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Abstract

There is a continuous development of green university. Policy makers are concentrating on reduction of
energy usage, and the increase of efficiency in alternative energy. This study has calculated energy use of an
education building by record the follow data over a 24-hour period: (1) solar radiation as source of alternative
energy, (2) building materials design with low heat transfer coefficient, (3) design of outside environment to
reduce air temperature difference between the inside and outside of a building. The study found solar energy

can reduce 100 percent of energy used in lighting and electric. Design of building materials and the outside
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environment can reduce 53 percent of energy used in air-condition, which resulted in a 69 percent decrese
of the overall energy use. In conclusion, the process used in this study can be effectively applied to design

and renovation guidelines for a “Model educational building for energy conservation and environment”.
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e Btw/h ft' F

of o - Outside Air film =025
o - Qutside Air film =0.25 Bwhit'F "089.s : -~ Insulation foam 4-in =16
Common Brick 4-in = 0.88 Bt ft'F o ° - Autoclaved aerated =3
. s ) concrete 3-in
Inside Air film = 0.68 Bwhft'F o - Gypsum wallboard - 032
(total 1) 1.81 BuhftF 0.375-in
. o Inside Air film = 0.68
o (total 1) 20.25
i = out |- °, in
out n = 0.55 Btu/h ft F - 0.05 Btwh ft F
U - si2wmik

= 0.28 W/m? K

3UN 7 usasdmIdumuanuien (1) uazdinstemanuien (U) vesiaquitaiaiouwdn (nwdie) LaTNTIRRTUA I TU
miﬂ%’uﬁga (7MWa) (Heat resistance (r) and heat transfer coefficient (U) of original classroom wall (left), and model
classroom wall (right).)

Btwh ft' F Btuh ft' F
- Inside Air film =092 s sl To [\ Vgl =092
in i e W= -1 5[] ] =0.05 in i e Carpet and fibrous pad = 2.08
I CH— ... CeramiC tile = 0.05
o | Concrete 12-in =4 : --Plywood sheathing =0.77
Gutside dirflen =085 Baal
out MRS S - - Insulation foam 6-in =24
(total ) 5.22 e Quttsidle Air film - 025
(total r) 28.07
= 0.19 Btu/h ft F = 0.03 Btu/h ft F
= 1.08 W/m? K =017 W/m?K:

gﬂﬁ 8 LRAIATMTANUNMUANNTON (1) WazAIMSENEmANNTan (U) maaiaqﬁuﬁaaﬁ'umﬁu (Mwde) uaziuiasSaunle
%’Umiﬂ%’uﬂﬂ (W) (Heat resistance (r) and heat transfer coefficient (U) of original classroom floor (left), and model
classroom floor (right).)
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i - Outside Air film = 0.25 gt (@ ST AT Flm =0.25
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3UN 9 usAIAIMIFIUMUANUTOU (1) wazAIMITNEmaNLIou (U) vesiaqunanuiadiTowdn (Muwdiy) uazinauioiiou
ﬁ"[@ﬁumiﬂ%“uﬂﬁ;a (W) (Heat resistance (r) and heat transfer coefficient (U) of original classroom ceiling (left),
and model classroom ceiling (right).)
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--QOutside Air film =025 Bwhft'F
---------------- Clear glass 6 mm. =0.04 BwhftF
-------------- Inside Air film =0.68 Bwhit'F
(total 1) 0.97  Btwhft'F

out

1.03 Btu/h ft F
U _ 585 wm?k

2 - Qutside air film =025 Bwhf'F
~Insulation glass =32 Bwhf'F
12-mm. Air space
~Inside air film =0.68 Bwhft'F
(total r) 4.13 BwhftF
out in

0.24 Btu/h ft F

U
= 1.36 Wm? K

311 10 usasdIMIEIuNBANNTaR (1) uazdnItsinauian (U) 289389nizaniadtowdn (nwdne) uaznszaniediun
ﬁvlﬁ%'i.m’]iﬂ%uﬂ;d ("MwWa) (Heat resistance (r) and heat transfer coefficient (U) of original classroom window (left),

and model classroom window (right).)

AnuIANNTausasimqudacsiia (Puraprom, 2016,
pp. 23-34) f’fiaLfial,ﬂ‘%almﬁ:m@hmnmgﬂ’nu%aumaq
Taq 3 e ldun AuAannia (concrete) ﬁumjw
(wet-grass) LAz (water) WU Auaouniad
mmmgmm%faumaoi’a@l@i’wn’jwﬁumﬁwLmzﬁuﬂafﬂ
HeSsdarsondia ﬁ@ﬂﬂszﬂuﬁﬁaqﬁt\a 3 wiia lulSunom
w9 i azdanari iR nuaeunIainsdasuudas
qmwn‘lﬁﬁuﬁugaﬁumﬂﬂ’hﬁvnmﬁwLLazﬁvuﬁ'nf']
mﬂg'ﬂﬁ" 1 uaasliiduislnmanuion 1 wiae 4
@ﬂﬂi:wuéaﬂﬂﬂqwﬁuﬁaﬁt@ 3 7lalausavananTisen
Auf %aﬁ@im’nmmmu%aumaai’a@!whr"fu 1 92
"L;iﬁmm'ﬁammmi’auﬂﬁu;jamwwmﬁau FILAA7
mj’njmfﬁ uaziuianaunia %aﬁmmmqmmﬁ”au
0.7 uaz 0.2 zddmiIatnuinanuieuganinuiade
0.3 Uaz 0.8 WAL

M3lEaNTWaINLINV896 1 L (shade) ﬂﬂﬂ@ﬁu
ﬁ'ai’a@;ﬁﬁmmmﬁgmmﬁ”amaai’a@;@h RIVIINAG
NNIRLRNUSTUIUAINTAUINNNNTANNTENLVBITIR
aweofiadld iTuiinmafivdeyagmngiionnia
uShmnuwaaunialdsunduldlngiieSoufoy
muﬂﬁwuﬂmqmﬁqﬁa’m’mﬁ"’avl,ﬂsl,umm:amtﬁmﬁu
wud s nasiu amngiifaneunialdsue
dulilngdnsulaswulasegluszduainingungd
arnena'le dqwaﬁﬂﬁqm%nﬂﬁmmﬂmﬁaﬁuﬁa
aouwnsaldsunduldingu/asuuasdnirgmnnd
ormer liuin HafiAinansnswansanamnany
%aumaaﬁaﬂﬂﬂquﬁuﬁaﬂauﬂ%@ WazUSInmANuTH
ﬁuﬁ'ﬂﬁ‘lummﬂﬁLﬁ'ugaﬁumnﬁw%wamimmfwaa
i la¥
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MauUSINMA NN Tu TR Elwa e (relative
humidity) Lﬂuﬁﬂﬁm%'ﬂﬁmmma@qmﬁqﬁmmﬂlu
AR EUEN LS TV TUIATBIURSIUNT
sassumslnaasihnnaafuiielslumsinuasnss
YBIURIINLNAEY f‘fﬁagjLLmLﬁmﬁunuumuﬂ‘%@u‘%nm
Aalaldfanunnafiudn 3 was sztroRuAun
A lunnssessunsannaznuvasfsdatsenfiadle
fanadansRNT waIS NN IRENEN Sluanma
nmsasuwanussasiniulaszing

MNUHR) TUFAIAMNFURUTTBIAN1IZIN A
(psychometric chart) luamazmmﬂﬁ 35°C ﬂ’liLﬁl;\l
USN A NuaRENR N Elwenne 10% azdsnarinlu
amnniioInaaasd 2.3°C (American Society of
Heating, Refrigerating and Air-Conditioning Engineers
[ASHRAE], 2007) WAL TR AUA R N UA U
ﬁ’;ﬂaun’%w%aauuﬁa%aﬁ@hmmgmmi”ami"m'jwﬁu
A WHNNINAAYURNTIMANNENTNAN TN
mm%aumﬂﬁfaﬂﬂﬂqwﬁuﬁﬂ@? (Puraprom, 2016, pp.
23-34)

YT R} Lok
i i |

WATER 1.0 Calfg C

CONCRETE 0.2 Calfg C

WET-GRASS 0.7 Calfg C

3UN 11 uxkaIBNIWAzeIFIUNARUAUAT (ground cover) Tidl
HAGRENIEINLINANUTOUFINIWIIGNBY (Effect of
ground cover on heat transfer to site surroundings.)



iﬂ‘n 12 URAIANNFNWUTVDITE ﬂuam‘ﬂﬂummﬂ‘ﬂamm
2.3°C ’ﬂ’ma“nﬁwamﬂwumumadﬂimmwnwnu
FuRNTluana 10% un Psychrometric chart
(Psychrometric chart: air temperature decrease by
2.3°C as an effect of a 10% increase in relative
humidity.)

Temperature (C) Air temperature

- Normal air temperature
350

- Effect air temperature
* of Site elements

* Surface
temperature

200 4

15.0 time

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6

LLammiLﬂamuLLﬂmanwmumua am‘ﬂn&lmmﬂ
mnamwLL'maaam"lmumsﬂmﬂﬁ Lﬂiﬂummu
ﬂ‘uamﬁnummﬁ“ﬂﬂﬂ (Surface temperature and
air temperature change with site elements compared
with normal air temperature.)

51N 13
u

5. Uszilindse&nsSainanans

n13aanuLuL- ﬂiuﬂid’lﬁ@a’]ﬂ’ﬁ Jdsz@ntnn
mMsthamanuiand (U) msaafuffadanains
(A) LLa:mﬁﬂgaLwiaamwumﬁamﬁaa@mmm
Lmﬂ@hwaqqmwgﬁmnwm:ijmﬂu—mwan
(A gsnarnlinszmsvhanuduluszuudsuenme

AN
mmmﬁ’m’;m‘lﬁa’mgm qg=%x(U-v?*A)At
nMskEwaINwIInTzuLYSuanma tuiladunan

NEINRADNTITWAIIIWLUDIAITIOY IINNANITIVY
NRIUAINFNITRFAFIUNT LTWIISNWNIND 85% VI

NRIINUNIANA ;ﬁfﬁ"mﬁﬂiaummﬁ@ﬁﬁ]:aﬂmﬂ“ﬁ

wisaulugauitasaindnina (1) n1vaanUUL-
dFudyedaqenans (2) Aufifinldonenans uay
(3) MIUTIUGIEMWLIATDNNEUBNDIANT JFIUNT
Idwasnunnizuunsss haussesaslElnih Ussnauds
lawlw LED Woaauiwau Lﬂ%immﬁw%amﬁumw
ldsaaaa¥ mmia\uammmumsmﬂ Fafidadn
15% UDINEINUTINNATINAUNUG LS AN I
NAUFIAAL (solar energy) ERIARIG eIt ]

5.1 N113£N15911A N (Cooling Load)

mMIfafwIMNaINKlNTzuUUSUa M@ FRnT
AwIMlaaIINNITHIYSH A NT UV BIRATN
Ln@ﬁaumUuaﬂﬁn’wmmjmﬂluﬁaaﬁ'mumﬁmﬂu
mMzmIvhanuduseseisslsuemea lasdsanm
ANUTOWAINEIITNINTUINNNITALLNAMNT DY
muia@]ﬁga 6 JTUIU LALA TEWILAIUTNY 4 STuu
TN URETZUWILLNA c\huia@y,ﬂﬁaﬂmmsﬁﬁtu
senisiuilsuameauszliUuonne dedudsi
unlglunsawisnseasyinanudn baun @n
MItmnANNTauVeINEg (U) AwiAnddonanens
(A) LAZAIMNNUANAINVBID AN TBINIATENRTN
melu-nouan (At tﬁﬁmﬂ%@hmmmﬂ@mmﬂ
mnﬂﬁmuuﬂmqm%nﬂﬁmmﬁ (Cooling Load
Temperature Difference #38 CLTD) U1@@ Fovzfuut
Audurisresalianfiadlundazsiaian (Stein &
Reynolds, 2000)

mmmﬁﬂmmvlﬁmngm grait

qg =UxAxCLTD

CLTD_ = [(CLTD + LM) x K + (78 -T)

+(T-85)] x f

I@Uﬂ'wmmLmﬂ@'hwaaqm%nﬁmmmm”jw
mulu-nmeuen (CLTD) §33nldunudrdudsasiga
(LM) uaz&HI187R9) (K) indwimeie flasanann
omdluudazansnatlined sonadanslEwasm
TruudSuamaluuaassiaan bwinAuandnswa
LLaz@hLmﬁwaqmamﬁmﬁﬁmzﬁﬂﬁuﬁuﬁﬂaﬂiuqﬁ
9NFLY AT U ﬁtaf':l,ﬁa&jw%lﬁmﬁmmmﬂ%
WRIITHBANTZUUUS UM AT 89010 TLT U@ 8819
ﬁwaaaﬂmsl,ﬂfoi”l,ﬁmama:mmﬂﬁamﬂﬁq@
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2-LECTURE B
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31U 14 wsasmIznshanuiuresanmaisouduuuny Wisuifsuiuenaasounall
(Cooling load of model education building compared with original education building.)

~ FauSUWLUUR 1 (lecture A) FaTluRoaSun
ﬁﬁmmwﬁnqﬂ fUINAAMSIIENAINUNTTUUUSY
2 maadla 68% nafaidu 25,750 Btu/h (7,547 Watt)
mmhanmﬁﬁmﬂ%wé’aamgaqﬂ

~ FaUSUuLUUR 2 (lecture B) Fa1lluRaaisun
Afvwenany sunsaaamIEwEIIwINNTTUUUSY
ameadla 63% nIafaidu 32,603 Btu/h (9,581 Watt)
mmhanmﬁﬁmﬂ%wé’aamgaqﬂ

- %eaudauluy (drawing) %uﬂuﬁaaﬂﬁﬁ'ﬁmi
yualng §1013080N1TIEWRIIWIINTEU LT
a1Mead ba 40% windalilu 48,238 Btu/h (14,137 Watt
mmhanmﬁﬁmﬂ%wé’aamgaqﬂ

- A89LLEAIIN (presentation) Faduwasniniame
NR% B3NIRRAMI LN UIIN T ULY S U e Mead le
50% wiofaLdu 31,644 Btu/h (9,274 Watt) 91nT9
nmﬁﬁmﬂ%wé’amugaq@

ﬁ]:Lﬁuvl,@Tdm’ﬁaammui'aqmmiﬁﬁﬂsz’&w%mw
ﬂ'ﬁﬁ'mmmm%aumaai'aqﬁw mMsaaaimawd
ganaliininnydanoinsanas wazn1TUFILe s
amweré?amﬁaamqmwgﬁawnmnmuan RINA
mlimsltwdsnuluauszuuduemevasiaason
Va4 gﬂLLuua@@iﬁm Werandagasumslandsnn
AOMINENUA AUTDAAMT NI UAILRAD 53%
Fondrsmluszuudfuenmadigagiunslewasans
gaqmlummn’%wﬁmﬂuﬁ@éhu 85% VBINHIIU
Hanua azanunsrn s lEwasnuINeIa AN Taasd
VNN 69%
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Wih ## Normal education building
100000
2 Model education building
80000 | o o
7 time 14:00
///,//// peak reduce
60000 - --em -
40000 |- - -
20000 |- oo -
0

gﬂﬁ 15LLamé{@daum‘mmlﬁwﬁammwuﬂ%mmlmjaa
g1 sudwLULY WIsuiisuiuatasiSauna il
(Percentage of energy reduction in the air-conditioning
system of model education building compared with
original education building.)

52 ise@nsninwaverunauny (Renewable

Energy)

MmN snuwanesald nihussssuy
waaIsluaIuiaason laun (1)Waauiwan 16 i
52 Watt (2) snlwd 30 Watt (3)Lﬂ"§"aa°umﬂl,§ﬂd 300
Watt (4)1d519a1005 230 Watt uaz (5) Waaaisaiaus
LED T8 20 Watt §n13liwasanusingIgn 34 kWp.
gusnivndardundsunaunuiingalaain
WasnTasuaIanfiag lagduimannfiniinizing
W T TARIUIA 1.4770.68 LUAT TIEINITONRA
was9ule 300 Watt (Solartech, 2013) &IHaninle

v v 1 1 € o il a
maﬂmmﬂmmmaa IUIN 114 LLHW 'J’NE‘]']@LI’]EI\‘JVL‘JJ



maﬁﬂlﬁmmz@g@ﬁéﬂﬁ 18 89¢ G9n159@% Solar
PV Rooftop 1x¢asldiufisasiunsnslassaiauim
T TagUNIaE 2 m® INRBATIRUA 228 M G910
PEIAAUUAALAREIANADUNTATULHAIA NN
Boufamaiuifesnadon1319laTsaedanan
UazH AWTT09 50N TNE ANEINUN AN N U Leran

\TRA LAFIFA 53.1 kWp.

114 * 2
228 m?

FNWINLKNY Solar cell =

(Btw/ft/h)

300.0

Solar radiation

_ Solar radiation

-t
LA S S S S e e

1 2 3 4 5 6

T T T T T T
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0

time

35U 16 usastayadIunmisfatsenfiadiafodisiden
wousaan MuluumiInendoudld (Average solar
radiation during the month of May in Maejo University.)

Solar cell 138 m?
Energy peak

Solar cell 216 m?
eeeeeeee

Architectural
and Environmental Building
Maejo University

Chiangmai

20.7 kWp.

gﬂﬁ 17 meﬁﬂﬁﬂmwﬁuﬁum Solar cell FUWUINAIN
AULAATH 3 LATAIWAUSAUATULBANANT B1@1T
Sauduuuuy aninenasuslld (Perspective of solar
cell area on the third floor awning and rooftop of the
model education building in Maejo University.)
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