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ABSTRACT

Over a decade Global warming and energy shortage have been major
issues for human beings. To solve such problems, renewable energy is one of the
interesting alternatives. The Government of Thailand offered policy FiT (Feed in
Tariff) to increase renewable energy usage in various segments including the
residential, commercial and industrial. Moreover, reducing energy consumption is
another way to relieve the problem. Therefore, the researcher interested in how
building layout could reduce energy consumption. This research studied on how the
solar cells work in a 7-storey office building with 4,200 9,800 and 17,500 square
meters accordingly. The proportion of the building was 1:1 1:1.3 1:1.7 and 1:2 while
the layout was 0° 45° 90° and 315° angle to the East. The researcher used eQUEST
3.65, a simulation program, to determine the energy generate in each case. Then, to
find out the way to arrange solar panel on the rooftop of building in five different
directions (east, southeast, south, southwest and west) in order to collect maximum

solar power to serve power need in the building.

The result showed that the building generating power the most efficiency
is the one with 17,500 square meters with 1:1 ratio and 0° to the East, while the least

one is 4,200 square meters with 1:2 ratio and 45° to the East. This is because of the
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more space to install solar panels, the more power generated leading to the better
energy management. For the investment return, the research represented that the
payback period is 28.91 years, and will shorter to 21.24 years in the case of selling
electricity back to government with Feed-in Tariff that purchasing rate of power is
6.55 baht per unit.

The results of the research could be applied as a guideline for the
new office building design or the building that require to install solar panels in order

to manage energy efficiency according to building design.

Keywords: Building Proportion, Building Orientation, Solar PV, Energy Simulation
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syuunaalnihmeadiasofinduunasan (Solar PV Rooftop) tAeadesiu

e

UsEanSAIUNISHARNTEWALNTN N15TN AT UDIANSVDIKILARLEIRANE NUNALTAAAS

ANMUINYDISIAN9917IRE (Solar radiation) LazsUAUBLIARLAIDTIAE

2.1 \adunasaing

= a

wadhasorindaiuisandanszualniilaainnisiisidvasnieeindd
UsgnaumeaunAveaauiisendt Inmeu (Photon) shewmasnulifiudidnnseuluans
Aaddveseaduatofindausgluaniuznszdu (Excited State) Wodiannsouldsundsu

nlumauwdl (Excited Electron) 9¢n5¢lanaaninaInesnaukazaulsaniaunlaagng

[

dasyaaiuiladidnnsaulmdaufasulasazyinlmianseualnddudqlndn (Electrode) #

a < g Y

dlnnsouIn TNt ULAzIARRUTHIUSENI ey wastinegnsatnuazisendt 13uan Wedh

a s

919 2 Qﬂ@iaéhwaamiw%ﬁ%ﬁﬂﬁﬁLLaqaijLﬁméﬁuawsﬁqﬁaﬁ’]ﬁﬁwﬁwmmﬁm%aéuaqa’mma

TutlatuAeansdarauan N 1zisnAwasnlad1elusSSUTIR N1SHAMYAALEIDINRE

9 9

a1s¥aneuvansusnfazlinnududuilniisunnmsgdidneseulifinisiadeuily
vaun uallaldionislauls (Doping) lnea1sluseu (Boron) avsinlsainududauinludia
WinAunszluseu (Boron) asvindadudiniuszq (Charge Carrier) aludszquanaelid
a o 1 I3 ] 1 c{' = 1 = dl> a @ v} 1Y

duannsounAazidutesineiisendt Gaps nielaa (holes) Fediinnsouazunugaieluy
15985199093 UNANAN5TRADULBHUTUIUNTTHAY 138ndn P-type NstauTednuuunile
Ineleans Weaneda (Phosphorous) @15%ansuiiiiuruIun1sialdauasenin N-type &3

wigauINeanesaszyimimludinididnasounioUszaaumoudululansgialy

' '
aa

Fanouwfounamunlulgaauasing Aoduiidu P-type Tuvasiiiidiuniivoswaaniud

(% (%
Y

[d = ] [ A 1 4 a !
LEIANNTENUILLUULNEITUUNS 9 WJUkUU N-type IDYADNBYITNINUVUYIY 2 138131 pn

junction Fadudruddygaluwaduasorfindinsizaziluusnuniusydaszindouiiiiu

a

wazsinliiausundeulninTusening Junction lTudruvesdanouimdu N-type Wu

a

44' Y 1 a PN a 19 Aaa ) P a
@Laﬂmi@ua']lniﬂLﬂa@iﬂ'm'ﬂ@E)EJ'N@aig‘wQQJ'VIQNGUEN'WE]Qiuﬁﬂmgwsﬁaﬂ@uajumLUU P—type by

diuiniieninlea Aedrunsidnnseuniamely (Electron space) @unsaindouiilnaenadasy

'
a

Nguvafivesiendunu WeUszydasziariinfoundiusesse pn junction aziia

9 Y



wsapdeullill (Voltage) senineseaseuuansisiidvinliinnisnandsyyddnnseudase
waglaatuegrsunnuny dusuafoulninsening pn junction lagusspdouldiintunis
NMsindeunvedianaseunfentsiiansyualinuiues (nsarsusednsninndsny,

2553)

A =

wiinvoawaanaseindarnsanuslaily 2 vlinfe nanddneu (Crystalline

Silicon) wag WAwU1e (Thin Film) wadkasefindvtianandaneuiliusedniningsan fo

Ayve o

aznouiseaiy Wukuundnifed (Single Crystal) wiafiidniululie Monoceystalling N3
wisnastaneuriafisusuainiasdaneunnrastaratgwa i liiinnsiudatudundn
&0 9 ntuazversvuInIwies o auduwriwdn diuviadnundalinduunuung 9 31nduy

a aa

Wusurunisyinlvriseulasldansazatedanila n1suds wadkasoinddndIsnis

=b
pmd)}

1 1 [

AldinegnninisusnAensmansazansdaneuadlunuuiinnt WeansazaneTaneuudefiay
Taduuwradameuluunansy (Polycrystalline) AULANANITENI MU UNE NLR B IMAZ MUY
nAnsandunaldannuuundnsinasidiundindnnate q wiluskiuead Tuvaefiuuundn
weresdiududiies Aoty waduawefinddanounuundnsauiarlviussansame
AwuURENAeT eghslsiing wadie 2 vialidelds Aeunntnite druraduaefinduin
Aduu1e Wunstmedianisedovansddneuvuwiuuivseunulans lnvaisdaneuild
Wuuuuhifigundnvideszueita (Amorphous) Feiiussansamlunisdsusundsausiinia
Monocrystalline uaz Polycrystalline witlagduladnisumalulagadslviunldlunisude
yhlsfannsnandununsnanauasfinsyansnmdudie wu wediaserfinduuuiiduunsd
flassadradumanedu (Triple junction structure) \udu dofveusaduuverueila e i
thwiniun annsadaseldlagliunann uarlugmmoswesanudndudunisliauddysde
anumsnuvesTanTildnanuaddnde (MsasusanBanmdany, 2553) :1naeed 2.1
wituldusransnmdefiuiiflifadileaaiwadiidussaniamgsano waduaseniind
¥ilandndaneu WeRasanfidaniswdalndifvint nuiiwaduaserfindsiandnddneuld
Huilunsindetesnisaduaseniinduiinfiduune Tnelasamsiifinsiivaduaiofinduin
Tldsunanldfyarnisamudemendsog?  0.26-0.39 Auumssilaind ganinwad
waseniindyilananTaneu (YaA1n1samusientiy Wy 0.11-0.18 aruumesilaing) s

1.6-2.1 W1 (Wuaune IITUAUING, 2556)



AN5197 2.1

mssguigunaauTivedgaduase Mg uszny Thin Film uag Crystalline Silicon

Thin Film Crystalline Silicon
-Si dTe CIGS Dye s. cell Mono
Uselan
lAnm Wil
TR L
y LT
T
{0 RN O
UseanSnmwaa
. 6-22% | 4-18%
LAIDRE
4 -8% 0-11% 7-12% 2-4%
USLANTA N
. e, 3-19% 1-15%
LARLLEIDVING
FuATdesns/KW
GRIENINERG) 15 m”’ 10 m’ 10 m” 12 m’ 7m’ 8m’
WEI9RY)

Wekyg. 37N Solar generation 6 : Solar photovoltaic electricity empowering the

world. Greenpeace, 2011, European Photovoltaic Industry Association.




a (1

1 Y v A
2.2 ANAMULVUIIFAAIIDININY

fnUsuaniiinasneUszansninnisuannszudalnilveseaanaianiing Ao
ANMUUYDISIENI99799E (Solar radiation) BeilAnundsdsnanmaniIsuannsewalu Inaen

v v o a e 1 1Y) ! X A a v v 4
V’n']llL“UiﬂJENﬁQﬁWNEﬂVW]EJNWNNLLmﬂmqﬂﬂu1ﬂ1ULLmagwu% LLaghadan ﬂi%LWﬂV]@QlﬂﬂLﬁu@u@J

[

493 (Equator) Auwildudnagdienmnuduvessednseinddeiuiiuinnitussmaniielng

NnduAudans Jauseinalnediundsineegiaziign 5 e 37 dUaunileds 20 aam

Y

a

28 fuannile Jsegluiniou vinlidlgamgiiginasnl warddunieaesignd 9789

Y Y

21 AUnmzusands 105 asen 37 AUnazusen anamd 2.1 asdfiuin 39.8 % vosiiud
Tudszinelng ferunduddasefingseTuaderedeglut 17-18 MJ/m’-dayuay35.6%
vosiuiianunay | Sussdnsenfingoglut1918-19M)/m’-day du Uiuiiddnenim
w&uAeudlugae 15-16 My/m’-day fiftesszanas 0.4% vesitufinomun wazluiou
fflanudusdnefindunnfignfetiafouuwiey fanuduisdnenfindgegais 23
MJ/m’-day (nwdl 2.2) iflevinisiadeAianuitusidniseniindiussmalngarnyniiui
\Judsetuedened arldivindu 18.0 MI/m’ day Lileviinnsiuseuliisuiudeyaain
Uszmadu 9 (Awdl 2.3) ziiiudn UssinelnefiadneninmdsnuuaenfindAoudiags
(NFURRUINFIUNALNULATOYSNYNAIY, 2557) Tngaunsam &N snaa i

YDITLUUIRRLAIDNNTLARIEUNITA 1

Pee = Pi / (QxAxBx(C/D)) [1]
AAUALA
Poi = nmasmswantiinveswadiaseing (kW)
Pi = Anudosmsndsaulniinlundsu (kwh)

Q - wisnuuaseiindluniletu (Wh/m”) Taeuiingammne fie 4.66 kWh/m2-day

(DEDE, 2007 as cited in kruangam, 2011)

AYALEN1Igaydavadsas (0.80)

AYALYEANGRYLFELTIAINTEU (0.85)

UsgANS N nueIduosimes (0.85)

O N ™ >
1

ANUULEsUNR (1 kWh/m?)



9 11 13 15 i7 19 21 23
10 12 14 16 18 2 Mifm-day

I 2.1 WHUNANSAMNSINULEIDNTNERA0RADAT. 91N NTURAUINSNTUNALNULAY

AUSNYNAWY, 2555

10



11

9 11 13 15 17 19 21 23
10 12 14 16 18 20 F¥] MJI/m’-day

209 2.2 WNUBANENINWANTULANDI TINEUBAADUAN 9. 210 NTUWAILINENUNALNULAY

BUSNYNANY, 2555
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25.00
20.3
19.6
s; 20.00 19.0 183 18.2 18.0
e 15.8
S 15.00 13.0
g
: 9.95
',g 10.00 8.95
g
5.00
0.00
ENGLAND IRELAND JAPAN USA. AUSTRALIA INDIA LAQOPDR CAMBODIA MYANMAR THAILAND
COUNTRY

29 2.3 madssuiisuanudussdnsenfingsetundudeUnusemeasig o 1asu. 910

NIUNHUINSINUNAUTILLAZOYSNENGIY, 2555

TaganunsalinuuLauasUsemanelutet 2013 way 2014 ladinns
Wiudeyalae  Usem  wdslwihswysleads d1dn  (uvnww)  (Ratchaburi  Electricity
Generating Holding Public Co., Ltd.; RATCH) iuLﬁumﬁuﬁ{fwi'muﬂsﬂgm FELA309

Pyranometer ¥84 kipp&zonen SMP11 (il 2.4)




13
27 2.4 19309 Pyranometer 989 kipp&zonen SMP11. 310

http://img.directindustry.com/images_di/photo-g/pyranometer-9079-4900745.jpg

AN 2.2

AImITAILAST] 2013 FavTauaTUgu (KWh/m’)

. NuTneudues
LABU
ALUNYAN F.AFDIUNNTIZYN

1NIIAY 152.87 151.34
NUANUS 134.13 138.91
A 174.56 161.45
YU 161.00 160.00
N YNIAY 178.38 178.81
nuiey 146.34 140.78
n3NgIAY 144.52 139.39
damay 52 57 152.98
AuEIeU 124.80 135.75
naAL 156.20 149.24
NEAINYY 144.96 137.25
FuAL 162.70 164.60

ans1efl 2.2 Dudeyadefennuduuaewinua UNmas kag fua
Aapsunnsys  ludwdnuasusy addusiiua vemade  duarilAneduanuduasingu

2 ° a a v v 2
152.75 kWh/m" kaganua AaBIUNNTLYe AALRREAINNLIULENLNINY 150.88 KWh/m
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AN 2.3

AImITALaST] 2014 FavTauaTUgu (KWh/m’)

. NuitTaruues
LAY
AUV N F.ARDIUNNTZYN

1NT1AY 174.79 170.93
NUAWUS 159.34 151.57
fuAw 156.03 176.14
WY 180.17 176.82
NG YNIAY 192.19 186.01
nuiey 152.20 150.59
nsNgIAY 153.35 151.72
daneyl 15l 151.16
AuEIeU 165.78 167.23
nanAu 161.96 155.86
WEAINYY 167.17 160.45
5uAY 154.68 150.44

AN519N 2.3 Lﬂu%’aaﬂamLaﬁﬂmmuﬁmt,mﬁumﬁwa YNV WaE Aua
Aapsunnsys  ludwdnuasusy addusiiua vemade  duailAneduanuduasyingu

2 o a d‘ ¥ 1 U 2
164.57 KWh/m  Lagnua AGBIUNNTEYN JANLRAYAINULIULAWNINY 162.41 KWh/m Tng
msiudeyail w3es Pyranometer azvinstuiindeyann 9 5 wil @ans lan3ny, ns
doansseninayana [Blual, 17 NUATUS 2558) B99ziiA1LafeseiudanIng 2.5 99Nn19319
~ < PR | A A o A 5 | A P
1 2.2 wag 2.3 asmulannluginiou dquieu fuseu gatay sdugrsiAiAuuLEInn
ad esnidurnminey vilviwanin vadsiasnannsenuasuuiulan wasikullueeg

aa 1

aelaziuldnnaiafsanuduiadinualiuigduies 9 wazanadfaleioniudy
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waniutoyalnensuenfeaivelugael 1964 - 2008 wanfiuwiliufig@usosun fanm
2.6

1200
sinusoidal approximation
& 1000 A * measurements
£
s
o 800 A
o
j
s
® 600 -
ks
S 400 A
200 -
0 4
I 1 1
4:00 8:00 12:00 16:00 20:00
time (h)
77 2.5 nsmianndeanuidusasendindnasavisl Miudeyasiewn3ad Pyranometer 184

kipp&zonen SMP11 910 U3 wanlwisvyslaans 911n (Wmvw)

Annual Glohal Solar Radiation
Bangkok 1364-2008

2000
2002
2004
2006
2008

et R e e el st i e et R ity e et e

2 2.6 nsvAnadsniduLae1indlul 1964 - 2008. 30 nsugaleuine
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2.3 BHUNRAIUINAIITUNALNULASNAI9IUNINADN

v o w 1

wankaseindivadudAyegn Anuaunsalundandenuliiueins uay

Aldde Bauszmalnglutaguildlianuaulasundunugaduiiniaaiisey wazna

Y

'
a =1

§379 awvemilafeesulovneniumnnsns FT (Feed in Tariff) v8annsgiidaadulmonay
Wanfidusulunsudandsnumawnuanniu Tnsnsmefundanuliihfndaldanisad
wasenindlitunislaih laegshvwadndmiuiiinends Ty 10 Alatad masuded
6.96udavaY §3RaTUIANA1Y 111 10 Alatad uagldiAu 250 Alatad s1A13uTe

6.55 UmsiantIY wargshavuluguInndt 250 Aladad warliiiiy 1,000 Alaind s1A135U

L3 U

9 6.16 UMEBNLIEY (NTURAIWINGINUNARNULAZBUS NS, 2557)

v v
a v o (3

Lo991n91Asa1TnudusIA TR uAd mSURnG T IR s LA ARE La

< [y [y

wazormsdrinnudadudydnualresesans mtdueimsdrinauiadueiarsiduulldud
219 918Neas 1N INANBAllTAUDIANIAIENITAARILYAALAIDINNY UINAIIDIAITUTZLAN
= a gj v & o A a 1 1 ] o o w 5 v I Aa
du 9 dnmsdudutadenvrsiiuadrdmsveiaisdrtnaudu o 1o iwsizilueiansidl

#155001M@3 (High-performance Building) kazilan1mwingeufiduasunisvinanuia

[

2.4 Uadendanananis ldnasauluennis

YadudrAgiinanonisidndrnulueimsuseiangng g Ade SUnse dadiu

Y

=

LAz #iAN19n1159196199901A15 Feorsdrinauiludnasligunssdmisuiesainidu
sUnssidesensesnwuulasade nsdanuiildau maneade wazlugunsaiiiunive

d' = & v LY £ £ 1 a N [y 9 1
HINNER "?J\‘iL‘U‘Ll‘ﬂ"ﬂGUEJV]G]’E]‘U’&‘LJENﬂ‘Uﬂ'JWumaﬂﬂﬁimaﬂﬂﬂigﬂ@Uﬂ’]i ngﬂmqamaamaulﬂﬁa
&

a o o a = o A o § YA v Ay o v v a a
EU‘V]?\TV]TJ?S‘WEJWW@QQ']UVI?!@ LUENGU']ﬂgﬂ‘miﬂalﬁﬂaEJ@J'V]WIWNWWUW?{NNﬁﬂ‘Ui\‘iaﬂ'N@']meJLUu

LaUINNIgUNsalas dwalinnudeudndimeimslauniiiinnisenisvianudu

Y

g9 MUNTRBNLUUDIANTFUNTIEMAYNTIRBalluLINd UM TanNansEnUINTed
Ausou nedadedu q ndnanunslinasnulueinisnae dndiu wasfifnn1an1921967
A | 1 A4 4 1 v oA Y o A o 1% av o a Y

Namsarslienasinuivindudnisldndsunuanansiululy swideineiiudadiu

[

wAE#AN19N1119871A15 1e 83TNS fawn (2556), gl SUABUNI(2553) Wag A1une

auImdana (2556) lvimsdnaesenansmeiiulsnmised 2.4 Inglunuidensauiud

[y

A1SMINUATNFANIINITINAIBIANTEINSUNST1a09M MU UAD 0 8ad1 (A1uALIw), 45

2971, 90 99A1 (V219023U) kAL 315 99A7 AIYFAFIUDIAITNRANANNAU I1UIIYVD

[

9IS AT WAz AIYNIY graIndana nan1sideNasnndediu As 91A15NINIS
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[

MeImungTuaziinsldndenulueimstesiign wane1ea1nuideves algnll SuAduns

o«

A ~ v

Mnan1sITevenfiananiinislandenulueinsdesiian As N1353196381A75 45 83en

o o o a

wazWITEVY 8IINT Naen algndl SUA1BUNS war adindns Asataniaiun (2556)

<3

aennnenuluzesdndiueinis lnedadiueinsninislindenutdesigaiidndiusy

Y

[y

55139 1:1.3 89 1:1.7 91n9uwddensany annsaagulaindndiuernsninislindasanudesy
wiidnauegluyie 1:1.3 89 1:1.7 waildlanunsaasudiuysisesiianiinisnediiuedonnisia

999 INIUIVELANUTALE I
AN519N 2.4

GG WIU A ITUAAT IUUAL AN NN T I NG IV IR SIAEANDAIS T WA NI

Frauys
398 ./ NANNNITI196IDIANT
ANdIUDIANT
QNG
Ayl b TN 115,
U IUATBUNS, 2010
19l . ARIEZAIE 2.5 (85 e,

IS faw, 2013 1:1, 1:1.44, 1:2.25 0, 45, 90, 315
Adlndns A3ataRTamn, 2013 i S0 R T )
AN IaImEana, 2013 1:3.75

2.5 n5Us2LIUeNIASITY9

nshnfavaduatefindlifueians uenanavdiondandsnuldiuenans
wén Fududrunildlunadinisuszsiiuiidfyremdninaeinisuszdfiveraisndeves
an3gewusnn (LEED: Leadership in Energy and Environmental Design) warweslng
(TREES: Thai’s Rating of Energy and Environmental Sustainability) 8naae d@1nsuineus
N15Us2 1A 0819ansgalusn1 lunuIngaenisidnasaunyuisy (On-Site
Renewable Energy) nsinsawaduasenfindazarunsaviasuunlumnnile 1-7 azuuu

(Y

Tuediuusunalwihindalaieuiuusunalnihildieleetonns sulunzwuugegai

Y

A5 EPAD 7 ATLUL ANUANSIN 2.5
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AN5197 2.5

inasginslizuuued LEED lunaingoenslonasnumsiieoy

21A1SNOAS19 VL AzuuuildannnsanalddegunE ey (%)
1 2 3 q 5 6 7
V2009 EAC2 1% 3% 5% 7% 9% 11% 13%

V2.2 EAC2 2.5% 7.5% 12.5% - - - -

V2.1 EAC2 5% 10% 20% = - - -

WEkY8. 3N How to earn the LEED green power credit, 2012, 3Degrees.

Wnasin1sUseLiiueA1slenveslng (TREES: Thai’s Rating of Energy and
Environmental Sustainability) Ing@a1Uue1a15i@e1lne (TGBI: Thai Green Building
Institute) @msunisUsEiuANSBuMMENLUNIELadan

Tudiureinandnuuazussena ssdivdenisliavuuudenisos msld
w&aunauny luideiausavazuuulilaenslindmumudouiondandsan 54
TulAsans Wy ndsnuLateiing (waduaeiing wisuinindeu) ndnuan ndewudi
wa Wudu Wldyadrdesaz 0.5-1.5 vosArldarendanuluoaisded Aduialdain
LuUsaemeneNinmed Sasuuusiniiu 2 avuuy Tnsudanasinsldnzuuuded

1L wisnssunaunulisiyarlidesnitdesay 0.5 vedldanendanuly
9113160 1 AZWUY
2. Hanndsunaunuliyarilitesninfesas 1.5 vemldiendenuly

915 2 ALY

TunsalnldnisiisuaA1anaIAsATwULYTEUNSUTEndanasauLazdu

'
I a

finsrodauwindouvisonin1sinaain (TEEAM) 3u 49 (Junue lildanadeveandsuse

NUNDIATHAAZUTLLANANUAITIN 2.6 taeldanadeanlnd 3.5 senuie
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AN 1519WANIUYDIDIAITUA AL UTLUAY
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B1AT

fnnstandsnusefiunltasssot

1. @11nau

e kWh/Year/sq.m.

1.1 nsvunalvgiuasiduenisas 215.80
1.2 91svnabngivaviaglilyonnnsas 199.90
1.3 nnsvunalvgifivasiaziluenansgs 218.50

2. AUgNITM

e kWh/Year/sqg.m.

2.1 famvialng (Discount Store) 336.40
2.2 Na3INAUAT (Department Store) 240.60
2.3 Fautlanandn (Shopping Plaza)/ fuiilsie 204.20
2.4 SqULUafaﬂ%Lﬁm (Supermarket) 418.40

3. lsane1una

[y

fafnstanasnunausunuaultlused

%28 MJ/Bed-Day (in Year)

3.1 15ane1u1a33

262.00

3.2 I5ang1UIaLenNTUY

625.00

4. oesUssnndu 9 nhilaseyld

240 kWh/Year/sg.m.

VGG, N NTINTSUTHTUAINENEUN NNAN IS T INGBI FI9TUNITIHTEUAIIN

WiounIsNeas NuazeIRITUSUUTIIN, 2555, annliuemsiles.

WNENNI15USELUDNA5:89U89 LEED way TREES UANUAA1EARIAUABUTINININ

Tnevs goanusianglinudfgiunisidndnulueianisegtmnn aviulaainnisuus

Aziuvluduvaanduigudududunis wazliisnslinsuuuiindrendaiu fe nsdn

Wiguanaldineundsueseinsitndsnunyuiisulueinsindalaaiuisoan

AN INEATUNA I UYDIDIATVINST wWAdAULANFA19 UA TREES finnstraswuuluaiudl

o8WaryNALLUULAIIENIIUBY LEED ADUDN9NIN
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NNSANYIUIAAKAENY B MNEITDY dnsadanmruatunauns

¥
Yo A

AnfunIvelanedl
3.1 pstviunvuineimsdineuiildlunismeaes
3.2 Ms3naewWansienasnulueIasatineu
3.3 MIPENLUUNNIARRAYAGUAIDARE

3.4 mseuaUSunalndnlueans

[

3.5 MATIRRUaYE

3.1 NSANUATUINDIANSAIUNUN LT TUN1SNAADY

lutunouilileswulainsussidiuguuuueiasdrdnaulagiianiiansan

'
a

91N91A1581 9NN WU ANUAN TUNNUMIUAT NAIDINTIVTINVUIANUTNDIANTEIUNITUKAD

9

' v
o a1 U !

1y Aldvihnsmuueiuiigedn fdgn wasvuanuiadevesiuiinety nuite1n1sdinnu

9

' ¥
a1 U I

TulanJamnauATIvwIANUAeTUTENINe 600 - 2500 wazlvuinuidetuadswiniy

De -

1,400 f13710UAT

3.2 N1531889NANT LINA9IUTUBIASANTNU

Tudupeunsmeassidunissiasmadelusunsunoufinmes eQuest 3.65
Wedransnislindsnuvesernsdineuiifidndiunasfianienisnaiiernsiunnsaiy
Tneihdeyaiildanduneudt 3.1 sldimunauinoiasifldlumside Usenouseeiasiia
PUNARUAR DTN 600, 1,400 way 2,500 ludnaiunasfiAn1en1s119§101ASLAneNg
fu lgnsdiAnwvanun 42 nsdidansed 3.1 fdadinvesiiemawinty 11, 1:1.3, 1:1.7
way 1:2 Ineiifien1annsineinenansiaan 4 fievng e i 0° (MmunzIu), 45° 90° (V9

AZTU) kAT 315° 9NN 3.2
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AN5197 3.1

nIAIANWITINTUNITNINRDIT] 1

et AANINITINEIDIANT
dndIue1Ang
(M3.3.) 0° a5° 90° 315
1:1 v v x x
600
1:1.3 v v v v
1,400
{1 v v v v
2,500
1:2 v v v v
3 42 ASUANEN

{File Edit View Mode Tools Help
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Layer-by-Layer Construction

Construction Name: ‘ LW Conc. Surface Type: |Vertical Exterior Wall h

Layers: (outside to inside)

Spec Method Category Material -(h—fp\t-z\{a‘FLi-‘eBtLﬁ Thi?lf(tr}ess C%ia%‘;&‘i‘é?, [()\E?gt‘gyl ?gteﬁ\b'-f?;
1 |Library Entry w |Finish w |Finish (HF-AG) 0.042 0.240 7 0.260
2 |Library Entry w |Stucco, 1 Inch (5C01) 0.083 0.416
2 |Library Entry te 30 |Ibs » |Concrete, LW, 30 Lb., 4 Inch (C « 0.333
4 |Library Entry w |Stucco, 1 Inch (SCO1) 0.083 0.4167
5 |Library Entry w |Finish w |Finish (HF-AG) 0.042
6 |- select materiz v

Overall R-Value: 6.035 h-ft2-°F/Btu
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v TAnTYan* U=6.31/5C=0.83/SHGC=0.72/Tvis=0.82/Rfvis=0.08

WWR (witle/16/mnzTusan/ayiunn)

50%
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1:1 - - - - -
. 1613 1,809 1,944 1,809 1,968 1,809
o 337, 1,802 2,000 1,802 1,944 1,802
1:2 1,797 1,904 1,797 1,914 1,797

1NANSI9 4.3 nuNtunsdoAIsaIdnaIuTLIg 9,800 A1SIBUAT LAY

WinNzadluNSAURANN NG WA AN NLans1g lUannnsmeA1sadnaIuYuIa 4,200
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AN5199N 4.4

2
o/

TIUIUBBNTAAUAID TN FRAILA NTdlaIP 15819 IUYWIA 17,500 9715 1NIUAT

Aan1enis | dedu firmansinsaeaduasoring
919115 | 9115 | ezduen | agtusnl@edls | 1 | szdueenidedld | mziueen

1:1 3,584 3,461 3584 3461 3584
. 1:1.3 3,584 3,454 3,504 3,454 3584
° 15107 3,492 3,452 3,528 3,452 3492
1:2 3,560 3,430 3,477 3,430 3560
1:1 3461 3,584 3461 3584 3461
4 1:1.3 3,454 3,584 3,454 3,504 3,454
y 1:1.7 3,452 3,492 3,452 3,528 3,452
1:2 3,430 3,560 3,430 3,477 3,430

1:1 - - - - -
. 1:1.3 3,504 3,454 3,584 3,454 3,504
X T/ 5.5 3,452 3,492 3,452 3,528
1:2 3,477 3,430 3,560 3,430 3,477

1:1 - - - - -
. 1613 3,454 3,504 3,454 3,584 3,454
o 337, 3,452 3,528 3,452 3,492 3,452
1:2 3,430 3,477 3,430 3,560 3,430

91915197 4.4 wulunsdlenasaTneILeuIn 17,500 AN519AS SR
wanzanlunswufianiunsraduasoindfiumilousunsdlonaisdrinauauin 9,800
RPRNIEI

mﬂmiwﬁgqamhjmmmagﬂmmé{’m‘v’uéwaﬁwmuumLszjaéummﬁméﬁ
ansoRnssldafirniansneiennsld wesnndestmstivunadsundadly dauals
auszasUasuLadiude Tnausunaifnsaldastiuog fumnuaine I auNwad

Y

LAIDNRELAY L EENINIENIVDIDIANT
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4.2.2 Guaulninfudnlaainnisinnunsgaaudsaindlufidnieng &

A9 4.5

UsuaulwinaaesieTikanls nsale1m1sa1dneIuyuim 4,200 91519uss (kWh)

firmamsinsugaduaserfing

AAN19N1599701A15 | dndIueAg . AL IUAN . Ay IueDn .
Az U Audls 16 Budls nzTuean
13} 133,785 131,365 136,919 131694 134,435
i 186} 133,785 132,063 147,451 132,394 134,435
° 1:1.7 131,212 131,540 140,430 131,870 131,850
12 133,613 130,144 137,446 130,470 134,263
1:1 129,154 136,076 132,179 136,416 129,782
A 1:1.3 129,840 136,076 132,882 146,910 130,471
K 1:1.7 129,325 133,459 132,355 139,915 129,954
1:2 2953 135,901 130,951 136,942 128,575

1:1 £ = = = -
. 1:1.3 144,076 132,063 136,919 132,394 144,776
L 1:1.7 137,215 131,540 134,286 131,870 137,882
1:2 134,299 130,144 136,744 130,470 134,952

1:1 = = 2 - -
. 183 129,840 146,543 132,881 136,416 130,471
o Talls/ 129,325 139,565 132,355 133,793 129,954
1:2 127,953 136,599 130,951 136,242 128,575

Ml 45 wunlunsdlonmsdnineuunin 4,200 #1519unsays]
Feaiinzaufunsinsaraduaoingfidaouie  nsdifirmanisniietans 0 oy
wiNrauiuNsTuraakae1fingluneiidla nsaifirvien1sinesie1ns 45° asuiisauiu
MsTuaslaseinglumefirnsTusenidadla ASaNANI9N1$I19781A15 90° ALULEY
Aunsiueaauaseinglumaidnziuean  LagnSARANIINITINEIIANS  315° QY

WiLNzaufuNsTeadkasindluneians Tunnidesla
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AN5197 4.6

Usinadlwiuadaesietiinanls nsalonnIsarundIuyuIn 9,800 971519n5 (kWh)

firmamsinsaraduasoriing
NAN1aNI5EIIANT | dadiuennng . A TUAN ., Ariuaen .

nzIunn oy 15 el nzIuan
1:1 342,180 316,463 350,196 317,256 343,845
. 1151l 337,549 315,591 341,245 316,382 339,191
° 1:.1.7 333,432 314,370 351,075 315,158 335,055
1:2 328,287 313,498 334,223 314,283 329,884
1L, 311,135 348,040 318,424 348,912 312,649
J 1:1.3 310,277 343,330 317,547 339,993 311,787
/7 1:1.7 309,077 339,143 316,318 349,787 310,581
1:2 308,219 333,909 315,441 332,997 309,719

1:1 - - - - -
A 1:13 333,432 S5 591 345,457 316,382 335,055
o 1157 343,038 314,370 341,245 315,158 344,707
12 326,572 313,498 335,978 314,283 328,161

1:1 - - - - -
i 1:1.3 310,277 339,143 317,547 344,190 311,787
o 1:1.7 309,077 348,912 316,318 339,993 310,581
1:2 308,219 332,165 315,441 334,746 309,719




AN519N 4.7

Usinadlwituaaesrediaanls nsalon)sarudndInyuIn 17,500 91579485 (kWh)

43

PANINSANHITAALEIDTNG

NAN1aNI5EIIANT | dadiuennng . A TUAN . Aiueen .
peiuan | 16 gy | ¥iueen
1:1 614,723 603,793 629,125 | 605,306.06 | 617,714
. B3 614,723 602,572 615,083 604,082 617,714
° 1:1.7 598,943 602,223 619,296 603,732 | 601,858.32

1:2 610,607 598,385 610,343 599,884 613,578
Ik 593,626 625,251 607,534 626,817 596,515
J 1:1.3 592,426 625,251 606,306 612,826 595,309
¥ 1:1.7 592,083 609,201 605,955 617,024 594,964
1:2 588,309 621,064 602,093 608,104 591,172

1:1 = = 2 2 -
A 1:1.3 601,002 602,572 629,126 604,082 603,927
o 1157 605,118 602,223 612,976 603,732 608,063
1:2 596,371 598,385 624,913 599,884 599,273

1:1 = = 3 = -
) 1:1.3 592,426 611,294 606,306 626,818 595,309
> 1:1.7 592,083 615,481 605,955 610,728 594,964
1:2 588,309 606,584 602,093 622,621 591,172
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¥

INFATNVANUNUIN L19D1ANTHVUIA AT FTUIUVDILNILTRALEIDNTING

o

(%
)=

Fannsodnnsldaztnatuusnalihfinasldnnnifiamnsindvaduasefing siaiay
Wulgnnsdlonasdinauauin 4,200 A510uas TEfENIeNsRaseTiNTaNegng
FALu AnaInALLANANUBIUSINMLH LR uasTindTianunsafnaaldluusasfirniaddl
Armusnsnstution (nfigaifies 83 wne) shliauuansainanuasesfianisnisiigg
waduatefinduinndn udiloenamsilvuiadfiuanndu annsdlenansditinaiueuna 9,200
Wag 17,500 M159LIAT ANAULANANTBIUSINALELTad LaITind ianunsoanasldluusias
fianaflunniu @nflagn 198 wag 130 ke wdu) Ssdawatuunaliindndnld

1NNNIAANIINTANA LT AR LAIDTIAE

4.3 WAUFNS
PNNANITNAADN 4.1 way 4.2 ylinsudausuialndifera1saeenis
wazUSunaliiinenmsanusandnla YINan1sMAaeIvieaesnmnasugvane1nnstuus

ALNSALTLAFaLl



AN5197 4.8

WANIUGNS N5eleIMTAIINIINYUIN 4,200 $I5IUAT

a5

HAN19NSANHITAALEIDNNY

AN |
. AFIUDIANT pzIuan AyIUDDN
AILIAI Ay IURN 1) Az iugen
bENE) bENE)

1:1 522,805.37 | 525,224.51 | 519,670.89 | 524,895.27 | 522,154.29
1:1.3 533,915.37 | 535,636.68 | 520,248.65 | 535,305.70 | 533,264.29
’ 1:1.7 538,818.15 | 538,490.05 | 529,600.14 | 538,160.38 | 538,179.59
1:2 533,486.89 | 536,955.70 | 529,654.27 | 536,629.52 | 532,836.65
11 536,156.38 | 529,234.19 | 533,130.39 | 528,893.15 535,527.84
1:1.3 537,530.30 | 531,294.19 | 534,488.24 | 520,459.54 | 536,898.42
| o7 542,134.86 | 538,001.03 | 539,104.86 | 531,545.28 | 541,505.48
1:2 541,897.01 | 533,948.65 | 538,899.16 | 532,908.47 | 541,274.31

1:1 = 3 3 5 -
1:1.3 516,104.25 | 528,116.68 | 523,260.89 | 527,785.70 | 515,403.08
" 1L 528,325.00 | 534,000.05 | 531,253.95 | 533,670.38 | 527,657.22
152 531,360.82 | 535,515.70 | 528,916.42 | 535,189.52 | 530,707.23

1:1 S 3 - - -
1:1.3 527,990.30 | 511,286.82 | 524,948.24 521,413.15 527,358.42
P 1:1.7 533,164.86 | 522,925.07 | 530,134.86 | 528,696.55 532,535.48
1:2 533,357.01 | 524,710.82 | 530,359.16 | 525,068.04 | 532,734.31




AN5197 4.9

WANIGNS N5eleIMTAIINIINYUIN 9,800 $ITINUAT

46

AANaNSANR AR WEIDNNG

AANIINITINFN dneu
91A13 91A13 Az TuAN o %) petioon Az iugen
HEN ] HENE)

1:1 1,065,520 1,091,236 1,057,503 | 1,090,443 | 1,063,854
1:1.3 1,093,251 1,115,208 1,089,555 | 1,114,417 | 1,091,608
’ 1L 7/ 1,081,567 1,100,629 1,063,925 | 1,099,842 | 1,079,944
1:2 1,113,713 1,128,502 1,107,776 | 1,127,716 | 1,112,115
1:1 1,116,264 1,079,359 1,108,975 | 1,078,487 | 1,114,750
14163 1,116,722 1,083,670 1,109,452 | 1,087,007 | 1,115,212
® 1:1.7 1,105,523 1,075,457 1,098,281 | 1,064,813 | 1,104,019
1:2 1,134,880 1,109,190 1,127,659 | 1,110,102 | 1,133,380

151k = - & = -
1:1.3 1,076,467 1,094,308 1,064,442 | 1,093,517 | 1,074,844
" 1:1.7 1,057,462 1,086,129 1,059,255 | 1,085,342 | 1,055,793
152 1,104,428 1,117,502 1,095,021 | 1,116,716 | 1,102,838

1:1 = £ - - -
1:1.3 1,095,422 1,066,557 1,088,152 | 1,061,509 | 1,093,912

315°

1:1.7 1,086,023 1,046,187 1,078,781 | 1,055,107 | 1,084,519
1:2 1,116,080 1,092,135 1,108,859 | 1,089,554 | 1,114,580
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M9797 4.10

WANIUGNS NTIDIMITANINIIUYIA 17,500 MITIIUNT

- o o FAnansansawadiatening
FANININTITING d0dIU
PLIUNN Az iueDn
RRIGNR DIANT
Az Iumn LEN] ik \eald Ariuean
11 1,768,576 | 1,779,507 | 1,754,174 | 1,777,993 | 1,765,585
1:1.3 1,812,776 | 1,824,928 | 1,812,417 | 1,823,418 | 1,809,785
OD
1:1.7 1,831,956 | 1,828,677 | 1,811,604 | 1,827,167 | 1,829,041
1:2 1,829,693 | 1,841,915 | 1,829,956 | 1,840,415 | 1,826,721
111 1,824,073 | 1,792,449 | 1,810,165 | 1,790,882 | 1,821,184
1:1.3 1,826,074 | 1,793,249 | 1,812,194 | 1,805,673 | 1,823,191
45°
1:1.7 1,834,517 | 1,817,399 | 1,820,645 | 1,809,576 | 1,831,635
1:2 1,850,090 | 1,817,336 | 1,836,306 | 1,830,295 | 1,847,227
15l y F 3 . _
1:1.3 1,786,898 | 1,785,328 | 1,758,774 | 1,783,818 | 1,783,973
90°
1:1.7 1,794,481 | 1,797,377 | 1,786,623 | 1,795,867 | 1,791,536
1:2 1,817,629 | 1,815,615 | 1,789,087 | 1,814,11 | 1,814,726
1:1 _ o _ _ _
1:11.3 1,788,874 | 1,770,005 | 1,774,994 | 1,754,482 | 1,785,991
315° ,
117 1,799,717 | 1,776,318 | 1,785,845 | 1,781,072 | 1,796,835
1,816,690. | 1,798,415.9
1:2
68 1 1,802,906 | 1,782,379 | 1,813,827

1%

INAITNNAINUENTIN 3 Taruduiusiuaisrsusunalniindalaain
NIfRFusAALAIIANIlUNANIEIE 9 (N5 4.8 — 4.10) leedianienishnsasag

waeendnliinalningean vilindanuansuatoimsagaiusieniu




4.3.1 Yseansnmnishewasauluainis

Tniiluerms BellAmngavanefsermsiiuseansnmnisldndenulueiaisas

M9197 4.1

48

Useansnnnisionasnulundvanefednaiunisuasnluiiganislangsanu

Useansninnslanaanulue1ms (5eeag) nsaloIn1sa1dndIuYuIn 4,200 9157196493

PANNSAAAUYAALAIDNARE

Ayansne | . -
donns | T i It S
HENL] HENL]

1:1 20.38 20.01 20.85 20.06 20.47
' 115k} 20.04 19.78 22.08 19.83 20.13
f 1:1.7 19.58 19.63 20.96 19.68 19.68
1.2 20.03 1O85, 20.60 19.56 20.13
1:1 19.41 20.45 19.87 20.50 19.51
h A5l 5) 19.46 20.39 19.91 22.01 19.55
® 1:1.7 19.26 19.88 19.71 20.84 19.35
1:2 19.10 20.29 19.55 20.44 19.19

1L - - - - -
. 1:1.3 21.82 20.00 20.74 20.05 21.93
90 1:1.7 20.62 19.76 20.18 19.81 20.72
1.2 20.18 19.55 20.54 19.60 20.27

1:1 - - - - -
. 1:1.3 19.74 22.28 20.20 20.74 19.83
o 1:1.7 19.52 21.07 19.98 20.20 19.62
1.2 19.35 20.66 19.80 20.60 19.44




M9197 4.12

a9

Useansninnslanaanulue1ms (5egag) nsilo1m15a19n914Y19 9,800 9715196495

PANNNITHANBYAALEIDNRE

6

AAnaNTNe |
Y dneIueIANT Az TUAN Az ueen
$101A13 AZTUAN 1) Az iuen
HENEG HENE

1:1 24.31 22.48 24.88 22.54 24.43
. 1:1.3 23.59 22.06 23.85 22.11 23.71
117 23.56 22.22 24.81 22.27 23.68
12 22.77 21.74 23.18 21.79 22.88
i 21.80 24.38 22.31 24.44 21.90
" 1:1.3 21.74 24.06 22.25 25813 21.85
Lah f 21.85 23.97 22.36 24.73 21.96
1:2 21.36 23.14 21.86 23.08 21.46

1:1 L 2 . 4 -
o0 1:1.3 23.65 22.38 24.50 22.44 23.76
i 24.49 22.45 24.37 22.50 24.61
1:2 22.82 21.91 23.48 21.96 22.93

1:1 - S - - -
a5 1:1.3 22.07 24.13 22.59 24.49 22.18
117 22.15 25.01 22.67 24.37 22.26
1:2 21.64 23.32 22.15 23.50 21.75




50

M597 4.13

Useansninnslowasulue1ms (5eeag) nsaleIn1sa1dndIuvwIn 17,500 91571495

R fimnanishnsagaduaseniing
#enan1sng | _ _
281015 A Az TuAn rEn 1t reEen Ay Tuoon
HENEG HENE

1:1 25.79 25.33 26.40 25.40 25.92
. =173 25.32 24.82 25.34 24.88 25.45
° 131 ¥ 24.64 24.77 25.48 24.84 24.76
1:2 25.02 24.52 25.01 24.58 25.14
il 24.55 25.86 25.13 25,93 24.67
] 1:1.3 24.50 2985 25.07 25.34 24.61
i Lk 7f 24.40 25.11 24.97 25.43 24.52
1:2 24.13 25.47 24.69 24.94 24.24

1:1 - - - - -
. 1183 2581/} 2582:3 26.35 25.30 25.29
90 1:1.7 25.22 25.10 25.54 25.16 25.34
1:2 24.70 24.79 25.89 24.85 24.82

1:1 - - - - -
. 1:1.3 24.88 25.67 25.46 26.32 25.00
- 1:1.7 24.75 25.73 25.33 25.53 24.88
1:2 24.46 25.22 25.04 25.89 24.58

PnAsrUsEANSAmmslidndnulueiasianuduiusivuTunaliiag
HanlaannsAndaraduateniing Inesunuunadnlniinlaasan dewaleiasguwuuty g
fUsgansannisidndeugeanduiy wonanilillevuinvesa1A1siiuNINTY vinlv

Usganinmmslandenulueimsgdueig
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nsamuAnfugadiaeindlulsemealneaziansanandnennngasu

wavoindlulssinalnedeglugiaussuia 5 kWh/m2/day 51198395 UUAGRADTIRE

Ussunae 90 — 150 umeedng  (shuAidesansaudne i) Inawadkasaringuile

Polycrystalline  fiusz@ngnmnisudnluisonisnaunsuasyarinisasudiningas

waee1Mnduiin Monocrystalline Uszanay 10-15% fatunIsARYAAINITAINUTDIIUIT

[ I

13sldyarmsasuiiu 127.5 umsieing

Y

M19197 4.14

YRN8 N3EeIAITAINNIINYUIN 4,200 AITIUAT

v
[

YU

PANIINSANHITAALEIDINNY

AMnan1sne | ” >

. dAEIUDIANT h, AL IUAN r Az IUBON .
19113 A IUAN Eads 1a B Az IUBON
il 17,057,540 | 16,749,100 | 17,457,187 16,791,078 | 17,140,553
) Jigil 5} 17,057,540 | 16,838,073 | 18,800,048 | 16,880,274 | 17,140,553
1 1:1.7 16,729,510 | 16,771,344 | 17,904,807 16,813,377 | 16,810,927
172 17,035,671 | 16,593,398 | 17,524,330 | 16,634,986 | 17,118,578
1:1 16,467,087 | 17,349,666 | 16,852,900 | 17,393,149 | 16,547,226
. 1:1.3 16,554,561 | 17,349,666 | 16,942,424 | 18,731,083 | 16,635,126
® 15187 16,488,955 | 17,016,018 | 16,875,281 17,839,127 | 16,569,201
2 16,314,006 | 17,327,423 | 16,696,233 | 17,460,045 | 16,393,400

1:1 = E 2 - -
. 1:1.3 18,369,658 | 16,838,073 | 17,457,187 16,880,274 | 18,459,057
0 1:1.7 17,494913 | 16,771,344 | 17,121,472 16,813,377 | 17,580,054
1:2 17,123,146 | 16,593,398 | 17,434,806 | 16,634,986 | 17,206,478

1:1 - - - - -
. 1:1.3 16,554,561 | 18,684,255 | 16,942,424 17,393,149 | 16,635,126
- 1:1.7 16,488,955 | 17,794,529 | 16,875,281 17,058,665 | 16,569,201
1:2 16,314,006 | 17,416,395 | 16,696,233 | 17,370,850 | 16,393,400




M9197 4.15

YanINI3a9Y N3E8IAITAINNIINYUIN 9,800 MITINUAT

52

PANINSANHITAALEIDTNG

AAMINTNG | - -
. GGEVRRGEE . AT IUAN Y Az Iuoen .
A791A15 AT IUAN Hudd e Hudd Az Iuoen
1:1 43,627,939 | 40,349,094 | 44,650,113 | 40,450,220 | 43,840,260
. 1:1.3 43,037,485 | 40,237,879 | 43,508,682 | 40,338,725 | 43,246,933
’ 1:1.7 42,512,638 | 40,082,177 | 44,762,018 | 40,182,633 | 42,719,531
1:2 41,856,579 | 39,970,961 | 42,613,441 | 40,071,139 | 42,060,279
1:1 39,669,715 | 44,375,107 | 40,599,150 | 44,486,322 | 39,862,773
. 1:1.3 39,560,371 | 43,774,541 | 40,487,245 | 43,349,078 | 39,752,897
® 15097 39,407,291 | 43,240,705 | 40,330,578 | 44,597,817 | 39,599,072
1:2 39,297,948 | 42,573,411 | 40,218,673 | 42,457,122 | 39,489,196
1:1 > . - S -
I 1:1.3 42,512,638 | 40,237,879 | 44,045,826 | 40,338,725 | 42,719,531
s 1:1.7 43,737,282 | 40,082,177 | 43,508,682 | 40,182,633 | 43,950,135
1:2 41,637,892 | 39,970,961 | 42,837,251 | 40,071,139 | 41,840,529
1:1 = 2 5 = -
. lel.3 39,560,371 | 43,240,705 | 40,487,245 | 43,884,252 | 39,752,897
2 31W7 39,407,291 | 44,486,322 | 40,330,578 | 43,349,078 | 39,599,072
-2 39,297,948 | 42,350,979 | 40,218,673 | 42,680,111 | 39,489,196




M597 4.16

YaAINIIAIY N5EOINITAINAIINYUIN 17,500 7ITIUUAT

53

PANINSANHITAALEIDTNG

AAMINTNG | - -

. GGEVRRGEE . AT IUAN Y Az Iuoen .
A791A15 AT IUAN Hudd e Hudd Az Iuoen
1:1 78,377,209 | 76,983,581 | 80,213,536 | 77,176,522 | 78,758,642
. 1:1.3 78,377,209 | 76,827,879 | 78,423,056 | 77,020,430 | 78,758,642
’ 1:1.7 76,365,294 | 76,783,393 | 78,960,200 | 76,975,832 | 76,736,936
1:2 77,852,362 | 76,294,043 | 77,818,768 | 76,485,256 | 78,231,240
1:1 75,687,366 | 79,719,490 | 77,460,672 | 79,919,288 | 76,055,709
. 1:1.3 75,534,286 | 79,719,490 | 77,304,005 | 78,135,375 | 75,901,883
® 15097 75,490,548 | 77,673,119 | 77,259,243 | 78,670,549 | 75,857,933
1:2 75,009,438 | 79,185,654 | 76,766,861 | 77,533,305 | 75,374,482

1:1 > . - S -
! 1:1.3 76,627,718 | 76,827,879 | 80,213,536 | 77,020,430 | 77,000,637
s 1:1.7 77,152,565 | 76,783,393 | 78,154,484 | 76,975,832 | 77,528,038
1:2 76,037,264 | 76,294,043 | 79,676,392 | 76,485,256 | 76,407,310

1:1 = 2 5 = -
. lel.3 75,534,286 | 77,940,037 | 77,304,005 | 79,919,288 | 75,901,883
2 31W7 75,490,548 | 78,473,873 | 77,259,243 | 77,867,788 | 75,857,933
-2 75,009,438 | 77,339,472 | 76,766,861 | 79,384,114 | 75,374,482
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4.4.1 a;ljaﬂ"lLﬁﬂﬂ’]iﬁﬂﬁ/gﬂﬁiﬂﬂﬁ’]%&lﬁli
ndeyayaninisamuinanduyadifslunisamuiadsad
wavefindronsauns Tnenuinbsenasfivmaiuty vhlinisamuiaoudueundy
Imﬂﬂ'wLa?ﬁ'syjamLﬁumiamuﬁiamiwLummaqmmiﬁumm 4,200 A1ILUASIVINAY 4,067
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45°
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1541 _ L . 4 _
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90°
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1:1 _ _ _ _ _
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315°
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1:2 564,273 | 602,402 | 577,493 | 600,827 | 567,019
AN ULYIULRAE 590,775 un/U




M997 4.21

61

KANOULNUTIETINNITANSUTAALEID1INE NTHDIAITAIUNINYNIA 9,800 AITIUAT

R L fimnanisharagaduaseniing
NANIINIT GI2GE)"! "y >
M90S | 91T AL IUAN rEn 1o reeen AEIUDDN
bEN] HEN]

11 1,509,013 | 1,395,604 | 1,544,369 | 1,399,102 | 1,516,357
. 1:1.3 1,488,591 | 1,391,757 | 1,504,889 | 1,395,245 | 1,495,835
1.7 11,470,437 | 1,386,372 | 1,548,239 | 1,389,846 | 1,477,593
1:2 1,447,745 | 1,382,525 | 1,473,924 | 1,385,990 | 1,454,791
1.1 1,372,105 | 1,534,857 | 1,404,253 | 1,538,703 | 1,378,783
", 1113 1,368,323 | 1,514,084 | 1,400,382 | 1,499,368 | 1,374,983
117 1,363,029 | 1,495,620 | 1,394,964 | 1,542,560 | 1,369,662
1.2 1,359,247 | 1,472,539 | 1,391,093 | 1,468,517 | 1,365,862

16 - L . 4 -
oo 1:1.3 11,470,437 | 1,391,757 | 1,523,467 | 1,395,245 | 1,477,593
L1.7 11,512,795 | 1,386,372 | 1,504,889 | 1,389,846 | 1,520,158
1:2 1,440,181 | 1,382,525 | 1,481,665 | 1,385,990 | 1,447,190

1:1 - R R - -
e 1113 | 1,368,323 | 1,495,620 | 1,400,382 | 1,517,879 | 1,374,983
117 11,363,029 | 1,538,703 | 1,394,964 | 1,499,368 | 1,369,662
1:2 1,359,247 | 1,464,846 | 1,391,093 | 1,476,230 | 1,365,862

NANBULVULAAY 1,439,392 U/
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R L fimnanshnsagaduaseiing
NEANINT angiu " "
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el Vel
11 2,710,929 | 2,662,726 | 2,774,445 | 2,669,400 | 2,724,122
lglis 2,710,929 | 2,657,341 | 2,712,515 | 2,664,001 | 2,724,122
OO
lglb T 2,601,341 | 2,655,802 | 2,731,094 | 2,662,458 | 2,654,195
1:2 2,692,776 | 2,638,876 | 2,691,614 | 2,645,490 | 2,705,881
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1:13 2,612,598 | 2,757,356 | 2,673,809 | 2,702,565 | 2,625,312
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L 2,611,085 | 2,686,576 | 2,672,261 | 2,721,075 | 2,623,792
L2 2594444 | 2,738,892 | 2,655,230 | 2,681,740 | 2,607,070
Loyl _ L . 4 _
gt 2,650,418 | 2,657,341 | 2,774,445 | 2,664,001 | 2,663,316
90°
el 2,668,571 | 2,655,802 | 2,703,226 | 2,662,458 | 2,681,558
1:2 2,629,995 | 2,638,876 | 2,755,866 | 2,645,490 | 2,642,794
1:1 _ _ _ _ _
1113 12,612,598 | 2,695,808 | 2,673,809 | 2,764,267 | 2,625,312
315°
117 2,611,085 | 2,714,273 | 2,672,261 | 2,693,309 | 2,623,792
1:2 2,594,444 | 2,675,036 | 2,655,230 | 2,745,756 | 2,607,070
AR ULNULRAY 2,674,306 UN/Y
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WSS UNAINTIUYDIDIAITAIUNIIUATEINY

AIRANNNITINGIDIAITUANS 191U

AMANUIN N

Nan1531a99NulUsIATY eQuest 3.65

¥

'
a

1MI5593 4,200 953, dRFIUeIAIT 1:1

G RNIRFRRE

. space cool | Vent. Fan | Misc Equip. Lighting Total

AIDIANT
0 395,260 39,480 85,480 136,370 656,590
a5 409,120 40,830 84,730 135,170 669,850
90 : - - - -
315 - - - - -

A3 .2

WUSYUTIUNAITIUYDIIA T TAIUANIUN TN

AIRANINNITINGI8IAITUANS 1Y

&

'
=

I1AI559 4,200 9T, aRaIU9IAIT 1:1.3

NANIINITIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 405,990 39,670 85,550 136,480 667,700
45 405,500 39,840 85,550 136,480 667,370
90 398,230 39,910 85,550 136,480 660,180
315 396,000 39,790 85,550 136,480 657,830




AN5199 N.3

WUSYUTIIUNAINTUYDID I I TFIUANINA TN YS9 19715593 4,200 954, anFI48IAI5 1:1.7

AIRANINNITINGI8IAITUANS 197U

NANIINITIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 407,560 40,520 85,520 136,440 670,030
45 408,990 40,510 85,520 136,440 671,460
90 402,870 40,710 85,520 136,440 665,540
315 399,810 40,730 85,520 136,440 662,490
ANST N4

WSHUTEUNAINTIUYDIDIAITAIUNNIUNTEINY

NUTANNAITI NG 101N ISR 1N

¥

'
a

1MI553 4,200 7153, dAFIUDIATT 1:2

NFNIINTIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 406,290 40,910 84,730 135,170 667,100
a5 409,120 40,830 84,730 135,170 669,850
90 404,390 41,370 84,730 135,170 665,660
315 400,210 41,210 84,730 135,170 661,310
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A15199 N.5

2 '
=

WUSYUTIUNANTUYDID AT TAIUNNIUN TN UTI21A 15593 9,800 M54, a9aIK8IA75 1:1

AIRANINNITINGI8IAITUANS 197U

NANIINITIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 812,600 75,800 200,100 319,200 1,400,700
45 833,000 75,200 200,100 319,200 | 1,427,400
90 ) - 4 - -
315 . . 3 - -
aN597 N.6

¥ '
a

WSYULTIEUNAINTUYE98 AT NN TEINUTI91A15594 9,800 ATH. aRaINe1ATT 1:1.3

NUTANNAITI NG 101N ISR 1N

NFNIINTIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 836,800 76,000 199,600 318,400 1,430,800
a5 833,400 75,600 199,600 318,400 1,427,000
90 815,500 76,300 199,600 318,400 1,409,900
315 812,100 75,600 199,600 318,400 1,405,700




AN5199 N.7

14

WUSYUTIUNAINTUYDID I I TFIUANINA TN UTI919715593 9,800 95U, ARFINOIAIT 1:1.7

AIRANINNITINGI8IAITUANS 197U

NANIINITIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 828,600 76,300 196,500 313,500 1,415,000
45 828,700 75,800 196,500 313,500 1,414,600
90 813,700 76,700 196,500 313,500 1,400,500
315 808,400 76,600 196,500 313,500 1,395,100
AN597i n.8

a a o ° ad A YN
WIHUNEUNRIUTDIDIATEUNNUNTUNUNDIATTIU 9,800 #134. dndlUDIANT 1:2

PUNANIINITINEIDIATANAIIUY

NFNIINTIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 844,800 78,400 199,900 318,900 1,442,000
a5 846,600 77,800 199,900 318,900 1,443,100
90 833,500 78,800 199,900 318,900 1,431,000
315 826,600 79,000 199,900 318,900 1,424,300
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1m1959 17,500 9531, aAaIU9IAIT 1:1

NANIINITIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 1,339,500 120,300 355,800 567,700 2,383,300
45 1,375,500 118,700 355,800 567,700 2,417,700
90 ) - 4 - -
315 . . 3 - -

MN5199 .10

WSHUTEUNAINTIUYDIDIAITAIUNNIUNTEINY

NUTANNAITI NG 101N ISR 1N

¥
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a

1M75594 17,500 954, daa1e1A75 1:1.3

NFNIINTIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 1,384,600 120,600 355,400 566,900 2,427,500
a5 1,377,000 119,300 355,400 566,900 2,418,600
90 1,344,700 120,900 355,400 566,900 2,387,900
315 1,339,000 120,000 355,400 566,900 2,381,300
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WUSHUTIIUNAINTUYDID I I TTIUANINASEHNYT91P71559 17,500 954, ana1481AI5 1:1.7

AIRANINNITINGIDIAITUANS 197U

NANIINITIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 1,387,600 122,000 354,900 566,300 2,430,800
45 1,384,700 120,700 354,900 566,300 2,426,600
90 1,355,800 122,600 354,900 566,300 2,399,600
315 1,348,200 122,400 354,900 566,300 2,391,800

AN .12

WSHUTEUNAINTIUYDIDIAITAIUNNIUNTEINY

NUTANNAITI NG 101N ISR 1N

¥
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1M75594 17,500 954, daa11e1A15 1:2

NFNIINTIN
. space cool | Vent. Fan | Misc Equip. Lighting Total
AIDIANT
0 1,394,700 123,600 355,300 566,800 2,440,400
a5 1,394,300 122,100 355,300 566,800 2,438,500
90 1,367,800 124,200 355,300 566,800 2,414,100
315 1,358,600 124,400 355,300 566,800 2,405,100
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Water cooled
253 Asoke 1,160 18,130 30
package
Central chilled
Exchange Tower 1,300 35,000 42
water
Central chilled
Fico Place 400 5,00 i
water
Central chilled
Interchange21 2,200 44,00 B5
water
Jasmine City Central chilled
700 - 1,500 18,300 28
Building water
Central chilled
Serm-Mit Tower 1,780 - 3,760 48,700 30

water
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Central chilled
Ample Tower 1,500 19,500 12
water
17,800 (Tower A) | 18 Air cooled
Bangna Tower 1,060 16,100 (Tower B) 18 package / split-
8,400 (Tower C) | 20 type
NS 2.3
doyaoimsaninauiniuuauy wessi 4
Mo g4 el -
y VUIANUNGDYU | VUIANUNLITIN YUAVD
%¥881AS 6N i .
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Abdulrahim Place Central chilled
2,200 48,000 34
990 water
Central chilled
Chamchuri Square 2,400 - 3,250 89,000 40
water
Central chilled
Dusit Office 1,000 12,800 11
water
U Chu Liang Central chilled
2,140 92,000 38
Building water
Central chilled
Ramaland 2,400 25,368 32

water
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Central chilled
The 9th Tower 1,000 - 1,300 23,530 34
water
Central chilled
KPN Tower 1,186 27,000 27
water
The Ninth Tower | 1,500 (Tower A) | 33,900 (Tower A) | 36 Central chilled
Grand 1,200 (Tower B) | 23,700 (Tower B) 34 water
AlIA Sathorn
1,500 -1,600 38,500 29 -
Tower
Modernform Water cooled
1,300 28,000 28
Tower package
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Central chilled
Bangkok Tower 1,000 18,000 20
water
Central chilled
[talthai Tower 1,850 57,800 44
water
Central chilled
KPI Tower 810 11,010 24
water
Thai Summit Central chilled
1,200 33,242 35
Tower water
Thanapoom Central chilled
1,300 41,000 32
Tower water
Central chilled
Vanit Building 1,200 42,000 42

water
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Central Central chilled
1,350 27,000 23
Chaengwattana water
Air cooled
Equinox The
900 20,100 31 package / VRF
Office Place
system
Jasmine Air cooled
1,400 32,000 31
International package
Lao Peng Nguan Water cooled
1,400 35,000 82
Building package
Air cooled
21,700 (Tower 1) 28
package
Rasa Towers 1,300 -1,400
Central chilled
24,000 (Tower 1) 29
water
Shinawatra Tower Central chilled
180 - 1,200 53,000 38
Il water
Water cooled
Sun Towers 1,256 60,000 40
package
Air cooled
TP & T Tower 1,011 13,964 25 package / VRF
system
Water cooled
Voravit Building 588 6,462 17
package
Wanglee Building 390 3,760 10 split-type
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Water cooled
Ploenchit Tower 1,300 - 1,500 32,000 22
package
Central chilled
Alma Link 1,160 12,700 19
water
Central chilled
Wave Place 700 -1,500 20,000 21
water
Park Ventures Central chilled
1,900 - 2,000 27,000 34
Ecoplex water / VAV
Central chilled
Amarin Tower 1,300 24,000 22
water
Air cooled
Mahatun Plaza 2,600 28,000 18
package
Central chilled
Tonson Tower 1,300 22,776 19
water
Central chilled
Maneeya Center 2,000 17,750 17
water
Water cooled
Q House 900 10,800 18
package
Water cooled
Gaysorn Building 1,800 5,100 7
package
Central chilled
Mercury Tower 1,100 23,500 23

water
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Water cooled
208 Wireless 700 12,795 18
package
Central chilled
All Seasons Place 1,200 - 1,700 63,000 52
water
Central chilled
GPF Witthayu 1,500 27,000 18
water
Kian Gwan House Central chilled
1,690 15,000 20
Il water
Kian Gwan House Central chilled
1,300 9,000 9
Il water
Central chilled
Athenee Tower 1,400 - 1,500 40,000 34
water
Air cooled
Sivatel 700 5,600 27 package / VRF
system
12,500 (TOWGF ||) 15 Central chilled
Sindhorn Il & lI 1,050 - 1,250
25,000 (Tower III) 29 water
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CyberWorld 48 (A) | Central chilled
590 61,815
Tower 43 (B) water
Le Concorde Central chilled
1,300 26,200 25
Office Tower water
Air cooled
Muangthai Phatra
1,250 70,200 35 package / split-
Complex
type
Water cooled
Pakin Building 3,200 30,000 12
package
Olympia Thai Central chilled
500 14,500 23
Tower water
Water cooled
RS Tower 1,200 59,000 41
package
Central chilled
AlA Capital Center | 1,780 - 1,900 54,000 34
water / VAV
Central chilled
Column Tower 1,500 - 1,650 34,270 42
water
Water cooled
Lake Rajada 1,470 54,700 38
package
Water cooled
Ocean Tower | 1,090 29,800 32
package
Supalai Grand Central chilled
1,400 40,000 34

Tower

water
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Water cooled
Empire Tower 3,300 139,000 58
package
Central chilled
Sathorn Square 1,900 - 2,000 73,500 40
water
Air cooled
Bangkok Insurance 1,500 40,000 32
package
Sathorn City Central chilled
2,300 55,000 Bl
Tower water
Bangkok City Central chilled
1,000 - 2,132 48,382 30
Tower water
Smooth Life Central chilled
870 11,608 26
Tower water
Central chilled
Asia Centre 1,450 27,410 28
water
Water cooled
Chartered Square 1,600 33,500 33
package
Central chilled
Harindhorn Tower 1,183 25,000 18
water
Water cooled
Q House Convent 1,500 18,000 14
package
Pipatanasin Central chilled
836 8,300 20

Building

water
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Air cooled
House Sathorn 918 14,000 19 package / split-
type
Air cooled
Rajanakarn 1,087 35,000 32 package / split-
type
Air cooled
Thai CC Tower 1,700 55,000 55
package
11() | Central chilled
Panjabhum | &Il 600 - 725 14,200
16 (1) water
Water cooled
Q House Lumpini 1,500 - 1,800 59,000 38
package
Water cooled
@Sathorn 985 16,700 21

package
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Water cooled
Kamolsukosol 731 7,310 17
package
Central chilled
Zuellig House 517 - 1,020 5,670 9
water
Central chilled
United Center 2,700 58,000 50
water
Central chilled
Boonmitr Building 1,600 21,040 12
water
Water cooled
Thaniya Plaza 800 13,000 29
package
Water cooled
Paso Tower 900 15,000 28
package
Air cooled
Yongvanich
190 - 200 1,000 5 package / split-
Building
type
Silom 19 50 - 750 5,000 7 split-type
Central chilled
Silom Complex 1,800 30,000 32
water
Central chilled
Liberty Square 700 - 1,500 19,500 23

water
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Times Square 1,000 20,000 27 -
Mille Malle 570 3,100 4 split-type
Air cooled
BB Building 1,480 30,000 23 package / split-
type
Central chilled
K Tower 920 35,000 32
water
Central chilled
Sermmitr Tower 1,780 - 3,760 48,000 32
water
Air cooled
Asoke Tower 800 15,000 19
package
Central chilled
Jasmine City 1,500 18,000 28
water
Central chilled
Emporium Tower 2,330 41,500 41
water
Central chilled
RSU Tower 1,300 15,000 18
water
Water cooled
UBC I 1,600 - 2,200 32,000 24
package
7(1) Water cooled
White Group | &I 800 - 1,100 15,800
16 (II) package
Sorachai Building 400 - 1,600 26,600 32 Air cooled
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Bangkok Business

Water cooled

900 42,200 30
Center package
Water cooled
One Pacific Place 1,300 17,500 20
package
Water cooled
Two Pacific Place 1,200 22,500 30
package
Bhiraj Tower at Central chilled
1,500 - 1,900 47,500 45
EmQuartier water / VAV
Water cooled
UM Tower 1,560 36,000 30

package
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