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# # 5374192725 : MAJOR ARCHITECTURE
KEYWORDS: SILICATE PAINT / THERMAL REFLECTANCE / FEASIBILITY STUDY

KAWIN VITOONPONG: PERFORMANCE COMPARISON AMONG HIGH REFLECTANCE SILICA
PANTING AND OTHER HEAT PREVENTION TECHNIQUE. ADVISOR: ASST. PROF. ATCH
SRESHTHAPUTRA, Ph.D., 77 pp.

This study aims to compare the energy saving performance and feasibility of silicate
coating roof paint with other products, and create a guideline for selecting the appropriate

product for thermal protection in buildings.

This study is composed of three parts : materials testing, computer simulation and
economic value calculation. The studied materials were tested for thermal reflectance by the
ASTM. E1918A procedure and thermal resistance by data logger. In the simulation part, the
relevant factors of the building are slope of the roof, window-to-wall ratio (WWR), building area
and types. All cases are air conditioned. The feasibility study used Payback Period, Net Present

Value and Internal Rate of Ratio.

The results showed that the energy saving performance of the silicate paint is the
best among the three materials, followed by ceramic paint and fiberglass insulation. From the
simulation, fiberglass insulation can perform best when that building faces south east (azimuth
135°), while both silicate and ceramic paint performs best when the building faces south (180°).
On average, all material can perform best in office building cases, and the performance
increasing proportionally to the WWR. slope of the roof has very small impact to the energy
saving. In the feasibility evaluation, both reflective paints were less feasible than insulation in
all cases. The best case scenario is when the building has 0% window-to-wall ratio, the
feasibility worsens when the WWR increases. Since the slope of the roof has small impact on
saving performance but increases the amount of material when it gets higher, the increasing of

the slope of roofs decreases feasibility.

In the office simulation cases, the energy consumption takes place mostly during
daytime, while in the retail case, it also takes place in the evening, when roof thermal protection
became ineffective. Hence, the office building is more appropriate for use in roof thermal
protection. In the best case scenario for the building to be able to benefit most from using roof
thermal protection is that air-conditioned in daytime usage with a low angle roof, low WWR

and aired conditioned, such as a goods distribution superstore or hypermarket.

Department:  Architecture Student's Signature

Field of Study: Architecture Advisor's Signature

Academic Year: 2013
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FosUsenluss uazsumlmowmseding desfiinanduimintuiiulantdesndy 45 asm
(8,<450)°

% M. Santamouris A. Synnefa , H. Akbari,, "Estimating the Effect of Using Cool Coatings on Energy Loads and
Thermal Comfort in Residential Buildings in Various Climatic Conditions," Energy and Buildings 39(2007).
% H. Akbari Ronnen Levinson, Pualberdahl,, "Solar Reflectance Part li : Review of Practical Methody," Heat Island

Group Lawrence Berkeley National Laboratory (2010).



{ counterweight

— solar radiation meter
— pyranometer|

— ==

ui

Lte&l angle support

AT 1.2 wanansinAn Irradiance (H. Akbari, 2008)

310 Procedure for measuring the solar reflectance of flat or curved roofing
assembly. WUI135n15 E1918A danuaaiatadouands £1918 Muisves ASTM (Juan

v v
a U YA

(% L3 ! a a v Aaa . a
auyjimmmmmmﬂmﬂu 0.02 IUﬂim‘UENﬂ’]i']WJﬁG]]VIMﬁL@EJ']ﬂ MY (Unicolor) LLa%lﬂJLﬂu

0.03 lunsal¥anfifivaned (Multicolor)’

E1918A solar reflectance

0.6

0.5

04

0.3

0.2

0.1

0.0

+ Unicolor

+— © Multicolor ¥

0.0 01 0.2 0.3 04 0.5 0.6
E1918 solar reflectance

2799 1. 3 nsluanananisneasUsauiisu

11M35U E1919 wag E1918A (H. Akbari, 2008)

44 o o
bIDILAYINU.



nguin1sM1umgn1saunIuaLseulaun auulndgSimuluuny vun 50
fiaduns sbearnissruniuanuieursnuiainidudulsauay Tngazing1nis

U v

FUYIUANSOU I1NNEDINAABY LAz INIATUIUIINAUNITAIL

Q = 1.08*CFM*(Tou+Tin)
Q = 1/ R total*A *(T exterior'T interior)

Tned
Q Ao WasuANTeaU (Btu/hr.)
CFM  fie Amnusiauvesinay Suheidugnuiadnasewd (ft/min)
Tt 0 onumgiiitinldainasiiszuisesnannndamaass (°F)
T fio grumgiifiinldanasnindndesmaass (°F)
R toral  A® AINISAUNIUAIINSBU (°Fhr./Btu)
T exterior 718 QuAIRTAlFNAILUBNYRITAgFEINT TR (°F)

9
U o

T interior A8 2MiinInlanniisnuluvesianiidesnisin (F)
A Aounlunsimusou (ftD)

1.5 Uselavunaininazlasu

1.5.1 nyuialseansnmnistesiuainuiouvewan S ugid@nvainmadan was
NARS T DU

1.5.2 n5uiaanuAuAmIaAsegaanstunisidanuiagiuauiou

1.5.3 lowumnslunisinduludendan dlesiuanuiou

5 Norbert Lechner, Heating Cooling Lighting: Design Method's for Architects(New York: John Wiley & Sons, 1991).
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N8 LazauIeNngITag

[

puingUIzasAueeuide annsafvunisnsAnumgul uuifn uay 9Aded
Aeatowioluil
- yguaavinadans (Thermal dynamics)
- natemanadeuiuUdeonomsuasdadeiiiedes
- nguiisatumstssifiumuduenaassgaansidesdu

2.1 ngufngatumsldndennu uaznisusendandsnuluaians

2.1.1 wqwﬁammwamam% (Thermal dynamics)

Jurmansafanudurusfundan (Energy) maamumaummmLiawaqwaqmu
1uiﬂmmimm NAMNNAIUTOULAZIIU iammauummaﬂsuaqamssmﬂumﬂawlums
LUaEJuLL‘anm ImwwaamummmmmmwL‘UaaumﬂiﬂwuaiﬂLUuaﬂiﬂumiéﬂmem
WaIuTuIzATaLe mLUulﬂmamgauiﬂwwawm (conservation energy principle) wag
NfUeRUUNamansingvun 4 suaiuqmmwamammu

NUBIUVNAFNERNS
nndied 1. wdsnuneluresssuufiiutu whivTnamdsnuaudouiivndng
spUv aufendsnuigydslddunuresssuuiinsyivedunndenndnfe wisauly
szuUguvmamansuiley axlidsminifueane viendanulifnsgyaas
nted 2. namdimsiistuveneulnst luszuudasy TaveSuieldvarouvussil
Lifresdnsanudouln o fagliuseansnin 100 % (Aadu-ndsd)
- ewdeunnunasiifonmgiisn ldannsademlusunasiiigugigeninld
lngs5TuvF (AATea)
- ulnsPvessvuudaselifimeiiazanadunszuiunisla o
nndied 3. ndnivgumgliaudosmduysal Tnsosusldfiiiiegungiduysaigiin
aud Loulnstvesszuvazguindasiviodnfovilslifinssuaunslaianansoaandssmves
sruvasuirudesmauysalla
ngded 4. nanfsnzaugansguumamans tufennzaunansgunaan i
AuaudAdienen (Transitive) loutes Tngndasuazdiegie 25UnuuAendsaudng
(Static) wag Was91uaa (Dynamic) Ineuvandssuaatiidu 2 UssinnAeainusou (Heat)


http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%A5%E0%B8%B1%E0%B8%87%E0%B8%87%E0%B8%B2%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%AD%E0%B8%99%E0%B9%82%E0%B8%97%E0%B8%A3%E0%B8%9B%E0%B8%B5

waz U (Work) Tae?l anufeuiiusmanduduausisdndanuiou vio gamaiviiliin
an MIEgmMANUTOU 138N Heat Transfer ©

2.1.2 nuiNsaemALTou

Tuorastagtuiinisliinaluladdanisaundenluennis lidresdu uas eana
vido gamgil nefignymuneligamniiegluaninzihauie msvugamgiiluenans iudsi
Téwdanutimannn Tnslanznsalinieluenasilgamgiiuaninsminaisusnuin Tuns
ponuuUeIms lulssaneglunieussrslulssmalngdaiuluinistestunrudouain
aeueniingenans tnsanunsnldiSmmanidssanuiou wunsiesenaslveglufiama
fmngan viionsltianlunistestunuiou

nsneweuSeulusssuyAll 3 38Mmeiu Aenistnnuiou Mamauieu ey
M3 wiSadanuseulusasiusiendiu

n1sd1AuTeu (Conduction)

FumsdemarudeuiiAatunnnisduiatuveaietng msdemaudoulin
1nnsduvateymAvestag fdwondsnuduandndadlus ildnsthanudouiniy
auannsalunsihanufeutudunuauifivestagfianunsntauousoyniaiia
fndanudeugdlum fndanudousn muauns’

dl’
z = _ka

Tned

Q= 9NTINITABMALTDULAEN1THIAINSOU (Watt,J/s)

T = gaundl (K)

X = SzeEnansadeuiivesenudeu

K = @1n1511A11u50u (Thermal Conductivity)( W/m)

mndaniiAnnisinianudeuk) 89 Aaggnindudainiuioulconductor) wnidl
AuaanselunIstALEeus faggnimduawiuinsulation) Tunsldeu Lﬁawﬁﬁh
AUWYRTER 13019 dsuaunslusli gy

Q=UA AT

1aen

¢ Hendrick Van Ness J.M. Smith, Michael Abbott Introduction to Chemical Engineering Thermodynamics (New York:
The McGraw-Hill Companies, 2005).
" 51n JuAidia, @aatnenssusaznalulad.



YSUNUNFIUANUST DU LI IUT (W)

Q Ao

U Ao duUsvAvismisanemennudeu (W/m?2. °0)
A Ao uflwenddenenmsfidnemenudeu (m?)
AT fo  AenuuandsvesgumgiyTas (K, °0)

A15WIA1U50U (Convection)

\Hunsaremanudeuiiiniuly luaansassaniusie Manazveanan ey
Asitanunsoindsuiildlaeasiifienaostuwingy eson wWeaanslgsuaudeussiing
Yees FliuuLLuRag LLazamsﬁﬁqmmqﬁ Fnan (AUVIUIMUUGINTT)

N13uASIAA1uTaU (Radiation)
A nsanelounassumuiousenlilneseu laglideserdedinala o sdu

aa

Wy mnudeuainaieindunsedunddlanludnvazvesnduusivanlnin Snglaqad

gaunngendt 0 Al Axdinisudadruiousenuiae way wHosnunlunniianig

2.2 M3memanufouiniUdenamsuazadefinetos
Sednnusoulusssurnfuusesnilu 2 Usziande Ssdanudounnndsu

uasefing (Solar Radiation) vide3sdndudu uay edarudounnintan vie Sadtasedy

817 (Long wave Radiation)

Solar Radiation Spectrum

L
&)

\ﬁsible: Infrared —>~
1

uv

N
N

Sunlight at Top of the Atmosphere

-
[é,]
I

5250°C Blackbody Spectrum

S
N

Radiation at Sea Level

e
&
r

Absorption Bands
H,0
20 co, Hy0

Spectral Irradiance (W/m2/nm)

04
250 500 750 1000 1250 1500 1750 2000 2250 2500

Wavelength (nm)

AT 2.1 WERNANNEIAAUTDILEINTIRE

Wastdrnuiounsenuianeiasdlelasusidanuiauainaiieiinglutimaudu
$98 anuouliufivzgneduasiounazaeeenuiainiantiu duduiaglusues aziinig
derl1usad (Transmittance - T) diussdanuseuiiivnieazgnaanau (Absorption - Q) 141


http://th.wikipedia.org/wiki/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B9%8A%E0%B8%B2%E0%B8%8B
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%AA%E0%B8%B2%E0%B8%A3
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{Heing wazasviou (reflectance- P) Asaun1s P + 0L + T = 1 Fan1sganaussdiludiiuys

v a o g vw < a A a X N v = ! & v oa Y
Waﬂﬂmqiﬁjﬁﬂuus] NQW‘VTQ@JLWN%U@JWﬂWi@u@SLWﬂQi@ I@?Jﬂqﬂ'ﬁ@ﬂﬂalﬁﬂaﬁ']‘l@ﬂqﬂﬁllﬂ'ﬁ

2.2.1 MIuRSIENNTaglugemaue1l (Long wave Radiation)

[ =2 Y d" 1 [ 1 d‘ ' « 1 < d‘ [ Y &

Tanuuadlasumduudwanlvilugisediusgg aduwdwanliiingnaaduld Aae

v o= [ [ 2/ £% £ = ' [ !
gniniuliludaglugundsnuanuseu udimeanueussnunluguafuuivintniinlugig
= L. = a 4 & ! X ! oy aa

AAUETT (Long wave Radiation) @9aziiAarue1indussis 3um Juld dAnisunsedne
AaudRvetinglun1sudesndsueenddawindeu Insdnuaenisundedludniueni L
anunsaruTanlusslaveaiiale FaduanmglmfanisazauaiudoulueinisUsngnisel
139UN3EAN (greenhouse effect) tnevialuianniinuduing wag I dgou sxliauaunse
anduin Tuvagn Jagniianiu wae dadudanuaiusalunsgadugadasasaiutiuiy
AaudRluNsazYiou Mall ANausaNeINuNITHHIEAINTaUYRITAN B1IUANFIIY
mediunandu FududadeiinfnananuduvesdnuiivesianainisgaduuasAinig
azviouvesiiuindandasududy 1 wue Tngiivwassnsguulan Weldsunisunssdaiy
SoumduduaINne1nd tnaAnsuHTIdruTourisndugImiaain

Frrwnrsusidandsss (Radiation form Material)

g =
Tantswiidaniaadlueses® (Radiation form Blackbody)

fngenlugauaf (Blackbody) 1ufaglugauaifiansnsnaiefednnuieuldedis
auysal (Perfect Emitted =1) An1surfadanudeuvesinglagduinainasiuieuiiioy
Sandwfuingmlugauainanan axiliogszning 0 - 1 laue mndsilidnlng 1 wille
e ingtuilnnautilunsemevioussdanudoulutiinmn

é’ﬂwmzmaﬂﬁuﬁaﬁﬁw%waﬁiami@ﬂ%’u%’ﬂﬁLLazm'iLLr;J%’a?iLLmﬂGmaaﬂliJ wuAadld
odunsAudutuSsErisnmautRiaguesTan Tdunaunswsd

P+E+T=1

We P =  ansdeviousidanusoudniiull (Reflectivity)
a = fnsgandussdainuiou (Absorptivity)
T

= AIMsdsIuSIEAILSeU (Transmissivity)
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HATINVDIAINTTALYIDUTIEAUTOU AINNTAATUSIEAINTOU warAINITAINIUSE
Aueudidiniu 100% vemdanuamiufeuiinnnsznuatniimn widniuTngiiuuas
AnsaskuATISouinAy 0 fuifu nasuvesmmIaseusidminSounarAnsgetufad
ANTIUAVNAU 1 (P + E = 1)

M99 2.1 wansAMIUHSsAvesiog1sTansineg (ASHRAE Handbook, 2009)°

el ANUHTeE(Thermal emissivity)
Aluminum foil 0.03
Asphalt 0.88
Brick 0.90
Concrete, rough 0.91
Limestone 0.92
Marble, Polished or white 0.89 to 0.92
Marble, Smmooth 0.56

1 [ 2/ 14 I [ A @ Aa o 2/
2.2.2 ANANUTUAUIUANUTOU QUIUANUTDUAD ANNNIBIAANUAINITUIAIINIDU

'
o o

i1 ilifandwiuanufeunndladunidlugidndunilsldondu Tasalu uenain
AuaudRn1aivesiag m1mamﬁaiuﬂ13é1’wumumm%fauéuaﬁa@%‘fﬁuagjﬁumm
vy auueufeuiiafignegmilsieenmadaduemaiivgais Sanauiuililunis
oaftumnufoulusimsiainiutagiiferniatnegaieluiietan uioidutaniifinang
yuLud1 Amsiuynuaufeufedunduvesmnmsthanadouiimiendu (m’c/w)

AAsgaNFeufoUTInanueudiiliinguiheUsunmils nieag e
fluiinds fgamgfigau 1 s Suhedu Keal/m?’c wiaiFonine C auauditlgniiu
Tag 2 Yads fio Armnugemdeusing wagauvuuiuvesian tnetlhdef dnaunnin
ABAIUVILLUUYDITAR

2.2.3 MU UAINUTOUNIINGIAT
A1358U1881NALAIS555UR (Natural Ventilation)

AM33zUIEALSeuEudImsedTs s AduiTanauseulns lulldinsosnaiy
Waaw wiiowrsosUSuomalagldnismanudousneainie way nsurSsdthauseussnly
91n81A19 LU N5Es1eAUiulaeniswinIusou (Convection cooling) wagn1sAE3ea
Ausaugiosh Tuaainanadu (Nocturnal Radiation) Fuvssernelnsinailefiduuas

8 ASHRAE, Ashrae Handbook Fundamentals(Atlanta,GA: ASHRAE ,Inc., 2009).
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seurganuiou Avilringsnequulanatunsauanilfsuainuiougresiinluiainaisau
dunalaainusingnisainiuiavesiaguiesiaigungiianasiinitgamgienniAlugis
naneAy Tuuenseuniiiivesinge1d anmawINNIRumNignulAe (Dew Point) @n 1w
v (% | < LY} o w A o v a a ¥ a a
viesihdananlududsdragiiliussdnsainnisnismeninuseudsundadluniugd
DN

An1sANeANSauluY1sAdUeN? (Long Wave Radiation) LHusuusnaniiinase
n1sAesednuTeuginsihludiniainaisiu JannliAin1satesedanusongs e
ANNEIatuNITAEANNTaugaings Tunanduiu Janniidinisaesidninuseus
fanuanansatunisaeSidausougvioadinen

' A a | Y = i v | Y o A o

AuUneangviasil (Angle Factor) dnasian1saeainusougvieainian iy
uUsEUiUNadi (Horizontal) innwilus Aesfiiuiilneandvieaiunuwintu usay
flonalasussdnusounnniulunsunarsiutuiu

A3 bURUINIIAANTAUANUSEY (Thermal Mass Insulation)
awuiuauiou fe Janniauainsalunislesiuanuiou ldligndeiulula

Tnedne awuUssnniiaans Wudnvarvemuiutuaiufouiivsy ﬂa‘umeﬂmwamm
Ay %aammﬂmEflummﬂul,wwwu (Totally Enclosed) Foadnmaniienainiuain
\néin (Flakes) visewduly (Fibers) Usids (Nodules of Solid) viseiwanvesiyingos

N15kYsEUUlaUNSHESIAAUSaY (Radiant barrier system)

ﬁﬁﬂﬁﬁé’mizﬁw%mim%’ﬂﬁﬁﬂ AIUNINTFIY ASTM (American Society for Testing
& Materials) c1313 - 2010 Standard Specification for Sheet Radiant Barriers for Building
Construction Applications vanefisianuigsUsenaumelansu3ans 99% oe1etae 1

A’

o a (4 a v 1 4 dgll v
2.3 VIQH{]Lﬂ‘c’J’Jﬂ‘Uﬂ'ﬁ‘U’iZLSJUﬂ’J’]ﬁJﬂ&Iﬂ'WI’]\?Lﬂ’iﬂﬁﬂ"lﬂﬂ’iLUi’)\iﬂu

sudsznuseaensamuiiudsiddglunsussdunnuduaiiionsulunis

amuszezendifleldinegs was fszeglassnssnuiuvats? damimwariilsldaneunan
Au 1 990l Sedndufledestssifiuednssaunsuinagiinanssnuagaunnsoamu
Tngvild uwismednevesssiadu 2 Ussian e

- uussmnunisdniuanu Wussdeiiindudiegsiadiiudeluld Wy
A1entingu AlgIgluniseie Aldangluninde

- ulszanaman Wusiedtediwauunngniuiulasainisuinnit 1 Y way
frnameuuyu lusuian WuAneads Aedosdng A13deman

° American Society for Testing Materials, "Astm C1313 Standard Specification for Sheet Radiant Barriers for
Building Construction Applications," ed. American Society for Testing Materials(West Conshohocken , USA2010).
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a v

msUssduanuduandanuddylumsasuiided
1. iemugumsldanglaligaiuduiy
2. iemuanlyiTinaneuunulumuusunsfingy
3. ieliAnNanan 3o nameULMUBEIALT
a. lelviansuwyudulununanfidimus
5. ileaudeiiles uay madulavesgiia

o/

%l'umau"lumsﬂsxLﬁumsamuﬁmﬁ
1. Avualasinisamu
2. Usziliulasenig
3. dnvinuUsEINIMNITAIU
4. AU
5. AAMIUNAYBIlATINIG

2.3.1 m3Uszannisedeulmvesdvandiuareonvedlasenis
nmsUszanamsiedeulniduisnddny lnemlunmsiedeulmazd 2 Ussinndedu
< a 4w ! A a 1% a ¥
anaan(Cash outflow) LTURUNABI18 MToaNUAILNIWKULT Lag Juandl (cash
inflow) fie HamauwNUNAINIElRTUNITAIANTITAIANANAT USRI UTUREAUAIY
wlugveamsmamisalnssuatuanilnaindeyaluefnuwazagiu

2.3.2 wosdlefldlun1simszikasUszdliuamasnisamuniiladu 535 leun
1. szuzraAunu(Payback period)
= = o g w a @ a A
srEElIanAunY (PB) Ae svevnianilvilinseualiuansugnsluwsiazd
FIAUTANYIAVIUANTIHAINWTULIN NFNLNUYT AIN1T9EMBUTULATINITAIUTY 01
sygzafunuirmuInladaeuniteglasinis nseteendnseesiatAunuUNnINIs
AoIN1IALILARINANNTS

& dw o Mo &=
puundsgisz aiasunud

= S o (=P M o =] o
FLUEIEIAUYY — fl'luﬁluq_lﬂilulﬂfurl'lf"ﬂEILfﬂEILF]L".I"IHTJH + - o
ATZRAIUARTENIY

2. S¥EELIAAUNULULARAA (Discounted Payback period)
SrgzAUNULUUAnARiiALARIERUTEEEAUY WANANIAUAAziin15An
ANAINTZLARUAATNIAININAZAATU
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3. yaA1UagUugnd (Net present value)
yardagtugns fe nassluyardagduvenseuaduanivaduazeen

=

MAe1U9nulATINISIB UL N1SARLUUNSEwARUaAARaA (Discounted cash flow) Imedl

1
v A

YUNBDUPIU

Qe

myaidagtuvesnseualuanivaduazesn
vInnszlaRuanAnansiNazlayaragiufnanvedlasinis
aAnvnlsuansilasinsiudauAuA1Es

4. 995 ManauLny (Internal rate of return)

Snsmaneuunuednimendefvinliyaddagtuanivedasenisiinfy
yarUagiuresduamu visedyaddaqUuandilu o

5. pastinnls (Profitability Index)

sdiilsmnefssnsdinssninyaiagtuvesnsruaiuandrgniiaia
dmzléf%’wia@umnuﬁgwmﬁﬁmLﬁuaﬂamﬂﬂ'«qﬁ’u wndeu1nnd 1 asgausulasanis wind
AtauNd 1 agufiastasenis’

av ad v

2.4 1UIYNLNYIVDY

[

uATeAndestunsinvisgansnmussiagleatunnudounuuasioussd
arufou fogvanstusedy

Tuuna213 Colored paints based on iron oxide and silicon oxide coated flakes
of aluminum as the pigment (G.B. Smith, 2003) #n1skUSeuLiguAINIEaLYOULALAARTY
vostagiedoudsssun uaztanitndevinaueynmelanzoonlss n1svaaosadsd 1435ms
fngampianndomaass udrdunaanuilunsasusUasgumnivesiiuia vinlsi
wpAnssulunisgduuaraenmdeuveduilasineg dndeynielanzesnludnavey fA1ns

]
a =

agviou (P) Ngandt uag densgadu () Nnndn waziihligaumgiivesiuiiigniadeud

gaunnianas’!

10 Ugyen wellsand KA. NUNT RANNIYAUT, KA. UNT Aszaunsna, aunsy nsguius, ne. advaus asiium,, Mt
A3RYU : Financial Accounting(NFUNWUNIUAST: I‘Nﬁuﬁuﬁﬁﬂmmﬂiaﬁmwﬁw8’158, 2003).

11 A Gentlea G.B. Smitha, P.D. Swift, A. Earp, N. Mronga,, "Colored Paints Based on Iron Oxide and Silicon Oxide
Coated Flakes of Aluminum as the Pigment, for Energy Efficient Paint: Optical and Thermal Experiments," Energy
Materials & Solar Cells 79(2003).
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A 2.3 UaRUHUA RN NTIURINATeUANaNRA Alavizaan YR

Tu91u378 Dynamic thermal simulation of a retail shed with solar reflective
coatings (Xiaoxin Wang, 2007) Fadun1sAnw1ainnisinassmelusunsuneuimessnans
nslindauveseImsiumluiifienasiiazign wazniieniAuans1aiy HaYeINITITY
WA UNRY wag glenia lnauseansnnlunisidenlivddniidinisasviouas 91ans
luagfyns aglasunanannislddasvieuniuseuninnitenasiuasignas 91a1sinseyly
dldld 1 gj |y 1 Yo s Yal 1% %
AntlanmeniaUasalusenst wunziansie azlasunalselestainnisiddayiouninuiou
wnnneslugiiennianiiwaniu @ndAnsasviouss annsausendandsnulalunsai
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ornslifinsindeauaniitieins uilunsitennsinslidauniifauenvesennsedted
uéh nmslivdaenfifiinnisazviougeayliviliiAnnsussndandsnuluningn'?

Tus1uiddy Effect of roof solar reflectance on the building heat gain in a hot
climate (Harry Suhrcke, 2007) la@nwimenisitasinisnisaiemauioudeinisiuanin
o1mrAvesosamsidoneumile dudugfienimanieu Siusunslindanuveserasiila
PRMAIATTANUATIUANATY KaIINNITRBINUIETemAIATNanTENUABNNSEEW
Audougneluennsafiainnin axdimsmemeannuieutiosnindiidu’?

137 Estimating thermal performance of cool colored paints (Kai L. Uemoto,
2010) Wunsveaeslaglindemeasuduiu uenainizingumgiuds dainsingieaiy
g1nduudindnlifiifieuandiifiuinddestuainufouaiunsaasvieunduusndnlli
Turafiuyudueadiulfiniloufudsssun uilidnsazvoulutiandunudlnddunsise
1nNdsssua vnliwifdfaveaiumieutu wivszansamlunistestuauiou

fngnut

12 Chris Kendrick XiaoxinWang , Ray Ogden, James Maxted,, "Dynamic Thermal Simulation of a Retail Shed with
Solar Reflective Coatings," Applied Thermal Engineering 28(2008).

BEric L. Peterson Harry Suehrcke, Neville Selby,, "Effect of Roof Solar Reflectance on the Building Heat Gain in a
Hot Climate," Energy and Buildings 40, no. 12 (2008).

1% Neide M.N. Sato Kai L. Uemoto "Estimating Thermal Performance of Cool Colored Paints," Energy and Buildings
42(2010).
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Q = 1/ R total*A *(T exterior'T interior)
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15 Norbert Lechner, Heating Cooling Lighting: Design Methods for Architects.
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3.1.6.3 995 WanaULNU (Internal rate of return)
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ATLINMIAIAILANUNIUYDITER)

LA R
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Al 3.13 wansdnuaziA3es HOBO data logger

18 el nung dumeyaw, MU dn158u : Financial Accounting.
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4.1 Han1snaaRNaMANENUAYD TN

4.1.1 nansnaaeuiemAuatURmUAUNUIELTaRAUIL(Thermal Resistance)
Fagldlunisneaesfe audulouiivun 50 Tadwns Auvuiwiy 12 Alansy
AognuiAniuns lneAiAnumunuiiagAnaldanaunsAalsuauiou’’

Q = 1.08*CFM*(Tou+Tin)
Q =1/R total*A *(T exterior'T interior)

Taeh
Q A® WaIUAINNSEU (Btu/hr.)
=) 1 1 a 1 =4 I3 1 =
CFM fia AN1sszuigaInAvesndeanaaed dvihedugnuiaivnsowi
(ft>/min)
& ado vy ‘:4' ! °
Tout P® RuMaiNnlaanauiissuigeanannaennaes (°F)
Tin fio gaungiinleannautdindemaass (°F)
R total A® ANNISAIUNIUAINLSBU (Fhr./Btu)
A Qd‘ﬂ) ¥ a v o r.:l' 2V o °
T exterior P18 8UMANTAlGANRIMULDNYRITARTIFRINTIA (°F)
T interior A8 2uMaiindalanniisnuluvesianiidesnisia (F)
A fig Wunlunmsthanuieu () lunisvaaesil 1ddanguuin 4 ft?
%39 0.36 m?

Y Norbert Lechner, Heating Cooling Lighting: Design Methods for Architects.
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Q = 1.08*CFM*(TourTin) (1)
Q = 1.08*CFM*(TourTin)

= 1.08*(21.17)*(3.24)

= 74.01 Btu/hr.

=21.69 W.
Q = 1/R tota™A(T exterior T interior) 2
21.69 = 1/R total(0.36)(32.54)
Rtotal = 0.55 m? CO/W.
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Har19gu ivasiiiuan-Tu 32.93
Har1sgugiivasain-aen 1.80
i (m?) 036
fumuanudouads (m?C2/wW.) 0.55
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4.1.2 Han1measuaIANaNURN1SaiauA1M3aY (Thermal Reflectance)
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