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#5241 ASEANSE (£ RRI T, SV HR—1L, A, R FA, wL—3T) O

1) A2 R T O

7Y — RS

R Hirg a7 HirE A R
T EARA SNI 03-0186-1987 Glass wool heat insulation
Glass in building - Laminated glass and
SNI ISO 12543-1:2011 laminated safety glass -Partl:
Definitions and description of component parts
Glass in building - Laminated glass and
SNI ISO 12543-2:2011 laminated safety glass -Part2:
Laminated safety glass
55 = Glass in building - Laminated glass and
SNI IS0 12543-3:2011 laminated safety glass -Part3:
Laminated glass
Glass in building - Laminated glass and
SNI IS0 12543-4:2011 laminated safety glass -Part4:
Test methods for durability
SNI ISO 255637:2011 Glass in building - Silvered, flat—glass mirror
ik SNI 06-1448-1989 Phenolic resin for paint
SNI 03-1331-2001 Ceramic mosaic floor tiles
SNI 03-2095-1998 Ceramic roof tiles
SNI 03-4062-1996 Glazed ceramic roof tiles
SNI 03-4062-1996 Glazed ceramic floor tiles
SNI 03-0054-1996 Glazed ceramic wall tiles, Specification and
test method
vI7Iv7 SNI 15-3349-1994 Concave bend ceramic roof tile moulding

SNI 03-2096-1991

Ceramic floor tiles, Specification and test

method

SNI ISO 13006:2010

Ceramic tiles - Definitions, classification,

characteristics and marking

SNI ISO 10545-2-2010

Ceramic tiles - Part 2: Determination of
dimensions and surface quality

SNI 03-1331-2001

Ceramic mosaic floor tiles

2) TUHBR—NORE
PR Hirs a5 Hirs 4 B
Dz T L
SS 212 @ 2007 Specification for aluminium alloy windows
s e SS 268 : 1983 Aluminium framed sliding glass doors
HT A -8 - . —
. Steel windows and doors for domestic and similar
SS 118 : 1980 R
buildings
Specification for dual flush low capacity water
SS 574 -1 : 2012 closet (WC) up to 4.5/3.0 litres capacity — WC
. . flushing cisterns
v/ s Specification for dual flush low capacity water
SS 574 — 2 : 2012 closet (WC) up to 4.5/3.0 litres capacity — WC
pans
SS 269 : 1995 Paint colours for building purposes
SS 5 -0 : 2003 Metho@s of test for‘pa}nts, varglshes and related
! materials — General introduction
- . Methods of test for paints, varnishes and related
SS 5 — Al : 2003 . .
materials - Sampling
SS 5 - A4 : 2003 Methods of test for paints, varnishes and related
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materials — Temperature and humidities for
conditioning and testing

3) ZA OHIKE (FREIES)
R HirkE s HFA PR
. . Clear float glass
o TIS 880-2547:2004 EH T 0— AT %
B . Tinted float glass
TIS 1344-2541:1998 A e NS
4-1) A (TR
b L, Hirg a7 FFSA PR
Vietnam Building Code: Products, Goods of Building
Material
AR AEREEE - @SR N ONE A
(FV T REAS B RV T REAS B
70— Juu\ ‘ﬁ*—}‘?‘/ FexA a7
' — I BT T A KDY 1
it BERERIGHE S A TEEAE, T LI =T A5
b OB & SR, . B
mﬁ DN/ 7 e s S} 'm\%&wﬁ%&4
fh7e SOV A TCVN, njr:ﬁﬁ\ u»uﬂi
ﬁ%\?Nuyﬁﬁ&ﬁE%ﬁm)
4-2) N hF A (FEERK)
A R ks HFSA PR
Thermal insulation materials. Vitreous
products. Test methods
TCVN 8055-1:2009 Part 1: Determination of dimensions
BB - iR ORBRITIE /S—h 1 YA XD
HRE
Part 2: Determination of volumetric
N TCVN 8055-2:2009 WrEbt - iR ORBRE  N— b 2 FEEE
WrEhks DY
Part 3: Determination of temperature
TCVN 8055-3:2009 %%M-ﬁ%@&@ﬁ%ﬁ% =k 3 TR
DHE
Thermal insulation materials. Vitreous
TCVN 8054:2009 products, technical requirements,
WA - Al 7L OB 22 B
Code of practice for application of glass in
. building. Selection and installation
TCVN 750572005 HINGD 45 2RI T OFHEELE | BT O
X IR
. Glass in building. Drawn sheet glass
TCVN 77362007 HWND AT A - SERIRH T X
HZ A . Glass in building. Heat absorbing tint glass
TCVN 752972005 HINDA T A BEIRIGEEA T A
Glass in building. Laminated and laminated
safety glass. Test methods for impact resistance
TCYN 7368:2004 HYND T T A - o T AR OE Y RET T

A

MM O RER 1k
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TCVN

7364-1:2004

Glass in building. Laminated glass and laminated
safety glass. part 1: Definitions and
description of component part

BYIND T T R . G T AR NGO RET T
A

SN—h 1 fEOER LN

TCVN

7364-2:2004

Glass in building. Laminated glass and laminated
safety glass. Part 2: Laminated safety glass
BMNDO T T A - BT T AR NEOEEET T
A

NR=h2  EbEREHTA

TCVN

7364-3:2004

Glass in building. Laminated glass and laminated
safety glass. part 3: Laminated glass

BYINDO T T A T T AR NEORRET T
A

NR—hr 3 HbEHT R

TCVN

7364-4:2004

Glass in building. Laminated glass and laminated
safety glass. Part 4: Test methods for durability
BYIND T T A G T AR NEORRET T
A

= b4 AT ORER A

TCVN

7364-5:2004

Glass in building. Laminated glass and laminated
safety glass. Part 5: Dimensions and adge
finishing

BMND T T A - T T AR NEDOERET T
A

N— 5 SREAOT y Ut BT

TCVN

7364-6:2004

Glass in building. Laminated glass and laminated
safety glass. Part 6: Appearance

BMNDHT T A - BT T AR PNEDOERET T
A

X— K6 : S

TCVN

7737:2007

Glass in building. Method for determination of
light transmittance, light reflectance, total
solar energy transmittance and ultraviolet
transmittance
BEMNDITZ A RS, SO, K
TR —FEER, EIMRER A

TCVN

7527:2005

Glass in building. Rolling patterned glass
BMNOT T A - a—)b « NE— T T A

TCVN

7528:2005

Glass in building. Solar reflective coated glass

HMNDHTF A+ KRGS —F 4 7T A

TCVN

8261:2009

Glass in building. Test method for
non—destructive photoelastic measurement of
surface and edge stresses in flat glass
N DTTZ A W T ADFRE ROy PITEBT
5 FEREAE O 72 8O DR A 1k

TCVN

7455:2004

Glass in building. Thermally toughened safety
glass

HHNDO A T A - BRI S NI LT T A

TCVN

7456:2004

Glass in building. Wired glass
BMNO T A AN H T A

TCVN

8260:2009

Glass in buildings. Sealed insulating glass

N DT T A+ B NIRRT T A

TCVN

3992-85

Glass wares in building. Terms and definitions

HYNDOH T AT A Y — : JEELEH
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TCVN 7625:2007

Mirrors. Method of test
B AR

TCVN 7624:2007

Mirrors. Mirrors from silver—coated float glass
by wet—chemical technology. Specifications

8 BAAEHEICL DERA v T a— N T ADH:
£k

TCVN 7218:2002

Sheet glass for construction. Clear float glass
Specifications

WA 7 A B 70— b T ADMAR

TCVN 7219:2002

Sheet glass for construction. Method of test

HERA 7 A Btk

TCVN 7526:2005

Sheet glass in building. Definitions and
classification

BN T A ERE

h LU —,
e

TCVN 6073:1995

Sanitary ceramic articles. Technical
requirements

Y7 3w s AR B 2

TCVN 4036-85

System of building design documents. Symbols for
pipelines to be used in sanitary systems
BEMRRETRR A AT DERT 10 7T A
D4 TENk Al

TCVN 5436:2006

Sanitary ceramic articles. Test methods

v 7 3 v 7 B BRI A

TCVN 7743:2007

Ceramic sanitary wares. Terminology, definition
and classification
Y7 2 vy WA - HHE, %, DM

TCVN 6073:2005

Sanitary ceramic wares. Specifications

7 2 v WA AR

TCVN 5436:1998

Sanitary ceramic articles. Test methods

7 3 v 7 B RBROTIE

E) BERYVAT 7, HBEX A, THKEEM, oy, =T Ut —N, By v ¥ —,
AR — R, SRR, YemibiE 7 & ORI 20,

5) <L —I T O

AR R Hirs a5 Hirs 4 P
\S 17582004 Thermal insulation- Materials, products and
systems— Vocabulary
Thermal insulation— Determination of
WA MS 1532:2002 steady—state— thermal transmission properties—
Calibrated and guarded hot box
Thermal  insulation - Determination  of
\S IS0 8302:2003 steady—§tate thermal resistance and related
properties- Guarded hot plate apparatus (ISO
8302:1991, IDT)
HT A - 7= MS 1057:1995 Specification for adjustable louvre windows
MS 832:1984 Specification for Aluminium Alloy Windows
g \S 14712001 Spe?lflcatlon. for qual1ty' of .V}treous China
sanitary appliances (First revision)
Bk \S 134:2007 Latex emulsion paint for exteriorand interior

use - Specification (Third revision)
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#5.2.4.5 2012 FEK 2013 ED Y AR — MBS HEEHEERE

FORECAST AND ACTUAL CONSTRUCTION DEMAND (TO DATE)

: - . - . Institutional &
Resldeotial Industrial Others mm Total for
Preliminary

: 2 . R > Both Sectors
Public Public Public Public | Private

Actual ? 33 77 0.1 238 03 47 35 0.9 2.1 26 93 18.8 281

(Sbil)
: P : : Institutional & Civil
Both Sect
Forecast

140- 120-
($bil) 50-6054-63 01 26-2905-0921-3423-3015-1761-7.005-07 170 150

26.0-320

* Excludes reclamation contracts

P Preliminary figures

HANBCA 7 = 7 %A
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#5246 UHR—=IIBITHEEETRMEEA My

Building Commencement
2006 2010 201
Number of Units
Private Residential Properties 11,295 17,864 20,736
000 Square Metres Gross
Commercial Developments
Office Space 2n 68 254
Shop Space 206 52 170
Industrial Developments
Factory Space 902 790 1,477
Warehouse Space 364 381 447

[Industrial Prog
2006 2010 20N
- ~ N Number of Units
Private Residential Properties 233,364 258,243 268,768
Landed 68,410 69,743 70,145
Non-landed 164,954 188,500 198,623
000 Squore Metres Nett
Office Space 6,529 7,056 7.231
Shop Space 3,252 3,415 3,419
Factory Space 27,437 30,657 31,258
Warehouse Space 5,953 6,958 7,116
Residential Dwellings, 2011
Others HDB Flats

1.5% 76.2%

Private Houses

6.1%

Private Flat

16.2%

Total Units =1,200.9 Thousand

HAT v AR — iR =71 b
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#5.2.4.7 2011 EK DN 2012 4FED~ L— 3 TIZBIT D @ g5
Total Residenfial Non-rezidential Cival Special
oia buildings buildings enginsering frade
Guarter Value aof Value of Value of Value of Value af
constructon 5% construction construction o consfruction construction %
work done work done work done work done work done
(RM million) (RM million) (RA millicn) (RM million) (RM millian)
0212 20,345 100.0 5,162 254 7,086 34.8 7,050 346 1,052 5.2
QM2 17,726 [100.0 4 885 276 6,807 384 5118 (289 8915 5.2
Q411 17,667 [100.0 4,610 26.1 5,958 337 6057 (343 1,036 5.8
Q3511 16.037 100.0 4 180 26.1 6,166 385 4355 |(27.2 1,335 8.3
Q211 15,040 100.0 3775 251 6,913 433 3530 (235 1,222 8.1
HET) ~ L= 7 HGEHT 2011 ERFEE o2 BEER Y = 7 ¥ 1 b
# 5.2.4.8 FEMNREOHETE « @M T B
NhFL TRRT a9 SV HE=W L—7
ADHE #8800 HA 2 {8 4,200 HA #7,000 HA 520 HA # 2,900 HA
GDP 1,240 f&KFIL 1 3%k 8,500 {&:KKJL 3,466 fEKRIL 2,397 &KL 2,787 BRIV
2011 EOREEEIRE | $%. WHBERHIC | EFHMEIFFHIL307 | 2010 FOEMME | 2010 FOEEF
&1L 8,000 Bm. Ak | AOEMARAFEN | ~40 TR THE BIFHIH 18T | LIZM84FRE
LERAD—AHEYDE | TEY.EELFRET | 1 0%AFETHY. | FT. AODDEFEL, | E
HiEEmIEE 18.3 m. | AEREENHS, EIFHOK 15%H | SHEMMICHHEN | BETEHEEET
@i | HTERICERAEL 213 i | 2008 EQEERMY | BHERAIT SWNEERLND, HIFEAIHERIZH
HiERE THb I3#4 5,860 5F. 55 %
BRIRFEEIEATEY, | SMmEcEEshTy
SHELADEMEBETH | 501F#9 3,020 5F
BRERAREESL
AFRINDG,
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(a) U-Value
QN :Qc _Qs _QB _QI
Qu 1

S +Qy=Q-Q-Q-Q
U=—w, Q\;V:U5A<(9‘;—9,')2U<A<(9;—0,')
A (6,.-6,) SHGC =7 =S, /Qsotar
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U-Value

Normal IGU, Clear
vl Reproducibility

* Caleulation result = Winter © Summer

28
| .

Before renovation

After renovation

(a) U-Value (b) G-Value

Normal IGU, Clear
G-value Reproducibility

“summer = Caleulation result= (classc) %

= Winter

Normal IGU, Clear Normal IGU, Clear
- Reproducibility Gvalue Reproducibility
Cauaion et s Wter  Caculation st s Sunmer “Wimer  Colalotion et « Summer  Calaton et — s 2
W0 08
35 a7
a0 08
1w - 8 .
e 24 24 0s
M
3
ERS foo
3
13 03
10 0z
0s 01
00
After renovation
1050
a0
)
a0
50

Heat Flow [W]
- B

= Befare renavation

(b) G-Value

.l;li@,i Vﬁl.ﬁ @_ ii;‘:‘:":,;.': _

@ ac o aw X @ oc|ae as ow o ac o | aw | @ oc|ae as aw aw

11| 246 964 336 7229

53.58] 1560 501|-38.9]120.4/6955[123.5) 400.|-58.8] 3604942 57.97 110, 12.711209] -27.7 | 1008, 2.79. T
1549 1,03 262 -136|117.7 662.8(39.66 344|072 -30.4 472.2 61.67 861 100 941 |-250|990.8 3063|722 | 141 6.95 1092 6886
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600,00 (a) U-Value

450.00
300.00

150.00

0.00

-150.00

Heat Flow [W]

-300.00
-450.00
-600.00
-750.00

-900.00
o

@ | ac QB as  aw Solar

Ql ac QB Qs |Qw @ |ac | ap Qs aw 5§ar Q| ac as Qs | aw aw
U-value{winter) G-value(winter) U-value{Summer) G-value{summer)
m Before renovation 53.58|156.0 -50.1 -38.9 120.4|695.5/123.8 -400. -58.8 -36.0 494.2|57.97-110.|12.71 12.09 -27.7 1008.| 2.79 |-741.| 2.46 9.64 | 336 722.9

After renovation  154.9|-1.03 -2.62 -33.6 117.7|662.9|39.66 -344. -0.72 -34.4 473.2 6167 -86.1|-10.0 9.41 -25.0 990.830.63 -722. -14.1 6.86 10.82 688.6
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Specimen (Frame : PVC)
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G-Value (Winter)
with/without Various Types of Shade
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IGU

(WFL3-SPD(Drak,0~ 120V)-WFL3)

WFL3+A9+{WFL3-SPD(Drak,0~120V)-WFL3}

17
G-Value of Suspended Particle Device Glass
0.7
I ——
e :
0.6 P o b i
& 4
+ - f_é:"-"/ . ® b
05 & : 3 .
2
- P - 4
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0.1
0 20 10 60 80 100 120
Applied voltage [V]
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G-Value [-]

0.7

0.6

0.5

4
IS

03

0.2

0.1

(WFL3-SPD(Drak,0~ 120V)-WFL3)

y = BE-09x

G-Value of Suspended Particle Device Glass

2E-06% + 0. 1+ 0.0006% + 0.3862

+
*
-
(WFL3-SPD(Drak,0~120V)-WFL3)
*
- —d
— — ¥ = 9E-06xF + 0.002x + 0.2674
o w R?=09995
(WFL3-SPD(Drak,0~120V)-WFL3) with Roll Screen
20 40 60 80 100 120

Applied voltage [V]

19

° o o ) o
o] 8 ] & &

G-Value of Glazing with Roll Screen n [-]

G-Value (with/without Roll Screen)
Measurements of Glazing vs (WFL3-SPD(Drak,0~120V)-WFL3)

WinBels 255 4 0.8271x
Ri=0/9998

| & solar Control Film on Float Glass (winter)
High performance solar reflective glass, Drak ($58)
Solar Control Film on Float Glass (Summer]

015 0.20 0.25 030 035 040 045 0.50 055 060 0.65 0.70 0.75 0.80 0.85 0.90

G-Value of Glazing n,[-]
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G-Value of Suspended Particle Device Glass
{WFL3-SPD(Drak,0~ 120V)-WFL3}+WFL3+A9
0.7
0.6
Summer
8 L]
B
0.5
2
—_
L Winter
w "
204 °
g {WFL3-SPD|Drak,0~ 120V}-WFL3} +WFL3+A9
f
Winter y = -8E-06x + 0.0022x+ 0.1991 ———
© Py i R=09978 e
03 g T {WFL3-SPD(Drak,0~ 120V)-WFL3} +WFL3+A9 with Roll Screen
- Summer
02 &
0.1
0 20 20 60 80 100 120
Applied voltage [V]
21
G-Value (with/without Roll Screen)
Measurements of IGU vs {WFL3-SPD(Drak,0~120V)-WFL3}+A9+WFL3
0.50
Normal IGY, Clear
045 L In 1 N
= { . ! 7,
c /ﬁw-i IGU, High-SHGC, Low-E on #2 surface y
a0 b i i B T
] F )
g (Dl
[ - _Lw/euﬁ Mid-SHGE, Law-E on #2 surface |
= P
2 (1 0o
ﬁ 030
H Low-E IGU, Low-SHEC, Low-E on #2 surface
a 025 Triple Low-E IGU with vagdum glazing Winter
-— " v £ -D.2931x# 0.7704x
b R7=0.9973
8 o
©
-
v ois
0.10 /
0.10 0.15 0.20 025 030 0.35 0.40 0.45 050 0.55 0.60 0.65 070 075 0.80
G-Value of IGU n,[-]
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G-Value of IGU with Roll Screen n [-]

G-Value of Suspended Particle Device Glass
WFL3+A9+{WFL3-SPD(Drak,0~120V)-WFL3}
0.7
SUMMer - 5¢ 0ox* - 7E-07x* + SE-05%2 - 0.0002x + 0.5388 i
06 )&»r"’/ WFL3+A9+{WFL3-5PD(Drak,0~120V)-WFL3}
-
05 O
Winter , _ 4g.00%t- 16.06x* + 7E.0547 + 0.0002x+ 05091 Winter  y= zt-ne;:;nggggﬁsmoaaq

- R=0.999 Cosese a
[ s —
304 -
s M ¥ =-1E:06x + 0.0006x + 0.3797
s WFL3+A9+{WFL3-SPD(Drak,0~120V)-WFL3} with Roll Screen Summer !

0.3

0.2

0.1

0 20 20 60 80 100 120
Applied voltage [V]
23
G-Value (with/without Roll Screen)
Measurements of IGU vs WFL3+A9+{WFL3-SPD(Drak,0~ 120V)-WFL3}
0.50
0.45

E1GU; High-SHGC {tow-E on #3 surfal

0 Oﬁ
711 )
A

= “Normal tGU, Clear

035 -+ Low-E IGU, Mid-SHGC, Low-E on #3 surface

Winter Low-E IGU, Low-SHGC, Low-E on #3 surface

¥=10.5162x1+1.02
R?=0.9837,
025
1731

L/
0.20 'x A~ Triple Low-E 1GU with vacuum glazing

0.10 0.15 0.20 025 030 0.35 0.40 0.45 050 0.55 0.60 0.65 070 075 0.80

G-Value of IGU n,[-]
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AFloat Glass, Clear

1.0
09 | ATinted glass, Green
08 - 4 solar reflective glass, C | & a
07 A High performance solar reflective glass, Light
£ A High performance solar reflective ~ glass, Drak
=06
ﬁ A Normal IGU, Clear
05
@ i 1.0 Low-E IGU, High-SHGC, Low-E on #2 surface
o4 -
m ‘l 0.9 Low-E IGU, Mid-SHGC, Low-E on #2 surface
03 r A S
Low-E IGU, Low-SHGC, Low-E on #2 surface
02 08
07 Triple Low-E IGU with vacuum glazing
01 r = 0
z
= L
00 L i ——
00 01 02 03 04 05 06 07 C |y 05 |
FEEE W b
i 04
03 r
MRYY— 02 |
01 r
0.0 L ; ; I L L ; ; I
00 0.1 02 03 04 05 06 07 08 09 1.0
SHEEEE nw) 27
1.0
09 - A Float Glass, Clear
08 F A Normal IGU, Clear
07 + Low-E IGU, High-SHGC, Low-E on #2 surface
é()_ﬁ - A Low-E IGU, Low-SHGC, Low-E on #2 surface
=
o5 -
=
04 -
03 -
02 -
0.1 z
S S S B SR R
0.0 05 -
00 0.1 02 03 04 05 06 0. &
SEEEH W B 04 ¢
Y
03
02 r
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0.0 i i I I I I I I L
00 01 02 03 04 05 06 07 08 09 1.0
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A Normal IGU, Clear : 0°
09 - A Low-E IGU, High-SHGC, Low-E on #2 surface @ 0%
A LOw-E IGU, Mid-SHGC, LoW-E on #2 surface : 0°
08 r A Low-E IGU, Low-SHGC, Low-E on #2 surface : 0°
— 07 r A Triple Low-E IGU with vacuum glazing : 0°
é 06 - 4 Float Glass, Clear : 45°
ﬁ Normal IGU, Clear : 45
d
% 05 Low-E IGU, High-SHGC, Low-E on #2 surface © 45°
ﬁ 04 Low-E IGU, Mid-SHGC, Low-E an #2 surface : 45°
m 0 3 Low-E IGU, Low-SHGC, Low-E on #2 surface © 45°
: Triple Low-E IGU with vacuum glazing @ 45%
02 -
0.1 .
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HEBEES W 29
1.0 AFloat Glass, Clear : 0°
09 - & Normal IGU, Clear : 0°
08 [ A Low-E IGU, Highi”(i(: Low-E on #2 surface : 0°
07 + .
5 A Low-E IGU, Low-SHGC, Low-E on #2 surface : 0
=06 -
A A Float Glass, Clear : 45°
o5 | £
@ A Normal IGU, Clear : 45°
04 -
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KOREAINSTITUTE of
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.,_.____thod for solar heat gam
coefficient(SHGC) measurement

Tae Jung, Kim
Korea Institute of
01.Dec.2012

— -
e LT

) . Solar heat gain Coefficient

SHGC = Lste
v T LA
» SHGC [—]
» Qg : rate of solar heat gain through the window [W/m]
»I Incident solar irradiance [W/m]
> A : window area, [m]

Solar heat gain rate

\ through unit window area[W/m]

Incident solar

Irradiance[W/m']
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consists of a directly transmitted part and
osecondanrheotgawlpon “

SHGC = TI A +]j[4a134 m T + N a + ‘l’cdmzA(T T)
» r :Solar transmittance, [~] % | o, | @

> ¢¢ : Solar absorptance, [—]

> p : Solar reflection, [-]

>N Inward flowing fraction of
absorbed solar heat, [—]

»UJ: Thermal transmission, [W]

Mmoo
Na ﬁ\“i g t Wi "J\ 5 —) N
7
i

T+a+p=1

a= 0O+ di

N=2
a

> The calorimeters for SHGC measurement have been reported
1) indoor calorimeters with solar simulator
2) out door calorimeters with sun tracking

3) out door calorimeters with without sun tracking

1)An indoor calorimeter with 2)An outdoor calorimeter wi‘t:h' i3)An outdoor calorimeter without
Solar simulartor by KICT. KOREA  syn tracking operated by §Sun tacking
Architectural Testing INC. US ( Marinoski et al, 2012)
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» The calorimeters for SHGC measurement have been reported

ing calorimetric SHGC measurement approaches

Source| MowiTT SCL SOLARCH NILIM IFT ISE SERIS NFRC KIER KICT
Nation USA Canada Australlia Japan Germany Singapore USA KOREA KOREA
Calori
metric | Heat Flow | Heat Flow | Heat Flow Heat Flow Heat Flow | Heat Flow
Water . Water | Water Alr
Measur Meter Metet Meter Meter Meter Meter
ement
Light Actual Arc. Actual | Metal halide : Metql halide| Actual | Actual | Metal halide
Xenon Lamp ¢ |
source sun Lamp Sun Lamp i Lamp Sun sun Lamp

e

is dependent on environmental conditions

both on the indoor air and outdoor air sides

» Including temperatures, surface heat transfer coefficient, and solar radiation,

> Summarizes standard environmental conditions for SHGC simulation or
measurement , as defined in various standards with notable differences.

Environmental condition

Source Note
Indoor Outidoor
25C 'I;oui§30°9 K
Tin=25% hout.c=8.0W/mw.
Pen 505 hin.c=2.5W/n.K Is=500W/m
AM 1.56G Calculation/
Tout=32C Simulation
Tin=247C hout.c=15W/m.K
hER 2200 hin.c=15W/n.K Is=783W/m
AM 1.5D
~ Tin=24°C I1s>680W/m'
HFREZE0H hin.c=7.7W/m .K Actual Sun Measurement
N ToLin=24~vsl7jc
Tin=24 hout.c=18W/m'.K
L hin.c=7.7W/im.K 15> 500W/m Measurement
Solar simulator
Tin=24C hTOl{thé;\ﬁ? .CI(
; in=24° oul.c= v
I hin.c=7.7W/n K Is > 400W/ ¢ Megsurement
: Solar simulator
d Ttou?=30°'(/)
Tin=25C out.c=25W/m' K
NILIM hin.c=7.7W/mn'.K Is>500W/m' Measurerment
Solar simulator
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dependent on environmental conditions

> Optical properties are dependent on incident solar spectrum/direction

> Secondary heat gain is dependent on convective and radiative
surface heat transfer coefficients on both sides

B Example: opaque door specimen, with and without wind

e D 02

0.15

ot e e 1
With 3m/s wind  Windless

Source of data: 2012 International collaboration seminar, development of evaluation, SERIS

I 'Due to the absence of weli:—déveloped standard test method

> The configurations and operations are very diverse

> The environmental conditions are very diverse

> For both indoor and outdoor calorimeters, the actual solar spectrum
could deviate from reference solar spectrum (AM1.5) significantly

> Indoor calorimeters have better reproducibility, but it is difficult to

select an appropriate solar simulator

M Test condition and standardized SHGC
> Standardized SHGC is cri'rical for fair product performance
comparison, inter—laboratory test result comparison and research

> Inter—laboratory and international effort isirequired
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| e otion of KICT calorimeter

|I > SHGC measurement system consists of solar simulator, calorimetric
chamber and Outdoor chamber and has an installed rail that can
adjust the solar irradiancé according to distance and electric
current

» SHGC measurement system qdjus'red solar irradiance by using
artificial light source and was desighed to adjust temperature,
surface heat transfer coefficients of indoor and outdoor sides

> The heat flow rate through the specimen due to solar heat gain was
measured by heat flow meter (25EA)

» The heat flow rate transmm‘ed and dbsorbed were removed by
cooling plcﬂe and hecn‘ exchcnger coil ‘ : | N

> It is posmble to measure the SHGC of hlgh performance glass, |

shadmg dev:ce heat insulation film. i o AR

Fan \
Exhaust Fan @
|/’ Low— Iron glass

Cploling
g \ L Pldte
Mirrior part | |_~Heat
‘ Exchanger
| \ coli
Lamp part [ t Flow-rlneier
B T gl i
Solar Simulator 3 ~Outdoor Calorimetric
- chamber Chamber
10
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" W Pictures of KICT calorimeter

> Solar Simulator: Xenon Lamp, 7Kw x 4EA

,L

Exhaust Fan

ilfer
Lamp part ﬁé
Solar Simulator / ' : : TRZES
supply Fan i 11

| : of KICT calorimeter
> Outdoor Chamber(—-10°C~50°C)

Guarding box
(thermal resistance

o 1 4.0 m.K/W)
J_@r_m
han Specimen

Fan
A \
Iron glass © ’ﬂ[

Low

12
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P KICT calorimeter |
» Calorimetric Chamber(0°C~50°C)

|
1 Guarding box \
I (L, (thermal resistankte - J —
: (. 40 m . K/W) @ K
f /f N AT
Fan
Heat exchanger
coil
1
\\
@) s Cooling plate
- SHeat flow metef
(-

14
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» For improved uniformity and collimation

> Short arc type, with 7Kw x 4EA Xenon Lamp from Osram

W Multi lamp solution, located 5m away from specimen plane
> Irradiance nonuniformity

» Temporal instability

M Solar irradiance according to distance and electric current,

@} = Distance
Source
(o i _ 1 b Effective specimen area(W x H)

K j / Current | 3,500 4,000 5000
— =y " (A (1,400x 1,500) | (1,500 x 1,600) | (1,000 x 1,798
= I\ 100 525 418 o

i ﬁ d =] 110 607 473 m
— _— i i 120 681 538 |
130 761 596 1
|- 4,000
| 8,600 140 838 664 [ -]
150 923 730 [+ ] 15

> For this specific case, spatial uniformity in the 1.5 m x 1.5 m specimen

plane is better than *6.3%
B Temporal instability
»The variation of solar irradiance in the last 4 hours is approximately

+0.59% of the mean irradiance

1 o B
4| olf | |
{ | ] :l LA w !
@ - !
E 1”? giwl— —
®—© o} 2l
O—E_ ‘ P .
i 58 !
: o—| | 0 -

LIS |
! l .' 1] —I L T — - - —
i f —sa Ll i 0 1 H 3 4 5

Elapsed time(be)

16
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S,T:“Q;;' :QH +Qc _.QI-'_ '.
Oy =U-4-(T, -T,)
SHGC = n= SI/QSolar
Dot = L5 x A4y _
SHGC =p.= S; = (QH +Q(_‘ _QF _QJ)"'QW
Solar Osotr T
(04 +0:=0:=0)-Usdy (L, <T})
Qsoter :
: Solar irradiance through the specimenw]

: Mean solar irradiance on the specimen[W/m*]
: Specimen area[m]
: Total rate of heat flow through the specimen [W]

: Rate of heat flow through the specimen due to
thermal transmission[W]

' Rate of heat flow removed by the cooling
plate [W]

: Rate of heat flow removed in order to maintain
indoor temperature[W]

: Fan heat generation[W]

: Rate of heat flow through the connection[W]

: Indoor chamber temperature[°C]

T, :Outdoor chambertemperature[°C] 17

aay e

mental conditions and sample Characteristic
Summary of environmental conditions

o Temperature Surfagggfcfeigiiet;ctmsfer Irradiance
(C) (W/m.K) (W/m)
Indoor 25 9.09 -
Outdoor 30 23.25 >500

» SHGC, U value : Window 6.3 (IGDB ver 21.0).

soo | Ty | ™o [

_ Samplef Green 0.60 5.80
g sample2 Biue 063 5.80 5

Sample3 Clear 0.85 587

Sampled BLOW—E+12A+BCL 0.19 138

Samples BLow—E+12A+6CL 022 138 1.500x

Sample6 BLOW-E+12Ar+6CL 0.23 133 > 1,500
gggﬁ}g Sample7 6GN-+12Ar+6Low-E 042 146 i

Sample8 95GN+12A+5CL 0.5 2.1

sample9 60L+12Ar+BLow—E 0.62 146

Sample10 5CL+12alr+5CL 0.75 28 18
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> The result and deviation of simulation tended to increase as the

performance of SHGC increased

SHGC

0.9
0.8
07
0.6
0.5

0.4

0.3

0.2

0.1

m Simulation EExperiment

—

Sample | Sample Sample Sample Sample Sample Sample Sample | Sample Sample
Source : 2 8 4 5 6 7 8 9 10
Single glazing Double glazing

[w/m] 555 556 556 556 556 556 554 557 554 556

wi 1249 1251 1251 1251 1251 1251 1246 1253 1246 1251

Oy W 579 555 742 258 278 338 397 501 582 625

Oc Wl 306 279 348 93 112 138 230 241 289 332

O, W 9.4 9.5 9.4 9.4 9.4 9.4 9.5 9.4 9.4 9.4

U Iwinl 5.80 5.80 5.87 1.38 1.38 1.33 1.46 1.33 1.46 2.8

Op W] 63.6 63.6 65.8 14.2 14.2 13.7 14,7 28.3 14.7 31.5

T, [Tl 29.8 29.7 29.7 29.7 29.7 29.7 | 29.8 29.7 29.7 29.7

T, Icl 24.8 24.8 24.7 25.1 25.7 251 || 254 25.2 25.2 24.7

S W 790 761 1015 327 366 453 603 705 847 917
:r,vm [-1 0.64 0.65 0.87 | . 0.26 0.29 0.32 048 0.55 0.67 077 |
Mim -] 0.60 0.63 0.85 0.19 0.22 0.26 0.42 0.50 0.62 0.75 i
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ment result and the deviation of simulation

> As the SHGC performance of the sample is improved, small amount of
chilled water is adjusted and the error occurred in measuring the
temperature at the inlet and outlet.

O=MeAtec ] ,
l HE I ﬂ
0 : rate of heat flow removed by Heatef Coole
chilled water for maintain the I I
calorimetric chamber of 25°C [W] outiet_|  Lied
M- flow rate[kg/h] nfet water

C : specific heat[W/kg.Cl]

@ : Flower meter

AT : temperature difference of
™ Ml : Thermometer

inlet and outlet sides[*C] A

B Rate of heat 'ﬂc'JW"ihbui by heater, rc:te of hec:t flow removed by cooler

e % ///'/ /////////
//

\

nte
eter

&
=

| \\\\\\\
N\
AN

\\\

\

2z

\

\
A\

N\

A\

\

MHImee

HIMMMIMIN

Guarding box
) (thermal resistanc
C 1 4.0 m.K/W)

N\
MW

e

V
AN

N A

§\§\§\\\ \

_
ZZ

A\\\\\\\\\\\\\\\\\\\\\\\

.
S,

R .(QH.'L.-QC--'_ Qr‘@;i‘-gv 1SHGC =; :-.-‘::S' (Q” Qr Q") Qu'
SHGC T {O%tar v A Oans }Q.‘i‘akar e ? Qsé&é'~
(Q,,+Qr 0:=0))=U-Ay (T, 2t _(04=0 QJ 0)=U:dy- (T Z;%) 14
Qgotr T s QSMM = 22
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Thank your attention!
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SERIS"w

Solar Energy Research
Institute of Singapore

SERIS G—{i& 8| E #ZX 5%

Dr. CHEN Fangzhi

D OAR—ILKE TR ILXF—FZEFR(SERIS)
oA R—ILEBEKEF(NUS)

£ _RIGIEREAEZEREIFT—
hEMAER. S5, FE  2012.12.02

NATIONAL - B SERIS is a research institule al the National Umverslfy of Smgapore (NUS). SERIS is sponsorsd by the Nallonal University of Nys 1
s (e (NUS) and Singapore’s National R (NRF) through the Singap D t Board (EDB). g e

BZ ser

BRI I AGIEDEE M
GIEDEX

SERISD W&, EEAARAR

Faf-H GIERIE £ DFEER

> KA EAIE

> KBRS 7 iRE

> IREBE~DBRE

Q FEHERE

L O 0 O

NATIONAL EDB SERIS is a research institule al the National Umverslty of Singapore (NUS). SERIS is sponsored by the National Universily of %Ny§ 2
N Smyman (NUS) and Singapore's National (NRF) through the P D Board (ED8). gt
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.o A
AR —IL SERIS oW
EiE:700F A F0
A0: 5305
FrRE L db140% 0
HERMRIE
> EEMELGL.EDH
> BOAEEELEEL

(L@ % 23 °C - 32 °C)
> SITE (EH&E(E 80%LLL)
| @ 0 AEI7IVEERTLOR
0 e 1 i HTE, BEITRILF—D60%
e S HHD

ooo0o

NarmonaL SER(S is & research i smufs al the National University of Si (NUS). SERIS is sponsored by the Nationa l Universily of NUS 3
L gqgg (NUS) and SR S ion (NRF) through the Singapore E D t Board (EDB). W% i e

. _ A
BCA H'1)—> < — &t SERIS g
O 2005EMDS. oHR—ILE L BEEERE (BCANRER

0 BEFEL AT LIX5ODEETER

ThLE—FIE

ORI

IREERE

ENIBERE N
Z DR S E

YV V VYV

BCA GREEN MARK

O 20305 FT. 80%LL EDEEIXBCAY ) —0I—VEME
> BCA's E_H1F)——05TH

;:ﬁ"gf"f:(}"; EDB SERIS is a research institute al the National University ol of Singapore (NUS). SERIS is sponsored by the Na tional University of @NUS 4
RrINPATION wr (NUS) and ‘s National Research Foundation (NRF) through the Sing D Board (EDB). poi T
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y
BEROZPANDEK SERIS g

O EEFOEPEEEEZPIMAEE
> BOSMEREETTV) EBEEELHNEHH

> ELRERRRTTV) EBEEEEREFRH(KEHY)
> BIEREMODABLERERETV) BEEEH

> BLER BELEBEFEEERNQFER(RELL)

;;‘b’;';m} EDB SERIS is a search institute at the National Un :vers;ly of Singapore (NUS). SERIS is sponsore ed by the National University of &JS 5
FOUNDATON SDAANeR ) and Sir 's National R (NRF) through the Si D ¢ Board (EDB). st

A
EFEEFEAETTV SERIS

Q ETTV =12 (1- WWR)U, +3.4WWR)U+ 211(WWR)CF)XSC)

> WWR = BEEH

> U, -WEE U-{&

> U=% U-&

> CF = KIS BT BEERE (B E 05~ 1.5)
> = BE SR E(SC = G/0.87)

> G—,u.\ G-i&

O WWR=1(ZODH)and CF =1 (It -FEEIRE)E:

» ETTV =34-U+243-G
> A(ETTV) =3.4-AU + 243-AG

NaTIONAL DB SERIS s a research institute at the National Univer s»ly of Singapore (NUS). SERIS is sponsored by the Nafional University of %NL‘]‘;‘ &
i NU peAian

. sngen [{ 3) and 's National f (NRF) through the Sing D Board (EDB).
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SR RERETTV senls v

QO ETTV QOUIEFERE (BUXE)

U~ G-{& ETTVIZH T %

[wx<m2s<>:| -] s
[-]
5.8 0.87 231 N/A

3 0.87 222 =4%
2 0.87 218 —6%

1 0.87 215 =7%

NATIONAL - SERIS is a research institute at the National University of Si (NUS). SERIS is sponsore dby the National University of NUS
LLLalo ﬁ;?g i (NUS) and s Nalional f hF ion (NRF) through the pment Board (EDB). o Bl

B REMETTV el oo

QO ETTV OGIERZERE (BURE)

- U-{E G-{l ETTVIZXRE 5 -

- W/me] -l

5.8 0.87 231 N/A
5.8 0.6 166 ~28%
5.8 0.4 117 -49%

5.8 0.2 68 —70%

;E‘ET['_“’"("("J DB SERIS is a research institute at the National Univers lly of Slngapo e (NUS). SERIS is sponsor ored by the Nafional University of NUS 8
FonNPATON SUXGALEF ingap (NUS) and Singapore’s National f (NRF) through the De t Board (EDB). i
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. A
Eﬁﬁﬂ SERIS e
O ZOUEIZE L ORMEEICHTIRERIERITDEN
O G-EIZarra—ILhERFFOEEF
O G-fEZREST il

> BHEEHSR (B, PR ERE, LOW-EFSX)

> 1&*“’5%”? 1*"' (Ih\*hw%;;tll‘iﬁbv Hﬂﬁo):u\*h)

> HYOENR GAETSAVR, REBTSA VR, KigEith/ 1)L, BIPV)

O GEGATEEMNESEROMREICHEM

;&1;{?:‘“1}‘ EDB SERIS is a research institute at the National Un valsu‘y of Singapore (NUS). SERIS is sponsored by the Natio nal University of @[\Iy_s 9
FANDATION  SINGANG S (NUS) and Singapore’s National R (NRF) through the Singap D Board (EDB). Phdtey

GIEIX7E(Z? SERIS gw
O G-{#&: 35S E(SHGC)

> G: SHGC, [-]
> Qg EESTBIREEW)
> I BEES W/m?)
» A BET& (m?)
[ =
BEBLTHSRIGE
[W/m?]
B 5i$a5T A8t
W/m?]
E’%E[‘:’ﬁ;nh guprg SERIS is a(ergj ng _s:trt r .‘I/&e“zln;’ nal Univ vers ty o! Sr gI\TRS r(hNUS!;h ”}SGERI'S is sponsored byéhe Natio l Uni IV: (E%BOf @y;:%!-s- 10
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ZEHAMMDGIE

SI:HIS‘“"

O BB GSRRE) ITHLT, GEREREAFH LB EE ZRBIGHS

> T

> a

> N:

Tl A+ NalA

_ Qsug _
e B 1A

1.4 + Na

Bt (-)
H SRR ()
B RgE(-)
RNEBFRADE(-)

,T+a+p=1

I

pls ~ 1l

 Nalg

(1 - N)al

NATIONAL

RESEARCH EDB

FOUNNATION mNgap@a (NUS) and Singap

SERIS is @ research inslitute at the National Umverslly of S/ngapore (NUS). SERIS is sponsored by the Nahcnal University of
‘s National (NRF) through the De P ¢t Board (EDB).

SERIS W

T ERAMEDGIE

O FFEAME (BRGEE) LT,
WMENHETE

EESBREIFO., SHGCEILEZ

_QSHG_N“IsA_
G="14 =14 _Ne

NATIONAL
REBEARCH

SERIS is a resesrch mslll‘ufe at the National University of Singapore (NUS). SERIS is sponsored by the National Universily of
FouNnATION D

(NUS) and Singapore's National Research Foundation (NRF) through the Si Board (EDB).

Fs

SHAE®H

147



SERIS

GIEDCEIER
e

G=1+Na
RiRigst

HHHH“"ﬁmL

&iE
O ZTOUEDBRTEXELERT (e.g I1SO 12567-1, ASTM C1199)
> EIREEET. xR, BMEEDE A ILERT S

> FEREETLGHERE D R ICHFHANS A, ERES ERISh, BT
FILF—IZEiLShi:

Q 7477 :RACBHESATLTUELGEROMEFATRETIE?

R~
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SERISEVHIE SR B 5 B serls v

SERIS is a research institute at the National Unlverslfy o! Smgapora (NUS). SERIS is sponsored by the Nanonal University of Nus 15
(NUS) and Singapore’s National f F (NRF) through the Sir { Board (EDB). B ine

RESEARC]
FealNnaTON SIS gap!

3 A
SERISEVAIE SR IEEE N

AER

R’n\:r'?;&: E SERIS is a research inslilule at the National University of Singapore (NUS). SERIS is sponsored by the Nal/onal University of @NUS 16
Rt e (NUS) and pore’s National Research Foundation (NRF) through the Singap pment Board (EDB}. Y e
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Rh\'l"\’;{‘l‘\'# EDB SERIS is a research institule at the Nalional University of Singapore (NUS). SERIS is sponsored by the National University of FqNUS 18
D (NUS} and Sir ‘s National Research Foundation (NRF) through the Sing E. D P Board (EDB). i
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SERISEVAIE X HEEE SERIE. Q¥

GIERIZE S
BEAHDFEIFUEENES 510, B ATEROBHEHELEL

R!:\:r':':(‘l: EDB SERIS is a research institute at the National Uruvelsl!y ol Smgapore (NUS). SERIS is spansored by the Nahona/ Unwversity of NUS 19
EoINmA TN STATA (NUS) and pore’s National R {NRF) through the Singap D ¢ Board (EDB). By Lz 2nm
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A
7}( ;«%—t %l] SERIS gur
Qc = c,pVAT

> c pe L, [J/(ke K)]

p. BE, [ke/m’]

> V. asmE, [m/s)
AT: HAYDEREZE, [K]

A 74

v!

Q wrEHn
u2,.(Q.) = ud(V) + u3 (A7)

% = g
» s c BRI FETE
X =
> iLs xR T REE S
E“‘T“’""lt DB SERIS is a research inslilute at the National Umvers:ty of Singapore (NUS). SERIS is sponsored by the National University of NUS 21
hrﬁ%‘r@fn ny SINQARG A (NUS} and Singapore’s National ion (NRF) through the Singap D I ¢ Board (EDB). e

A
KA A e
O FrEEHEsIR

» u (V)= 0.15% ( AR )

» u,.(AT) > £ 10% (1/10 DIN PT100 +>%— )

* % AT =0.3K
. THEE 1/10 DIN PT100 sensor =+ 0.04 K at 20 °C
xR LT
Q TEESHETL
RCt 4 —EH EERBRICHER
RERLIKENEEM
JCGM 100:2008 cwmxzs®

-t
¢

Y ¥

WP (VLAT, — V,AT;) = MT2u2(Vh,) + AT3u2 (V) + VEUR(ATy,.) + VEu? (8T, )

+HATu(V ) - ATy (V)] + [Viu(aTys) - Vou(AT,,)]?

?“T:’I&“t DB SERIS s a research institute at the National Unlvers:fy of Singapore (NUS). SERIS is spansored by the Nahonal University of @NUS 22
;Sf,;;nm.w RUWAREEH (NUS) and Sir ‘s National R (NRF) through the gap 2, t Board (EDB). s
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O BRAXOFEEFERTHERAREROASTEST
> BRSNS E + 2% (Kipp & Zonen CMP 11)

O FEHEMLEHNHLH. ALSEATIELLESEERET) 7HERE
DR IERIFE T
> ENHFURE - HHEFAF VYUV RATL
> FEEEERIE: REHIL—I

oAy EDB  S£Ris is a research institute at the National Univer, sny of Singapore (NUS). SERIS is sponsored by the National University of @NUS 23
FOtmATion  STgAEeRe i (NUS) and S 's National F (NRF) through the Singap Development Board (EDB), E

- A
H gq‘iﬁ FHRAFY AT L SERIS S

Ef: BERAF v AT L, BE
MEMERAL. —EDTM)IAT
HEBRAEEAXVYUTED

EOhOFBITHRET HL—F—

E‘:‘g"“"(?& EDB SERIS is a research instilute at the National University of Si (NUS). SERIS is sponsored by the National University of NUS 24
FauNnaTIoN  SigapdT ngaporo (NUS) and 's National Research Foundation (NRF) through the Singap D t Board (EDB). P
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SR 1 serls &
Solar Width direction (mm)
irradiance
Wim?) 312 | 438 | s62 | 688 | 812 | 938 | 1062 | 1188
1188 576 | 585 | 595 | 597 | 596 | 595 | 588 | 674
'g 1062 500 | 604 | 613 | 616 | 613 | 617 | 604 | 591
| 938 604 | 615 | 625 | 629 | 627 | 631 | 621 | 605
2 s12 612 | 624 | 632 | 637 | 635 | 637 | 629 | 612
£ es8 614 | 627 | 635 | 639 | 637 | 640 | 631 | 617
El 562 611 | 625 | 633 | 638 | 635 | 637 | 628 | 615
B 438 606 | 617 | 626 | 620 | 628 | 631 | 621 | 607
312 502 | 604 | 614 | 619 | 614 | 617 | 611 | 594

BIOBEEET, 1mx 1 mDEBTENTHMLUIRABRADITTIEE5.4%

T RER AT
Fiax/MEST

NaToNAL
RESEARCH
RitNnmaTinN SHUMHARP H

Ax v R

Height (mm)

HIEOT—3M oL =iG

wenar  EDB

FOQUNPRATION RIE 2

SERIS is a research :nsmu(e al the National Umvsrs:ry of Smgapars (NUS). SERIS is sponsored by the Nanonal Universily of NUS 25
(NUS) and ‘s National F (NRF) through the D { Board (EDB). i
SERIS ==
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SERIS is a research institule at the U of Si (NUS). SERIS is spansored by the Na(mnal University of NUS 26
pore (NUS) and Singapore's National Research Foundation (NRF) through the Sir Devel ¢ Board (EDB). wmn
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E 05 G) iﬂ :Iﬁ 5 SEHI%\’
O LBNL WINDOW Y7+ DIZHEIZ IR AE(ISO 15099 and NFRC (TEDWNT)

> BRI

= AM1.5 BIIEASTS I, 0° ASTARE, IRIE(E. 1951, 783 W/m? B4t

" 32°C ZRBESBERERE, 1.0 IRERERITE
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> ERIKR

» TS5yoRE (LEBO B SRS ERIR)

= 24 °C ZREELIEEREDE, 1 0IRBEREARSE
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