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The first purpose of this study was to compare the effectiveness of three materials in saving 

electricity. The three materials were a double-skin shading device, an insulation to prevent heat from 

coming into the building and energy-saving glass. The second was to reduce the workload of the air­

conditioners in residences in a tropical climate, and the third was to design an appropriate double-skin 

shading device that can be extended to protect the building from the sun and retracted during the night 

Based on the VISUaIDOE 4.1 program used to analyze the energy use, technically, this device 

with high level of shading would be highly recommended for a house in which the glass area is greater 

than the wan area. It was found that less energy was consumed with higher levels of shading. In 

contrast. even with very good glass, more energy was consumed with greater areas of glass. When the 

double-skin shading device was compared with the double Lcm-E glass, the device saved more energy 

than the glass by 38010 when level of shading used was at 100%. When the device operated with a level 

of shading at 60% and used in conjunction with insulated walls and the range of WNR value was from 50 

to 100, the consUmption of energy was stable. It was assumed that when more glass was used, less 

insulated wall would be used; as a result, the average U-Value of the building would be higher, thus 

consuming more energy. Hcmever, in fact, the high value of U did not affect the high consumption of 

energy. Therefore, the use of thick insulated walls to reduce the U-Value is not necessary in the tropical 

climate and is not aWorclYS a good option. 

In terms of investment, the life cycle cost of the device was less than that of the Double Lcm-E 

glass when the WNR value of the building was higher than 80%. HovYe'v'er, the proportion of the area 

covered by the device directly affected the energy consumption. It can be concluded that when the 

level of shading provided by the device is at 100% in a building whose WNR value is 30, electricity 

consumption can be reduced by 17%. When the WNR value of the glass area reaches 100, the 

electricity savings can reach 49%. The payback period of the device is 17 years, which is 6 years faster 

than that of the Double Lcm-E glass; consequently, the device is a good alternative. 
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3. ·,h n 11~r.r til llYf 1:;m '11~Yffl~~1't..!'!Itl~m 1"11 '1L yhtl''t..! l~ltJ;'~m~t1 Litl~'1Itl~ii fII"'1~ ""1~ 
.. ~ .--{.....J .J" 

tl1." (;!U Ll.ft:;u~~U L'1tl~ Ll.~~~1 Lnm'!ltl~ 

4. m'1'" ~ fttl~ 1~ 11 ~?i~ 1"111 ~ LL(;!n 1Ji1~ ~1U~'1Itl~rJ~ ~ Ll.~~ nULL"l "l1l1UUtl ntl1 ,,11111 ~?i~ • 

1. 1~"'11Uti~tl1:;~'YIfi1l1Yf'lJtl~~tln'1nrnULl.f;l~LLUU~U~ 2 iU'1IU1~1Ji1~ 1 L~tlLYlUUnU 
n1'11;n'1:;~ntl'1:;~"'fi1l1Yf~~Ll.ft:;llu1't..!nuI"I11).J1tlu~~1't..!~1't..!tl1:;~"'fi1l1Yfn1rUtl~nUI"I'J1~1tlU 

" r LLft :;1"111 ~ fl~'YJU"'1~ Lfllm., f111 ~ Vl'1 

2. U1Ll.'t..!1"'1~lum'1tltlnLl.Uu~tln'1nrnULl.~""Ll.UU~U~ 2 i't..!~~nfi111tll;LilU~ULl.UU 
1um'1~""~~11~nuLtl~tlnmI"l1'11tl~1J1't..!~ntl1~uL~tltlfutlt~~1tltl1:;fJn(;J1~L~~1:;~).JnUn11 
1-D~1ULl.ft:;~1l1Yf1Jijmmf'll~ 

3. U1 L~Utl Ll. U'J"'1~ 1 un1 1tl 1utl t~ Ll.UU1J 1U~ 1 (;J 1-,1ULl.ft:; Ln ru.,r Ll.Uutl 1:; LijU1J1U 

tl1::;~€ ~Yf~-l~1U 1,x L ~~1:;~~nu1Jijtl1 n11'11tJU~U Yf1tJ).J Lmuu L Y1UU ~ft'!ltl-l m'1Ci1u L 11,.,1 1).J1tJ't..! 

Li1~mI"l1'11tl-lrJMl'nU~vh~ 1 
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4. LU'UnTl~-lL~1~m'ltl~fn~i-l-ll'U1,x~lnf'UL~tlm1ritl~11-ltl1Fll1hnJv;1tl1.H1JUl-l 

tl1Fll1Lril~~tl~ LLt\''l L~tl Ltl'Utl-l rft!1:;ntltJ 1 v.rt-l1'Um1uftJul-lv;1tli'l~ntJ-ll'U~4'u~'U 1 L~tl 
mnh:;v.u~'Yii-l-ll'U 

L~tl1 ,x-ll'U~4'U Ltl'ULU~l~ Lihv.~lU LLfI:;1' ~'lU1:;~-l rf rfS4'uL~r;)l Lil'Um1LLfI:;'l1-l LL~'U 

Lil'Ui'UVltl'U~-ld ~tl 

1. n11~11'l"LntJiftl~fI~'ltlUl-lUl'Unntll';-U Yhm1~111"L~tlr'ltJr'l~ift)~fI~1-l 1 .,In 

L t) n~ l1LLfI:;-l1'U~4' u~ L~U'lift)-l ntJul'Un ntl1 ~u .. 
2 . r.llf1t)-lm1 H'Yii-l-ll'ULLfI:;~[l1'rml1thm'YI fiI'll~ 1t)'Uejl'ULU~t)ntl1 rn1 -ll'U'l4'uilt;' 

LL'U'l'YI1-lm1~4'm:n-l~lf1t)-l~tll'Um1nr"1-l (Simulation Research) L~t)Yi1nl1v.lrhnl11i 

'Yi i-l-ll'U1t)-ltl1 fill1~'ULLtJtJ (BASE CASE) ~1~., 1 n n l1LntJift) ~ fI v1'lt) Ul-l U l'Unntl1';-u t~Utl1';-U 

hhLLnnJfilt)~~'lL~t)f VisualDoe4.1 .. .. 
3 . ~ m~tl ti-lift)~ fI 'YI1-l n 1 u 1l1'Yi 1tl-l1' ~ ~U1:;n tltJtll fill1~ 1-l 11 'Un 11~ mfl fiI 1-lU 

lil n11~ nM11 'Ut-r'liftl;-l":; Ltl'Un l1Ut)-l n'UfiI'll ~ 1t)'U.,1 n ~,r-l LLfi :;mll ~1-l1l1 U'Utl n LLfI:; L~tl-l1t)-l 

fJumnrn'ULL~~Ltl'Uv.in .. 
4. lilm1r.llf1tl-lm11i'Yii-l-ll'U1tl-ltllfi111'Y11-lL~t)nLLtJtJ~1-l1 ~-lmJ'" 9 'YI1-lL~t)nt~u 

Htu1LLm~ VisualDoe4.1 Yl1tl~Ul~flnlrr.llf1tl-l~L~~lLmUtJLYlUtJntJ~1'Um1H'Yii-l-ll'U'!Itl-l 
>-

t)lfi111~'ULLtJtJ (Base Case) Yl1tl~~-l~Lfil11:;vfLLfI:;tliiunuiftl~fI 

5. ~ Lfil11 :;vffil'll ~ ~~ rll'Y11-l Lf'I1M~Pll~ (JIf t~u~ Lfil11:;vfLmUtJL Y1UtJ-ltJU1:;~lru~ ~t)-l 
fI~'VJ'U LLt\''l~~ r)l'U')ruV.l'1~ ~~'VJ'U'!Itl~ LLr;\fI:;LL'U'l'YI1~ L~U "'1'U,) ruFh 1 i~lU(JIfltl~t)ltJm11i~1'U 

... ..11 iiL ... I V.1t) Life-Cycle Cost (LCC) 'YI 'n 'Ut)lfi111'Y11-lLfltlnLLtJtJVl1-l 1 

.1 .I....J·" 1 ....... 
6. 1'ltJ1'l~ LLfI:;~ lu ~ fin 11'Y1 ~flt)-l LLfI:;u 1:; L~'U~fI L 'Yitl'Ul L~'Utl'!ltl L~'Utl LL 'U:; 'Un 11,)" U 

1')~ Luti-l LL 'U'l'YI1-l1 'Um nll LUU1:;tJ n til ntJtll fill nr'l Lu1 'Um 1 H~l'U" 1-l 

4



., 

." 
1.JVIVI 2 

1 'WUYlilcfj 4' ul~~ n~1 n'HJ fi-ll'W~4' U Yl '1 ~ fi itl '-I fi LLfi:; LL 'W,) ~') 1 ~ iil~" 1 nL tl n 1111 

... , .J..J" .,,~ 
UYl~,)I~,)"1Iln1111l1~ 1 YlLnm'Dtl~ IM'W 

2.1 LL 'U'lYI1~l 'Un1'7';Jm~1Y1"tf'8un1'7'1,r"ft~~1'Ul 'U'81fl1'7' (Energy Audit) 

":!"I ~... ." 1 " ." ."1..J... X ." .J 
L Yitl LlJ'Wn 11,., n~1 tl~ 11111Yi fi n~ru:;n1 1 "1IYi fi~~ lULLfi :;11111 Yi lJ '1JW1Yl Ln ~'DUn Utll ~1'1Yl 

~tl~n11~n~1 L~tl~lhJ1iLtlULLU,)Yll~1Un11LLnt'D ufuut~1~Ln~n111iYitr~~1Ul11U1UtllFll1 
., ., 

tlth~nU1:;~Ylfi111Yi t~uijiUl1ltlU~ILilun11~n~fl~lJ1tlluil 

2.1.1 n1'7';Jn1:t1Y1"tf'8un1'7'1,r"ft~~1'Ul 'U'81fl1'7' 

Asian Development Bank mh,)~1 nl1~n~lYl~11tlUn 'uliYitr~-l1'W1UtllFll1 ~tl 
~ J'"... 'I"'" .J. .1 'I"'" 'I 

n11,.,n~LUtl~ l1l'Wtl-lnl1 ~'DYifi-l~IUYl"1 LL un m~1:;UU LLfi:;lJ1:; Ll1Yl'Dtl-ln11 ~"1IYi fi~-lIU ~Utll Fll1 

.1" ~ ":!"I .. .", ::.... 'I"'" ' .... 1 ~... " 
Yll1ltl-ln11,.,n~ LYitlLlJUn11UUUU')1tl1Fll1UU 1 ~n11 ~"1IYifi~~IUtlU1~~lJ1:;rlYlfi111Yi~lnUtlU 

LY;u~l~ LLfi:;L~tl~lLLU,)Yll~lun11H'Yitr-l~IUl~ijU1:;~Ylfi111Yi~~q~ t~uijt)l1ltJU1:;11~")~~1A''1J 

... ~'" .J" ~ ... 'I"'" .1.,J 'I 1" 1. 1:;1i~1tln1~'W~ ~~,)1 tl1Fll1Yll1ltl-ln11,.,n~~nl1 ~'DYifi~-lIUYlrl')U ~~ 'D ru 

,h~L,)fil1~ LLfi:; H'Yitr~~I'Wtlth~ 11 
, 

2. 111~11tlih~u~ LL U,)Yll~ 1 'Wnl1L Yi~u1:;~Ylfi111Yil unl1Hj'Yitr~-lIULLfi:;fi ~ 

''I'"'' ." 'I .1" ~ 
~1 ~'D"IU~IUYifi~-llU ~Utl1Fll1Yll1ltl~n11,.,n~ 

3. Yll1UU1:;~Ylfi~fi'Dtl~n11H'Yitr-l-llU1Utl1Flln:l~tl~n11~n~1 
4. Yl11utrn~ru:;n114'~n111U~lUYitr-l-ll'W1UtllFlln:lcXtl-ln11~n~ 

mfi ~ n~Yl ~11tlU n111-nYi tr-l-lIU 1 'Wtll Fll1LLumtluiul1ltlUlJ11-l 1 fl~i1 

G' ., ... 1" n11LDUU'WYlD ') 

~ ~ - .. '" .r... c:J.... ~ 1" "." 
'DUr;JtlUuLtlun 11') LFll1 :;~'Dtl'-l fitll Fll1Yl~ n l1LnUU'WYln 11 U~IU nl11 'DYifN-l1U 

t~ui')lu":;1-nitllJfi~ijn11Lnuutlu~tr-llutlUl-lUtlU 1 U t~m11nl1~L~11:;l-f L~tlril~U~ 

LL U') t U~'Dtl~IU LLUUn111-nYitr-l-llU1. Utll Fll1~cXtl-l nl1~ n~l L ~tlU 1:; dJ 'W fill n1 11-nYitr-l-llUlJ1tl 

11l111-lL~r;J1 (evaluate energy use indices) L~tll~Yl11U~11:;UUU1:;ntlUtl1Fll1~')u1.~~~tlU 

u":;~Ylfi 111Yi1.UD11 HYitr-l-llU~-ll~'),.:;u~ L~tln H LLfi:;~fiD111uD11~ILilu-llU'DtN,.:;uuJU 1 



".JlJ ..; _ ~.J 
'1Itll.J ~'Yl (;1tl'l m 1L Yitlnl11 LI'l 11 ~~1U'!lU'Yl 1 

1. itl~~rhl~YhutlU~tt'l ~1tl itl~~m1Jlrum1Hl~YhUtlU~tt'l 
lJ _ I ~~ 

2. '1Itl~~tVl1Yi1J1Jtllmfll (weather data) ru "IIfNL'J~1'YlYi"11rul 

3. itl~~m1H'I1Ut111'l11 L1.~~~lu'Jurf.it11r111 

" - n !:. ...I LLU'J'Yll'1 LUm11LI'ln~~ U'1IU'Yl 1 

1. ~lm1~LI'l11:;lfLmtJULl1tJum1Jlrum1HYitt'l'llULI.~~:;"IIill1l nUP'h1'~ltJLl.tJn 

(;111J"IIUI1l'1ltl'lYitt'l'llU~H1Ut111'l11 hHl~:;d:luYi tt'l'llul ~Yh. nl"11. Jl~U LUU~U 
... " ...I... 0 " "" ... ~. ~ _~ ... 2. ~1 n1J'1Itll.J ~'Yl LYitJ'IYitll'l'J1Ul"JJtll.J ~ m1 L"IIYi ~'1'11U ntJu L1.(;1~:;u1Jl Lu1tJU L 'YltJU 

L ~tltJ 1:;1J 1 rum 1 LI. U'J t U1J 1 um 1 HYi tt'l'llU 1 ULI.~~:;U~l L~1J~Uvt1tl ~ ~ ~'1tlf.h'l 11 

3. ;qmtlLmtJULYltJuttmtru:;~[)lYi1Jntllnll'1iJI'l'Jl1J~1J~utf~tlnl11'Yi~'I'I1U1u 

L1.~~:;"lI'J'I L'J~1~lilm~~11rultlUl'111 L1.~:;~LI'l11:;lf~1~lLvtfl~lil1,x~mtru:;m11'Yi~'1'11U1u • 
" 

t111'l11LUUL"lIU'WU 

4. ~mtl LmtJu LYltJU ~n1tru:;m1 HYitt'l'llunu~lu'JucD't11 I'l111 ULI.~ ~:;"lI'J'I L'J~l 

~lnl'l'Jl1J~1J~utfnUvt1tlUW 

1 "... 1" J 'i' ,,!:....1 ~ _'"1 " ~tJ • J 
n11 "JJYifN'I1U UI1I1UvtU'I LfttJLllYi1:; LU'1IU(;1tlU'Yl 2 U ":;LuUnl1L'1Il L ~11'J"tll1'l11LYitl 

~~ l1ru lvtlt1 (;1 n ~'JU 1 unl11 -UYi tt'l'llU 1 Utll I'l 11~1 iJ n111 -u'r'j tt'l'llU1J 1 n~ ~ ~ 1 uii~ n 111Jvt 1tl 

n 1:;U'Jun 111111 ~~ 1 trW 1~ 1 nl11,Yi tt'l'llu1 u~ 'Ju1f1~ n n 111 ,tlU 1'1 ~ULtJ ~tl'l L1.~ :;~tl tJ 

tJ
!/- ........... J'...1 ... 1 J"",!II 

1:;ri'Yl 11 [) lYi L1.~:;., ~~ 1 ~Ul'l'Jl1J ~1 I'l '\J'1It'l'lYiU'Yl L1.~ :;n11~ ~1:;U U[)ltJ Ut'll I'l11 L Yit'l L"II LlJU 

LI. u'J'Yll'11un11~n1t1 t~tJ~:;L~tJ ~~t'l ltJ 

"...I" J - n!:. ...I 
'1Itll.J~'Ylfltl'ln11L'r'jt'lm11LI'ln~~ U'1IU'Yl 2 

1. pJLl.UUt111'l11Y\lilm1t'lt'lnLl.UULI.~:;'11U1~uu~1i1ut'l11'l1n'Jm:;uu 

2. ~tJn1ruLl.~:;LI'l~'1n~~1''11U1Ut111'l11 
3. m1~~11rultJ1:;~'Ylfi[)lYi'1ltl'l'llU1:;Uu~1i1Ut111'l11 L~t'l~n1t11'l'Jl1J~1J~utf 

nu ~ n1tru:;t'll I'l l1Y\ il n11t'lt'l n L1.UU L~ 1J l1 .... i1t'l UW tlU 1'111 

1 - n !:. ...I L1.U'J'Yll'1 Um11LI'l11~vt U'DU'Yl 2 

1. lilm1~LI'l11~lf~lLLUnift'll.J~n111'Yitt'l'llU(;111Jtl1:;Lf\'Ylm1H'r'jtt'l'llU (energy 

use and cost break down) t~tJ~"11rulLilUt1(;111~'Jum11i'llU 
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, 
.... ..." "' .. J :l'" odII -" ... 

2. ') LfII11 :;~'1Itl ~ fI (;llt.lu 1:;riYl Ii 111Yi '11 tl'l LfII1tl ,m fHLfI :;'l1t.l1:;lJlJ Yi~ 1 1CU1'11tl ~/ 

" ~ -~... .J , 1 "... ..:.... . I.J • I 1 " .... '1Itl LnU'1Itl'l'l1t.l1:;lJlJ LLfI:; Lu1UlJ L Yl UlJ ~ flYl fill (;l,)1~:; ~1lJ L2-Jtl~.ml1LuflUt.lLLu iN'l1 l.\1:;lJlJ ~2-J 

U1:;~Yl fi 111Yi 2-Jl n;t.l 'L~u ~')t.ll ~qj~:; 1 ofrjfin 11~ It.l') nmJ1ulJ L ViulJ ~1t.lt1'ttl11 m11iYi tr'l'llt.l 

fII,)l2-J~2-J'YJt.l Ltlt.lVltrn 

i yil 3 m1~m:t1'L(;lU fI :;L~U~ U1:; d1t.lLL t.l,)Yll'l LU'i :;fII,) 12-J Ltlt.lhJ1,;'Lt.lmllJruul1 

1 " --" .. J' " Y",lt.lLYlfIIYfII LLfI:;"'lYLflntlfll~ttl1LlJtl'lttlY 

Ltl t.l n 11~ n1:t1 L ~ tl L ~ t.l tl LL t.l ,)Yll'll t.l n l1U 1lJ U l'l tll fIIl1L ~ tlU 1:;~ Yl fi 111 Yi n'111 i 
, 

... 1 .." ~" .... . 1 --Yifl'l'lTU 'Utllf1111 '1I'l~:;ttltl'ltl1"U"tl~flfI::LtlU~u1::ntlUmm~11ru1 

"..I" ..: -- !"I::- ..I 
'1Itll;lflYlttltl'lm1LYitlm1,)LfII11::;~ Lt.l'1lt.lYl 3 

1. mWHl.J.Yitr'l'llt.l 'L(;lUfI::;L~u~~li1t.lt1umruLL~f'i::;"lIil(;l 'l1t.l1::;lJlJ 111Ult.ltl1f1111 

LLf'i::;~111Yi111 U 1 t.ltll fIIl1ttll2-J fII,)l2-J Ltlt.l~ 1'l ~'llA2-Jl~ln m1L 111uvhm11 ~n 11 HYitr'l'lTU~l'l 

L1t.l m1~~~'lij Lttltl11(;l m11 (;lt1ru~1Jn m11~fil,)l2-J L1,) f'i2-J~ Ln~;t.ll11Ul'Utl1 fIIl1 

" " , 1'" ..I -- J' ."1'" , 1'" 1 .... ..1 ... 2. '1Itll;lf'i~1t.lm1f'i'l'YJt.lLLfI::;flll "lI~lUYlLn~"t.l ru u~'lJt.l LLf'i::; fill "lI~lU umruYl2-J 

n 1 rufuUl'ltl1 fIIl1L ~tl L ~ 2-JU 1::;~Ylfi 111Yi n l11iYi tr'l'llU 1 t.ltll fIIl11 t.lLL~f'i::;LL U,)Yll'l 

3 . FhH~1U~fI~f'i'lt1't.ll~~lnmrufuul'ltl1f1111 It.lnni1n1tl~f'i'"l::;1~2-Jl'"llnnl1 
~1t.l') ru Vl1tl m1~1 f'itl'l~111Yi n 111 i'l It.ltl 1 fIIl1~,) U 'Lu 1LLn 12-JYll'l filtl2-J~,) Lttltl f tll~ DOE, 

BLAST, ENERWIN LtlU~t.l 

1 .. !"I::-..1 
LLt.l,)Yll'l um1,)LfII11::;~ LU'1It.lYl 3 

1. U 1::;2-Jl rurh H'~ 1 U~ Ltlulul~ LdtliJ nl1U 1UU l'l tll fill11 t.l LL~ fI::; LL U,)Yll'l 

LmUlJ LVi UlJnU rh H~ lU~ Ltlt.ltl~l t.ltr~,UU 
2. LWUU L ViUlJ n 111 iYi tr'l'llt.ll ULL t.l,)Yll'l m nJ1lJUNtl1 fll1LL(;] f'i:: LL t.l,)Yll'l n lJ m11 i • 

Yifl'l'llt.lL 'Utl1 t'l11L~ 2-J ritlt.l'th m1u rlJu l'l 'L" UYl'"l11ru 1~ 1 nt1' ttl 11 m1~'U'YJULrltl'l ~U LLf'i ::;,)'l'"l1 

~u'YJ'U~li1umrufuul'l 
2.1.2 LL U'l'I1.:Jl un1~th~'l~'illf11~L ~'iI,"~1~W1tJ~::iYltill1"n1~li"i.:J.:J1U 

~lnVl,r'l~tl Retrofitting of Building For Energy Conservation l~L~UtlLLt.l,)Yll'l 

lUm1~11')~tl1t'l11~'l;1 (Retrofitting of Building For Energy Conservation, 1984) 

1. nl1~11,)~ LnlJ1tl2.!f'i'1ltl.:J1::;UU LUfltlntllt'l11 1~ LLrinl1LnlJ1tl~f'i~lU~1'l1 

1.1 n11~11'J'"ltrnMru::Yll'ln1U111Yi"tl'l~'Jtl1t'l11 

1.1.1 U1::;UlYl"tl'l'LfIIN~11'ltllf1111 

1.1.2 '1IU1~'1Itl'ltllf1111 
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1.1.3 Yif'l'Yl1~U.~::;u.U')u.mJ'!ltl~tl1f111 

1.1.4 t)t'l"Hitlt'l11~t"l1f111 , 
~ , 

1.1.5 '!lU1V'1YiUYl-rlt"l~u.t'l~1Utl1f111 

1.1.6 ftm~ru::;m1nuu.",,,,1,x~')mfl11 

~ ..J1" 1 1.2 YiU'Yl 'nt'lt"lU1l1U umFl11 

1.3 m1ri1~u"'~1u.~1l~'!lt"l~,xt"l~~1~ 11umr111 

2. mrthr,)"ILriU'Yft"llJ~~1u1::;lJlJ1umfl1r l~u.rimn,)lJ1'))Jift"llJ~ 
~ I 

2.1 tJ1::;L1l'Yl'!lfl~1::;lJlJlFl1fl~n~YlLftUt"l1Fl11 

• I"! ... ..J" 1..!1"1"" I -~" ~ .. !:. 2.2 1J1)J1ruYi~~~1U'Yll1ltl~ "D ~UlFl1fl~n~u.I1l~::;'nU'" ~"'''I1nm1f'1m~t1LLlJlJl1l'''l1l~ 

..., ...." ......, 
LFl1t"l~n~ ~1t"l LnlJ'!lt"llJ~"I1nl1l,) LFl1tl~ 

2.3 1::;lJlJU.t'l~t'l~1~ 

2.3.1 ri1~u"'~1u.~1l~",')~LFl)J 'nil", u.~::;'!lU1V'1'!lt"l~Vl')~LFl)J~1ftumFl11 

2.3.2 LrilJift"llJ~,)~"I1 LUn11LUV'lIil", "'')~ LFI)J U.~::;lJi1 U. ~1l~t'lfjl1l'n1YHh 11..1 

_ .... II I J' .J.J--=III ...!:. 
2.3.4 Yi"l11ru1~n~ru::;mr1'n~1u1Uu.I1l~::;YiU'YlVl)Jm111l"'11l~",')~LFI)J 

2.3.5 LrilJift"l)J~11l111~m1H'~1u1::;lJlJu.t'l~t'l~1~1Uu.~~::;,xt"l~ 
" 

3. mr~11,)"ILlilJift"llJ~~n~ru::;m1H'~1U'!lt"l~flifmFl11 

3.1 LrilJift"ll;j~11l111~m1Yh~1U'!lt"l~fl;rmr111 

3.2 Yi"l11ru1~1u')uflifmFl111uu.~~::;-rl,)~L,)~1 

4. mr~11')'"ILrilJift"llJ~m11ifYi~~~1u1'Wtl1Fl11 

4.1 LrilJift"llJ~m1H'Yi~~~1'U1umFl11u.unu.~~::;ii'"lm1)J 

4.2 LrilJiftllJftI1l111~m1LU",Iil", ~1t"l11l111~n1n;1~1'U'!lt"l~r::;lJlJtJ1lJt"l1mf'l 

fjfimrufummf'l1uu.tJift::;-rl,)~'!lt"l~n 11l111~ LLft::;fjfim 1~u.~1n~ Lflit"l~ 

5. m1~11')"ILrilJiffllJft~tJmn1Yl1ft'UmFl11 
, " 

6. m1~1r,)'"IlrilJift"llJft utility l~u.ri ift"llJ~n111ifYi~~~1'UY1~1'U)J1vl~tf'i)J1ru 

I 1" I "1"'" 1 ".1 .....J... 1" 1 Fll 'n'"llU U.ft::;Fl,)1)Jj;lt"l~m1 'nYift~~l'U 'Ufllf1l1 '!lfllJft1J1::;L1l'Yl'!ltl-3Yift-3~1'U'Yl)Jnl1 'n-3l'U 'U 

mFl11 (~1~fu1.l1::;L'Ylf'l't'Ylmhu1~cU'"I::;LtlUYi~~~1U'tvh"h) 
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2.1.3 i'B,,,hri',,l un1,.;im~1t1"~'Bun1,.1,rwft""1Ul U'B1,.1,. "'l!Jn1"~1a'B" 

~1'l1wlu'h.l,.un""'It11""'il~~'lLM'Bi (Computer Simulation Program) 

'"I1m"U,:jntl Retrofitting of Building For Energy Conservation ~1~11n~ltl 

itl41n(;l1~~,:ji1 (Retrofitting of Building For Energy Conservation, 1984: p 158-160) 

1. n11~'"I11ru1~~m:;Ylu1'U1:;tI:;tI1'J'!ltl,:j n11tlfutll,:jtJi''Jtl11")1ro1tl~fin114'(;ln11 
.I.,.! .. tl.J tl ' .I.,,, ~ I· ., , , .J ... J' -
Yl u.JL'I-t'Un11L ~tI'ULL ~,:j~1n I")1Yl L(;l'"l1nnT1U1:;~'Utl1'"1 L~l'lN(J)1~fil1YlLn(;l'!l'U'"IN 

2. itll,j~~U1~11~1'ULtl1LLm~tl1'"1'"1:;1~~1'"11nitl'J~~hJ(J)NtJl1~fil'J1~Lij'U'"I1,:j ~,:j 

itll,j~~')tl'fil'1L'Ii'Un11H'itll,j~~1~'"I,n~ijtlrJ~~tl1'"1;:jri'~~,:jv.1tl~'n'hfil,)'~LtI'U'"Il,:jL~tl~(;l~,:j 
LLft') L~ 1'"1 itll,j ~~ruv.1Jn LL~:;itl'J~ ~''U~l1'Yl LL 'J(;l fttl~'!ltl,:jtl1 1")11 LV)tl~') ltl~n'"l:; Lii (;l fil,)1~ 

I")~1(;lLfil~tl'U'"I1ntl1fil11'"11,:jtl1:;~1ru 10-15 % ~,v.funl11ii1tl1LLm~ DOE, BLAST, TRACE 

3. n11~'"I11ru1~fin11~1.;n'Un11tlfutll,:jtllfil11v.~1t1~fii')~n'Utl1'"1hjl~fu~~1~ 

tltl1,:jL~~~ L'Ii'U v.1n~tltlnLLUUL~tln~fin1nJfutll,:jL~tlL~~tl1:;~Ylfil1l'Yin11H'Yift,:j,:jl'U1'Utllfill1 
.... .J

tl 
• J' ", ,.... ..J': tl ~. 'I""''' -.-... 2 'JfiYl 1:;L~'ULUtl,:j(J)'U'J1 LL(J)~:;'Jfi~1~11nll')tlLYi~ 1:;riYlfi111Yin11 ~'1IYi~,:j,:j1'U L(;l'Jfi~:; 10 % 

LLfiLrltlUl~1H'h~n'Utl1'"1L~~tl1:;~Ylfi111Yil~'bJn,:j 20 % nl~ ~,:jLij'U~,:j~tl1:;LiJ'Ul~tI1n 

......:r.. Sot.., • .., 

2.2 '!tU~~U"t11"n1!11l1W"'l1~"'ilU'l'il.:J'l~'ln'il~"'.:J'il1"1" (Thermophysical 

Properties of Building Materials) 
I ... ..,.. ..J'.,,,, ........ 

m:;U'J'Un11n11rntILYlfil'JI~1tl'UL'!l1v.1tltltln'"llntl11")11 ~1~11mn(;l'!l'UL(;l4 ')fifiltl n11 

U1fil'J1~1tl'U (conduction), n11Yilf'1'Jl~1tl'U (convection), n11LLt.if,:j~ (radiation) LL~:;n11 

1:;Lv.tln~lt1Lij'Ultl V.1tln11f'1'JULLU'U (evaporation or condensation) 

1. n1rulf'1,)I~1tl'U LU'Un1:rtllt1LYlf'l'J1~1tl'U111t11'UrJ(J)'lv.ii~ 1 V.1tl1:;V.~1,:jrJl'l'l 2 

~'U~tf~cr~n'U f'I'J 1~1tl'U'"I:;tllt1LYl ch'UrJ~ (;l'"l1n Ll-JL~n~~1tl'Un~11tltT,:j Ll-J L~n~~Lij'Un~1 1'1..1 •• • 

".'"1 ,",.1.1 ""' .. .I 2. n11Yi1fil,)1~1tl'U Lu'Um:;U,)'Un11rntILYlYi~,:j,:j1'UYlLnm'!ltl~nUn11Lfil~tl'UYl'!ltl,:j 

l-J'J~'!ltl,:j'1ltl,:j 1 V.~ L'Ii'U tlln1 f'I nl'11lJil,:j 1 V.1tl~1 L(;ltJ;:j~ f'lYll,:j'!ltl,:j n11tl 1 tIL Yl f'I'Jl1-J1tl'U'"I1n~1tl'U 
..1.1.1.. ,.. ~.J" , "' J' .oJ ~ .I .. "" 
\l YlYl LtJ'UO') 1 L 'Utl,:j'"lln ~l-J L~l1 ~Yl1tl'ULL~:;LU10')1'"1 :;~tltJ "'')'11'1..1 ri')'U ~~ L~l1~Yl LtI'ULL~:;v.'Un 0')1'"1:; 

" , 
l'ln~,:j'!l1,:j~I~ 

3. n11LLt.if,:j~f'I,)11-J1tl'U Lij'\.J.n11d1t1LYlYift,:j,:jl'UYl:;~t.il'U'litl,:j~1,:j1(;l 11'UnJ'!ltl,:jf'l~'U . ~ 

LU.iLv.~n l~yh '"Iln~'Uchlltl,:jrJ(J)'l~;:j~ruv.1Jn~,:jn~IYl:;qt.il'UltltT,:j~'U~,)'!ltl,:jrJ(J)'l~;:j~ruV.1Jn~, 
, !"I"' "' ~'I tl .. , .. 1 .. 1.~ J'...", 'I 

0')1 Lu'U~mfru:;'!ltl,:jn11m:;'"I1t1Nri ~'U, "tl,:jfil~'ULLl.JL'I-t~n Tfnltltln'"llnYi'U~,)'!ltl~'J"''l ~'UYJn 

~f'lYll,:j 
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4. n111:;L,-,umnmihllfJ,-,1fJn11Fl'luu.llu "'I:;djUt'l1L,-,(;]L~Ln(;1n11LtJ~UUU.tJfN • 
, " 

t'ltl1U:;"'1n'tlfJ~ L '-'fl'l mnmilulfJ u.fl:;"'I1n 1 fJ n fl1milu'tlfJ~ L '-'fl'J (;]1).J~ 1 ~U ,~iU(;]fJU'tlfJ~n11 

...... .,...... -I..., I" I SI 

FJrut'l).JUVl'1lfJ~'Jt"l~YlU(;]U (opaque materials) Yl).Jt:Jfl(;]fJfJVllln11tl1mYlI'l'J1).J1fJU 

'tlfJ~fI1I'l11, tlru'-'IJijTl1ULUfI1I'l11 u.fl:;Tl1'l:;1l1t"lU1UTl1ULUfI1I'l11 ij~~i1 
2.2.1 Fhn1'i1l1A11",.f'ilU (Thermal Conductivity) 

LilUl'lrut"l).Ju~~i1~'1lfJ~t)'t"l~~ti~UfJnt1~ t1(1l11n1ni1ULYlI'l'l1).J1fJUr.J1Ut)'t"l~Yiu~u~ •• • 
iJLdfJL~mtJnrirmu~Fhdju k ~fJ~1U'JiJ british thermal units tJlfJ-i'lL).J~ (BTUIh) ~rhmYlr.J1iJ 
'" ...J ..J... ~ J .. ..: J'... '''' ~ , .. 
'It''l~'1lU1(;l 1 Vl111~ ,~(;JYl).Jf')'l1).J~iJ1 1 U'l L).JfJtlru~IJ).JLYi).J'1lU~1fJfll11fl~t:J1U'lMlU 1°F Tl1U ~(;] 

, 
t'lTllYin1nhmYlf')'l1).J1fJUI'l~Yl (steady-state conditions) ~ll'lu'tlfJ~")1 k ~fJ BTU/h WF 

LYlUULVhnU1:;UUL).JIJi1n~fJ W/moC 

2.2.2 A11",M1UYl1UA11",.f'ilU (Thermal Resistance) 

,.)1 R Lilu")I~UfJ n L ~111I'lrut"l).JU~'tlfJ~t)'t"l (;1Y;U ~iJtl'u iJtJ 1:;~YlfiTllYi).J1niifJu u.~ .. . . 
1~ULUn11Lilu'flU'lU ,.)1 R Lilut'huntru'1lfJ~ conductance ,,:;tJnt)'V) LU~IU'lU-i'll'-J~~~fJ~n11 
• "''' .oJ , ' ''' J .J... , ... 
t"l1~rul'l'lI).J1fJU 1 BTU YltllmYlt:J1U'lt"l~f')'lI).J~Ul~U~ L).JfJ).JI'l'lI).JLL(;Jn(;Jl~'tlfJ~tlru~IJ).J 1°F 

2 2 , 

~ll'lu'1lfJ~ R ~fJ h ft of/BTU LU1:;UUL).J(;J1n~fJ m COIW U~t)'M)iJrh RNalue ).JlnLvhh • 
tJ1:;~Ylfi TllYi L UPI'lI).J Lilu'flwJuri~~iJ).Jl n;uL vi ltl'U 

___ -k............... ''''~ 
2.2.3 AC\UUJtJ""II'iI~VfUr.l11ft"YlLn!J1ntJn1'iLLr.I'i~'" • • 

... .I..J '" ~ .. ..r .. '" ... "' ... 
Yi ~ (1ln 1mn11u.fl n LuflUUN ri PI'lI).J 1fJU'tlfJ~YiU~'lTlI UUfJ nfl1 Fll1'tlfJ~'l t"l ~YlU (1lU).J 3 

u.uu l~u.ri n11~(;1nftU1~~'tlfJ~~U~'lt)'t"l~ (surface absorptivity) , n11t'ldffJU1~~'tlfJ~~u~ht)'t"l~ 
(surface reflectivity) U.fl:;n111'lIU1'1~'1lfJ'I~U~'lt)'t'l~ (surface emissivity) LdfJ1~~Fl'lI).J1fJU 

.l' ... "'.J ... .J .. "', '" .J .oJ 
n1:;YlUYiUt:J'l'lt"l~ Ul~n'lU"':;tJn~~nflUu.fl:;Ul~n'lU"'I:;tJnt"l:;YlfJUfJfJn"'ln'lt"l~ ~UfJ(;l11n'lUYl 

u.(;Jn tJll~nU ;UfJ~nUtlru~IJij, trmtru:;Yll,mlUTllYi LFliJ'1lfJ~t)' t"l ~ U.fl:;Fl'l1).JU1'l'tlfJ'II'l~U1'1~~ (;In 

'i' .oJ , ~.I ::I.L!:- ... '" ~ '''' 
m:;YlU ~V)UYl t:Jfl'n).J'1lfJ'I Flln).Ju1:;nYlfi'1ltl~Yl~n11~V)nflUNn":;LYllnU 1 Lt"l).JfJ 

I ., ~ .. .... J' ... .... .J I" .. II 
FI1 n111'l1UNn FlfJ PI'lI).J t"l1 ).Jl1tl'1lfJ'I'l t"l~ U.fl :;YiUt:J'l'tlfJ'I'l t"l~ Yl'" :;U.t:J~1fJuflfJU 

'" .l' ... .oJ ov~ ~ ..... ,J' ... ..J... !"IOV' ... 
Yifl'l'lIUfJfJn).Jl YiU~'lYl'-'U1U" :;FlIU Nri fJfJ n).Jl LV) V) m lYiU~'lYl L1UU U.fl:; LuU).JU I'll n11~ V) n flU 

ov~'" ov J' ... ..J ... ".J' .. "'~ 
N ri FlfJ Fl'lI).J t"l1).Jl1tl'1lfJ'I'l t"l ~ U.fl :;YiU~'lYl":;~ V) n flUFl'lI).J 1fJU n'lUPll'1lfJ~ n11t"l :;YlfJU N ri'1l fJ'I 

..r ... .oJ": ... ,... .. '" ~ .. ..:... ..r 't J ~!:- '" .oJ ... ~ .. 
YiUt:J'lYlU'I).JPI'll).J~Ul LLUUU.fl:;L1UU n11t"l:;YlfJUNrinU~).J).Jln'1lU UL1fJ'I'1lfJ~riUU 'It'l~Yl).Jri L'1l).J 

":;~~nftU1'1~Pl11).J1fJU1""~n11t)'t'l~~t:itlU 
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... -.., ...,.., 
2.3 iJ't1fiY4fi"lliJ-3~'HJ.J1fttf11"LLfi::~U1'mU~11J.Jl"iJU 

'lru~).Ju"i'tttl~lllJ'llJnUFl'll).J 1tlULl.~ :;).J'l ~ ~ 1 1" :;ij~'lU~ 1 ~rytlU 1~).J 1 n nU'r"j ~ ~ n 11).J n 1 1 

ch U L Yl Fl'll).J 1tlU~.hu~,r~111 UUtl n'!ltl~tll Fll 1 n 1 11 i ~,r~).J'l ~ ~ 1 1" :;~l).Jl 1(1 ~ t'ltl 1'111 m11i 

Yi~~~lUYll~~lWll1:;mn11Fl'llmUU'!Itl~tllFll1~~l';} lU~111Yi1:JiJtllmPl~tl1Fll1Ju 1 il1111:; 

mn11Fl'l1).JLUudju~~n LL~:;":;LUUc.J~~~1~futllFll1~hlilm11i~lulu"Jh~~1 Liltl~"lnFl'll).J 

1tlU~~:;~).Jtl~lu~,r~).J'l~~11":;~tlU 1 cilULYltltln"ln~,r~lu"Jh~L'l~l~~mh'l "lnm1~m~n 

(Balcomb J and R.Jones, 1988) YiU~l m11illu'lUnUFl'l1).J1tlui'l1 hJ L"llU LYifl~lIRruL~).J 
°1"'"''' ., 1 ,.J " ~"J ., tll"":;Yll ~tlYlfirH~'!Itl-3 ~lJ-3).J'l ~~11 un 11~U'l-3 mum F1'l1 :.I'JtlU~ "'~-3 L'" LUtl-3" 1 nll U'lunu 

Fl'l1).J1tlU~U 1 ,,:;hJ~ t'lYltlUFl'l1).J1tlUU1~ ~'lU'tttl~ ~,r~ ~~ ~~t1YlfiYi ~nri" :;;Utl~ nu ~1 LL ml-3 

'!Itl~llU'lU~'lU ~1 n).Jtl~ lU111Yi1'l).J Ll.t\''l nl11i c.J,r~).J'l~~11" :;iltJ1:;LU'lIUtlUl~).JlnO'l1i 

~"11rul Fl'lU ~hJnu"ll'l-3 L'l~lm 1~1 L ilum1'!ttl~tll 1'111 L~tl L Yluunun 11 1~llU'lUnUF1'l1).J1tlU 
l~nu~,r~LLIlL~U~tlUl~L~m 

glass) 

,",lYi~~~lUf-3~tl1~I11U1 ULLIJi~:;1:Jij111 1'1 LL~:;1:Jijtlln 1 PI,,:; hI Lvi 1 nuLl.~ :;Yi~~~IU~ L il).Jl 

lULl.~~:;~f'lriLl.IRnlJil~nUtlUl~).JlnL"llu ru ~~:;~~~ 16 tl~f'llLWntl Yi~-3-31UFl'll:.11tlU~-3~t'l"lln 
.., -!1 ....... ..1 '" '" I ... 1" Ao ..... .. IV .J I ~ I 

NrltllYlI11UYl L 'ttl).J lYll-3~U 11'1 1-3Yl f'I 1'1 Ll.~:;Yl f'I IR:;'lUtltl n~1tl IR:;'lUV1 n L 1l~ U IRtlu"l :;:.11 n n'll 

Yi~~~lUFl'll:.11tllJ~-3~~"llnf~~tl1i1V1U ~Lih).J1Yll-3~iillJil~i1f'1L~iltl~~ L~UtJ1:;).Jlru 2.7 L,.,h 

Ll.~:; 5.5 LvilI111).J~1 ~lJ 0'1 LU ~~iil (;h~~;'tl"lltl~ Ll.M 1 U1:;U1UUtlUFl'll:.11tlU~~~ ~"lnf~~ 

tll~I11ULll~U~tltl~L;Jl).Jlil).Jln~~ 6.8 Lvi1"1n~ii1~1~i1f'1L~iltl ~~Julun11tltlnLl.lJu~iil~1~ 
... '" I .. J' .J.J ~ ., _ I • .... ,.... ,,-l " 

'!Itl~tl1 Fll1Utln LWUtl"ln'ttU1 ~~UlI111~~1tl~UYl'D~ LuUI11'l Ll.u1~1 Fl ry IRtlYi~~~lUFl'l1).J1tlUYl L'ttl 

:.Il1Utll"11Ll.t\''l ~ f'lYll~'tttl~"lltl~ LU t'l~uri LUuU"4'U~1~ry~~~tJ~lJtln~~1R).JlruFl'l1).J1tlU~":; 
L;Jl).Jl1UtllFll1 

, ., 
m:;"nlu~f'lI11:;t)Utltln Ll.~:;~f'lV1:;t)Ul11n L~11:;Yi~~~lUYlL;J1:.11~~~tl~~fI~~mh'l~~:.Iln ~fim1 

i1tl~nUFl'l1).J1tlU"lnf~~tl1~V1UL;rl).Jl1Utll"11~n~fi~n~ri~tl nlru~Ll.~t'll~num:;"ln ,",lm1 

U~LLII~~ULl.~~~tltln).J11upJn).JtJ1:;~Ylfnl'1u~LL~~ (shading coefficient, SC) ~1 SC ~1~"l1n 

nl1tltln Ll.uu).Jl1~"lnfltJn1nrU~ Ll.~~~;'tl Ll.c.J~nULl.~~'!Itl~tll"l 1Ltl~ Ll.~:;"ln 'l ru~ :.I~'!Itl~ 

m:;"nLtl~ ~1 SC ~LvilnlJ 1 tiULYlUlJL~m).Jl"ln~~~~lUf~~tl1i1I11U~~tl~~,hum:;"lnl~~U13 
ij~~ L:.I 111'1 1 unl1filU'l ruYi ~~~ lU"'ll).J 1tlU" 1 n f~ ~tll~ I11U ~ lUL ;rl).J1Yll~ m:;" n ~ 1).J 11(1 

filU'lrul~",~n 
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q = A x (Average Solar Gain) x SC .. ..... ......... .... ...... ....... ....... 1 

L"'U~ q = 1fn.Jlru~'l1~1tlU~U'lU Btu/h (SI unit = Watt) 

A = ~u~m'::"ImllufJI1'n~~1'l (SI unit = m2) • 
SC = I'ill~t11::~'Y1imru"lu.1'11'1 

Average Solar Gain ij~\.hmiju Btu/h.ft2 (SI unit = Wattlm2) 

...... ..1.., ..,.,-." 
2.4.1 LL U'lA""qt:tllLn!J'lntJn,..::~nil'flm~,.fl-3-31U 

2.4.1.1 'Yi~~m'1~'1ltl"lu.t'l~~.hum::"In 
..J ..... !"I '!II ~,,!:... .01 ..J.J 

mrnPlUL11t'l1~11r1~tl~L~U'll'ltJLuUnfJl1~ 1 LI'1UU LUtl"l"llnPlflUu.t'l"l'Y1ri"l~1 

.. ~ .01 ... I !'I .01 I .. ~ •• I.~ . ..J .. 
"lIn "''l''ltllYl;)U L"'UPlflUu.t'l~"'''lnfll'lLuUPlflUu.~LYlfln LTlT11 (Electromagnetic Wave) 'Y1~ 

..J .01'" ... I ... .01 .01 I ... 

Pl'lI~r1'!ltl"lPlflUlu~ln ~YlU'lU'l"'LijUU1LU~1'l1 (Nanometre) "II"lPlflUI'lI"l1 "I::~Pl'lI~Ul'l'!ltl"l 
.01... ... ~tJ ..... '!I ...... ~ I OJ ~.. .. OJ '!I 1 'i''' ..J 

FtflUL1U"l~In1JtlU L "'1~lnFttl Nnl'ltlt'lJ.JFt NnLLnJ.JJ.Jl NnLtln"ll NnflfllJl11 'J LtlLfI(;I u.t'l"lYl 

PlULl1t'lI~11r1~tl"lL~U f"l~t1U~l1L1'" l~LPl1L'l~ Fl~UL1"'lf Pl~U~YlfJLYl1Y1f'1,r "IUti"lFl~U 
'i' %. ... ..J... .oI..J OJ ..J 
LYl1n'YiYlYlJ.JFt'lIJ.JU1'lFtflU~lnYl~'" "'~111'Yi'Y1 2.1 

4> 1 
v c (5 ""C l E III '> ! L.. 
.~ e- .5 0 E 0 ,~ -0 0 10. .... 
0 I - 0 0 

U ~ x 5 I: LL. O! 

fm pm (A) nm ~ f..Lm mm(cm) 
+-....c 
C» 

..!! 
~ 

WI 

5 

400 500 600 

Wavelength (nm) 
I ... 

Yl~I: http://wwvv.pilkington.com 

LI- LI-
:x: :x: 
::> > 

m km 
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~1npJ~ 2.1 ~~IM1~Lihm11~1e;\lJf'l~I;h'l1 ~'1~\'l'l~ml-J~'1L~u,,::djUFl~U 

LU.iL~~n 1vHh~'1ijt)'J12Jm'Jt)~U~~1::l-d1'1 380-780 U1 LU~LJl1 ~j;jL~U~'J hjLL~'J2Jlt1!tU\'l12J11n 
, .J... J tl 'i' 1" .J .J .Of'" J .J.J ' 

LJl~lJ\'lU~'1(;1tl~\'l'l'Yl2Jt)'J12Jm'JFl~U 1::2J1ru 555 U1 LULl-J1R1 ~2J1n'YlMl ri'JUu""UtlU'Ylri'l ~~(;I~ • 
n112J~'1L~1..ltl1::ntllJ!1\''Ju ml-J1n.m\'l'l (Luminous Flux) t)'J1l-JL;r2J'tl~'1n11~~'1\'l~1'1 (Luminour 

Intensity) t)'J1l-J~tl'l\'l~1'1 (llIuminous) LL~::fil'J12J\'l~1'1 (Luminance) ('J11Pl1 mf-n!l::, 2550: 

38-40) . ~\'l'l~L112J~'1L~1..l,r1..lL1Un~n~~~rt'l~1 ~\'l'l'tl1'J (White Light) ~tl1::ntllJ!1\''Ju~j;j1'1 1 

1'J2Jn1..l~~1l1f.J1u~\'l'l'tl1'J t~f.J L11\'l1l-J11nl-Jtl'l L~1..l~ ~ Yf~ 1'J2J ~'Jn1..ltl~11..l~\'l'l'tl1'J 1!1\'~~1f.J~n1!tru:: 

"''1d (tlmu1..l1J1 tl1::\'l1111-nn", 2521: 2-3) 

J ~ .. J' J .J' , 
1. fil~1..l~\'l'l\ln1lJn'J1..l (Interference) t'l"::Ln~"!J1..lL2JtlLL\'l'lritl'l~11..l~~1..l 

Ltl1'11\'llJ1'11 L'1i1..l J1~1..l~1tl~tl'l~~ fil~1..l~\'l'l,,::~.h1..lt)(;Itld1tlhJ1~~'1~2JC;) ~'1Ln~~l'l~1..l ~'1":; 

~lJIn ~1'11tl (;I1l-J fil'J1l-J~1..l1lJ1'1'tltl'lt) IJI tl L "111..l l'llJULtl~tl n~tlm.~ n LU1..lfA'1..l 

2. n11,.rnm'tltl'l~\'l'l (Refraction) Ln~"1nn11~~\'l~~tl~~11..l~'Jn~1'1~iJ .. , 
fil'J12J~1..l1 ~U1..l2J1nn~1 L"1I1..l m:;"n~1tlU1 LL[J]~:;t)'J1l-JU1'J fil~U"!Jtl'l LL~'1,,:;,.rm~ ~lRnj;j1'1n1..l1tl 

Yh1~~\'l'l'tl1'J~(;Intltlmu1..l~(;h'l1 ~'Jtlth'lL'1i1..l n1nn~t'ln1..lJ1 LUUfA'1..l 

.J ... ~~J .... 
3. n11LlJf.J'ILlJ1..l'tltl'l~\'l'l (Diffraction) ~2J1Un'l ~\'l'l,,:;~untl~muut'l Ll-Jtl2J 

~'1n~'tl'J1'1'Yl1'1 L~1..l'tltl'l LL\'l~ ~~'Ju~tlu1~ ~\'l'l~tl~tltln"1n"1ltl'l~ L~ n2J1 1 ~1tl"1n'tltllJ~Fl2J2J1 n 1 

L "111..l 1 ~ ~\'l'l ~tl ~ ~11..lL ;r1'Yl1'11tlU ~IR n'tltl'lU1:;~ 1,j' 

... "... . . J 
4. n11~c;)n~ULL~:;n11\'l::'Yltl1..ln~lJ (Absorption and Reflection) Ll-Jtl~\'l~ 

(;Inm':;'YllJ Cj'J~U1"tl'lt)(;Itl t)~1..l~\'l~lJ1~~'l~:;CJn ~~n~1..l L~f.J L2J L~ '1~~ Cj'l~U1'tl~'1t)LJltl,ru 'tl ru:;~ 

fil~1..l~\'l'l~'JU~rt'l~1tl~'1~2J ~~:;YftlUtltln"1 ntJ'l~U1'tltl'lt) IRtl L"1IU n11L~U~ ~C;)'1 Ln "'''1nt) IRtl 

... J::' "J ~ J "1"" ~ ~ J' 'i' ~, .J 
~c;)n~ut)~u~\'l'l'Yl'l~l-JC;) f.Jm'lut)~U~\'l'lt'lLlll~ "tI'I,,:;\'l::'YltlU ~mULuUt'l~~'1'tlU Lc;)Ut'l1Jl1'11 'YlL11 

L~1..llJ1..lt) (;Itl~ Ln ~~1..l~'ludhi1"11~lJ1..l~'lt) IJItl Ltl'l ~[J] LnC;)l-J1~1n LFlN \'l 11'1 L2J L~'1~'tltl'lt)Vltl,r1..l 1 

1" J J... "cal...." "J .J... ... 
Utl2J ~ fil~1..l~\'l'llJ1'1 t)~1..l~c;)"tI2J L 'tl1 '.1 ~'l~1..l1 ~~::\'l ::'Yl~1..lFl~1..l~\'l'l'Y1 L ~~tltltl n2J1U~ ~'l'l1Jl1'tltl'l L11 

J .J 1" .... ... .... L2Jtl ~~'1 Vlnm::'Y1lJm:;" n ":;ri'l ~~ Wfi'l LJlnn2J'tltl'l ~\'l'l~1tl~ 1..l'l'Y11'1 L~1..l'tltl'l 

~\'l'lLtl~u1..l~tl~'11tl ~'1\'l12J11n~ti'l~'l~nnl-J'tltl'l~\'l'ltltlmU1..l 3 U1::L1l'Yl (ihru1 fin2J~'tl, 2551: .. ., .... 
16-17) ~~1..l 
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~ _ .l'., • .J .J • .l' ... ~ , • ..... '" • 'I '" .J 
LLUUULn,,'!IU ~umru'YILL~-lVlnm:;'YIUUUm:;9mUJYiUC.J'J L).JnUL1UU ~~tlC.J'J{;'I1U 'YI1 ~~LLM'YI 

~:;"tlUtltl n).J1 m:::'"ll ULtJYJ ni1 fII'YI1-l "l).J ~:::"tlULL~-l LL~:::"l).J(;l n n 1:::'YIU'"l :::hlL VI1 nu t"U~l n 

..... .".... ...... ~ I 0.,,,, ..J " ~ I 

m:::'"ln).JC.J'J L).JnUL1UUL~).JtlnU'YI'JLLC.JU ":::'YI1 ~mL~-l'YI~:::'YItlUtltln).J1'"l:::).Jn11m:::'"llULL~-ltlU1-l 

~).J1J1ci (Perfect Diffuse Reflection) LUVl1-ln~UnU ~lnEj'Jn1:::'"lmruhjnuL1UUtltJ1-l 

~~lL~).Jtl LL~-l'"l:::~:::"tlUtltln).J1tltJ1-lm:::4'''m:::''luhjL~).JtlnU ;-lL1Un~1 (3) n11~:::"tlULLUU 
C.J~).J (Spread Reflection) Ltlu~mfru:::n11~:::"tlULL~-l~C.J~).JC.J~lunu1:::~~1'Y11-lLLUum:::"m-l1 

'" ~.!'I '" .J ..J LL~:::n11~:::'YItlULL~-lLL1J1Jm:::'"llU ~"ULuUn11t'l:::'YItlULL~-l'YIYi1J).J1n'YI~" (Button & Pye, 1993: 

45-46) "'-lLL~"-lLWl1Yi 2.2-2.3 

LLUUC.J~).J 

.J 
'YI).J1 : Button and Pye (1993: 45-46) 

Lun1 ~~'"l11ru 1 1"11 Flru~).J~ n 1:::'"l n":::YiU~ 1 n~-l 1"11 ~ :;VltlULL~-l1l1UUtln • 
.J 

(Visible Light Reflection Out) LL~:::1"11~:::"tlULL~-l1l1U1u (Visible Light Reflection In) m:;"n'YI 

• ,'" • 'I "'. ~ .J , '" 'I • ., '" 
).JFl1n11~:::'YItlULL~-l1l1UUtln).J1n'"l:::'YI1 ~~u1).J1ruLL~-l'YIC.J1UL'!I1).J1 ~Utl1Fl11~"~-l 'YI1 ~~tl1Fl11 

~tl-l L-DYi fl-l-l1UL rJ~1 LLt'l-l 1.l1:::;) 1f!L ~ ).J;U ~ n;-l n 1 fl1t'l :::"tlU LLt'l-lt!u).J1 n Ln uhh:::11J n'Ju 

1.JFlFl~1l1UUtlntl1 Fl11L'" ~-l(;ll).Jn!l~).J1uri1~U" 1"11~ :::"tlULLt'l-l1l1UUtln L~hhiiU1tlU ~::: 30 
0-

Utl n'"l 1 nil ~1niJ 1"11 n11~ :::"tlULL~-l1l1U 1 u).J1n,,:::~h 1 ~ rat -Dtl1 Fl111 Uj;ltlun~ 1-l ~u).Jtl-l L ~UL-l1 

'!Itl-lr;l'J Ltl-lt'l:::VltlULum:::"n LL~:::hjt'l1).J11Cl).Jtl-l L~Ul1 fIIilu1l1Yi1l1UUtln L~i" L"U L"tIU m:::'"l n 
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2. n11COl'lnflU'!Ifl'lLln~ (light Absorption) lUJ'l£1n'l t111n!Jn11nr~LLn'lt.]n 
.. "1. 11 J'..1 'i' • ~ ...t 0 ~ 

CO '" n ~u L '!II u U L Ufl n 1:;~ nYl LLn~ fin n 1:;Yl1J ~I'I £1 u 12-J 'l run l1t.] n ~ (;l n ~ U'!I fl~ LLn~'!I hlfl1J n1J 

1 .. ..I!'1 ~ .. 0001 0 ~ 1. I ~ • I 
F1'l'l2-Jnl)Jl1n Un11~"'n~U'!Ifl~ n1:;~ nYl LuU~'ln~l'1''12-J F1'l12-J LLflnJ;l1'1 nu u(;\l2-Jrl LL~:;u1:;UlYl 

'!Ifl'ln1:;~ n L "IIu n1:;~n~'l ~1~ :;ijnl1~"'nftULLn'l)Jlnvh 1'" LLn'lfi112-J".IIl ~~fl~ cJ1ULil2-Jl1 U 

fl1F1111~iifl£1 ~~Yil1"'111£11ufllF111~;j"'t1~'l Ufln~'lmrU LLn~~t.]n~(;lnftUL il1tl~:;t.] mtl ~£1hlitl 
~lnYf~~~lULLn~ (light) 1tl LtlU'Yi ~'1'11UFI'l12-J1flU (Heat) ~~~:;~~ ~~n1:;Yl1J r;!fl n111,'Yi ~~'11U 

111£11Ufl1F111 

" " ~fl~Yl:;q cJluflfln)Jl ~~,rum2-Jl ruLLn~'ti''1~2-J '" ~~~2-J 1£1 n~ ~ ~1'l2-J'!Ifl~m2-J 1 ruLLn~ n :;l1flU 

.J.. .J I:" I 
m)JlruLLn~YltJ n ~"'n~u LL~:;m2-JlruLLn~Yl~fl~Yl:;q~lh1UULfl~ nl1~fl~ ~lU'!Ifl'l LLn~nl)Jl1n 

~lLLun1~ 2 ~m~tru:; ~fl (1) n1ru~'ln~1'1ttli'l1n (Transparent Medium) L"liU n1:;~n1nLL~:; 
~ 0 .. ,J 0 - ~ .1..1 - ::. ~J' 0 ~ ~ 

n1:;~nrlfll~ 1 L2-Jfl LLn~¥'ifl~ ~lU~:;Ln"'n1~n mLL~:;nl1Lu~£1UYlf'lYl'l~'!Ifl~ LLn~ Yl~U'!IUfl1Jn1Jrl 

LL~:;~run2-J1J~'!Ifl'ln1::~mrhl1 LL~::LLn'l~::Yl::qcJlh11u~m~·ru::L;;)J'!Ifl'lthLLn'l~(;\nn1::Yl1J Li1ltJU'l 

nl)Jl1n2-Jfl'lLt.1uLL~~'1iilLil"'LLn~~fl~~n~lU~ii~'!Ifl~~'ln~1~1~flUl~i"'L~U ~~111Yf~ 2.11 LL~:: 
(2) n1ru~'ln~'l~ttli~LLn'l (Translucent Medium) L"liU n1:;~n~l n1::~nYiUYl1'ltJ n1:;~m~ftfl1J 
~ - 'i'. I 0 !'I" ,J 0 ..I 0 ~ • I ~ 0001 ~ 
rl L'l12-J~ ~uN LLn~ LuUIJIU n11¥'ifl'l ~lU'!Ifl~ LLMYl ~lU(;\'l n~1'1u1::UlYlU~ ::2-J~n~ru::n1:;~l£1 

LL~:: 'Wnl2-Jl1n2-Jfl~ L t.1uLLn~ LL~~~ nl L ill'l~fl~~n ~lu~ii'l'!lfl~~'ln ~1'11~flUl'1i '" L ~U (1J1Yf ~ LL4''1 

n~l~o 2548: 19-20) ~~LLn",~1'U111'Yi~ 2.3 Lrifl~~11rul~run2-J1J"i'!lfl'ln1::~n"Jlil",r;il'1 1 ~:: 
'Yi1J~liJthLLn'l~fl'lcJ1U (Visible Light Transmission) ~LL(;\n~h~nu ~~ii~~r;iflnl1~'l1J~)JLLn'l 

o _..I 0 ",J 1 ::. ~J' 0 ~ ~ • I r 1" -l 
n11'1 fil1)J".IIl f1Yl ~ lh1L '!I1lJ111 tJ Ufll ~11 Yl'lU'!IUfl1J n 111 f1tl u 1::n'l~ n 11 '!I~ lUfll ~11 L'DhI 

" ..I" 1" 0 .. .. 1" ..10001 0 ,J 0 1 ..I 
~fl~n~I'IYlflfl'ln11 ".IILLn'ln'l1~fi11)J".IIlf12-Jln 1 ~:;L~fln ".IIn1::~nYl2-J~lLL~'1¥'ifl'l~lU~~ U'!Iru:;Yl 

fl1~11~1,rn~lu~1'~lUlJlflUn~1'1fuLL~::~fl~n'l1~'l12-JLtlu~'lU~1t"'£1n1'"1J~~~111tJUfln2-Jfl'l 
Lil2-Jl1ufll~11~i"'fl1~LftflnHn1::~nn::l1flULLn~~ijti1LLn'l~fl~cJlu~ln~1 
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I ... 
"run: Button and Pye (1993: 46) 

LL U'l fi ~ 1 un l1flttfmfYi i'N lu1 Ufll Fll1~ UUfln91 n9:: PilU'I n'lYi ~ ~ n 11'-J 

..I • I " ..!"I ,..: ..I" .J J 1 ". I 'i' " 
'fl'l LL~'1Ylm::YllVlflm::9nUfl'l 91 LlJUfltl1'1fNYl9::Vlfl'lflfln LLU1J-Jlfl'l U~'1 L Yifl "lIlJ1:: LfJ"lIU91n LL~'1 

I - 1 ~ ~ J .!"I 1" ~ 1,,'-'" _ I ..." J ~'lI'1fi11'-J"lI1Vll)lfJ Ufl1Fll1 Yl'lU LYiflLlJUn11fl~nl1 "lIYifl'l'lIU nnI91nLLfl'llJ1::~~3fl'l L'-Jfl 

mh'lt1'1 LL~'1 ~t)I'1n1'-J"lI1 ~9 ::~'-JlfJn-l LL~'1 ~t)1'11 UL 'lfll n fll'1 r)U ;'1 iJ {;)'l'lfl1l1 Vlud:lu Lm fi-lnl L Uf."l 
_ ,..I • , _-4 J' , ~ 'i' J' ..... 'i' ~ 

LL~'1 m1LlJflfJULLlJfl'l'fl-l LL~'1 fi1nJ"lIl Vl9'1'Uflf.jnu n1 1 LFl9 1'Ufl'l 'fl'l ~'l'l fl1Yl VlfJ LLfl::n1 1 LFl9 1U 

iJ c.Jfl m::YlU nu n1 1L \1u~ ~1'1 1 'fl'l L11 Ufl'l fi11'-J"lI1 ~9 ::LLU 1LtJ ~ fJUVll '-J L 'lfll LLfl::~ ~n 1 fl .,r'lO 

J' I ~ 0 I 'i' J'i' 1- I ... "1 I ~ , ....-J' ... 
'Uflf.jnu Vll LL ~U-l'fl'l Lfl nl'lLFl9 1 lJ1flU 1 ~'l'lfllYl VlfJ ULLVlfl ::'lUnflU~,)'IfllYl VlfJ'U9::'-J U~'1 

.. "_,,, ~ ..I.. 1 " ~ J .... ~ " _ , .!"I'" 'i' ~ 
L1fl'l 1 UUYl fl'lTl 1 riYlL~U9:: ~"II~L9ULUfl'l91n'-JlJ1'-JlruU~'IUflfJ'-Jln 9:::lJl1n!) LlJULYifJ'I LYlUri 

.... ,,~J _..x ~ I ,J' _I.!"I . 
LfJUYl'-J 1 FlfllfJriLYll L'-Jfl~'l'lfllYllJlfJ'Uri9::FlflfJ 1 ~U'Uufl::lJ11n!lLlJUU~'1'1'l (White light) 

~ .'"1 .J .. ~1"" ..I 1 ..I ~ 1.J I ~ I J' J 
LLfl'l'1'lULlJUUMYl9:::L~Uri ~"lI ~ L9UYl ~ ~ UVlflULYlfJ'I'lU U"D'l'lUlfJ LL~'19 ::fJ'I Fl'l~U'UL1flfJ 1 

.!"I -::I J J _ ~ " _ ~ ..I _ 1..1 • I 
LLfl::9 ::flflnLlJUri LL~'1 L1fl L'-Jfl L'lfll ~'l'lfllYllJlfJ Lnfl Vln ~U Ufl n91 nu fll) lYiYl LlJflfJULLlJ Mfl1n 1 fII 

9:: LUU~'l utJrii11 ~~'fl'l LL~'Ifi""'-J"lIl ~ LtJ~fJU 1u1~ L'lIU m'-JlruL'-J JlUUYlfl'l-t419::n 1fl'l Fl ~UU~'1 ~ 

LL~'I LL~~ Ufl::mflfl'l 'Vil1~~~1'11 U11n!l~~Ufl'l1Un11'l1'1'-J1Vl131U~9:::H~~U11n!ll)lfJ1~ 
..I ..I ..I ~ ..I.. ~ 1 " ~ .!"I .... .!"I 

~l)lYiU~'IYlUNYl~~,ru::LYlU'l'lU ~IL~CJJYlfJ~ril)lfJ VlU~'1ULlJU'-JlIJl131UnLYil1::r1flLlJU~I)'IYi 

U~'I~U9'-J-r~ n1rii911rulFl'l1'-JtJnlitN'!Ifl'l~ (Color Rendering) r)Vltl~1'11 ~'lfJ~fi~lfJ 1 LYlfJU 

1~9'1 n U~'H ~fJ'I1'u UlJt)'Inl1L Yl fJU~ 2 ~1 ~ L .. 11 nUfl U '1'1 tJ n Iifl'l9 ::'Vi'l1~ ~') fJLFlifl'lr) ~~ 
(Colorimeter) nlJll'-J L'lIuL;imnu~fin11LYlfJU~m::9n~9::lA'fl'l'-Jfl'l~m::9mhuu~'1n1'-J'!Il~ ~'1 

.. ~ ~ 1 " ... ., ., ..I 1" - ..I 9:::mUrim:::9nflU nflLFlfJ-lnum:::9nc.JU'IYl9:: "lI'I1U9N'-JlnYlfl~ • 
LL ~ 'I fi 11'-J "111 ~ ii c.J fl n 1::YlU ~ fl ~ I) 'I fJ 1 U L'lI U L ~ fJ 'l nUl) 1 fJ U fl n fl 'I Fll 1 

fl'lf'ltJ1::nflU~'I'I 11u'I'IulJln LL~'1l)lfJ1u 1~t)19::LUU~U c.JU'I LFlifl'lL'1flU ~'lu1~fuiiYlfiYifl91n 
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J..,J , v " .I ", .oil, v 1. I ... v 1"v 
Ut'l~l'1"l1,)~L,)fl1lJ11~ 1 'tItl~,)U ~tl~l'1~U1lJ11~'ntl'tltl~LLt'l~~U ul'11~l'1"'lJI:;,)utltlnrot:; ~1ULLt'l~U~~ 

1 ..,J 11 " J v It. I ... v 1".1" , 1. I -c '" .oil !'I 
UlI,)~L"lI1 ~tl~l'1~U Lul'11~l'1"'lJI:;,)UlJIn~:; "'Ut'l~l'11tlUUN'tItl~U~flU1tl u~U(NLtlU LLt'l~L~UtlLuU 

Ut'l~t'l~1~ ~hJll1ru LL~~Loff1[l1tllUtl1f')11 LfltllJlN ~~ LiluLLt'l~~1,)'-lf')~UUt'l~'YJn~B ~tl~~l~fu 

UMl'11~li,., L ~Utl~~t'l1'-l11n L \1u~l~t.1 n ~tl~i fI LrotU tln~~ n11LU ","lltl~ 1 ~ ut'l~ L off 1l'11~ ~1UUU 
(Skylights) Ut'l~rot:;m:;rot1tlLtl~'".l~tl~'!l')tlt'l11~t'l'-ll'lflUt'l~~1n'YJn~Pll'11~1~~ 

tlth~hri 1J11'-l 1 un11~rot11ru11;LLt'l~fi11'-l'tl1 ~lUtl1 f')11 ~:;~tl~l ~ 

f'),)1'-l~1~qj nUt'l111,):;U1t'lU1tl~') tJ LfltlI11'):;t'lU1tl Liltl~rot1 nn1'Wtl~ L\1ULLfl:;Ut'l~ t'l~1~ (Visual 

and Lighting Comfort) ~'-l1tJn~ n11~111tllUtl1f')11ilLLt'l~t'l~1~LYltl~Vitl Ufl:;LLt'l~hJU1f1lJ11 

Lnu11.J f"I'".l1'-lU1f1lJ11 (Glare) '!Itl~LLt'l~Lnflrot1nf'),)1'-lUlJIn[;h~1:;~~1~Ut'l~111tlUtlnnULLt'l~111tlluil 
... 1. I..... .I .. ~ . I -c " , • I v , " 

".J1n~ULnU u ~1tltl1~Ln"'~1nLLt'l~l'1'-l1nrotULnu LU (1~LL'-l'".l1f')UL11rot:;t'l1'-l11(1u1Ut'l1UIJl1 L~ 

v ,.I .. '1. I' .I "~,, , ,.. J,.J v... J 
L ~'-l1:;t'l'-lnUf"I'".l1'-lt'l'".l1~l'1'-l1nLnU LU LUl'1 U~~ Lfl LLIJl~1nf"l,)1'-lt'l,)1~U1L')rul'1t'l,)1~l'1 MmUU1L'".l ruYl • 
.. .I ~ 'V" ~.I" .,J~ , ... 1· I '1'" ... ~ , , 
'-lfll'1t'l"''-lf'),)1'-lLL(JInIJl1~nU'-l1nLnU LU U1L'".lrul'1'-lUt'l~t'l,)1~'-l1nLnU utl1~ntl ~LnlJlt'l111,):; L'-lU1 • 

1 .I... .I .. J 0 1'!11 ' '" 1'" J ~ 'v t'lU1tJ U'!Iru:;l'1U1L')rul'1'-lfll'1qfltl1~l'11 ~ L'-lt'l1'-l11n'-ltl~L~U ~LfltJ 'l!~~1n'-lf')'".l1'-lLL(JIn(JI1~nU 

'-l1nn~110:1 tl1~ritll~Ln",uMu1"'1JI11~ (Button & Pye, 1993: 98) 

~1n~~ 11ru1 n~ f'),)1'-l~'-l~ufi1:;~~1~n 1:;rotn Ufl:;t'l111'):;U1 t'lU1tl ViU~1 

m:;9 nilt1l'1tiVifl r;ltlt'l111'):;U1t'lU1tl L rttl~91 nn111~fuf'),)1'-l1tlU (Heat Gain) Ufl:;n11~qj L~tJ 
, ... 

f"I'".l1'-l1tlU (Heat Loss) ~hum:;rotnt'l1'-l11m~'-l~1tlfl~flru~1JijI11tJ1U~tl~1~ Utln91mrUu~il 
.1.1 'v ~, ... ...1 ~ 1 v '..,J .,J 0 

n11UflnLlJfltJUn11UCJNri1:;~,)1~m:;rotn Ufl:;~l'1tl1I"1UI11tJ Utl1f"111 tln (JI'".ltltJ1~ L lIU f')Ul'1l'11~1U 

~~ numl1 r;I 1~ n1:;~ n fl ru~1J ij'tltl~ ~') n 1:;~ n ~ 1U~tl ~111 tJ 1 Utl1 f')119 :;ilt1l'1tiVi flr;ltl t'l111'J ::;U1 

t'lu1tJfi'udjuCJfl'-l191nn11~'VL~tlf"l'".l1'-l1tlU~Ln"'rot1nn11uflnLtl~tluf~~f')~utl1'J1:;~~1~Flunu 
"I ... ~ t ~.t . ., 1" Sol I " I 

~U11J11~ "'~uu t'l111'):;U1t'lU1tlU9:;'tIUtlf.jnUf')')1'-l nfl~U11Jl1~ lJIfltl"'~U'!IU1~'tItl~~U11Jl1~ Ufl:; 

flru~1Jn~')'tItl~m:;9n (Button & Pye, 1993: 123) 

2.4.1.2 n11cl1tJLl'1f'1,)1'-lffiwhum:;9n 

.... ~... .....J..- I 0 .,. ........-

Ut'l~tl1l'1lJ1tl~1tl Ut'l~ UfI'" f"Itl Ut'l~l'1'-lU ~fl~n1 L U~~1n~')~tl1l'1 lJItJ Ufl:;L"'U 

l'11~~1u.fUU11tl1n1"''-l1U~~')Lfln Vifl~~1UUt'l~tl1~IJlU (Solar Energy) iltl~ffl.l1:;ntlu~1~'V 3 

.1 .. v ~ ~ ~ '" ..."'l v ,'" ~ •• I.~ J~ J 
u1:;n11 f"Itl (1) Nri~fllJl11 L') LtlLfllJl (Ultra Violet ~1tl UV) LuUVifl~~1UU'-lmfln Lnn1l'1'-lf"l,)1'-ln 

1:;~~1~ 280-380 U1LUL'-l1Jl1 L",u~')ltlLLt\'')rot:;ilm'-l1ru1tlUfl:; 2 '!Itl~f~~tl1liIJlU~~tl~~1U'-l1U~ 
~ ...I.. ~... . . !'I v ,'" ~ •• I.~ ...I ~ J , 
Lfln (2) LLMl'1'-ltl~L~U L" (Visible Light) LuUVifl~~1ULL'-lL~fln L"nTl1l'1'-lf')'J1'-lm:;WJ1~ 38D-780 

~ .1 ,,~.J "".1 ' ~... ,~ .!' .oil ~ ~ .. 
U1LUL'-l1Jl1 u1:;ntlU"'')tJril'1t'l1'-l11(1'-ltl~L~UfI'".lU(JI1Lufl1LflLLn riUfI~ ri'-l mfltl~ L'tItJ'".l U1L~U 

, ~ J ...I "'~"''' "'~.r::" f'111'-l Ufl:; '-l,)~ LfltJf'),)1'-ltJ1')f')flU'tItl~ Ut'l~l'1'-ltl~ L~U L"'~1tl Ut'l~fi11'-l'tl1(J1'-llJ 1'-l1 ru1tltlfl:; 47 

'tItl~Vifl~~1U'tItl~f~~tl1liIJlU Ufl:; (3) f~~t1U~11L1~ (Infrared) LijuVifl~~1uU).JL~~nl~Yl1~il 
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"'l1),J~1:;ld1'1 780-2,500 tnLtH),J~1 ihl~11fhU1flEJf~:; 51 'fl'l1'1~fl1Yi~t1 

(http://wvvw.gjames.com.au. 2010: 18) ~'I1l1Yi~ 2.4 

SDla~ .Spectrum 

~),J1: http://wvvw.gjames.com.au (2010: 18) 

~D Uhra-violet 
~_ ViSible 

Infra-red 

.. , 
~'I n fl1'l 1~~1 LU~'I fi11),J"lI1 ~ LLfl :;1'1 ~~u~ 11 L 1~nrULilUfl'l ~U1:;n flUYl 111 ~ 'lJ 

"' .....!'I ."1 ",..j - J.. ..J" " .!'I "' 
'Dfl'lYi fl'l'l1ULL~'Itl1Yl ~U LLfl:; LuUu '"I '"I UYl"'l 1Yi'"l11tU1 L),Jfl,,:; Lflfl n n 1:;'"1 nYl ~'11 LuU~U'Im "11 LLfl:; 

ti'l LL~~11"~ UV '"I:;ih..l1),J1rui1flun~1LL~'Ifi11),J"lI1~ LLfl:;1'1~~U~11 L1(;) LL(;jri~1),J11t1Vch L,xrj'~~ , 
," ..I... ..... J " 1" ~n LL(;l'l1l1U ~Ufl1 "11YlYl1'"11n ~1 LLfl:;Yi fl1~ ~n"ll ~'"I1" LLfl:;L~fl),J f'ltU1l1Yi ~u 1:;U:;U 1'l ~ n 11 

L"~flU~11~:;YfflULL~'I (Solar Reflective Coating) LLfl:;~11LLcJ1'1~~1 (Low-Emisitivity 

Coating) uu~bm:;'"Imtlu~nYl1'1L~flnl-1d'l~"'lUf'l),JYii'l'l1ULL~'Ifl1YilJlU (Solar Energy) cJ1U 
~ ... " I 

m:;'"In1;; ~m;'Im1L;~;),J PVB nU1:;l-1~1"n1:;'"Infl1ijLU(;lt1U'"I:;'1i'lUflc;'l1'1~ UV YlcJ1UL;r1),J1LU 

m"11L'1iunu 

Lrlfl ~t1'1 n 1:;'"1 n 1;;1U"1),J 1flU'"I1n 1'1 ~fl1Yi ~U '"I :;Ln c;'In11ti 1U L Yl"'l 1),J 1flU 

(Heat Transfer) ~m ~U fII'l1),J LL~n(;j1'1"l1fl'l~rul-11Jij Lilu~'l ~in ~U LLfl :;"'l1),J 1tlUtiU'"I :;ti1UL Yl 

'"I1n~~ij~rul-11Jij~'In~11u~~~ij~rul-11Jij~1n~1 '"Ium:;~'I~rul-11Jih~''I 2 ~Lvhnu m:;U'lUn11 

, "'. ," ..j .!'I ':(" "," tnU L Yl"'l 1),J1flU~1ULufltlnm "11Yl Luum:;'"1 nfl1 "un11L"UYl1'1'Dfl'l "'l1 ),J1flu~1un 1:;'"1 n ~ u 

"' , "'1" ... 1 "' ..I fln~ru:;(;l1'1 1 nu c;'I 3 ~uLLUU "'I1l1YiYl 2.5 
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Thermal Heat'Transfer 

\-()-,<" 
Convaction ft ~ 
cOndoction ----

~~1: http://www.gjames.com.au (2010: 10) 

Solar 
Radiation 

Thermal 
Radjat10n 

1) nl1Ulfi1'l1~1flU (Thermal Conduction) Lilunl1Chm'Vlf'l'lllJ1flU 

1::wil'1LlJLflfJfl'fl'l~11 2 '!Iil~ ~fl~~~nu ilnl1'!1unu LLfl::LLflnLtJ~UU'Yi~'1'11U~'1nULLfl::nu 
• " ... ..r .J ~ -I" I........ ....;, ~ " 

n11U 1 fiI'lllJ1flULn ~'ULlJfl ~lJ Lfl fJ fl'Vl1flUn'l1'\UfllJ'Yi fl'l'llUlJl n n'll Ln ~ n l1riU~:: L 'VlflULLfl 'l 

thu L'Vl'Yi~'1'11U'fl'l~ultJu'l tlJ Lfl nfl~ Lfjun~1~1flil'Yi~'1'11UUflUn~1 ~1flfllr.tn~1'l1~~1 LlJ Lfln~ • • 

~il'Yi~'1'11U~1 n n~lr.t::~cy L~U'Yi~'1'11U 1 ~ LLritlJ LflfJfl~ il'Yi~'1'11UUfl U n~ 1 L~U~ ~'l n fll'1' fl'l ~U hJ 
.. ....I .. , ~." 1 0 

lJn11LfilflflU'Vl (fl11~U LfI\ntl1J~1, 2552: 5; More, 1993) nfll'l ~'l'l1 fiI'lllJ~llJl1rl unl1Ul 

fiI'l1~1flU~::fufl~nutf~4'Ur;ll'1 1 ~'1i1~fl (1) fiI'lllJ~llJl1rl1unl1Ulf'l'lllJ1flU'fl'ltJlJl~ ~'1 
L~ui'lltJ LL~'ltJ lJl~~ilfil'lllJ~Ul LL 'Ilu~'1 LLfl::m'YiNfl1n1 fl\UflU ~ ::Ul f'l'lllJ1flUl~lJln (2) f')'lllJ 

LLlJ1n r;ll'1'fl'l~ ru~1Jij L~U~ln~ ru~1J ij'fl'ltJ IJ1 ~ LLr;lfl ::~lULLlJlnr;l l'1nUlJln ~:: Ln ~n l1Ul f'l'lllJ 

" ~" v .. v ..I.. ,,_ 0 ,,~ " 

1flU ~~lJln (3) fiI'lllJ~Ul'fl'l'llJl~ '!I'I'lIJ1~'VllJfiI'lllJ~U1UflU ~::Ln~n11Ulf')'lllJ1flU ~~lJln (4) 

J'..J il ..I .. J'..J il , , -,01"- 0 
'YiUYlL ~nl1'Vlfllf')11lJ'YiUYlL ~~flf'l'll~LLlJ1n(;I1'1'fl'l~ru~1JlJlJln UfllJ'Vll mn~nl1Ulfi1'lllJ 

1flUlJln LLfl:: (5) 1::U::L'lfll1un11nlJ~~fiI'lllJ1flU t~u~lntJ lJ1rliln11nlJ ~~ fiI'lllJ1flULilu1::U:: • 
L'l fllUlun~::Ln ~nl1Ul f')'l1~1flu't~lJln ~'1Ju Lfl~ ::~'1 LilutJ lJl~~Ul f')'lllJ1flul~~~ q ~ 
1fl'lfl'l~1~fl f')flUn11Jl LLfl::tlllJlllJth~u (\1Y1fiuuYI ~tJ~~flJlUlfi1, 2550: 15) fll~n~l'll~~l 

.J 1}Jv ..I .. ,,, ., -. ., ..I .. , .J' ., 
m1'VlLl1 "D'l~~YI~f'llfi1'lllJlJllUYllUf'I'lllJ1flU (R Value) ~'1 ~1fl'l~~'VllJf')1n11ri'lc.J1Uf')'lllJ1flU 

(U Value) ~1 r.t::;'lUfl~n11Ulfi1'lllJ1flUL11~fllf'111't~ t~u~ln~ru~1JijflluuflnLLfl::l11u1u 
fllf')11LLlJlnr;ll'1nUlJln ~::ilnl1Ulf'1'lllJ1flUL11'ttJfllU1Ufllf'1111~lJln 1UYll'1n~Unu "nn 

~ru~1Jij~'1n~l'lil f'I'll~ LLlJIn r;ll'1nUUflU n~::~llJl1rlUl f'I'll~ 1flUL 11 ~fl1 f'll1 't~Ufl U (\1Y1 fiuuYI 

~tJ~~fIJlUlfi1, 2550: 17) 1unl~~11rulrhn11Ulfi1'lllJ1flU'fl'lc.JU'lm::~nJu~::~fl'l~~11rul 
• II • II 

ril U 'fl'lm::~nLiluth~cy ;'1';1 U i1~llJl1rl'fll;tYl~c.J~lJlm::~n';1 U i1fll~Ln~~lnnl1 
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~1'U'Jrut~ul.uLU1LLm"'-J~If1tN (Simulation Software) ~1tHn~'"Ilnm1t'lLLn'Urhm"::::'"In'"l1~'"Iln 

~~~(;11'Um1~1'U'Jru~IFllnl1l11rl'Jl'-J1tl'U~h'U~u~n1::::'"In'"l::::~tl~~'"I11rul~'U~'1Itl~n1::::'"InLLfI:::: 

FI'Jl'-JLLf;ln(;h-3'11tl~flru~1Jih::::~~1~111U'UtlnLLfI::::111UL'UtllF111i'J'-JnuFll U '1Itl~m"::::'"In) 

2) m1~1F1'Jl'-J1tl'U (Thermal Convection) Lu'Um1thmYlFl'Jl'-J1tl'U~ 
",X'i'_ %. .../..J ... ..J!"I 1 .../1'" , .. ~ 0 ... ..J!"I 
Ln~'1I'ULJI'1Utl1"Um1LFlfltl'U'Vl'1ltl~(;1'Jnfll~YlL1J'U'1Itl~ ~fI 'I!~ ~LLn nl'1! ~1tl'1ltl~mfl'J Yll~'U1YlL1J'U 

(;j''Jnfll~1'Umn'41F1'Jl'-J1tl'Ulu'"Iln~'J'1Itl~1't'l~ ;~nl1't'l~flru~1Jij~~n~I'11tl~l~fI~~~~I'U FI'Jl'-J 

1tl'U'"Iln1' lJI'ln'"l ::::Qn~11u LLr;in l'11tl~ l~fI;jflru~1Jij ~~ n~l1' f;l'l '"I:::: Ln (Jlnl1~1 FI'Jl'-J1tl'U'"Il n'1ltl~ 

l~fllu~~'J'1Itl~1'f;l'l m1'nll'l'Jl'-J1tl'Ut'lI'-Jl1ClLLU~tltlnLU'U 2 fln~ru:::: ~tl (1) n11~1F1'J12.J1tl'U 

LL1J1J~t'l1::::t~Ulln'-J'I!I~ (Free or Natural Convection) ;~tll~UFI'Jl'-JLLlJln(1h~'1Itl~FI'JI2.J 

~'Ul LL ll'U'1Itl~l ~fI'"Iln ~ fl'1ltl~nl1LU~ U'ULLUfl~flru~1Jij LLfl:::: (2) nl1~1 FI'Jl'-J1tl'ULL1J1JU~ ri1J 

. t"'" ... ... .../..J l' J' ... ..J ... (Forced Convection) ~U .'1ILLNI11U'Utln'-Jl1J~Fl1Jnl1LFlfltl'UYl'1ltl~'1Itl~ ~fH.Jl'U~'U~'JYl'-J 

flru~1Jij~h~n'U ~1~11Jn1til~fl'-J;jFl'Jl'-JL1'J'-Jlnn~1 4-5 ntflL'-J(;11/i'JL'-J~ '"I::::~tl~ILu'Um1~1 

FI'Jl'-J1tl'ULL1J1JU~riU (tll1'"1U LPl11tll11J11, 2552) m1L'"Il::::'IItl~LiJc;,1'"1tllF111LLt'lc;,~~~ilm1thmYl 
... t ... ::. ... " .... ".../ _'1'" 0 

FI'Jl~1tl'U c;,unl1~1 c;,~'U'U~lnlJltl~m1.~~m11::::U1UtllmPlI11U .'Utllf')11L~tl1Jtl~n'Um1'Ul 

... .J_ ... .....1 • !"I'" _I'" ... ., ...... 
FI'JI2.J1tl'Ufl Ln'UI'l'JI2.J (;1tl~ n11L 111 ',Jtll1'l11 '"11 L1J'U(;1tl~1Jru t'l111'J::::LL'J c;,fltl'-J111 U'UtlntllI'l11. ~2.J 

.. ~ I .... .... .J ".... '" J'.J .. .J. 
flru~1J 2.J;\1 fl~ ntl'U 1 'U'Vll~ n fl1J n'U tll Fll1YlL'1I1::::1J 1JU 1Utll n 1 PI'"I::::(;1tl~ fI c;,~'UYl ~'JYl'-J f')'JI2.J 

LLlJln~h~1Itl~FI'Jl'-Jnc;,tll m PI~~ L~ilFllUtlUfI~ L~tlfl c;, Ltlnlt'lnl1f'J;~1Itl~tllnlP1 Lc;,m'tl'nl:::: 

tlth~~~tllmPl~'UL'I~tl1F111 ("'1YlftU'UYl t'l1't'l~1(;1'Ul1i1, 2550: 14) 

3) n11LL~1~~f')'Jl'-J1tl'U (Themal Radiation) Lu'Um1L~'UYll~L~U(;1N1Itl~ 
... ,.J,..J~ _! ... %.... .Jl ,... %.... 0 'I'" , ... ~... X 1'" 

~fI~~I'U~I'UYl'Jl~fl ~f;ltl~tll"U(Jl'Jnfll~ nl1fl '-J(;1tl~tll"U;\'Jnfll~ Yll.~nl1LLC.JN~Ln~1I'U (Jl 

~tli'tl~~I'U~'1l'1l1mPl 'nfl~~1'U1~~t'lI'-Jl1Cl L~'UYll~ ~'JU l'l'Jl'-J L1'J L Y11f')'Jl'-J L1'J LLt'l~ LLfl:::: L;i'UYll~ 

'"lIn LL~~~~1tl'Un~11'UIU1Itl~rl~'ULL).h~ftn 1vHh (Electronic Wave) lU~~I'U~Lij'Un~IL'UVJn 

YiPl'Vll~ LLfl::::Yil1~flru~1Jij'1ltl~ ~'Jnfll~,r'UL~'-J~~;'U {;j''Jtlth~m1LL~1~ ~ rl'Jl'-J1tl'U~ ~1 ri'1l~tl m1 

LL~1~ ~ FI'JI ~ 1tl'U'"Il n ~'J~tllYi IJIU'-JltT~ tfl n ;~ ilnl1thu L Ylm2.Jl ruFl'Jl'-J 1tl'U'-J 1~~'J Lfln ~ ~ LU'U 

... .J .r.:: ... ...~ - r.J ~...... ... "'1.1 
1tlUfl:::: 68.2 rl'J'U1J1~lrurl'Jl'-J1tl'U'"IlnN~tll'Vl;\UYlmfltltlm"tlUfI:::: 31 .8 '"I::::Qnt'l::::Yltl'Unfl1J 1J 

l'Ufln~ru::::rl~'Ui'U~i'U1Jl1U1mPltfln (tl11'"1U LPl11tll11J11, 2552) nl1thm'Vlrl'Jl'-J1tl'Ut~um1 
LL~1~~1Itl~1't'l~'"I::::;'Utl~nuiJ'"I4'u~lriqj 4 U1::::nl1~tl (1) FI'JI2.Jt'lI'-Jl1ClL'Um1~~iu1~~rl'Jl~ 
1tl'U (Absorptivity) (2) rl'lI'-Jt'l1'-J11Cll'UnI1t'l::::~tl'U1~~rl'JI~1tl'U (Reflectivity) (3) 

rl'lI'-Jt'lI'-Jl1Cll'Unl1LL~1~~rl'lI'-J1tl'U (Emissivity) LLfI:::: (4) FI'Jl'-Jt'l1~11ClL'Um 1~~ ~1'U1~~ 

rl'JI2.J1tl'U (Transmisivity) (n1ruI1l11'-JQ'1l, 2551: 10) 
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L'1IuLilmnu m1thtJLl'l"'JllJ1!1ut"tJnl1LL~f~~'Jl!l~n1:;t;mru~:;Lii"~ULri!l 
... , ..J... tl..J!'"I" ~., .. , 

LL~~t11l'l fttJlJ 1 m:;l'lUl'l ~'Jm:;~ n LLfl:; L fltJULuU'Yi fl~~ 1Ufl'J IlJ 1t1U ~ fl~~ 1ULL~~t11l'l (;I tJ (Solar 

~ .. .J .. , ~ 
Energy) u~:;~n~:;l'lt1Ut1t1nlJ1Ut1nt11"11 (Solar Reflectance) U1~rl'Ju~n~"nflu ~ULUt1 

m:;~n (Solar Absorption) U1~~'JU\ln~l'lnfluluL~t1n1:;~nnt1uLL~'Jfit1tJLL~f~~"'l1lJ1t1U 
,./~, ~ ".J ..J ., 

t1t1nlJ1'Jl'l~111tJUt1n LLfl:;ll1tJ ~Ut11 "11 (Solar Emissivity) LLfl:;~ "l'l1 tJ filt1rl'lUl'l'Yifl~~1U 

LL~~t11;;ftU~1lJ11t1l'l:;~~1un1:;~m;1lJ11ut11"11 (Solar Transmittance) Lrit11'llJ~i~~1U 
.....::. '1 " ...".J 

LL~~ml'lfttJl'l~~lJ"~:; ~"~lJm1 RAT "~LL~"~ ~U1l1'Yil'l 2.6 

.., 
111"" 2.6 IUJn1'1 RAT 

AAT- Equation 

E 

R = Reflection 
A = Absorption 
T = Transmission 
E = Emission 

~lJ1: http://www.gjames.com.au (2010: 18) 

2.4.1.3 "lru~lJUii'Jlt1~m:;t;n!l1.ffm;'~i~~1U 

lum1~1u'lrufi1d1ml'l"'J1lJ1t1U1'JlJ~1U~U~t11"11"'1U;;1~ (OTTV) t;:; 
~ ~ 

Yi~11ru 1l1~ tJ'l!~Yiu LLfl:;tJu~m:;~ n LL~n11~t;11ru1 tJu~n 1:;t;nUU ~ :;~t1~ 1 ,xPl'J1lJt11 f'lC\lrlUfi1 

"lru~lJ~j;]1~ 1 'Jlt1~n1:;~n t"mll~1:;fi1~iltJfln1:;l'lU~t1 OTTV t1uil!l~ 2 tf~4'tJ~in'l"'LLn 
1) fi1ilJtl1:;nl'lfin11d1ml'l"'J1lJ1t1U~1nf~~t11;;UlU (Solar Heat Gain 

Coefficient ~1!1 SHGC) ~lJ1tJi1~ t11Jl11~'lU'!l!l~1~~!I1~IJlU~~~~IU1'~l'ltJU~LLfl:;~i~fl1t'hu~ • 
ttl1~ LL~~~ffi ttl1~ l~'Jl!l~,t1~LLM LLfl:;nt11,xLn"m1dltJLl'l"'lllJ1t1UL ;1111tJ1Ut11 "11 fi1 ~~nfl1'l 

.,~ ... ,.,J.J I .. ., ~tl' ~_ ., I .. ..J .. 
1'JlJ~fl'Jlt1~Nfiml'llJltJl'lrl~~1um:;~n~1t1'l~~ ~ NLL~~ ~tJ(;INnUn11mtJ Ll'l "'J1lJ1!1Ul'l Lnfl~ln 

., ~ ...,..J .. 'l~ ., .. ., ~tl' ~ ." ." ... ,..J 
Nfit11l'lfttJl'l\ln~"nflU 'l ~Uft'lm:;~n~1!1'l~~~ NLL~~L'Jl1lJltJ~111tJ ~U!l1"11 fI~LL~fI~ ~U4LJl'l 

2.7 
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.... ..Y. ..,.. •• • 
111"\1 2.7 FI'l1~",~"Ufi"~'W)1-3F11 SC LLfi~Fl1 SHGC 

~q~~ffici&nt (SHGC) 
SHoe = T+E 

SC = SHG_C of glass 
SHGC Ot,3~ril 

clear grass -

E 

..J . 
V1~1 : http://www.Qjames.com.au (2010: 18) 

2) Pl1~~lb::~V1tn11thmVlI"I'l1~~tlU1'llJ"tltl,::m1::~n (Overall Coefficient 

of Heat Transmission ~1tl U Value) ~tl tl~11n11thmVlI"I'l1lJ~tl'U~-l~~~"tltl-l1~"l U~::~~lJ 
tl1n1f11 Pl1 U Lil'U~'l'UnfltJ"tltl-lPl11"1'l1lJIA'1'UVl1-l1"l'l1lJ~tl'U1'llJ (Total Themal Resistance) ij 

,.nl'lULll'U~111-lLlJVl1-tl-l1'l1L'1I~L~U~~tl1V1j;f (m 2.oC)fW) 

.. .............1 .. ../ "" 3) ~11LtiI~tltJn1::~n n11LI"I~tltJ~11tJ'UC.J'ln1::~nlJ'l~'llJ1::~-ltilL~tl ~~ 

n1::~ n ~ 1lJ11t1 ~ ::Vftl'ULL~-l U~ ::tiI~'Ufl'l1 ~ ~tl'UtJ 1-l ~'l'U"tltl-l U~-l U~~ 1~;; L 'U"tl ru::~ ~ U~ ::tiI'l1lJ L~ 
.r ,.... ... ..:::. .1 ..I ... 

"tltl-l n 1::~ n~ ::"tl'UtlfJ ntJ'1I'U~"tltl-l ~ 11Lfl ~tltJ'U'U 1 L 11 ~ 1 lJ 11t1 uu n lJ 1:: LllV1 "tltl-l n 1::~ n V1lJ ~ 11 

LI"I~tltJtltlnLil'U 2 tJ1::L1lVl~fln 11~uri (1) n1::~n~::Vftl'Uu~-l~1tln1::~n~::Vftl'Uf-l~~1n~'l-l 

tl1~V1U (Solar Reflective Glass) ~tl n11U1Ltl1n1::~nfi11lJ~1lJ1LtiI~tltJ~'lIA''lut~~::tltlnl'11~~ 
ijPl1 n11~::Vftl'Uu~-lPltl'U;J1-l~~ ~-l C.J~ L,xijPl1 LL~-l~tl-l ch'U (VT) Pltl'U;J1-lutlu":h L,xI"l'Wl1u'Utln 

tl11"111lJtl-l L ;J1lJ1L'Utl11"1111~~1tJ1 n L'U"tlru::~I"I'U~tl~111U L 'Utl1 fl11111 lJ11t1lJtl-ltltln ltJll1u'Utln 

tl11"1111~~n~1 ~-l11~1-l1"l'l1lJ Lll'U~'l'U~'lL,xritJ tTl i-l 1 'UL 'Utl11"111 t",u Lll~1::L 'UL'l ~1n~1-l1'U 

" .... -l " ..1"..1 " " , .... " n1::~n ~::V1tl'UU~-lU-l"ll'lU ~ '" U11-l~1V1 L "tl1lJ1 \ltl1 til11 ~~'4lJ'U'l ~ ~-l LL~ ::U-l111lJ11t1 ~ ~ 1"I'l1lJ 1tl'U 

~" ... ""il ../ .1........" ~" ... , ~ G 
~1nU11-lLL~'" ~~lJ1n ~-lVl1 ~~L 'Un1::~nVl111lJ11t1lJ1::~U~~~-l-l1'U ~'Utl11"111~"'~ tlU1-l ~m~1lJ 

" " " ~ , .... ..I". ... " " " n11 L"lIn1::~ n11::V1tl'UU~-ltl1~ ~lJ mlJ1::ntJtl1 fl11V1 V1tl-ln11'U1 U11-lfi11lJ"lI1V1lJ1 L"lI1l1U L'Utl1 fl11 

~, ".!f • I ~"of ..1..1...... ",....... ~. I 
U~:: ~lJl"I'l1 L"Dn1::~nlJ1::LIlVl'U L'U~'UVlVllJflru~lJlJIl1U'Utln U~ ::1l1U L 'UUVlnl'l1-ln'U~'ULn'U LU 

• "" " ~" , ::I .c... , .... ~ ~ L~11::~::V11 L~n1::~nUVln11'l L~-l1U (11lJrlVlfi 'UVlU::, 2547: 2-28) (2) n1::~nUC.JNflVl1 (Low-E 

"" .. ../ , ,,~ ... .J ~ ...... .c Glass) '"I:: L '11 1111LtiI~tltJVI uVln V11-l~1nn11n1::~n~ ::V1tl'UU~~ L~UlJrl'l'UC.J ~lJ"tltN L~~:: L-l'UtJ1~V1fi 

Lil'U~'l'UtJ1::ntltJ~1~'1I ;-lUtllJL,x U11-lfiU"lI1 ~ r.J1'UL ;J1lJ1L 'Utl1 til11lJ 1 nn~1 n1::~n11::Vftl'UU11-l 

t",ui'lltJ n1::~n Low-E ~::~~fl'l1lJ~tl'U~1n U11-ltl1V1~u1IA'utlUn~1n1::~n11::Vftl'UU11-l (iJPl1 

SHGC ~-ln~1) ~-ltJ1::~U~~fl-l-l1'UllA'utltJn~1 t)th-3L1ril'l1lJ n1::~n Low-E ijl"l'l1lJVlUVl1U~t) 
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1")'J1'-l LLlJln IJh~1:;'wh~~ N\-11Ji1111 U 1ULLfl :;111 U Utlntl1 1")111~~ n~ 1 ~~ iJ I"J N1'l '-lu"ilun 11Ln U 

... ... 1 ~ s-... .. ,J. 1 !:"I ,J " .. 
mM1f}N\-11J'-l111U Utl1 1")11 L~ ~ '"I~ L \-1'-l1:;YI'"i:;U1'-l1 'II L Utl1 1")11Y1 ~tl~n 111")'JU 1'l'-lf}N\-11J'-l 

1 1
s-,J !:. 1s- ... .J I s- 1 ~ s-

111U Utl11")11 \-11")~YI m:;'"In Low-E UUUtl'-l \-1 LL1'l~fi11'-l'll1~rltl~tJ1UL'1I11l1U Utl11")11 L~'-l1n 

1U'!JN:;~'lI'JUfl "'1")'J1'-l1tlU'"I1 nn11LLe.i f~~'1Itl~ "''J~tl1Yi ~u1~~ ~~ L~tl LVlUU tlUFh n11LLe.i f~ ~ 
mYiIJlU1~t1~1tlUfl:; 75 ;~~U ~~~~tJfl1'-"~1 U fl"'fl~~'JU (Button & Pye, 1993: 132-133) 

m:;'"In Low-E iJ~~tl1:;L1lYl Hard Coat Low-E ~~LtlUn11LI")~tlutfl\-1:;fl~UuCj'J'!Jtl~m:;'"In 

1 ,J .... I ... ../ • 1"" !'I ..r.... ... ... 
U'!JN:;Yln1:;'"Inn1fl~tltlUI;j'J LYitlYl1 \-11'l11Ll")fltlU\-1fltl'-lLuULUtlL"'mnutJ'J'1Itl~n1:;'"In LLfl:::LLUU 

.oJ.... ~tl" 'i' ...... .oJ ..... 
Soft Coat Low-E YlLn"''"I1nn11U1n1:::'"Infi11'-l'''1 L Ll")fltlU~11Lfl\-1:::YlUUutJ'Jn1:::'"InYlLL'1I~fI'J 

~ __ .. .. .I' .... __ , .... 
2.5 n1'5'r.n1:t1Uft::'lLA-n::\U'I'l1:t!J"u11UYlLn!l'l'liN Un1'5''B'BnU1.J1.JUU~'.NU'''' 

'lItl~ dJ"'t1tl LtlU~'JUl-1rl~'1Itl~n11tltln LLUU1'lmUIJlUn11'-l ~~ L l-1~tJfl1Un11LU ",'lItl~ LU"'~U 
../.1 'i' n ".J"/" ../...../ 

m'"lLYitlu1:::LU'IIU Ul-1fl1U 1 "'11..1 L"DU LYitln11'-ltl~Ll-11..11l1UUtlnmI")11 LYitln111Ufl'-lLLfl:::LYitl 

n11U 1 LL~~fi11'-l'll1 ~ L ;1~ ~'Jtl1 1")11 LLfl :::'"11 n n11 LU ",'lItl~ LU",nL tl~~Yi11 '-" LL1'l~ LL"'''' L ;1'-l1 ~ vl'J 

"rl11")11 ~~yh H\ii"'I")'J1'-l1tlU'"I1nLL1'l~~'" t"'UIJlN tlU1l1u1Utl11")11 

'1IU1"'LLfl:::YiPlYl1-3'!Jtl-3'l1tl-3LU"'t1tlLtlUU'"l4'Ul-1rl-3~~-3tJfl~tln11fuf-3~'"I1n"''J-3mYitJltl LLfl::: 

I "..J 1:'1..1.... 1'''' I -:J. 0 .... 
n11mm YI 1")'J1'-l1tlUYI fl1'-l'-l1 'IItl-3 Lu "'YI'-l'!JU1 '" l-1'1l 1Jl"rl-3n1m111")'JU 1"J'-l'-l1 n n'J1 LLfl:;rl-31'l1fil '1l 

~"rl n 11L~"rl n'llil"''!Jtl~ n 1:;'"1 n LLfl :::tl1:::~ YI fi1l1Yi'!Jtl~ LLtJ-3U-3 LL'" '" L ~tli1 "rl-3tlU f-3~t",u IJlN'"I1 n "''J-3 

"rl1YiIJlU'"I:::Lii", tJfl ~~tl~Ylfi tJfl'!Jtl-3n11tl1mYlI")'J1'-l1tlU'1Itl-3'l1"rl-3 LU "'~u 1 Yi PlYl1~'1I"rl-3'l1"rl-3 Lu",~un 

iJ~'JU~1 ~'1l~"rl f-3~'"I1n"''J-3mYiIJlU~m:::Yi1 vltl'lltl~ LU"'~U~'Ju L Yi11:;~nMN:::'!J"rl-3 n11 tfil~1'11"rl-3 
"''J~mYiflu1u~1 LL ml~~~-3 LLfl:::Yi PlYl1-31Jl1-3 1 iJ 1")'J1'-l1Jl1-3tlU "'~~Un11L~tln'lltl~ LU'" 1uYi fllYl1~~ 
ii ~1f-3~ "''J-3mYitJlU~iJm'-l1N'-l1n L'lIU YiPltJl:::r)Utltln LLfl:;Yi PltJl:::r)ulJln n'"l:::Yi11'-"'lItl-3 Lu",~ufu 

f-3~'"I1n"'''l-3tl1YitJlU'-l1nn~1'l1tl-3LU'''Yl1-3~1U~U 1 ~-3~U~;tl11")11fil"lrnflnL~U-3'l1tl-3LU"''1IU1'" 
1 

I .J :-t 'I'" ,J .... I ... ~ ... ,.,J ..... ~ ,~ I .... ,J ~ s- .. 
l-1'1l LLfl:;"Dtl-3 LlJ'" LUYlPlYl1-3Y1'-l1")1Nfi"'''l-3mYlflUYI'-lu1'-l1N'-l1n LLIJll-11 n L'-l~1'-l11tll-1flnLflU~ L",n 

1")"l1iJn11tltln LLuul'-"'lI"rl-3 LU ",~ul~fui'-l L-31 t"'Utl1'"1'"1::: H LLtJ-3U-3 LL",,,,~iiu1:::~Ylfi1l1Yilun11tlu 
~"'LtlUtlfh-3~L;1'-l1'l1"lU 

., 
n11tl"rlnLLUULLtJ-3U-3LL"'''' 1'-"tlUIJl"l"rl1fil11UU L111")"l1'"1:::rl1U-3t1-3l-1fl1U 1 ~"lU~"lUtlU 

Lrltl-3'"11nLLU-3u-3~",~u'Wl~iJu1:::tu'IIu1ul-1171~1;~"rluLYfu-3tlfh-3L~u'J ~LLtJ-3U-3LL"''''U-3iJtJfl~"rl 
" ...,,::. ~. .... ... ... ~ ... 

l-1U11Jl1m 1")11"rln "''J U 1l:::UUL'-ltl L11'"1 :::Yl1 n11tltlnUUU LLtJ-3U-3 LL'" "''"1-3 I")'J 1'-ln11f'1 nM111U fl::: L tlU '" 

t1-3I'lNU1:;tU'IIU'1Itl-3 LLtJ-3U-3 LL"'''' LL~fl:::'II\l", 1"l'-l~-3fil"l1iin11~11'J'"IfII"l1'-lf)'" L~U'1ltl-3 fl;~tlu 
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,.... .,·..J1 " ..... I.... • I ... J 
~1~11~~U~~U~U~~ L~~U1~fl~ ~~1~~nuuu~1~U1~1u1Uui~u~~u~U~~L~~~11~ 

m~1:;~~ LLfl:;t'i~ ~fl1~ Ln~U1:; tU·lltr~~q~ 

t~uUn~,rUn11~~nUUUu~~U~U~~LLtJ~~~nLtlu 2 '!Iil~fi~ n11~~nuuun1uu~n 
mrl11Ufl:;n11~~nUUUn1U1u~1~11 n11~~nLLUULL~~U~LL~~n1UU~nm~11iJ~fl~n~1~1n 

"';.J ..J" ~ ., ::. "".r ,., ~ J " , ... 
L~11:;~1,,]]Ufl1U ~ ~'!I ~Un1ru~M~UU1;j:;Vl~~1~U~UUfl:; U~Nt'l~~n~1 '!I~Cl1~1m1U~NU~U~~ 

,r\.l~~n1u1u~1~11Ufl1~1U~~U~U~~L~~1;j:;rlfl1U~11),J1~UL~~~ru~1Jij1~rlUmn1f'1n1U1u 
.r ..." ... ..J., , ,., ~ ., ... 

~1~11"tlU~n ~Un1ru'YIU~~U~LLIl~~f.ln1UU~nm~1ru~n1;j1nn11U~Nt'l1;j1nVl1U~~U~U~~L~~1;j:; 

L ;h~1 hJti~ Ufl1 U~~1~11tl1~fl~~"'~11:;U1UFl11~1~\.I1;j1 n~ U~~ u"''''n1uu~n 1"'~n""JU 
(~~~'YIf il~u:;, 2541: 56) 

'~~L1J~~iJU~~U~M~,rU L11~1~11tlUtJ~'!Iil~~~~u~~u~U~~~~nLtlun~~1~tlj 1 Vl1~ 

1993:161 ) 

- LL~~U~U"'~~~1~11tlUruiif'l'YI1~1", (Adjustable Shading Device) 

- LL~~U~U~~~~1~11tlurulif'l'YI1~1"'t1VltU~"i (Movable Shading Device) 

- LL~~U~ LL~"'~n11ri1~\.I~iif'l'YI1~LLfl:;n11r.r~11~H~f.i1~~1u~1 (Fixed Shading 

Device) 

Ufl:;iU'YIN~~~U~~U~U~~Ufl:;n1111~~1~~U~~U~U~~ ~~~1~11tlUtJ~~~nLtlu 3 uuu1", 

" .. 
r;l~i1fi~ (~~t;'YIfi il~u:;, 2541: 73) 

., 
1. U~~U~LL~~UU1~~ (Vertical louvers) 

2. U~~U~M~LLU1U~U (Horizontal overhangs) 

3. U~~U~M~UUUj;l111~ (Egg crate types) 

t~u~ u~~u~ U~~ Ut;ifl:;UUUj;i1~ri~ 11~ i~ L~11~rlU~1~1"11 1 uiu LLUU~ Uj;lnt;i1'1rlU 

~~n1ut",u~1~11tl~fiU1U1A1uiUUUUL~~~'1~~1m'l1 (Shading mask) t~uu~~U'IU~~UU1~'1 
1;j:;1~L~~~'1"'~1m~1iui1'1Ltlut'i1u~~'11'1nfl~LtluL"'uff'liJ (Radial mask) U~'1U'IU~~UU1U~U ., " 
1;j:;1~LM~'1"'~1m'l1Ltlu,uL~m (Segmental mask) ~~'11'1nfl~ Ufl:;U~~U~U~~~~~1;j:;1~ 

24



H::)AIZONT AL VERTICAL EGGCRATE 

1 

SEGMENTAL MASK RA.DIAL MASK COMBINATIVE tvlASK , 
yhJ1: Olgyay (1992: 87) 

2.5.1 n1'5''i)'i)n LL1J1J"II'U1111LLft::M1LL ",U~"IIfHILU./~,r~LLIIIIII 

lum1tltmu.uuu.~'nr'lu.I')I')t!uL1'lr.11LilurA'tl'ni1F1'l1',JLi11'"1nu ~).J~1'11 ~L~tJ'lnU 
1Ji1L1.lnl>3,tl>31')'l>3tl1l;lmJ ~>3~).J~1>3 1 L~ti1t!U '"I:::t.lm.l11tJli1um1tltmu.uuLL~>3U>3u.I')I') tl')tJ~).J 
, ..J .J ..,. I ... ..._..,~ ... 
~1'11 'VlLntJ'lnU~'lu.~U'l'tl-.31')'l-.3tl1'VllJltJ).JI')-.3UFltl 

- ~).JL~ (Angle of Declination) ~tl ~).J~Lr11')~uLrltl-.3'"11nl')'l-.3tl1ti~U~1~).JriuL«U 

~uu~~: (~ffi 1:::U1U'Dtl'l«U~t.!U~~1) 
• ....J ...... 0... !',.., 

- ~).Jm:::'Vl1 (Altitude Angle) Fltl ~).J'Vll')'l'ltl1'VllJltJn1:::'Vl1'"1N'Vl1-.3u.t.!'lV!'1nu1:::u1u 

'Dtluvh (fi1t.!fhlli'li''ltJ''j).J~I') (Profile Angle) nU"j).JLritJ-.3 (Azimuth ~1tl Bearing Angle) 
-I . .. . .. ..,-1 .... 

- ~).JLUtJ'I (Azimuth ~1f1 Beanng Angle) Fltl ~).J"1).JU.t.!'l::::I')U'Vll')'l'lfl1'Vl~tJ 

n 1:::Vi 1nul; PlltA' ~>31 UV!tlUL;' 1'"1 :::~~ultJ'Vl1>3 ~:::tjt.!tltl n u.~ :::t;\tlUthtJ'"I :::~~ultJ'Vl1>3l; PlCfl:::tjUCfln 

. 'I'" ~ ".J.I"" -I ..... .., .J .. 'I" Azimuth ~t.!'IIn ~~nIl1F1L~Utl L1It.! u1:::L'VlPl L'VltJ Fltl~).J'Vll')'l-.3tl1'Vlt;\tJ~~t.!t;\1).JU.t.!'l1:::I')ULUtJ'I'VlPl ~~ 

~'lU Azimuth It.!~nt~nIl1F1LtA" ~f12-l).J~I')'l-.3tl1~IJIU~~t.!"1).JU.U'l1:::~UL~tJ'IriU~PlL~i1tl 
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. 
vh,n: Olgyay (1992: 87) 

- ~~~~ (Profile Angle) ~tl ~~~1::,rlJ'ntl~~'l~tl1liIJl6n1::li1LU1::U1U~~~1l1n 
nmJ\r~ ~1tltl1f"111 Pl1'1Jtl~~~IA'~ (Profile Angle) "l::LLlJln{Jh~l1J"l1nPl1'1Jtl~~~n1::li1 (Altitude 

Angle) LLfI::LUn11tltlnLLUU Pl1~~~~ ilfil'l1).ah"'ClJ~1nnrh ~~n1::li1 Lyt11::u11tlyt~tl~~1P11 

f"I'l1~ftn'1Jtl~~U~LL~~LLU'lUtlul~ 

L~UPl1'11tl~~~r;i1~ 1 ~ L~u'litl~nUn11tltln LLUU LLCNU~ LL~~i1~~UJU ~1~11n~11~ 
" • ." GI 

"l1n~~n11 ~1~ 1 ~~u 

~~n1ntl~ ~~1r;i (Angle of D8c1inliltion) tlfiU1U1~~>3;1 ~tl 

D = 0.4093 sin (2 1t ( J - 81 )/368) 

D ~tl ~~1r;i (Angle of Declination) '1Itl~~'l~tl1lifJl6 ~l.hUL1L~UU 

J ~tl t)U~ ~L;:)J,rU"l1nt)ULL1n'1Jtl-lL~tlU'1Jtl~n (Julian date) ~Uhj~\.IL"lL~tl\.l 

~~n1ntl~ ~~m::li1 (Altitude Angle) tlfiU1ul~,r~n ~tl 

at = arcsin ( (sinl) (sin6) - (cos/) (cosD) (cos (1t t112) ) ) 

ar ~tl ~~n1::li1 (Altitude Angle) '1Jtl~~'l~tl1liIJl6 ~\l'lUL1~UU 
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t 

~~'!Itl-l 2-J~n1:::vil (Altitude Angle) ~:;ilPll'!1tl-l~~tl~1u'1I/N1:;~~1-l 0 ii-l1tl2 til 

Yif'lYll-l'!ltl-l ~/Ntl1Yi ~Utl~ ~1 n~l LL U,)1:;~1J~;'tl Liiun~l 1t12 ~:; l1XPll LtlU~1J ~~n11'!1tl-l~~ LntJ-l 

(Azimuth ~;'tl Bearing Angle) tlfi1JltJl~~-lt1 ~tl 

J 
L~tl 

as = arctan ( - [ cos¢ sin m tl12 ) ] ) 

-[cos! sin + (sin!) (cosO) (cos (1t tl12) ) ] 

.. J . .. . ... ... I .. 

a. Fltl ~~L1JtJ-l (Azimuth 1Utl Bearing Angle) ~,)-ltl1Yl~tJ ~u')m1L~tJU 

c:II t I .... ~ 

Fltl ~lLL~U-l'!ltl-l~~~:;~~~ ~u')m1L~tJU 

o ~tl 2-J~1'; (Angle of Declination) '!Itl..:J~,)..:Jtl1Yi~u ml'Jm1L;;uu 

~tl L,)~l~,)..:Jtl1Yi~u ~\l,)UYlf'liltJ~'!Itl..:Ji') t~-l 

~~LntJ-l (Azimuth ~1tl Bearing Angle) ';:;Li~~ln~UUtl-lf'll luLLu,)'!Itl-lYif'l1~ 

LLfl:;~~U~l~ L ii~Ul~ n1 L~tltJhj~uii..:JYi f'I miltl LtlU1:;tJ:;Yll..:J 1t LL~:;11XYif'lYll-l ~..:Jmh') LtlU1J,) n • 

~1~11JYi f'lYll..:J ~Nil~ Ldtl L~~~l n ~UUtl-l f'll1 ULL u')Yi f'll~~~UYl,)UL ii~Ul~n1~uhJYll..:J miltl 

~ 1UYi f'I ~:::t)utltln LtlU 1:::tJ :::Yll-l 1t ~:; l1XYi f'lYll-l ~..:Jn ~ 1') LtlU~1J 1 un 1 1~lU,)ULL~-l fi1'J'~'!I1 ~ ~')U 

~fin11[;]1..:J 1 ,ru';:;~tl..:Jiln11FilU')ruii-l LL~-lfi11~"lIl ~1Ju~uEh LL u') ~~ L~~tl L'1Ium71 ~1-l ~;'tl ~,r-l 
~~ J . .. . J .. .r.'"I 'I I 

tl1F111IMUU~~L1JtJ-l (Azimuth ~1tl Bearing Angle) YlLn~'!IU';:;LuU~~ ~ULLU,)UtlU 1:;~,)1-l~~ 

~t11-ln-l (~UUtl-lf'llYll-lYif'l1~) n1J~~~Lii~;u~l~'!Itl..:Jr.J,r-l~~..:J~ln,ru 1 
.J.. ...r.J.,., 

~lJL1JtJ-l (Azimuth ~1tl Bearing Angle) '!Itl-l~')~tl1YltJltJ LlJtl~nn1:;Yl1Jn1JCJU-.'I 

~;'tl'1ltl..:JLtI~~hjl~tl~1uLLu')Yif'l1~ ~:::l;~11rul~~ ~~LntJ..:J (Azimuth ~;'tl Bearing Angle) 1~ 

';ln~~n11"'..:J~ 

J 
L~tl 

as ~tl ~~LnU-.1 (Azimuth ~;'tl Bearing Angle) ~\l')m1L;;Uu 
.. J.... I col 

Qe fltl fl(n}.ja~~tHlJtJ~ (A.zlmuth ~1tl Beanng Angle) ~WW~1~~tJU 
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... _ r ~ .J_.t , 
~~~~ (Profile Angle) '1Ifl~LL~~l'IrNfl11'1~U 'iI:;LuU~~l'lLn~'1IU 1:;wn~ LLU'J 

1:;U1uun~nU~~tJ1nm:;l'1'LJ '1Ifl~"''J~fl1~~U ~1u'Jrul~'il1n~~1 ~~d 

aj = arccos (cos a/cos az) 

aj ~fl ~~~'" (Profile Angle) ,-,u')m1L~UU 

at ~fl ~~m:;.yh (Altitude Angle) '1Ifl~"',)~fl1~~U '-'U'Jm1L~tlU 

az ~fl 1:;c;lU'1Ifl~~~Lilu~ (Azimuth '-'1fl Bearing Angle) "',)~fl1~~U ,-,u')tI 

"" L1L~UU 

.J '1'" ... I ..J.J" ..... 0, _ ... CI' lot • 

L~flLn ~~l'l11Un~~~tJ11~ 11'1Lnm'1lfl~nUJ;\1U'-'U~'1Ifl~~,)~fl11'1J;\tI L11n~:;J;\fl~l'l1 

n1rn1Fi1'11fl~~~1Ji1~ 1 L'-'fh,ru L~flU1Fi1'11fl~~~1Ji1~ 1 ~1~~1Ltluii'fl2Jft 1un11flflnLLuuur.J~u~ 
LL~ ~ LLft ;;;ritll,l~~ ;;;tltl n LLtJtJ~l,I L 11~ ;;;lA'tl'l L~tl n 1l,1LLft;;; L~tll,l~ IA'tl'l n1111l,lLLI'l I'l~'lfl,ltld rllJ"~ 1 '-J 

1flu,-,u1'J1u~~1Ji1~ 1 LLft:;~1l1Yift~~1fl1n1fi11uL'1I(;lF1,)1~flU1t1 (Comfort Zone) tl'ltlJ;\1,)~~flU 

1 .c 0 .... 1 ~ ~ .I ../ 
~ ULLr.JU1l1Yi 'II~LLfl~~L'1I~F1,)1~~U1t1 fl1'-'1Uu1:;Ll'lfil ~l'ltl ~l'ImllYi1:;l'lnl~Ll'lYi'1 L~tHO~1n 

LLr.JUll1YiLLfll'l~L'1IJ;\PI,)1~flu1t1 (comfort Zone) ~:;LUU~1LntA'fl~n11n11nULL~~tJ1ftfll'ln (tJ11~1~ 

1 .. ~ - --- II' I '" '" 1" 1J1ru~~llYi, 2539: 137) LLft:; ULF11fl~~fl'-'1).j~I'I,)~fl11'1~tI ~:;mU,)1 1'11~1'I1Ul'lfil tJlLLfl~LL~I'I~:; 

L if1).j~ ~I'I (Profile Angle) ~1q~ 1 UL~flUfiu,)1 F1~ L11~~l!nL~flnL')ft1flfln LLuuluL~flufiu,)1F1~ 
J ~" ..... " ...I" ... ~ J 1" 
L~flLn ~~,)ULLft:;Ll'lflULLft'J L11F1,)1~:;LftflnL')ft11'1(;lfl~n11~:;nULL~1'I ~~tI~~1nL')ft11'1'il:; '1Iflfltl 

fl1F111 ~~fl1F111LLlJift:;'IIUI'l1Ji1>lriil L')ft1n111'>l1u~ LL(;lnIJi1>l nUflfln lu LOfl L111~iuLLft:;L ')ft1 u~') 

Ll1ri~:;~1n11flfln LLUU t"'tlfl1 ~tI LLr.JUll1Yi LLfl "'~ (;l111~ tF1~ 1'11fl~ m~fl1~tJlU ~1'-'1).j~ 1Ji1~ 1 c;l~~ 
L~n fl1,) H LLft'Jf1~ lA'u ri~:; L'~~h n1 1flfl n LLUU LLr.J,.nr~ LL'" '" 

t"'tln11flflnLLuuLLtNU~LL"'''' LLt1~fln1;"ru:;n11flflnLLuuflflnl~Ltlu 2 flt.h~ ~fl 

LLCNU~LL~"'tJ11~LLU'JUflU L-rlu nUfl1~ '111t1F11 LtlU~U LLft:;LL~~U~LL~"'LLU,)~~ LLft:;lumri1~hJ 
fl1~11n l'LLr.J~u~ LL"'~ LLU')UflU '-'1fl LLU'J~~ L~U~flth~ L~tI') (vr~dt~tI~~11ru1~1n~~~I'l'J~ • 
fl1~J;\um':;~1~1hMn~~'iluLnulu ~Un11flflnLLuun1:;~1hJl~) ~~lUn1ri1'-'fl~d~:;~fl~l, 

~tin11~~nLLUUr.Jfl~1:;'-'~1-lLL~-lU-lLL"''''~1~LLU,)~-lnUtJ11~LLU,)U~U (fl~~l'lt UtJItl:;, 2541: 82) 
... .. ... 

2.5.2 n1'1ililnLUJU LL~~U~LLfi ""1)JLL 'U'l'Uil'U\4'1il LL 'U'l'1~"U (Horizontal 

overhangs) 
., 

..... ...., ... ... ..... 
n11flfl n LLUU LLr.J~U~ LL~'" LLUU J;\1~ LL U'JUflU'-'1fl LLU') 1:;~UU n F1fln11flfln LLuunu 

~1~ '-'1fl"ll1U f111t!ULfl'l 1 ~fl1~11ni1fl'lnULLfl'l LLI'I"'~fl'l L ii'1iJ1 cJ1UU1:;'!) '-'1flml1~1'l ~'l 

U 1:;~l'lfi1l1Yi~ :;;Ufl~ nU'1lU1 '" LLft:;~1 LL '-'U~'1Ifl~ LL~~U~ LLC'I 1'1 
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2.5.2.1 "',)1l.Jn,]1'l'1l~'lUCJ·:nr'lU~~Ut..!')t..!~t..! 

n11l.-l1"',)1).Jn,]1'l'1l~'ln11~t..!LLCJ'lU'l LL~~ ~:;~~'l1~ri1'11~'ll.Jl.J~~ (Profile 

Angle) L~U ri~t..! t~u" :;1A'~'li~1' ~~ n'l~1 t..!n11~~n UlJ1J~~~1't..! U~ :;L,)f'l11~ ~,,:;1im"'11 LLfl,) 

Lmri1'11~'ll.J).J~(;l (Profile Angle) ).J1l.-l1"',)1).Jn']1'l U~:;1oj{";1l.J).JLnU'l (Bearing Angle) U1).J1l.-l1 

"',)1).JtJ1') ~'ll.-l~nn111t..!n11il~'lnt..!LL~'lLL~~'1I~'l~U'l LL~1'I1JI1).J LLt..!')t..!~t..! ~~ '~'l Lil~'1I~'lCJ,r~ 
" .'1.... .... .J.. I "..J .. ~ .J "''' ... '1'" 

~1"'11":;lJl~'lU~'lnt..!l.J).J(;l(;l (Profile Angle) "').J"'1t..!~U"'~~"'1'l"'Plt..!t..! ''lm(;l~'lm1u~'lnt..! 

LL~'lLL(;l~lJl~~~~'lU":;IA'~'lHf"i1'11~'ll.J).JIJ1~~U~U~~~'1I~'l(;l~~~~'l~ 
2.5.2.2 "',)1l.JtJ1')'1I~'l LLCJ'lU'lLLI'I~ LLU,)U~U 

" ~"11CU 1 "',)1).J n']1'l'1l~'l LLCJ'lU'l LL~ 1'1 ~') U ii~:;,rt..!u~'l LL~ ~~ :;~1 ~ L~U~~ fl ~ ~1t..!i 1'l L 11 hJ1 U 

lJ1L,)cu~~~'ln1ffi1~LL~'lLL~~L111tln1:;"'lJ1~ ~umm1"',)1).JtJ1,)'1I~~LLCJ'lU'lLL~~Ju L11":;~fl'l 
1~f"i1'11~>3l.J).J LnU>3 (Azimuth l.-l1~ B8aring Anghi) L~Uri~U ~>3lA'fl'l Ltlu'(;l~n'l~'1I~>31'u LL~:;L,)fl1 
1 .J".. !'..~ ~ '" ~ '" '" 

(;l .",~:; 1,m Fl1m1~'1I~'l lJl~~ ~"'~1J LL~:;1 umm1t..!U" :;(;l~'ll.-l1"''l''1n'''1'l1'l1U'1U'D~'l'~'l Lil ~ 

LL~:;"'1'l ~1U'D,)1'Dt:l'l't:l'l Lil~~n~')mlit:l'l'il1nlJ1>3 ,.,f>3l.J).J LnU>3 (Azimuth l.-l1t:l B8aring Angl8) 

'1I~~'~'lLil(;l'1l~'l~1t..!~~~~'lm"iJri1~LL(;lnr;i1'lnU~~nhJ ~~;u~~nlJiiPl"'1'l'1l~'l'~'lLil(;lJu 1 

2.5.3 n1'1tltlnLL1J1JLL~'lU-3LL"""1)JLLU'l,f-3 (Vertical louvers) 

1 t..!1J 1'l n 'Hun 11~t..!UCJ'lU'l LL~ ~ (;l1l.J LL t..!') '1:;~lJl.-l1~, 1 U,.,1 LLr;i L i4U'l~th~ L~U,) hi 
.'1 '" 1" ~ ~ .., - Af:· '" .... I " ~1).J1Tr'~:;1J~'lnULL~'lLL~(;l ~ ''''It..!~:;YilJLl.J~~INm'''(;lu'''1l.Jl.J(;l~ (Profile Angle) ).J"'1U~Ul.J1n 

(LL~~'l~1~,)'l~1ii(;lu~~L~U 1 '1I~lJYl1) l.-l1~Ld~(;l,)'lmii(;luli1l.J).JLnU'l (Azimuth l.-l1~ Bearing 

Angle) ).J1n 11uL,)fi1Li1l.J1nU~:;thu).J1n ~,)~~1lilJlU~~~1LLfi:;iJl.J).JLnU-3 (Azimuth l.-l1~ 

Bearing Angle) l.J1n ~Uli11~1A'~'lU (;l"',)1).Jn,]1'l'1l~'l LLCJ'lU~ LL(;l~lJl1l.JLLU,)1:;~lJ~fln hl~1u11~ 

Lnutln~hJ).J1n L11m"H'LLCJ'lU'lLL~~"'1'lLLt..!,)~-31t..!m1nULL~~U"'t..! 
" 

2.5.3.1 '1It..!1~"',)1).J~ n LL~:;liPl"'1'l'1l~>3 LLCJ>3U'l LL~~LLU,)~'l 
.... ..... !'.. 1" I ..J 

'1It..!1 ~ "',)1).J~n LL~:; ." PI"'1~'1I~'l LLCJ'llJ~ LL~(;llJl1).J LL U') lJl'l (;l"1n "'1'11~'1~).J LlJU'l 

'1I~'l~,)'1~1Yi(;lU (Azimuth l.-lffi Bearing Angle) t~U":;~~'1l.-l1~~'1ri1~~ 1UL,)~1~L;1~~~ (~L;l.J 
"... ..J .. I ..J ..J1"" '" .., ~ .... I 

(;l~~m1nULL~~) LL~:;~1U."t'!~l.-lffilJ1Ul.J1n."t'!~ (." ~fl~'1n11nULL"'~) ''l~fl'lL'l~1Ul.J'''1~l.J 
J ..J _ '" _ ... 
LlJU'l).J1n"'~~"'1'1"'Plfl:;')u~~n LL~:; ."PllJl:;')ulJln • ... 

2.5.3.2 "''l1).J~'l'1l~'lUCJ'lU'lU~~lJl1).JUU')~'l 

'1It..!1~ "',)1l.J~'l":;l.-l11~~u1'~l.JIJ1", (Profile Angle) '1I~'l~,)'l~1Yi (;lu1u 
... I I 

vi1 LL ml'l~'l~ ~=n UI;I "'lJt..!~ ~'1I~'ll.-lU1vi1'l1 U '1:;l.-l~1'l L ,)~1Yi 1A'~'l n1'1i).J L'l1 ~'lYl'l1:;1''l'1l~'l LLCJ'lU'l 
.. II 4 1 
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Yl~M'n~U31U~h:J 1 ~L~m'tl-lnUn11tltlnLluuLlCJ,:nr-lLl~~;h-l~u ~11~~1).J11n 
~ Lf'l11:;~~'l LlU1~1-l 1 ~~~YlfiYlft~tln11tltln LlUU LlCJ-ltJ-l Ll~~ L~tJIij1nn11~ Lf'l11:;~LlU-l~1).J 

~nM'ru:;'tl-l n11fu ~h ~'l LlU1~ :;YlU~1 ~'l LlU1~1-l 1 ~ L~tJ'l;tl-l nu n11tltln LlUU LlCJ-ltJ-l Ll~~,rU 
."1 '" .I.J .1'" .I..J ,~~ ~ '" .1 ' , ~.I ~.I~ 
LuU~'lLlun1~liJl1nuruLufttJUf'l1 ~~ ~1iJn11tltlnLLUU 'II-lPl'lLlu1~1-l 1 mftlUu1:;ntllJ ~u~'ltJ 

..J ~ ..J:"I.J' .J_x l ", .J 
- "-IU1~"-Itl-llltl-l Lu~ "!lU1~"-Itl-llltl-l LU~¥'i-l CJft~tl Ll~-l L-llYl Ln ~'u U(;I'ltl1 f'l11'11,nnn 

'IItl-lLU~;:j"-lu1~1V1qjnUtliJ~1l~Ll~-:J~L'Ii1-:J[l1tJlutllf'111UtliJ;:jiJln~liJhJ~'ltJ ~-:J,rU'Ul~'tl-:J 
'" ..J:"I ~ ~... ..J ~ '" ..J:"I ~ '''' 

LlCJ-:JlJ-l~~'tl~lItl-:JLu~~-:J~tl-:Jl-J"-IU1~Yl~tl~f'lfttl-:JnU"-IU1~lItl-:JLu~~'ltJL"IIUnU 

0 , ..J:"I 0 , ..J ~..., .J _ X '" ..J 
- (;11 Ll V1U-l'tl-:JlItl-l Lu '" (;11 Ll V1U-l"-ltl-llltl-l Lu "'l-J CJft (;1tl ~l-J,tl-:J Ll"''''Yl Ln "'''IIUnlJlItl-:J 

LU"',rU 1 LYl11:;~~ILlV1tl-:JYln~ Latitude Longitude v11-:J 1 ;:jCJftv1tl~l-JLl"''''~~:;Ln~;UnlJ~'l 
J '''' ~.I 

tllf'111YlLl~n(;11~nUtltln~u 

- ~ILmtl~~f'lYll-l'tltl~'IItl-lLU~ ~f'lYl1-:J~I-:J 1 ,rU;:jCJft~tlItlLllJlJ'tItl-lLLcNtJ-:JLL~~ ~-:J 

lu~lu~4'mitl-:J IU LllJlJ'tItl~~Un1CutJ-l LL~"'~ LV1l-J1:;~l-Jri1V1fu~tl-l L1tJU : n11l~Ll~~ ~~1~ 
fi11l-J"II1~ Llft:;ft~n11ChmYlf'l'l1l-J1tlUL'1~[l1tJLUtl1f'111 (nUn'l11ru ~iULU, 2539: 126-146) 

;~1ij1nn1i)4'tJYllJ~1~tJn1nrtJ-:JLL~~~LV1l-J1:;~l-J1U~f'lYl1~~1-l1 ;:j~LllJlJ~LlPlnv11-:JnutltlnltJ 
'" .J~ '" '" ..J~ 0 ~ '" .!'!:i.J 

- 'lUL '1 ft1Yl(;1tl~ n11U-l LL~ ~ 'lUL'l ft 1Yl~tl-:J n11f'11U'l ruV11 L Yltln11U'l Ll"'''' LuUri'lYl 

~tl-l ~l'n-li1'l L Yl11:;~ f'lYl1-:J'tl'l Ll~'l Ll~~,ruiJn11LtJ~ tJULltJft-ltl~(;1fttl~ L'l ft11U(;Ifttl~t1 ~-l,rUt)U 
.J ~ '" ~ PI ~ 0....J 'I" ... .~ .... I ~ - 'I .'i" 'I'" 

L'lft1Yl (;1tl'ln11lJ-l Ll"''''Iij~ LUU'tItliJft ~1f'1CY L Yltl ~V1 LlCJ~lJ~ Ll"'l.4Ul-Ju1:;riYlfi111Yl LUn11u'l Ll~~ LU'lU 
~ ~ ~ 

L 'lft1UU LL~nlV11 niJ f'I'Jl iJ rntl'l n11L,x LLCJ~tJ~ Ll"l"lUuiJ tJ1:;~VI fi 111Yl ~ fttl "ll'i~t1 nf'l'J 1il n11Fhil~ i1~ 
'" ..J.!'! __ ."I"'.J .J "'I..J:"I 0 ..J~ ... 
'JUL'l ft1Yl L uU'1 ~'Jn ~ (;1 L Yl11:; LuU'JUL 'J ft 1 Yl Ll~'l Ll~ ~';:;ritl-l L "111 L UlItl~ Lu ~Yl1 ~l-J l-J1 nYl ~ ~V11tll-J 

tl1iJ1ruLl~-l Ll~~ L'1 ~tl1 f'l11l-J1n~ ~~ ~~,run1V11n ~tl-ln11L,x LlCJ-l nULl"l,rutltl'lnULl~-l Ll~~ 1~ 
tlU1'liltJ1:;~Ylfi111YlPlfttl~~'ln 

- ~LllJlJ"-Itl~LlCJ~tJ-lLl"'''' ~LlUU'tItl'lLlCJ'ltJ'lLl~",,rulun11tltlnLLuuhjl~utl~nlJ 
n11Lfttln L'~1 qt, rntl'ln1~~:;l, L YitJ~ ~ LllJlJ'tl~ LlCJ~tJ'l Ll~'" lUll U'J UtlU Lvh,ru Ll~~ LllJlJ'tl'l 

LlCJ'ltJ~ Ll~~,rutJnri1V1u~ L~tJ ~1 Ll V1tl~ Llft:;~ f'lYl1'l"-ltl~'IItl~ L1J"'~'l~I1.,xt Un11Lfttln,tl LllJlJ~~:; 
Ull-J1H1.un1rnfiiiJU1Ltl1Lln1iJL~tl'll'JtJLUn11tltlnLllJlJLlCJ~tJ~Ll~~,rU hj~I).J11nrilV1u"'zt1LllJlJ 

(;11tJ~'J~1 LtlUL YitJ~ ~ LllJlJ'tl'l LlCJ~tJ~ Ll~~ 1. ULl U'JUtlUL vh,ru Ll~lItl-liJnTntl-:Jfun11tltln LlUlJ 
~ ~ 

LlCJ-ltJ'lLl"'~l'i~ LLCJ~tJ-:JLl~~LlU'l~~ (Vertical louvers) Llft:;LlCJ~tJ~Ll~~LlU'JUtlU (Horizontal 
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_ 611 
.. ...1 ..., cI. .., ... -

1l1YfYl 2.11 'ilJLLtJtJLLeJ-:JnuLL""t1t11~1n'l~"'8inJL U!l3J 
" . " 

Aluminium Panel 

lenoth 6 m . 
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. .. 
Average Cost of Capital Wl~ WACC) 

....... ,"'' .,...... .,j 
'J'"IU u~:;qt'lPlU (2544: 282-306) n~I'JCl'lL·MJC.J~ Lum1 L'DPlUllUL~~U'!I~'l 

L~UllU (WACC) ~11un1ril~UmYlt'lliJl1Cl4'(;\l-'IL~UllU'"Iln~'JU'!I~'lL91'~~~ (Equity) L~u~~th~ 

L~U'JtlfUllU'!I~~L~UllU (Cost of Capital) ~~:;Hlunl1~Lf")n:;,x~U~'lllUf")'J1LilutlPln 
C.J~PI~UUYlu~t1f~~m11u~'Ju'!I~~L~I"!1~~ (Required Rate of Return on Equity) ~th'lhriPlliJ 

umYl~'Juhm.l,rn4'(;\l-'IL~UllU'"Ilnl-'~IUUl-'~~ L"IlU L~UfJ LL~:;~Ut'lI,rcy Lilut1fu t(;lu~IA'UllU"!I~~ 
L~ulluLLJ;i~:;U l-'~~t!u~:;ii t1fUllu~hj Lyil nu ~~t!u ~~~1 LilulA'~~iim1L~~U t1fullu'!I~~ L~UllU~~ 
o ... 0 ... .,j... . 
~IU'JU(;\'Jum1f")IU'JnJl-'IP1UllUL~~U"!I~'lL'lUllU (Weighted Average Cost of Capltal-WACC) 

~hj1"1llA'ullUL~.,.n:;1u~'Ju'!I~~L91'~~~ (Cost of Equity) L~u~~th~L~m 
l-'lnu11i'Yl1:;(;IiJL~UYlUL~~m1~~Ylu1U~UYl1Yl6 u~:;IA'~~m11m;-1 Lf")Nt'l11~ • • 

I ... 

L~UllU (Capital Structure) mil~UL~iJ UU~~ nl11m~:t1tlPln~'Ju'!I~~wii~u Uft:;~'JU'!I~'l 
I ... I 

L 91"!1~~ 1 ~f")~ L~iJ U m'"l :;1A'~'lr:; (;\iJYlUL ~ ~ A'l U ~'JUC.J t'l ~"!I~'ll-'i1 ~U u~ :;~'lU"!Itl'l L 91"!1tl'l ;'l ~'lU • 

~ LtlU'!J~'l L~I'!1tl'l m'"liJl'"11nnl ht'l:;t'l~l-'1tlm1~lmbu~Ut'lI,rcyrilA 

1Umrf11u'JnJlA'ullU"!I~'lL~ullullmh:;LllYl '"I:;1ilA'ullUl-'i~111';Lt'l~~ L(;IU 

t1fullU'!Itl~l-'n1:;u:;m'J (l-'i'l111';) '"I:;LYilnutlPl11(;1tlmrlmrnA'JuI11';~ur:;l-'u(;l LA Pll~ ~ Pl1m1 

... 
t1IUYlU'!Itl'll-'i11:;U :;m'J (l-'i'l111';) • = 

= kd (1-T) 

..J"" .. " ......... ..".: 
L(;IUt'l1 L l-' PlYl PI~~ f") I') PlUYlUl-' ft~1111!1'L Utl~'"I1 n tl')uun PI Uft'J I')tm LUU t'l1~11(\ • • 

U l1u Lilu~h 1i~ 1 U ritlUL~ UI11';1A LLL'I ft :;u11i'Yl''1 :;iiLf") N t'l11~ L~UllU~ L l-'iJl:;t'l iJ (Optimal 

Capital Structure) ~~ri~tl~,)UC.Jt'l~'!Itl'll-';1~u u~:;~'JU'!I~~L91'!1~~ ~vh1~11f")I'!1tl~~Ut'lI,rru 

~~~til ~~t!u u11i'Yl~t1f~'lnl1'"1 :;vh 1 ~~~ Pil'!1tl~u11i'Yl~'l ~ I') '"I:;nll-'Util Lf")Nt'l11'l L~UllU~ 
m~I:;t'l~u~:;1iLijULthl-'iJ1U (Target) l-'i'l'"llnt!u ~:;iim11:;(;I~llut(;lu""Ulm~1~LilululJll~ 

'" '" "'... ... 
Lihl-' iJ 1 UUUPI fttl (;I L'J ft 1 li'lU ~'JUC.J t'l iJ'!Itl~l-'U~U Uft:; ~'l U "!Itl'l L 91 '!I tl'l Pll ~ Lilll-'~ lU 1'J ~li'l 

IA'UYlU"!Itl~LLJ;ift:;~'lf'i'u1:;ntlut!u '"I:;1i1unl1f11u'JnJl-'lt1fuVluL~~U'!I~'lL~UYlU (WACC) Pll~ . '; . 
... 

• .... .oj 

~Pl1m1f")lu'JnJ til'lU 
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., 
Wd = ~ ~U'hu'1Itl-:J"v1u~U 

.-
Wp = ~ C1'lt1,)u'1Itl-:J~ulJ1~~Ylfi 
We = ~C1'lt1,)U'1Itl-:Jt1,)U'1Itl-:JL~l'11tl-:J 

... 
kd '" ... ~ I ... = IFIUYlU'1Itl-:J"v1U Untlt.l111M • 

.-
kp = ~ UYl U'1I tl-:J lX UlJ 1~ ~ Yl fi • • 
ks = ~UYlU1Ut1,)U'1Itl-:JL~1't1tl-:J • 

1 UlJ 1-:J FI f-:J,,:; L1U n~ulJ 1~ ~ Yl i LL~:; t1,)U'1Itl-:J L 4' I'll tl-:J 1') ~ nU~l L~U'VJU'1Itl~ 

L~l'11tl~ (Cost of Equity "v11tl ke) LL~:;~~~t1,)U'1Itl~L~U'VJU"tl~L~l'11tl~ (We) 

n11d,)~~1"v1Un (Weight) ~:;UC1'l1Fl1~~~ f'i11F11~Uqj~~ LL~~~lnU~lJ~~ 
(Book Values) "v11tlIFl1~l1F111F1~1~"tl~"v1~nYl1Yi!rLLvi~:;"h:;U'lYl 1UYl1-:JYl'lMD LL~,) n11d')~ 
.,., ... 
U1"v1UnIFl1~~IFIt1,)UUUFI,)1~:;U~1FI1~l1F111F1~1~ (Market Values) LL~ti'ln11d,)~U1"v1Uml1~ 

., ... 

~~ f'i11F11~Uqj~1n~ L~U-:JnlJ n 11d')~u 1 "v1 un L'11~11 Fl11F1~1 ~ ritl1~,,:;H' LL Ylunul~ ~,)U L "v1VJU 

~UYJUL~~U'1Itl~L~UYJU (WACC) ~~LL~C1'l-:Jn~~U'VJU'tItl~L~U'VJUt1,)UL~~ (Marginal Cost of 

" .J-!.r I 

Capital-M CC) L ~ 11 :;djulFluYJu'1Itl~ n111:; ~~'VJUYl L ~ ~'1Iu1 ULLIFI~ :;lJ1Yl 

mil-:JL1ri 1FI1~ ~U'VJUL~ ~U'1Itl-:J L~uYJul~flJ ~ ~ n 1:;YllJ"1 mJ,,{ U r;i1-:J 1 

~ln~lU lJ1-:Jif~{ulJ'hi'Ylhj~1~lnlFl,)lJFl~1~ 1U'tIru:;~lJ1-:Jif~{ul~1lJ~~m:;YllJ"lnULUlJ1U • 

1 Un11{ "'''v11 L~U'VJULL~:;U LmJ1U 1 Un11~-:J'VJu'lltl-:JlJNYl L tl-:J 

1) if~4'u~lJ"hiYl'W~l~lrflFl,)lJFI~l~ ur:;ntllJ~,)u • 
.., ~ ..... ~ J' '" 

1.1) tllFll1lF1tlnLlJU (Interest Rates) "v11ntlIFl11IF1tlnLlJU~~'1IU IFIUYJU 

(tllFlr1IF1tlnL~U) ~ln"v1;j~u,,:;~~;u L~11:;lJ1MYl~tl-:J';\lUlFltlnL~u1lX~f11UUn11L~U"v11tl~ntl 
...... J' ::.... ~ J'" 1.J " J' " 
~U1ilJ 1F11~-:J'1IU U~ln ~ 1 nuu "v11 ntll1l 11 ~ tlnLlJU ~~ '1IU IFIUYJ U Ufi')U '1Itl-:J L~ 1 '11 tl.:J ~~'1IU~,) U 

.!... .J·u....J ..\' 
LUtl-:J"lntllFln~~l1ltllJLLYlUYl ~~fl,)l~L~U.:J (kRF) ~:;~-:J"U 

1.2) tllFl11111'; (Tax Rates) tlI1l11111';il~~vitl~uYJU'1Itl.:JL~UYJU~')U 

L'IIunu Lrttl-:J"lntlI1l11111';1ftun11~lu')ru"v11~U'VJU'lltl-:J"v1~~U ~-:J djUt1,)U"v1rt-:J'1Itl-:J WACC LL'\ 

~~ n r:;YllJ'1Itl.:JtlI1l11111';fitl~uYJU'1Itl-:J L~U'VJUtl1"":; L ~ul~bJi ~ L "uun 
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2) i1'"1{U~Um'Ylt11l-J11ClI"1'"JUI"1l-J1~ 1..I1:;ntlU~'"Ju • 
2.1) ULUU1U'!Jtl-lLI"1Nt111-lL~U'YJU (Capital Structure Policy) L~ul..In~ 

U m'Yl t11l-J11Cl Ll..I~UULLl..I ~N LI"1N t111-l L~U'YlU 1~ ~-l'"l :;m:;'YlU ~U'YlU'!Itl-l L~U'YlU 1A''\..I'YlU''vt~-l1l1~tl-l ., It.... 
.." "" '" 

"vti1~u,rn'"l:;(;'i1n~l~u'YJu1ut'l'"Ju'!Itl-l L~I'!1tl-l ,)-lU'\..I tllUm'Yl vl~~u1'"11-nLL"vtfi-l L~U'YlU'"Iln"vti1~'\..I 
~ X %...1 1...1 " ... 0 1" ~ I 1« ..I.oj 

L~l-J'!IULL~:;~~¥'i~¥'i'"J'\..I U¥'i'"JU'!Itl-lL'"II'!1tl-l~-l '"I:;l-J~~'Yl1 "vt WACC V11~-l tlU1-l 1nV11l-J Ll-Jtll-Jm1 

.J "'''' ~ ~ II': .t a .... 
'Ylq ~'"I:;t'l-l~~ l"vt(;lu'YJ'\..I'!Itl-l'Yl-l'!ltl-l"vtU~'\..ILL~:;t'l'"JU'!Itl-l L'"Il'!1tl-l L~l-J'!JU LL~:;n'"l:;m:;'Ylunu WACC 

L"lIuL~un1'u 

2.2) uLUU1Um1~-l'YJ'\..I (Investment Policy) '"Iln1uV1tlU~u~nfil'"Jl-Jl 
Ll1 t1l-Jl-J ~~ 11 un 11~U "'1';'Yl'"l :;1:;~l-J'YJ'\..I L ~ l-J L ~tl'"l:;\1 1 L~U~-l'YJu1~l-Jl m!u11..1 ~-l'YJU 1 u~1n'"l L~l-J 

l"1'"Jll-JL~U-l'Yll-l~1n'"lhhl..l~uuLLl..I~-l tlti1-lhriV11l-J tllum'Yliim1Ll..I~uuLLtlM~n~ru:;'!Itl-l~1n'"l 
L"lIU Ltl~U'\..I'"Iln~m'"ln11Ln~mLU'\..l~1n'"ltltf-l"vt11l-J'Ylf~tJ ri'"l:;iJ~~vitlIA'U'YJ'\..I'!Itl-lL~'\..I'YJ'\..ILU'\..Itlt11-l 

l-Jln L ~tl-l'"llnl"1'"Jll-J L~U-l'Yll-l~1n'"l Ltl~UULLtl~-l1tl 
tlt11-lhri V11l-J LL2!'"I :;iJitl~ln ~Ul-ltl1:;m 1 n1:;U'"Junl11 unlnh:;Liiu"vtl 

I ~ 

~'\..I'YlUL~~U'!Itl-lL~U'YlU (Cost of Capital) U'\..I rJ1..I1:;LU"IIu1'\..1nl11-ndjuLnru.,rnl1t;1~~U~1 • • 

Cash Flow) 

m1~ ~~ ~m:;LLt1 L~Ut1 ~ LtlULI"11tl-lijtlnl1tl1:;d1uLI"1Nnl1~-l'YJU (Capital 

Budgeting) L~uVl'"l11ruln-l2J~Fll'!1tl-lL~Um2-Jnl~L'"J~1 (Time Value of Money) L~tl~I'\..1'"Jru"vtl 

Fll~HdjuLnru"1um1'"1:;vlc;'l~u1'"1~-l'YJu1uLI"1Nm1(;h-l 1 ,)-lll 

1) 2J~Fll~~{1ItlULL'Yl'\..ln11~-l'YJuif'"l'U'\..I (Net Present Value: NPV) 

2J~Fll~~(;\tlULL'YlUnl1~-l'YJuif'"l'UU (NPV) ~tl ~~j;Jl-l1:;"vt~I-l2J~Fll 

if'"l,UU"IItl-l ~ ~n 111..11:;"vttJ ~ ~'\..I'YJU~ ~-l-llu1 ~~ 11 uZtl vl'J L~U~ rn ~~ 1'"1 :;1",fu 1 uLLvi~:;n (;l ~tl ~ 

tl1fJ'!Itl-l LI"1Nm1nu2J~Fllif'"l,uu'!Itl-l L~U~"'IUtltln 1tl1l1U1~I"1Nnl1~ril~-lVl'"l11rul ru t1(;l11 
I 

I . .. , • .. 0 0 ~ .... I " " 

~c;'I1"11 (Discount Rate) "vt1tlI"11'!Jtl-l'YJU (Cost of Capital) 'Ylm"vtu~ '"IlnI"11UU1l-Jc;'I-ln~I'"J'!II-l(;lU 

m1~1'\..1'"Jru"vtI2J~Fllif'"l,uuq'Ylfi ~-l~ILilu~tl-l'Yl11Uitl2J~vil-l 1 ~-ld ~tl (1) m:;LLt1L~Ut'l~"'IU 
M'YJuq'Ylfi (2) m:;LLt1L~Ut1~fuq'Ylfi11Un{1l~tl~tl1fJLI"1Nm1 (3) 1:;U:;L'"J~I'!1tl-lLI"1Nm1 LL~:; (4) 

t1{1111~c;'IFll"vt1tlFll'!Jtl-l'YJU'!Itl-l~1n'"l LL~:;m1Filt.1'Jru"vtl'J~filif"l,ut.lq'Ylfit'lll-Jl'lClFilU'Jru1~'"Iln 
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'" 1 ...... 
UYlU 

NPV = L~-l (lE:;) t - lo 

n 

ESt = ~U"r'lUYH~''1'11u~t11:;\-luc;)1~ (Energy Cost Savings) 11EJU ~'1U~ 

t1~1EJn~ 1 n'l n 
, 

10 = L~h~~1EJ~'1"r'lU{;JtluG~LFlNn11 (Total Investment) 

= t1{;J11~c;),.h (Discount Rate) 

r11'tltl'l"r'lu~HLUUt11Jl11~c;)rh (Discount Rate) ~:;ijr11L~mnU{;J~tl~tl1~ 

LFlN n11U~ :;;Utl~ nl.J t11Jl 11 ~tl n LnEJ'tltl'l (;J~ 1 ~~ ~ ~'1"r'lU LCJ; '1Jtl~ ~'1tlt.h'lUtlEJ Fl'J 1ij r11'tltl'lYlU 

Ly)1nl.Jt1{;J11~tlnLntJL~uchntl1:;~1~~~'1"r'lul~fu 
lumrLfltlnLFlNm1 Fi1 NPV ~:;LL~~'11UL~U'hLFlNm1~rhft'l~~11CU1 

ij2ol~r11tf~"u'U~Ylfi'tltl'ln11~'1"r'lULUU2;j~r11LY)11\-l1Ldtl~u~C;) LFlNn11 t11r11 NPV iir11 LU'Ul.J'Jn 

U~~'1rj1CJ~t11:;LEJ"lIU1UtlU1FlIJlLdtlU1~1f1~2;j~r11tf~"uuLL~'JijFi1~1nnrj1L~U~'1"r'lU tiu~tlm1 

fFJ"r'l'UluLFlNmn1'Ul~fuCJ~lJltll.JLLYlu~~nl.Jn11~'1"r'lU LFlNn11"''1nfi1'J~'1Lu'ULFlNn1~~~Fl'J1 
~:;~'1Yl'U "''1Ju~'1Fl'J1LfltlnLFlNn11~lUr11 NPV LUUl.J'Jn~1n~~~ LL~n111, NPV L~tJ'ItlU1'1 • • 
L~tJ'J tl1~Yi11 uij;rtl~1 nc;) lun11~~~ul~ 1 Un11Lfttln LFlNn111~ LC;)EJ L~~1:;tlU1'1 ~'11umru~ 

LFlNn11ij'tlU1~~1'1n'U LL~luFi1 NPV ~LUUl.J'JnLy)1n'U "''1J'Un11~~~'Ul~lun11~,r1.J~1t'U Fl'J1 

~ :;~tl'lU1 LFlitl'lijtl~u~ 1t11:;ntll.J n 1~~ 11CU 1 Fl'Jl.J ~1t1 nl.Jn11 H r11 N PV 

2) t11Jl11CJ~lJltll.JLLYlUn11~'1"r'lU (Internal Rate of Return: IRR) 

v .. v 04., "v 
tllJl11 CJ ~ {;J tll.J LL Ylun 11~'I"r'l'U \-l ~ 1tJtN tllJl11 ~ ~ {;Jtll.J LL YlUYl ~~ 11.1"'1 n 

LFlNn11\-ln'l 1 ~'1 LUUt11Jl11~ ~r11 (Discount Rate) ~Yi11 U2;j ~r11tf~"UU'tltl'l m:;LL~ L~U~ ~~ Fl1 ~ 
rj1~:;~tl'l~1tJ1Un11~'1"r'lU (Total Investment) Ly)1nl.J2;j~r11tf~"U'U'tltl'l m:; LL~ L~U~~~ Fl1~rj1~:; 

1~fu~1nn11"'1LilUn1ru1:;"'tl~~ft'l'l1U{;J~tl~tl1~LFlNn11 ~1nf'11iltJ1~;r1'1~'U n11f'11U'JCU\-l1 

" t1{;J11CJ~lJltll.JLLYl'U~~r11 ~:;~tl'lYl111.J;rtl2;j~"''1il ~ tl (1) m:;U~L~U~~~1tJM"r'lUtiYlfi (2) m:;LL~ 

L~u~~fu~Ylfi11tJUIJl~tl~tl1~LFlNn11 LLfl:; (3) 1::tJ:;L'J~1'tltl'l LFlNn11 ~'1n11,ii1U'JCU\-l1t1{;J11 

CJ~~tll.J U YlWl 1 tJl'U ~:;~'1tl~l.JU~~~ ~ ~1Urj1 hJij2ol~ r11"l11n U~:;L~U~'1"r'lu~Ylfi Ly)1nl.J~U"r'l'UYl1'1 
" 

U'1J; t~tJij~~'11un1'1~1u,)ru "''1il 

-1 + ~n ESt - 0 
o .L.ot-l (l+IRR) t -
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n = tl1tj'tltl-.1LflNn11 (ij) 

ESt = ~U'YJUY'lft-.1-.11U~1.h~~tJ~1~ (Energy Cost Savings) 11tlU ~-.1UIJI 
U~ltlU~ 1 n-.1 n . 

10 = L~Ur.iltl~-.1l'1Ul1ItlUL'hJLflNn11 (Total Investment) • 

IRR = tlmleJ~;JtlUUl'1tUlltllu (Internal Rate of Return) 

n11~IU("HU~lrh IRR rif;)tln11~lrh Discount Rate ~lil1lX NPV iirh 

LyhrlU~UU (NPV = 0) JULtl-.1 nlrl1 IRR ~.J1nntjl~1tlL'YhrlutlI1l11eJ~l1ItlULLl'1U~~~-.1'YJUL~tlnH 
LtlU'"I~~~~ut'"lrintll~tjlLflNnl1~-.1mh'l djuLflNnl~tll~-.1l'1UL~m~''lU~'l ~-.1i1tUn11U1~L;1'U • • 
LFlNnl1'"11nrh IRR U~~ NPV .,~llXeJ~nl1~(;'l~ul"1uLFlNnln~1tlU!)L~1itflNnl1Ltlululu 
• ...., ., ... ..J, "" ....J ... ..J 1'" . ~ 1- I 'I' 

l'11Utl-.1 L~tl'l nu LL;J ~UU1-.1 n1t1Jl'1 ~lI't1tl ~~aJ 111 L"DU nl1U 1 L-.1Ul'1 ~ ~ULL;J~~u u ~-.1'YJU ~ m.J 

(Reinvestment) ~1tln11t-iMfi~nrhL~tl~11FlI UUU Double-Declining Balance Method LL'YlU 

UUUL~UI1IN (Straight Line Method) ritll'"1liltlX~I;Jtlu~1~'"Iln~-.1 2 ~fii"UU-.1rl'Ul~ ~-.1,r'U 
n1~'"Il1rulU1~L;1u1flNn11~-.1'YJU"ln~-.1 2 ~fi ~-.1~tl-.1~Ii1-.1n-.1~~~~31U~H1Un11~IU'lru 

.. .J ..... I.",,,, 
3) 1~tl~L'l~lfl'U'YJUl'1fllU-.1rl-.1lJ~f'llu",UU (Discounted Payback 

Period: DPB) 
I 

.... .. "1 0 ~.. .......... ... 

1~tl~L'lftIFlUl'1U Fltl 1~t1~L'l~1 (LuU'"I1U'lUU L~tlU ~1tl'lU) l'1m~U~L-.1U • 
~ ~~ fll ~tjl"1 ~ 1~1U"Iln Lf'lN n11 t UtlUI f'l11l ~1 ~11rlll" L lItln 1~ U~ L~U~"';\ ltl ~-.1'YlU~'Ylfil1ltlUL~~ • • 

3.1) n11~11~tl~L'l~If;)U'YJU (Payback Period-PB) '"I~t-iMfi Static 

3.2) nl1~11~t1~L'l~1 f;)U'YJu~~Ii1-.1n-.1lJ~rhtr"l'uu (Discounted 

Payback Period-DPB) '"I:::l-iMfi Dynamic ~1~11rl~IU'lrul~'"Iln~(;l1 
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Static Method ~::;1~'l,)"'L')ft1~u'Vp..lLrrm~1 Dynamic Method Liitl'l~1n Dynamic Method ~:; 

H m1fii1U,) ruFl'l LLl.Jl.J ~ :;~~~1 n'oj ft Fl'ltJ~'UU~tl'll1uYJU LLft::;'Yi tr'l'l1U~tl1:;~tJ ~ 1~'l ~ ~t1 ~11 ft ~ 

r11 (Disount Rate) 1um1L~tln LI"INn1n::;u:;L,)ft1~UYlU~::;LL~"''l1~ L~U~1I1tl'l1-nL')ft1U1U • 

LYlU'll", 1un111~Ylu~u Lnru"Vl1un11f;]~~u1~ ~tl fhl1tl'l L~tln LI"INn111~ tI"lNn11~ii'lLYltJ'l • , ~ 

'i' ... .. 'i' ...... .. ~ ,," .. 1" 'i' 
~I"INn11L~tJ') ~:;Lfttln ~I"INn11Yl~1::;tJ::;L')ft1I"1UYJUriUn,)1 LLlJlm~1~11mfttln ~YJn ~I"INm1~:; 

L~tln LI"INn11~1::;tJ::;L')ft1~UYlUUtltJn~1Lnru.,)~n1~u~ H tlth'lhri(;l1~ n11~~11ru1 LL~LYltJ'l • 
~ ~ 

1::;tJ::;L'Jft1~uYJuuuii;tlL~ulun11L~tlntI"lNn11 ~tl1fiil~::;1"Jl~I"I,)1~~ul~~tlL~uLi1q'Ylfi1u 
-J .J1".... ..J ... ,,~... ...., 'i' J ... 
ri')UYl ~~ ft'l~ 1 n-u')'l L,)ft1I"1UYJULLft') '!i'ltl1~~::;~ ~ ft IJltll.J LL YlU1l1 tJ~ft'l ~1 n n,)1 ~I"IN n11Yl ~ 

3) n1i)LM1::;~1"I,)1~titlu1~'J (Sensitivity/Scenatio Analysis) 

~9U LLft::;q~f;]U (2544: 354-358) mh,)~1 n11~LI"I11:;~1"I,)1~titlu1~') 

LUUL 'Yl F)~1"I1un111 Ll"ln :;~1"I,)1~ L~tJ'l~1n n11ft'lYJU~ LL~~'1l~ L~U~1'ojft rhtJ~,uuqYlfi~::; 

Ltl~UULLtlft'l1tl LY11 1", L~tJn1~u~ 1 ~1Ji'') LLtl11~1Ji'') LLtl~ii'l~1~11mtl~tJuLLtlft'l L"'tJ~tJ~4'tJ~u 1 
... , .J.. .I.J .1 .... .1 .... 1 ........0/ ~ .0/ 
~1"I11"1'lYl ~1tlLufttJULLuft'l~,)LLu1~ft1tJ 1m UL')ft1L~tI')nUL'Yitlf"lm:t1~ftn1:;'Yl1.J~tl'l NPV L~tl 

~mun11ruLtl~tlULLtlft'l1tl 
.... r '1': .1 _.J , .'"1 

Wl11 Ll"ln:;~ 1"111).JtltlU ~,)~:;L1~~ln~1l1,):;u n m'lU1~:;LuU (Most 

Likely Case Scenario) L(;\tJn11H'ojft~1~1"I1"'m1ru1t) (Expected Value) '1Itl'lf;],)LLtl1LL~ft:;tJ1') 

~1tlL1Un~ntlth'l~ii'l~1'ojft~1~1"I1~~1U1~:;ln~L~tI'lI"l,)1~~1'l~ln~~"'~Tvi1m11LI"I11:;~mru 

~u1~:;dju~1n~~~ (Most Likely Case Scenario) ~tr'l~1mrU ~'l~LM1:;~n1ru.~~~~~ (Best 

Case Scenario) LLft:;mru~LLtI~~~ (Worst Case Scenario) L~tJm1Ltl~tJUtJ1,)LLtl1LL~ft:;tJ1')1~ • 
, .. ~ , ,.J n" , . ~ ... , .I J . I 

~'lm1~1tl(;l1 nrYl 'ojft 1"11'Yl1"l1~m 1ru ') LLIJl LLm LLft:; LU1tJl.J L YltJl.JI"I1 N PV ~1 nm 1LufttiULLuft'l~tl'l 

IJi',)LLtl~'lL(;\tJtln~LL~,)Ltlm~lum1Lii~mru~~~~~LLft:;mru~LLtI~~(;\~:;tl,I~1tltJft:; 251u~ru:; • • 13 

~n1til~u1~:;Liju~1n~~~mtlm~lun1'1Ln~1tltJft:; 50 (1J~U LLft:;q~tJ1U, 2544: 256) 

m11LI"I11:;~1"I,)1~titlu1~,)~:;Luutl1:;LtJ~,rtltll'l~'l~tlm1tl1:;LijUf'l,)1~ 

L~ tI'l~tl'l LI"IN n11 tltl1'l hri 1Jl1 ~ n11tl1:; LijU~')tJ LL u,)'Yl1'l;ltJ'liiitl~ 1 n "'tl~Ul'l Liitl'l~1 niin11 

n1~U~'Yl1'lL~tlnl,rw~'Yl1'lL~tlnLYh~u 
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2.6.2 n11'fhu'lcu Life cycle cost LLft:: discounted payback period 

n11Filu')ru life cycle cost 

" I 

C01tlmUU +FhL~U~1ntl~nL~uLYltl +~u 1 

2.6.3 n11'fhu'lcutl1'::LijU1'::!I::L'lft1fiuYlu (simple payback period) 

simple payback period Luu~fin11Fi1u')rutl1::;Li1u1::;U::;L,)fl1~UVJu~1tl,~~).JVJu 
!"I I I .I..J .1 "" :I 11 .... I J (lJ) tlU1~~1mv.tlll')UlJ1::;ntllJn11~"'~U ~ Un11LfltlmLU,)"Yl1~'!Itl~n1ffitlnLllJlJ,)1L~).J1::;~).J"Yl~::; 

fl~VJu"i1tl hi ~fin11Fi1u')ruYi11~,,~~ (William T. 1983: 80) 

simple payback period = L~Ufl~VJUL~tl~rlIU ( C ) 

FhH'r;hU~flC01fl~11Un (A) 

2.6.4 n11'fi1U'ltUtlJ;l1'1jhU~ftP1'ilULLYlU (internal rate of return) 

internal rate of return (lRR) LUUtllJln~,)u~fllJltllJLl"Ylu~Yi11,x~fl~tllJLl"Ylu~1~1lJ 
~1nn1ru1::;"1tr"'~fltlC01tl1fJn11H~1U (lifetime saving) L'VhnlJL~Ufl~VJu-i~~).J~ (lifetime cost) 

..J.J~ "'.., J' '" 'D~1U"YlU~::;LUU11f\1lJlUVJU')~I'lLlJtl~lJlU (first cost) 

lifetime saving = lifetime cost 

D '" "" J' '" [ A P] = nf\11J1U"YlU,)~C01LlJtl~lJlU ( P ) • • 
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..I 
'U'VI'VI 3 

1fin11'''1 L ilu n11'14'!1 LL ft~Lft '111-3 il'il ttl'lf' u n11'14'!1 

-ll'W~4' tl1.n-n1 1~11'l~ltl uuuu 1U4' (Jl~1nJ1 1J11.,luY1''lltl1uYltN 1JI~1 (Jl u~:::~n1i1 L tln ~1 1 

~1-l 1 ~L~m'tl-lnUn11iltl-lnUFl'l1~1tlU'tl-lLtl~tlnmFl11'tl-lU1U~nm~tlL~tltl1~1~11-lLiju 
Xtl uuum Fl111'l'l u YlU (Reference Building) uf\''l~-lYhn 11'1 LFl11 :::If,tl'ol ~'tl-lfl1 Fl11~ULLUU 

., ., 
(Base Case) t(Jltl~:::uU-ltltlmUU 5 iU~tlu~~nr;\~~tlltli1 

3.1 n1'i~1'i'l~Lih.J,jil~tU''lil,h.:JU1u~nil1i!l .. 
o 0" '" I ... ., J J '" ..... '" ..... 

Yl1 n11~11'l~ LYifl1'lU1'l~'!ltl'ol~ ~1-l 1 ~lnLtln~11U~:::-llU'l~tlYl Lntl'l'!ltl-lnUU1l.mn 

m~tI~ln~rI1Uu'14'tlYi~~-llU '~1~-ln1nr~~l'1Yltl1~tl2 ~-lLUUUUUU1U~11J11"lU~1~1U 

u1U~nfl1~tl1uYlfl-lIJl~1'" tl1:::L1lYlU1UL~tI'l 2 iu ~U~1.n-~fltlhi~ln~1 150 ~ln-l L~1JI1 
Li~~ut(Jltln11~~ L~flnl'l'ltlU1-l tl1Fll1~tlfJn~11-l1uu1L'lru nl-l LYlYi'1 u~:::m~ru't1~ n11~n1i1 

.... ,''' !"I .. ... ~" I .... J' ..I1"..J 1 " 
mFll11J1'ltltl1-l~Lnru't1 ~Unl1'lLFl11:::~ ~(Jlun '1IU1"'tl1Fl11~n1iru:::YiUYl 'II~fltlll'l-lL'l~1n11 'II 

%.J J'..I..J :-1 I J' ..I .... .... I " tl'" 
-llUmFll1 n(Jln'lUYiUYlllfl-l LlJ "'lJIflYiUYl CJU-lfl1Fl11 (WWR) 'l~ ",nflMl-l L ~tlnmFl11U~::: • ., 
~n1iru:::Yl1-l~mUf;ltlm1~'1Itl-lfl1Fl11 n11L~tlnLnUI'l'ltlU1-lmFll1U1U~nm~tI 2 iul~Yht"'tI 

n11~~LnU'fl'ol~~lnn~~~'lflUl-lU1u~ritl~11-l1uu~,uu LL~:::1l1t11u 5 n~t.hu~.J1 t"'tll~ 
'tl'ol~~ln~ln~tl1:::ntlUn11U1U4'",~"" u1~Ylfu~11-lU1U LL~:::Ulu~n~'lUI'l'l~L~1'!ltl-lYhn11 

i-l~ 11-l L fl-l 'l un ~ ~ ~'ltlU 1-l~ 1 n ~tl 1:::nflu n 1 1U 1U4' '" ~ 11~-l 11 tI 'l ~ n.J~ il n 1 1~ "'Yl::: Lij tlUU 1~Yl1 U 

lJI~l(Jl~~nYlmt1 u~:::~1..J1:::nflUn1""1t1Ufltlr;i1-l 1 ~'Ju1~n.JUUUYl1-l~tl1UlJlfJnn~~:::hiiu'flU 
'\' "... I ~ tl !I" 1 ," '" ," ... 1" ~FlNM1-lL1t1U-llti LYifl 1:::nYlfi1l1Yi Un11nflM1-lU~::;n11Fl'JUFl~~UYlUFllnflMl-l n11L~fln 'II • • 
1'~"lrifl~11-l1Jl1~~lf;11"lUn11ritl~11-lt"'tlvT'lltl u~::;~11;nuYlfl-lIJl~1'" ~l~fun~~~'Jfl[h-l~ln 
umfu~h-lU1U U~:::u1u~n~'JUI'l'l~L~1'fl-lli1n11i-l~11-lLtl-l ~n1iru::;mFl11Ul-l~'lU9:::i1 
Fl'll~ LLlJln ~1-lYl1-lltl uuu~ mu IJItin 11~~ln n~l n ~ ~ l'l'JflU1-lU1U4' (Jl~11 U~t"'tl1'l~ nU-l Fl-l hi 

iU'flU~l n Liitl-l~ 1 nu~4'tlYl1-l-l1U~ PI'lm1~ tFlN~ 11-l LYl Fl\lFl'1fin11ritl~11-l u~ ::;~~1 rrn.l~tl 

2 q'll')tJf'l1t'\IIl11~1ffi "1. tm~u Lf'lntlll"1 "n1'i""'1J1lnnJ.,;i1J';1"fJ~,!nJffJJ1J~n1'iilfNn1J 

"?1JJ;fJ1J"fJ~,tlifJnfJ1"1'i11JfJ1"1'ilj11J,i!1?·l11,,1~1t'\tl1UI/lEmn~f'l1fll/lf ~ru::fltl1Ul/ltJm1~1'I1t'\l/lf 

·pi1fNnrnr~i-111'VltJ1fltJ, n1nJ1:;'~L'-l1~1n11L~1tl1i1tJ'rtfl-l-l1'Uu."'-l1.l1:;L'Vlf'!1'VltJ~f-l~ 3 23 - 25 

'rt~1:t1l1~).J 2550 tNU.1~1ui-1tJnM1tJ 4'-li-1tJ"nl-lL'Vl'rt '1 .. 



3.2 ~1ftt).:Jn1"il,r",ft.:J.:J1UUft:::tl1l1."n1"ith!JL'rIR'l1JJi't)U~1uLtI;t)nt)1R1"i 

~1u~4'tJeH'UU'l'Vl1~n11~4'm:n~~1~tFJ~tl1'Un'wnI'"t1-~ (Simulation Research) t""tJ~:: 
HL'Vlf'\ilf'\n11~1~tl~~fl1~n11'htJL'Vlf'\'l1~1tl'U~11,JLtl~tlntl1f")11~dj1,J~~eJu~Vi1JLL~::n1::'"tnu~:: 

";1n1nn~hn111i~i~~1'U'1Itl~tl1f'\11t11~~~ (Reference Building) ~1~'"t1nn11Lri1Jitllol~ 
~'lmh~,j'1'U~ntl1~tJ t"tJtl1~U ttl1um~ f")tl~~'l LlJItlf VisualDoe4.1 u~:;li l1'UitllJ~~fl1~ 

tl1n1f11Lll~tJr1tJi'l'UJ~'"I1nn1~~"liltJ~~'VltJ1L~tlU1eJ~~1~~1~~1,J1Li'J1,Jl1'Un11H~i~.:J1U 
3.2.1 ttl"iun"iJJ VisualDoe 4.1 

Lil1,Jhhum~Fltl~~'lL(Jltl~~~~1,J1t""u Lawrence Berkeley Laboratory th::L'Vlfll 
I 0-

~~1ltl L~1n1 li'll'ltJ Pi 1 'U'l run111i~ i~~1ul'Utl1f")11Lil1,J11 tJi'l t~~lJI~tl""l1~U t""tJtl1 ~tJ 

l11,JitllJ ~~fl1~mn1f11r1ui'l 'UJ~~lA'"t1nn~~ "lil tJ~1'VltJ1 ~~U 1~14' ""11.1 LL1J1J Lil'Ul~tf"Dil",,~ 1~ 1 

L'lI'U TRY TMY2 WYEC ~1tl~1,J 1 DOE 4.1 E Lil1,Jttl1um~~lA11Jn11~~'U1LL~::'Vl""~tl1Jf")'l1~ 

LUJuii1L~t.JUn14't.J'"t1n~'lt~mJ1lJ1~tl"1::t.J::L'l~1n~1 20 U ~--1U~ttl1LLm~1~11Jn11Liit.J'U~1,J~1 
.J -lot'" • ,,,,J, ... .J.J '" ...... 
'D~ VisualDoe4.1 U~ ~"'\ln1,J1~1 ~"DL~tl"D'lt.J~~1,J1~1lJ11n11u~:;n!J~~1t.J'VlLnt.J'l'1ltl,:m1Jn11 

f'\'l1JFI~n111i~i~~1'Ul1,J~~1t.Jtl1::L'Vlfll~'l t~n~n~'lt.J tl~rltl1:;ntl1J~in'1ltl~ VisualDoe4.1 '"t:;iJ • 
~~i'U 4 t'h'Ul~uriLOADS SYSTEM PLANT u~:: ECONOMIC ~~'"I:;";1ml1~~~U~n11Pi11,J'lru 

fl11::n1~1f'\'l1~L!jU '"t1,Jn~n11H~tr~~11,Jl'U~'l1,Jtl1::ntl1J~1~ 1 '1Itl~tl1f'\1~~1'U~'lu'1ltl~1::1J1J 

U~~~~1~u~:;~tln1ru1~~1 

VisualDoe4.1 '"I:;Pi11,J'lru1l11::n11";1f")'l1~L!j1,J (Cooling load) '"t1m1'"t4'u 

fl1tJ'Utlntl1f'\11~~1~uri n11U1f")'l1~1tl1,J'"I1neJu~fl1u'Utln n11U~1~~""'l~tl1.y;(JltJ~1u'litl--1 

ml1~1~ u~:;n11f'l~~'1Itl~tl1n1f11fl1u'UtlnU1~11'l~n1Jfl11:;n11";1f")'l1~L!j'U1l1ulUtl1Fl1~~ 
l~uri FI'l1~1tlU'"t1nrTlitl1f")11 f")'l1~1tl1,J'"t1n~~tl"h~~1U~~~~1~ LL~::f")'l1~1tl'U'"I1n~tlmnI 

oJ " !:'1 •• I_~ oJ • • G .,. G " 
Lf'Iffi~ ~'D mn1 LJJtl'U1fl11:;n11'Vl1f"),)1~Lt.J'U'"I1nfl1t.J'Utln~11(UJn1Jfl11:;n11'Vl1f")'l1~LU'U1l1U ~1,J 

ut\''l VisualDoe4.1 ri'"l:;~1~11rlPi11,J'lru1lU1"'1Itl~ LFl1tl~tlfutl1n1f11 u~:;m~1run11 H~i~~1'U 
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3.2.2 tu,.unnJ Energy Plus 
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hhLLnnJ Energy Plus Luuh.h-LLnnJf')tl~Yi'JLj;ltl1V1Yi~U1'11U~1LYitl'll'Jmfil'JmLL~:; 

~muiln 1Un11tltln LLUUvl'Jtl1r111L~tl LLU'J~'" LL~ :;",ft nm1tlttfmfYift-:J-:J1U ",1tl LUUtl1 rl11~'lI'JtJ 
U1:;",u",m1HYift-:J-:J1U1uvl'Jtl1f')1nrULtl-:J Luutu1LLm~~~~u1tc;)tJumV1 NREL 

Nick Long ~fiI'Jn1~~~u1tu1LLn1~f')tl~v.'JLj;ltlfiun1C:;-mh'J~1 tunLn1~ 

f')tl ~Vj'J Lj;ltlf~'lI'J tJ1 u~ 1un 11tltl n LLUU vl'J tl1 f')11Q titl Luun 1 n11 L tl1", ft n n 11V11-:J ~ 1Un 11 

tltln LLUUtl1 f'l11j;l1 ~",ft n~ fiI')m~1 t.J ~~ t.J ~1unu",ft nm1V11-:J ~1Um1tltln LLUUtl1 1"111L ~tl1,n~ 

tl1f'111~U1:;mr",m1H'Yift-l-:J1Utlt.h-:J~-:J~'J t",tJ1Uc;l'Jtu1LLm~V11-:Jf'ltl~V.'JLj;ltlf"l::~1~11f1~11-:J 

LLUU~1~tl-:J'1Itl-:J n11Yi ft-l-l1u~1 fl Uc;l'Jtl1 f')11 LL~::n 1 n11 Ltl1Yifl-:J-:J 1U"I1 nn1~'D1~ L;J1 ~11;-

tU1LLm~vl'J1",~ntitlLtlum1t.J~~t.J~1U'1Itl-:J tU1LLm~ EnergyPlus ~"I:;Luut'hu 

",fl n'1ltl-:J tu 1LLn 1~1 U~'JU'1Itl-:Jn11~ 11-:J LLUU~ 1~tl-:J'1Itl-:JYi ft-:J-:J 1U~"I::1 fl Uc;l'Jtl1 rl11LL~:;n 11 

"'~UL~tJU'1Itl-:JYifl-:J-:J1un1~'D1~~lHu1:;ttJ'Du1uc;l')tl1f')11 LL~:;1u~'Jutu1LLm~ SketchUp '1Itl-:J 

1J L~~"I::LUU~'JU"'fln 1U~1Um1tltln LLUU~'Jtl1 fl11 m111-:J LLUU 'J1", LLUUUvl'Jtl1f')11 ~-:J t.J~ flYi i 

'1Itl-:J mffitln LLUUtl1 1"111 t", tJ 1.rlu 1LLm~ vl,) 1 ",~n"l :;vi11 ,n~tl1 f'l11~ ii m1U fltlmJ1~ 1 ruf'llfUtlU 

..I~ ".J " ... 'I"'" I 'I. ~ 
tltln~1\1¥'i-:J LL'J",~tl~V1UtltJLL~:;~m1 ~'DYi~-:J-:J1UI1l1-:J 1 ~ULl1~lru~"'~-:J 

fl m;'ru~'1Itl-:J LLUU~ 1 ~tl-:J '11 tl-:J vl'Jtl1 f'l11il fl m~tru:: LUULLU U 3 iJ ~ LL~::~ 1~ 11f1 

~ LFln ~,rUUUtl1 Fl11~tltl n LLUU~l iiU1~a'Y1 fi 111Yi 1 un 1 nnun nYifl-:J-:J 1U LLfl ~n 1 '1 't iYifl-l-l1 U 1~ 
., ., 

~~fii1LYltJ-l1"'vl-:JLL~iul1ltlULLm 1 '1Itl-:Jn1111-:JLLUU'1Itl-:Jc;l'Jtl1f'111 tU1LLm~ OpenStudio LUU 

tU1LLnnJ~1;--:J1U~1tJ H L'J~11~u1U1um1tltln LLUU LL~::~ilfii1 H,",ltJ1um1~"'~-:J tU1LLm~ 
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Y1 i~~ 1'U~'U 1 ~'J'U tU1LLn '1iJ n 1 '1tltl n LLUU il~ LlU U'tItl~ 1J l~ ~ ~ tllUU tU1 LLn '1Wrl1~ ~ IU n 1 '1 
, .. ," 

tltln LLUUtl1 fll'1l Yitlni '1ntlt'l '11~ 

m1'1'JiJn'U'tItl~ 2 tU'1LLnnl'viI1m~U'1lLn'1iJfltliJli'JL(;Jtlf~t'lliJl'1mjI1ulflum'1 

tltl n LLUUtll fll'1(;JliJ~i n n l'1tltt fm;Yi i~~ lul~ lUUtlU 1~ ~ tU1lln '1iJ t11iJ11Cl t111~ llUU~1 ~tl~ 

'tItl~Yi '1!;tlIYi Vlu1 'ULL~~ !;r)u 'Dtl~nrj 1., :;lfl~ tlUtJ IUtll fll '1i m~tt'W!;l~ lTi fl'J '1tltl n llUU~UI ~1~ 
.. 'I" .... U ~ J ~ " ..... .. r 'I" ~ " .... ..J .!"!" .:; 

~'1tl L''Jt1~ '1!;111Y1 L~'UlYitl.,!; L~UILtl1Y1~~~I'ULLt1~tllY1(;JUiJl L'~I'U L~VlYlq~ lu'U(;JU Utln.,ln'U 

In U~ t'l1 iJl'1Cltltln LLUU Ll~:;Y1 Vl~tl~U '1:;~Y1fi 111Yi'tltl~tl1 fll'1~ l'11tltln llUU~'JU m '1ltl~ 1 ~ W) ~t tl 
J ~-" ,.... , .. " .... 'I 
LYitl~CJ~'tItl~niffitln LLUU'tItl~ In L~tln~'JU 'JliJ r1'JliJ l~iJl:;t'liJ(;JtltiniJ'l(;JiJlnUtlmYiU~ L~ 

Y11~~ fII'J n 1~ l;1 uu tU'1lLn '1iJ'J 1~ LLCJU~":;~ Iij,JUI tU'1 LLn '1iJ OpenStudio 1 ~iJ 

U ~.. .l' 'i' ..: " J ," ..I, 
1:;riYltiI11Y1iJln'DU L~U'"l:;lYiiJ~nL~U(;JI~ 1 'Dtl~nl'1tltln LLUU LL~:; l'tliJ (;Jtl'tltllJ ~'tItl~ LlUUYI n~ 

.... .... .. ..J ., .... v... ~ ... '" ~ 
mJ '11 fll'''tl~'}t1 ~ L YitlYl'"l:;U'1:;iJl t'W'11 fll't1tl~tll fl11 L~Y1UYll U'D'U(;JtlUW1'1tltlnLLUU W/tl LliJ m:;Y1~ 

J 'i' " " .... .... J 
m n ,tliJ LU~'tItllol~ ni1tltln LLUU l'D 1 nUn!l~iJIU m1tltln LLUU(;J'Jtl1 fll '1l Yitlfl'JliJt1:;~'J n'tltl~ ni 1 

---,-0 __ 
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t;itln11n1UL Yl1-:J~tl1~VlU "'1n1tl-:J LLi'l-:J;:j'!lU1 t'l1 ",qI LnUfl'J12-1~1 LUU ",1-tl hJ1~n n11Utl-:JrlU1>3 ~ 
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.. 'I. ....I... '1"./ 1.1'" 
fl'J12-1LUU ~umruYl2-ln11 ~"I!Lfl1tl-:J 1Utl1n1f'1 

". ./ 
3.3.2 Fhtf2-ltl1:;~Ylfin11n1UL Yl fI'J12-1 1tlU1'J 2-1 '!I tl-:J tJ,J-:J (U-value) LUtl-:JIOt1nn11 

n 1U L'Yl fI'J12-1 1tlU'!Itl-:J tJ,J-:J LUUU'"I4' U~ ~-:J tJ fl n 1:;'YlU t;itl n 11L ~ 2-11111:; L un 11li 1 FI'J12-1 LU U L un 1ru~;:j 

n11H'LfI~-:Jtlfutl1n1f'1 
3.3.3 1,,,,u1t;i1-:Jm:;IOtn 2 ,Tu ",1-tl2-l1nn~1Lrttl-:JIOt1nn11n1ULYlfl'J12-11tlUt.hu1tl-:J 
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1tl-:JLUt'l~d:lum:;'"In '"I1n111UUtln~111ULU 
.,Y. tl ~..£, " ... ~ ... ". ./ I 
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..... ~..J.... ... ..,... .... I ...." 
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4. ijFlrut'llJ~LVTlJ1:;t'llJnUt'l1l1Yi1Jijtl1mfil'Dtl-.3Li1tl-.31V1tJ 

5 . LilUrlt'l ,,~ij U U'l t UlJ~~:: 1~fuFl'l1lJiltJlJ liritlt'l11-.3tl1 Fll11 UtlU1 FI Ul • 

6. 1lJLu~i~~~~~'ij1 tl7lJi1'"1;;ritll~~n~i1'1J"v11IJltli1'DnlYi 
7. 'W LilUrlt'l~~ij LLU'l tUlJrj1~:;ritll~Lnc;)i1qj"v11~-.3 U'l ~~tllJIl1tJ"v1fl-.3 

3.5 1 Lft'11::'" ft11)J")J fhYl1-3 Lflfntti flf1ft "ivf;'B)JftnJ ~fi . ~ . ... 
-.31u~4't.Jihi1m'l~Lrl11:;i'Y11-.3Lf'I1M~fil1~Ulf (Economic AnCilysis) Ut'lC;)-.3n1'l~lU'lru 

1:;tJ:;L'l~1~lJ'VlU (Payback period) U~::CJ~UltlUUVlUn1'lfl-.3'VlU (Rate of return) u~:;,.i11ir.l1tJ 

Ul~tl~''l-.3tl1qm'l1i~1Utl1F11'l 20 U (Life-cycle cost) ~'ltJ~Ul'l~1-.3 1 r;l-.3~ 
., 

~fim'l~1U'lru"v11~~"'1t1~'UUt1V1fit'l1lJ1'lCl";1U'lru1~~1nt3Ul'l ,y~il 

N PV = Lf-l (:::) t - lo 

n = tl1q'Dtl~ LFlNm'l (U) 

ESt = ~U'VlUYifl~-.31U~tJ1::"v1tJ,,1~ (Energy Cost Savings) 'l1tJU ~~U~ 
Uft1tJU~ 1 ii-.3 n 

10 = L~Ur.l1tJfI-.3'YJUUltlUL~lJtFlNm1 (Total Investment) 

= t1Ul'l1ft~"'1 (E>iscount Rate) 

47



.. L~Utl"~1tJfI~l'JUl\l'I5 (Total Investment) 
.:J')t;W)fllF1U'YIU = ..J • 

• "'Ul'JU"i~~1ul'ltl~tT,,~';tln (Annual Energy Cost Savmg) 

life cycle cost (Pit)U) = ,.h1-D~lfJ11.!m1fl.:JYJl.! + ,.hUll.:Jfnlt1 +fi'hlyJyh +~t)mnfJ + 

~lL~U'"llntlIJl11L~ULYlt) +~u 1 

lifetime saving = lifetime cost 

O " .... x" [ A P] = nFllIJlU'YIu')t'l~LUt).:JIJlU ( P) • • 

m1,",lU1CU LCC (Life Cycle Cost, ~l~l.!YJU(;Jflt)t')m!Jr)p{m) ~t)m1FilU1CU~1 

~lH~lfJ11'-llJlflt)t')t)1!Jm11-D.:J1U'11t).:Jm"'11;..'ltJ1:;nt)ultJ~(H.Jt'lt)..'l~1U~~n~t) ~fl~1'11t)..'lnl1 

fl..'lYJU (Owning) , ';lH~lfJ11.!m1~lLnU..'llU(;Jflt)~m!Jn111-D..'llU (Operating) tt')fJn1nll~l 
.... J '1~, _ ... _~... .1 J., " .. 

Yifl 'N1U'YIt'l1'-l11rtfl~ ~~ ~ULLlJlfl:;U U1'Y1l..'l'-l1,) LFl1l:;~ Lu1fJU L 'YIfJU..'lUu 1:;'-l 1 CU'YI (;Jt)..'lfl..'l'YIU Ufl'l'"l..'l • 

,",lU1 ru~l' ~~l-JYJU'11t).:J U~fl:; U U,)'YI1.:J t~fJ ,",lU,) CU~11-Dr.llfJlJlflt) t')t)l !Jn111 '.:J1U ~1t) Life­

Cycle Cost (LCC) Ut\''l~.:J~1F1,)1'-l~'-lFh1Un11fl.:JYJU~'':;1num1~t')~.:J~tlnnunuLL~''''LLtJU 
CJ1I.:J 2 i~ ~":;t'l1'-l11m~'-ltl1:;i;'YIfiJllYi1um11'Yi~.:J.:J1U t~fJUU'l'YI1.:J~1~"lnm1~4'fJ":;LtJU 
'YIl.:J L~t)n 1~ntJt'l mtliln Ufl:;~t)t)n utJtJPit)Ut)~'YI1.:J FI,)l'-l ~~ 1unl1t)t)n UUtJ UCJ.:J nuu~"" l;tu 

t)U1F1(;J 
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4.1 ftm~tU::"1~n1!J1l1Yf'l'i)~'i)1ft1"i 

~1nn11AnM'1n~~~'ltlf.hl1j-l'U~ntl1~U 2 iu '1Itl-.3,nu'14'm~m;rtl-.3'11tl-.3 t'Hl1UUi)4'U 

Ylfl-.3-.31U ~l11fNnnU~\ni)'YlU1flU3 YlU'hflm~tru:;L~U1'l~~'lu1~n !'tItl-.3tl1Fl11U1Ur.t:;ihtJ'YlN • Ok!" 

-I J ... " ... ..I. ~ I 0 ... .... ...... ,,::.. .. 

i'lmftU~~U~1 ~~'lUVI'l1-l'1lUft1-.3i'l1~1U~tl~1f1 U1-l~ft-.3tl1~~1:;LUU-l~tl-.3'11UUU Vl1 L~Un11UU 

~'lU'tItl-.3~Utltln~1nLFlNi'l11-.3~fln (Cantilevered Beam) ~1tlfltlU,j'l-l~,r-.3L;r1hJ turn'l 

LFl1-li'l11-.3~fln ~1nn11tJ1:;~'lftn1Yl1'l~'tItl-ln~~tl1Fl11~nM1 tl1Fl11~1-l~-.3~ti1un11~1fttl-.3 
.;/ ~ 'I" ... I '" tJ~ ~ ~%.J J'..J.J :"t I 

LYltll'1nM'1n11 ~'!IYl~N"'1ULLft:;n11mmVl Fl'l1~1tlU~1UL fttlntl1 Fl11U ~ri~ri'lUYlU'Yllltl-l L1J~(;ltl 

J' ..J ... tJ " - ~.t ..J'I'" - .!"l YlUVl~U-.3tl1Fl11 (WVVR) 1:;~1ru 30 % tl1Fl11tl1..,tl..,~YlU'Yl ~'!Ii'ltlU1'l~ 255 1J1111-.3L~(;l1 Fl~L1JU 

~'Y~1ifi1tlUn1~1'Y (Net area) 213 (;l111"'~l:J(;l1 itJ~UUVl1"'~fI1U(;l~m1~~ft:;LLtJftUtl1Fl11 
'I tJ..J J ~ ~~ ..,. - .., .. ., ... % 'I 

LLi'lM ~U i VI 4.1 '!I-ln11I'1nM1U~~~1LUUn11"''lUn11LnU1'lU1'l~'tItl'Jfttl1Fl11Ylntl1''U ~U 

l1tl-llJ1ft1~ LLt\'lU1~1~1fttl-li'ln1Yln11nr~'lULtJ1LLm~Fltl~Yl'lLlJ1tl1 Visual Doe 4.1 Yl1tl~~-.3 
'1 LFl11 :;lfi'ln 1YlU qJ~1 LLft:; Li'lUtl U U'lVl1-l L~tln L ~tl Ltl UU U'lVl1-l 1 un 11tJ futJ t-ltl1 Fl11~tll 111 U 

tlU1FllJ1 

... ~ • ~ "..J ~ ~ ~ ~ J' ..J I ~ 
mrul'1nM'1V11n11I'1nM'1 U1UL~m'tlU1~nft1-l 2'!1UVI'l ~11 L~U~YlUVl1J11-l 111Uft:;LtlU~ 

~-l~tll11n 

Sf ~u~ ((ij111~L~(ij1) ytl~ 

=-'!IU 1 

Sf ... Sf .. Sf 

55 Vltl.:J1UU'1In LLft:;Vltl-lnU'1I'l'l 

3 ~'li'ltJrl1t\f'I l1"n nr "1. flrt"lU Lrl11:tllJf'l1 "Tl1nfIllU1Ln nJ"'.fU,{17fJ~" nJffJJll""i Tl1rufNnu 
"?1JJ;fJU'IfN,tlifJnfJ1"111UfJ1"11ti1U'~tJ?·111~1'!11t\tl111"tJnm.J1'I1t\"f ~ru::t\t11i1"tJn1nJI'I1t\"f 

'~1fl.m1nh.Jln1'Y1tJ1itJ, mnJ1::'Il~L;~1'!11m1L"'1fl1i1tJYti'N1uLLl-i,nJ1::L'Y11'11'Y1tJ"'f~~ 3 23 - 25 

Yttp:t111"'~ 2550 '11~LL1~1lJ\mnM1tJ 4'~\l-)"nl~L'Y1Yt ., " 



Sf, 

s. ~u~ ((;J111~UJ(;J1) "'tN 

s. ... 
9 "''fl~''fi 

~'fl~";mJ'flU LL~~UU't~ 38 

",:' "G 
"''fl~U11 LL~~"''fl~Lmj'JI'fl~ 9 

l1)J~U~.jU 1 111 

:. 
'DU2 

~'fl~U'flut",qj 50 

s. :; 
"''fl~U1 2 6 

~'fl~U'flU2 21.60 

~'fl~U'flU3 18.40 

s. ;' 

"''fl~U1 3 6 

l1)J~U~.jU 2 102 

1"UJ;{uil *.:J'UI" ~>I "'"v 2:13\f 'W'·,I-c ",,,,' . '; "~if<;; , ""~'Hf'J.t"c.,,":,.,<¥ ~;': 
. ' ' ," ,," 3i{" ~@" ,', 'O:~':f ',i", ,' .s,:;;:' ' . ;h'!.:i£c" , ~".'",n,. 

~ ......~.I... .1 .¥ l;:. .1 ... 
1l1'WYI 4.1 LL_".:J1'1!1i'~L'8!1"'I'8~n1'W,..nH1 lJ1'~n'8tJ"'l!l LLlJi'U'WU'lfu 1,2 LLi'~1'lJ"1U . - .. -. '.' -- - - . - - . - - - - - - - . - - ~. - - - ~- - ... - - - - . - - - - . - - - - - .. - - - . - - - -- - - ,, - - . ~ 

'81A11' 

8DIIIOOII " 

I !III """ III 111111 

w.c.;) 

! L 

IIEDIOlII 7 

I 
.- ['\ 

!C.~ 

~ 
.--' " I .-

1IAS1(ft IIEIJAOCII 

• N 
I 
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~ 

1,1,1,11,1,1,1 rn 

'r'!~rn~ 

~U 

~u~ 

~1L"'j;!1U1l1t1Ufln 

~qL~"'-lW:l':j!Jlu 

~ft~fl1 

l.h·::~ 

... I 

~U1"1~ 

, 
I \ , 

t-;- I , t-;--, , 
~, II--

\ , 

ELEVATION A 
WWR 30 

"8n,,. 

~u~;ufh~ 

~~~"fl~m 
~U~;UUU 
~,,::!,'" :-
nUYI,"fl~U1 

~U~';'l'hJ 

~U~~fl~U1 

n1::L~fl~~fl~"'1' 

Li,.. '" u,JL Uti 

'l~nu 

U1UtJr.:~I11t1Ufln 

U1UtJ'::p,\I11t11.U 

U1utJr.:p'\\lfl~ulm1 

'l~nu 1 

\J1UW1,j'~';'l'tJ 1 

'l~n\J 2 

U1UW1,j1~li'l'tJ 2 

.. 
'r'!~~~~!~~ 

~u~l'Iflun1"tij;!Li'NR1L~p.J 'lIUj;!~flU 

~u~l'Ifl~n1~~flflnu~ 

ELEVA nON B 
W'NR 30 

... G .. 

~~~~n~~~ 

n1::L~fl~L'lIl1ijn 
... ... 

flfl~n1"'f11UL'ltIU 

~u~l'Iflun1"tij;! Li'NR1L~p.J 'lIUj;! Lit.iULWU WLdflLi;~ 

I'Iflun1'-',"flflnu~ n1::L~fl~L'!Il1ijn 

rifltiS).Iflty ll'l'f11U~ULWU 'VI1~U1"'~1~;jn 

rifltiS).Iflty ll'l'f11U~ULWU ,~, .. 
n1::LUfl~L'II1'l).ln 

~1' UJUIl Lit.iUL1t1U Yl1~,l1"'fl1~;jn 

~q!itJ').Iutlf" ~:- .. 
!VI'-l U'-lVlfl'-l""A 

WLdflLi;~ 

UjL~flLi;~ 

\J1uH.D.F. 

U1UYU'1~;jni~L"'11::lf (PVC) 

WLdflLif~ 

WL~flLi;~ tJn';nn1::~n1.t\ 

fltJiiLiltl).l ft Powder Coat 

fltJijLUtI).I ft Powder Coat fJn,;nn1::~nl~ 
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TYPf3 1"~ (w/m2°C) U-valu~ $H~C 
... m'::Lrl'fl~UJLiltJ ~1L~~1U "'t'NI'l1 

, 
!h.l-rlJ1Jflf~"'U1 9 lJlJ. 1.365 

... nfl~3~11J~U~~111tJ\U ~U~ 

111tJUfln "'U1 1 0 ~lJ. 3.473 

" 
, 

--"'U1~1~ 1J1Ufl~lJLUtJlJ "'U1 1.5 lJlJ. 

m::~n hI' 6 111J. 5.871 0.73 

4.3 ft n1!ttu::".q~n77lJn17"l,r~1U'I'il~cr"n'il1"!J 7::UUL ~,"1 LLff~ff11~LLft:: ., 

LI'l;'il~"l.' ~,h 
" "1 s-., " ". I al""., I "u~ 'Yl1~~1U~1l1Y'lLL'l~flfl1J1l1t1 Utl11'l11 ~'l"t1 L~m"'U~f'l11'l~'Yl L'l~~lJIfl L U 

1. 41U'lU~tl1~t1 4 I'lU~fl",tr~ 

2. ijm1~~vr~LI'l~fl~ufutl1mf'lL~Y'l1:;iu 2 (~fl~UtlU) LvhJu 

3. ~~rht1ru"'1Jijufutl1mf'l~ 24 fl~fil1L'IIflL~m'l 
.... 1" ../ u'" 1 " '" 11 4. 1Jm1m"'U~L'lfl1m1 'IILI'l1tl~ nJtl1mfil U"'fl~UflU~~U 

'" '" r r 1"..,j U V 

4.1 'lU"U'Yl1-film''':: 'IILI'l1fl~ nJtl1mfilL'lfl1 20.00 - 06.00 u . • 
., %.1 r 1"../ U'" 4.2 1~"'!J~~~T1U~1'" ,,;; . 'II~F)1tl~ 1tJtl1mfat~1~1 21.00 - 08.00 ~. 

5. ~~LL(;]r)u4'u'Ylf-"lnfih",u~1~iJ~tl1~m~1J~1u'lU1U 1::"'~1~L'lfl1 18.00 - 07.00 U. 

6. r)u"'!J~~~nu~1\fn1",u~1l1ij~tl1~t1~~Liju~1U'lU 80% Vlflfll'lL'lfl1 24 i'l'U.J~ 
7. m1HY'lfl~~11Jl~Yl1LL~~~~1~':;1U'lru"1nLL1JtJrifl~11~ ~~ LUU 7.53 WatVsq.m. 

8. m1H~tr~~1ul~Yl1~um'~~LUU 8.61 WatVsq.m. 

U r../ 1 ~ .. I-~ all "u "t v r ../... ../ ~ ., 9. ~ mruLMfl~ 'II Ln111'Yl 'II 1::nfl1J~'lti 'Yl1'Ylf'lU 3 L1'l1fl~ 'l'Yl!JLI'l1fl~Lritl~ 2 ,~ ~~ 

~ tOO ../ .. r - r "t .. 1 ..,j "" ..,j fl1JlJI~ VI:; 1 L1'l1fl~ I'ltl1JY'l'lLlJIfl1LLfl::Y'l1ULlJItl1 2 ,~ LlJI1 L1J 1'l1L'l11 1 L1'l1tl~ "'1Jfl'1~'II1'l 1 L1'l1fl~ 

..,j .~" ../ ..,j" ~ ..,j 
~mtl~Yll~11tl~ 2 ~F)1tl~ ~fl1fl~if~lJl 1 ~fl1fl~ 

SWII ..... 
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Electricity Demand Summary (kWh/sq.m.) 

L ii~'1"1 nn 11~~n LLUUU1U~ nm ~U 1 ul1",uuii ~1)1 ~'"fll n'"fll UYll'l ~luitl 'h'l U,fl:; 

~ n1;'ru:;"tI~'l Ltlft~ n~1 ~11 tl"lU L'tl~1 :;~ti 1'1~'1"t1Ul I"I"tI~'1'~'1 LU ~;'1,,:;;1 c.Jfl [;J~ nl1 H'~ ~'1'11U 

~'1,r~Yll'l rf14'U~'141 LiJ~~~'1Yh n 11~tl1uu ~ ~uu n 11 H'Yi ~'1'11~1 Yh~ 1 "tItl'lU 1~~ n~l ~u~ ~ 
% -J .J :-t ' J' .J., ~, ..: 1" .. 
l'j~l'jI)U"'ll~'1Lu~[;I~~UYlc.JU'l~1~11[;1'1LLIJI 10% -100% (WWR 10 - WWR 100) L~~ ,"Yll1UCl'l 

"hn11H'~~'1'11U1\i"tl\il1"1il"lfhU'~'1~u~~~nLJil'1nu ~'1LLMI'I1U[;II11'l~ 4.4 

BASECASE (Single ClearGlass 6 mm) 

(Window to Wall Ratio, %) 

,,,,h8n1,'4'lMM1,;tliI (kWhIyear) WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

10 20 30 40 50 60 70 80 90 100 

(Ughting) 1,767 1,767 1,767 1,767 1,767 1,767 1,767 1,767 1,767 1,767 

(Appliances) 6,701 6,701 6,701 6,701 6,701 6,701 6,701 6,701 6,701 6,701 

"ti+nuurutl1mff (Cooling) 6,772 7,785 8,619 9,653 15,033 

"".11 (AIC Fan) 1,531 1,760 1,957 2,198 3,435 

~m:AL 16,771 18,013 26,936 

79 85 95 101 106 111 117 123 126 

(kWhlsq.m.) 

54



"1n~ 4.4 l'hll¥1111u~~,hn111i'YHr~ ·null1Yh~tln"tl~tl1"11~ULiUU 'lWVR30 tl~~ 
19,044 kWh/year t~EJ~R1Lll~EJ~tl(;l111~L)J(;I1Ll'hnu 89.41 kWh/sq.m. IJ1tlU 

27000 

24000 

15000 f-------"---'----'--------7---.-Singh~ q~~r ~I~~ ~ mm 

12000 , " ----------------------

"1n[)1'Yi~ 4.5 LL~"'~n111-n'Yi«~,nu1vHhlJ1tlU"tl~U1u~ij~"'~'lU 'lWVR 1 0 ti~ 'lWVR 

1 00 'Yiu~1n111-n'Yi «~~1Ull1YhUfutl1n1 f'I LiUnJU t~EJ (;IN nu~ ~~'lU"U1 ~"Iltl~ LU ~~tl~U~ C-IU~ 
J ,.t ..J .... .t ..J ... u" ~... ~ «4 , 'I " 

tl1 Fl11 '!I~"'~lEJFl11~11"~1 ~Yi~'Y1 n1~" nnUYiU'YI ~~'H ~tlntl1 Fl11U1~rmtl1nEJ~C_J~ (;ltln11 ~'!I 

'Yi«~~1U1Utl1F111tlth~)J1n C-Ifln11..j1fltl~Li~~~1l¥L",u~1t1(;1nn11H'Yi«~~1Ull1YhL~)J;u"1n 

t 
..J ... , 1"1 t..J ... , 

79 kWh/sq.m. Utl1"11l1)JFl1 'lWVR 1 0 ~lJU 126 kWh/sq.m. Utl1F11111J:jFl1 'lWVR 100 

WINOOW TO WALL RATIO (Window He.ight = 3..S m.) iii....... . ...... .,e ... 
'IiI.:I " 'luytUYln"l::"'In"ilytUYlUU.:I'IUYI 2 

Height Unit 

WNR 100 3.5 metres 

WNR90 3.15 metres 

WNR80 2.8 metres 

WNR70 2.45 metres 
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WINDOW TO WALL RATIO (Window HeiQht = 3.5 m.) 
tft tI .....a • ... ..a.., .f...a 

"IItJ.:J " 'lU"UMn"1::IilnfltJ"UMe.lU.:J"IItJ.:J UM 2 

Height Unit 

'IfflR 60 2.1 metres 

'IfflR 50 1.75 metres 

'IfflR40 1.4 metres 

'IfflR 30 1.05 metres 

'IfflR 20 0.7 metres 

'IfflR 10 0.35 metres 
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..1 t1'- 1 I 111'rf'VI 4.6 111'rf~ fl1'U A LLftZ B 'U WWR "'U1f1"1~ , 

ELEVAnON A ELEVATlON B 
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..I , 
1l1"YI 4.6 (~tl) 

tI',,,~,,,,,, 
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j , , , 

EEEJ 
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EEEJ [:EEl 
----
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...: " ..Y.J .r J I .r J"" ... 'i' I 'I""" ::. 
L tJfl'l ",/JU l'l '" l'l'JtJ .... tJ'Yl m:;Iij n IJ1fl .... tJ'Yl ~tJ'l":;~ ~ ~ ~'" U IJ1 'N IJ1fl m 1 ~ "JI .... ~'l'lltJL .... 11 :;ll:;tJtJ 

t tJn1191 ~fl'l ~'JU hJ1LLm~ VisualDoe4.1 ~{u~'ll~~l ~fl'ln11LmUU L YlmmU'l'Yl1'l L~fln 

mFl11"J1U"'f1l1'l 1 nu WNR 'tJ1"'~'lLLf1l WNR10-WNR100 Fl'Ju~hJ~'JuntJL~flt~'Y111U5'l 
... 

tl'J':;~'Y1fi111""'!Jfl'l~tln'J'tUntJLL"''''LLUU~U'l 2 ;tJLL~:;m:;"ntl1:;~'Ylfi111""~'l 

Iij1n~~n1191~fl'lm1H""~'l'l1tJ'fl'lfl1Fl11IiULLuu (BASECASE) ~'l1'Ltl~flnfl1Fl11 

LiJtJ~U'l rlflt1 31l1U~tJLL~ :;m:;Iij n 1t1.jtJL~U'J"'tJ1 6 ~~ ..... u~1~hn11t' .... tr'l'lltJU'l nfl~l~'1 
'lltJ~{u;l~'l1~t111'lmf'l11'Y11'lL~fln (ALTERNATIVE CASE) LLUUv11'l1 1fmltln'lfl1Fl11 

'Y11'lL~fln~i1n11HLL~'1ntJLL"''''LLUU~oJ'I 2 .jtJ~~"'i1'JtJn11U'lLL"'''''tJ1'''rA1'1 1 ntJ L~flU1~1 
~Lf'l11:;,rLL~:;LmUtJLYlUUnum1t'~MlLtl~flnfl1Fl1'J"'J1il"'~tJ 1 L"li~ m:;'"tntl1:;~'Y1fi111""~'1 LL~~ 

"" " lltJ'JtJntJf'l'J1~'J'fltJ 

'i' J. 'I". tl..J 1.1" .. ::. J ... 1.1"" 
~j;)U'Y1'"t:;m"'tJj;) ~~'Y11m1L ~UtJL flflnfl1f'l11'Yl1'lLflflnLll .... 1:;"JItJ 2 'Ylt.Jn11 ltlmmfil 

Lyh~tJ L"'U~'"t:;Yi1m1~1~fl'l~'JULtl1LLm~f'lfl~~'JLlJ1flf VisulDoe4.1 t",uYi1m1~n1!t1L~fl1~ 

'Y1'J'1U5'1tl1:;~'Y1fi111 .... m 1 H .... ~'l'lltJ'fl'l Ltl~flnm f'll'J"'J1Uj;) rA1'1 1 L"'mfl{ul~ LLtl'll~~oJ'l Ltl~fln 

- Ltlfi'Bn'B1f11'l ~1~Lfi'BnLtlfi'Bn'B1f11ru1u\in'B1.r!l ~1~Lft'Bn 

BASECASE c.JU.:J c.Ju~ri!ltil).J!lcyiuLiitl'l + 1l11J~U 

n1~lIIn 
1 :. .. 

n1~lIIn ft'llUL~tl'l'l.tU1 6 ).J).J. 

'B1f11,",1~Lfi'Bn A c.JU.:J c.JU.:Jri!ltil).J!lcyiuL~tl'l + 1l11J~U 

nr;lIIn nr~,,!n Qouple Low-E 

'B1f11,",1~Lfi'Bn B c.JU"I c.JU"Iri!ltil).JtlcyiuL~tJ'l + 1l11J~U 

n1~'~m n1~,n Double Reflective Glass 

'B1f11,",1~Lfi'Bn C c.JU~ c.JU.:Jri!ltil).J!lcyoi'uLiitl'l + 1l11J~U 
n1.~~n n1t~nlftiuLii(JQ'l.tu1 6 ).J).J. 

llU'lU llU'lUriUfI'l1).J1tlU'l.tU1 3 il'l 

'B1f11,",1~Lfi'Bn D c.JU.:J c.Ju.uitltil~!lqjoi'UL;ltl'l + ll"l1J~U 

m'~~n n1~~nlftiuL;ltl'l'l.tU1 6 ).J).J. 

LLc.J.:JnULL" " u.:J~~ii 60% 
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." , 
"1"11-3'r1 4.6 ([Jltl) 

S1f11'i"1~L;Sn F 

LLtJ~nULL" " 
~., .... - ~ .. . . - . 

llU'lU 

S1f11",1~L;sn H 

llU'lU 

U~LL6'I"~ 1 00 % 

. 
"1-31 

S1f11'1"1~L;Sn A (Double Low-E Glass) 

."ti-luoi.oaLiJ"lIIi.rnl'oaifu;1.''''T (Window to Wall Ratio, %) 

"u,)!ln1it4l"~,IIIi.n WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWh/year) 19 20 30 49 SO 89 79 89 9Q 100 

yjYl1~oaftt)'W (Lighting) 1,767 1,767 1,767 1,767 1,767 1,767 1,767 1,767 1,767 1,767 

~~~1~~nmr (1\P.J?ljf:lll~~~) ~?~1 ~?01 ~?~1 ~!71?1 ~?~~ ~?~1 ~!71?1 ~,71?1 ~?91 ~?1?1 

i"ft.N1UtlftJ!l1n1" (Cooling) 5,962 6,481 6,989 7,476 7,998 8,523 9,074 9,653 10,279 10,944 

""").I (AlC Fan) 1,351 1,474 1,592 1,706 1,829 1,958 2,085 2,220 2,364 2,518 

OTAl 15,781 16,423 17,049 17,650 18,295 18,949 19,627 20,341 21,111 21,930 

ml'ltJn11H'lY/Yl1I1ifl~umf 74 77 80 83 86 89 92 95 99 103 

ftfltJ (kWhlsq.m.) 
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27000 
Double Low-E Glass 

24000 
"-
III 21000 
~ 
~ 

~ 18000 

15000 ~=-..;;....,------:----------,::;----''---'-~ .•. -.-Double low-E Glass 

12000 

"111.:J~ 4.8 LL_IMfl1n1'iliYWft.:J.:J11J"II'il.:Jn1'ilin'i~~n Double Reflective Glass ntJ - - - - - -- - - - _. - - - - - - - - - - - - - . - - - - - _. - - - - _ . . - - .- - - -' -- - - - - -

WWR "111J1"Pi1.:J '] 

tl1"1'm1~L;'iln B (Double Reflective Glass) 

tl' .. tI')'Uoitl~Lil .. fitHnr~I'U;:Itl1"11 (Window to Wall Ratio, %) 

\nhtlm,'l-n,.,hfitill (kWhlyear) WWR WWR WWR WWR WWR WWR WWR WWR WWR 

10 20 30 40 50 60 70 80 90 

~"jf1LL-.att+w (Ughting) 1,767 1,767 1,767 1,767 1,767 1,767 1,767 1,767 1,767 

1~"ihtttln11li (Applian~) ~,7Q1 1),7Q1 ~,?Q1 ~,7Q1 ~,7Q1 ~,7Q1 1),7Q1 ~,7Q1 ~,?Q1 

twti~'Utlfutl1m .. (Cooling) 5,698 5,940 6,228 6,477 6,735 7,044 7,377 7,701 8,038 

iW ... 1J (AIC Fan) 1,298 1,371 1,447 1,517 1,588 1,672 1,761 1,853 1,944 

~OTAL 15,464 15,779 16,143 16,462 16,791 17,184 17,606 18,022 18,450 

'4lJ'Jan11'l-n"jf1fi"I'Um ..... tl8 73 74 76 77 79 81 83 85 87 

(kWhlsq.m.) 

WWR 

100 

1,767 

~,?Q1 

8,382 

2,035 

18,885 

89 
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1l1Yffl 4.8 LU."'Ifhn11l,rYfi·N1U"II'il,m11l,rn,.:::~n Double Reflective GlassnU WWR 
I 

"IIU1""1'1 1 

Double Reflective Glass 
27000 

24000 .'.,:' i 

.. 
" ,., 21000 

~ 
, 

.. 
....... 
.c ,.' 
~ 18000 
~ 

15000 

--t::~~;~~=:~::::=:~:=""-DOUble Reflective Glass 
12000 

... . , ... ...,..J...,........... t 
"111~'YI 4.9 F4tW11'"t1fltNn11 'II~fl'l~1'h'1"'"1J1J1"'~"~1Y1~ WWR =10- 100 % "f:! 

Lm!JULYi!JUn11l,rYfi'N1U"II'iNn1:::~n 3 "!fU" 

..r .. tI,)u"tI,uil .. flitunr.a;fuiltn"1~ (Window to Wall Ratio. %) 

"u,)!ln1~'l4l"',hPifin WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWhlyear) 10 20 30 40 50 60 70 80 90 100 

~ingle Clear Glass 6 mm 16.771 18,013 19.044 20,319 21,452 22,571 23,668 24,815 26.171 26.936 

~~~L~m~!Il! 1?l~1 1~!4~~ 17~1?4!! 17!~9 1~.~~? 1~!~~ 1~!~~7 ~9!~1 ~~ !~ 11 ~1·~~9 

Pooble Reflective Glass 15,464 15,779 1~,1 ,~ 16,462 16,791 17.184 17.606 18,022 18,450 18.885 

" ..J~ " , 'I" ~ ..I ., ~ ,_ _ ~ ... ~ ..,,, 
'"I1n'tltliJflVl L~Fnn11 L'lIYifl'l-l11.mJtl L"Dm::'"In~Ll'lfl::'lIU~ ~1~urUlJLVlUlJnU Vl1 L~Vlr1lJ 

111u WWR30 Liltll,m::'"In Double Low-E LLt\'(Jfhn111'Yltt-l-l1uvltln'"l::fl"tNm~tl17.049 
~ I "'... I "" ~... .-1 I .... 

kWh/year 'lI-l~1n111'l1YitN~11J'"I~fl"fl,,m'J1n1rl'l1m~'"In'll\M1U'JtlfJVI 1,995 kWh/year LL~rnH 

Luum::'"In Double Reflective Glass "rU'"l:;~1~11(lflj;lfl-lCi-l 2,901 kWh/year "'-l(;l1n-l~ 4.9 
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27000 

24000 

... 
III 21000 II 
>-- -.-Single Clear Glass 6 .s:; 

! 18000 mm 
_ Double low-E Glass 

15000 
_ Bouble Reflective 

12000 Glass 

... 
Lj;l!l'l 

1l1Yi~ 4.9 u~t')-:jn11LmtJuLYltJun111-nm~r.m~-:j 3 'llilt')nUU1U~ntl1~tJ 2 iuuuu 

.J~ ,... ~ 'I • . 1 'I ":"l ' .J ...,.1' 'I" ~ 
~1(;11l1UYl L~~n11U-:jLLt')t') ~t')1 '"I1nm1nLLi'lt')-:j ~mu'U'J1L~tl VWVR ~Fl1~-:j'1lU n11 ~'ll'YHN-:j1U 

lYlVl1'"1:;~-:j(;11~h.J~'JtJ tt')m~Yi1:;n1(utl1Fl11~UUUUt'lu~1~1nl-nm:;'"In Single Clear Glass 6 

.... ,,,_ J' t ""Is"..,.J 4. 2 I 

mm. '"I:;:.JFl1n11 ~'ll'YHN-:j1U~-:j'llUtltJ1-:jm'U Lt')'llt') L'Utl-:j'"l1n:.JFl1 U-Value == 6.12 W/m K Fl1 SC 

,1 ::. ... I ., "'.... ",..J ... I 

== 0.95 -n'J'Um:;r.m Double Reflective Glass UU'"I:;~Fl1n11 ~'llYi~-:j-:j1UUtltJYl~t')LYi11:;:.JFl1 SC 

~ ..J • .J ... I 2 .J !:', ... I I 

(;11Yl~t') tlfJYl 0.33 LL~:;:.JFl1 U-Value == 3.50 W/m K -n'Jum:;~n Double Low-E UU:.JFl1 Fl1 U-
, 

2 I at ...... I'" I • 

Value == 2.71W/m K Fl1 SC == 0.59 '!i-:jtJ-:jtltl'J1:.J SC ~-:jm1n1:;~n Double Reflective Glass 

Lij\.lmtJJllXrhn111-nYi~'N1\.1~~nrhn1:;"n Oouble Reflective Glass ~~~~1tJFl'J1~~1{f1 
" " 'I" ~ ... .1' .J .!'"I. ~ tl ~ ~ 
~tltlnLLUUrntl-:jn11 ~~~'U-:jtl1Fl11~YiUYlm:;~nLuU'"I1U'JU:.J1nLL~:;tJ-:ji'l1~11tl 1:;~tJt')Yl~-:j-:j1U 

lYlyhlJltlnl~~'JtJ,ru Fl'J1L~tlnHn1:;'"In~i1rh U-Value LLfl:; SC ~UtltJ ~1tllu~mrtJtJ:;~rt-:jri~tl 

'"I:;~tl-:ji1n1ru-:jLL"''''~'JtJ~tln1nrU-:j LL"'''' ~ 1 tlr./1-:ji1tl1:;tqYlfi1l1Yi 

~-:j,rWfj4'tJ~-:jl~Yhn11~1~tl-:jrhn111-ntYlYh'lltl-:jtl1Fl11Yl1-:jL~tln~u 1 ~i1n11~t')~-:j 

~tln1nrnuLLt')'" LLUU ~t!-:j 2 iu Fl'Ju~ltl nun 111-nn 1:;'"1 n 1~iuL;;tJ'J'lltl-:jtl1f111~ULLuu~'JU 
ttl:fLLn1:.J VisualDoe4.1 (1l1Yl~ 4.1 0) tt')Un11~1~tl-:jfhn111-nYitr-:j-:j1UL~:.J~-:jLLIJln1ru-:jLL"'t')~ 

20%, 40%, 60%, 80% LL~:; 100% 
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.,j • .....,j a- ttl 
1l1Y4V1 4.1 0 n1"i~1ftil-3n1"iU-3U""V1 60% "lUI "iLLn"i~ VisuaI00e4.1 

.,j • .....,j a- ttl . 1l1Y4V1 4.11 n1"i~1ftil-3n1"iU-3LL""V1 80% fI'l!l "iLLn"i~ VlsuaI00e4.1 

.,j • .....,j ., ttl 1l1Y4V1 4.12 n1"i~1ftil-3n1"iU-3U""V1 1 00% "'l!l "iLLn"i~ VisuaIDoe4.1 
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27000 

24000 

~ 21000 
~ 

.... ' .... ' -..-Single Clear Glass 6 
.... ' mm 

-0-Double low-E Glass 
~ 

~ 18000 

15000 

~~~~~~::::~::::;;;;~ .... --~~":",--:~ Double Reflective I Glass 

-oa--2Q%SHADING DEVICE 

12000 

'"I1n111Yi~ 4.13 YiU~1L~tll~ 20% Shading Device Fl')u~hJnUn1'tH'm-:;'"Inl~~\~ 
L~m LLft,)f"hn1'tH'Yi~'N1l.1'"1:;~",~~hhJ1nLL~:;u~iitl~1f"hn1'tHfYi~~~1l.1U~~~n~1n1'tH'm-:;'"In 

Double Low-E LL~~ m-~'"In Double Reflective '"I1nt.l~n11~1~tl~~li11lXVll1ul~r)1n1'tu~LL"'''' 
~ 20% ~l.I 'W~1~1'ttl~"'Fhn1'tl;Yi~~~1l.11lXnUtl1Fl1't~ntl1~ulUL'!lj;\1tll.l~ul~~LYhnUn11ti 

m:;'"Intl\ffmfYi~~~1l.1 

../ -~... ..... ../ ..... ... . 
1l1"'Vl 4.14 LlJ"i!lUL'Vl!lUn1"itNu.",,'Vl 46% nun"i~~n'!l'lJ"P11.:J 1 

27000 

24000 

-..-Single Clear Glass 6 mm 
~ 21000 
~ 
~ 

-0-Double low-E Glass 

~ 18000 1--~~..A,~"""'1"ii""'IIl.l:=----=_ ... ~!::.---.. .... _ Double Reflective Glass 

-oa--40%SHADING DEVICE 
15000 

! 

12000 

65



~1nll1'Yi~ 4.14 YiU~1Ldtl1~ 40% Shading Device Fl')u~hJnun11H'm:;~n1~iu 

L~tJ') ~:;L~ultA'~1~ W'NR100 tiu Pi1n111iYi~~.nu1vh'~1~tl;j~tl~n11u~LLC;)C;)~ 40% ~:; 

LYitJULvhnun111im:;~n Double Low-E L1.~C;)~~1 ~ W'NR100 th:;~'Y1fiIl1Yin11Utl~nuFl,)1l-J 

1tlU~tl~n1ru~LLC;)C;)~ 40% ~:;Lvhnun111im:;~n Double Low-E LL~Pi1n111iYi~~~1uU~~~ 

n~1n111im:;~n Double Reflective Glass 1u'VJnn1ti1~tl~ W'NR 

27000 

24000 

:; 21000 

~ 
! 18000 

15000 

12000 

--.-Single Clear Glass 6 
~--------~--~~------------~~---- mm 

_____ Double Reflective 

Glass 

- ~ - 60% SHADING DEVICE 

~1nIl1Yi~ 4.15 ~:;L~ul~~1Ldtlli Shading Device 60% (tl1Fl11'YI1~L~tln D) L1.fl')t!U 

~:;Lnc;)~c;)rnf;)num:;~n Double Low-E Glass ~ W'NR 40 ~~JuLl.tlfd1 ~~L1.~ W'NR 40-• 

,.4 _~... ... .I... ... 
A (Double Low-E Glass) L1."Ll-JtlLu1tJUL'YItJun11U~L1.~f;)'Y1 60% nUtl1Fl11'Y11~L~tln B (Double 

Reflective Glass) t!UYiU~1~:;Ln~'f;),rf;)~ W'NR100 ~~t!ULL~I'I~~1~tJn1(l1nuLl.",,~:;iJ 
.1 ~ - ... ,... 1" . .4... ... .I .J' ~.I 
u1:;ri'YIfiIl1YiL'YItJUL'YI1nUn11 '!Im:;~n Double Reflective Glass Ll-Jtll-Jn1ru~L1.f;)~'Y1 60% ~ULU 
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... _I"':!!.... ~ ." ~ ... • 
1l1YfY' 4.16 LlJ'ifJUL YlfJUn1'itNLLIIIIYI 86% nun'i~~n"l'UII"1.:J 1 

27000 

~ 21000 
~ -~ ! 18000 

15000 

12000 

-a-Single €Iear Glass 6 
r-------------~~----------~~~--- mm 

-0-Double Low-E Glass 

~ Double Reflective 
Glass 

- ~ - 80% SHADING DEVICE 

r.nn[)lyt~ 4.16 ~::L~u1~+1n11U~U.~r;!~ 80% (tllf111Yl1~L~tln E) rhn11Hyti~~IU 

~::L'~~~r;!~'lvr'lLLvi WWR 30 iJrhnI11;yt~'l'lIUtl~~ 16.591 kWh/year LLt\'')~::~~tN1tJn'l 

WWR1fJfJ ~~iJrhn111;Yii'l'lIUtl~~ 15.681 kWhIYear ~'l~~ltJfI,)I~~I~'l WWR ~'l rhn11H' 

Yii'l'lIU1vHhn~::~~~'l~n~hJ~')tJ~'lvil'lnlJm1Hm::~mh::~Ylfi1l1Vi~'l ~L~tl WWR L~~~ln 
.r c:,.,,,,. ,"' .... cr ..r ..... ..t ,....... CI' 

'!IU~::tJ'lYlI ~~fllm1 ~"lIYi~~'lIUn~::~~'!IU(;lI~~I~lJ'!IUtl~nlJ"lIuc;,'!Itl'lm::~n U.~::~::L~U~ln 

n11~Lt\'U~I";lnI11;Yii~~IU'!Itl~nI1U~u.~~~ 80% nlJ WWR "1J\n~vil'l 1 ~::Lnc;,,~~~ nlJ 

nl1vht\u'!ltl'l Double Low-E Glass ~ WWR 20 ~'lJUU.tJ~~1 vr'lLLvi WWR 20 - WWR1 00 tit 

1;n11U'lU.~c;,~ 80% ~::~1~11ntJ1::mr~Yii'N1U1vh'Il,J1nn~In11Hm::~n Double Low-E 
.J _~... ... ..J... .!:.. _ ... .J 

U.~::L~tlLu1UlJLYltJlJn11lJ'lU.~~Yl 80% nlJ Double Reflective Glass UUYilJ,)I~::Ln~'~LJI~Yl 

WWR 50 ~~,rUU.tJ~~1 ~'lu.~ WWR 50 - WWR100 tit1;nl1U~u.~c;,~ 80% ~::t"l1~11n 

tJ1:::~u~yti'l'lI'Um11~yh~lnn~lm11;m::~n Double Reflective Glass 

67



27000 

24000 

:; 21000 

! .z: 

! 18000 I--~~--'--___ ""II!I[:.-~-:;;;;;;;;;;;; ..... I""I!!~-'---:'--:---, ........ Double Reflective Glass 

15000 .--_ _____ -=c.:::_-.... ___ --------=-~-100% SHADING DEVICE -... -... - ... - .. 
12000 

x .. . ..,,, .... % ':-%.J X": • X..:.... ::. .. ::. 
lJ1n'1ltA 'II'llUJ1t1 1'1') IlJ,)Ir111JltA'Yi nm ntlYllJ r-l ~ r-l,)lJ"t'itAYl m:;~n (;1tl'YitAYl ~tA'llJl ntAtA nTl(;l ~ (;1'l 

Ll~'l TltALLI'l ~t1tlt)llUtAYll'll~tln~ mlJl :;~lJ~ ~ ~ tJl'N;llJTl1Jm 11; n 1:;~ ntl~ fn1f'Yi tr'l'lltA~'l ~1 m 1 

"".... X X": .:..: 
~'IIYi fN'lltA~ ::~'l'1ltAtJlllJYitAYl n 1:;~ nYll 'Yi lJlJl n 

~ru"'ftnl'S1Lft'S1::~n1'SLtR!ltJLYi!ltJn1·nr,:jU""Yl1 00% (il1ft1H'I1,:jLftiln F) ntJ • 
n1'Stin'S::~mJ'S::ftYlfiIl1~~,:j (il1ft1'SYl1.Uftiln A Uft:: B) ... 

~~~lnm1~lF111:;wh"'l~tAt)lm11;~tln1tUU'lLL~~ lL1J1Ji1~L~lJ (100%) 1tAL,)~ln~I'l 

r)tA~llJil1F11tl~U ItA ~:;''ltltl1::''nr ~'Yitr'l'lltAlJ 1 n~ ~ ~ LL~:;U'ltl1:;~U ~'Yi tr'l'lltAlJ1 n nt) 1 m 11; 

n1:;~m.h:;~Ylfilll'Yi~'l1~ 1 ~'l~tA ~ltll;;t)1 n1:;~n Single Clear ~ilm1TltALl~~L'l~ln~I'lr)tA 
• - ..J ""... • I ....... ." " • I ~... ..:~ .... ... tltll'l '" ~:;lI')tI ~lHn ~nl1lJ'l:;~m'l'Yi~'l'lllJlJln n,)1 nl1 ~"l! m:;", nlJ1:;r-lYlfi 111'Yi ~_lYl ~lJlJnl1ntA 

.: ... 'i' !"I .... ....: ::. • 
Ll~"'Yl'" ~"'tIL~'Yil:; V#VR80 - V#VR1 00 ~:;llJtA~miru:;m'l1NLL"''''YlF11tl1JF1qlJYl-l~lJ~ ~lJYlI 

1"'m:;~nil"lru~lJ~m1thtILYlF1')llJ1tltAllJLltJlnlJll-l~lmJlr-lVi1J~il~1 U-Value ~_l LlvlllJ1;;f1J 

.... ~ "'''''0/,'' ...... ::...:X.: ... X • 
m'lLl~'Nrl ~,)_ltllYl tJltll '111 \l m:;~n ~lJL'l~ln~I'l,)lJ ~'ltAtAllJtlYitAYln 1:;~nlJlJl n'!ltA~lJlt1 F1,)llJ,)1 

" "0/," ....... X~" • mn::1Jlt1 F1'lllJ1tllJ~:;~lJ~1 nlll tI ~lJtltl n '.11l1 tllJtl n ~ tAL,)~ 1 n ~ 1_l FltA~_l Ln "''!ItA ~~lJl n n'l1 m1 

th til Yl Fl,)llJ 1tllJ~ltA~t!_lVi1J~il ~1 n11TltAFl,) IlJ 1tllJ~'l (~t!'l ~ lJ')tA) ~_l ~tA~ 1 n1 'l1;Yi tr_l'lltA~_l 

fl '" ~_l ~ 1 nn11~ lF1 1tl'ltlf1Jtllnl PlYi 1_lllJ~t!nUtltl M 1lJl 'l ~ 1"r'l ~1 ~_l~tA~'l~ 1 LUlJ~'" :;;}tl_lYil 
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.. r 1 " ... 'i' ""... 1" • .....J "" 1.J m1,)L~11:;\UJfI'tItl,ln11 'lI'\lU')UCJ,\N L~UfI:;LtlU~ ~-.l ~m1~1f1tl-.ltl1~11'Yl1-.lLfltln C mJm1 ri 

'\lU') ulULLfl,) "v1U 1 3 ~') ~ ~1uluCJU-.lYi1tl~iJ'lltl-.l11-.ltl1 m f'I LLt\'') nll1'U~,)ULLcJUutJ,r~'Utlf'" ;-.liJ 

Fl1 U-Value = 0.302 W/m2K 

1",htlm,lftyjyhlliflU i"ft'lU,jfl~LLI"lIiflf.nr~~uiltl1'm (Window to Wall Ratio, %) 

(kWh/year) WWR10 WWR20 WWR30 WWR40 WWR50 WWR60 WWR70 WWR80 WWR90 WWR 100 

20% SHADING DEVICE 16,709 17,810 18,723 19,743 20.654 21,544 22,451 23,357 24,107 25,098 

40% SHADING DEVICE 16,592 17,437 18,188 18.884 19,480 20,040 20,614 21,116 21 .683 22,043 

60% SHADING DEVICE 16.425 17,030 17,371 17,796 18,036 18,210 18,356 18,496 18,611 18,722 

80% SHADING DEVICE 16.246 16,577 16,591 16,602 16,448 16,265 16.080 15,910 15,746 15,681 

100% SHADING DEVICE 16.098 16.135 ~~·5.~!4 "/ ~, ~l."", .... 
15,534 15,127 14,728 14.377 14.068 13.797 ~'·t .. ~ . ' ~3;SS1· .~ .':l.~. Il-::-~-.i:?il • 

~1nIJl111-.l~ 4.1 0 LLt'l~-.lFl1m11'Yitr-.l-.l1U'tItl-.ln11U-.lLLVl~~tfCil~')u(;j1-.l 1 rlu~')'U~ltJrl'U 
m11, n1:;~n It'liUL~u,) tCiltJYi'U11 m11, LLCJ-.lrlULLCiICiI L~tll,xiJtJ1:;~'Ylfi111Yi~-.l~U~,)19 :;l,rl'U 

... :::., .t 1. I ..: "". I ~ ... ..:.t.J... ... , 'i' 
m1'U-.lLLCilCilIJI-.lLLIJI 60% 'tIU uLLfI:;~:;U-.l~u1:;ri'Ylfi111YiCilU-.l'tlUL~tlCJU-.ltl1F11nJFl1 WWR ~-.l LCilU 

Yi'U11Ldtll'm1u-.lLLCiI~~ 100% rl'U WWR1 00 ~uFl1n111'Yitr-.l-.l1U9:;tl~~ 13,551 kWh/year 

.. SI _~ ... ., .J ... I ... I 1" 
(tl1~1rn1-.lLfltln F) LLfl:;mLu1U'UL'YltJ'Un'Utl1~11 BASECASE Vl~~1 WWR30 9:;~~1n11 "lI 

, , ., 
Yitr-.l-.l1Utl~Yl19 , 044 kWh/year LLfI:;1'mnJ-.lLL"'CilY11 00% UUrl'U WWR30 ~:;t'l1~11nflVlm1 

HYitr-.l-.l1ul~LYlm 3,157 kWh/year ~-.l(;j1-.lrl'Utl1~11~Fl1 WWR100 ~iJmnJ-.lLLCilCiI~ 100% ~U 

~:;t'l1~11nflCilFl1m1HYitr-.l-.l1ulm1-.l 13,385 kWh/year 
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..I _I"!!" ......1 .... I 

llTWYI 4.18 L1J'7fJULYlfJUn1'1U-3LL""YI 20%-100% nu WWR '!I'U1"Pl1-3 '1 

27000 

24000 

:v 21000 
~ 
~ 

~ 18000 

15000 

,-' , .,,,' ,,' 
" .. ---," ,_ ...... 

f-----.---,-,,=""""""--... -...... ;;;:-._ ..... .-.:'----- - ~- 20% SHADING DEVICE ,,' ..... " ........... 
... ':"..... __ .. _ .... __ .-.... --. , - ... -40% SHADING DEVICE 

. .._-.. .. -..... --.... -. 80% SHADING DEVICE 

~:!::-.. -...... • ~... A A A - .... -60% SHADING DEVICE 
.-~ --.. __ A A A A A .-....... 

- __ -100% SHADING DEVICE 
12000 

'"I1n1l1Yil1 4.18 Ll.~~~n·m11LmUULl1UUm1HfLl.~~n'ULl.~c;)'IIU1~(;]1~ 1 nu WWR 'IIU1~ 
I ~.. ~ I 1 ~.J I 1" ~ .r %.J.r.J 

(;l1~ 1 '1I~mU'1lC;)L'"I'U,)l um1U~LLC;)V1'Yl 20%-40% 1'I1n11 '1IYifN~lU'"l:;~~'II'U(;ll~¥'l(;l¥'l')'UYi'U'Yl 

.J ~ .r ~.l' •• 1'" ~ ~ .r " ~.l' •• 1 1 " 
n 1:;'"1 n'Yl LYW ~ 1n 'II'U '11~ Lri'Un n 11'"1:;~ ft m~tru:;'11 'II'Ul'lft 1 U nu Lri'Un 11 11 '!Itl~ n 11 '11 n 1:;'"1 n 

• I ~... ~.J ,..:.... ~ .J.r.J ".l' •• 1 
u1:;¥'l'Yl1i1l1Yi~~ (;l~1l1Yi'Yl 4.9 Ll.(;lL~tl~n11U~Ll.c;)~'Yl~~'IIU'Yl 80%-1 00% rn~'"I1mri'Um111":; 

YiU~l~~~l WWR iJL~~~'U ~1n111;Yi~~~lU'lltl~tl11'111'Yl1~L~tln E nu F .,:;ft"'ft~ ;~yh1~ 
~1~11Cl~-n c;) 1~~1'11'U1 ~'IItl~~'U~n1:;'"In LLft:;~~ ~,)'U'IItl~ n11U~ Ll.(;l ~n ~ft L(;lU (;IN ~tl1l11:;n11Vi 1 

1'I,)1l.J LU'U'1Itl~ Ll'litl~t1fumn1f'1 

Pl1'11-3;:t 4.11 LLf( 11-3n1'1l'('Wft-3-31UL mfJU L Vi !JUn1'1l ,(Lfl;iI-3t1'U'il1n1 fill ULL"ft~ 

"'NL'lft1 

lIU'lfJn1,lflvlfh.i!lU ft"ft'lU;!I~LtI".itl~~~U~tl.,rI." (Window to Wall Ratio, %) 

(kWh/year) WWR10 WWR20 WWR30 WWR40 WWR50 WWRGO WWR70 WWR80 WWR90 

House Use Day-time (Single Glass ) 25,320 27,496 :~~ ",'I.:h.I<'! .f!' 
30,822 32,2n 33,661 35.008 36,450 38,172 

House Use Night-time (Single Glass) 16.n1 18,013 ;fJ9fdU;, 
"," ; '" .. i:,. " 

20,319 21,452 22,571 23.668 24,B15 26,171 

House Use All Day (Single Glass) 27.811 30,051 " 1'-; ,' ~" 
" ~,.ag~:, 33.348 34.n9 36,143 37,468 38,897 40,630 

WWR 100 

39.309 

26.936 

41.719 
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... -~.. "I" ... u.... "I'.-J 
1l1,..fI 4.19 LU1'fJUL fI!lUL1ft1n1'lL'liLfl1'tl.:l 1'Utl1n1f1h ULL"ft::-u1.:1L 1ft1 

45000 

42000 

39000 

36000 

.,.33000 
III 

~OOOO -j27000 
~4000 

21000 

18000 

15000 

12000 

r-=~"....~--~~--,,-,,--,------:::o: ....... --e-House Use Day-time (Single 
Glass) 

I--__ --'-__ ~ ..... ~---------..... House Use Night-time 
(Single Glass) 

I--___ -'_-"--___________ --House Use All Day (Single 

Glass) 

r,nnfl1~~ 4.19 ~lJ~lLdtl~1~tl~,.hm1H~tr,Nl\.UllJtllI"!11~'U.LLlJlJ (BASECASE) t~r.J 

~m1~I~tl~m1HLl"!itl~ufutl1mf'l(;lI~'lh_.lL1ft1(;\1~ 1 (;l1~~cfl4'r.Jl~ril"v~'U.~ t~r.J~~1~tl_.lm1 

Ltl~HLI"!1tl_.lU1lJtl1mf'l(;1fttl~ 24 'l!~ . YilJ~1,.hm1HYitr~_.lI'U'"I:;~~n~ 31,807 kWh/year LL~1 

~nmn:h~n~~tlLtl~HLl"!itl_.lufutl1mf'l1'U"rl1_.lnftl_.l1'U.LLft:;tl~f1ltl'U.nft1~~'U ,.hm11ifYitr~_.lI'U'"I:; 

tl~~ 29,262 kWh/year ;_.lLL~~~1~L~'U~1 tllmf'lI"!11~1tlW11r.J'UtlmU'UL~f;Ji1'"14'r.Jt~r.J(;lN~(;\tl 

m1L ~~;'U'1Itl.:l n 111 ifYi tr'N1'UL titl_.l'"l1 n LL~~tl1li f1lULLft:; fl11 ~ 1tl'U~ c.i1'ULU ~tl ntll fl11L if 1~ 11 'U 

L1ft 1 n ft 1~1'U'"I :;t'l11_.lfl11:;m n; 1 Fl11 ~ LU 'U 1 ~ LI"! itl_.lU1lJtl1 m f'I ~1 n;'U LL(;\ L ntl~ ~1 r.Jtl11"!11~ n 

tl1~r.J~1'U~ln'"l:;51m11ifLfI~.:Iufutl1n1f'11'UL1ft1n~1~~'ULu'U~1'U1~'1i~~hh;11~Ln~fl11:;m1 

.,;1F111~LU'U1'U'lh~L1ftlnftl_.l1'ULYi11:;'tl:;,r'U,.hnl1HYitr~~1'U9~ft~ft~m~1U~1r.J 

'"I1ni1t1J~1 L~tl_.l~'U~ Ln ~'"Il n "'11~ L~tl~1'U.1 ~ '1i~ iii~~lm1 H'tl'U1'Un'U1"!11~ 1tl'UnlJ ~u~ 
tll Fl11,r'U'"I:;t'l1~11nft ~Yi tr_.l~1'U~_.l1~ ;~'"I:;ft ~ft_.ll~ nlJtl11"!11~51 n111i_.l1'U1 'UL1 ft1n ft 1~1'U 

tl !11_.l L '1I'Utl1 Fl11~1Un_.ll'U LL(;\nlJU1'U~ ntl1 ~r.J~51 n111 i~1'U 1 'UL 1 ft 1 n ft 1.:1 ~'UL~ r.J LU'U~1'U 1 ~'1i 

~lJ~1Ldtl1~'tl'U1'Un'Ufl11~1tl'UnlJtl1f111~'ULLlJlJ (BASECASE) Fi1m1HYitr.:l~1'UntrlJL~~;'U 
LU'U 19,377 kWh/year ;-lLLt'l~~~1m1H'tl'U.1'U1'Uul'U~ntl1~r.J~~_.lUJ51Fl11~~lLU'U 
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ml'll101,.\.rtyjYhPif)~ 
i"',hU"!I-3Lil"''''f)~U-3~Uy!f)11'117 (Window to Wall Ratio. %) 

WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 
(kWh/year) 

10 20 30 40 50 60 70 80 90 100 

~ingle Clear Glass 6 mm 16.771 18.013 ' 19.044 20.319 21.452 22.571 23.668 24.815 26.171 26.936 

nsulation with Single Glass 15.757 17,760 :19,377 20.717 

27000 

24000 

:;21000 

~ 
~18000 

15000 

12000 

21,931 23,043 24,125 25,193 26,443 27,059 

•••••• Insulation with Single 

Glass 

- J..- Single Clear Glass 6 mm 

ft'itJ~ftn1'i1Lfl'11::~LLU'l"1-.2n1,1,r~u'lunUfl'l1)J;'ilU ('il1fl1~1-.2L;'iln C) • 
fl1'rl~ 4 .20 LmUULYlUUU1U~ntl1~U~Hf~,r~ritltll~tlcu-iuL~m ~1U~UL1UU (Base 

Case) nu~,r-l~ijn111~~u')uluLLn,)~u1 3 ;1') ~;hu1u~U~v.1tl~ij"lltl~~1~tl1n1f11LL~')n~u 
~,)uLLr.JuthJ,r~Utlfj;l ;~ijrh U-Value = 0.302 W/m2K (tl1r111Vl1~Lfltln C) tj;lu~H'n1:;'"lnLUU 

n1:;'"ln,ilj;lL~u')nU~tl n1:;'"ln11'l-iuL~m~u1 6 ~~ . LL1'lfl~l~L~U~1 ~u~~ij~U,)Ufi'UFI,)1~1tlU 

'"l:;H~fl-3-l1\Jl~rhutlun11CJ,r-3ritlii lfi11~fl1 Lritlij~u~mJ1~I-lUtlU (W'NR1 0-W'NR30) LL~ 
~ ¥,.i J'..J ~ J'!:. .- ..J... .- ., .- ".,.- ~ •• I_~ I 
L~tl rI~rI,)U~U'V1n1:;'"lnL'Yi~~1n'!lUUU CJU-l'V1~~u')unUFI,)1~1tlUn~U L'~~-l~1U LTm1~1nm1 

.- ...1.,...1 J' ..J ~ J'. ".,.- .,.,,, 
CJU-lfin~fl1L\Jtl-lfl,)UL~tl~UVln1:;"InLv.~Wm'!lUVll L~ruLL1'l~LL~:;FI,)I~1tlUL'!lI~I~1n LUL,)~1 

.- ,'- ~ I 't .,... I..J ...I ....- ..J !"I _ ~ .. 
n~1-l,)U LL(;ln~U L~1'l1~11tl1:;U1Utltln j;lfl L'V11'V1 FI,)1LUtl-l"lln~CJU-lVl L1JU~U'lUL1J1UU L1'l~tlU 

n fltl-l LT1Un n r1'l1~ 1tlULn j;lfl1,):;1'l :;1'l~ FI,)1~ 1tlULUUL ~ (;lYi 11 ~ LFi;tl-lu t'Utl1 nl fllYi 1~ 1U~Un;U;-l • 

~~~~1~n11Hv.fl-l-l1\Jl~Yl1L~~~1n;u 

72



",ham,'I.4hHh"tlU 
."thUoltl·uil""tluu.a'ifuittl,,,,, (Window to Wall Ratio, %) 

WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 
(kWhlyear) 

10 20 30 40 50 60 70 80 90 100 

20% SHADING DEVICE 16377 18292 19535 20828 21867 22825 23680 24449 25128 25717 

Insulation 

40% SHADING DEVICE 16173 17727 18507 19723 20507 21145 21650 22028 22444 22583 

Insulation 

60% SHADING DEVICE 15886 17074 17371 18422 18792 18957 19061 19121 19042 19136 

Insulation 

80% SHADING DEVICE 15655 16464 14680 16800 16650 164530 16311 16172 15146 15976 

Insulation 

100% SHADING DEVICE 15790 15913 15706 15454 15066 14683 14371 14152 13938 13755 

Insulation 

..I _I"!!'" .. ..I.., ~ 1...J .., ~ 
1l1'WYI 4.21 L'U'i!JtJLYI!JtJil1A1'iYl1~LfiilnYltJ~u"" 20% 'W'iil)J 1'~U'lUnUA'l1)J'iilU 

27000 

24000 

:; 21000 

~ 
~ 18000 

15000 

12000 

. ' , 
, . .... 

" 

- .... -20% SHADING DEVICE 

--e-- 20% SHADING DEVICE 

(INSULATION) 
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27000 

24000 

:;21000 

! 
~ 

~18ooo 

15000 

12000 

.... ..... -.. 
- .. -40% SHADING DEVICE 

-+-40% SHADING DEVICE 
(Insulation) 

.I .J ~r!'" ~ .1" .J....,.J 
"l1n1l1YfVl 4.21 LL~:;1l1'ViY1 4 .22 Lu1tJlJLY1tJlJtJU~Lu~tlntl1jO)11Y1l-Jn11lJ~LL~~Y1 20% 

LL~:; 40% nlJn11H~u':lunujO)':l1l-J1tlujO)':llJ~lunlJm11-nLLtJ~nuLL~~~ 20% LL~:; 40% ,rU'VilJ~1 
nilJhj~1l-J11t1'ti11~~1n111-n'Vii~~1U~~~~1~LLtJitlf.h~1~ ln11~1~1n111-n~ft~~1UnilJ~~~u 

n~1n1'lHtJu~ritl~~ 1 iU~1lJ~UL1tJlJ~iln1ru~LL~~ 1u~~~':lu~LYh 1 nu 

"" • I"!! .. .. ""&.< a- 1...J &.< a-
111,"" 4.23 L1J'i!ltJL"!ltJ'il1f11'i"1~Lft'iln"tJ~LLflfl 60% ,"'i'il'-J ,,~1J11JmJfl11'-J'i'il1J 

27000 

24000 

:;21000 
~ 
~ 
.lI:18ooo 

15000 

12000 

- .. -60% SHADING DEVICE 

--t-- 60% SHADING DEVICE 
(INSULATION) 
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111~~ 4.23 U.t1~'m11LmUULVlUU"hnl'I1-D~ri''l'llUt~rh1:;V1~1'lm1~~~'lU.~NnULL~~~ 

U'l~~l~ 60% (tn"11Y11'lLfltln D) 'LIlU~LUfltlntn"111-Dc,,,r'lri~t)l1 iUfi1nJ~l hliJ'tlu'Junu 

" • ~... .,J.....,.,J ".., .J1.J .., 0-

"'J1lJ'1~U Lu'1UUL'YlUU~l"l1Y1lJm'1U'lu.~~'Yl 60% ~1~lJ~U'l'Yl ri'tl'U'J'Un'U"'J1lJ'1~'U (~1"1'1 

'Yl1'lLfl~n G) ~U~lL~~~~~'lm'1n'Uu.~~ 60% 1~nU~U'l~iJ'tl'U'J'Un'U"'J1lJ1~'U~~u.~'JJ''Unri'u 
nfl1mtl'U~liJ,",ln1'11'~ri''l'l1'Ul~rh~'ln~1 U.fl:;~ WWR 50 -100 % "I:;iJn111,~ri''l'l1'U 

.,J ":..l' .J 1 ..,,, ...," u'" 
Value L 'tlfl U"II~'ltn "11L'1lJ~'l"ll'U '!I'l 'Ur'I'J1lJ"1 ~V1'J'l"ll~'l ~~~mLUU~ 1'"1"1:;" ~'J 1'"1 :;(;l~'l L fl~'l 

.., ..l',.J...,.,J..l'.., 1 ,... , 1"'" ..I .l' " 
~fl'l'l1'UlJ1n"ll'U U.(;l~fl'Yl~U"~ "1 U 'Yl~'l"ll'U nflU lJlJ~fllJl~m'1 "II~fl'l'l1'U'YllJ1n"ll'ULflU rnV11n 

U'lu.~~1~~rl1'lii~u 60% fI'lJ''U n1'11,~u'l~iJ'tl'U'J'UV1'U1 L~~fl~~l U-Value 'tl~'l~11'l11~n 
.3": ~ ... ~ '..'"1 ~,,, ~. I .J. ~. I . ~ ... .., .... .,J~, ... 

tnl"lUu.uu L'YlU '"I'l LlJ'"I1Lu'U Ufl:; LlJCJnlJl~~Lt1lJ~ LU U.fl:;LlJ~'U1 LuLu1UUL'YlUUnUmN'Yl LlJlJn11 

... ::. • I .. .., •• I.,J ,.,J" 1 ".., .J .l'.J .l' ::. 
lJI~(;\,a~umNn'Uu.~~ (mTn'Yl 1.5) '"I:::~U'J1m1'YlU1'U '!I~fl'l'l1'U'YllJ1n"ll'ULlJ~ WWR ~.,'J"II'U'U'U 

~ .J , ... ~ .......1 ..l' 1 .., 1 '1"' :"I riU L 'U~~ lJ 1"11 n n 1 '1 u.~ 1.,'1 ri ~'J'l~ l'YllJlU'YllJ 1 t1 :::t1lJ lJ 1 n"ll 'U UIJ1'J~ 11"111 L ~ 11:;V1 1 n lJ ~ Lu ~ 

L"i~'l1Jfutn m fII L'Jfl1 nfl1.,'JrJ'U ~.,'J hl L~m nun 111,~ ~.,'J~lU 1'UL 'J fl1 nfl1'lrJuLL~~rl1'l1~ u.~ LtI'U 

n 11 H~ ri'.,'J'llU 1 'UL 'Jfl1nfl1'l ~ULtlU~'JU 1 V1qj 

27000 

24000 

... 21000 
IV 

i 
.¥18ooo 

15000 

12000 

-4--80% SHADING DEVICE 

t o • .. = ... = .. -.... -... -4-4 -.-80% SHADING DEVICE 
Insulation 
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..a _~.. .. ..a... IV 1...J ... IV 

111,"'t1 4.25 LlJ'ftlUL't1tlUil1ft11''t11-3Lfiiln't1U-3UIIII 100% 'W1'ilJJ ,,~U1UnUft11JJ1'ilU 

27000 

24000 

:g21000 

! 
~8000 

- ... -100% SHADING DEVICE 

---.-100% SHADING DEVICE 

15000 r~~~~~~!!!1111~---~~~~~==- (INSULATION) 

12000 

1l1yj~ 4.25 U.~~~n11LmUULYlUU1:;whml'l1r~u.~~~ 100% t~u~H'c.nr~ri~~., 1 ikl 

_I"!! ...... ...J.......J ""'"I.J ... "..J 
LurUULYlUUnUmFll1Yll~L~~n I Yll-Jn11U~U.~~Yl 100% yjrmmUn11 Lri~kI,)klnklWJ1l-Jr~klYl 

c.JU~ LL~~~1~\~kI~1 phn11H'yjfl~~1k11rJ~1'"1:;nfil1m\'L~tJ~nkl t~tJ~Ld~1~LLc.J~nklLL~~ 100 % 

~1)Jl1n~fiulUl~i~L'"IkI'J1n~1 ~~ WWR ilfil~~~kI "'l-JltJFl/"J1l-J~l ~kI~c.JU~~U~LtlkI~kI,)kln 
" .l..J..J " ... , ... .l.J "I'" ..J 4 
kI~Ufl~ yjkl'Y1n1:;'"InYl1:;U1UFl,)1l-J1~kI~n,)1)Jl-J1n'lkI ri~c.Jfl L","'1 U Value L~fltJ (Ueft) '1l~~ 

... ... , .l, " '"I ... X ,......, 1 .. 1 c.J'\.Nl-JFl1)Jln'1lkl n11mm'YIFl,)1)Jffikl1:;wn~1l1tJ LUU.fl:;1l1UU~nl-J)Jln"kI u.VlnflU)JFll nfl~fl~ 

rfj{u~~1~yhLJll11~LmuuLYluufi1 U (eft) r:;"'~1~~1Fll1~klu.uunu~1"'1rYl1~L~~n 

nJ ,~ .. .J • . I'!! ......... ~ 
" U.UU(;l1~ 1 L~UmFlln11~Lfl~n'YI'"l:;kll)J1Lu1tJUL'YIUUl-J~~kI 

1. mFl1n11~Lft~n A (Double Low-E Glass) 

2. mFlln11~Lft~n C (Single Clear Glass with Insulation) 

3. mFl11'Y11~Lft~n F (100% Shading Device with Single Clear Glass) 

4. m"11'Y11~Lft~n I (100% Shading Device with Single Clear Glass with 

Insulation) 

-4 I -l.... 1~": I .., ~ I 

Fl1 U-Value Ll1f1t1"fJ~~U~fJ1F111 (Ueff) ~1 "LIl'Itln11L11f1t1F11 U-Value "fJ~~U~'Y11J UfI:;Fl1 U-Value "fJ~ 

.. • .l' ..: .... '" I 

m:;"'n~U1"1~ "flfJIl'IYlU'Y1~U~fJ1F111Yjn"1u Fl1 Ueff = [ (Uwall x Awall) + (UglassxAglass) 

J/(Awall+Aglass) 
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"11'1~~ 4.14 LU"I~,h U (eft) 'lJfI~ BASECASE (Single Clear Glass 6 mm.) 

,hn1" 14Yfti'~~1U' yf,h"tli4'umitftltJ 
U (eff) (kWh/sq.m.) 

WWR10 3.39 78.74 

WWR20 3.7 84.57 

WWR30 4.01 89.41 

WWR40 4.32 95.39 

WWR50 4.63 100.71 

WWR60 4.93 105.97 

WWR70 5.24 111.12 

WWR80 5.55 116.50 

WWR90 5.86 122.87 

WWR 100 6.172 126.46 

..a. .. 
"11'1~YI 4.15 LLtfIMf\1 U (eft) 'lJtl~ tl1f\1'Yl1~Lfttln A (Double Low-E Glass) 

.hn1" 14Yfti'~~1U' 14,h Pitlifu;;" itftltJ 
U (eft) (kWh/sq.m.) 

WWR10 3.01 74.09 

WWR20 2.94 77.10 

WWR30 2.87 80.04 

WWR40 2.79 82.86 

WWR50 2.725 85.89 

WWR60 2.65 88.96 

WWR70 2.58 92.15 

WWR80 2.5 95.50 

WWR90 2.43 99.11 

WWR 100 2.36 102.96 

77



."j I ... • 

"111-3" 4.16 LUf"-3fit1 U (eft) '!I11-3 111fit11'''1-3Lftl1n C (Srngle Clear Glass With 

Insulation) 

fhn11't ~'Wft~-31ut ~;hfill;{u;h, i.ll!) 
U (eff) (kWh/sq.m.) 

WWR10 0.8 73.98 

WWR20 1.39 83.38 

WWR30 1.99 90.97 

WWR40 2.59 97.26 

WWR50 3.186 102.96 

WWR60 3.78 108.18 

WWR70 4.32 113.26 

WWR80 4.97 118.28 

WWR90 5.57 124.15 

WWR 100 6.172 127.04 

.. 111-3;14.17 LL ... -3fh U (eft) '111-3 111fit11'''1-3Lal1n F (100% Shading Device with 

Single Clear Glass) 

.hn11' t W'Wft~~1ut w;hfillifuih. i.ll!) 
U(eff) (kWh/sq.m.) 

WWR10 3.39 75.58 

WWR20 3.7 75.75 

WWR30 4.01 74.59 

WWR40 4.32 72.93 

WWR50 4.63 71.02 

WWR60 4.93 69.15 

WWR70 5.24 67.50 

WWR80 5.55 66.05 

WWR90 5.86 64.77 

WWR 100 6.172 63.62 
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"11'1~~ 4.18 LLt"'~fh U (eft) ,.~~ ~1fit1'Yl1~Lft~n I (100% Shading Device with Single 

Clear Glass with Insulation) 

"­
IV 

WVVR 10 

WVVR20 

WVVR30 

WVVR40 

WVVR 50 

WVVR60 

WVVR 70 

WVVR80 

WVVR 90 

WVVR 100 

140.00 

130.00 

120.00 

110.00 

U (eft) 

0.8 

1.39 

1.99 

2.59 

3.186 

3.78 

4.32 

4.97 

5.57 

6.172 

ft101'" ~"ft~~1U" ~w1Pi~ifu;n i.~!1 
(kWh/sq.m.) 

74.13 

74.71 

73.74 

72.55 

70.73 

68.93 

67.47 

66.44 

65.44 

64.58 

-.-Single Clear Glass 

- .... -100% Shading Device ~ 
N 
E 100.00 

I 
90.00 

80.00 

70.00 

60.00 

. ____ Double Low-E Glass 

-+-l00%Shading Device 
i------i-'-::!.'----___ -+------'--'----"--'---,..,..- with Insulation . . 

···Itt·· Single Clear Glass with 
I------:---~.....,----......,..:;'-----'-....:;.:....-- Insulation 

o 2 4 6 8 

U(eff) 
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.~utm1fiLft1'1~t.ifi1 U (eff) n1.JUU~LtI;tlntl1ft1n'11~L;tln,j1~ 1 

n11~dLlfl~~f'i1 U (eff) 'fJ~~U~1'l).JtJlr~fJ1rl1~~j;\1).J\Htn~'l1tJ ~~f'i1 U-Value ).J1n 

,ru~~~~~fl1~rl,)1).J1fJUfl1).J11mhuL'Yl1~\d1~111U1utlUI11UUfJnl~)J1n;u Ll,;i~1n;fJ'Jfl~1~ 
.J" , ., .11" .!"I .,.1-. ~ • 1 ... ., ., .I 

~1nn1111tlflU'YiU,)1 ~U~'Yl "lILlJUn1~~n Double Low-E, ~U~'Ylj;\~j;J~f1lJn1rUnULl~~ LLfl~~U~'Yl 
" , 

ilm1H'Ll~~nULl~~'Yi1fJ).Jnu1~llu'lU ,runflUfl,)U'Yl1~nU~fJ u~Fh U-Value ~~ m11-n'Yifl~~1U 

~~fl~fl~L'Yi11~~1n111-nn1~~n Low-E Llfl~Ll~~nuLl~~ 100% Lijun11r;l~f~~rl,)1).J1fJU~1n 
" , 

111UUfJn1uL'lfl1nfl1~t)uhi1~L;1).J1fl~fl).J1ufJ1Fn1 Llfl~UfJn~1ni1f'i1 U-Value Yl~~~~'l'lu1~ 

".I 1 .... "1.1-.J'1 .... ~ 1 •• 1 
rl,)1).J1fJU'Ylfl~fl)J UL,)fl1nfl1~,)ULLfl~~,)1)J1fJU111U U'YlLn~'U UL,)fl1~,)rl1 ~1n~flfJ~ 11 Llfl~ 

Lrl~fJ~1.rt~Yh (Internal Heat Gain) fl1).J11m~U1UfJfJn~111UUfJn1~fJ[h~1'l~L1'lli11t\1l-l 

LtJ~fJ~1111~mrufufJ1mfll1uL'lfl1tr'l~1 

"11'1~~ 4.19 LLt.,,~fi1LtR!J1.JL ;i!l1.Jn1,1. .. 1 ",.w1'11tl~tl1ft1'''1~L;tlmL1.J1.Jfh~ 1 l.u 
WVVR 30 .. 

A1n1,1.,r~ti'~~1U (kWh/year) tl1f11m1~Ltttln 

BASECASE (n1~~n1fliuL~U'l 6 )J)J.) 19,044 .. 
fJ1rl11V11~LflfJn A (n1~<;n Double Low-E) 17,049 

t11~11V11-.3LflfJn B (m::<;n Double Reflective) 16,143 

fJ1rl11'Yl1~Lflt1n C (llU'lUnUrl'l1)J1fJU ) 19,377 

fJ1rl11'Yl1-.3LflfJn D (Ll~~U-.3~~~ 60%) 17,371 

fJ1rl11'Yl1-.3LflfJn E (Ll~~U-.3~~~ 80%) 16,591 

fJ1rl11'Yl1~LflfJn F (Ll~~U-.3LL~~~ 100%) 15,887 

fJ1rl11'Yl1-.3LflfJn G (LL~~U~~~~ 60% 'Yi1fJ)JllU'lU) 17,815 

fJ1rl11'Yl1-.3LflfJn H (Ll~-.3U~~~~ 80% 'Yi1fJ)JllU'lU) 16,680 

fJ1rl11'Yl1~LflfJn I (Ll~~U-.3Ll~~~ 100% 'Yi1fJ)JllU'lU) 15,706 
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1l1"'~ 4.27 n1'1wLL_,,~fi1LtR!lULfi!lun1"1'l'!f'w';h'lil~il1f11ff11~LftilnLLUU.h~ ') 'lu 

WWR30 

30,000 

--
25,000 - ----

-----
20,000 .. 

III 
1/ 

~ 15,000 .r. 
~ 

•• ~ .... . ..... ..... H '''' ..... .. .... ~ ... r ... .. 
- -- r---- -- f- - '--

oX 
- - -

10,000 .WWR30 
- 1-. - -- -- - ---- --- --

5,000 

" ~Ul1 n-.lLuJl1n11~~LLtJ-.lnu~~lu WWR30 UU Fhn111i~tr-.l-.l1u,,:;~~UtlmNnl1t11Fl11lA'uLLuu 

~'Wilmrou~~~ 1 uvintll1Fhn111i'Yitr-.l-.l1u1nftLfitJ-.lnun11Hn1::"nu1::~"Ylfi111~~-.l ~-.lLn(;l1Jl 
.l'.I.J... .'" .1::::1'" " ... "1 nLrlUlJ1:;"Yl L"YltJU Baseline num:;"nlJ1:;rl"Ylfi111~~-.lt.JnL'1Ut11Fl1'rY11-.l L~tln ALTERNATIVE F 

~:; I ~n1ru-.l~~ 1 00% ,ru":;U1::~u~2-J1nnl1tl1f")1'rY11-.lL~tln~u 1 

M11'1011~ 4.20 LL_''oIIfhLtR!lULfi!lun1''11.,nW~1'1il~il1f11''1'V11011LftilnLLUUM1o11 ') l.u 
WWR 100 .. 

fhn1"11.,r"fi~~1U (kWh/year) il1f11''VI1~Lftiln 

BASECASE (m::"nli1{uL~m 6 J.JJ.J.) 26,936 

tl1f")1'rY11011L~tln A (m::'"In Double Low-E) 21,930 

tl1f")17Vl1011L~tln B (m::'"In Double Reflective) 18,885 

tl1f")17Vl1011L~tln C (~U'lunuf")'l1J.Jffiu 3W
) 27,059 

tl1f")1n'\1011L~tln D (LL~oIIU\lLLl1"~ 60%) 18,722 

tl1f")1m1\1L~tln E (LL~\lU\lLL"~~ 80%) 15,681 

tl1Fl1m1\1L~tln F (LL~\lU\lLL""~ 100%) 13,551 
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.,j , 

"11'1~" 4.20 ("'8) .. 
fhn1~1..r""~~1U (kWh/year) tl1"1m1~Lfttln 

tllPllml'Ufltln G (LL~~U~LLI'lI'l~ 60% Y41tl)JllU'lU) 19,136 

tllPllml-3Lfltln H (LL~-3U~LL~I'l~ 80% Y4fimllu'lu) 15,976 

tllPllml~Lfltln I (LL~~U~ LLI'lI'l~ 100% Yi1tl)JllU'lU) 13,755 

111,,;14.28 n1'1~LL~,,~A1LtRfJtJL;jfJtJn1~li""~-31U'!l'8~'81A1~"'~L;tlnLLtJtJ.h~ , 

lu WWR 100 

30,000 

---
25,000 

---
20,000 

... • I ...... , ..... I ...... '''''~ ,,,,,,,,,,,,,"" .. TH- iTH:II"IIH , 
III 
U --
> 15,000 -or; 

~ I-
~ 

10,000 .WWR100 

e- -- - -- --
5,000 -- -

i- i-- -- ~-

-

J , J - ~ ... , 1" ~ ..., 
r,;l1n1l1YiYl 4.28 YiU'JIL2.JtlLu1UULYlUUPlIn11 "lIYifl~~IU'Jltl~tlIPlI1YlI~LfltlnLLUU(;11~ 1 

., ,J.l"..J J'J ,J'J~ ... J' ~ , 
~u WWR1 00 "l::YiU'JIL2.Jtlrl ~rl'JUYiUYln'J'::"l n(;1tlYiUYl ~U~2.J2.Jln'tlU n1ru~ LL~ "''"I::~12.J11Clfl ~PlI 

n11HfYi~~~IUtlth~L~u1~i~ LdtlLYlUUn11H'n1::'"Imh::~Ylfi1l1Yi~~~~ 2 "lIil~ ~~Ln(;11~"lln 
L~U1.h::~LYiUU Baseline nUn1::'"Im.l1::i1Ylfi1l1Yi~~t~ULllYiI::tlIPlI"YlI~Lfltln ALTERNATIVE 

./... ~./ ~..".,,, ~ ,J J 
F LLfl:: I Yl)Jn1ru~LL~~Yl100% UU'"I::LWU'JIPlIn11~"lIYifl~~IU'"I::tlfJYl 13,551 kWh/year L2.Jtl 

... - ..I ... , 1" ~ ,./ LYlUUn11n1::'"In Double Low-E Ll.fl:: Double ReflectIve Yl2.JRIn11 "lIYiM.:JIUtlfJYl 21,930 

kWh/year Ll.fl:: 18,885 kWh/year r;l12.Jfllc;1U 
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«ttl"'fi n1ilLft1'1~"L U,!ltJL ;;!ltJn1'1. 'If' "'M1,.tH1l1ft1'''1~L;llnU tJtJ,h~ , 
.J %..J J'.J .J'.J ....... 

"1n1l1YfYl 4.27 LL~:: 4.28 tl~tl,)U~UV1m'::"nt+1tl~UV1eJU~ filtl WWR30 LLfl:: WWR 100 

";1L '-"~ ttJl~~1"u1 ~"tl~'lltN LL~~;1 eJ fl ~tln11thtJ L Y1 f~ ~tl1Yit+1U '\.nn'lltl~ LL~~;1"u1 ~ L~qJ LnU 

Wl1~~1LUU "i1tlhjl~i1m1iltl~nuf~~tl1YifttJ1~tJftN~1tlm:nr~LL~(;ltlth~L~~1::t'l~ ,,::";1L'-" 

Ln (;l "'l1~1tlULUtl1 fil11 ~~ ~~ eJfl ~tlm 1L ~~1111::L um rn1 fiI,)1 ~ LijuLu ~~ LLeJ~nULl.~ ~t!U,,::i1 
• I ~... • ~ ... .J... • " ., 
1J1::tlY1fi1l1~~1n(;1tlL~tl~tl1f'11rY1~f'l1 WWR ~~ (WWR60 - WWR1 00) "::t'l1~11()fl~m1 ~'IJ 

~if~~1ul~~1n Ll.r;itl1tllfi111V1ii';1 WWR ~1 (WWR10 - WWR50) m1H'tl1fi111Y11~Lfltln 
.J" ., • I ~... ""."1 ....J ." ., AL TERNATIVE A LLfl:: B Y1 ~'lJm'::"n1J1::tlY1fi1l1~~~()tl'l1L1J'UY11~LfltlnY1m~1::t'l~n,)1n'11 ~'IJ 

LLeJ~nULL~(;l 

.. 
~1u~4'tJil";1n11~Lfil11::vfY11~Lf'lnt3f'11t'l(;1f (Economic Analysis) Ll.t'l~~n11R1U,)ru 

1::tJ::L,)fl1~~YJU (Payback period) Ll.fl::eJfllJ1tllJLl.Y1Un11fl~YJU (Rate of return) Ll.fl::fhH'r,htJ 

(;1fltl(;l'll')~tl1!Jm1H~lUtl1fi111 20 ;:] (Life-cycle cost) 

m1R1U,)ru LCC (Life Cycle Cost. ';1~UYJU(;1~tl(;ltll!Jt)!J4'm') ~tln11R1u')ru~1 

1'i1 Hroi 1tJ 1') ~ (;1fltl(;ltl1!J m1L '~1U"tl~tl1 f'l11~~tJ1::ntllJltJ ~') tJt'ltl~~')U~~ n~tl lo!flI'i1"tl~ m 1 

fl~YJU (Owning). ';1L,roi1tJLum1~1Lih~~1U(;1fltl~tl1!Jm1L'~1u (Operating) L~tJiJ~(;11m1 

R1u')ru~~r;itlltJd 

PV = Ax [~:~J J~:~L} 5 
........... (1) 

[1 + eJ 
1 + I - 1 

LCC = PV+ 1'i1ritlt'l11~~~uLU;:]Ll.1n ...... .... (2) 

PV = 'J~,.hU"l'UtJ'lltl~,;1 't.,.Hh (tJ1'Y1) 

A = ';11nrhl1tJu (1J1'Y1) 

e = ti"11L~tJLYltl (-5%) .. 
= ti"l1~tlmiltl (-7%) 

n = 91tJ'ltJtl1~n11H.,.ntJ'lltl~tl1f'111 (20 U) 
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j'lIInthu;Ni1nr.:~ntitl;Ni1W.a WWR10 ~20 jYNffl30 iWWR40 iWWR 50 ~60 WWR70 WWR80 iWWR 90 WWR 

l-a1l1l111 WWR (%) 100 

,j1n1f1Wllulun171fLLU;lriulIIIlII umJeIl 3,650 3,650 3,650 3,650 3,650 3,650 3,650 3,650 3,650 3,650 

;illl~ (IJ1MI7.1I.) 

~iln7l:"1n"nJ 4 ~1U (1II7.1I.) 15.4 30.8 46.2 61 .6 77 92.4 107.8 123.2 138.6 154 

P\J~'luin~lr~IIIUl'mIi~ ;.,· 56,210 112,420 UIS:&;30 224,840 281,050 337.260 393.470 449.680 505.890 

~~0 ':,;.' -.', "'<-.,' ~,.. I. ·. ~~; ',. " ~(\ ::. ':'Y .~: '; '.,(~~ 
. . ;illl.w( iri;t) " :" 0:' (5;~ •. >~. '~,Jljt:.. 

, d •• <'\ 11; :,; .•. ~:, 

~lnIJ11'11~~ 4,21 Ll.~~~1""Lt1un~~hn1'1tNYlU1Un1'1HLl.CJ~riULl.~~~;:tl~~~~~riUtllF111 • 
.I , ''i' .¥.oJ or .I .1 rv .I .. ::' 'v or .I 
YlFlI WWR "UI~1J11~ 1 ~~t1rl~rl,)u~UYl"!ltl~flun1n.mULl.~~YlIJ1~IJ1~~::LYllnU~UYln'1::~n"tl~ 

'i''' ... or .I '1 ..::. 
tlIFl11 ~~t1tl1F111IJ1ULLUU WWR30 ~~UYln'1::"n 46.20 1J11'11~L~(;l1 FlIn11tNYJU Un111J1~1J1~ 

~ ~ .I 
Ll.CJ~riULl.I'II'I~jj'ILtluL~U 3,650 UIYl/(;l1.~. L~n::1l::UUllhnI1tNYJU"tl~n11~~~~LLCJ~riULl.""Yl 

,!II .. ::.; .oJ .I ... , or .I ::. , 
WWR30 LuUL~UYl~rlU 168,630 UTVI rl')U tlIFlI'1Yl~FlIWWR100 ~UYln'1::"n1,)~Yl~~~~~::tl~ 

.J I _!:. _ • ..J 
Yl 154 1J1'1~. FlltNYJUn111J1"1J1~Ll.CJ~nULl."~~::tl~Yl 562,100 UIYl 

tllll71t1'lU~uiln7::,,",j!l~illju.m:m1l1ll WNR10 ~R20 WNR30 WNR40 WNR50 WNR60 WNR70 WWR80 WNR90 WWR100 

WNR{%) 

1) ,j1n:::,n (1J1WIII7.1I.) 2.585 2,585 2.585 2.585 2.585 2.585 2.585 2.585 2,585 2.585 

~) 1i1!11liiLiltJII (1J1WIII7.1I.) 2,951 1,706 1,291 1,084 959 876 817 773 745 710 

~) ,j1U,N;i1ll1W (1J1WIII7.1I.) 506 319 256 225 206 194 185 178 346 337 

~1n17tWl)Ulun1,f!ln7::'mlll::;i1ll1W (trm 6,042 4.610 4,132 3,894 3,750 3,655 3,587 3,536 3,676 3,632 

1117.11.) 

~uiln7l:"ln7'l1l 4 ~1U (111'.11.) 15.4 30.8 46.2 61 .6 77 92.4 107.8 123.2 138.6 154 

~1n17tWl)Ulun1r;!ln7::'nll.ft::;i1ll1W 93,047 141 ,988 190,898 239,870 288.750 337,722 386,679 435,635 509,494 559,328 

(1J1YI) 

.I 1" .... , 1 1" v ~ln(;lI11~Yl 4 .22 Ll.~~N ~mU()~FlIn11M'rJU un11 'IIn1::"n Double Low-E nUtlIFl11 

.I , ''i''' ... or .I , 
YlFlI WWR "!IUI"1J11~ 1 ~"t1tlIF11'1IJ1ULl.UU WWR30 ~~UYln'1::"n 46.20 (;l111~L~1J11 FlIn11 

tNYJUL1l~I::n'1::~n Double Low-E LUUL~U2,585 UIYl~tlIJ1111~L~1J11 "'ltltjihiltl~Lrh.u~u 
~ 

1 ,291 UIYl~tlL~fl1 Ll.fI::FilLl.N~~~~LtluL~u 256 U1Yl '1')~FiIMYlUn1'1Hn'1::~n Double Low-• 
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:::. I " .I... _ :::. II 

LYi11:;1l:;UU~lm1ft~Yjun~m11'11n1:;~n Double Low-E YU,J 'WVVR30 Li]UL~UYI~~U 190,898 lJlY1 ~'lU 
.J ... I .f ..: !: .-1 . _:::' . ...J 

fll1'111YU,JI'II'WVVR1 00 YiUYln1:;~n1'll-JYI~l.nJ"~:;flfJYI 154 "1l-J. ~1~Yjum1"""~~:;f}fJYI 559,328 1J1Y1 

..I - • t t'" ..I (;I1'i1~'VI 4.23 LUCIMtl~fl1n1~ft~'VIU un1~ '!fn~:::~n Double Reflective Glass 'VI WWR • 

e"M"'l,A'Uyjnr.:'In,ftlM"u:m.m~" WWR10 ~2O WWR30 WWR40 WWR50 WWR60 WWR70 ~80 WWR90 WWR100 

WWR(%) 

1) ,j,nr.:'In (ll'W"U.) 2,360 2,360 2,360 2,360 2,360 2,360 2.360 2,360 2,360 2,360 

2) ,j'tI,jjLil!J~ (1l'''1''1.~.) 2,951 1,706 1,291 1,084 959 876 817 773 745 710 

3) ,j'llN""i-l (lJ1"'''1.~.) 506 319 256 225 206 194 185 178 346 337 

,j'n1tn~\un,rltlnr.:'Inwn:""i-l(ll'" 5,817 4,385 3,907 3,669 3,525 3,430 3,362 3,311 3,451 3,407 

"f.~.) 

~yjnr.:'Inf'l~ 4 ~1'U ("f.~.) 15.4 30.8 46.2 61 .6 77 92.4 107.8 123.2 138.6 154 

'hn1fft~'l'Ul'Un1ritlnf:'lnllft:""i-l 89,582 135,058 180,503 226,010 271,425 316,932 362,424 407,915 478,309 524,678 

(ll''') 

~ln"I11~~ 4.23 u~,,~1,xd~uti~Fhm1ft~Yju1um1Hn1:;~n Double Reflective Glass nlJf}l"l~ 
, 't" .. ..1 .J I 

~1 'WVVR 'IIUI""I~ 1 "tJfll~11"UUlJ1J 'WVVR30 l-J'VtuYln1:;~n 46.20 "111~Ll-J"1 ~lm1ft~YjUL1l'VtI:; 

n1:;~n Double Low-E LtJUL~U 2,360 lJlY1Pifl"111l-J~Ll-JI'I1 ";lflijiiLi1tJl-JLtJUL~U 1 ,291 1J1Y1,)flLl-JI'I1 Uft:; 

";IUN;j"i~LtJUL~U 256 1J1Y1 1'll-J";lft~Yjum1Hn1:;~n Double Low-E LtJUL~U 3,907 1J1Y1Pifl"I11~u.J"1 
.of ..l , .... ~ I s-
'VtUYln1:;~n'llfl~ 'WVVR 30 LYllnlJ 46.20 1'1111~Ll-J"1 L'Vt11:;1l:;UUI'Ilm1ft~YjU'IIfl~m11'11n1:;~n Double 

.J... ~ _ ::..; .J.J... • l' .J 
Reflective Glass 'YIl-J 'WVVR30 L1JUL~UYI~rlU 180.503 lJlY1 n'lU ml'lI1Yll-JI'I1 'WVVR1 00 'Vtu'YIn1:;~m'll-J 

(;I1'i1~~ 4.24 fi1 Life Cycle Cost "'iNil1f11~1-3Lftiin F (100% Shading Device) 

,.,harml.n"w,Mi/ 1"t/m&ui/",j.",r .. W;UM'lfl'lf (VVIndow to w,. Ratio, %) 

(kWhIyear) WWR10 WWR20 WWR30 WWR40 WWR50 WWR60 WWR70 WWR80 WWR90 ~Rl00 

M",,j,lfbHh,ftlil (ll''') 48,294 48,405 47,661 46,602 45,381 44,184 43,131 42,204 41 ,391 40,653 

,j, Present Value 'ItI'I,j,\,j 788,013 789,824 m ,685 760,405 740,482 720,950 703,769 688,643 675.377 663.335 

,j'n1f~lun'f\f~rl'UIlfI,,'ImIJtt~ 56,210 112.420 168.630 224.840 281.050 337.260 393.470 449.680 505.890 562.100 

~,,~ (1l1'l) 

~~tI~Il'~~n'UllfI"tunyjll 33.065 66.129 99.194 132.259 165.324 198.388 231.453 264.518 297.582 330.647 

if'l~,j'lW'J'Un1flf~rl'UIlfI""fttl" 20 n 89.275 178.549 267.824 357.099 446.374 535.648 624.923 714.198 803.4n 892.747 

~, Ute Cycle Cost 877.288 968.374 1.045.509 1.117.50< ~.186.855 1,256.59!i 1.328.691 1.402.840 ~.478.84t ~ .556.oa. 
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"1-rNfl4.25 "1 Life Cycle Cost '1t)~n1,."lin~ ... n Double Low-E "lu 20 tJ 

\nhllm,toll'lllhMiI tTlIWn&.J"lnlllli."\l'df,,~..,, (WIndow \0 Wei Rallo. %) 

(kWtllyear) WWR10 WWR20 WWR30 WWR40 WWR50 WWR60 WWR70 WWR80 WWR90 

~'l1Ih 14'btA11'1t1tJ (U1Y1) 47.343 49,269 51.147 52.950 54,885 56.847 58.881 61.023 63.333 

~1 Present Value 'IM,h iYl 712.496 803,922 834.566 663.985 895.559 927,572 960.761 995.712 ,033,405 

r!1n11tWY!\.I1\.1n1f1fnr.:"'In Double Low-E 93.045 141 .990 190.916 239.852 288,787 337,723 386,658 435,594 509.472 

';1 ute Cycle Cost 865,541 945,912 ,025.482 ~.103 ,831 .184.346 1.265.295 ,347.420 1.431.306 ~.542.8n 

.." _I"!'" , tI--1l1't'tYl 4.29 LlJ'i!lULYI!lUFl1 Life Cycle Cost '1t)~L fii)ni)1F11'i 2 '!IU" 

1,700,000 

1,600,000 

1,500,000 

1,400,000 

1,300,000 
C'" 
E 

~ 
1,200,000 

--..- ute Cycle Cost "fJ~ 

Double low-E Glass 

1,100,000 I------..... r--------'--....;c..-~--~- ute Cycle Cost "fJ~ 100% 
Shading 

1,000,000 

900,000 

800,000 

WWR 100 

65,790 

,073.495 

559,438 

!~.e3:l 

"'I1nn11Fi1'Ut"JrurhL-nroi1t1~fltl"'tl1!Jn11L-n~1'U (life cycle cost) L"'t11;:)fi~",uuui1trj;l11 

L~'UL~tl ~u~1~fi~51rh1.nroi1t1j;lfltl"'tl1!Jn111.n~1'U (life cycle cost) ~1~~"'~tl tl1"11i'l1~L~tln 
F Yi51n11U~U"''''~ 100% L"'t151rhH'roi1t1~~\UJr;'I1 ,556,082U1i'l 

... 
"'I1nc.Jfln1ilL"n:;lfn11fl~Yl'Ui'l1~~1'ULf'\m3f'\1~~fntl~n11~"'~~U~Nri'UU"'''' 100% riu 

n11L-nm:;"'In Double Low-E ~U~l~l Life Cycle Cost '!Itl~~~~i1~11m\'L~t1~ri'ULdtl WWR 51 

I '" • 0 - .J ... I J'''t! ' ., "1'Utltl Uj;l~1'IUUtl1"1m WWR J.J"1J.J1n (80% '!I'UL )"1 Life Cycle Cost '!Itl~u.CJ~n'Uu.r;'I"'~:; 

" , 1" ~ "..J ' ,.,J 'Utltlnr.J1n11 '!Im:;~n Double Low-E 'II.:JJ.Jrit"J'UlJll-3tlf.ji'l 76,851 U1i'l 
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..I _~ '" .. ..., • 
fl1~t1 4.30 LlJ'itlUn1'i'i::!J::L'lft1fiUJt1U"I'8..:J'81f11'it11..:JLft'8nnU WWR "IU1""1..:J ., • • I 

40 

35 

30 

25 
... 
! 20 

15 

10 

5 

o 

- oil- - Payback Peroid (iI) "!I~"" 
1fllfHrillllllil 

___ Payback Peroid (i1) 'I!I~"" 

1f Double low-E 

-J.- Payback Peroid (iI)"!I~""lf 

m:," Double Reflective 

Glass 

~:;lil1~n1:;~n;j FJru~)-ItJ"imnhUL Yll')'lI)-11~tJhJ ulnn ~h'l~lmJ\r'llitJ~;j rh U-Value ~'l U~ 
~ I~"'" I ... ~ ...,. ., ..I 1 ...... :-, ., .t .J .oj X 
~)-I ~~1tJ mnL~ Nrl~(N~IYl InUL "Dl \1 n1:;~ n tJL'lfn nfll'l'lU "''lUtJL)-I~V1tJYln 1:;'"In)-l)-lln"DU 

I ., 1..1 1 .... .. X~., 
~)-IltJ Fl'l1 )-I'll m11:;tJ 1 tJ I')'lI)-1 1~tJ~:;~)-I~ 1 nl) ltJ tJ ~tln \1l) 1 U U~ n UL'l fll n fll'l FltJ~'l Ln "'''DU L'" 
)-11 n n~ 1 n 1 nil tJL Yl Fl'lI)-1 1~w.h u~,r'lYitJ ~'lJtJrh n 111;V1 i'l'l1 U~'l fl ~ fl'l '"lIn n 11~ 

LFli~'ltl rumm f'llil'lltJ~,rnu~tJfl'l1 tJL 'lfll-J'l ~1 

.I .. _ , _ .I, 
Pl1'i1..:!" 4.26 LLtUN'i::!J::L'lft1 L Un1'iflU"U "I'8..:JLLPlft::'81f11"1"1..:JLfi'8n"fl1 WWR 100 • .. ... 

tl1~!i", n1:~UYlu (liitlU) tl11'111Yl'NILfltln L~Ufl~YlU 

BASECASE (n:::"'InlftoiuLiim 6 JUt) 0.00 0.00 -
tl11'111Yl1,Ufltln A (n::: ... n Double Low-E) 559,438 15,018 37 

tl11'111Yl1'Ufltln B (n::: ... n Double Reflective) 524,788 24,153 21 

tl11'111Yl1'Ufltln F (LL~~U~UII"'~ 1 OO%) 562,100 40,155 14 
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WWR100 m1L-nm:;"'ln Double Low-E "'l:;ih·:;tl:;L'"J~I~UVlU"'l:;Ulun'l 37 n u~:;m11-nm:;"'ln • 
... '" I ., " 

Double Reflective Glass UU"'ldh:;tl:;L'"J~I~UYJuiun~lfl~Y1 21 nulJim1~Vlc;i'lu~'InUUVlVlUU 

"'l:;lilhh:;tl:;L,)~I~UYJuiu~qVlLijU 14 n lil1m~ifl~~ulUL;'ILrl11f3r11~j;1f~1 nl1~VlvY'I 
.1"'" ." ~ .""." ~..I" J' .J , % .J "'."'1 

~lJmrunuuVl Vl UlJlJ ~U'l 2 'IIU"'l:;L~),J l:;nlJlJ1UYi nfll nUVll1Ifl'ln l1YiUVI n1:;"'l n ~flri Vl ri'"JU~U'I LlJU 

J'..1 'i' .1"'''' ... "''I .. .......1 
YiUVI),Jl n ~Vltl"'l:;~1 ),Jl1CllJ1:;~U VlYi ~'I'I1UU~:;),J P1'"Jl),J,,),J Ftl ~Um1~'I'V1uL '11'1 Lrlnt3r11~lJI1VlVl q (;I 

1l1Tffl 4.31 u."~1.h~i" BIl1Tfn1'1t1'1~ ..... i"Tfft~,nuhHhL;jtl1.,rUtNnUu",,;l1 00% 

0'1.1 WWR '2IU1"~1~ , 

55 

50 ,.-

45 r--- f-

40 - r--- f-

~ 35 ;-- - - r--- '-

II 
30 110 

III 
r--- - - r--- '-... c 25 II r--- r--- - r--- r--- -

u ... 
II 20 Do. - r--- r-- - r--- r--- - • 100% Shading Device 

15 r--- - r--- - - r--- r-- -
10 - r--- - r--- f-- - r--- r--- -

5 - r--- - r--- - - r--- - -
0 ---- - '-- '-- '-- - '-- '-- - -

"'llnm11LFt11:;iu~:;~~~~LL~Vl'l1""L~U~IFilLmUlJLYlUlJ 'flIFtl1lA'UUlJlJ (Base Case) 

nlJ'flI P111~~ VlvY'I~U n mrnUUVlVl"'l:; L~U L~~1 ~1),Jl1ClU1:;~U VlFil1-n~ lUL ~Yh~fln"'l :;fl~~ 17% 

;'1 Lnfl LYlUlJnlJ Fil~'I'V1ul um1~VlvY'Ili l~unmrnUUVlVl~11 P11 168,630lJ1V1 LL~ Lrifl LmUlJ LYltllJ 

nlJfllFtl1V11'1Lftfln F ~ WWR100 ~~(;IU~'1nULLVlVlnlJfllFtl1~ULLlJlJ~hJ~~u~'InUU~Vlt!u 
YilJ~IFilm11-nYifl'l'lIUL~yhlJil'1nun'l 49% U~:;L~~IU'"Jru~11:;U:;L,)~I~U'V1U'Dfl'lU~'InUUVl~ 

YilJ~I~I~fumru WWR30 ~ii"'l:;1-nu~'InUU~Vlt!u1:;U:;L'"J~lnl1~uYJufl~~ 22 n UIJit11LUU 
~ , ... .... ... ,.... ~ 

mru WWR1 00 UU1:;u:;L,)~lm1P1uYJU"'l:;flFJVI 17 lJ 
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60 

50 

_ 40 

~ 
cu 
till 
III .. 30 c 
~ .. 
cu 

A-

20 

10 

0 

0 ' 

0 -

'It 
~"-100% Shading 

Device 

Double Low-E 
Glass 

-~Double 
.!.; 

Reflective Glass 

..... 1 ~ I 1 ~ ... .- ... I..J.. 1" ... ..J 
"11 n m'1-nlJVUJ,)1 lJnl ~') LFl n::~ L "11'1 LfII~~~ f111t'l (;\ '1 YilJ,)1 L~tl ~ m~ "II LL~'1nlJLLI'!I'!'Yl 

1 00% LmtJlJnlJnl~1-nm::"Imh::~'Ylfi111Yi~'1~'1 2 "IIUI'! fiilmnh::~uI'!Yi~'1'11l.!1~Yh~tlU'Dtl'l 

n1'1 H LL~'1nlJLLI'!~"ilJ"I::nu~::~'Ylfi111Yi~1 n~i'! ~ LL~ ::L~tl WNR n FiI~'1~lJ u~::~'Ylfi 111Yi'Dtl'lm'l 

1"'" .r 1.1".J "".r ~ I .r 1.1.1 :/ ... "IILL~'1nl.!LLI'!I'!"I:;~'1"l1l.!(;\I~ ul'!,)U L~tl WNR ~~lmllJ(;\'1LLIJl (WNR 50 'Ill.! u) u'l::tI'Ylfi111Yinl'l 

... ..J J' I .. ~" ... .J "" .... 1:/-
lJ'ILLI'I"''Yl 1 00% "I::~'1')jlJtlm'lL~lJ LI'!"III'!~tlLVltJlJnlJm::"Inu'1::tlVlfi111Yi~'1 
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60 

50 

_ 40 
~ 
=:, 
J! 30 c 
8 
i 20 

10 

o 

.1 

~----~~------"~--~~------~~" -~ 
. - .6. 60% Shading Device 

I-----------".J~~~--__(tc---------~;.:;.....:.~-~ - 80% Shading Device 

" '. - .. -100% Shading Device 

< 
'.J. 

~1nIl1Yi~ 4.33 YilJ~1~~~'lUlItl,m11u~LLc;)c;)J'U;Jr.J~L~U(;lNvitlf'hn11H'Yitr~.nul~Yh 

tc;)u~~ n1;J n'11U~ LLC;)~~ ~~ iJ1 n ,,::~~ ~ 1 iJ11Cllh::l-tU' ~Yi tr~~lul ~Yh 1~iJ1 n;U(;l1 iJLtJ ~'l u ., 

.. 
(;l1iJ LLvinv.lJ~1~::~1iJ11(lU1::l-tU'C;)~ln11Yitr~~1Ul~~liJ1nn~1n11H'n1::~nU1::~YlfiIlI'Vi~~"'~ 

2"l1UC;) 
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.. 
1 LI'111:;it:l11'111~ULLUlJ (Base Case) ~'JU~~'Htlun11~11-:Jtl1Pl11Yl1-:J L~tlnu.lJu£Jh-:J 1 Yf1tltll1-:J .. 
th:;Li1uU.fl:;1LPl11:;iu.u'JYl1-:Jn11H\u~tlnt:l1Pl11u.UlJ~1-:JnUu.~-:Jnuu.~~u.lJU~U'I 2 -nu 1'Jtllu 

" ~'1 n11 1-n m:;9 nU1:; ~Ylfi n1Yf~'I 1 ~ij Pl,)1t1 mtl1 :;~tll1'1 1 UL;'I L Yl PlUI'1 

n11~mn1uuYl~cj1Utl1 ~1t111n~~~fln11~mn14'ul~~'1d 

" ~fl n111 LPl11:;iL;'1 L Yl Plill'1:D't~ L ~Ur)1 n111 -nm:;9n LtlU~U'Itl1 Pl11tltlU~'1 ~fl 1 ~ij Phn11 

1-nYi ~'N 11..1~1 tJ1 1t11u ~'Ju tlrj I'll 'In tJllt1 1 UU9 9uuilu tl1.n n 1:;9 n LtlU~U'Itll Pll1L ~tlPl'J1t1 • 
!"I 0 .l' ~ !:. ... ~ .1'" ~.I'" 1" ..... 

~'J U'I1 tI LlJU91U'JUtI 1 n'!l U~N UU n 11 Lfl tl n'J ~ ~ LlJ fltlntl1 Pl111'J tI ~ lJ n'l n 11 11 n 1:;9 n9'1 tI • 
1'1'J1t1 ~1 ~C1J Li1Utlrj1-:Jtl1n t~u L ~Yf 1 :;u.~'1 nuu.~~~9:;li 1~tl1~iJtl'l nUPl'J1t1 1tlUL ;h~ ~'Jtl1Pl11 

1 ~ ..I 0....1 .I~ ..I 1" ., ..: 
UL'Jfl1nfll'1'JULYftlfl~n11:;n1rn11'1'J1t1LU1..l'!ltl-:JLPl1tl'llJ1Utl1n1f11 "Ii'ln11 "Ii u.~'Inuu.~~Yl 100% 

(Yl1-:JL~tln F) Pl'Ju~1unun111-nm:;9n1t1liuL;;u'J~U1 6 tltI, LtlU~U'It:l1Pl119:;YiUr)1,.hn11H 

Yf~'1'11u9:;~lnr)1tl1Pl11Yll'1L~tlnu.lJlJ~1'1 1 ~'1~tI~ 1U'Dn..I:;~n111.nm:;9n Double Low-E 

(Yl1'1L~tln A) Ufl:;m:;9n Double Reflective (Yl1'1L~tln B) ,ru9:;ijphn11HYf~'1'11utltlUnr)1 

1" ..... I ~ .... ~.... ..... .J ~ I 1 ...1' ..I 
n11 11 U~'I nuu~~ tJltl Ltltl U~'InULL~~UUtln1 'IU'I LL~~Yl tJll n'J1 40% UYln mn..l'Dtl'lYfUYlm:;9 n • 

1 
..J ., ..J !:., 1"" ", 1" 

U'Dn..I:;Yln11U'ILL~~Yl 60% UUPl1n11 'lIYffl'l'l1U9:;UtlUn'J1n11 1Im:;9n Double Low-E 
... ..I %.J .1'..1 , .r ..I ., .. ,!:., .1' 'I. I .J ., ..I 

(Yl1'1 Lfltln B) Ltltl¥'1 ~¥'1'JUYfUYlm:;9ntJ1tlYiUYl~U'I tlPl1tJ1'1U.tJ1 'NWR40 'DU ~lJ ¥'1'Jun11U'Iu.~~Yl 

80% 9:;t1l1t111nfl~n11HYf~'I'I1u1~tl1nnr)1n111-nm:;9n Double Low-E LntlUVJnmtilUnLt)u 

LntlPh 'NWR ijph~1nr)1 20% 1..Itln91ndlun11tltlnu.UU91'1~tltlnu.UUPl'J1~1\l'l~'IU94'u 
, 

".. ..J.I 1 ...,," "1 U'J~fltltltlU 1 LlIU'IUlJ1:;tlln..1 Un11fl'lVJU 1:;U:;L'Jfl1PlUVJU Pl'J1t1tJ1tl'ln11'Dtl'lL91'Dtl'lU1U U 

1".r ..J ,., ., 
n11 1IYfUYlm:;9n'DU1~tJ11'1 1 nU~U'ltllPl11 

~4' U1~l1ltll Pllrn1'1 Lfltln UUtlvl1-l 1 til LmUtl L Y1Utl Ufl::1 LPln::t-fL~tl~mt1r)ltl1 Pl1 'I 

Yl1'1 Lfltl n UtlU 1~U1'1~ t1l1 tI 11n fI ~ Pi 1 n11 1 -nYf ~'I'I1UtI 1 n nr)1 n 11 H n 1:;9 nu 1:;~Yl fin 1Yf ~'IYftlr)1 
.... "'I~" .. ~ ........ .J 

9:;L~fltlLYfU'I 6 mn..lLYl11..1UPltl t:l1Pl11Yl1'1Lfltln D, E, F "Ii'ltln1ru'lU~~Yl 60%, 80% Ufl:: 

100% tJl1t1~1~tl t~Utl1Pll1Yl1'1Lfltln G, H, I ~iJn11U'lu.~~~ 60%, 80% U.fI:: 100% 
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~'UJ~1~ut"'U"'l:;iJ~u'Ju~~,r'lmFl11~'JU"'l:;hj'1ltll11~1~LFl11:;lffi'l~1LfII1~Sf111t'l~fLYi11:;YiU~1 

LiitlL~~U'JUL;r1nU~,r'lmFl11 n~UYiU~1fihn11L'Yi~'1'11Un~U~1n~U LL~:;"'l1n~~n11~LFl11:;-J 
m1~'1YJUYl1'1~1ULfII1~3f111t'l~f'1ltl'lm1HLL~'1nULL"''''LYiuunun11L'n1:;'''ln Double Low-E 

YlU~1fih Life Cycle Cost '1Itl'lLL~'1nULL"'''''''l:;iJfihutlun~1m1L'm:;'''ln Double Low-E Lrltl 

mFl11,ruiJfil1lMNR ~'1 (80% ~u1u) tl~1'1hri~1~ '1IU1~i"'~'JU'1Itl'lLL~'1nULL",,,,,rU"'l:;iJ~~ 

L"'U~N{;]tlm1L'Yl~'1'11u1~~1 ~'1t'l1~11t1t'llu1~~1n11L'LL~'1nULL"''''~ 100% nUtl1F111 

" .J... , ::. • I ...., 'I".... 1'."~ 1" , .I X .J 
~ULLUUYI~Fl1 IMNR30 UU"'l:;t'l1~11t1u1:;t-lU"'Fl1m1 ~"1IYi~'1'11U 11'n1 '" 17% LL~UJtlYiUYI 

m:;"'lniJfil1~'1~'1IMNR100 ,rU"'l:;t'l1~11t1U1:;t-lrr",1~n" 49% LumijLFl11:;vf1:;U:;L'Jfl1~UYJU 
t ,,_.. .. .J .... J ... ... . .J ~ ... CI' 

YlU'J1 m1L"1I LL~'1nULL"'~t1tl LUUYl1'1 L~tlnYl"'Y1~"'''1I'I1:;U:;L'J~1m1FlUYJU'''l:;tlfJYI 17 u '!I'I"'l:;L1'J 

n~1m1Hm:;"'ln Double Low-E n'l 6 tI 

5.2 «1tJtI~L~UUft::ifty~1r1ft1ityl Un1,.~4"!1 
" " "'l1nm1~n~1~4'uLUFlf'li1 t'l1~11t1t'llUU1:;L~ULL~:;t1t1Jt-l1'11tl'ltl1Fl11nni1~mt11~~'1 

0-

nU~:;L~u"'{;]tl1tli1 
" ... ~ .J ... , ' 'I'' .... X '!!I .0/ , 

1. U1UmtW.,n~Y1~Fl1IMNR ~'1YiU'J1n11 ~'!IYl~'1'11U"'l:;~1n'1lU riULUtl'lWl"'l1nm1LL~ 

f'l~"'I)'1mi1 ~!J~~1t'l:;t'l~ LU(;]l)tl1Fl11L UL'J ~1n~1'1r)U ~1L ~ Ln "'1111:;m1~1 Fl1)1~ Liju~1n~uL U 

... 
LI)~1n~1'1f'1U 

'I ::. ... ..J....... 'I ...., ... oJ tl .... 
2 . m:;"'ln ~t'l"1lUL"'U'J t-lU1 6 ~~.Y1~m1nULL"'''' ~ULI)~1n~1'1I)UtlU1'1'" "'l:;lI'JU 1:;t-lUfI 

Yl~'1'11U~1nn~1m1L'n1:;"'lntl1:;~Y1fi111Yi~'1~hjiJm1nuLLfI~~~ 
" .... % ..J"'%.J X..J , X ..J .... ..::..... .....J 

3. U1UYlntl1 nUYI~riflriI)UYiUYlm:;"'ln ~tlYiUYI ~U'I~1n n11~"'~'1 LL~'1nULL"'''''''l:;'''Y1~ '" 

LYl11:;n11HYi~'1'11U"'l:;~'1~"'M ~'1~N'1~num1L'n1:;"'lntlttfn';Yl~'1'11U~'1fi11m1HYi~'1'11U 
X X.J .J":X 

"'l:;~'1'11U~1~YiUYlm:;"'lnYlLYl~'1IU 

4. m1L;~,r'l~iJllUI)UnUf'11)1~1tlU mn1~ IMNR iJ";1~'1"'l:;~1L~;Yl~'1'11u1~~1~'1 

n~1 m1L; ~,r'l fi 11~ "'1 LYl 11:;"'l :;fu LLt'l'l LL~ :;FI'J 1~1tlUL;r 1 ~1~ 1 n LL~hj t'l1~11t11:;U 1Utltln 1~~ 
!"I • 'I" .I tl.... • .... X 
LuULt-l~Y11 ~t-lLFl1tl'l rummfllYl1'11Ut-lUn'1lU • 

• .... " .... % 'I "X .J .... '1.J ../, .... l' 5. t'l1t-lruu1UymmnU ~UL'1I~1tlU"1IU m1Vl~U'I ~rillUI)Ut-lU1LYltl~"'Fl1 U-Value n~u ~ 
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BASECASE (U.:a 

LLII IIi! 0%) 

ALTERNATIVE 0 

(U.:aLLlllli!60%) 

AL TERNA nve E 

(U.:aLLlllli! 80%) 

pJllill'ltl.:aLLr.!.:a 

nULL .. II 

~ ~ J 
LiluYlu~~1n (WNR100) LYlfll'l,)1~ 

• v ~_,.. _'1'. ~ 
ft')U.:a1~ LLlllnflU ~mmnNLLIII'IYltJn 
-.. ... ,.!'v tl'" ~ ')1!'IUflm1 ~1I')ft,!L flflnfl11'11~ 

tJnlA'fl.:a,rU ri1m7't;Yli.:a.:a1u'lYJihl'ifl 

n"l::~.:aii.:a 26,936 kWh/year LYl11:: 

LI'I~tlfufl1n1~"I::~fl.:a~1n17::~1 
I'I,)1~WU'I4Un~1n 

m7'tffltlnrnIu.:aU.I'I 60% YlUol1 

ri1m11;Yli.:a.:a1U"I::fllllfl.:a~1nnol1 

m1lfn1::"In Double Low-E Lrlfl 

WWR 40 - WWR 1 ()() LLl'iLrlflL;JUUOU 

m1'tfm::"In Double Reflective 

Glass ri1m71;Yli.:a.:a1u'IIfl.:amM 

U.I'II'I~ 60% "I::~1nnol1UnL.)uLrlflri1 

WWR 100 ~ri1m11;Yli.:a.:a1u",:: 
Lyi10u 

, .f,.3' v v 

I'll WWR ~.:a'llUn11 ~"Yifl.:a.:a1UnftU 

fllllfl.:a ~1'i1.:aoum11;n7::"'n 
tl1::a~ifl1Yill.:a ~ WWR ti.:a~ ri1n11 

lfYii.:a.:a1U"I::o.:aiUll\1~'ltlA'')U LLft:: 

YlUol1mMLLllIII~ 80% "I::1I')U't'llLOIII 

mru7::\4tTlllYift'.N1~1nnol1n17lf 

n'::"In Double Low-E u.l'imru.:aLLIII'I 

~ 80% ,rU"I::tl7::'I4tTIIIYli.:a.:a.:a1U 

~1nnol1m::"In Double Reflective 

Glass Lrlfl WWR iiri1 50 fu'ltl 
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AlTERNATIVE F 

(U~Il""~ 
100%) 

., . 

au.r lI'ItI~ IU'~ 
null .... 

/ m1lf~t1nmrU-.lu."" u.uuil"LJiJJ 

(1 00%) "I~')t1t1r.:l1!i"'I'Ift~./I'NJJ'ln 
oJ .., .. I .,... • 
'rI11" U.fl::t1./1ur.:lltl"'I'Ifl~'l'UJJ'lnm'l 

m1tfn1::"Intlr::ft'rlirn'l'lfl./llll 1 

~./IiUL~JJ'l::~JJnutl'lu~n~'lKtI~ 
,j~./Im~u~ml'lIli'Nd~u.j'lu,)'UJJ'ln 
.. I~~' . .J .. 

~ t LJ LP'I'l'l n1::"ln Single Clear 'rIJJ 

m1nUu.""L,)fl'lnfl'l./l-lU~ti'l./lii "I:: 

,I'ltl ti Lii"mru1::~!i,,'I'Ift,w'lU 

JJ'lnnrhm1tfn1::"Intl1::ft'rlirn'l'lt,!./I 

~'Wilm1nUu.",,~ii 

r11U'lru\n ~11'~1t11 Unl1~111 ~~;~~::; ulJIn ~l~~ln 11.1 UtJtJ'tl~ nl1~1~tl~ ~'ltl 
" 

",-I 0 ~ ~ ~1 .. So' ..., .. 

1. ~Yli'%Ul~i'%1~11nUl~~nl1,.,m~t11urlNU udjUUU'lYll~1unl1L~tlnl"l1LL~~nU~1tl 

n1::;~nu1::;~Ylfilll~~~lJI1~il1lrhu-ntl"l WVVR ~ulJIn~l~nul~ LL~1unl1Ul1ul'~lU~1~Ju 
" "0 ....... I ..! ..J ... ..J 0 t,I..,..r.J 
~tltln LLtJtJ(;ltl~Yll"llU'l~U (;ltltltll1l L ~~1 UL 1tl~'tl~ Ui'%~ti11~"lIllJ1Yl~::;U 1~11"l1mJ~UYltll rll1 

~ " I " 

Illt11UL~11::;~lU14'tI;Uil~::;lhn1nLfll1::;vfLl.~~nuLI.~~1uLffi~-ntl~n111'~i~~1 1..1 Lrl 1 l1u 1'l~lU 
... ,oj J .... .J .. ... .1 
n~1lt1~::;LtlU"'tllrll1Yli'%lrlC1J L"DUYl fIIYll~n11~ I1l'll~tll rll1 luYlN LL~::;~Ul~tllrll1 (;l~tll1l~U 

i'%mU~'Dtl~tl1rll1LtlUr;iU 
-I ~ ~"' .I::! .. "' , ... 

2. L Utl~~ln n 11,.,m~t1ULUUL~~ 1 ::;u1::;riYlfilll~ LI.~::; rl'll~ fiJ~ rllYll~ LfII11j,3 fill i'% lJI1'Dtl"l 

LI.~~nULI.~~~vil~l~lnl~LrllJU ~~1~1~ult)i'%~~1~ftJn11u"lLl.I1l~"lIil"'~u 1 dh~li'l~~n1jl 
~'ltJL'lIUtl~ijLiltl~ rltlUn1lJ1 ~1tl~lUnUi'%111l ~~Julunl1~n1jlFlf~~tllu ~i'%Ul~rl'l11Lrl1l::;vf 

LI.~::;~n1jlti~~lt)i'%~L~~L~~ utln~ln;lnl1tltlnLl.tJtJ~;;Ju nl1L~tln1't)i'%~~un1tuu~LI.~~1~ 
... J' J .. ~,oj 'i' ' 1"' .1 ...... 

m~l::;i'%~ntJ~UYlLl.~::;i'%lll~1J~tlln1t'1UU~::;~~fl L~t1(;lN(;ltltlltJnl1 "lI~lU'Dtl~~un1rutJ~LI.~~ 
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3. m1ftC;)~'J1).J1tl'ULi1~n1tltJtl1F111 tC;)Utl1~U~UnnUU'lLLC;)C;)1l1U'Utln;'Utl~ntJtr"4'u 
.1 1",'"1 " ..I '" , 

~ft1UlJ1::;m1 ).J'J1"::; LlJ'U~'U1 ~FI'J1)J n'J1'l FI'J1).JU1'J FI'J1).Jtl'1ltl'l LL~Nn'ULLC;) c;) LLft::;1::;U::;~1'l 

1::;~~1'l~Um'nrU'l~~ntJ~U1tJl1'l '1lil~~tl'ln1::;"n Vi~~tl'lCJl1'ltl1F111 ~::;J'U~il~'J'UL~u'J'tl'lntJ 
mffitln LLtJtJtl1F111 FI'J1"::;~"11ru1tl'l rlu1::;ntltJ'ih'ltn'U1,xfl).Jm~fl)J CJft~~ c;) "::;~11 ,x~Un1nrU'l 

..11 " .... I 'i' .. 1 "" tal LL~C;)1l1u'UtlnYl '!I).JlJ1::; ~u'!I'U~'lqc;) 'Um1ft~FI'J1).J1tl'UL ~1 \l n1tltJtl1F111 

r{l4'uwr'l~1itl~ft~1~"1n'l1'U14'u~'U~ ":;LtJ'UU1::;tU'!IU~1~fufltl1UUnLLft::;~tltlnLLtJtJ 
J !"I" 1 .. 1" '" %.J'" .. ..1 .... 1 :!-

L Vitl LlJ'U~tl~ft 'Un11Lfttl n '!I LL~'l n'Uu.~~ ~1).J rl ~rl'J'U(;11'l 1 ~1tl Lfttlnn1::;"nYl).J lJ 1::;rlYl fiIl1Vi~'l 

~1~ftJ'tl'l LU~'!ltl'ltl1 Fl11 tC;)u~'ld~'Utl~ntJ' ~U 1::; fl 'I f'f~ tl'l n11L~tln 1,tj' fl~'!IUc;)J'U 11,xil 

• I :!... ..I .. %.J J'..1 '''' ..I... , ' ''' 1. I 
lJ1::;rlYlfiIl1Vi).J1nYlq~1'J).Jtl'lrl~rl'J'UVi'UYln1::;"n(;1tl~'U'ltl1F111Yl).JFl1LL~n(;11'ln'U lJ(;11).JFI'J1).J 

m).J1::;fl).J 
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I1111-3~ A 1 Single Clear Glass 6 mm 

Single Clear Glass 6 mm 

.""')u.t)·nil,,Pitunr~;fu;;t)1"1~ (Window to Wall Ratio, %) 

,,,,,hamf""" "HhPit)i1 WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWhlyear) 10 20 30 40 50 60 70 80 90 100 

yjYl1LLMfttl~ 1767 1767 1767 1767 1767 1767 1767 1767 1767 1767 

yjYl1~t.lnrnr 6701 6701 6701 6701 6701 6701 6701 6701 6701 6701 

Yifl~1Ut.lfufl1n1r1 6772 7785 8619 9653 10573 11482 12370 13299 14414 15033 

VENT FAN 1531 1760 1957 2198 2411 2621 2830 3048 3289 3435 

Single Clear Glass 6 mm 16771 18013 19044 20319 21452 22571 23668 24815 26171 26936 

Whlm2 78.74 84.57 89.41 95.39 100.71 105.97 111.12 116.50 122.87 126.46 

• I 

I1111-3Y1 A2 Double Low-E Glass "1:::!I:::,..1-3 6 mm. 

Double Low-E Glass ~tI::m~ 6 mm . 

• "",)u.tl~Lil,,Pitlrnr~;;U;;tl1"1~ (Window to Wall Ratio, %) 

\lu,)!ln1fU'bHhPitlil WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWhlyear) 10 20 30 40 50 60 70 80 90 100 

yjYl1LLft~fttl~ 1767 1767 1767 1767 1767 1767 1767 1767 1767 1767 

IlyjYl1~t.lnrnr 6701 6701 6701 6701 6701 6701 6701 6701 6701 6701 

i"tWnut.lfufl1n1r1 5962 6481 6989 7476 7998 8523 9074 9653 10279 10944 

fJENT FAN 1351 1474 1592 1706 1829 1958 2085 2220 2364 2518 

bauble Low-E Glass 15781 16423 17049 17650 18295 18949 19627 20341 21111 21930 

kWhlm2 74.09 77.10 80.04 82.86 85.89 88.96 92.15 95.50 99.11 102.96 

I1111-3~ A3 Double Relfective Glass 

Double Re/fective Glass 

."",)u.tI~Lil,,Pitlrnr~;fu;;tl1"1f (Window to Wall Ratio, %) 

\lu')an1f"""wmPitlil WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWh/year) 10 20 30 40 50 60 70 80 90 100 

yjYl1LLft~fttl1~ 1767 1767 1767 1767 1767 1767 1767 1767 1767 1767 

yjYl1~t.lnrnr 6701 6701 6701 6701 6701 6701 6701 6701 6701 6701 

Yi~1Ut.lftJfl1n1r1 5698 5940 6228 6477 6735 7044 7377 7701 8038 8382 

VENT FAN 1298 1371 1447 1517 1588 1672 1761 1853 1944 2035 

Double Relfective Glass 15464 15779 16143 16462 16791 17184 17606 18022 18450 18885 

I\Whlm2 72.60 74.08 75.79 77.29 78.83 80.68 82.66 84.61 86.62 88.66 
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n,ru~LL"";; 20% n1Jn':: .. n,.U,..t~"I 
ft,.tI'1'Uoitl~LtI,..ttl"U~;r'U;;tl, .. ,., (Window to Wall Ratio, %) 

,,,htln,,'l41 ww,.ttlil WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWh/year) 10 20 30 40 50 60 70 80 90 100 

yj~1UtW"r)'N 1767 1767 1767 1767 1767 1767 1767 1767 1767 1767 

yj~1~t.Inmr 6701 6701 6701 6701 6701 6701 6701 6701 6701 6701 

irtft.N1'Ut.lfufI101,. 6772 7785 8619 9653 10573 11482 12370 13299 14414 15033 

~NTFAN 1531 1760 1957 2198 2411 2621 2830 3048 3289 3435 

!Single Clear Glass 6 mm 16771 18013 19044 20319 21452 22571 23668 24815 26171 26936 

Pouble Low-E Glass 15781 16423 17049 17650 18295 18949 19627 20341 21111 21930 

~ble Relfective Glass 15464 15779 16143 16462 16791 17184 17606 18022 18450 18885 

~O% SHADING DEVICE 16709 17810 18723 19743 20654 21544 22451 23357 24107 25,098 

"1"~YI AS n1'i1. .. Shading Device 40% n1.Jn'i~~n'!t\l"r;i1~' 

O1,'l{ Shading Device 40% n1Jn1:: .. n,.u,..t~"I 

ft,.tI'1'Uoitl~LtI,."tl"U~;r'U;;tl'"'' (Window to Wall Ratio, %) 

,,1l'18n,,'l41ww,.ttlil WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWh/year) 10 20 30 40 50 60 70 80 90 100 

yj~1UtWClr)1..:j 1767 1767 1767 1767 1767 1767 1767 1767 1767 1767 

yj~1flt.lnmr 6701 6701 6701 6701 6701 6701 6701 6701 6701 6701 

Yfft~1'Ut.lfutl1n1" 6772 7785 8619 9653 10573 11482 12370 13299 14414 15033 

VENT FAN 1531 1760 1957 2198 2411 2621 2830 3048 3289 3435 

Single Clear Glass 6 mm 16771 18013 19044 20319 21452 22571 23668 24815 26171 26936 

Pouble Low-E Glass 15781 16423 17049 17650 18295 18949 19627 20341 21111 21930 

~ble Re/fective Glass 15464 15779 16143 16462 16791 17184 17606 18022 18450 18885 

~O% SHADING DEVICE 16592 17437 18188 18884 19480 20040 20614 21116 21683 22,043 
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n1'1U~IL"";; 60% ntJnr.: .. n'lil .. ,rn, 
... thU-itl~LiI .. llitl"U~;;-U;;tl1"1'f (Window to Wall Ratio, %) 

'nhan1'1t-i'l wW111itlii WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWh/year) 10 20 30 40 50 60 70 80 90 100 

yjYl1UlWftt)1~ 1767 1767 1767 1767 1767 1767 1767 1767 1767 1767 

yjYl1~tlnrnI 6701 6701 6701 6701 6701 6701 6701 6701 6701 6701 

YltN·nutlfu!l1n1r1 6772 7785 8619 9653 10573 11482 12370 13299 14414 15033 

VENT FAN 1531 1760 1957 2198 2411 2621 2830 3048 3289 3435 

!Single Clear Glass 6 mm 16771 18013 19044 20319 21452 22571 23668 24815 26171 26936 

Pouble Low-E Glass 15781 16423 17049 17650 18295 18949 19627 20341 21111 21930 

Pouble Retfective Glass 15464 15779 16143 16462 16791 17184 17606 18022 18450 18885 

~% SHADING DEVICE 16425 17030 17371 17796 18036 18210 18356 18496 18611 18,722 

n1'1U~IL"";; 80% ntJnr.: .. n'lil .. ..,~, 

... thU-itl~LiI .. llill"U~;;U;;tl1 .. 1'f (Window to Wall Ratio, 'Yo) 

M1ham'f141.ww111iIlil WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWh/year) 10 20 30 40 50 60 70 80 90 100 

yjYl1Uft.:Jftt)1.:J 1767 1767 1767 1767 1767 1767 1767 1767 1767 1767 

~yjYl1~tlnrnI 6701 6701 6701 6701 6701 6701 6701 6701 6701 6701 

YI~1Utlrutl101r1 6772 7785 8619 9653 10573 11482 12370 13299 14414 15033 

VENT FAN 1531 1760 1957 2198 2411 2621 2830 3048 3289 3435 

Single Clear Glass 6 mm 16771 18013 19044 20319 21452 22571 23668 24815 26171 26936 

Double Low-E Glass 15781 16423 17049 17650 18295 18949 19627 20341 21111 21930 

Double Retfective Glass 15464 15779 16143 16462 16791 17184 17606 18022 18450 18885 

BO% SHADING DEVICE 16246 16577 16591 16602 16448 16265 16080 15910 15746 15,681 
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... ..,... .., ... . 
"1"'~" A8 n1'itl~LL""" 100% ntln,.~4tn'!lU""1~ 1 

mru~~'''1;l1 00% riunr.: .. n .. u"IIi'~"I 
."lhu'itl~LiI"lIitlJnr~itU;!tl''''f (Window to Wall Ratio, %) 

,,,l'u!n'flofbH"lIitlu WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWh/year) 10 20 30 40 · 50 60 70 80 90 100 

~Yl1LLft."ftrj1'" 1767 1767 1767 1767 1767 1767 1767 1767 1767 1767 

~Yl1~t1nrnr 6701 6701 6701 6701 6701 6701 6701 6701 6701 6701 

" i"",,1UtIfutl1n1r1 6n2 n85 8619 9653 10573 11482 12370 13299 14414 15033 

VENT FAN 1531 1760 1957 2198 2411 2621 2830 3048 3289 3435 

Single Clear Glass 6 mm 16771 18013 19044 20319 21452 22571 23668 24815 26171 26936 

Double Low-E Glass 15781 16423 17049 17650 18295 18949 19627 20341 21111 21930 

Double Re/fective Glass 15464 15779 16143 16462 16791 17184 17606 18022 18450 18885 

00% SHADING DEVICE 16098 16135 15887 15534 15127 14728 14377 14068 13797 13,551 

... . 
"1"'~" A9 SHADING DEVICE FOR WWR "U1""1~ 1 

SHADING DEVICE FOR WWR ,.u,,,IIi'~"I 

."thU'itl..'lLiI"lIitlUU..'IitU;!fl''''f (Window to Wall Ratio, %) 

,,,l'lfJn'flofl"",lIitlU WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWh/year) 10 20 30 40 50 60 70 80 90 100 

20% SHADING DEVICE 16709 17810 18723 19743 20654 21544 22451 23357 24107 25,098 

40% SHADING DEVICE 16592 17437 18188 18884 19480 20040 20614 21116 21683 22,043 

60% SHADING DEVICE 16425 17030 17371 1n96 18036 18210 18356 18496 18611 18,722 

80% SHADING DEVICE 16246 16577 16591 16602 16448 16265 16080 15910 15746 15,681 

100% SHADING DEVICE 16098 16135 15887 15534 15127 14728 14377 14068 13797 13,551 
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"111-3~ A10 HOUSE USE BETWEEN SINGLE CLEAR GLASS VS . INSULATION 

WALL WITH SINGLE CLEAR GLASS 

HOUSE USE BETWEEN SINGLE CLEAR GLASS VS.INSULATION WALL WITH SINGLE CLEAR GLASS 

."",)u~tl~LiI,,PitlU,r~MU;lf)'f'I" (Window to Wall Ratio, %) 

MU'lsn,,'l-ilw,nPitlil WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWh/year) 10 20 30 40 50 60 70 80 90 100 

~Yl,"1LLft~ftt)'N 1767 1767 1767 1767 1767 1767 1767 1767 1767 1767 

~Yl,"1~llnrnr 6701 6701 6701 6701 6701 6701 6701 6701 6701 6701 

iYI~1ullftJ1I1n11'1 6026 7615 8886 9951 10935 11843 12724 13592 14625 15128 

~NTFAN 1263 1677 2023 2298 2528 2732 2933 3133 3350 3463 

nsulation with Single Glass 15757 17760 19377 20717 21931 23043 24125 25193 26443 27059 

~ingle Clear Glass 6 mm 16771 18013 19044 20319 2145:< 22571 23668 24815 26171 2693€ 

L'l.'n1,'l"UlttluJr\Jtl'n,lf'I.uLLPi.::~~L'ltl' 

.""')u~tl~LiI,,Pitlu,r~;;u;ltl,f'I" (Window to Wall Ratio, %) 

,,,hsn,,'l-ilw,hPitlil WWR WWR WWR WWR WWR WWR WWR WWR WWR WWR 

(kWh/year) 10 20 30 40 50 60 70 80 90 100 

Yl,"1LL~ftt)'N 1767 1767 1767 1767 1767 1767 1767 1767 1767 1767 

Yl,"1~llnrnr 6701 6701 6701 6701 6701 6701 6701 6701 6701 6701 

"~1ullftJ!l1n11'1 13375 15062 16404 17593 18711 19777 20806 21920 23256 24132 

VENT FAN 3477 3966 4390 4761 5098 5416 5734 6062 6448 6709 

~ouse Use Day-time (Single 25320 27496 29262 30822 32277 33661 35008 36450 38172 39309 

Glass ) 

~ouse Use Night-time 16771 18013 19044 20319 21452 22571 23668 24815 26171 26936 

(Single Glass) 

~ouse Use All Day (Single 27811 30051 31807 33348 34779 36143 37468 38897 40630 41719 

Glass) 
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U1Utl1:;~j;J1 iij;J~"lI1tlJfi1:; Lii~r)u~ 23 L~tlUYi~fiI~mUU Yi.fiI. 2526 ~1L1r.m11~m~n 
ov ~ -l tl 0.. ~.I'! ... 

1:;~ufl~~l'Imj1Y1 Nelson College T:;LYIfi1 New Zealand LLft:;~1L1"imTl'ln1!t11J1tlJtlJ1(;l1 

~rl1tfj;Jun11~fil1~j;Jfuru.yjj;J fl1""~"lI1~tl1tf(;lU n11~ fil1~(;lf ~~1~Y1U1iUtl~i~itlJ LUU 

n11~n1!t1 2551 LLfl:;lll Li1fun11~n1!t1,jtlLlJ"'infJ(;l1tHl1tfj;JunTT~fil1~V11~~1uru.;j V1 f'l1"1 
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