4 Building & Construction okl 28& Fi 7|7/

O FAME AA§2melo}, ej A 244¢], FUHBASE Sol4 PCM 248
FF3 glovh FEHW POM 7197 2 FWolAE POM 24 o
AHAA 71& AL glol FEANT AFH YL

O 9| 8 483 PCM AFY 304 24 A3 JAGo2Re 53 993
Be 4 gls WEAT WS B 2T 5 dE Weke] AF g
SRECRE

O PCM

= H, Bt A&, O, b, B, Z35, AHA2E T 520k
sto] A=A A Ga3et AU 2EH e wodFE Zledd d

s 24 9

e &
4 o
_\,L

2o 250 PCMolgtx sty gts A4¥ PCM e whe} Jdea) 28
Boe me}t 2 Lxurt g2r] dFEe] Aux A Aol 2elrt
e mao o B ¥ 2 w7 gE 287 e

I:Ilo

I
o
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(2) PCM #d¥ SCI¥ 2% =&

O A AAHoZ PCMe] tid AT 2@ =8 UEE /835208 T23) Sojun
Ae
- 20013 9] 154734 20143 9] 10,7527 7k SClig &3 =+ A77F ¢F 708 F7}
- m=go] wEE Fowd e AMRY, 23 v2o] AA e Aute
A&, ol A WER PCM =8 345%9) w9 Fe Hage Y

WE7IS
(29 2) | il scl ==
10000
8000
6000
4000
2000
Qo 4
oS o 82 0 00 8T 90 10 0 9 g gt
HHEEL (B9 )
J% 65. PCM &8 SClg == 8 Y% A
(Web of Science)
dEAT e
(THe: A) Em SC| =2
6000
4000
2000
3.45%
0O +—7F/——7—T T T T T T

@ o 8% o ® A g way  e?
i 8@ G ?ﬂ"’(\oq:.\ﬂ\g‘:“o ® W@ o

- o
\)“* \s{"\\

% 66. PCM A7 2= A IH=g & 5
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O =R A HFAe]E Scopusell A Kyeword %

Materials’ or
3¢S B43%

Eord PCM 3 & 7€ %

o ¢

ERUE

Phase Change
‘Phase Change Material’ = A3t A3E EAst] 72 Q4=

A3} PCM A2 Cold Chain &0kl A 78 kst Ao =

UEtU AR, BoFd SCl 97 =1 %< A¥EA 20084 20159 &<t
9471 9] =&o] Hxd
O Building and Construction #oF9] =& AR} D ExE =% AFF 2,720
A7} BD AgH o Zrlee 2AE 129
- PCMe] A% AUA A% 714 dEsts AR2A A4 A3 dHA
#Ado] e AF, A EokollA B2 A7V Holea e Ae 1T +
28
- 28y AAZTFEIF Z2 o) PCMel tist 7HA A A o] FH A ¢ty
wj Zolgty Hod
| /Il Cold Chain
600 I Textiles
1 |l medicine
500 I Agricultural
I Building and Construction
400
F
¥ 300+
R
M
200 -
100
2008 2009 2010 2011 2012 2013 2014 2015
o HEE=F 58 (4)
8 67. 20FE SCIg d+ == ¥
g 437l ¥R =% TF
O PCM2 A 7] PCM, #7] PCM, ¥§ PCMoZ T8 + 35
- &8 PCM<& 7] PCM#} F7] PCMo] &3 =] AMEL E4S 2H= PCMS 97

s
> 7tE 3kE

& 2t A PCM3t vivtetd A PCMo= &

=52 TAHY A+
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TES
Thermal energy

storage

SHS LHS
Sensible heat Latent heat

storage storage

PCM
Phase change

material

Organic PCM Inorganic PCM Eutectic PCM

< : Inorganic- 1
Organic-COrganic N Inorganic-Crganic
Inorganic

’ Paraffin Non-paraffin ‘ Salt hydrates

a8 68. ZollHX| ME AL 2 PCM T2

A
Dﬂllé—%

=4
3§ PCMe] A4S0l = =8 A5t grigos Houg A&x0z st

FAolM, ¢ —?:—8- FEFS zta dats st x e PCMe Alxstr]
Aot ¥ & AU J¥E Aew o3
o

o= F7] PCMe| Fxoldd,

v

_1 (0

W A7) AR AAFA 2

250 | Il 38 PCM

¥

oH
Hi

2008 2009 2010 2011 2012 2013 2014 2015

AR

a8 69. EEAME SClg o =2

W Lae=r ST (H35)

e
ot
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ok AR Y Ve A7 ' F

O PCM 7Fg 2 7 W& FA S7HA = 8%

- 1F33 S &83F Shape-stabilized PCM (SSPCM)ol| th gt =3o] 7}A @o]
BxERon, 2A-dFYdE 2 Micro-encapsulated PCM (MPCM)ell th3t =EFo]
1 HE 9 &

- @A v=molyt fFEAA AE3EHI e AFlE SSPCM# MPCM 7] <& ©]
AL A

- Z o+ Honeycomb PCM, PCM Panel 5 PCMS W&oz F43le A2
=8¢t Macro-encapsulated PCMell Tt 7|& 7 9 A9 B84 <140
=ok34

- Macro-encapsulated PCM 7] <o tjg < = IRV & Fo08 e

oz cq] /\]-9

>,\l

Il Direct Incorporation

200 | [l Immersion
Il Shape-stabilized
| |l Microencapsulation
Il Macroencapsulation
150
<k
!
~ 100
o
4

50

2008

2009 2010

a8 70. Mob™ dl

il PCM 2§ AFAAE A7 5%
O et edel 44,

2011

A1 A PCMo] A L8x = gz

2012

o] =

2013

-

SOlA A Ha = s AFS 7EAI7F oA A H

O Hhdo] PCM2 S o] 28
[}

=<
O Al WEA=2 AH&H
=

T 9= ZIYE, HEI

=2 ATE Bo 78533911:

- =4 BASF¢] PCM Smartboard%® ©] ¢} #-& A
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A o] 25 (-4, 5, 25, 32C) ¥ Z<E FH150~200k]/kg)S B/
= A&=AA 8§ Paraffin wax PCM 24b7] < 7t

Aol &5 (-4, 5, 25, 32C) B A FH150-200kI/kg) & KA
Z=2}A)] & Biobased-PCM A| %&7]< 7))
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O 4% s1o] AH&53 9= Rubitherm Ak9] Paraffin wax A% 552 A4
TSkl BAS AAF A% -3-83° C, 140-200kIkge] FEFL sHAm

9ee &+ 92,

HEHE | 4M0I2Z(°C) AE YHo|2E(°C) a5
-4 -3.22
5 7.23
25 27.21
32 31.16 141.4
82 83.24 186.0

* gl TAolA A4 B4 DSC A

EAZHKI/KQ)
143.3
143.2
205.2

o~ —

(O Biobased-PCM3} Paraffin waxe= Straight Saturated Hydrocarbon A&l
Aolo| me} o=} FdHo] Tt fFARE Hol 1 AR
kot AAATAME Ho) FIFo] FARRFHo] EQl HAomw Tt
Biobased-PCM<] 79~ modificationel] ]3] “FHol&% -] Q.

O AA Az 5] =Y BASFALS] 3,000 Cycles= 3}t

O Fraunhofer CSE¢] Jan Kosnye] ZAAAEA o m=e] H/8E

71E0% POM7EAe] 7 §/Kge AA ¢otek 10del Paybacke] 7hsdltha
TR s @A FU7HA0] 10~15 $KgAHAE olER HA nHEE
A e of 3

71&€3

ek,
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O AHF= A3} 34 7 &1

- 183 -




24 5
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Ia

FoE o7 Ao wE PCM A48 2 4 AFAA olvRA] A V&
- 30 Jig o1’} S848%< 2te 54 UF5AA ML
= 7]20UiH] 20% APE PCM 7hy 2 Al A
= 7]EUH] 2 ColA vaeE A &3

44 <A

O 715y B4e 53 71=0] BASFAIAM Adsty Aestd =9
Marze AL 20 Jgd 8485 S /AL oS FIsHen, {71
PCMe] Wi 2¢l n-octadecane®] 79 ©F 256 Jigo HL#HS 71X Q7]
ol € AEAA Ax A F& FEFSE JUE §AG= e AL
3 Hdl 30 JigY 88T e EE ASAA NEs H5xF=2

Thickness 100125 [m] H

Peak melting temperature 25[°C]

Thermal conductivity 023 [WimK]

Latent heat capacity ;200 [kJim?] } 20 _]/
Specific heat capacity = 13M01’K[ E
Density 1 800 lkginﬁ]

Specific heat 1625 [[/kg K]

Material d [m] A [W/mK] plkg/m?) Cp ikgK]

Galvanized steel 0.008 40 7824 500
Insulation 0.04 0.038 32 835
PCM gypsum board 0.0125 0.23 800 1625

12l 119. The PCM plasterboard (Knauf comfortboard)
filled with Micronal® PCM microcapsules

O =7H ez AZA] Alhell tgat7] skl PCM Az B 7Fa DA oA
AR gHskes Zo]l Hadh U|E APd RE Azxd AZY
B M g AR Dyt £al gLkl EVsttes FolA HIgo]
A AAHAR & ATAAE o dEFAA ALE F50] JHsdAR
AgH], =58, Fug EFE A7t A7) JhsdtH, Aol 20% o1 |7bh
A ANRES EE5te As 5322 §

O AU 93259 AR a3+ £ 1__?'"] H3EEY 29 HAAH YA
Az 23 AAHE Ved. 7189 4F PAM A8 fell met B 57
T FHaexE AEIHE th: AL Felstdom, PCMY FA7L
FAAR wWEHREFe] wohfd wWEh o & 1179,-35‘_:4-7]- JE=E A
st wetA A7l =2 49 4% e 59 Ad5AAY FEer
71ZtH] 2 ColAe] Maes A7t 7Msd o=z o

Reflectivity : 0.2, thickness : 0.01 m Reflectivity : 0.2, Melting Point : 40 T
60 60

Melting Point Thickness
—=—No PCM —+—001m

+-0.02m
;%_‘LAT:W“C 20t
50 i 1 | e
| A

A_

er

S}
=

—+—0.03m

Roof Surface Temperature (C)
Roof Surface Temperature (C)

07/25 24:00:00  07/26 24:00:00 0727 24:00:00 07725 24:00.00  07/26 24:00:00  07/27 24:00:00
Day Day

a7 120. PCM ¥ & /7 & 77ﬂ Hatol| e EH2E Hal

H

713

Al ks

g 5E A5 712=4 DB 75
2E 4 A5 Ve 5% =24 49 A9 g
A7V S A=AA AE 5 A HEE AA
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O FAR AR FHRE AsA TR ARG T AR Aol
Bad A
- PCMe] A& 7H5@ AZAA AZmA, B, A5 EAAE] 20209 ol ¥
N 1122002 &% PCM A4 AZniaAe] A4d4ee A%550%
s Ao oHr faa Bl Age] 2E SuE Ao o4

[=]
o 1128
——
CAGR (2014-2020) 1 :
10 4 ASJOpZTH 7.1% : 4 1
cHE X 19.4% . :
o9l = 3.3% 1
& | o - 1 B
! :
= 1
or i 1
el e
K o6 - ! ] tha=
- i I | morey
1= ! i
i B HEREELEE
=
= 44 : : 1 B
! 1
I 1
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! i
1 1
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0 — Tt
2015 2016 2017 2019 2020

g 121, I PCM M E Jts ASFAA A&
(20144 Frost&Sullivan NFOO-39, 2008, 3t5tZAM eI T2l LSRN AIRR R,
2012 L MAH AR A|AHFZ The Freedonia Group.INC)

- PCMo] Z & 7}53 S8 %ok & 50%°]4to] Building & Constructioni-okol
A3t Ha 9o, &% PCM #AujFo] 715Hs} 7|s9 a7 S 5%
Ao

Hdsty S71E 2 %
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BO%

TO%

B0

S0%

40%

30%

20%

10%

%5

2011 2012 2013 2014 2015 2016E

M Building & Construction B Refrigeration B Consumer goods B Others

g 122, PCM Mg 2o ohjf M8

(QYR Chemical & Material Research Center, Jan 2017)
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b HE 9w npAe] Ag A1Ee AR AE AR oA Ag
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dom, @9 wAY gauwEFo R kst 15.69 kg/m .
&std & hH
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M\
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)
o
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>
iy

4. ¥§ #H] 4

(D BAAE 42 /e

O ZAAA 8348< Briste 247IHe2s He/HlE v]&(B/C ratio),
U349 &(RR, Internal Rate of Return), <& A7} X](NPV, Net Present Value)
ol glow, drkx o g o3yt golsta, AAYTFES ATt 7Hed Hel/ml &

H|&(B/C E4) EA4719HS Bo] AL
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eks AMEsts o g guikrlo g Hol/u|g H]Eo] 1.0RT IH AA Ao
Sicka Beke

n o HTFEEERAEE)

O WHZ<2E(RR, Internal Rate of Return)

- YETYELS AAZIAZ B4kt H g B89 gro] ZolA= & r&
Tole WHOZ IutH o g YRS E] AL H ERISRY I AA Aol
s R

n B n q
U] 3501 & (IRR) : =
- tZ:]o (1+T)t t=0 (1+T)t
O <3A) 7% (NPV, Net Present Value)

- AR T AFG O FutE 2E v 83 HYS |FU R HAUIAE
Rlste] F HAA F H&S AT gholw (EFAZIX) = 0 oA HA| Ao
Aot Fost

B
=8 G714 (VPY) = ;%(Hr)t )

(2) ZA4 #49 AA =4

O #3713t
- Hlele] 71k Ao SAel et v ksl vEbd = AT R&D AR 9
547 719 w77t w27] dgo] #Hele] Agr)zte] Aoka A=
o2&
- AS7IRkAL 9] A, R 49503, FF2 17~18d T W71t
A 857 % 37 Mansfield(199D)E A - o2 HE 8d o]Fo= #ejo] T
o A Feve ATEIAE EUE & AYe Ae BYIdNE A
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TE F 8do = ALt 2023~2030@7MAE 7]
FAATALAY cAvlerdd 2= AAE gy B0 158 AT,
#3487 %71 85 7HD)

L B e
- U A FE ) PCM AL obF §4

7bed ASupdA], @A, dFEHJE A
AZupdA] A (7.00%), GEA A735.34%), HJE ]72}(3 30%)2] %
At on A T8 A9 7] AR HAFES S%E 71]40}010“'4 ALEL
3 2] PCM A& AAE<Q 20%=2 AXFEHEA : 2014 Frost&Sullivan NF00-39, 2008
SItAAATYE sHASAA AR, 2012 =W R AA GEA AR The
Freedonia Group.INC)

¥ 49. I AFEE PCM AlZ A2 ol F (el o @)

= Naore, e, M) A ass FouAE

2018 55,331

2019 58,682

2020 62,245

2021 66,003

2022 69,762

2023 73,765 6,934

2024 78,028 7,335

2025 82,568 7,761

2026 87,403 8,216

2027 92,553 8,700

2028 98,037 9,215

2029 103,880 9,765

2030 110,103 10,350
AL FE - HAAA PCM Al $FS B4R o A AAES
20112 E] 20216744 2] 7l 20%2 AFstRon A 59 PCM A%
E44 B A5l vlsl A &2 7Aoo qdEHER 20221 PCM

7FAR LS -6%S 2 83ko] A4FEH(EA : 2016 Global advanced phase change
materials sales market report, QYR Chemical & Material Research Center)
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# 50. a2l HAEE PCM AlE 12 o=

He siel Z4=& PCM AlE
2016 4,561
2017 5,160
2018 5,859
2019 6,729
2020 7,693
2021 8,713
2022 9,828
2023 11,086
2024 12,505
2025 14,1056
2026 15,911
2027 17,947
2028 20,245
2029 22,836
2030 25,759

S - 9] 10%2 Ao o)

- B ARG S B9 ddEE AA =
= F So] Al S8 HE 94 52 BEOE

]
=
739 o} A]o} Ao AT =%

10%= A4 3

O 719+
- A7 EL G Ago] HAAAANA o AT AP 7AE T 4
AEUs ZHste AAH FEAFE TotH, Agol whet 3.30% ~ 84%<]
sl HEH. B ARdS A S0 Aol 4L A8l a5 POl 24
kel A H 7} o7 AA Ao 7]ddee

o ol2/17A A WAE obF2E A
M9 B AOE BUHLY, AVNE REHOR FAIe 0%
O R&D 71 &
- A% vhzol th@ R&D 1 SE BFAA/ &GN o ulEhgY A}
EEAAA2®) Q014)0) ANE 35.4%F =83
O R&D A<jst 438
- AR LR THAA Holo] HEL %] A% D FEHE ol
cIFlAE ol HgolAel HaAYE W] A gsl Aol ReD At
HFEY. ATNBAYS] PR SHOE A3 YwHA 257 FETH
Ao EAFEE B AGANE T/ ATANBAGS) B A T
39.7%= A&
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E 51 6|81 oo 52
dE newig | sz | osewm | SRR cawy | EOM ‘flj_,_;)
2016 4,561 4,561
2017 5,160 5,160
2018 22.2 5,859 5,859 -19.9
2019 23.2 6,729 6,729 -19.8
2020 27.8 7,693 7,693 -22.4
2021 25.7 8,713 8,713 -19.7
2022 211 9,828 9,828 -15.3
2023 6,934 11,086 18,020 0.0
2024 7,335 12,505 19,840 28.0 18.3
2025 7,761 14,105 21,866 30.9 19.1
2026 8,216 15,911 24,127 341 19.9
2027 8,700 17,947 26,647 37.6 20.9
2028 9,215 20,245 29,460 41.6 21.9
2029 9,765 22,836 32,601 46.0 23.0
2030 10,350 25,759 36,109 51.0 241
Al 120 68,276 188,937 257,213 269.3 50.0
O F77FA1 & (33.5%)
-2 e B AEHE AAE A9 A4S AUe B RHes 4ERE

TR sigd. B e & Ao E s B EE ik
F77HA &= w5k Atsi & A FUbAleS k=23 20139
ArQ AR RN o AHAH AR Rylrpx S 33.5%2 L3t

AZt BHA #HY = 02 A|E 2

x O AlE BRE (UL 2424 10%)
x AFR7|10E (30.0%)

x R&D 7|0{& (35.4%)

x R&D Atget 5& (39.7%)

x BI7t7tX|& (33.5%)

O A+3]A &<21-8(Social Discount Rate)

- A B Zr] g2 Al7]o AStE vl £ HelS
8 A8k gl B Aol = KDIo ‘o ulEtF A=
JukA =’ o o5t 55%2 =43
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1471
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O HurH= A&

- gdur oz 100m? Fee B AuRTE HE AXTRE By} 27009,
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- 71 A7 42 22T oA aststs PCMe Wd el A8 Al 7%2] oA

e 3ol

et & 77}
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- AL A9 7t dHHl = 20149 A L2014 129 ~ 20154 29) 7=
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2AMA &=
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SAA =
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3. Al FEFAE 48 o4t

(1 14 5 A

(2Hel = ® )
of of & & = Hl &
A M oy (%)
g| s= | °| sq
(A5 _ 1RtA £ 2AtHA T 3AIHE AXIHE 5AtH = 2A
= o) 2 /&
ol
Z{oliod
o v 74,640 59,712 59,712 59,712 59,712 59,712 298,560 10.0%
| AT 57,216 85,824 100,128 100,128 100,128 100,128 486,336 16.2%
(e}
S| dTE=x
:dl (StApTER) 30,000 30,000 30,000 30,000 30,000 30,000 150,000 5.0%
SIERES
(M AL TR 21,600 43,200 43,200 64,800 64,800 64,800 280,800 9.4%
A A 218,736 233,040 254,640 254,640 254,640 1,215,696 40.6%
L &HH| X = H| 95,707 162,392 136,472 92,622 144,547 631,740 21.0%
zx | AFESH| 30,000 30,000 30,000 20,000 30,000 140,000 47%
o | AFTH FAH]| 20,000 20,000 20,000 20,000 20,000 100,000 3.3%
Bl | oipggy 46,732 49,593 53,913 43913 53,913 248,064 8.3%
A A 192,439 261,985 240,385 176,535 248,460 1,119,804 37.3%
2| Efod 7 ghd| 50,000 50,000 50,000 30,000 - 180,000 6.0%
2| 88,825 104,975 104,975 88,825 96,900 484,500 16.1%
g A 550,000 650,000 650,000 550,000 600,000 3,000,000 100.0%
O 2415 A
(ehel - d )
of A& =
of E I
U = H| &
3 5= @30 | 7 | 1AHE | 2xtdE | 3XHE | 4RWE | BRUE a7 (%)
/&
= )
o=
x4 ol
; __TL 2 37,323 29,856 29,856 59,712 44784 29,856 194,064 4.9%
el 28,619 22,896 22,896 45,792 34,344 22896 148,824 3.7%
e ICEES
A (SFAFTFE) 19,131 15,302 15,302 30,605 22,954 15,302 99,465 2.5%
8 Mazex
(A AFTHE) 14,348 22,954 22,954 45,907 34,430 22,954 149,199 3.7%
| 91,008 91,008 182,016 136,512 91,008 591,552 14.8%
o &H| A =H| 104,000 127,000 231,000 173,000 116,000 751,000 18.8%
- oA T =t H| 116,000 142,700 257,100 193,900 128,800 838,500 21.0%
S| oA LI F=ZH| 77,250 94516 170,423 128,321 84,992 555,502 13.9%
Hl o =EF 18,202 18,202 36,403 27,302 18,202 118,311 3.0%
EA | 315,452 382,418 694,926 522,523 347,994 | 2,263,313 56.6%
2| Efod F7H ehh| 72,900 88,000 155,500 112,000 80,100 508,500 12.7%
2t | 90,640 105,574 195,558 146,965 97,898 636,635 15.9%
g Al 570,000 667,000 | 1,228,000 918,000 617,000 4,000,000 100.0%
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[1 34| 5 A
(Erel - Mgl
. o & g = ol
o %
e | 4% |axn |2® o
S - o
= Bl @3 | gy |THEE [2AME | SMUE | 4XdE | 5S|4
=y
D los
ool 7
o 74,640 44,784 44,784 60,480 44784 67,176 262,008 13.1%
| AT 57,216 57,216 68,659 63,317 85,824 68,659 343,675 17.2%
o
P s
val AL 30,000 60,000 45,000 33,696 36,000 27,000 201,696 10.1%
H| (ShALTHE)
EETES .
(MAFZFE) 21,600 21,600 32,400 43,085 38,880 45,360 181,325 9.1%
2~ A 183,600 190,843 200,578 205,488 208,195 988,704 49.4%
AT EH M= 15,000 10,000 10,000 10,000 10,000 55,000 2.8%
| A Tats| 35,000 33,000 33,000 36,000 35,000 172,000 8.6%
o AT bH| F= 2| 31,400 31,157 31,422 33,512 31,805 159,296 8.0%
Hl A 30,000 30,000 30,000 30,000 30,000 150,000 7.5%
E | 111,400 104,157 104,422 109,512 106,805 536,296 26.81%
PIEFd K Zha| 60,000 60,000 50,000 40,000 40,000 250,000 12.5%
2t H| 45,000 45,000 45,000 45,000 45,000 225,000 11.3%
A 400,000 400,000 400,000 400,000 400,000 | 2,000,000 100.0%
[1 44 5 A
(erel - M)
o of & g5 e
o o %
- M £ chot e %)
& el
B2 | (d3 AAE | 2R E | BAAE | 4XtUE | SHUE | 2
= (mr sy | 2% 3xt axt 5% A
o g
EPEE
o 74,640 44,784 67,176 67,176 89,568 67,176 335,880 11.2%
| AT 57,216 45,772 45,772 57,216 45,772 45,772 240,304 8.0%
o
s | EFE=
val abaLatey | 30,000 30,000 36,000 30,000 36,000 30,000 162,000 5.4%
o [
By e 2 2 2 2 2 2 2%
(MAFZFE) 21,600 43,200 43,200 43,200 43,200 43,200 16,000 7.2%
2~ A 163,756 192,148 197,592 214,540 186,148 954,184 31.8%
A& M= 330,000 200,000 100,000 250,000 120,000 | 1,000,000 33.3%
~ | T ESH| 50,000 30,000 35,000 35,000 40,000 190,000 6.3%
& | AFIH FZAs] 36,244 25,852 30,408 30,460 36,852 159,816 5.3%
H
| AL 10,000 8,000 7,000 10,000 7,000 42,000 1.4%
2~ A 426,244 263,852 172,408 325,460 203,852 | 1,391,816 46.4%
| EFA 7K EhH| 50,000 50,000 50,000 30,000 180,000 6.0%
ZHEH| 110,000 94,000 80,000 110,000 80,000 474,000 15.8%
g A 700,000 600,000 500,000 700,000 500,000 | 3,000,000 100.0%
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[ ARHAAE &9 4 FA

a0i012{(2) =0 T Y ADE
A ZELHY =2 TASK - ot ol TgH| 2| SRy
Hoa | Weg | *3 | 23R | T L AEE U o) | M
i asstes =8
1 Paraffini - PCM &f&12h 2 2 2 6 87,072 164,478 48,450 300,000
. HHIIS
ParaffinAl
1-1 | PCM HIZ B EER LR 2 2 2 6 87,072 164,478 48,450 300,000
s Wy
3 | dAgsistozsy pRas JIE 1 1 1 3 ¥y mxg 150 1 43,536 291,864 64,600 400,000
A% 5 5 5 15 217,680 620,820 161,500 | 1,000,000
Bio Ol 2FE MO 355 g
1 2 2 3 3 | 10 166,176 169,224 64,600 400,000
IS
\—p | Bio-PCM HIZ
P, 2 | avsies, gy T3 ZAOIE | 1 2 2 3 8 136,944 114,606 48,450 300,000
e
T 3 | Piot 72 Ma2E Iz 2 3 2 4 | 1 187,776 213,474 80,750 500,000
A7 5 7 7 | 10 | 29 490,896 515,304 193,800 | 1,200,000
ion Jlz(CEL2E &
1| mersien, IslbsaEd @A) 1 2 2 8 130,896 120,654 48,450 300,000
2l St dls EE)
CEE - Micro-,Macro- i
j-g | POM @8t ), | Nano-.Micro-Macro-encapsulatio| 2 2 3 | n 198,528 69,792 51,680 320,000
HBIE MY nols
PCM ASIH4 Jls(Hetsl,
3 | o smes ) 3 2 1 3 9 177,696 2,304 29,070 180,000
231 10 | 5 5 8 | o8 507,120 163,680 129,200 800,000
HIS DR o8] 20 - - - - - 1,215,696 | 1,299,804 484,500 | 3,000,000
22011 B} AIZ21014 ToolS
1| olzst oM ®8 T 2 @7 &S
, o}
AZXE 27
24 24 o 2 JISEA0| HEE POM Q7
21 | o oz ms | 2 | s 2o 1 1 1 2 5 45,504 156,381 48,115 250,000
=3l
RCX, 2X, XX S XSEH0| =W XHE, 2452 7XE PCM q
8 | mzrom 87 &5 = 2745 20N =4 >0
271 1 1 1 1 5 45,504 156,381 48,115 250,000
2HIE HNE DEY AOEC ORt
B 1 ?ﬂf’ HE USRS HU2S DR 1 1 1 2 5 D=y Hnwc 150 1 45,504 231,757 52,499 329,760
o
M= T)=A [HIOIE (CHAH EDEF _ _
Pous xger | 2 | Do HEESEEASERER oy, s DE oI (/=) 150 i 45504 | 227,101 53,900 | 326,505
pp | 2EE ML =
DRITH (LHE) PCM &g D5 Bl 2 EFY FEH 252 8=
e S| ope DEY EY ZAA
1 1 1 2 5 = 80 1 45,504 304,601 75,663 425,768
4 | wezE oM g M8 Jls W PCM OHZ XE T
IS 3 3 3 6 | 15 136,512 763,458 182,062 | 1,082,032
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aojol=i(e) =0 At L NEE
S =8 TAK I R o N o A pI2iH| | 213| eRHDl
B3 Nz | 23 | 23w | T ¥ AEE L oy |
1| PoM =2 DR mmEA i 1 ! 2 | s INEER TN 140 ! 45,504 239,751 55,522 340,777
s SOINABE H2H HE R 58 .
PovE fl*L%H&' 2 ‘;EJA;‘;’]HU a3 oM as) 1 1 2 | s PCM X g)lAlAg 70 1 45,504 204,101 47,587 297,192
og | U5E 2 = =
DRTH (RETH) HA MES o5 DEo 24 Iy
: 3 | e IR 2SS S5 S D=2 2= By 130 1
e i 1 ! 2 | 5 45,504 309,101 72,427 427,032
4 | G5 oF T AnE BASS DEg Bar" By 150 1
27 3 | 3| 3| 6 | 15 136,512 752,952 175536 | 1,065,000
PCME =5t S HioUY 52 SHE 98
Dmg aly |1 | 2oy Sbe 88 S4B AE 2 | 2 | 2 | 4 | 10 | PcM ERE N2 HeuwA Al 50 4 91,008 320,552 68,644 480,204
-4 | DR
SUAAEIO EHAO GEX
A AEY) AU JEIS! HISAIAEL AR e
o 2| Solcmo A i i i 2 | 5 | oz e wex socae qa | 2 ! 45,504 144,101 27,192 216,797
23 3 | 3 | 3 | 6 | 15 136,512 464,652 95,836 697,000
E) E =52 D= =
1 ;Hia'— BEE U=E POM 2M 1 1 1 2 5 DES PCM 2T 85 1 45,504 149,101 31,382 225,987
= 2 Mg 2I2|E =8 J|la o M=
P;nyfg 22| ?H@f' sl A8 == 28 lE 1 ! 2 | s 22”;;33@ 130 1 45,504 200,401 36,104 282,009
25 | (2321/5x
s e 3 | PoM B DI Zmes N hEEE ST 50 3
errr————— 1 1 2 | s 45,504 284,868 67,600 397,972
4 | o A E WIE SEAES s AME IR 60 !
29 3 | 3 | 3 | 6 | 15 136,512 634,369 135,086 905,967
KSR o1H] 2 =T=1T=1=17- 591,562 | 2,771,813 636,635 | 4,000,000
TxA F2d Ao we Fe 2 TEA UYE 5= MM
I g niid 2 | 2 | 1 2 | 7 a3 s 5 3 92,279 73,387 21,000 186,666
. ZH 2elE Mg 7lsE PoMel 2 2EE MM BUETY
a:; F=A | 2 imf; oI M8 Jhst Povel 1 2 |1 2 | 6 T !IB 15 5 3 79,096 62,903 18,000 160,000
371 Ho|d: PCM p.S a7l T—= T o
2 e Ay
3 | 2o poM Mgue £5 1 2 | 1 2 | 6 79,096 62.903 18,000 160,000
4 | meky Mg sks3 POM Y 1 2 |1 2 | 6 79,096 62,903 18,000 160,000
27 s | s | 4 | 8 | 25 329,568 262,008 75,000 666,666
A, XS, vi= § TEAE PCM X ISO 10211 AXE
dz2 2z | 1| sol ols el 22t e s 1 1 1 2 | 6 Morsjs me s ooy 8 1 87,238 69,379 19,852 176,470
HeoldH pPCM & Sz Al emA] = A= gl o ASOHX| sjMZTf 23 U
- 2Hd}o = x|, 2k 5 [E S (] =] 85 X
3-2 Jaﬂb{ég&g 2 | Lo s o 1 1 1 2 | 6 sy o2 10 1 67,238 69,379 19,852 176,470
2 LIl a2t 240l mhE POM HE
3 ::;;;} o s ol e PoM 1 1 1 2 | s 72,698 57815 16,544 147,058
27 33 | 3 | 6 | 17 247,176 196,574 56,250 500,000
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72 3t L NEB

SSUHY =R TAK N N T = QI21H]| | 2HEH| o1H[
2 Q| 2 B Y AFE U (o)
HMES 9| Hol A AT
i P(“;'T HES e FelE A 5 14 85,443 67,951 19,444 172,839
4 | POM XS gt he
| 2l ket w395} Hzlol w2 Aulg
ey 13 79,340 63,097 18,055 160,493
29 27 164,784 131,049 37,500 333,333
e o Soler 87 g =23y K
PCM X282 9l MAzlo|=alel M= 8 W o R 82,392 65,524 18,750 166,666
2 X =
PCM 8 X -
= o A2 SiAH X, EREEES Q5 AR .
34 sllﬁ %\ﬂ1%ﬂ1 A'WE*;H*H, |, BER=E St 8 AMSHM= Mz S AEE 22 82,392 65,524 18,750 166,666
AlZ/ 24 7 M= e
=2l N SIR7| EX7| 2 ZFET|of e A=
S|, SE7| o ZF7ol we A%
2 2o slolatel e 8 82,392 65,524 18,750 166,666
274 24 247,176 196,574 56,250 500,000.0
NS 218 2 - 988,704 786,296 225,000 | 2,000,000
PCM AX| MSmopdbe ek gl
POM. AT X i, I as@7HdE A A 9 AIREZ=AFZ 2 HI(DSC) 123,351 244,400 74,260 470,000
HE
41| S5 molY
= PCM XX MSTHIpdied ger gl
her @ A= PM B gsartad i 11 T AR B 137,901 223,600 67,940 430,000
=K=3
230 20 261,252 468,000 142,200 900,000
HHE0| ME8Ee PCMe| H5H
POM 23 T T B 10 136,901 234,000 71,100 | 450,000
aep | APHE LI 7t g e
Zot 45 B} PCM RSl OfUHx| Hords Bt
e e 7pe 12 146,473 260,000 79,000 500,000
A2 22 283,374 494,000 150,100 950,000
PCM HE UXKEQ €T Aldd
PCM A& 7 i < 15 200,493 286,000 86.900 550,000
EdEy
4-3 | EEBY AZA
e ae PCM X8 71%20| 04X N .
B e 16 AEAE By 209,065 312,000 94,800 600,000
= =20
A2 31 409,558 598,000 181,700 1,150,000
AISDER| 17| Bt - 954,184 1,571,816 474,000 | 3,000,000
ol 2 A - - - - -
Zoi7H| 2 3,824,776 | 6,355,089 1,820,135 | 12,000,000

- 211 -




A A<k 874 (RFP)

=N

12&-

6&. 1Al M2ATM

i s S &F RAMN W Am MW T =
3| of Bz "= b oy o3 Ep | °
H = 10 (U = A nJ
o s ad Boy =z i ow *o o
- - g - | gy
<| = v Xg Wy S g0 5 Wy S
O o st 2 5 K g B .57 RO
0 0 8 il KO 1lof o < = 10 00y =0 X
| A0 o - =00 5 o o = & U =
= 0 <] 5 R T = = gr Al — ~
= = OF o) o a0 4 = O L= U ol I ~
3l I U = NRCTR 5
= ol A BB swxm 5 Twmaw o S
U - — o ok ™ ol &) ok o) o
ol gn= JJ o3 K 33 o il M = N =&l o
= 3 _ 3 X K 5p 1 a T R B S R o
= TA_.Cl_ _H.HA_I L._”_LI ||M_U = = = —-— o M
o 9 T2 YR Fmo R o R~ R A
70 ok == Tawgaglf sodTsawiy =
= = R Wk — g B ARDERD g | &
= ol = o R —, — I oK — 5 p = R0O om 2
=Rl < ] o) D o Rz = g &* L
2l < T Bl = = m a0 - K= K o4 B K
W = o t S O m n 1 <0 0H o & < o
=S W W 5 =R o M W= oom Wog 5
| == KO — ﬂ._
=z i SHWR Gy A G UIS g A
Wi Mm@y Bs gy < Tz as® D el
- — b e = = L
vnld ot aye®s S5abzaRsRlpe
| D s R W gy = s xF = RO F| g B
Sy ok T T ISRWy g O LoF ;n Va5 @
s mm |_._A|O S 1o I__A 1o Jl._ OD @.._ w m_-mH_ A_.__._ w m -
oWl Tz kMo T BENTMWRST Y AW oA D WS D
EP__Q@M_&o_moﬂmagé_z__a%aol_m__gje_ﬁ&w:tg22
H _
g | © O O O O O O O O
o
oll ol | of 00
= A LH0
Iy S i
3l | B3 au ~
— o | O L

Ol &

Sy

X

b

cIH Ol & G

IL

=

H&ol Ol
Y

—

—

UK
20

:
L/

=2
—/

- 212 -

It

It PCM 2THe

=
=)
O

A
=

==

T

&

2|

i

o

il
UA 2T

£ 2010¢& Ol
9

=
—




ol

80

oF)

DN S24AEAL 100CH J1=(2015E) O

OIF0IM US
- M =3LHel PCMIt

H 2l 0l A

1o

0lJ
It
-

CH

ol
fo

ok

017

2ael

o)
o0

I &g Z0I0 Graphite

&l

oAM= U=

- =
=

=

=2
=

E e, PCM

PCM E&24cl

00

MOl XIS At

=

At FEHEAIAAR0A PCM Mock-up testdt &IEHE]

EHD
oS

=
e

i0J

-

0l0
33

10

el

e
o

H

0

2 o
= T

Jtotd JALBZ PCM AlE 43t

30
ol

ol

ol

Ild
o)

i0)

A0IlA 20144

I
[

20004 77

o=

2iEl

)

=
Kl
0Kl
10}

I

D

-

20

o]

fif

774H2Z 108 Ol

00

A

[
=

3

H

2FA
S

J1etol Micronal CH

H2EH It
Micronal

(]
3kg/m32l

- BASF2l &2 2005

o
Ok

oD

o

PCM(&EHSIEH

15mm SH2 8HE=2 4501 900mm FHhHel 232 E &EH S

AotA2H,

Micronal

2 =ZDAWAINIAE BASFALS

Maxit climaAt

I==Ye]
1

B
x

o)
Rr
i

\

S

HM= PCM

=
[=)

— Saint—-Gobain Rigips, Knauf

ol

KK

=l
i

iy

ol

te
Jb =IO o

=25

9]

e}
==

AESHD JALM JIX

of PCMS

otJl <

=
=]

- S0l 522 RAL-GZ 896, 0I=2 ASTM C1784%t &0 PCM &

dl

CHk

rg0l MEZ0 JA2M, OECD AHXlE

b
o

of CHEt

Ol
—

HE NS

Heating and Cooling

A=l Solar

H

0

(@]

IEAO

FLH
ProgramOil A

o

=
=)

Task 42 Compact Thermal Energy StorageOil A

:
—

- 213 -



[1AIS A ]

L1 AISKIE

HAE

i

A
=

= Biobased PCM HMIZD|

2l

2

O

e g

o
10y

ol
Rl

oy

N
|

-

ol

bl
0
Rl
Kd
H
o

ol
<0
|

-

oll
K0
Ho
</

pom

0

- Pilot+#

O A

N

A
=

2 Paraffindl PCM M0

sy
2=
=

JHXEE OldM HAZY i

-

ol

bill
0
Bl
Kd
H
o

ol
20

- Pilot+

- DI

- PCM S Dl HE(LHHSE DA

[2HI SR 2R ]

ok

IH

o

ol

Jb AlE2d014& Tool

g

- A=0U X

R0

Jo
70

o

ok

0
0]
Rr

i

Kd
ok

PCM 2+ ds &It
) N

=
ju—

—ASEH0l

=13
=

(=2}
=

FXH (LK
P20 OHE

g

®J

D=E SctAE HE N

i0J

Ok

ol
00
Rr

-

KO
R’

"

o)

-

oll

il

<I
bl
K

i0J

ok
i
)
KIo

- 214 -



L H=Xt2l dt

- Al
O PCM

) He

U
il
Rl
Kd

|

m
R

oD

i)
Wl

m
M)

oD

i)

-

oll

U
il
Rr
KA
olll
K
B

00
Rr

a
|

M OHe

b

__.A_.
KD

W
=l

.|

Al

ol
i

00

20
1

il
Rr
K
ol

i
B

[SHISLA]

Ly
IH

ar

07

i
Iy
ol

Kk
fulJ

- XA 2/E AZH O

IH

nD
RO

o)
Jjo

040
Rr

oK

Ll
A

_

oJ

0
00
Rr

il

ok
]

AEH $90E PCM

X 2Z

PCM HE0 E

[=Z]
=

S 27X

i, XIS, gt

TR
op B

ol 4 X

0

ISO 13790 JI=0 & AHA=0UUH X

i
IH

i

AL
T

L

ES )
=0

imi

JlEl e =298 &

ISO 10211

HolY

S|

iyl

T

oy
iKJ

00

)

O PCM A

il
A

ok

i
IH

4

n0
040

-It”

Rl

ol e

b

n0

P&

1o

il

=

-

10

)

J

N

/ 24 JiolEetel

A/ NS
SHOOI =2kl M&

M
=

JtolEetel i

80

0K
I

=
-/

Jlo e A

(SR

[4HIS 2R ]

KIO
Al

ok

Jlo

O PCM &M

gt
=

FEHE N

=P

- PCM &M & XM E40l OHE ds

ds 8t

- PCM &TH & XHH

%0
T

Oir

00

0
Jo
70

ak

KO
L

Ol
O
K
Y|

-

<0

- 215 -



g EE

3

g
(=]

P

J

Ik
=

4

=
[=)

Otg

S|
=

- PCM HEZ A2 OIUHX

Al 83

JE!
=<

= o
T T

N=
S

R0

e
o
OHU
iy

T

N

e

20

, OOl HE HXE NS S

K

) KAl

80

oJ

3

H(TRL

[m]

Ul

=
70

<0
ol

RO
oll

ok

r
KJ

KF

=

00

F SHEE TA

=
X0

<0

MIAl

3

oJ
10

HeH 8t &

JHA
NE S8 #HE2Z MAl

=0

ﬂ
70
Bl
1K
Bl
ok

b=
o

ul

I

Jl=, A,

—

—

O d1=2 4832 ek

A HIAl

nJ
Ll

<J

ok

t

Ef HIAl
LHOIl A & K

==}
=3

=
=

St
et

3

IS
[

)
JIJ

r

(e}

r

SIRAHLE

|
10

<

O JIE

HIAl

O PCM 2N/ M &

0J
ild

A, AHEHIZS AF,

o0
il

ol
i)
X
K

I

&

Z PCM &AM JHEOl Jtsédt

==

2=
-/

22 74, A

O

Jjo

0}

HAL =4I

0

s PCM X<

M
(=)

MHIE 1
2d3E A

[
—
cC_ O
T =

S Al

(0]
[l

O

= HE HAl

ol

Al

&)

S A2t

OH
E)
X0
ki0
K3

- 216 -
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