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Composition of Epoxy species SIS 1B Temperature Cycle Test
dness
Batch. %}‘:’_lil-kll Amirfe Silane SRR HD TC Cycle
st2F  |coupling agent| (Wt%) 247 (Shore D) Alsie Status of TC Test
(wt%) (wt%) (Cycle)

NE_180731 - 85 4 Al ot
NE-F_180731 0 0 2 o 83 4 AlH mha
4S-NE_180731 4 ) - 82 68 Al™ o}y

4S-NE-F_180731 o 85 182 Al 1}
5IPTE_181114 0 o 83 62 Al 1}
2S-5IPTE_181123 . 2 ) o 85 63 Al oty
2S-5IPTE_190611 o 85 161 Al o}y
4S-5IPTE_190427 4 o 84 178 AlH 1
7IPTE_181114 0 o 84 47 AlH 1t
2S-7IPTE_190425 7 2 2 o 83 180 Al oty
4S-7IPTE_190428 4 o 85 149 Al 1}
10IPTE_180809 0 2 o 86 221 AlHE oty
10IPTE_190502 0 2 o 85 197 AlH @y
2S-10IPTE_181105 2 2 o 83 38 Al ot
4S-10IPTE_180814 4 2 o 85 76 AlH mha
45-10IPTE_181106 | 10 4 2 o 85 62 A® )
4S-10IPTE_190504 4 2 o 84 78 Al oty
10IPTE_181011 0 0 o 84 80~81 Al o}
4S-10IPTE_181011 4 0 o 85 80~81 AlH ot

TC A1 A3 neat oA ZFA 9] ¢ ELFH o] Fox 4cycled] S} HE= As AT + 9
Aok vhA 10 wt% 7213} ol Z A= 200 cycle o] 28 Fol| T w3 x| kgtt) o]& of

N7} AEQFAZA AA L=t we} 153 o) 1
Ak SARE 200 cycle o] ¥ o F A9 B &Fujg Fullo] o] A= AL IS
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23]8] TC cycleo] ZoE%t. @A [Epoxyl/[Aminel=1/1 v 2 ZHE AT AZHA &
Zol]| W 5, 7, 10 wt% 73413} o) ZA) 2] TC Test7} XdZFo]3 AmineA A& AZHA 7} H
7HE e o A 178 cycle7bA] JAFEH AL Ik, ob7hA] o A 9F AT F EgiudAbo] 9

olAd S YEtA &2 A Add AZHA HUbE 3 win A& AEZHAI H7HE 10

Wt% 72138l o Z A9 ¥l zko] 2.87MparmPoZ 71 10 wt% QU o EA KT =&
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S 1027 Aol o &, Al da AIRKD A 2 A4 715, 1A HE F Aot

TERHY, A 102 3 HE & Ao AaARHE2) 31 EFc] 23 AZH)S S4skar, o

aluminium diethylphosphinate(ADP)7} it} <QI4HS A S = J & 2T Y 0| EA WA A7}
A ¢} AT EZS FAsE FAZA pentaerithritolPTDS 2/1¢] EZnE £33l 30 wt%
4= F Aoy we EFHE)

Hla) w9 AstE At ¥d ADP9} PTTY E£FHI S 1/2E vlFo] A x3tAS o) A A
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Test Sample Zto] A& AR AIE
2% 93 | ANY &7 ¥ |24 A2 L BFo]
A AF | IR AR | 27 AAAR A4 Zol | UL-94 UL-94
Sample AZk A A& AZE w3l AIZE
(wt %) (t1) (t2) (mm) 2t 21t
(t3) (t1+t2) (t2+t3)
Neat Epoxy 0 - - - - - - V-2 V-2
10 wt% ADP Epoxy 2 - - - - - - V-2 V-2
20 wt% ADP Epoxy 2.6 - - - - - - V-2 V-2
30 wt% ADP Epoxy 1.5 13 29 2 42 30 60 V-2 V-2
30 wt% APP Epoxy +
- V-2 V-1
15 wt% pentaerithritol
75 wt% ADP Epoxy 2 No rating No rating No rating No rating No rating 10 V-0 V-0
50 wt% APP Epoxy +
1.5 No rating No rating No rating No rating No rating 5 V-0 V-0
25 wt% pentaerithritol
30 wt% APP Epoxy +
1.5 No rating No rating No rating No rating No rating 7 V-0 V-0
7 wt% pentaerithritol
25 wt% DOPO-HQ Epoxy - - - - - - - V-2 V-2
30 wt% DOPO-HQ Epoxy - - - - - - - V-1 V-2
50 wt% DOPO-HQ Epoxy - - - - - - - V-1 V-2
50 wt% DOPO-HQ Epoxy + 25
- No rating No rating No rating No rating No rating - V-0 V-1

pentaerithritol
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Material 11 > Material A ]—) Sampling Rt = [T 7S = Cleaning
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Epoxy coating |€— Moulding ]e 15 22 Lamination £ SO:F:E &
L s % L4 L S L. )"
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™y P s ' ' P y b
. z, i : unction box
agép}ﬁtﬁg 54 > cutting ]—) Frame Z2& > Silicon glazing > e
LS A LS k. LS > | L
@ AF 71AA 7138 &4 AA, 7HE
| 71zt | 71w 72
AR E YR 0)E SE'2(ACP) A7) HT Y /et EfUHX| 2t i H S 9T 7h5
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| ool 2 2o | 2tojuo)

Ej Qx| 2k Hlj o HE SAM =8

71 B a9} S 2~8 4 A Solar Cell 3714 &2 9] coefficient of expansion xfo] & <13}
A=A EA7F DA Hol 7]E ARgEA A= A Z8AA TR/ Polyolefing AHE-3}
o] Buffer layerS #A3stQch E3t 7| HAAE AHLEE ACP(YFErF B3d7d) 2o 49
IH AR EFrE Ao EE Solar cello] €A HW &FrlE &A1Y =5 o)
o] o] FoJ A Ft} 7] FHA A Solar cell Aol pet filme AF&3te] AAEAZS 3423}
ATt 7Hae]l 4 7139l Polyolefind} pet filme €23l b4 thA] Ployolefing thA] £
2] 31 Solar cells array ¥ Soldering& X33t thA| wlx|9t o 2 Ployolefing <23l LA

Laminationg 2339t % 163C, Vacuum time 900secE ZAHL P34}

@ o) EA 3E BH

713o| =X H Epoxy A7 S EAIA BA &1 HslA dA 7] Edge R
Epoxy<} adhesione] Y PolycarbonateE AF-&3te] FHH o] Z 1 AA Moulding 2+H &
&t 71 12 E7 3} Chamberoll Z3}stA 5™ Bending 37} LojuiAl F o] A
o] 213 Bendinge AAI3t7] 938 PolycarbonateE 1 AHA 7= Jigs A|Fsle] 1 HAAZE &
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oFE] S
| ) pop r3bs =
wiSh 100 18.54 0.50 1.00 0.50 1.00 12154
s B2.16 15.23 0.41 097 0.41 097 100.00
weight [g] 4640 260 27.0 33 27.0 25 60
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DESCRIPTION
Peak power(Pmax) 213 Wp +5%
Open circuit voltage(Voc) 33.72V 5%
Short circuit current(lsc) 83A 5%
Maximum power voltage(Vmp) 27.27V +5%
Maximum power current(lmp) 7.77 A 5%

STC : Irradiance of 1,000W/m2, AM 1.5G. Cell temperature 25°C
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O /i PV 2E AFHA - WITE A1E
o A 7]F  KSF 2296 Z59 Ed AlE HHY AF 7+
o ANF ZF . AAFEE(H - Fehol AdA I LS A 7 BA AHEHE A
TZAQ kA e gt
o AE W
o | EAESHE B OIS 25%50%75%100%2] YAE ABA g 3
100% M MRZS =MEICH 2k QBchAH TS & 10% 9X|&
@ | BEYE ‘@I Ee YHoR FMs
6.8mm O|Ao| 92|58 AR B
S7t9t0], Z7HME L/150 0|3t
oiC %o, SUHHE US L/85 0|5}
opScy
Ms BIHE0), S 8IS L/100 o[}
o AY &A
@ 4n]71ek500Pa) — © MHAER] — © HASAHAZA F2 - @ 7t (F - B 42
A) —» @ HYSA
XA 49HA - O14.1 kgf/m?, ©28.3 kef/m®, ©42.2 kgf/m®, ®56.5kgf/m® (= E<5 30.0 m/s)
el 4T - O14.1 kgf/m®, ©28.3 kgf/m?, ©42.2 kgf/m?, ®56.5kgf/m? (= E< 30.0 m/s)
e 7} A3} : Pass
AY &5 A e Al Adf 58 7% H]al
Hsud Ala +138 Pa (15.02 m/s) 0.31 mm 16.59 mm oS
+277 Pa (21.28 m/s) 0.57 mm 16.59 mm oj|Argl &
(KS F 2296) +415 Pa (26.04 m/s) 0.78 mm 16.59 mm o] A+l S
2 +554 Pa (30.06 m/s) 1.28 mm 16.59 mm ojArg &
-138 Pa (15.02 m/s) 0.24 mm 16.59 mm o| A3l &
EPPTIIpE -277 Pa (21.28 m/s) 0.61 mm 16.59 mm o]
-415 Pa (26.04 m/s) 1.05 mm 16.59 mm o| A3l &
(ASTM E 330) -554 Pa (30.06 m/s) 1.63 mm 16.59 mm oA &
| e 2 *
| | 4 NO.1 NO.2 NO.3 j
| | I J
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PV I H X A =3

-PV APV voltage. [V]

-PV A F(PV current. [0.1A]

-PV A ¥ (PV generated power. [0.1k
W

-1k 2F(generated power. [0.1kW])
-2 dbd 2k(total generated power.
[kWh])
ESS I & TA %3

-PV A H(PV1 voltage. [V

-PV A F((PV1 current. [0.1A]

-PV A= (PV1 voltage x PV1 curren
)/100 [0.1kW]

-8 A g (Input power. [0.1kW])

-=9 25 (Output power. [0.1kW])
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cs. [kWh)
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Fenestration refurbishment of an educational building: Experimental and
numerical evaluation of daylight, thermal and building energy performance ==

Fred Edmond Boafo®, Jong-Gwon Ahn®, Sang-Myung Kim”, Jin-Hee Kim", Jun-Tae Kim®
“Zero Energy Huslidngs Laborstary Gradute Schod of Frsrgy Syuim Fngneesng, Kongu Nasonal Untveray, Chionan, Chungam, 31080, Rl of Kora
“Gron fneryy Teshrology Aeseomch Cmer, Kongl Nesonsal Ueversty, Cheonan, Chengnam, 31680, Repeble of Korea

* hue czaral Graduas Schowl Systemes Emgreering Kangi National Untversity, Chemmon, Chngnans, 3 1080, Rebiic of Koma

ARTICLE INFO ABSTRACT

Although strict building enery codes are iplemented periadically in many countries, buldings contiually
comimie 3 momentous quota of 1] primary energy. Poleotilly new buildings can sitisly cament buikling
Doablesiding window system energy codet, whils mdsting buildings require mefirbislment. Recently, the fensstraton sytem of 3 datary
&?": el educational bulding kcated in Chesman, Republic of Forea (38, 815N, 127.114°E) has been neburbishest from
R onerer single ghued doubleiding winlow systen with shonim (AT Fame 1o deubls Jow 2 ylized dodble diding

window system with polyinyl chlorile (PVC) frame The main objective of this sudy we to invesigats the
e o the window sytem prior fo and after efurbisinen, using sxperimental and mmericl took.
mticubr, dayiight envimmment of 2 demarated grace within the releme bilding was scamined. Thermal
behavir of glaing systemns and window frames ws scrutinized irsing infr red (TR) tennogrphy. The dynmic
beliavior of window system b relation 1o builling energy mrformams wns evalustel thrugh FergyPls
Teference data of the bulding and mminal opertionl schetuls were ued @ inpits for the buikling moded,
while inputs for the window 5yslem wers basd on optical and stnicturl parimeten of it dats sets. Owing 1o
frermal nertia, temperatune of the sngle going was on average 0.7-19°C higher than e dible ghizing
Cansidering linesr mdisnt hest s through Al sd PUC framses, the former showsd an aves e tampertire o
5°C higher than the bn=c Although slctrical lighting snegy cosumption incrased, the ool anmal
Tmuilding energy cmsumption of the renvated bulding msbuced by 511 GJ lie 4.3%)

Keywords

Fenesmution refurbisEment

L Inroducton after Mexico/Chile and Australia/New Zealand [9]. According to the

US. Energy Information Adminismtion (EIA), enargy consumed in

Presently, most people spend 9% of their daily Tives indoors [17;
rdying onenergy consuming systems for heating, air conditioning and
lighting to provide 3 comfortable indoor environment. Unsumprisingly,
existing buildings persistently consume a significant quota of the total
final energy in many countries, For instance, from 2015 to 2017,
bullding energy consumption in the Republic of Korea was within
19.4% pa. - 19.7% p.a. (ie. 424456 million tonnes of oil equivalent)
of the final energy comsumption; by energy end-ise subeategory, re
sidential and commercial buildings consumed an average of 30.2% and
60.5% of the wal amount of decriciy and gas, respectively [2].
Among the Organization for Eeonomie Cooperation and Development
(OECD) countries, residential and commemial energy use for the e
public of Korea are projected to increase by L 1% pa. and 2.1% pa.
from 2012 to 2040 réespectivaly; consequently the Republic of Korea has
the third-fastest growth rate in conunercial and residential energy use

* Gomesponting author.
E-mall efdess: jtickm @hongjiac ks (1T, Kim).

tpnsy e e /101 01675 Jat

191

buildings sceounts for 20.1% of the total delivered enegy woldwide
=

Without abatement measures, it has been forecasted that energy
use, especially in bulding sctor wil continue o dominate other sec-
tors of the economy; this is largely due to ubanization related status
and social changes, living standard gains, increasing populstion, among
others [4]. Laudably, various governmental and non-governmental ln-
stitutions have focused on enacting strict building energy codes with
respect to the building envelope as well as carrying out R&D into energy
and material efficlent building envelope systems, respectively. For in-
stance, in the Republic of Korea, the thermal tansmittance | (-valie)
for new building envelope, Le roof and wall was limited to 0.23 W/
oK and 027 W/mEK respectively, by end of 2015, currently the U-
value for new roof and wall is limited to 0.15W/m™K and 0.21 W/
m K, respectively; and will be mduced to 0,08 Wan*Kby 2025 [5].

Recelvad 21 Decémber M018; Recsived in revised form 1 Al 2019; Acceptadd 13 May 2019

Avallabls onling 16 May 2019
23527102/ 8 2015 Elsevier Lid. Al iights reserved
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