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ABSTRACT

The objectives of this research are to study about the investment
guidelines in process renovation of old commercial building in Central Business District
(CBD) of Bangkok to Home Office for Energy Conservation. The researcher collects the
data about standard building (4 story building) and uses a computer simulation
program, OpenStudio 1.11 as an analysis tool to analyze energy using in 4 types of case
studies. The results of this research are the lathing models in front of the building and
building envelope. It can save the energy 1.53% when comparing with reference of
energy usage per year. It uses 50,492 baht for investment. The cost relates to the
financial worth. In the section of payment of energy saving has throughout life cycle
cost until payback period. The result of cash flow from investing around 20 years found
that the investment in sublease agreement can give a good dividend and perceive
value of investment more than buying a freehold property. Moreover, this study can
apply for updating property facade building including the others investment. Moreover,
this research is not help to reduce energy consumption but also promoted the high

efficiency of resources.
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20%

Lighting

52%
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29 2.5 ddunisidndanulueiasussiandiingnu. Tag lassnisduasunisusulse

m Other
A/C

Useansnmmmshonasanuluanaisg, 2552.

A9 2.2

AI9YEINITIINAI9I1UYI9IAITNEI UALDIMITUINTIFIUNIUNTETIVUQIAFUTINNTT

aYTNYNAI T 2551
L 21AN591999 21A1TUIATFIU ANY
kWh/m2-y W.3.U.kWh/m2-y

81197 146.4 98.7

T59usu 173.2 117.0

15anenU1a 148.8 1239

WETINEUA 556.0 394.3

A0UANY 94.0 79.3

AR 9| 139.7 117.2

21AIYA 118.4 105.3

WeaTINaUAI g UANLaz U188 394.7 300.9
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a a v ¢ [
2.3 HUIAALAZNOUANITIYINYWANIUY

[ L3 v = = v va !
NITDUINBNAIIUAIUNTZINVNGBANIU W.A. 2538 LAZNIZINVUYUANITES

EuNTeUSNENAUT wa. 2535 TinguszasAlumsmiuguadaasuuasativayulvgie
Aeladsduvenguung (81A15A3UAN) in130usnYNduMEnISNERLAzNT Y WaeY

1 IS a a o [l a £ Y a a « (% sala
pg1aliuszansnmuazUsendn duasuuazativayuliiinnisndnniosdng gunsalndl
UszdnsnmuazTannldluniseusndndinuiunelulssneliiinisldegiunsvans way
daasy aduayuliiniseudndnadsnuiugusssumensdnsnasuiieduasuniseying
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2.3.1 wlpwguazdanguaneineideeiuain1saysnuna sy

NHNITNIIY AMAUAUITZLAN NIDVUIAVDIDIAS BASUINITIU
[ (4 ad = o/ ¢ [
nantnedN LLﬁS')ﬁﬂﬁidl‘uﬂ"liE]E]ﬂLL‘U‘U’é]'lﬂ'l‘iLWE]ﬂﬂi’é]H‘Jﬂ‘lﬂWﬁN'lu W.A. 2552
NHNIETNIIN ANUUAUTZLAN NIBVUIAYDIBIAT LasUINIZIU
NN KagIdnN15IUNITORNKUUDIAITLINENITBUSNYNEIIIU W.A. 2552 Fa9anniy

v wa | a o & W = v A val ° =
wszsUygiinisdasunseysnendsnul (aduil 2) w.e. 2550 ladnsivuasuasiden
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Neafiu vaninuailun1sesnkuueIAsiien seusnuendany laglanign1siaisandinig

fnemaNuTeusTI warAmatliidesaianannielueinislined
A
A5 2.3

UARANAINITIENA I TOUT IUVBAILIN 1Y UBAYDIDIAIT AINITOIENAIINTOUTIUYDIAFIA]

91975 A8 d09a779 (LPD)

oTTV RTTV ANNNAIEDIEIN
UY5eLAno1nng . , )
(Watt/m?) | (Watt/m?) | geaa(Watt/m?)
1. @anufnw @1n9ny 50 15 14
2. Tsunsan Audn1sm @n1uusnig
) N 40 12 18
WN9ATINAUA B1ATYULYLAL
3. 159USY @0TUNEIUIR DIANTYA 30 10 12

mekng. lng wieTydyginsdaaiuniseysnenasnut aduil 2, 2550.

NTAEWANSDUTINKIULUFBND1AS (Overall Thermal Transfer Value: OTTV)
Ao ARALAERIINATYDIUTUIUAINSIUIINATBUDNE BRI wazdeudanTe
mihiadignelusnens Tnesmiinaueaouiidomsusimngu udnhumsie
Nufindatmun dwdumnisanemanudeusinvemdsn (Roof Thermal Transfer Value
- RTTV) nsewiniananamanudsusinaglddmivoinmsuivennia ddaevialunisslunis
Wiy viielunsusuonnid Ussneusie anuseuainumasdiun 2 wiaeinde (a3ale

USEUALAN, 2539) Aesialuil

1. Anudounlasuainnieuene1s (heat gain from external sources)

<

dulug Mdud Ay iunannsuHSIE199R991908 Larn1TUIANSoUNIUNTNeIAT

2. anusaunlasuainaiglueians (heat gain from internal sources) Ao

ANuTauAINdegdaviToNsIINAIIUIINLAIETN wazaUnsalnTeslysng 9

TunIAIUIAAINITAENAINLSDUTINVDINTIY (Overall thermal transfer value:
OTTV) 9ATUIUAINATRALVBIAINITONYLNAINUSDUTIUVDINUIAIUUDNYBIDIATT

Tunsazauenas FeaunsamuInlaanauniIsaase Ul
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OTTVi = (U, X L-WWR)TDe+Us WWRIAT)+HWWR)SHGC)SCXESR) .... (1)

We  OTTV, = A1N1SaN8MAIINSUTINUDINLIAULanNNIN15en (W/m?)

U, = duUseanon15aneaaAndsousinunaniienu (W/m2.°0)

1 '
=] ]

WWR = Snsiduituivesiivhalusauas uaz/vidovesmillusuasoiiug
Favupomiuiifiarsan

D, = FANNIANFgAMATITiBUsEseuenuazneTueAsDs
dman1IganauTIdeindveaniiani (°C)

Ur = dUUSEENDNSON8mMAINSoUunantalUsanas wsanszan (W/m?2.°C)
AT = eanuuandisgamgiissninanglunazaieusneians (°C0) dwsu

Usenalneg Ao 5°

SHGC = &uUs£aN5N15a18mMANNSDUINTIAD NN NAIN UKL UTILEINTNTZAN

a v

SC = dulsyansnmsdaunnvatgunsnivanen

[

ESR = ANS9d@17ndNinNasan1sanenaIusouk U lUTIwas has/v3e

v =

Nijaiu (W/m?)

ANNNTANUMNANNSDUTINVDINAIANB1ANS (Roof thermal transfer value: RTTV) 9%
ANUIIANNANLRAIVBIAINITONELNAIILS DUTIUYDIVAIAIDIANTABLEIU TAYEINITOAIUIN

Taannaun1saesaluil

RTTV, = (Un(1-SRRYTD o +(UXSRRXAT)+(SRRYSHGCYSCXESRY........ (2)

do  RTTV, = Ammsthemmnusousinaesvdemennnsdiudiiansan (W/m2)
U, = §uUs8ansnsenemmnueusmuemdemitu (W/m2.oC)
SRR = $hsnduiiufivesmthalusasdofuiinmunvemsaauinesan
TDeq = ANANURANANDUNTWIBUWNTENI N EUDNLaE Al UYBIMEIAT
Ferufamanisgandusdeniindvomdan (°C)

U, = dudszansnisangwmanusouaasnadanlusanas (W/m?.°C)

AT = fanuuaninsgamgiseninanielunazneuendannenans (°C)

s
a a 1 1 [

SHGC = &UUs£ANTN15A18MAINNSDUIINTIADN NS NAINIUNAIALUTaLka

SC = duusgavamsdaunnvesgunsaliaunn
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FSR = ANS9@017indNiinason1sae AL UM UNa 1A TUTILES YIaNaIANTIULES

(W/m?)

lunsaiienansiivsednsninvesgunsaiviessuulassuunilasounnninlurunae

UszaANSANeunnNruald TngA1uIAINIS M NEIIUlAgSINYDIDIANSIINANI TUDIAS

77
Y a v A

91999lusou 1 ¥ MetiiethunUSouiguna T Use il uaIuInNmg 91AN59SNIULNUIILAR

IS J

ABLIDAINIT I NAIIIUIINVDIDIANSUUNIUAINIIAINIT LGN A1 ULABSIUNITUDIDIANT
Y a &4 ad A v P’ & A oA ) a | P

91999 YILNUNNITLYU AFANS BATNUNNTIUDIANSIIULAYINUBIANSNILNBESS TAYBIANS
PE9199998090A152UUNTDUDIANG STUUMALA AT WaEszUUUSUDINIARINTDAIAUN

YDILAALTETUU

A15NUSUIUNISIENAIULAESINY9IANS anusavlaannauniseasa Ul

Eps = 3 [Awé(())'IP‘,TV) +AR(RTTV) +A{Cl(LPD)+Ce(EQD)+130C0(OCCU)+24CV(VENT)}] ny .

COP COP
+ ZA(LPD +EQD)n,, — PVE

e LPD = Aastviidesaing (W/m?)
EQD = fdslnihilddmivgunsaluaziniesiloniag (W/m?)
OCCU = Anamuiiuvelde1ns (person/m?)
VENT = $nsimssyurgenniaseiiuil (Us)
COP = AdulssavsaussausdusssuuUuomaruadnviovunmive)
A = Hufidauusuennia (m?)
PVE = Andsnulniniadessdfindnlnowaduatenfing (kwh)
C,Co,Co,Cy = HuUseansdnaiunnufouiiunissunszuuliuenie
Nnliuasaing gunsaluaziazedldluiiining q {ldo1ans wazmssvune
97n1A

N, = WNTNAITUE NS UIATLAAUTEAY
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AN 2.4

AIaUYsE NS anaIUAIINTIUITUN IS A TEUUUSUDINIA UazT1UIuT el Taua sy

9717 75UAAZUTEUNY
UssLnnuasannig Cl Ce Co Cv nh
g0Nufn® d11n9u 0.84 0.85 0.90 0.90 2340

Lsunsan Audn1sA anuuIng
Ny - 0.84 0.85 0.90 0.90 4380
VETINAUAT 91ANTYLYNAY

159USH @01UNYIUIS BIANIYA 1.0 1.0 1.0 1.0 8760

mneng. lng wgTydyginsdaaiuniseysnenasut aduil 2, 2550.
2.3.2 UadeninadaUsunanislindsnueans
Uadeniinanouzunanisldndsuvesernisiu Wudunivzausaily
AaganlusaiN1sAnduulunNIsamuty FelunsideasilasAnangdunianuuandi
Aulunisusulpsenineansiuuieudieu taeduyuay q Mluldnanluanddel nig

Wl auyAlviiegunuuiniuiunsiaeslful e siuleualoudinmiifiu

ey

N

[y

FealadanwmIfanduoInsluiueg o aswmalud

e

2.3.2.1 N39U11A3

'
[ a

Jannldszuuiuaona1mshadn s waiugady d5suuns

17 2
=) a v a

N3¥ANNYUBNDIANTUATNTIMTNANTATUAIINTBY ANNYY BNTITANATUGS Ur5asnw
Ny WevrldTanumaifsasfinwauaudanieitesiundsnuniunistesiuainuou

uananinseue1msiUssulaloudnansenitensiianasuannelulazateusn Useidl

'3
v a

weIrSadan (2548) lananaain mimammm%faumﬂmsmanmmn%ﬁgiﬂﬁsiummiﬂj’uﬁma
RoruInvedAsoIUTuaINIAkaz s ndsnuiion1suSuena nsanUSunaniuseud
anawdngernsuiuenniaddieuinduegmn wazfudsivhlasausnisosnuuuenans
Tnotamzdrufidunsouoinis LLazU%mmmm%auﬁm&JmmﬂmauaﬂL%’ﬁgjmsﬂumms
Usznaulume 3 unad Ae N1SEIAMNSIURTUKIGTIU N1SEIANNSBUMIUNSEINTUNANSYS B

NTILUT AT LAZNISHRTIAAINUSDUNIUNTEANNUIANG USDNUILUTILaS

(1) ArndsuauseununtzuUstuluivauaudaign Iy

SouvosTanns anuduawiuanudouvewil danunuiiiuvesnaniaazd dunined
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9 ] v Aaa o A

TAnIAIANAIUNIUAUTBUNATIH TN Avemdadudoou waziuraveantauin

'
v v

ANUITOATUNIUNAIUAUSaUNEH U 1U TUe1A S le R dunSundeiluidnasdey
neas1eiu amnldfivesla wiaawsentdinsyan d@ulngazdamasuaiiuiouse

5 | fa o ey o &1 Y] AN Y @ & o ¢
ANSIBUATANNINAUNTANNUALIAD 45 TRARBAITINURTENIUNTIN TN TINTEL U DR LuUs

YUAYT TIUTELAVLNUUISAZ R UNAUN

(2) USunaanueuniingenasnimasmaziluludnuasiieadiu
Hile FeuUsiuiunuandmanuTaureadaqvaint wagk1lna1u AwazanunuIkiLYed
U dl

wiavaenn dmiuiaaudinnfenludigdu aslidndsnuanuiousenisnaunsigandn

‘ldl o A (Y] & 1 ‘Y] 1 1 1 Yo [y v v
NauAmLe Ao 25 Inddensnauns sendindnlnglilafinsyauiuiuanuioull

(3) wasuAMuSounIunIZINIgeIATsUUIeaN Y 2 Anvug

De
De

a o b

1. wduaNsauniiinge1AsanIsinauieu Usunuaiy
foulngazAuegiv auaudinisiiauiouveinszan uazAgumginuanaeiuianigly
LAENI8UBNUDIDIANT

v 1 } %

2. WANIUAIUS DU BIAITAIEATNITAINIUAINUS DUSIE

Y

[y a

a & v | :.I/ dy a ¥ 1 dﬂé{ [ 1 QK £ .
91Mndidng 81A15 NedUTInuaueuluduiiuedfumduuse@nsnisdeunn (shading
coefficient) ¥anszan A1Fede nglunsasian1annszaniuLatoiing uazgunsallaunn

AMYUBNDIANT

szuvvediannsovea sl dutanuilieginly ssuuvesiannsevenansd

T dudaanids uuseondu 4 Yszam loun

(1) wiafhUuanaans (mass wall) waneds nisnifisaansiafni
iWisanmsnensslasfinisnaeidiseii Wy niinedguey NiinenounInUasn Nl

= °o & L2 = < £%
ﬂ@Uﬂiﬁlﬁ’]Li"\]EU LAZNUINDADUNTANIALUN LWUAU

2) wramdulasansn (framing wall) naneds #ifsfiilasaas

a v [

I }% Y [ a [y N v 1 1 <3
Julassainevenils wazywiuianUaiinuenuaziuly Jagnlddulasuash wu wanyu

q

U = =

daned oglulon L Uiy dautanlaianldiumluauanumneanlunisldau loun

WU lIFUASIZY LN UBUTUUDSA LHUNSEUadlePy tazurulwiuasuasa
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(3) wilsUsznau (composite wall) Muneds NlaUTENOUA BN
WInETHasNIa laseasisieiy sudensymeatiuiuausausiaiig q seninalase

LAY

(@) szuulaane1as (building envelope components) #1884

A1UUsEnaU vaIaATTiIntnIldudInanU R Uzt aulesan wnd U uN1S LY ane

vosiunn1lueIAs
FEUVANIUBDIANT (building insulation systems) Lﬁaamugﬂ@mé’]’a
lue1a1sUailnda AnuieungadenselasunidiueiasUallazinududounnddu

(% I

Tawialunisinauiudueiaistudnazdiandu § Usznausiuiuauiunie J9n15A1uIal

q

'
1 [

AU NENR I UL

[

anfusznausniuundnazlinaiiduaiannniinisfnaniey

1 al

AUIUNEIREINALT (5780 Wuwnd, 2552)
A15197 2.5

1715UseNaUALIUAUDIATT

daudsznauainng auauiléfiuanansiiinende
YAIA Y/ ANAIY
Aulassaiandann wulousdaurunsegaiiagd lwaglaagailad
AuUUAIATn T/l weiugn
FuuuFudrundaan InuuNudn
Tanadi wiulews/Aelsd Saueiu
A1
Tnsarils wulowsdaunuvsegaiiad waglaagailad
n59ulAse (Frame) Triu/lelsl wsludn
Fruaawangluy InuuNudn
91U (Stucco) -
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AN 2.5

N15UsENaURUIUAUDIPIT (91D)

daudsznauainns auufildivanaisiiwnande
WULUa (Panel) -
iy
FIUANUHUABUNTH/AUIUANLUIVEY TnlaauEn
Nulasslsl Wulouwsonuny
FIWTIN/AS
ASIEIUNNBUDA ULHUS R
Frusnutaniely Inuunudn Eulousdnauwnu

vekve. \ag gsnail Wuang, 2552.

AuanUANSENemAUTauYas ANt

wa A v [ N o v o [ % & [
ﬂma@iU@ﬂ']TVIEWElLV]ﬂ']']ﬂJi@usﬂaﬂ'JaﬂVlﬁ]314!'1NWI%LW@LUHNUQﬂWﬂu@ﬂUULUU

v a 1 1 I

JadundrAgnvdamanarUsunamslindanuvesennis dadeeniluauautaniiiasanis

fewANNsaulinsalul

AENUSEENENIHIAINSDU (thermal conductivity: K) @B AT MUEINNEIU
q

ANuTeuvesianianemnuTunamuieuniiuledande miieauvul dentmiieiian
Y

ontliihegungll uazdentumeiiui lnevlunhenlddu W/m.°C Wi W/m.K

AINIAIUNIUANTBY (thermal resistance: R) fia AIN15UBNAIERTIEIY
FENINAUNUIYDLIANRNLUALUITNANTaUlaN Y AuAduUseansnisihauiouves

[

e viodneumunenialunineds anuaunsalunisiluauiuvesian Jeervnanilein
o o o [ k4 1 1 [ = 1 [d
uudlusdmivauaiuiou 1 Btu. szdrgmiiuianvun 1 ansen laeinidledy
(M2.°C)/W 38 (m?.K)/W

AduUsEaNsNIsaemAINTaU (coefficient of heat transmission : U) Ag

AUNAUVDIAIAMUAIUNIUAIINTOU AN U-Value UBINNLIDIANS LAgagfaanansaIaInan
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NSAUNIUANSeU R vesdagusazyiln TaudsAinisiuniunuseuvesiidueinicuas

Ya31199101@ Dy W/m2oC wsa W/m?K

ANS9N 2.6

AINGNILAIIUTOUT VNN TURITILI AE YR

Andulszans DN DN TN
YUAVDINTIY N3N doou durunang BN

ANudou (W/m?) (W/m?) (W/m?)
nifatufen
1. adsnszido@undeaunsiu
- 515 73.20 82.35 87.49
Elip)
2. uifansuidesdudegnmmndy 4.90 73.50 82.35 87.49
Elp)
3 nidsleS e 15 T 24§ 41.25 78.40 83.30
Nile 2
4. mifansuiesdiusognaunsd 2.63 39.45 42.08 44.71
Yoviernia 3 i duluy
nsuilesdusognaung
5. ntfanszidostiundegmmnd 2.50 37.50 40.00 | 42.60
Yoyinernia 3 i duluy
nsuesdiusognamun
6. wilslsl 1% 1 fievinernia 1.82 27.30 29.12 30.94
3§ aeluilsdsn 4 .
7. wiksls! 15 T fvevinsorne 1.98 29.70 31.68 33.66
3 9 meluinsuidediuud
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ANS19N 2.6

AINANIUAIINTOUND NN UE IR AZ TR (98)

AduUszans w1l KT NI
YUAUDINUY QYERREIY ddau AUrwnane | didu
AUFBU (W/m?) W/m?%) | (W/m?)
N1il9nady
8. NUYBgURYNDMINYY 1.59 19.08 20.67 22.26
1uYu
9. HilIBgUBYNOMINVIN 2 AU 1.37 13.70 15.07 16.44
10.1199gBuduaDn
e uyu 2 sy 1.66 19.92 21.58 23.24

yevg. Log waviontl $19A3, 2536.

drundane1ans vuneds nslddanldymndeniveserasiludiunsesiu
M3k §sdanuseuanaseindlaense Inefindsandudiuuugaveternisiaglasuniny
Sounuasefinglaensidieiovay 50 YaeANUTBUNUINNUDIANTTUUUNALUINIINGIAN

(WesNId 91U IaIng, 2549) aunsaldauiuiuanuieud e funliyxls lioan

[
v A

N15IANNTRURIUNAIA TngykuUiuiua1veImaImdIuiukamsa U ulanasen

1
g i a a

WOAANISANEMAINUSDU L¥U N1SARAILMUDATIIHauNdaNRau NS aui Ut wAIY LD

¥
d¥vIoUAINNTOU mmﬁu%ﬁmﬁﬁua@ﬁﬁw matuauseulrnundsalaelddazviounas
v3oAfunuiouiindnantagussinmesifia (ceramic coating) analdnszidesiifidseu
Lﬁaﬁﬂﬁammi@mﬁumm%w Sufuaarionsimdinduauan lageraazidundaan
simundeuiivdunils weldornaaunsasemszwinanandldaznan Wunsdeaiulaily
MRIAMTD skylight gnuasAAlAEnT a1EnslddeIwasuunaInT IsIEANTauIINNINToY
a¥ 90 vesAuSoutiunannuHSaEnouemdsantundaneluaias eGLVGNGE
stiumautaniifinaastosfinaganduuasazaunufoush ennufuniugaduiy
(NIUNRUILAZANASUNE 1Y NTENTIANEIMEnS™, 2585) Tnafivdanandes wu ndann

971 ndetunen Do ndudnuasRiwmunzauiuanmauiie AU USa U
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MSUTIULTIEUSHTINITOIENAIINTOU (Q) Y8enatnIzunsis N 9 lngluivernsiaeaniuas

AN5EUTIEANNINY
A1 d.4.4.
Ay | Usua 1S
. sUnuY WuiiRin eGIEHN 4. | BANFN | AU | dnEwm
a6y . 4 . . uaunly .
a9 789A7 AR P9 | $UQ | ANy
Quundl | Watt Sou

(Tdey) (U)sau

1 mnﬁu‘mm 35° 170.1 ﬂi%ﬁ@ﬂ wén | Buduuedn 20 2189 0.6240
WMARU d9ngd | v 9 Wy

2 mnﬁu‘mm 35° 170.1 ﬂi%tﬁ@ﬂ fudiuasa 32 2638 0.4701
Fuudleiu 1 9 1.y

3 | ysethuven | 35° | 1701 nsudes | Budwuedn | 28 2438 | 0.4964
ABUNSA U 9 1.3

4 vsadh | 35° | 1756 | mudeswidn | Buduueda | 20 2192 | 0.6240
WAARU d9NYd | w1 9 Wy

5 ssvh | 35° | 1756 nselles | Buduvedn 32 2641 | 04701
Fuuudleiu U1 9 1.3

6 nssva | 35° | 1756 nsules | Buduwuedn | 28 2441 | 0.4964
ABUNSA U1 9 .

7 nssvr | 60° | 203.4 | nsmdeawdn | Budwuesn | 20 2977 | 0.7318
AU dIngd | v 9 Wy

8 s | 60° | 2034 nsudes | Buduueda 32 3442 | 05287
Fuudleiu U1 9 1Y

9 s | 60° | 203.4 nsudes | Budwuedn | 20 3203 | 05623
ABUNSA PN 9 U3

10 | wseswuladl | o° 145.6 A.d.a. fuduvain 24 3847 1.1147
‘U'?N?ﬁﬂ NU1 9 WA

PRIARG
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AN 2.7

MSUTIULTIEUSHTINITNIENAIINTOU (Q) YasnasnIzunswin 9 lneluklseinsineanuuay

aAnsdumignnyng (me)

A .4
ANy | YSuw N3
. sUnuy HuiiAn eGIEHN 4. | UANANS | AW anem
a6y . 4 . . uaunly .
ALY ALY V/GAGY vee | BuU(Q | AMY
QUUQN | Watt Sou
(Tdey) (U)sau
11 nseswldd | 0° 145.6 A.a.8. Buduvedn 24 3222 0.9336
FD9I9 M1 9wl
91NA

vneing. lag ananwal laies, 2542.

AMENUAYDINTTINDIANT

Tuppsiifinszandadussduszneuniwemilineuananans VGGG
Aszandiuenmdonnmsaismanuseuvenszan (U-value) %aﬁugmauﬁﬁimﬁﬂﬂmaqm
faglun1sfiansantunsiisihadulssansmsdiemenudouandsdendindtinunsean
(Solar Heat Gain Coefficient: SHGC) fie 8nsndruvessadioniinddideinuianndauazvdsnn
dulusslanselusanamastosasanunsavhlmnianisaemanudoudnnislueinsle 3

¢

lasiunavesssdonindndamunszanviaianiuiuadlaunss AUNSEIENAUTOUNANIN
v a a & A ¥ i Y A @ ' ¥ ! ¥ v aa
Sdofindnganduliegludminszanviefagluswandiungnielueians laeasuudiladend
HARaAT U WagA1 SHGC v8anszansdianand Ao ¥liavadnszan auasanuvuivednsyan uay

A13ARBURINTEIN (WNBTWN alanshunss, 2550)

(1) vilaveenszan wusesnidu nszanunuiAed (monolithic glass) NT2aN
uriug (laminated Glass) waznszandugian (insulated glass) n3onsranauiuiifivesiig
91NABYATINAN %qmmﬂ%ﬁmﬁm‘;mmsﬁm U G?’]ﬂ’j’]ﬂi%%ﬂ%ﬁ@SUEJ‘cju’]ﬂ nMshnNIEan
2 4 Tneitidorinaenauarfnetosturudousuliusnansanats wuitazausotasan

ANUSoUlaUsEINUSRYaY 70-80 (WS5UATT MFNINTR, 2548)
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(2) duazarunuivednsyan drlugnsganfiisndruiudsguluau
1 [~3 a [ d' = zﬁy d' a
geamnssunszanwununsyanlavaznsganddumean Weswndveuilonszaniiinainns
Wialangeanlanmng 9 L*ﬂuﬁa@mmm%’au lrinauTouInnszanuaiingnglue1nss
AU UVBIAILLAULINTUAUAIUNUNIVBINTLAN wAETIINISAnLasldlmd1un18luenang
A S Ao a £ a = o . ° ] '
W Bnnadianduusganaiutsuiisuntsiaunn (coolness index) Anninnszanlasgunn waz
A 0w a £ @ a 1 a a v v v 0§ va 1 ) ) a
WaAduUseansn1siannniuindu Usuaasniiisnulatesvinlidanustunsatuusuna
ANMuSauN U lAp e ULt hazaNNNsaaNANUAINLSDUIINLAIDIRRENRNNSENULA
WNNINsEINtE @Y1 ANUTENIBIeAa (2552) Inseauauin nszantavsliruasdes
HIUNEINIINTLINE sl Tummzlﬁmﬁ’uﬁﬁﬂmm%awﬁum’héawmﬂé’fmﬂﬂdﬂmzﬁmﬁ LAY
A11N50FALAS L AUINTUAIUAIUNAUNVDINTSAN

[

(3) ansLPRBUNIEAN NISAFRUAISUURINTEANUUTIngUsEasAelvinssan
v A v oa ) | = v aa a
ANU150ASVOULAILALARUSIAAINUSDUAIUNTINLAILAALA R NSTaNTTaNsIAda UL
1 v I~ [} & v = v v

annsanuslaoondu 2 Uszianudn 9 Ao NSzandsioulaInIonTzandyyiousidannag
21708 (Solar Reflective Glass ) Hanwuzidunszansssuainasuselanzaanlenilainis
avviounasdoudvgeanulusatreut1ados uaz nseanuNssdim (Low-E Glass) laenaly
JUNT¥AN Low-E 218anAIU5auiiinIuannnIsuinssanuedaualslanelneilaneidu
U3gvsilussdusznaundndifey Jeanunsaiazdesiunisaiswmanuiouniunszanlad lag
PeaulFaIN I ulauINNIINTLINALN DULAIDNNIYI8 ALV DUSIFDans1 hlawan (UV) tabilu
seRuniladaUSunaunsasieudueg fuduadn dwalivigananudsmeunivesinesniglu
-] Y] | v a vy ' 9 aAa
Vosui1ale waztieanaudIveLaseingliioaniinsyanasieuuasidial SHGC g
N1 Ineeauliwasdaaniunuin1elus1msiauinii Netldlaisunsyan Low-E nunsean
PlulAAFauansaznuINNgEan Low-F @111508AN1SHRSIANNA R LaDe508as 75 fne
wintiadanalvdainisaemanuiouvensean (U-value) Nanad (@s1al wuung, 2552)

o/

AaUTDAUANUNLI9E1A1S (Window to Wall Ratio: WWR)

WWR %3188 $n31drufiuiivemtianelussuas vievesnidslusuase
Huitenunvosntedufiaziiunfiansan Tnefinnssinunan WWR aasA1dedenasld
Uselortifilfannuassssumd waysiuiausmnamsldndsnuuesemsimunzay Jan1sda
FoudnlinasfiazUadeiiy msznsdestunnudeuardelosnuisuaianlnonss a9

MeazdedueantuliinTunieliniiigunsainsdiunnte Bnnsadesdesiuidasviou

INNURY
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3 3k 3

N : N v N 5
! v o
NO SHADING INTERNAL SHADING EXTERNAL SHADING
80-90% 30-40% 5-10%

27 2.6 wansanesidudanuieuiiiudnunnelueims lnaSeufisugluuuteada
laiflgunsaidaunn Tgunsaldawannielu wasligunsaiauannisuen. lag Benjamin

H.Evans, Daylight in Architecture, (New York : AIA ,1981), 70.

1t

> v 1 a Aa 1 v a a 6 . .
DINN 2.7 aﬂwmzizmwawaﬂL“Um/mmamagmmﬂmwmﬂaﬁ]’mmqmmmEJ. I@EJ Benjamin

H.Evans, Daylight in Architecture, (New York : AIA ,1981), 72.

2.3.2.2 N5 kaeadnaniegluanansg

lun1sAuiunsdesadneiilonldiied 2 sUuuy e F5n1sAuIN
Wuugiu (lumen method) kazlUUARBIA (point by point) NIAMUIULUUINARDATTI
wastuinsldunTumszldiiaisinisinin wagwmunzauduaunlulalunisuialagng

P 19 | | | o A 4o \ ' Ny v |

aztdenunin 1wy nsdesainenigluduiuiivuinldlvguin nsdndesnisliuasaing
aane logldnuaudinsaeyounaavasiananiia Wi Laginau 11Usenaumsiatsan
AU UNY FIN1TAIUIUNNTERIEIludI A 1dNIUY YoassulueAsiSou vaslutunn
91fy drunisAruiauuuyndegadnlddiuiunisdesainswuuiduluge wiansdd

dosn1smuwineg vazdeaiiorugndesiunisuesiuvesinguseniulasndie fegis

L= a

WU NISIAAIAUSUNIN BaEN15a9a 319089 U190 UUATDAUNAKY (WSSUTaN, 2547) @9

Y

o
v o

lun9deaseliidelalioniBnsmuinuuugiuuuuuinddensuuns emdtuiunisly

Y

a v =

PAIUINUSUIUNAINUINANTY e NfoIliA1AINUERIAI NN ALNLAULA S ADAARDIAD

AUl UNUNT LA



nsAuIulagIsguLasInddanITIUAT

F.n.N.MF.UF
E = ———2
A
do B = emudesaing (§nd)
Fo= JSunouas Quw/viasn)
n = FPUIUNAANID LAY
N = d1numidlay
MF = unsmesn1sungesnw (Mvuedn = 0.7)
UF = &udszansnislder (Smuaen = 0.55)
A = it saams)

36

NNFUNITTIAUAFUUTEANTNTIEU (UF) uazunminasnisungesner(MF) #

Pl dua19199991u6798719015A LI U A IS LU H VD IN TURRAILIN A1 UNALN ULAE

BUSNENENIU NTENTHNGNU ALlBNINIFINUTEANSAMNGsudmsueIAsNagneaing

sonALUas TneAAudsaIne ((Wuminance, ) 1991nA1M1nsgIuse 9 wu IES , CIE 9

v o | ' g dg v | X Ay w ) A '
TAMNUAAIUADIAINIVDINUN T N UTULALAZ NUNTTINUA AR UAISIN 2.6 LAZAIUDY

ASHERE Af1%1uan1s Ina1auaanasniilaindsnoiunlunisien 2.7

AN 2.8

AINITIUNTIFesEINYeNeNAnT U ssmalne

AN3ER9ET9 () sUnuunsldau 29ANT
400 Fuly NUALRAR N9 T8U N8 NIENTHUTNY
300 Hufiiiuienans sreenans Huil A0ya3
B oA e e auneulniuasainaisUszmelneg
500 NuNfinn 1oy o1u ldrouiines
(TIEA-GD003)
750 Huilfdeuwuy
L . NIENTHNANU
300-700 Aunviaumaly (rarasg (€S
Y. NYNTTNTHN .39
300 Nudvirauludtdnau WU, 2552

YIIELYe). LAY D951 UNAIAR, 2556.
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ANS9N 2.9

nslanassruvaaaan niauaana g

Common Space Types LPD, W/ft? RCR Threshold
Lobby 0.9 4
Lounge/Recreation 0.73 a4
Corridor/Transition 0.66 Width<8 ft
Conference/Meeting/Multipurpose 1.23 6
Office Enclosed LAl 8
Office Open Plan 0.98 a4
Restrooms 0.98 8
Storage 0.63 6
Dining Area 0.65 4

Y184979). 91N ASHRAE Fundamentals Handbook, 1ng ASHRAE, 2010, GA: American

Society of Heating, Refrigerating and Air-conditioning Engineers.

PITLAIINNAIDIAREIN AL DAL AIEDIN UL TITIVUUTTOINIANY LiDUAIRN

nsznufiuiiuivisedansne q luanmuwindeuaziiangAnssunisasiouazgads niu

Y

(%
a o o

dqshulﬂé’aﬁummaa@ Iﬂaﬁﬂ%mmmaaLLaa%‘sﬁuagjﬁU@mﬁuﬁamaaﬁuﬁwaﬁmq dlesan
LassTINIATAN s IUTINagaNn nsthanldlaglinuauuas eviliauduuasd
pnnsgnutuiioguiniuly oraviliAnuasdild Wy uamseinauofinddliszdua
dosarinedaust 10,000 WaweuAatuly ldasuasnariiusnldlnens fulsansesnuuy
Waenemsvseuwiudwaniioanuasosiuliamiiiisgu
IINNISANYIANYEANINY8aW1vas CIE (International Commission on
llumination) Tiuusdnwauziiosiineandu 3 dnves loun dnvuzusn As antnvissi

wdula (clear sky) aUSunannuainsazlusgiufumiaveniseiing (solar altitude) tUu

'
a1 =

wdn mwaislululssuuiidesnsenuituinlunuanaUseann 3 Wi fefisinndnany
aislussiugeaniidosnsenuiiuinluunssuiudedidaudesadinseg fisswing 3,000-
20,000 dndlpeiiAiads 10,000 dnd anwasfiaes anmiosiuuuiimanduuisdiu (partly
cloudy sky) 3A1aanuadnafilaainiiesiinuuluse 10%-15% 910158z ioulasve

anwaufiau Ao wazanmviesinuuuiiwanfnyioain (overcast sky) AANAINSIUSEAU
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' 1
a1 A a

gqammaqmsmuwum’luLLu';szu'mﬁ@hmm’jwmmmad’]ﬂuLLmiszﬁdaqmwuﬁuﬂa

9
[

Tunwinanie 3 W iadunsiiianuanadiuSunaiuansneiy (non uniform brightness) ¥in
TR luussuudanuamnnI iR lulwRe waglunsandanuainsasausiu
(uniform brightness) itaeszuUIAIIANLRT UL TEUURANLEI AN N UR T

LUIGLYUNY

Ve E——

D77 2.8 wansan mvieailnveaCiE ‘1715@ 3 anwadz. 2 Whole-Sky Luminance Maps from
Calibrated Digital Photography, 1ng Kenny, P., Olley, J., Lewis, J. O., 2006, in Eurosun,

Glasgow, [Online].

1 1

A1 Daylight Factor (DF) Ain Ad@ad1uveUIunavosiasinnasuuiunatuly
91A13WAREARUSIULAINANAIUUNUNTEUIUNBUBNYDI81ATT Ineaulraninyiasi
U9 wazlufiwe (clear sky) w3019 FeliInuasnssa1nase1fing (excluded direct

| av g i s 4 o ° a saa A o v A
sun) ﬂ']V]lﬂLUuﬂ']LUE]ﬁL‘UUC‘] LLUUQWﬁ@QﬂﬂJC‘]ﬂWﬁW?WNﬂUWNL‘WJJ']%&&ILW'EJH']IUGLSULWQGZJ']EJSLUﬂ']'i

'
% 1 =

Uszidiuan DF wUeesu (CIBSE, 1994) siaiian DF wutieanisddnaimunsaudinuinu

al

39N TTUNEIUDIAITINTANUMLNZFULNLINDFHDNTLTIU
AgB‘t

DF = 555

(%

g = NUNVDINTLAN (WBWNNUNVDIIINULATUIUNTBU)

= PWAVBIUNBINNINIANINAMTIAN

= AARNILYRINTEANTITININAEUUTEANSNSaUaThY

¥ '
) ]

NUNSIUVDIVIDI

> a D

ANFUUTLANT NN TAL DUV BILAINURINI9UILN
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M5197 2.10

MITIUTIULTTIULINTTINNITANTINTENIN CIE Uy IES (USA) UagaInggIunisnimuna)
daylight factor #uUszInNNT5IT9IU

ANN5dR9E1N9 | AINSHeeddINe |
. A1 daylight factor (%)
NuUNTBu () e (X)
HEGIQRRSIE AMUNINTFILIES | 5 o
WAy | 61 NIM
91199l
MR 50 - 100 -150 50 — 75 -100 2 0.6 i
tula - tulaideu 100 - 150 - 200 | 100-150-200 | 2 0.6 anueu
fifiures, Woufiures | 100 - 150 - 200 | 100-150-200 | 15 | 05 | Work plane
Howh 100 - 150 - 200 | 100-150-200 | 1.5 | 05 | Work plane
a1ineu
Nufvhlu fiusiae, 300 - 500 - 750 | 500 - 750 - 1000 | 5 | 2.5 | Work plane
AONNIADT
\Jeuluy 500 — 750 — 1000 | 500 — 750 — 1000 | 5 2.5 | Work plane
VioUszu 300 - 500 - 750 | 200 — 300 -500 ) 0.6 | Work plane
Toanadn 500 - 750 — 1000 | 100 - 150 - 200
UGN
Awmtlde 150 - 200 - 300 | 200 - 300 — 500 5 15 Vertical
1Fye1unilads 300 - 500 — 750 | 200 - 300 - 500 5 1.5 | Work plane
A0S 200 - 300-500 | 200 - 300 - 500 5 2 | Work plane
WoaUse g
lounUsyasn 150 - 200 - 300 200 - 300 - 500 5 2.5 | Work plane

veue). e Aae AsUs, 2548.
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4

N5 MURENSSIUBIRIIUNUEIUTLAYY

<9

MIAUANLAIAT9AINETINTIATIH LT B aUaIT ot 1991AT anunsarinluLdu
Uselewiiodshoannisldndsauuainile Tneiluvazdrsaainarsudilduadlii
Srufunatsssund awiianunsaldeuegsaenndasiunasssumifiulsivdsulunaen
Tu wagnsanladanmsantdislunisasisanuidnnseaunisanen aseaninwingoalligly
p1A5§Annssiiedosulunisiineu (productive environment) Bnilamsadsmnuaunaes
Usinasmufeuitsuliisdy (heat gain) M%aﬁqzyl,?mlﬂ (heat loss) N1santasu1nn (glare)
LazAIULUIEUANY (contrast) ﬁgjuﬁwiaﬁuﬁ%’mmfu q MsUsEauANalIsuLazily
Uszlovildanunlassssuaif 13JLﬂ&mwﬂﬁumadwnﬁwaﬁmud;ﬁ%amwuvﬁﬁu g3l
anuddgludunisesnwuuiisranunsaantymsueisaninainwassssumAlvilse Tne

9fiiugIuABIfULAsEI LAz NISUBAY (Benjamin H., 1981)
2.3.2.3 nM1sAuan1szUsUaInId

Asdumaszuvoniafideludagtudunisdiuinune3s
cooling load temperature difference, solar cooling load, cooling load factor (CLTD, SCL
, CLF) 91nu1l988 ASHRAE Fundamental Hand Book (1997) lawuan1sAiulisuniseusu

v ad 1 1 [ a 1 o &
9111AMII5AN 9 Tnsuusosnilusivazidunde o dealuil
(1) External cooling load

1. NMSAUIUNITLUTUBINANLAAIINANTUIAINLS DUNIWLYNLN

MINTaUaIATININefwimate dealavisensyandeuas) neldgnsmuiu

Q = (UXAXCLTD) ... (6)

= asgansusuennia (W)

'3
[y a

Q
U = duuszansnisanemannusau (W/m? - k)
A

X dda g v A o v A )
= WNUNVINAITA FNRINAUNIANINYIAINUIDUAULYIUT (M)

CLTD = cooling load temperature difference (°C)

lagfiA CLTD Hazuusauazigauazyisiartunisidaulueinis dansalves

Uszwmalneinisiansanusuldaauniiadenilonisausnenasnulusinisdaazlgnining

Y 9

wAnFeanisEnintaneusnkazn18lueIns (TDy,) WNUAFAINGT?
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2. MSAUIUNITEUSUDINATNILANINNNITUIAINS D ULLBIINNTIE

uaseindndernunsrandesuwandiungnielueins lneldgnsauin

Q = NGO S — 7
WD Q = asgnsusuenned (W)
A = NUNRYNNRIITUIINLUIFIRINAUNANNALSDUUIUN (M?)

SC = shading coefficientyaaaniinans
SF = solar heat gain factor
3. MIAUIUNTTEUSUBINIANLAAIINNITHIAIIUS DULTLDIRIN

ANUUANGNSVBIRUNYITEMINRINAURBI A UUAE TR Tneldgnsauinu

Q = (UXANT = T2) e (8)
1o Q = nsznsdiueinia (W)
U = dulsesdnsnisanemanuiou (W/m?- k)
X dda < o 5 v A w 2
A = HUNTNITNFIRINAUAANINNAINTDUAULLINT (M)
T, = gungiludwiseilliesiuiunuiueinia (°C)
T, = aumgiludiununusueinia (C)

(2) Internal cooling load

1. MsmunszUsuINaliinangldenans lagldansAuan

Qsensible = (N)(250)(CLF) ............ 9)
Qtatent = (N)(200)(CLF)
e Q = nsznsuiuenia (W)
N = dwugldnulueias
CLF = cooling load factor fawvinfiu 1

2. MIMINNTEUSURINIANANAINTEUUAAT Az UNTal
Tniluerms TngldansAunu

Q (W)FA(F)(CLF) ............ (10)

) Q = ArsgnsusSuennig (W)



a2

W = watt input vesunsalluivIevessEuuLadadng

Fe = lighting use factor UDITLUULAIAIN

Fs = special allowence factor vaagunsailniiiuazuadadng
CLF = cooling load factor diAiAvu 1

(3) Ventilation and Infiltration

v

nsAwINANSEUTURINIAITUsENRUME 3 diu tneldgnsAuin Aall

O = 1.OS(VAT ............. (11)
Quatent = 4840(V)AW
Qtotal = 4.5(V)AH
dlo Q = nszmsusuenia (W)
vV = Yunaseismnisaiemeinianisusniidianlusies (CFM)
AT = anusnsernineuugiienniangueniazaiglu (°C)
AW = fmnuusnanewesnLiusywiteeuenuasanely

kg(water)/kg(dry air)

AH = A1ANULANANNYOY enthalpy serinaniglunaznigusn

kj/ke(dry air)

MUl UdIUUTEENTAINNNSUTE NI ANSIUVDINTEATDIUTUBINA

TnefiAuanisnsidurannsaslsuainia daduamdniliinuseansninnislandsuny

msldndsanualnihiild Aorn EER (Energy Effective Ratio) Inefiaunissasaludl

AmnsfuileesUiueinimannsavinlé (Output) = Btu/hr Tt/ dalue
sl Aldlunsvhamnudu (nput) = W mastniln ()
Output Btu/hr
EER - M2 BRRT ...

Input w
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EER = erinuszAniammdenuinieauiueinie
Btu = USunaumnuSeuiiiiugaumgivesun 1 Ysaus vise 0.45 Alansuy

Yugamgil 1 saraisuled ¥380.56 aerwaIgya
hr = dwudilus
W= idalihdvaeduieg

dinnuunsgunansuenarnssy (@ue.) imuauinsgu

Us2ANEANNE TR (Minimum Energy Performance Standard (MEPS) lagmuualn

WA3BIUSUBNAEMSURIUNA LAY 8,000 way 12,000 198 Tonsndiu Useansnw

nasulddaenin 2.82 way 2.53 (9.6 wag 8.6 BTU/hr/W nyli. 39laUsutnauaiuseansnin

W3 5 91NLAY LD IANANTITNAIUNLAZUSENTANAINUANTY 3NNANUTEANTAINNEI9TU

EER 10.6 WJu EER 11 fsanunsaannstalniilaussanaenay 5

M99 2.11

NAUANLIAIFIULATOIUTUBINIARANNLUDS 5

EGAT regulation Q < 8000W
\wesaan EER COP Reference

BTU/h-w W/W
5 11.6 < EER 3.40 < COP
a4 10.6 < EER < 11.6 3.11 < COP < 3.40
3 9.6 < EER < 10.6 282 < COP < 3.11
2 8.6 <EER< 9.6 253 < COP < 2.82
1 EER< 8.6 COP <253

mgsng. log msbiiihehendauisUseinalng, 2559,

Tned) cop - EER/3.412

PIDVINNU FER = COPx3.412
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1%

I wall
Ceiling details

Force - air cooling system

Windows and doors
B Fireplace

N

2797 2.9 Woslufni55a8ur09e1n 1A LEILAS 9 U89071ANT. fAkUasan ASHRAE,

2005.

[ Vent in conditioned space

| Diffusion through walls

2.3.3 TUSUNITUADNRIABSAFILN1TI1ADIAINE 91

TUsunsulausnale Udndu (OpenStudio Plug-in Program)

Tdsunsu Openstudio Plug-in 18 uldsunsufitaundulnenuae ey
National Renewable Energy Laboratory (NREL) lagdnvinlitiu U.S. Department of Energy
Tudnvazvadlusunsuas (Plugin) dmsuiinainuainnsaliiulusunsundn feluswnsy
Google SketchUp Tneigasjsvsneitelsifldnuansalilusunslunsdrassnslindsam
91A15 Mysransuuthusazndeny luszwinstinssuiunseenuuuldineuasarnaniy
son1sarisenilugunsusvadaliludeyaludiuveslusunsy EnergyPlus iy R
Fageina 9 flu wdam vdenils Sntsanansolddoyatunieamsfiluuananislnidues
TUsunIu EnergyPlus Imaﬁﬁauﬁia%’agaﬁwfhﬂﬂiumu GoogleSketchUp iU EnergyPlus
Felaisndusessonainlusunsy Tnedasielusunsudosnislindulysunsuludnuuzues
Open Source License winduaduliiinnisanusiuiiefulunisiaunlusunsudalids

TUsunsu OpenStudio tulAiFumeunsganssazludouuway w.e. 2551 Wusiuin
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{FRLHATNAUODOG

e

Quickly develop the building geometry using the
OpenStudio SketchUp Plug-in.

Additional Inputs
Butlding Component Library TINREL %
s i L Edit and create spaces, thermal zones, HVAC
& systems, schedules, loads, constructions, and
‘Any ser Mot snddomaGrop [ SaakewGeow more using the OpenStudio Application.

b=t

ParametricAnalysisTool (PAT) enables drag-
and-drop energy efficiency measures to alter the
baseline model and create design alternatives.

s

Gea@ataagaaaad §

T R ooan e O

Energy conservation measures, reporting measures,
and quality control measures are available in the
OpenStudio application and in PAT.

| Ty
The Building Component Library (BCL) provides PAT performs life cycle cost analysis of design
an online source for standardized model inputs alternatives, runs automated quality checks, and
and energy conservation measures. packages simulation results for upload to EDAPT.

M7 2.10 wanenszurunisidiniesiie Openstudio Tun1sdtassAm&su. a1n Energy
Design Assistance Program 1me National Renewable Energy Laboratory (NREL)-[Online],
2015.

=i D @ 3

31NANT 4.10 wannseuiuldiniesiolaunisiauinsousiAsiy
JUNTIMeNINAInlgn1sTunmdaete1n1Tnmlusunsu GoogleSketchUp 31nuutInTg
nsandayai o Aelusunsy OpenStudio 1y louanUIAIYEI91ANT BIAUTENOUDIANS
AaNURTUEITeINTEINLAL TAALATIATY MseusTlunsasdnavesldanueIns asy
USuenia nslduasading gunsaiinsadldlni saufiamnsanainisldaunisesing q dreiu
& A 5 N o 2/ ! o o daw Y L4 o o o
Mafllusunsy OpenStudio fidnwazn1suanmtsisAdanidydnualuazunuuardan
winladedu Tnefinsuanmavesdeyavsed fansenindusunsudgunmuasdayasening

TUsunsuls antuasnsaussananaluda EnergyPlus maly

anyU=MENWaIAS (GL] ayaams
' ¢ ¢ ‘ y dszuiawaniwawnu

Jayaams
| mslawdaauciv g

D — EnergyPlus

Laouwata=gayasiunu

d‘ G’.JI 1 o 1 L a s
NN 2.11 wansTURaUNSUTEINaNAK NS ITLUSIN ST @R IAnasUlng AU IA S
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@ EaieCase Model BASECASE sun - 8 x

(m] At 2 Seend
— «
edian (=] = @ i
Infitration fectve
o ] % <) ey s <)
|0 ) E 2 mm———
TN = il € = <
LI | oy oo & 2 [ El
i «
X oy o 3 g &
GJ"’""-”*; fa 2 [ 2 Luminaire Definitions “
;“R&Swnk (ml ] C =] et Equipment Oefmtoons <
O] [s] ] [ 9 «
[orgsoece ot I 3} 155 9
[y TSI £ Lo «
[ e e & [ml 2 & a
= (ml B C g Defntions. <
= o 1 c z mem—
ptaron | (m] Bl C =} 7
[Wsree foom (=] ] E a
«
[ |fal 3] & g
St poritan sowce (sl i) [= 1 o Intermal Mass Definnsons 4
‘ — —— Ruleset Schodules. «

277 2.12 uansanuagntinanemasniglulusinsy Openstudio

TUsunsy EnergyPlus version 8.5

TUsunsu EnereyPlus ulusunsufiwmuanan DOE2 wae BLAST 11
deldlunsiaszsinisldndsnu Tnsdruusenaundnvedlusunsy wlseanldidu 4 dw
wan lawn d@auauaunan (simulation manager) @un13ANWINAISENTUTUBINA (heat
and Mass Balance Simulation) U YAN1991889U0395¥UUBIATS (Building Systems
Simulation) Wagdayaaninennia (weather data) lngUaudayavese1as (Building

¥
[ Y

Description) 19u fifinfifa vu1ne1A1T JanuazaAnuaudRan ansrensldnuludiusing q

e
can

File Edit View Jump Window Help

"€ E:\Mired_THESIS\BaseCase_Building\BaseCase_Model BASECASE.idf [E@]=]
D) ||| Newobi | DupObi | DelObi | Copyobi | Facen
Class List Comments from IDF
-] OutputT able:Monthly ~

-] Output:T able:Annual
0001] QutputControl Table:Style

0001] QutputControl ReportingT olerances
0018] OutputVariable

-] Dutput:Meter

] DutputMeter:MeterFileOnly

] Output:Meter.Cumulative

] Output:Meter:Cumulative:MeterFileOnly

""" } m:{z;:g:z:gmowemm Explanation of Object and Curent Field
0001] umﬁut;sQLag (Object Description: Sets internal gains for electric equipment in the zone. 0

] DutputEnvironmentallmpactf actors If you use a ZoneList in the Zone or ZoneList name feld then this defiition applies
] EnvironmentallmpactFactors to all the zones in the ZoneList.

] FuelFactors g iy

] OutputDiagnostics Field Description:
] Output DebuggingData ID: A1

...... | Dikii PrapiocassMasiags v [Enter a alphanumeric value G
Field Units. | Obit | Obj2 | Obi3 | Obj4 | Obi5 | Obj6 ~
Name e Electric Equipment ; Electric Equipment ¢ Electric Equipment © Electic Equipment « Electric Equipment
Zone or ZoneList Name Themmal Zone 1 Thermal Zone 10 Thermal Zone 13 Thermal Zone 14 Thermal Zone 15 Thermal Zone 18
Schedule Name Office Bldg Equip 1 Office Bldg Equip 1 Office Bldg Equip 1 Office Bldg Equip 1 Office Bidg Equip 1 Office Bldg Equip 1
Design Level Calculation Method i vel i evel el i evel i vel i evel
Design Level W 1370 700 1050 850 830 850

Watts per Zone Floor Area Wim2

‘Watts per Person W/person

Fraction Latent

Fraction Radiant

Fraction Lost 0 ¥
< >

A9 2.13 uansanuwagntnnnsmainiglulusinsy EnergyPlus 8.5
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NN 2.13 wansieg1sntihaesddlulusunsuaIu EnergyPlus 7ild
douteyaiiarmsiaainlusunsy DOE-2 uaz BLAST lufhusuuuuidudnuasifion ddly
d7Uv99 EnergyPlus v duummwé’ﬂ%ﬁﬁmsL%auiaq%’udﬁaaﬂalﬂmswdwﬁ%aaq Ju
MSAMIMLULILTOU (teration) unuftazifunsdsdeyalufismafenmiioululusunsy

sala a a %

FuwUU Y lanadnsnivssans nmandesnlndidsannuduasaunndsduy

Y

n1sUaudayandiagylun1sinassainrsaaaluswnssu EnergyPlus

Y

| S—
~
Describe
Building
o Third-Party
Mass Building User
Balance | Systems  Pollution Interfaces

Network . . Models
—_— S i Simulation
Ground Ht Simulation On-Site

Zone

Transfer | —— P I Power

Update
Fecdback

Display

Calculation Results Results

sl

T 2.14 wanensviheuweslusunsy EnergyPlus. 910 Getting Started with EnergyPlus,

Basic Concepts Manual — Essential Information You need about Running EnergyPlus,

18 Lawrence Berkeley National Laboratory, [Onlinel.

1 L a a ' o a a g
2.4 MSUIANALNIUBIAST wazn15AnRUAINAIUINANIRRTIY

[ (% '
a = (Y )

lunsldauearssduuulanesnila deusinsldndsnulniifiady Made
Andanasadnsliifisanedonisldnu wiondesowazgunsalans q Adndudesldly
drinnuuazduinerde anvianisidszuuuiuema ielmfnaniiziauiglunisegende
Tuoms Tegmslindanumeant azifiansealdanginuunnidinresianis vseginedy
U FeagdisnisAnAmialagnisulasinuieusinamdsuildduduviuaitueenun
= @ ! = dl' = a ! [ °o v o a ' [
FanuhmsfnuluFesuvesmaisamdauiasidalii aunsensnishinAmaalin

AINATD
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2.4.1 wasulnia
Wasulnin (electric energy) Ao Munsenasulnilglunsifoudn
a ! ¢ a = a & a Y
wsonsa1emuszalnil Q gasuy a1ndnyandisludnganils Feazlanvindunanmues

USunaudseglnih Q Auanusedndlnin v seninvaesgaiiu Ao

W = QV . (13)

Wosn Q = It, V = IR, | = /R astluazlaaunis As

W = QV
MQ=1t ; W = Vit
MV=IR; W = I’Rt

Ml =V/R; W V2t/R

wsgariuannsaagUanslain W = QV = Vit = PRt = VYR

wihevsandanuluin avfivhewuforfununiondsnuitiniy Aedniiody
98 () dmdvnuvdondanuiltindeuiivszglaiin Q dananly aglilddinsgymely wiag
TUAnduuusiaudununselvan R (load) nieo199sduasedldlnil Afusinig
Frunulnan wiowlowndedldlniilaSundanu (W) azfinasdsunlasndssulad

naneidundsnugudug edsslevilunisldnusely

2.4.2 nadtnia

fd&sladlh (electric powen) fie n&saulindild Tughanamiamiie
P = VRS- (14)

wigresiaalii ezl 9areduil (U/s) vie (W)

Weann Q = It, V = IR, | = V/R adtiuazlaaunis Ao

P = W/t
I W =QV uay | = Q/t ; P = Qv/t = VI
AMV=R ; P = I°’R

isgariuannsoaglanslain P = W/t = Vi = PR = V/R
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fatueanusadenulain Maakndn 1 394 eannseualiin 1 woukusuulranu

Y

aTieueeAng Wi 1 Tad wuiuy

MnaumMsidusiliannsansdinsmmdsnuiiintudosiuiiannsaunin
yiduaGudenislindsnudeluda gTand fisha (2552) IfseauiliAeadostunismen
wasnulAwad

(1) wdaddlniusazyin Wethuldiuasduudosidslniinsetu wagsnits
Sausfzdurdedslnihslaieaiu uidfivunasneiu deuazauddashdslnilyivintu
(2) w3asldlwilynain fusnuthedeniosaziidniavvesnsldmaalniissy
e fegraau 220 V 700 W visngansae nslamaainihdawindu 700 108 wielans
farnisldwdsnulniily 700 98 Tuan 1 3undl
(3) dlansudnSluinilduazmdsini azanansamuunszualnindilnanu
wi3adld iy 9 lpangns P = Vi vise | = P/V
1. Slansudnslnihasi (v, mdsluiueznszualwiihveededldlni
wUsAuulaense (I O P) vianeaa1ddn andanseualadrluaniuunn wansirldmaaunn
anszudlnvilvarwiles wansinldmaslnindes
2. ananudunuvanaiadldlniinds o azdanfiaue lddragldu

Fndliihuunanilsini Apsivszduaseddlnd duamnsomliangnsil

R = V2/P U R = V... (15)
M31971 2.12

uanaelylniveanTaalylwi

asreuansntaefildininvasnsasldlnii
w3l yuaildlnia (Sad)
waan Wi
naonld
100 106 100
60 a6 60
40 06 40




M99 2.12

uananeilg Wi veunsoaldlni (78)

50

ans1awanaenlglninvewnsaaldlnin

wdasldflnid il (Fad)
naan Wi
25 T4 25
waanWgaaLIaLTUd
36 06 46
18 16l 28
10 106l g
wanAnZINYU
20 Tn¢ 25
15 06 20
11 96 16
9 T4 14
7 106 12
VAIAAINLNANGDBLIELYUA
25 0@ 30
18 16l 23
13 a6 18
9 T4 14
wiasuSuaIna
24,000 U9 2,500
20,000 U7 2,130
18,000 Uiy 2,020
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uananeilg Wi veunsoaldlni (78)
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ans1esananuenlglwivawasalgluiln

wadldlnin il (Fad)
wiasUSuannia
16,700 U7 1,670
16,100 7 1,520
12,500 7 1,260
12,000 97 1,000
9,000 U7g 880
naay
Aonida 16 12 66
(f?qﬁu 16 5@ 55
Falfy 12 a8
Insviau
dvouuu
29 i 180
25 i 168
21 1 112
20 i 70
14 i 68
\A30snaNRIms
UM 14 5’3 90
YUP90 15 i 100
JuIn9e 17 120

yekyg. 108 dTinuleunguaguNUNGany, 2546.
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A5ARRUINNUSIAINaI Ul Ao unsendsnulninnly Tuae

namiaevaInda i fedadumiie wse 1 Aladted.dalus

(%
LYY [

Aty Syt Aladng x Falug

v ¢

219

758 IUIULLA = x Flua (1 Aladne = 1,000 09)
v 1,000
AR UTDINAIU N = FUIUNRUIY X FIANNRUIY
wasulni 1 gile = 1 Alaiwd x 1 Tlug
wasulnd 1 gile = 1,000 994 x 3,600 U
ety AUl 1 gile = 3.6 x 10 38

mm‘ﬁ 2.13

uamaTalusldsruyese1nIsUsenneie 9

UszLNN99991A13 Faaralganu Fruautalusldau ded
91ANTENUNIIY Lazan uAN®Y 8.00 - 17.00 2,340
RNATINAUA 10.00 - 22.00 4,380
T59ng1U18 wag 159 24 39 8,760

mems. e lasan1susulssdeimuanisldndanulueaiaisaiuns, 2547,
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Mogode anamnssy eI 1wNTs d11N91U WSeniiuudulavesy eernsUnATes
dIUY990U waENUIBNUSTIANMAY Y308 9 AADAIUUTIUMNEITDY FALAUADINITNAS
Trilnadgly 15 uiingsan f1ndt 30 Aladnd laederunsasiamieliiieaTouded il
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. . A ANAIUINAN AUINTS
AN1UNA - INI1S8LADU . -
(UMn/%AuUw) (U /L mau)

1) w59U 12 - 24 Alallad 3.4230 312.24

2) usasusnd 12 Alaliad 46.16
-150 Wy (Alatnsdalag) usn 2.7628 -

(ihefi 1 - 150)

250 wiheaolU (Muaedl 151 — 400) 3.7362 -
AAUNTT 400 wiihe (et 401 Wuduly) 3.9361 -

YL 184119). 19g Asliinums-viaaa, 2555.

lutagdumsfinanlnigiuanunsauvinmudssiangldau Reulun1séia

Alniihileg 3 §n31 Ao ST NG SnTmINTINIAIYEINSTY wavdnsmnutiIavesiuE

nsidenlddnsAmininduegivussinnvesldnunnisiiihlawdaussinnld Fsinmsusu

szuulassad1aveanisindivesnisiuida 2540 Tagaa1suszinnlausaniamdulszinn

Aan1svuIALan Aziiuianisidtesnin 250,000 wdisdaiau danisanalilidudnsy TOU

M5197 2.15

uanson 1M WA 1Y 11987989 IT 1T TIE DUUSLUNNTT 2 AINISYUINER

BNIININYIWIATIVDINT bY ANAU WA
: AUSNNS
(Time of Use Tariff : TOU (Un/%ue)
, (U/1hau)
Tariff) On peak Off peak
1) k590U 12 - 24 Alalian 4.5827 2.1495 312.24
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UANIDNTIANNHI9INYINIAIVEINITITTIENA DUUTAUANT 2 AINITYUINEN (919)

9NIINUYINIAVBINTLY AUl L
, AIUINIS
(Time of Use Tariff : TOU (Urn/suqe) »
. (Urn/1naw)
Tariff) On peak Off peak
2) usasusngn 12 Alaladk 5.274 1827 6.16

Y 184119). 10g Aslniinumsuaie, 2555.

s o

On Peak : 1381 09.00 - 22.00 . TuAUWS - Tuens

allo,

Off Peak : 1381 22.00 - 09.00 . JuFuns - Juen
1281 00.00 - 24.00 1. TULANS - TUBITIAEG TULIINULIIYP

Tungasrwnsnuund (s fuivinauas Junaasaive)

msiersanatniiludegiuldudeeeniu 3 doumndn laun

v

(1) Anlnidigu anansarwalanal

@uundsnulnidy x gnsramasaulnii) + A1uinis = Alnigiu

(2) Al (Fy)
unasnulaii x A1 F, = arlnisuwds
(3) nEyar 7%
(Alyifingu + ArliinduuUs) x 7/100 = AnyaALi

Aladihgy + Aliihdunds + andyariiy = el

| a

deanunsomaduiiinainnistdndsnulnialdudtu JeielusvgnAndudiu
#9945 98U INTRUNAATY Inevziinuleuledian1siasIenaAuAuAImNI
N33 Tunsdinsldndenudeysny lunszuiunisnanindsuustenmsmasdainan?

alusuveamuLaregafurIaIINaN TN
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v a

nguiieldnisinszianuduaimaasegmansioinduasediond Ayviavia
Adlunsdseuiigunaann1siAseiiazysedunuANA1radlATINaAa1ENT by
NuINNITUTUUTIIM s BseusnYnatnuls wayal lweyis (2556) lasiusaunisAiuin

ANUANAIMLATEIAERSTAEITRIEMTUBIATOUSNENA LA

2.5.1 yYaAnaaAY9e18nN151491u (Life Cycle Cost: LCC)
yarmaanY9e1gn1slde (Life Cycle Cost: LCC) Ao fiununaanane
Faldunnnisduadunuianunsusasaegmsldeuidugyaditiagtu (Present Value)
Tneiildianian (discount factor) Fafuyunaanangtiutsznaude Fuasmu (Capital Cost)
ALE318M19N15R8U (Financial Cost) AnldTnglun1sudAns (Operational Cost) uae

o/ v 6 (Y

Alga1elun1sUn393nw1 (Maintenance Cost) Tnganunsafiansanauduiusyednsiu

Y]

1l (inflation rate) wazdnsmendetuinaraanisall iidundnddglanad

GEED ]

NGAT PV =A [(1+e) 1] ................... (16)
1+1
I PV = yaedaqiu
A = algaeamunassuset
n = 2ngveslasins @)
e = A1 escalation rate NA15U1AMNBATIIULNB (inflation rate)

i = dn1anA (discount rate) H1saNIINSRTIMONITLEUY

2.5.2 yarrdaguiugni (Net Present Value: NPV)

WaA1U99Uugns (Net Present Value: NPV) Ag ANRUATIANTEEELIAT

a5u19lA11 1uuNEY 1 U wse 1 wigluiudl asfianvinlalusuien s wIunialu

v
a A =

owan drAndoundumlutudasiasile ddlumsided damumanefa nasneseninaad
HagtuveananisusndaduundsauaininasnislusuiaGuiinininegldsuluusasd
naono1gveslasanig Augaditagiuvesiufidneenly uagnisiansandnsiandn
(discount rate) #3aA1Y8INU (cost of capital) MIAWIMMIYAAITITUANTS AgdoINTIU

Toyanolull
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- ANRUARIYAUENENTITNUTUUTIIANS

AIRUANUDINEINUNUEnEnlinaonanglAsInis

aM v o
J3ELIANVBITOUSIYDIAN NI TUNITUSUUSS

9951aRAYUYDITINT SnTmenily

ES;

NGNT NPV = Y7L 1@ Iy

o n = 918904lATIN5 @)
ES: = ﬁunuwﬁwmﬁﬂiwgmﬁ (energy cost savings) $18%
Fausianei 1 84 n
b= Lﬁudwaamumauﬁmimami (total investment)

= 9n518aA" (discount rate)

| g Y @ @ | 1 = a0 oA )

Aveuildiludnsiane (discount rate) @eaziiAifeliunaenalyves
139713 wavtuegiudnsinenilevesnainiigamulasu Feamdueiugiu base case
ag19toy MsliANvemuiniudnsneniluRuiNdamuaisiasy

- J Y @ ! Ao v a = J

nsidentasen1slagen NPV azuandliiuinlasanisnmaaiansundiyas
Uagtugvdvosnsaswuduyanwinla Wedugalasinis mnwuinen NPV fanduau vinli
wanalasanIsainalinlsnazamu lunsasstudiudnan NPV dufianduvinuandli
& Y i & =~ i - g v &
WiuIlasinsienantuliaumgauinIsamu wasidienlasenisilven NPV iuuinas
ign og13lsAinunisld NPV indwauiiesdadies welduszneunisdndulalinsaduayu
AITAzAReATRduNINIITAIUTENOUAIUATULY LaIngaunanTedninlunis
ardulanagyimsidentasenis leglamglunsaiiuansdreanunludnuaeilasinisivun
safuusliian NPV fiuuaniminiu

2.5.3 9n5ManauLnun1ely (Internal Rate of Return: IRR)
dnsmanauwnunely (Internal Rate of Return: IRR) #u188I8nI1aAAT

(discount rate) vilvyar1lagduvesnsruaiuanfininnisalitazfesdnslunisamu
lasansuTulseemsang Iriiuyacdagduvesnsswaluanininnisaiinaelasy
PnMsaiunsusendandsnunasneiglasinis agladedeuliauudnlddyadigin
21A13UAZ RN UgMEWINAUAUNUNITYT TaeNN1SATLINIERTIHANB UL UAAATIEAB]

14 ! e’lj o A
EUE]@;IJaLﬂaWUIUﬂ’ﬁﬂ"IU’Jm G0
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- ANRUARIYAUENENTITNUTUUTIIANS
- ARUENTINEINUNUEdnlanaonanglAsIinis

Py o
- 9THEANVBITOUNYEIANSTLASUNISUSUUS

ES
n t
MNGAT IO + thlm -

o n = 918904lA3IN13 @)
ES; = ﬁunuwﬁwmﬁﬂiwé’mﬁ (energy cost savings)
187 dausivaneUi 1 f n
r = ﬁu'«jwaamumaulﬁfﬁmami (total investment)

IRR = a5 Nanauwnunely (internal rate of return)

A1 IRR Tun1sAuIAnduyintiani1suien discount rate 9119 NPV fiavindu

s ¥ 1

Aud 1A IRR wnndmsewiiuAvesu discount rate (i) Aidasudentdidugndndulads

Y

=Y

dolaindulassnsnuiamu Teealunaislunisuszidiulasenisainan IRR uaz NPV 9z

Tinanissndulagensulasinisuiaufasiunisamulasinisdsasduliluiamaieatu

2.5.4 sz831981AUNY (Payback Period: PB)
sregIa1Au (Payback Period: PB) fi® svezalufitenadusiuond
Fou vizeTumudidmualy TneflagldfunanouunilusUvesnszuatuansiefuiiiunssua
Fuanseitsamugnineusulasins tngliddsiaTosanvesiumuszesiia dady
nsfinnsannnsasuiissnsadierludusn wazanmslinanouununienanisuszudn

(%
ad v a

NNV AUNNUnaene1gadlATinIg NMIAWIMMIAT PB @1unsavinla 2 356al

Static Method

Ruandeasuans (Total Investment)

SETNAAWY = - S
munuwaamuwﬂswamimmaﬂ (Annual Energy Cost Saving)

Dynamic Method

szgvlianAuny = Iuulnvihliyardagduans NPV avidiunsesinndngud ... (20)
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srozaAunuildanniie 2 aefianuuandisiu Ssanann Static method
agl¥szeziiaIfunusandt Dynamic method {84911 Dynamic method azldn1seuan
NnAuvvazananyanagiuvesiunundanuiiusendalddedndnsnanan (discount
rate) Felumsidenyillasins seaznandunuaziandiiiuindoddinauiesalunisle
yuuwiiy tnefiideids Ao lunisdwaniieusznounisdnduladenlasenis Fmsies
ilvienuddnyefuidnansduilindsandisnamuund ewneaasinaneuunu

[ d' 1 d'd = d' < 1 gj ] I3 4
MenasnunnIlasinsifissesaiduuisinsinitudendululs
2.6 LWPNANSHASNAIUIYNNYIVD

Wity Feuseil (2553) lasneaunanisuwinlunsesnuuudtinausunndn
v3olawsevila saudn1sAnudeyannuibuinvedeuseniia aufanszuiunislinged
anmuandermanenmisnzatlunsoeniuy lnsmilsiaendnuallazdnuazs s
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nagn AU (2548) lavihmsfinwnuirfanufenanasivsinamsaemainy
Yourunlio1as ndaen uagnszanidrinmelusimannnitesdussnoulssinndu 4 39
IgfinsfvuauuImsnsUsuUge wevhmswSeuieuliimngaufunisennsdiiney
LazUsEndandanu Jnsienanuiunuauieusinvesianudena1nsuaideinng
AATEvnglUNTUABUNIMB I A LUTII NS Tdnd I v UG ona A susasuInNIg
Tngsjaiuizannslindanulnihueaaisasuonia uasain wazgunsallvlin

nana LwALlUAIT uazane (2550) Iduansinaus unauiisidesiy
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walulagagnainssy uning1de@auinstagld EnergyPlus stuiuteyaanineiniasie
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1mIN15ee o ilranunsaihanldlunisiesevinalsendanazanuuenlunisau

wadl lveyd® (2556) IdasunanisuszifiunnuduAmaasygaansiilon
srpvnaAunuuazaliienasntiergnsldnuresenmstu Tnsnuinisusuusdaenis
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9
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eek (hr) (kwh)
CORRIDOR SPACE FLOOR2 LIGHTS 139.14 71.12 516.67
CORRIDOR SPACE FLOOR3 LIGHTS | Teuiilal4szuuusy 139.14 71.12 516.67
DOUCUMENTARY ROOM LIGHTS RG] 69.29 71.12 258.33
FILE STORAGE LIGHTS 62.87 71.12 233.33
PANTRY LIGHTS 329.68 53.95 927.78
STAIR PARTITION SPACE LIGHTS : 28.35 71.12 105.56

Tounlalgssuuusu
WC1 LIGHTS 34.64 21.34 38.89
21N
WC2 LIGHTS 70.73 21.34 77.78
WC3 LIGHTS 41.86 21.34 a7.22
DIRECTOR ROOM LIGHTS 129.17 Tal.i? ar7.78
LIVING SPACE FOR OFFICER LIGHTS 310.01 /i 1,150
LOBBY LIGHTS Iqjuqmmﬁﬁﬁ’m 772.01 71.12 2,863.89
MANAGER ROOM LIGHTS d1nau 95.27 71.12 352.78
MULTIPURPOSE ROOM LIGHTS 431 71.12 1,597.22
WORKING AREA LIGHTS 364.69 71.12 1,352.78
BEDROOM LIGHTS 182.35 53.95 513.89
Tyugaumaiiduin
LIVING ROOM LIGHTS . 140.78 53.95 397.22
a1fe

MASTER BEDROOM LIGHTS 142.09 53.95 400
saunsignasaulnfIanuaeddng 11,827.79
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Design Design Air Flow Outdoor Outdoor
Heating/ | Load With With Sizing Temperature Humidity Ratio
ZONE
Cooling Sizing Factor at Peak Load at Peak Load
Factor (m*/min) © (lbWater/\bAir)
OFFICER
THERMAL Cooling 6.47 (ton) 6179.09 36.74 0.02
ZONE
RESIDENCE
THERMAL Cooling 2.42 (ton) 6256.79 G & 0.02
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10 15
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Cooling Load (MBtu)
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I Cooling Load (MBtu)
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4.4.35980UHANAUANNANAT NN TV

nsfuINTIEeTuNsaudmNsUSuUTLReUssndandasuiiion
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v (cost of capital) S nanauununelu(RRIIA WA UyaA g Tureanssuaiuand
AN leTUaINNIsATUNTUSERTANE IR a0n01glATINITIEEELIANALY Y
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uaznMsvnanouLuvIenansUsEndandsnuivinfunnUnasnoiguoslaseinisds
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135191 4.11

HANITUATIYINNAIUANAIUNITAINU
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Huitroai Hunpududuvedn viafudy
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dunnendey Use Wood Plastic Composite
Nufivoai Use Wood Plastic Composite silnfuth
szuulnia nsiAuaelimunLaeIn et
szuuUsuaINA
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31NT1AUTEINAINDES198IA1T WA, 2559 LalaueTBAnUsuLiiy
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LanI51AUTUUTIA0A1519U0S IAEARIINTIATATLIITINAINUTITIANAITER F951A7
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v

Wasuluinduediuamunin wensmensAvesianiiy
A
M50 4.13

uansmI171mIUTUY TN Nan 1 UngnsIuaINn 509Ny

e 1 AneaiisuiuugsdaniTaung L .
YU WUN (1319647 T) FUAUSUUFINTTNBETI9(UN)
(um)
1 45.98 6,000.00 275,880.00
2 45.98 3,000.00 137,940.00
3 45.98 3,000.00 137,940.00
4 45.98 4,000.00 183,920.00
3 183.92 735,680.00
mByariii 7 % 51,497.60
suyaAneasielasenis 787,177.60

wenanAsuU e dnenssuuds Aldaneniddndu
g v A o a o v o & A v o i Yo = = o
AldanedunAnfAwImdunuisiliieliilunansuwuwAg A USn w3 ainanainnig
AMUANINTIFIUNITANAIUINITEDNRU VTR ANA VN lun ST UTUTIYURUS M
1103n15UHURIInanUnenssu ludsauuigiullafnriuinisiosas 5 v0331A1A"

feaselagAnsIAIAIVANIIUTIR ATV NaN waugl Sl
AN 4.14

uanaA T 91891931 IN

ALIAINIAIUIYITN 394 (U)
ARNLUUanUTNUI sTUNUINg Sovay 5.0 UBITIMIAINDATS 39,358.88
ATUALNY fouar3.0v0e51AANRAT1 23,615.33
s2uAN IHT18A 1 UIBITN 62,974.21
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4.4.3 280UAFIUAUTIYTUNINITIRY

a

AeauuAgulviidnsnyrfosay 100 Yot lunsiasl Jananads

o«

v |
1 U 1 a

nsndlegnasnallneddygyuduade 5 U ilvaigiinisuSuyarnduaie nailluusaz
dun13Andns Al inaeiaIn1sAn¥In1sRITIANNNEnIIves CBRE LagsIANA1LYIRIATS
widigenssulunainlagdulugiuiiui CBD a1niiulesd www.thaihometown.com wag

Aules www.ddproperty.com Tnefisieazidunnmaluil
M3 4.15

uansauuAgIuA Y lauaNile

&I dl v 1 1 1
Wunnisldaas ANYINBATINUAT (UIN) NUIBLUA
E - FamfiuiusnsAeonilensa B
NUNAIUD DN A 600.00 , i

71 CBD ¥099"51 CBRE
Y J4.88. o Faanieuiusamemsmauein
NUNFIUNNDEA 400.00

21fgu CBD 31nT1Adagdu

M15797 4.16

UFANTUUAFINTIETUANTIT IR AL 18T

P 3 o ANdIAENNTINUAT | ANYReLRau Asal
NuNn1sidane | vunaNunlddaes (ns5.4.)

(un) () (un)
ﬁuﬁmuam\l?\lﬂ 137.94 600.00 82,764.00 2,482,920.00
Fudidusinende 45.98 400.00 | 18,392.00 551,760.00
39U 101,156.00 3,034,680.00

4.4.3. 2aURFIUAUTIEIIENNNITHY
msUszfiusiednglunisuimsiasens Saolld
- AUsEiudEenAsSesay 0.05 vassala
- Alganglutngesnwsesas 0.5 vaanls
- AlEIIEN19N159a19 0.05 vaesela lunn 5 U

- AudeNTIAITeLAY 5 YadyaARuUYLLlATINTS
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- AnElsuseusesar 12.5 lngAnaNgNTIALY
4.4.3 38n51Ananlusunseilatugn (discount rate)
(1) AUNUNINTRUYDIBATIIUT
§19899nneniloldsossuinsusislsemalng Judl 16
fauneu 2559 Tnefisnsinenideliauide MRL wisvossuiasmdsdannyidoululseme

'
a

9
agfSauay 6.9695

%

(2) AuNUIDITUNU (cost of capital)

- dndhuiuamurondwesiosar 40 veaiuamuiiaun

- Sasuanauunusediimanifosay 15

- Suffsvezemiosay 60 vo9duamutavLn

- danndlfuAnasaay 30 veITeSUVS

- 9937ANaAURIlATINISIEIINNIANIIN WACC

31N WACC = WKy x (1-Tax) + W.K,
WACC =dndmRufsoRuyu xdunuiuix (1-dnsndtuladfyans)

+ ARAIURUA U UE LAY

wld [(0.60x 6.9695%)] x (1-0.40) + (0.4x15%) = 8.5090%

FausnsAnaniniu 9%

[

(3) TensagUiunu dndiun1sndusuins uazdnaiuinves

M99 4.17

UFANTIENITATUTUNU AT IUGIVEININIT UazanaIunITIEUsUINIT

RUAUIIYY .
Y - NuNIzEze12(uN)
318A1T AUNU(UIM) nanIs (Um)
fowaz 40 Jowaz 60
A1FuU§9e1A1S (Hard Cost)
- p1msndiugnieudifu 8,000,000.00 3,200,000.00 4,800,000.00
- Huasuuiudseenans 787,177.60 314,871.04 472,306.56
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M597 4.17

UARITIENITATUIUYU SNAIUIVOININIT UAYIRFIUNIT)IUTUIATT (7D)

RUAINUIIYDY .
Y - NuUNszeze1(UIN)
318019 AU (VM) nan1s(un)
Sowaz 40 Sowaz 60

A1FuU§9e1A1S (Hard Cost) (sia)
- YSuugsdnuiuimeysny

" 50,492.00 20,196.80 30,295.20
N
Anld91891 3TN (Soft Cost) 62,974.21 25,189.68 37,784.52
334 8,900,643.81 3,560,257.52 5,340,386.28

- IURUYILELEN 5,340,386.28 UM

- Tneldsvnznaniionun 10 Jatmiliwateryoinns

- $ruaududeutiseivun 120 1a(iow)

- Guneudisendeunenidusoieuiniu 62,006.41 U
4.4.3.49951M15AUlnvees1eld (Growth Rate)

[

SeFULAEIIEANY TauuRnsinsaulalasail
MN5199 4.18

oA UAVIAYDITIYSULAYTIETIE

S1UN155195UALYN szezIa1UsuAILEn ansuiuln (3ouaz)
ARl Ysunn 3 ¥ 5.0
1891135189318 szeziaausuALgn ansuAule (5o8az)
AUsEiudee1As YsunnUamuneiiguslan 1.0
Aldiglunistngesnudennsy | YSunnUnnudedguslan 1.5
AE19NISAAA Ysunn 51 1.0
Alddnedu 1 YsunnUnasaiiguslan 2.5
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4.4.3 5a5unanisfnwanululdlamenisiu

naInIsAnwauanuAgiulusudig o vadlasinis ludiuves

[
U =

Tunaun1sinanudulalunisamunisuiudpeiasmasenssun luaiungugsia
Julsueeilmdousnundinuldinsiaszilasuteendu 2 sUuuulunisamu e
ms@nudiasgsigadilagiuans (Net Present Value) M3duagnsnanauunulunis

a3 (Internal Rate of Return) Uagseeziianfuyu (Payback Period) lonssialuil

(1) JUWUUT 1 MIamULUUTensSuaNSaIUgnasiaenans

Y

LajarndagUugmd (Net Present Value)

lassnsiieuiievludiuvesyardagiureaduansn

& a0

lesuluusazddadmnminiu 1,352,172.11 vimdsdianduuin Sawandeayannszwaluansy
Jagtuunnniyarinsewaluandnedagiu dauddianudualunisasmu
2. 8n3manauunulunsamu (Intemnal Rate of Return)

v a Ny v
MNAUNUNRUNINUNIBY A 8.51lnuonsmanauLnulunig

v A 1w

amuegNfosar 9.18Medunniuadatiendslaiunnin@emsiagiansantumudu 9 veq
HARBULNUTINAEY
3. S¥EElIaAUNU (Payback Period)

SEYLNIAAUNU NLAAIDIFNINARDINIINITRUVBILATING
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(2) JULUUN 2 NFAINUBUUA Y LYY

M15797 4.19

UARITIENITATUTUYU SNAIUIVOININIT UASIAFIUNIT)INTUIAITFULUUAYY NIV

a v
NUNszeze12 (UMW)

378019 fuyu(um) ’
Sowaz 100

SNYYALN 90,000.00 faLfau

AUTUU5991A15 (Hard Cost)

- Ruaauliulseenans 787,177.60 787,177.60

4

- YSudseduumseysing

NAIY 50,492.00 50,492.00
AR TN (Soft Cost) 62,974.21 62,974.21
593 900,643.81 900,643.81

- $78318A1L1 90,000.00Um (MN51ANI1D1A5UITU Taedl
PUIALALENYEAUT iRalugu CBD)

- IURUYTLYLY 900,643.81 UM

- Tngldsveginandionun 7 Jaunleviedudoniady dmsu
AUsENaUN1SIIEY

- $mnudusautiseiaiun 84 na(iew)

- Susloutrsentounoniuseifouminiu 13,593.13U
sﬂamumamiﬁﬂmmsamugﬂquﬁ 2

1. gamtagiugnd (Net Present Value)

lassnsiileuiievludiuvesyadrdagduvesiuansn

& A

losuluusazUgadiawindu 214,091,582.87umeiiAnduuin Jauanideyaninszuaduan
Sullagduinniyadinssuaiuanidtedagiu Auiudaanstsnuaudilunisamu
2. dnsmanauwnuluniIsamu (Interal Rate of Return)
Y a v v
PNAUNURUaUNTauar 8.51 Ingdnsmanauwnulunis

iy P oA 3 PN a A [ ' a
aﬂﬂuagmiaﬂﬁ$61.19“6@08’3’]%?’1’134'1ﬂLUUVIZ"IUI"UIUWWW"UW?QNLﬁ@ﬂaﬁ‘i{!uwuaiﬂﬂﬂﬂ



117

3. s¥8ElIaAUNU (Payback Period)

syegnaAuny Muansfeanimademnanisiueslasinis
fulusUuuunsasuiinuindszerfunuegi 3 U fadussesnaniifanmadeseglussiugs
faudisdinatseniludinvesalunisamuliulseguassasdoindusiavivanauualiy
Arlumsasueinns

Mnmsfiasananingin 3 dedelunisasmuanasa
ANANLIN IuARINSEUATUAAFULUUANTAIUT 2a1ansnagusukuunsasuil 2 s
awmuARDATNDIgeIMTLlShTHaRoULTigs BnTadaruuualuludeiaunssuai

Aa = & & )~ [V
G122 3'311@]\15883L’Jaqﬂuv‘]u‘ﬂLﬁ’JLLaguﬂaquﬂﬂJﬂqﬁLUﬂqiaﬂwu

M5797 4.20

UanITIENISATUNAND UL INATHUTIUTAUA Az FULUUTUN 59N

gﬂtwuﬁ 3 gULLwﬁ 2
NANBUKNY ﬂ”liaﬂﬂq‘LlLLUU“dgﬁJﬂiiﬂJaVIé 3 ! .
! ) MR URUUFY Y NI
dgnasneenang
yaA1agdugnsum)
G2 2slel 214,091,582.87
Net Present Value (NPV)
seazIa1Auu)
10.00 3.00
(Payback Period)
NI INANBULNUNITAINUY
9.12% 61%
(IRR) ’
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d3UNaNsABUAT UaLEUBLUY
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widvdinnluleuesila wannguin15eusn¥nasiu NIMAINANILEIANT N13ARRLAN
wsenilaihiietu uazanuduAmaasegaans diiionisilugnmstmunifusuuoy
I Uil sanaglinsdraemadimdsnuselusunsunouianmes EnergyPlus 8.5 39
H1uN1INTENAIYaLadINAILUTAHI 9 H1ulUsuNTU OpenStudio 1.11.0 lagyiin1snaaes
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91A391NTaUIANTITe Fufudeyaluiiufiungiugudnatsgsia wagnisUssnanas
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5.1 Toasuannnisivey

5.1.1 gduvukardadeniseenuuuliulaanistdaueimsmdydinniu
sUwuulaueanile

5.1.2 UsgAnsamnsidamdsanuainnisusuusslaneeniladsensny
A9

5.1.3 anudululdlunisasmunisuulgsonasmdudidulausonfieds
BUSNENAY

5.1.4 wwmusuugsemsmdivdidulauseniamdeysntndsnu nsld

Usgleniiaznamuussansnmveternsmalydnuiulse

5.2 Uarduanuzlun1sIve

5.3 odfinlunuidy
5.1 daazuann1sfnunide

5.1.1 gUsuusazadunmsesnuuuiiulainmsldnueasmdivdinndugluuy
laueeilile

(1) grurinanag dedndudadedrfynisidonaimsimunzauunnis

UFulsaiiennuazaintunisidntedemisegluusnalnanussuurudanayy aailsalui

a

MRT wiSeaanfisaluily BTS dewnnsluuudnuwazoinsnidivddanisessunisldam
duiuiivonsadinsidndseminauviediinedy

(2) MsUszfivanmnisidaueiaisuazengeiasiiudrudidglunis
Fondnaulaasyu ietludrunszuiunisesniuy fadarssediuaiuansowas
UseBvBnmlunmsuiulgsiufisig mssesiusnuglénueins daulesiaineeins A
Fevnefiintulugusing 9 daunisesnuuusiediu Sdunsiulamisoseiivennisiu aas
AT MUUATDINNUBT I

(3) msldnuiuiterrsiiguuuunadidainnsuendrgenaaiiisemns
Fier Snvamadyasneiinvasdunaienintuy 1 veserns Tnemseenuuuituiildnu

v o« o & od

ANSANLD9ANUAUNUSVRIA1PUNUN LT @D Y 5ﬂ‘171’qm'mLﬁuﬁ’mﬁwm;ﬂ%’muﬁlﬁm%u 70

yaraill dnidniase gnat winaw 131ve3RanTs wagginendy
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(@) msuvsituiilaenisliuiistu emsdddemsliasaiaiuturosiiui
msvUsueImAAnTY warsruUszUIBInA Tneinadednsldndsriluiuiifulaenss
5.1.2 YsgAnsnnnsldrmmaanuainnisuuuslanoeniladoysnenasau
(1) msl¥wdanugunsalludiudinauiviiugsgaiiiuainnisld
gunsaliadaslidtinaudnounn Gudsiunsafudnuldonmuenns wagnginssunsld
alufiud
(2) Arndauvesiasadlawaznstdaunsallniuagssvussuigeinie
MnANuFBINsEltanenns wuilinnuasnadesiuluanuasiivesamdanuild e
fiarsandIouiiuuuimenisuivugslunsdeineg fausnnssneaunassiidnudsuly
desnnfutalusmsldnundanuluidasifouiiunndsiueenly daunisvinuveaniss
Usuometuazdanudsuulatiunnanzuesgungdanguenoiasiidsnatenissusu
o1maielinielueniatiguugifisal luanziausvesildnudegigunad 23.5
I gagud LaganNn1senedanan1sideanisinauiedmiuaulveuss John F.B. (1992)

Fan1susugamgiiniglueiansndardiasaziilinisldndenuvesnissusSuenaiiain

Y [V 7 '
a = v a

Batiu atinsusugamaiinneluorasliifiudu Tagliimanudstugamgfinisusntosas
wwdmalnensatenslinduuduniszuematiosastedu

(3) duuuUUIUUTIT 1 aurundsen awnsausendandsnuldfosay
0.06 vosndsuanunded Tnsldsulszanaamuiavua 20,640 v Tnefsvasfuyy

1% 1

g1IUIUNgR FedwnaliliifnAudAtsion1Tau Usednsnimn1sanAindauninginng
YFuugsauiunaentu wudndadiunseueansiedundiaiiffites Llesndnyaenia
NEAINUBIIANTIIEYENTIH I liaunsaanrnasunglueimslanunin dmsy
LWINUSUUN 2 nseuoImswaziantanda anunsauseudanasnulaiesas 3.12 a9
wiunmuadel Tngldeuuszanuamuiiavun 342,931 U 9INN15UTUUTI1A5L8
ausnendanutulamvuaniuiisisaesilignAndiussiiaciauiounazaunieuen
Mdu1ns29i1 (adiabatic) wms1zidunsdnasiemsiesiinanaesnguermsniae inli
m3Usulgslsudwaud o siulilaldussansnnnisdesdiuanudeuldegaduiuin
o = a ] =2 o 1 = a a = 9
1n waznisiinsasuniiyadigdunisamu faddnasivseansamngslunisusenda
Y ' A Ao 9 = Y = a @ Y
WARNIUNIIMUININBUNUNITUIUUTIUTZLANAY Y LUINNUTUUTIV 3 NITAARILNITELUIUY

LAAUSIUAIUNTNDIANT WAEYBWUANIUNAY @1U150USEnTanasulasesas 1.53 ¥4
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nEauitanuaed lnglsulszanammuionan 50,492 UM N1AARILNITELLITLLAR
wuawsadesiuanueuninuasefing vilvid1anussvesgumginteusnkaznigly
Foilkansldndsanudinniszuiveinimanas Tudiuvosuumisd 4 mMssuuuIma
annsaUsevdandsnuldfosas 3.73 veandarusianunsiod sulssaiaasuiiavn
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winiilglaldnasuouuamaimun Sufnuanuuimisusdnldtinigldussansamii
Fouu widsnadunumaniussansnmgean
5.1.3 annudululalunisasunisuiudsermsmdedidulaueenlamds

BUTNYNEIU

(1) 91An15UTuUToIMsdrusysnEnde asuldiuuuuiuugedd
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= 1 =
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Y
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= a
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=y 1 a1 =
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a & [ A A oA i d 1o = a ¢
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Usglevtuazranulszaninmuesenmsmidlvdnusuls
(1) Tun15:8enNA15U11A T NBUTUUTIAITRA T USELEUANINNG
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(2) FumseankuUUuUTeIAsie a5 uNSTENUTLY AISANBITULUY
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3. A@ANS=an
nszand nIzAnARLNY nsAnA=NAULN nszaniuAudau Wauam
n3=an (Tinted Glass) (Heat Absorbing Glass) (Reflective Metallic (Insulating Glass) AYINSEY
1a Coating Glass) (Film)
(Clear
Tlim'li‘;‘l!! Glass) Cool Skyblue Ocea Cool Skyblue |Ocean Yellow Blue Green | Clear G. |CG.+LowE |CG.+Solar
gray n gray Green -Dry =Dry Air= | =Dry Air =
Green Air= Clear G. Clear
Clear G.
G.
TIANTINARRATTY 25-27 38 38 38 46-70| 50-70 [50-70/50-60 | 50-60|50-52| 160- 215- 226-
WA (Um) 210 230 280
FIAWILES [ AN, 8 8 8 8 8 8 8 18 18 18 18 18 18 10U/
(um) o
Andam+auga / 33 46 46 46 78 78 78 68 68 68 228 233 244
AFH. (UM)
ATNVUN (mm.) [ 6 6 6 6 6 6 6 6 6 6-12- | 6-12-6 | 6-12-
6 6
ArdulszAngnnis 0.96 0.6 0.68 065 | 032 | 051 067 | 024 | 032 | 028 | 082 0.65 0.27 0.20-
W1(SC) 4 0.60
ANITAEINAITN 2.762 0.15
fpusan (Watym®)
AmiasKauany 14 1 12 14 12 40 40 53 25 26 41 72
furau (%)
Arnanitasaieu 0.779 09 0.909 | 0.751
(Conductivity — 04
Kvalue) (W/m.K)
AANTFIUNTLA2IN 0.004 0.0 0.007
fou 07
(Receptivity — R-
value) (m:K:'W]
Arazfounaavis R 7 5 6 7 7 19 21 29 14 14 38 <25
(%)
ATNTAeEIULAY 88 38 58 72 74 10 21 14 78 72 7 >30
Vis-T (%)
ANAERAURANTY 7 5 5 o 5 21 19 24 11 12 33
wasefise Solar-
Energy Reflectance
(%)
Annsasundsnu 80 43 45 42 43 6 13 10 61 46 5 <40
unsarfise] Solar-
Energy
Transmittance (%)
ANz ANRundsed 13 51 49 51 45 48 52 73 68 66 28 42 62
ugsenfime Solar-
Energy Absorption
(%)
pndeindafigadin 23 <5
Talawam (%)
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3. d@Ans=an (Fa)

niznnﬁ l'li='|nﬂ'l|l.l.ﬂ\) ni:‘l'lﬂ::'rﬁuuﬂi n1-.-wnﬁ'umw;ﬂu q;’lll‘
nszan (Tinted Glass) (Heat Absorbing Glass) (Reflective Metallic (Insulating Glass) AN
.
a Coating Glass) sau
(Clear (Film)
. Cool Skyblue Ocean | Cool Skyolue | Ocean | Yellow Blue Green | ClearG. |CG.+Low |CG +Solar
FEnIsIAn Glass)
gray Green gray Green -Dry E-Dry [-DryAr-
Air- Air— Clear
Clear Clear G
G. G.
AnartnemAaam 583 62 621 623 | 500 | 594 | 5986 | 474 | 508 | 503 | 318 103 268
fou(amieu) 7
U-value (W/
mhr'C )
Amdsaunanaiou 650 451 478 460 191 244 217 540 423 114
RHG(W/m®)
Amdsunnuiou 813 118 824 639 1910 | 1162 | 1550 692 267 828
RHG/ s
ANNFALIHIUUAY
Wis-T (me:)
Anqrdnatituuay 1.10 08 128 1.71 172 | 167 | 162 | 140 128 157 138
Vis-T /negaeinu 8
naswaseiing
- P = = = ry T v
Angnda 4N Fh) N wn | wel | wed | wedl [ wwn | s | wn ey ven ee 1N
uunfmsoasn | winne | W0 N win | weR | weR | wed | wan | wnwe|wanwe| ann 4N N unwe
ginansld na e o na e ne o
dumaunnsnaaing e Rl Rt dne Eat] gy 4y e $e e N N 41N dy
nzgeinm 4 dy dng Eutd] 4 Lt de | 4w 4w St} N N un L]
daf tuasdnld | - manligadn - aapnioudnenans |- sxfeuanufeulild | - desfuntsdremasuieu | deeiu
& = & . 3 . P 3 Ch g . oy v
wnd - veulfuastinudonn wnndnlaumaaniu | dheeeld srudnmuuengnneluld | mnfeu
i <, ; = . s & -
bwiunw Wetsunszanuuse anafeusnnfafafu |- Fusssfuanifniu sz 70-80% szudn
y — e \ - .
uandaau|  nneludesndng fufideansznuntzan |- asfasrunau - gasbiudssrrngndide | Wi
teamaline | wiunzay 40-50% Reinafinann | - aFaasuanaarsudng [ denligs arsInGn
.
msifiueenlafyes waseiu wazuasme | - uvrsafiefifiafdudnule | nsfiade

Tave Sdenszan i
euansznufuuaad
dinun

-voulduasssruand
danléga

- WhaAtlanwnneuen
Tadaau

- &nseanduananns
AnassuaafiuaniAulyl

i

uanfeanAINAdndn

nezanyeaeutiu azday
Hesiuisdanmlilenmn
daninanefanaetu

anansld
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3. aAns=Aan (5la)

nszanla ns=and ns=AnARLAN nszanA=NaULAL ns=aniuAMusau Hauam
q-\gn-ﬁi’aq Clear Glass) (Tinted Glass) (Heat Absorbing Glass) (Reflective Metallic (Insulating Glass) AMAISEY
Coating Glass) (Film)
13 ¥ - 19 ‘ 13 L9 ¥ XA -
dnifle L ArnFeu | - aenAuAtiuieusin |- menAeudnege - avausnadauliiy | - mAnge | 81afinng
dnenans | masenfindiunaraney |- Dedeumsueadiu LRTREL AN -rafiansuanineesfia | vasdeu
. Y K 4 o . e g .
18uan lwdlanszanuantuy dnleudnusiafans -pomddsuasidn | nssanléiflesannannu LS
. = . ) - L s
Lnassiag | - S@fasnudinannas | navanuned uemrzanassnnnan Arefisnaesguugil I ladmns'sd
P Suld o . 1 £l LAY
nupy | dedeunisuesiule 80% aeuanfunieiu lay Tlaundn
fauidn - flszAniamiunag winsfdnisulauduann| Tlludes
el aanfuanuieugefay | wleslfueiniananteny | 4y
aAsley eeraifadgwinag fianszan wanfiesannis| nszanas
.
4T 20% umnfngeanszanan | azausnufeulwidensyan| vinlhde
ngasauAniau diassnldmAudella AnauTR
utiunszAwitianizan uazeny
msldau
anas
WHNELWRA :  SC (Shading Coefficient) Vis-R (Visible-Rays Reflectance) Vis-T (Visible-Rays Transmittance)

UV-T (Ultraviolet-Rays Transmittance) RHG (Relative Heat Gain)
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1m8 H. Tommerup, S. Svendsen.

624 H. Tommerup, S. Svendsen/Energy and Buildings 38 (2006) 615626

Table 5

Building envelope constructions and ventilation system before and after an energy renovation

Component Structure/system Existing insulation U before Augmented (improved) U after

(mm) (Wim*K) insulation (mm) (W/m*K)

Root Root trusses (unused loft) 100 0.36 300 0.09*

Windows ‘Wooden windows — double-pane glazing - 2.50" - 1.29¢

External wall Aerated light-weight concrete elements 75 0.384 150 0.15°%
incorporating a facing wall

Slab floor Joist flooring 50 0.29 0.29

Ventilation Natural - - Mechanical with heat recovery”

* Extra 300 mm insulation (Ap = 37 mW/mK).

 Traditional wooden windows with double-pane glazing: U, = 2.9; U= 14; ¥, =0.07; g, =0.76.

© Double energy-saving pane with low emissivity glazing and a warm edge construction (U, = 1.1; ¥, = 0.05; g, =0.63).

4 A considerable number of houses are built using massive light-weight concrete elements in the external walls (7 = 0.83) and the energy-saving potential regarding
external wall-insulation is therefore far better. The effect of having these walls compared to cavity walls is calculated.

© 150 mm external augmented insulation (ip = 38 mW/mK) with plaster rain screen.

' Balanced mechanical ventilation with heat recovery (90%).

1,00
0,90
o 0,80
« 0,70
~
=

m-1930
0,60 A m1931-1950
‘l 01951-1960
~ 0,50 -

01961-1972
m1973-1978
m1979-1998
m 1998-2003

—
% 0,40 -
% 0,30+
o
0,20 -
0,10 4

0,00
Exterior wall Window Floor Roof Ventilation

Fig. 2. Average heat loss in the Danish residential building stock depending on
year of construction, normalized by heated floor area.
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Approximate

Approximage

Household Wattage RequiredFor Running Wattage
Starting Requirements

\3oevinu 600 600
\3esdndrvuaidn 540 216
nsgglnin 1,500 1,500
Electric Range

2,100 2,100
8-inch element
wlulasian 650 watts 1,000 1,000
Lt 1,200 132-192
PRI NENINANANS 1,200 1,200
A3 DIBULLIS 6,750 5,400
Furnace Fan, gas or fuel oil
1/8 Horsepower 500 300
1/6 Horsepower 750 500
1/4 Horsepower 1,000 600
1/3 Horsepower 1,400 700
1/2 Horsepower 2,350 875
ng 50 to 200 50 to 200
Huth
1/3 Horsepower 1,300 800
1/2 Horsepower 2,150 1,050
Insvied 300 300
wos

2,200 1,500

10,000 BTU
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Approximate Approximage

Air Compressors Wattage RequiredFor Running Wattage
Starting Requirements

1/2 Horsepower 1,600 975
1 Horsepower 4,500 1,600
Computers
Desktop 600 to 800 600 to 800
Laptop 200 to 250 200 to 250
Monitor (CRT) 200 to 250 200 to 250
Fax 600 to 800 600 to 800
Printer 400 to 600 400 to 600
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1n8 ASHRAE, (2010).

TABLE 9.6.1 Lighting Power Densities Using the Space-by-Space Method

ANSI/ASHRAE/IESNA Standard 90.1-2007

1In cases where both a common space type and a building-specific type are listed, the building specific space type shall apply.

Common Space Types LPD, watts/sf | Building-Specific Space Types LPD, watts/sf
Oftice — Enclosed 1.1 Gyt ium/Exercise Center
Office — Open Plan 1.1 Playing Area 1.4
Conference/Meeting/Multipurpose 1.3 Lixercise Area 0.9
Classroonv/Lecture/ raining 1.4 Courthouse/Police Station/Penitentiary
For Penitentiary 1.3 Courtroom 19
Lobby 1.3 Confinement Cells 0.9
Tor Llotel 1.1 Judges” Chambers 1.3
For Performing Arts Theater 8.3 Fire Stations
For Motion Picture Theater 1.1 Engine Room 08
Audience/Scating Arca 0.9 Sleeping Quarters 0.3
Lor Gymnasium 0.4 Post Ollice — Sorting Arca 1.2
For Exercise Center 0.3 Convention Center — Exhibit Space 13
For Convention Center 0.7 Library
L'or Penitentiary 0.7 Card l'ile and Cataloging 1:
For Religious Buildings 1.7 Stacks 1.3
For Sports Arena 0.4 Reading Area 1.2
For Performing Arts Theater 2.6 Hospital
L'or Motion Picture Theater 1.2 Limergency 2.7
For Transportation 0.5 Recovery 08
Atrium — First Three Floors 0.6 Nurses’ Station 1.0
Alrium — Lach Additional I'loor 0.2 Lixam/]Tcatment 1.5
Lounge/Recreation 1.2 Pharmacy 1.2
For Hospital 0.8 Patient Room 0.7
Dining Area 0.9 Operating Room 22
For Penitentiary 1.3 Nursery 0.6
For Hotel 1.3 Medical Supply 1.4
For Motel 12 Physical Therapy 0.9
L'or Bar Lounge/Leisure Dining 1.4 Radiology 0.4
For Family Dining 2.1 Laundry — Washing 0.6
Tood Preparation 1.2 Automotive — Service/Repair 0.7
Laboratory 1.4 Manufacturing
Restrooms 0.9 Low Bay (<25 fi I'loor to Ceiling Height) 12
Dressing/Locker/Fitting Room 0.6 High Bay (=25 ft Floor to Ceiling Height) 1.7
Corridor/Transition 0.5 Detailed Manufacturing 2.1
For Hospital 1.0 Equipment Room 132
For Manufacturing Facility 0.5 Control Room 0.5
Stairs — Active 0.6 Hotel/Motel Guest Rooms 1.1
Active Storage 0.8 Dormitory — Living Quarters 1.1
For Hospital 0.9 Museum
Inactive Storage 0.3 General Exhibition 1.0
L'or Muscum 0.8 Resloration 1.7
Electrical/Mechanical 1.5 Bank/Oftice — Banking Activity Area 1:5
Workshop 19 Religious Buildings
Sales Arca 17 Worship Pulpit/Choir 2.4
Fellowship Hall 0.9
Retail
Sales Area 1.7
Mall Concourse 1.7
Sports Arena
Ring Sports Area 27
Courl Sporls Arca 23
Indoor Playing l'icld 1.4
Warehouse
Fine Material Storage 14
MediunyBulky Material Storage 0.9
Parking Garage — Garage Area 02
Transportation
Airport — Concourse 0.6
Air/Irain/Bus - Baggage Areca 1.0
Terminal — Ticket Counter 1.5
Dayton Power & Light 2010 New Construction Rebate Program www.dpandl.com/bizrebates

144



145

AMANUIN 3

31891UN1TUTTUIANARINEIUDIATFIUA8TUSUNTY EnergyPLus 8.5

Program Version:EnergyPlus, Version 8.5.0-c87e61b44b, YMD=2016.05.21 07:10
Tabular Output Report in Format: HTML

Building: Building_BASECASE

Environment: RUN PERIOD 1 ** BANGKOK - THA IWEC Data WMO#=484560
Simulation Timestamp: 2016-05-21 07:10:13

Table of Contents

Report: Annual Building Utility Performance Summary
For: Entire Facility

Timestamp: 2016-05-21 07:10:13

Values gathered over 8760.00 hours

Site and Source Energy

Total Energy Energy Per Total Building Area Energy Per Conditioned Building Area

[GJ] [MJ/m2] [MJ/m2]
Total Site Energy 354.94 1706.72 2476.29
Net Site Energy 354.94 1706.72 2476.29

Total Source
1124.10 5405.19 7842.42

Energy

Net Source
1124.10 5405.19 7842.42

Energy

Building Area
Area [m2]

Total Building Area 207.97
Net Conditioned Building Area 143.34

Unconditioned Building Area 64.63
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End Uses
Electricity | Natural Gas | Additional Fuel | District Cooling | District Heating Water
(GJ] (GJ] (GJ] (GJ] [GJ] [m3]
Heating 0.00 0.00 0.00 0.00 0.00 0.00
Cooling 120.65 0.00 0.00 0.00 0.00 0.00
Interior Lighting 42.56 0.00 0.00 0.00 0.00 0.00
Exterior Lighting 0.00 0.00 0.00 0.00 0.00 0.00
Interior
172.73 0.00 0.00 0.00 0.00 0.00
Equipment
Fans 19.00 0.00 0.00 0.00 0.00 0.00
Total End Uses 354.94 0.00 0.00 0.00 0.00 0.00
End Uses By Subcategory
Electricity Natural Additional District District | Water
Subcategory
[GJ] Gas [GJ] Fuel [GJ] | Cooling [GJ] | Heating [GJ] [m3]
Heating General 0.00 0.00 0.00 0.00 0.00 0.00
Cooling General 120.65 0.00 0.00 0.00 0.00 0.00
Interior
General 42.56 0.00 0.00 0.00 0.00 0.00
Lighting
Interior
General 172.73 0.00 0.00 0.00 0.00 0.00
Equipment
Fans General 19.00 0.00 0.00 0.00 0.00 0.00
Normalized Metrics
Utility Use Per Conditioned Floor Area
Electricity Natural Gas | Additional Fuel | District Cooling | District Heating Water
Intensity Intensity Intensity Intensity Intensity Intensity
[MJ/m2] [MJ/m2] [MJ/m2] [MJ/m2] [MJ/m2] [m3/m2]
Lighting 296.95 0.00 0.00 0.00 0.00 0.00
HVAC 974.28 0.00 0.00 0.00 0.00 0.00
Other 1205.06 0.00 0.00 0.00 0.00 0.00
Total 2476.29 0.00 0.00 0.00 0.00 0.00
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Electricity Natural Gas | Additional Fuel | District Cooling | District Heating Water

Intensity Intensity Intensity Intensity Intensity Intensity

[MJ/m2] [MJ/m2] [MJ/m2] [MJ/m2] [MJ/m2] [m3/m2]

Lighting 204.66 0.00 0.00 0.00 0.00 0.00
HVAC 671.50 0.00 0.00 0.00 0.00 0.00
Other 830.56 0.00 0.00 0.00 0.00 0.00
Total 1706.72 0.00 0.00 0.00 0.00 0.00

Electric Loads Satisfied

Electricity [GJ] | Percent Electricity [%]

Electricity Coming From Utility 354.942 100.00

Surplus Electricity Going To Utility 0.000 0.00

Net Electricity From Utility 354.942 100.00

Total On-Site and Utility Electric Sources 354.942 100.00
Total Electricity End Uses 354.942 100.00

Setpoint Not Met Criteria

Degrees [deltaC]

Tolerance for Zone Heating Setpoint Not Met Time

0.20

Tolerance for Zone Cooling Setpoint Not Met Time

0.20

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00
Time Setpoint Not Met During Occupied Cooling 5192.00
Time Not Comfortable Based on Simple ASHRAE 55-2004 8344.00
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Report: Input Verification and Results Summary

For: Entire Facility

Timestamp: 2016-05-21 07:10:13

General

Value

Program Version and Build

EnergyPlus, Version 8.5.0-c87e61bddb, YMD=2016.05.21 07:10

RunPeriod

RUN PERIOD 1

Weather File

BANGKOK - THA IWEC Data WMO#=484560

Latitude [deg] 13.92

Longitude [deg] 100.60

Elevation [m] 12.00

Time Zone 7.00

North Axis Angle [deg] 0.00
Rotation for Appendix G [deg] 0.00
Hours Simulated [hrs] 8760.00
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ENVELOPE
Window-Wall Ratio
North (315 to 45 | East (45 to 135 South (135 to West (225 to
Total
deg) deg) 225 deg) 315 deg)
Gross Wall Area [m2] | 108.94 50.00 0.00 58.94 0.00
Above Ground Wall Area
108.94 50.00 0.00 58.94 0.00
[m2]

Window Opening Area [m2] | 29.03 11.96 0.00 17.08 0.00
Gross Window-Wall Ratio [%] | 26.65 2391 0.00 28.97 0.00
Above Ground Window-Wall

26.65 2391 0.00 28.97 0.00
Ratio [%]
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Conditioned Window-Wall Ratio

149

North (315 to 45

East (45 to 135

South (135 to 225

West (225 to 315

Total
deg) deg) deg) deg)
Gross Wall Area [m2] | 90.47 36.00 0.00 54.47 0.00
Above Ground Wall Area
90.47 36.00 0.00 54.47 0.00
[m2]

Window Opening Area [m2] | 25.74 8.66 0.00 17.08 0.00
Gross Window-Wall Ratio [%] | 28.45 24.06 0.00 31.35 0.00
Above Ground Window-Wall

28.45 24.06 0.00 31.35 0.00
Ratio [%]
Skylight-Roof Ratio
Total
Gross Roof Area [m2] | 48.00
Skylight Area [m2] | 0.00
Skylight-Roof Ratio [%] | 0.00
PERFORMANCE
Zone Summary
Part
of
People
Tota Gross | Windo Plug
Lightin [m2
Area | Conditione L | Volum | Multiplier |  Wall | w Glass and
g per
[m2] d (Y/N) | Floo | e [m3] s | Area Area Process
[W/m2] | person
r [m2] [m2] ] [W/m2]
Area
(Y/N)
NON-
14.168 64.984
THERMAL | 64.63 No | Yes 5.74 1.00 | 18.47 3.29 s 3.40 s
ZONE
OFFICER
104.0 20.204 98.514
THERMAL s Yes | Yes 43.49 1.00 | 66.47 17.16 . 3.25
1
ZONE
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RESIDENCE
11.840 64.393
THERMAL | 39.29 Yes | Yes | 117.87 1.00 | 24.00 8.58 5.61
6 0
ZONE
207.9 108.9 16.748 81.647
Total 167.10 29.03 3.59
7 a4 2 6
Conditioned | 143.3 17.911 89.161
161.36 90.47 25.74 3.68
Total 4 5 1
Unconditione 14.168 64.984
64.63 5.74 18.47 3.29 3.40
d Total 3 3
Not Part of
0.00 0.00 0.00 0.00
Total
Table of Contents
Report: Demand End Use Components Summary
For: Entire Facility
Timestamp: 2016-05-21 07:10:13
End Uses
Electricity Natural Gas Propane District Cooling Steam Water
(W] (W] (W] (W] (W] [m3/s]
17-MAY-
Time of Peak - - - - -
15:00
Heating 0.00 0.00 0.00 0.00 0.00 0.00
Cooling 7523.73 0.00 0.00 0.00 0.00 0.00
Interior Lighting 2578.98 0.00 0.00 0.00 0.00 0.00
Interior
12816.50 0.00 0.00 0.00 0.00 0.00
Equipment
Fans 583.94 0.00 0.00 0.00 0.00 0.00
Total End Uses 23503.14 0.00 0.00 0.00 0.00 0.00



file:///E:/Mired_THESIS/RESULT_OPENSTUDIO/BaseCase.htm%23toc

151

End Uses By Subcategory

Electricity | Natural Gas Propane District Steam Water
Subcategory

(w] W] | Cooling [W] (W] [m3/s]
Heating General 0.00 0.00 0.00 0.00 0.00 0.00
Cooling General 7523.73 0.00 0.00 0.00 0.00 0.00
Interior Lighting General 2578.98 0.00 0.00 0.00 0.00 0.00

Interior
General 12816.50 0.00 0.00 0.00 0.00 0.00

Equipment
Fans General 583.94 0.00 0.00 0.00 0.00 0.00

Table of Contents

Report: Source Energy End Use Components Summary
For: Entire Facility

Timestamp: 2016-05-21 07:10:13

Values gathered over 8760.00 hours

Source Energy End Use Components Summary

Source Source
Source Source District | Source District
Natural Gas | Additional Fuel
Electricity [GJ] Cooling [GJ] Heating [GJ]
[GJ] [GJ]
Heating 0.00 0.00 0.00 0.00 0.00
Cooling 382.11 0.00 0.00 0.00 0.00
Interior Lighting 134.80 0.00 0.00 0.00 0.00
Interior Equipment 547.03 0.00 0.00 0.00 0.00
Fans 60.16 0.00 0.00 0.00 0.00
Total Source Energy End
1124.10 0.00 0.00 0.00 0.00
Use Components
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Normalized Metrics

Source Energy End Use Components Per Conditioned Floor Area
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Source Source Source | Source District | Source District
Electricity Natural Gas | Additional Fuel Cooling Heating
[MJ/m2] [MJ/m2] [MJ/m2] [MJ/m2] [MJ/m2]
Heating 0.00 0.00 0.00 0.00 0.00
Cooling 2665.80 0.00 0.00 0.00 0.00
Interior Lighting 940.44 0.00 0.00 0.00 0.00
Interior Equipment 3816.43 0.00 0.00 0.00 0.00
Fans 419.75 0.00 0.00 0.00 0.00

Total Source Energy
7842.42 0.00 0.00 0.00 0.00

End Use Components

Source Energy End Use Components Per Total Floor Area

Source Source Source | Source District | Source District
Electricity Natural Gas | Additional Fuel Cooling Heating
[MJ/m2] [MJ/m2] [MJ/m2] [MJ/m2] [MJ/m2]
Heating 0.00 0.00 0.00 0.00 0.00
Cooling 2665.80 0.00 0.00 0.00 0.00
Interior Lighting 940.44 0.00 0.00 0.00 0.00
Exterior Lighting 0.00 0.00 0.00 0.00 0.00
Interior Equipment 3816.43 0.00 0.00 0.00 0.00
Exterior Equipment 0.00 0.00 0.00 0.00 0.00
Fans 419.75 0.00 0.00 0.00 0.00

Total Source Energy
7842.42 0.00 0.00 0.00 0.00

End Use Components
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Report: Climatic Data Summary
For: Entire Facility

Timestamp: 2016-05-21 07:10:13
SizingPeriod:DesignDay

Wind
Maximum | Daily Temperature | Humidity Humidity oeed Wind
pee
Dry Bulb [C] Range [deltaC] Value Type Direction
[m/s]
BANGKOK ANN CLG .4% Wetbulb
37.20 9.20 26.70 4.10 180.00
CONDNS DB=>MWB [
BANGKOK ANN CLG .4% Dewpoint
32.10 9.20 28.70 4.10 180.00
CONDNS DP=>MDB (@]
BANGKOK ANN CLG .4% Enthalpy
34.00 9.20 | 98000.00 4.10 180.00
CONDNS ENTH=>MDB [J/ke]
BANGKOK ANN CLG .4% Wetbulb
34.20 9.20 29.60 4.10 180.00
CONDNS WB=>MDB [C]
BANGKOK ANN HTG Wetbulb
19.00 0.00 19.00 1.60 350.00
99.6% CONDNS DB (@]
BANGKOK ANN HTG
Wetbulb
WIND 99.6% CONDNS 27.50 0.00 27.50 < 6.40 350.00
WS=>MCDB
BANGKOK ANN HUM N
Dewpoint
99.6% CONDNS 25.80 0.00 11.20 d 1.60 350.00
DP=>MCDB
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Report: Envelope Summary

For: Entire Facility
Timestamp: 2016-05-21 07:10:13

Opaque Exterior

154

U-Factor
U-Factor
with Gross Net
no Film Azimuth Tilt | Cardinal
Construction | Reflectance Film Area | Area
[W/m2- [deg] | [deg] | Direction
[W/m2- [m2] | [m2]
K]
K]
SURFACE
WALL BASECASE 0.30 2.517 4.039 | 14.00 8.86 0.00 | 90.00 N
16
SURFACE
WALL BASECASE 0.30 2.517 4.039 4.47 4.47 180.00 | 90.00 S
66
SURFACE INTERIOR
0.30 3618 8.745 1.79 | 179 0.00 | 180.00
14 | FLOOR BASECASE
SURFACE INTERIOR
0.30 3.618 8.745 | 13.61 | 13.61 0.00 | 180.00
21 | FLOOR_BASECASE
SURFACE
ROOF BASECASE 0.30 0.232 0.240 4.32 4.32 0.00 0.00
110
SURFACE
ROOF BASECASE 0.30 0.232 0.240 | 439 | 4.39 90.00 0.00
120
SURFACE
WALL BASECASE 0.30 2.517 4.039 | 12.00 6.31 180.00 | 90.00 S
29
SURFACE
WALL BASECASE 0.30 2.517 4.039 4.47 4.47 180.00 | 90.00 S
55
SURFACE
WALL_BASECASE 0.30 2517 4.039 | 12.00 | 9.11 0.00 | 90.00 N
56
SURFACE
WALL BASECASE 0.30 2.517 4.039 | 14.00 4.38 180.00 | 90.00 S
7
SURFACE
WALL BASECASE 0.30 2.517 4.039 | 12.00 | 9.11 0.00 | 90.00 N
74 -
SURFACE
WALL BASECASE 0.30 2.517 4.039 | 12.00 | 6.31 180.00 | 90.00 S
89
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SURFACE INTERIOR
0.30 3.618 8.745 | 32.60 | 32.60 0.00 | 180.00
8 | FLOOR_BASECASE
SURFACE
WALL_BASECASE 0.30 2517 4.039 | 12.00 | 9.11 0.00 | 90.00 N
118
SURFACE
WALL BASECASE 0.30 2517 4.039 | 12.00 | 6.31 180.00 | 90.00 S
97
SURFACE
ROOF_BASECASE 0.30 0.232 0.240 | 12.00 | 12.00 0.00 0.00
101
SURFACE
ROOF BASECASE 0.30 0.232 0.240 | 15.40 | 15.40 0.00 0.00
119 -
SURFACE
ROOF BASECASE 0.30 0.232 0.240 | 11.89 | 11.89 0.00 0.00
135
Exterior Fenestration
Exterior Door
U-Factor with Film U-Factor no Film | Gross Area Parent
Construction
[W/m2-K] [W/m2-K] [m2] Surface
SUB EXTERIOR
2.070 3.000 1.85 | SURFACE 16
SURFACE 2 DOOR_BASECASE
SUB EXTERIOR
2.070 3.000 9.62 | SURFACE 7
SURFACE 1 DOOR_BASECASE
Table of Contents
Report: Shading Summary
For: Entire Facility
Timestamp: 2016-05-21 07:10:13
Sunlit Fraction
June June June
March March March December December December
21 21 21
21 9am |21 noon | 21 3pm 21 9am 21 noon 21 3pm
9am noon 3pm
SUB
0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00
SURFACE 3
SUB
0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00
SURFACE 4
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SuUB
0.55 0.02 0.18 0.00 0.00 0.00 0.84 0.51 0.68
SURFACE 6
SuUB
0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00
SURFACE 5
SUB
0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00
SURFACE 9
SuUB
0.55 0.02 0.18 0.00 0.00 0.00 0.84 0.51 0.68
SURFACE 7
SuB
SURFACE 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00
10
SuB
0.55 0.02 0.18 0.00 0.00 0.00 0.84 0.51 0.68
SURFACE 8
Table of Contents
Report: Lighting Summary
For: Entire Facility
Timestamp: 2016-05-21 07:10:13
Interior Lighting
© 9] = Sl 4 — < = ° |2
or . >| D 2 v O 9 290 |0F |[B o ¢l g |8
S oElF &) o S Q S = = | 0= — Ol oz =
e 22238 |22 |28 |35 [3505% [03E58[2Y5¢
TTal§T | B €8 | €= |€3 |3 |33 |g8f|e|e-
N F 2 R AT SRR |72 | |8 |S
CORRIDOR NON- OFFICE
SPACE FLOOR2 | THERMAL | 2.1529 | 64.63 | 139.14 | General BLDG | 71.12 | 168.00 | 71.12 |0.00 | N | 1.86
LIGHTS ZONE LIGHT
CORRIDOR NON- OFFICE
SPACE FLOOR3 | THERMAL | 2.1529 | 64.63 | 139.14 | General BLDG | 71.12 | 168.00 | 71.12 |0.00 | N | 1.86
LIGHTS ZONE LIGHT
DOUCUMENTA NON- OFFICE
RY ROOM | THERMAL | 1.0720 | 64.63 69.29 | General BLDG | 71.12 | 168.00 | 71.12 |0.00 | N | 0.93
LIGHTS ZONE LIGHT
NON- OFFICE
FILE STORAGE
THERMAL | 0.9728 | 64.63 62.87 | General BLDG | 71.12 | 168.00 | 71.12 |0.00 | N | 0.84
LIGHTS
ZONE LIGHT
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RESIDE
NON-
PANTRY NCE
THERMAL | 5.1010 | 64.63 | 329.68 | General 53.95 | 8323 | 5395 /0.00 | N| 334
LIGHTS BLDG
ZONE
LIGHT
STAIR NON- OFFICE
PARTITION | THERMAL | 0.4386 | 64.63 28.35 | General BLDG | 71.12 | 168.00 | 71.12 /10.00 | N | 0.38
SPACE LIGHTS ZONE LIGHT
RESIDE
NON-
NCE
WC1 LIGHTS | THERMAL | 0.5360 | 64.63 34.64 | General 21.34 | 93.01 | 21.34 |0.00 | N | 0.14
WC
ZONE
LIGHT
RESIDE
NON-
NCE
WC2 LIGHTS | THERMAL | 1.0944 | 64.63 70.73 | General 21.34 | 93.01 | 21.34 |0.00 | N | 0.28
WC
ZONE
LIGHT
RESIDE
NON-
NCE
WC3 LIGHTS | THERMAL | 0.6477 | 64.63 |  41.86 | General 2134 | 9301 | 21.34 [0.00 | N| 0.17
WC
ZONE
LIGHT
OFFICER OFFICE
DIRECTOR 104.0
THERMAL | 1.2415 129.17 | General | BLDG | 71.12 | 168.00 | 71.12 |0.00 | Y| 1.72
ROOM LIGHTS 5
ZONE LIGHT
LIVING SPACE | OFFICER OFFICE
104.0
FOR OFFICER | THERMAL | 2.9796 310.01 | General | BLDG | 71.12 | 168.00 | 71.12 |0.00 | Y| 4.14
5
LIGHTS ZONE LIGHT
OFFICER OFFICE
104.0 10.3
LOBBY LIGHTS | THERMAL | 7.4199 772.01 | General | BLDG | 71.12 | 168.00 | 71.12 1 0.00 | Y
5 1
ZONE LIGHT
OFFICER OFFICE
MANAGER 104.0
THERMAL | 0.9156 95.27 | General | BLDG | 71.12 | 168.00 | 71.12 |0.00 | Y | 1.27
ROOM LIGHTS 5
ZONE LIGHT
MULTIPURPOS OFFICER OFFICE
104.0
E ROOM | THERMAL | 4.1424 431.00 | General BLDG | 71.12 | 168.00 | 71.12 |0.00 | Y | 575
5
LIGHTS ZONE LIGHT
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OFFICER OFFICE
WORKING AREA 104.0
THERMAL | 3.5051 364.69 | General | BLDG |71.12 | 168.00 | 71.12 |0.00 | Y | 4.87
LIGHTS 5
ZONE LIGHT
RESIDE
RESIDENCE
BEDROOM NCE
THERMAL | 4.6410 | 39.29 | 182.35 | General 5395 | 8323 | 5395|000 | Y| 1.85
LIGHTS BLDG
ZONE
LIGHT
RESIDE
RESIDENCE
LIVING ROOM NCE
THERMAL | 3.5832 | 39.29 | 140.78 | General 5395 | 8323 | 5395 000 Y| 143
LIGHTS BLDG
ZONE
LIGHT
RESIDE
MASTER | RESIDENCE N
BEDROOM | THERMAL | 3.6164 |39.29 | 142.09 | General 5395 | 8323 | 5395000 Y| 1.44
BLDG
LIGHTS ZONE
LIGHT
Interior 1323.
2.6311 3483.0 425
Lighting Total 8

Table of Contents

Report: HVAC Sizing Summary

For: Entire Facility

Timestamp: 2016-05-21 07:10:13

Time Not Comfortable Based on Simple ASHRAE 55-2004

Winter Clothes [hr] | Summer Clothes [hr] | Summer or Winter Clothes [hr]

OFFICER THERMAL ZONE 3640.00 2395.33 2395.33
RESIDENCE THERMAL ZONE 5877.17 3911.17 3733.83
NON-THERMAL ZONE 8344.00 8344.00 8344.00
Facility 8344.00 8344.00 8344.00

Aggregated over the RunPeriods for Weather
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Time Setpoint Not Met

During Occupied During Occupied
During Heating [hr] | During Cooling [hr]
Heating [hr] Cooling [hr]
OFFICER THERMAL ZONE 0.00 8648.50 0.00 3632.50
RESIDENCE THERMAL ZONE 0.00 5106.17 0.00 2714.17
NON-THERMAL ZONE 0.00 0.00 0.00 0.00
Facility 0.00 8656.00 0.00 5192.00
Aggregated over the RunPeriods for Weather
Table of Contents
Report: Outdoor Air Summary
For: Entire Facility
Timestamp: 2016-05-21 07:10:13
Average Outdoor Air During Occupied Hours
Average Nominal Zone Mechanical AFN Simple
Infiltration
Number of Number of | Volume Ventilation AL Infiltration | Ventilation
ac
Occupants Occupants [m3] [ach] [ach] [ach]
OFFICER
THERMAL 3.49 32.00 43.49 0.000 4.910 0.000 0.000
ZONE
RESIDENCE
THERMAL 1.99 7.00 117.87 0.000 5.354 0.000 0.000
ZONE
Values shown for a single zone without multipliers
Minimum Outdoor Air During Occupied Hours
Average Nominal Zone Mechanical AFN Simple
Infiltration
Number of Number of | Volume Ventilation Infiltration | Ventilation
[ach]
Occupants Occupants [m3] [ach] [ach] [ach]
OFFICER
THERMAL 3.49 32.00 43.49 0.000 0.000 0.000 0.000
ZONE
RESIDENCE
THERMAL 1.99 7.00 117.87 0.000 0.000 0.000 0.000
ZONE

Values shown for a single zone without multipliers
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Report: Object Count Summary

For: Entire Facility

Timestamp: 2016-05-21 07:10:13

Surfaces by Class

Total | Outdoors
Wall 69 10
Floor 27 3
Roof 5 5
Internal Mass 17 0
Building Detached Shading 8 8
Window 8 8
Door 2 2
Shading 8 8
HVAC
Count
HVAC Air Loops 2
Conditioned Zones 2
Unconditioned Zones 1
Input Fields
Count
IDF Objects 633
Defaulted Fields 446
Fields with Defaults | 1379
Autosized Fields 20
Autosizable Fields 24
Autocalculated Fields 257
Autocalculatable Fields 257

160
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Report: Energy Meters

For: Entire Facility

Timestamp: 2016-05-21 07:10:13

Annual and Peak Values - Electricity

Electricity | Electricity | Timestamp | Electricity | Timestamp
Annual | Minimum | of Minimum | Maximum | of Maximum

Value [GJ] | Value [W] | {TIMESTAMP} | Value [W] | {TIMESTAMP}

17-MAY-
Electricity:Facility 354.94 | 1321.23 | 25-JAN-05:00 | 23503.14
16:00
Electricity:Building 215.29 127.05 | 02-JAN-00:10 | 15395.48 | 02-JAN-13:10
Electricity:Zone:NON-THERMAL ZONE 56.07 21.94 | 02-JAN-00:10 | 3455.64 | 07-JAN-08:10
InteriorLights:Electricity 42.56 127.05 | 02-JAN-00:10 | 2578.98 | 02-JAN-08:10
InteriorLights:Electricity:Zone:NON-THERMAL
9.79 21.94 | 02-JAN-00:10 649.69 | 02-JAN-19:10
ZONE
General:InteriorLights:Electricity 42.56 127.05 | 02-JAN-00:10 2578.98 | 02-JAN-08:10
Electricity:Zone:OFFICER THERMAL ZONE 124.35 105.11 | 02-JAN-00:10 | 11327.15 | 02-JAN-08:10

InteriorLights:Electricity:Zone:OFFICER
THERMAL ZONE

28.06 105.11 | 01-JAN-00:10 | 2102.15 | 02-JAN-08:10

Electricity:Zone:RESIDENCE THERMAL ZONE 34.88 0.00 | 02-JAN-00:10 | 2995.22 | 01-JAN-08:10
InteriorLights:Electricity:Zone:RESIDENCE
a1 0.00 | 02-JAN-00:10 465.22 | 01-JAN-08:10
THERMAL ZONE
InteriorEquipment:Electricity N 287 0.00 | 02-JAN-00:10 | 12816.50 | 02-JAN-13:10
InteriorEquipment:Electricity:Zone:NON-
46.28 0.00 | 02-JAN-00:10 | 2910.97 | 01-JAN-08:10
THERMAL ZONE
General:InteriorEquipment:Electricity 172.73 0.00 | 02-JAN-00:10 | 12816.50 | 02-JAN-13:10
InteriorEquipment:Electricity:Zone:OFFICER
96.28 0.00 | 02-JAN-00:10 | 9225.00 | 02-JAN-08:10
THERMAL ZONE
InteriorEquipment:Electricity:Zone:RESIDENCE
30.16 0.00 | 02-JAN-00:10 | 2530.00 | 01-JAN-08:10
THERMAL ZONE
17-MAY-
ElectricityPurchased:Facility 354.94 | 1321.23 | 25-JAN-05:00 | 23503.14

16:00
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17-MAY-

ElectricityPurchased:Plant 354.94 | 1321.23 | 25-JAN-05:00 | 23503.14
16:00
17-MAY-

Cogeneration:ElectricityPurchased 354.94 | 1321.23 | 25-JAN-05:00 | 23503.14
16:00
ElectricitySurplusSold:Facility 0.00 0.00 | 01-JAN-00:10 0.00 | 01-JAN-00:10
ElectricitySurplusSold:Plant 0.00 0.00 | 01-JAN-00:10 0.00 | 01-JAN-00:10
Cogeneration:ElectricitySurplusSold 0.00 0.00 | 01-JAN-00:10 0.00 | 01-JAN-00:10
17-MAY-

ElectricityNet:Facility 354.94 1321.23 | 25-JAN-05:00 | 23503.14
16:00
17-MAY-

ElectricityNet:Plant 354.94 | 1321.23 | 25-JAN-05:00 | 23503.14
16:00
17-MAY-

Cogeneration:ElectricityNet 354.94 | 1321.23 | 25-JAN-05:00 | 23503.14
16:00
18-JUN-

Electricity:HVAC 139.65 0.00 | 02-JAN-18:10 9903.41
14:10
Fans:Electricity 19.00 0.00 | 02-JAN-18:10 1130.20 | 01-JAN-08:10
General:Fans:Electricity 19.00 0.00 | 02-JAN-18:10 1130.20 | 01-JAN-08:10
16-AUG-

Cooling:Electricity 120.65 0.00 | 02-JAN-18:10 9268.15
08:10
Electricity:Plant 0.00 0.00 | 01-JAN-00:10 0.00 | 01-JAN-00:10

Annual and Peak Values - Other by Weight/Mass
Annual | Minimum Timestamp of Timestamp of
Maximum
Value Value Minimum Maximum
Value [kg/s]
(ke] [kg/s] {TIMESTAMP} {TIMESTAMP}
Carbon Equivalent:Facility 0.00 0.000 01-JAN-00:10 0.000 01-JAN-00:10
CarbonEquivalentEmissions:Carbon
0.00 0.000 01-JAN-00:10 0.000 01-JAN-00:10
Equivalent




Annual and Peak Values - Other
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Annual Timestamp of Timestamp of
Minimum Maximum
Value Minimum Maximum
Value [W] Value [W]
[GJ] {TIMESTAMP} {TIMESTAMP}
EnergyTransfer:Facility | 606.97 0.00 02-JAN-18:10 | 45641.76 07-NOV-08:10
EnergyTransfer:Building | 240.15 0.00 02-JAN-18:10 | 16133.06 19-JAN-15:50
EnergyTransfer:Zone:NON-THERMAL
0.00 0.00 01-JAN-00:10 0.00 01-JAN-00:10
ZONE
Heating:EnergyTransfer 0.00 0.00 01-JAN-00:10 72.80 28-JAN-07:00
Heating:EnergyTransfer:Zone:NON-
0.00 0.00 01-JAN-00:10 0.00 01-JAN-00:10
THERMAL ZONE
Cooling:EnergyTransfer | 240.15 0.00 02-JAN-18:10 | 16133.06 19-JAN-15:50
Cooling:EnergyTransfer:Zone:NON-
0.00 0.00 01-JAN-00:10 0.00 01-JAN-00:10
THERMAL ZONE
EnergyTransfer:Zone:OFFICER THERMAL
153.48 0.00 01-JAN-00:10 | 16133.06 19-JAN-15:50
ZONE
Heating:EnergyTransfer:Zone:OFFICER
0.00 0.00 01-JAN-00:10 0.00 01-JAN-00:10
THERMAL ZONE
Cooling:EnergyTransfer:Zone:OFFICER
153.48 0.00 01-JAN-00:10 | 16133.06 19-JAN-15:50
THERMAL ZONE
EnergyTransfer:Zone:RESIDENCE
86.67 0.00 01-JAN-12:10 | 11827.85 05-APR-20:10
THERMAL ZONE
Heating:EnergyTransfer:Zone:RESIDENCE
0.00 0.00 01-JAN-00:10 72.80 28-JAN-07:00
THERMAL ZONE
Cooling:EnergyTransfer:Zone:RESIDENCE
86.67 0.00 01-JAN-12:10 | 11827.85 05-APR-20:10
THERMAL ZONE
EnergyTransfer:HVAC | 366.81 0.00 02-JAN-18:10 | 3226091 | 07-NOV-08:10
CoolingCoils:EnergyTransfer | 366.81 0.00 02-JAN-18:10 | 32260.91 07-NOV-08:10
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Report: Sensible Heat Gain Summary

For: Entire Facility
Timestamp: 2016-05-21 07:10:13

System Ventilation Parameters

164

Cooling Heating
People Sum of Breathing
Area Zone Zone
Outdoor Air | Sum of Zone Zone Zone
Outdoor Air Outdoor Outdoor
Rate - Rp | Population - Floor Area Outdoor
Rate - Ra Airflow - Airflow -
[m3/s- Pz-sum - Az-sum | Airflow - Vbz
[m3/s-m2] Voz-clg Voz-htg
person] [m2] [m3/s]
[Mm3/s] [m3/s]
AIR
LOOP
0.008554 32.00 0.000000 104.05 0.2737 0.2737 0.2737
HVAC
1
AR
LOOP
0.005394 7.00 0.000000 39.29 0.0378 0.0378 0.0378
HVAC
2
System Ventilation Calculations for Cooling Design
Sum of Zone System Sum of Zone Sum of Min Zone
Zone Outdoor
Primary Primary Discharge Zone Primary Ventilation
Airflow Cooling
Airflow - Vpz- | Airflow - Vps Airflow - Vdz- Airflow - Vpz- Efficiency - Evz-
- Voz-clg [m3/s]
sum [m3/s] [m3/s] sum [m3/s] min [M3/s] min
AR
LOOP 1.87 1.869 1.87 26.0115 0.2737 1.000
HVAC 1
AR
LOOP 1.75 1.748 1.75 9.8225 0.0378 1.000
HVAC 2
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System Ventilation Calculations for Heating Design

165

Sum of Zone System Sum of Zone Sum of Min | Zone Outdoor Zone
Primary Primary Discharge Zone Primary | Airflow Heating Ventilation
Airflow - Vpz- | Airflow - Vps Airflow - Vdz- | Airflow - Vpz- - Voz-htg | Efficiency - Evz-
sum [m3/s] [m3/s] sum [m3/s] min [mM3/s] [m3/s] min
AR
LOOP 0.27 0.274 0.27 0.27 0.2737 1.000
HVAC 1
AR
LOOP 0.04 0.038 0.04 0.04 0.0378 1.000
HVAC 2
Table of Contents
Report: LEED Summary
For: Entire Facility
Timestamp: 2016-05-21 07:10:13
Secl.1A-General Information
Data

Weather File

RUN PERIOD 1 ** BANGKOK - THA IWEC Data WMO#=484560

HDD and CDD data source

Weather File Stat

Total gross floor area [m2]

207.97

EAp2-1. Space Usage Type

Space Area Regularly Occupied | Unconditioned Area Typical Hours/Week in
[m2] Area [m2] [m2] Operation [hr/wk]
OFFICER THERMAL
104.05 104.05 0.00 69.81
ZONE
RESIDENCE
39.29 39.29 0.00 120.13
THERMAL ZONE
NON-THERMAL
64.63 0.00 64.63 160.02
ZONE
Totals 207.97 143.34 64.63
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EAp2-2. Advisory Messages

Data

Number of hours heating loads not met 0.00

Number of hours cooling loads not met | 5192.00

Number of hours not met | 5192.00

EAp2-17a. Energy Use Intensity - Electricity

Electricty [MJ/m2]

Interior Lighting 204.66

Space Heating 0.00

Space Cooling 580.15
Fans-Interior 91.35

Service Water Heating 0.00
Receptacle Equipment 830.56
Miscellaneous 0.00
Subtotal 1706.72

EAp2-18. End Use Percentage

Percent [%)]

Interior Lighting 11.99

Space Heating 0.00

Space Cooling 33.99
Fans-Interior 535

Service Water Heating 0.00
Receptacle Equipment 48.66
Miscellaneous 0.00

166
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Report: Component Sizing Summary

For: Entire Facility

Timestamp: 2016-05-21 07:10:13

AirTerminal:SingleDuct:Uncontrolled

Design Size Maximum Air Flow Rate [m3/s]

DIFFUSER 1.87
DIFFUSER 1 1.75
Branch

Maximum Flow Rate [m3/s]

AIR LOOP HVAC 1 MAIN BRANCH

1.87

AIR LOOP HVAC 2 MAIN BRANCH

1.75

AirLoopHVAC

Design Supply Air Flow Rate [m3/s]

AIR LOOP HVAC 1

1.87

AIR LOOP HVAC 2

1575

Coil:Cooling:DX:SingleSpeed

167

Design Size Rated Air
Flow Rate [m3/s]

Design Size Gross Rated Total
Cooling Capacity [W]

Design Size Gross Rated

Sensible Heat Ratio

1 SPD DX CLG COIL

1.87

46401.64

0.676083

1 SPD DX CLG COIL 1

1.75

43408.54

0.676083

Fan:ConstantVolume

Design Size Maximum Flow Rate [m3/s]

FAN CONSTANT VOLUME

1.87

FAN CONSTANT VOLUME 1

1.75

User-Specified values were used. Design Size values were used if no User-Specified values were provided.
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Report: Surface Shadowing Summary

For: Entire Facility

Timestamp: 2016-05-21 07:10:13

Surfaces (Walls, Roofs, etc) that may be Shadowed by Other Surfaces

Possible Shadow Receivers

Mir-SHADING | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1 | Mir-SHADING SURFACE SIDE 2
SURFACE FRONT |

Mir-SHADING | Mir-SHADING SURFACE FRONT | Mir-SHADING SURFACE SIDE 1 | Mir-SHADING SURFACE SIDE
SURFACE REAR 2|

Mir-SHADING | Mir-SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 2
SURFACE SIDE 1 |

Mir-SHADING | Mir-SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1
SURFACE SIDE 2 |

Mir-DIRECT ROOM SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1 |
SHADING SURFACE Mir-SHADING SURFACE SIDE 2 | BEDROOM SHADING SURFACE | SURFACE 97 |

Mir-LIVING FOR SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1 |
OFFICER SHADING Mir-SHADING SURFACE SIDE 2 | DIRECT ROOM SHADING SURFACE | BEDROOM SHADING
SURFACE SURFACE | SURFACE 66 | SURFACE 89 | SURFACE 97 |

SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1 |

Mir-LOBBY Mir-SHADING SURFACE SIDE 2 | DIRECT ROOM SHADING SURFACE | LIVING FOR OFFICER
SHADING SURFACE | SHADING SURFACE | BEDROOM SHADING SURFACE | SURFACE 66 | SURFACE 29 | SURFACE
55 | SURFACE 89 | SURFACE 97 |

Mir-BEDROOM SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1 |
SHADING SURFACE Mir-SHADING SURFACE SIDE 2 |

Mir-SHADING SURFACE FRONT | Mir-SHADING SURFACE SIDE 1 | Mir-SHADING SURFACE SIDE
2 | DIRECT ROOM SHADING SURFACE | BEDROOM SHADING SURFACE |

SURFACE 66

Mir-SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1

SURFACE 110
| Mir-SHADING SURFACE SIDE 2 |
Mir-SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1

SURFACE 120
| Mir-SHADING SURFACE SIDE 2 |
DIRECT ROOM SHADING SURFACE | LIVING FOR OFFICER SHADING SURFACE | BEDROOM
SHADING SURFACE |

SURFACE 29
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Mir-SHADING SURFACE FRONT | Mir-SHADING SURFACE SIDE 1 | Mir-SHADING SURFACE SIDE

SURFACE 55 | 2| DIRECT ROOM SHADING SURFACE | LIVING FOR OFFICER SHADING SURFACE | BEDROOM
SHADING SURFACE |
DIRECT ROOM SHADING SURFACE | LIVING FOR OFFICER SHADING SURFACE | LOBBY

SURFACE 7
SHADING SURFACE | BEDROOM SHADING SURFACE |
SURFACE 89 DIRECT ROOM SHADING SURFACE | BEDROOM SHADING SURFACE |
SURFACE 97 BEDROOM SHADING SURFACE |

SURFACE 101

Mir-SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1
| Mir-SHADING SURFACE SIDE 2 |

SURFACE 119

Mir-SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1
| Mir-SHADING SURFACE SIDE 2 |

SURFACE 135

Mir-SHADING SURFACE FRONT | Mir-SHADING SURFACE REAR | Mir-SHADING SURFACE SIDE 1
| Mir-SHADING SURFACE SIDE 2 |

Subsurfaces (Windows and Doors) that may be Shadowed by Surfaces

Possible Shadow Receivers

SURFACE 16 | SUB SURFACE 2 | SUB SURFACE 3 | SUB SURFACE 4 |

SURFACE 29 SUB SURFACE 6 |
SURFACE 56 SUB SURFACE 5 |

SURFACE 7 SUB SURFACE 1 |
SURFACE 74 SUB SURFACE 9 |
SURFACE 89 SUB SURFACE 7 |

SURFACE 118

SUB SURFACE 10 |

SURFACE 97

SUB SURFACE 8 |
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N13ARAUANAT lUN1TANUAINNITELARUAARAINDIYLATING

170

szeza1UIu Viiaenu
318A1% ansuAuln -
2051 @) 2559 2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570

BRIINTTLN 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ASTUERUANTITU
31850AH 5%
ﬁuﬁdauaaw% - 2,482,920.00 | 2,482,920.00 | 2,482,920.00 | 2,607,066.00 | 2,607,066.00 | 2,607,066.00 | 2,737,419.30 | 2,737,419.30 | 2,737,419.30 2,874,290.27 2,874,290.27
ﬁuﬁd'suﬁﬂmﬁa 551,760.00 551,760.00 551,760.00 579,348.00 579,348.00 579,348.00 608,315.40 608,315.40 608,315.40 638,731.17 638,731.17
JUNTUARUGANTIBSU 3,034,680.00 | 3,034,680.00 | 3,034,680.00 | 3,186,414.00 | 3,186,414.00 | 3,186,414.00 | 3,345,734.70 | 3,345,734.70 | 3,345,734.70 3,513,021.44 3,513,021.44
ASTHARUANIITY
Ruamu
“oAsavdndondinu 8,000,000.00
-Ruamuuiulgeeans 787,177.60
“USuusdmumeensng

o 50,492.00
WANY
AldeAAv TN (Soft Cost) 62,974.21
TURUAYY 8,900,643.81
Aldaalunisaniiueu
AUTEAUNED1ANS 0.05% 1.0% - 4,450.32 4,494.83 4,585.17 4724.11 4915.92 5,484.54 5,880.17 6,367.38 6,963.91 7,692.49
ﬁﬂ“ffﬁi’\ﬁﬂuﬂﬁﬂﬁﬂ%ﬂwﬂ 0.50% 1.5% - 15,173.40 15,401.00 15,632.02 15,866.50 16,104.49 16,346.06 16,591.25 16,840.12 17,092.72 17,349.11 17,609.35
AlgnIanIInann 0.50% 1.0% - 15,173.40 15,325.13 15,478.39 -
ﬂ'%?iamwm 5.0% - 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19
m@IsnﬁauLLazﬁau 12.5% - 379,335.00 379,335.00 379,335.00 398,301.75 398,301.75 398,301.75 418,216.84 418,216.84 418,216.84 439,127.68 439,127.68
394 - 859,164.31 844,263.02 844,584.38 879,249.68 864,354.36 864,846.69 885,324.82 885,969.32 902,187.52 908,472.89 909,461.71
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uaANNSTUAINAAZULUUN AT 1 Tn.A. 2571-2579

AANUIN 9

N13ARAUANAT lUN1TANUAINNITELARUAARAINDIYLATING

szeza1UIu Viiaenu

318A1% ansuAuln :
2051 @) 2571 2572 2573 2574 2575 2576 2577 2578 2579

BRIINTTLN 100% 100% 100% 100% 100% 100% 100% 100%
ASTUERUANTITU
31850AH 5%
ﬁuﬁdauaaw% 2,874,290.27 3,018,004.78 | 3,018,004.78 | 3,018,004.78 | 3,168,905.02 | 3,168,905.02 | 3,168,905.02 | 3,327,350.27 | 3,327,350.27
ﬁuﬁd’mﬁﬂmﬁa 638,731.17 670,667.73 670,667.73 670,667.73 704,201.11 704,201.11 704,201.11 739,411.17 739,411.17
JUNTUARUGANTIBSU 3,513,021.44 3,688,672.51 | 3,688,672.51 | 3,688,672.51 | 3,873,106.13 | 3,873,106.13 | 3,873,106.13 | 4,066,761.44 | 4,066,761.44
ASTHARUANIITY
Ruamu
“pensmdydndondinu
-Ruamuuiulgeeans
“USuusdmumeensng
WANU
AldeAAv TN (Soft Cost)
TURUAYY
Aldaalunisaniiueu
AUTEAUNED1ANS 0.05% 1.0% 8,582.27 9,670.71 11,006.18 12,651.32 14,687.78 17,222.58 20,396.78 24,397.56 29,474.91
ﬁﬂ“ffﬁhﬁﬂumiﬂﬁﬁﬂwﬂ 0.50% 1.5% 17,873.49 18,141.59 18,413.72 18,689.92 18,970.27 19,254.83 19,543.65 19,836.80 20,134.35
Aldinansmane 0.50% 1.0% - - 15,633.17 - - - - 15,789.50 -
ﬂ'%?iamwm 5.0% 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19
mﬁiwﬁauuazﬁau 12.5% 439,127.68 461,084.06 461,084.06 461,084.06 484,138.27 484,138.27 484,138.27 508,345.18 508,345.18
394 910,615.63 933,928.56 951,169.32 937,457.49 962,828.51 965,647.86 969,110.88 | 1,013,401.23 | 1,002,986.63
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N13ARAUANAT lUN1TANUAINNITELARUAARAINDIYLATING

o
$13191191

UFMINTEUAIUARFULUUNITAINUT] 1 TN.A. 2559-2570(5)

@ o
20131 Unasnu
$789N13 -
Wl 2559 2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570
Gross Profit (8,900,643.81) 2,175,515.69 2,190,416.98 2,190,095.62 2,307,164.32 2,322,059.64 2,321,567.31 2,460,409.88 2,459,765.38 2,443 547.18 2,604,548.54 2,603,559.72
Earning Before Tax and
(8,900,643.81) (6,725,128.12) (4,534,711.14) (2,344,615.51) (37,451.19) 2,284,608.45 4,606,175.76 7,066,585.64 9,526,351.02 11,969,898.21 14,574,446.75 17,178,006.47
Interest (EBIT)
Interest Payment 744,076.96 744,076.96 744,076.96 744,076.96 744,076.96 744,076.96 744,076.96 744,076.96 744,076.96
Earning Before Tax (EBT) (7,469,205.08) (5,278,788.09) (3,088,692.47) (781,528.15) 1,540,531.49 3,862,098.81 6,322,508.69 8,782,274.07 11,225,821.25 14,574,446.75 17,178,006.47
TAX Payment -30% (462,159.45) (1,158,629.64) (1,896,752.61) (2,634,682.22) (3,367,746.38) (4,372,334.02) (5,153,401.94)
Net Operation Income (NOI) 5,020,728.45 8,219,261.29 11,416,956.29 14,593,567.63 18,946,780.77 22,331,408.41
() uUsgEnaumMsUTuUR
-20% (1,004,145.69) (1,643,852.26) (2,283,391.26) (2,918,713.53) (3,789,356.15) (4,466,281.68)
81713 (CAPEX)
(+) ﬁWL§BM57ﬂW 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19
Free Cash Flow (8,900,643.81) (7,024,172.89) (4,833,755.90) (2,643,660.28) (336,495.96) 1,985,563.68 4,461,614.95 7,020,441.22 9,578,597.22 12,119,886.29 15,602,456.81 18,310,158.92
gn31AnaA Discount Rate 9% 1.0000 0.9174 0.8417 0.7722 0.7084 .6499 0.60 0.55 0.50 0.46 0.42 0.39
yar1Uagiu Present Value
V) (8,900,643.81) (6,444,195.31) (4,068,475.64) (2,041,390.80) (238,382.22) 1,290,480.16 2,660,315.22 3,840,421.76 4,807,174.95 5,580,332.33 6,590,646.37 7,095,788.08
PV
yarUagiuavas
(8,900,643.81) (15,344,839.12) (19,413,314.75) (21,454,705.55) (21,693,087.77) (20,402,607.61) (17,742,292.39) (13,901,870.62) (9,094,695.67) (3,514,363.34) 3,076,283.03 10,172,071.11
Accumulate Present Value
yar1Uagtugns Net
(U )
Present Value (NPV) 1,352,172.11
ST8TLIAAUYY Payback
@
Period 10.00
INTINANDUUNUATTAINY
9.12%
(IRR)
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N13ARAUANAT lUN1TANUAINNITELARUAARAINDIYLATING

AANUIN

173

o a4y A
afI Unaemu
518A15 _
Wule 2571 2572 2573 2574 2575 2576 2577 2578 2579
Gross Profit 2,602,405.81 2,754,743.95 2,737,503.19 2,7151,215.02 2,910,277.62 2,907,458.27 2,903,995.25 3,053,360.21 3,063,774.81
Earning Before Tax and
19,780,412.28 22,535,156.22 25,272,659.41 28,023,874.43 30,934,152.05 33,841,610.32 36,745,605.56 39,798,965.77 42,862,740.58
Interest (EBIT)
Interest Payment
Earning Before Tax (EBT) 19,780,412.28 22,535,156.22 25,272,659.41 28,023,874.43 30,934,152.05 33,841,610.32 36,745,605.56 39,798,965.77 42,862,740.58
TAX Payment -30% (5,934,123.68) (6,760,546.87) (7,581,797.82) (8,407,162.33) (9,280,245.61) (10,152,483.10) (11,023,681.67) (11,939,689.73) (12,858,822.17)
Net Operation Income (NOI) 25,714,535.96 29,295,703.09 32,854,457.24 36,431,036.76 40,214,397.66 43,994,093.41 47,769,287.23 51,738,655.50 55,721,562.75
() uUsgInauMIUTuUR
-20% (5,142,907.19) (5,859,140.62) (6,570,891.45) (7,286,207.35) (8,042,879.53) (8,798,818.68) (9,553,857.45) (10,347,731.10) (11,144,312.55)
81713 (CAPEX)
(+) ﬁWLgamiﬁﬂﬁ 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19 445,032.19
Free Cash Flow 21,016,660.96 23,881,594.66 26,728,597.98 29,589,861.60 32,616,550.32 35,640,306.92 38,660,461.98 41,835,956.59 45,022,282.39
8n31ARan Discount Rate 9% 0.36 0.33 0.30 0.27 0.25 0.23 0.21 0.19 0.18
yar1Uagiu Present Value
o) 7,472,152.78 7,789,666.23 7,998,438.46 8,123,542.65 8,215,122.79 8,235,518.94 8,195,775.93 8,136,661.39 8,033,365.91
PV
yardagiuasau
17,644,223.88 25,433,890.12 33,432,328.58 41,555,871.22 49,770,994.01 58,006,512.95 66,202,288.88 74,338,950.27 82,372,316.18
Accumulate Present Value
yar1Uagtugns Net
(U )
Present Value (NPV) 1,352,172.11
32ELIAAUYU Payback
@
Period 10.00
é'mwaﬂammumiaw!u
9.12%

(IRR)
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AANUIN 9

N13ARAUANAT lUN1TANUAINNITELARUAARAINDIYLATING

174

szeza1UIu Viiaenu
318A1% ansuAuln -
2051 @) 2559 2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570

BRIINTTLN 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
ASTUERUANTITU
31850AH 5%
ﬁuﬁdauaaw% - 2,482,920.00 | 2,482,920.00 | 2,482,920.00 | 2,607,066.00 | 2,607,066.00 | 2,607,066.00 | 2,737,419.30 | 2,737,419.30 | 2,737,419.30 2,874,290.27 2,874,290.27
ﬁuﬁd’mﬁﬂmﬁa 551,760.00 551,760.00 551,760.00 579,348.00 579,348.00 579,348.00 608,315.40 608,315.40 608,315.40 638,731.17 638,731.17
JUNTUARUGANTIBSU 3,034,680.00 | 3,034,680.00 | 3,034,680.00 | 3,186,414.00 | 3,186,414.00 | 3,186,414.00 | 3,345,734.70 | 3,345,734.70 | 3,345,734.70 3,513,021.44 3,513,021.44
ASTHARUANIITY
Ruamu
-9MIIATN 3% 1,080,000.00 1,080,000.00 1,080,000.00 1,080,000.00 | 1,112,400.00 1,112,400.00 1,112,400.00 1,145,772.00 1,145,772.00 1,145,772.00 1,180,145.16 1,180,145.16
-Ruamuuiulgeeans 787,177.60
“USuusdmumeensng

o 50,492.00
WANY
AldeAAv TN (Soft Cost) 62,974.21
ifmﬁuamu 1,980,643.81 1,080,000.00 | 1,080,000.00 | 1,080,000.00 | 1,112,400.00 | 1,112,400.00 | 1,112,400.00 | 1,145,772.00 | 1,145,772.00 | 1,145,772.00 1,180,145.16 1,180,145.16
Aldaalunisaniiueu
AUTEAUNED1ANS 0.05% 1.0% - 4951.61 5,001.13 5,101.65 5,256.23 5,469.66 5,748.66 6,102.32 6,542.52 7,084.61 7,748.33 8,558.98
ﬁﬂ“ﬁﬁhﬁﬂumiﬂﬁﬂ%ﬂwﬂ 0.50% 1.5% - 15,173.40 15,401.00 15,632.02 15,866.50 16,104.49 16,346.06 16,591.25 16,840.12 17,092.72 17,349.11 17,609.35
AlgnIanIInann 0.50% 1.0% - 15,173.40 15,325.13 15,478.39 -
m@IsaﬁauLLazﬁau 12.5% - 379,335.00 379,335.00 379,335.00 398,301.75 398,301.75 398,301.75 418,216.84 418,216.84 418,216.84 439,127.68 439,127.68
9724 - 414,633.41 399,737.13 400,068.66 434,749.61 419,875.90 420,396.48 440,910.41 441,599.48 457,872.55 464,225.12 465,296.01
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N13ARAUANAT lUN1TANUAINNITELARUAARAINDIYLATING
quqﬂﬁﬂd

uaAINTTUAIIUAAZULUUN AT 2 Un.A. 2571-2579

szezIa1Usu Viiasnu

$18N13 ansuAuln -
ans1 (@) 2571 2572 2573 2574 2575 2576 2577 2578 2579

fnsInsien 100% 100% 100% 100% 100% 100% 100% 100%
ASTUARUENSI95U
8FUANY 3 5%
Hufldauooniile 2,874,290.27 | 3,018,004.78 | 3,018,004.78 | 3,018,004.78 | 3,168905.02 | 3,168,905.02 | 3,168,905.02 | 3,327,350.27 | 3,327,350.27
Hufldhuinende 638,731.17 670,667.73 670,667.73 670,667.73 704,201.11 704,201.11 704,201.11 739,411.17 739,411.17
srunszuaRusansey 3,513,021.44 | 3,688,672.51 | 3,688,672.51 | 3,688,672.51 | 3,873,106.13 | 3,873,106.13 | 3,873,106.13 | 4,066,761.44 | 4,066,761.44
nszuaﬁuamwdw
Ruamu
SRsIA 5 3% 1,180,145.16 | 1,215549.51 | 1,215549.51 | 1,215549.51 | 1,252,016.00 | 1,252,016.00 | 1,252,016.00 | 1,289,576.48 | 1,289,576.48
-Ruamuuiulgeeans
“USuusdmumeensng
WENIU
Al uiedn (Soft Cost)
FINRUBIY 1,180,145.16 | 1,215,549.51 | 1,215,549.51 | 1,215,549.51 | 1,252,016.00 | 1,252,016.00 | 1,252,016.00 | 1,289,576.48 | 1,289,576.48
Anldanelunisaniuau
AUsyiuseenas 0.05% 1 1.0% 9,548.98 10,760.03 12,245.92 14,076.37 16,342.23 19,162.55 22,694.29 27,145.72 32,794.98
Aldanelunsthgednu 0.50% 1 1.5% 17,873.49 18,141.59 18,413.72 18,689.92 18,970.27 19,254.83 19,543.65 19,836.80 20,134.35
AldnenIsnane 0.50% 5 1.0% - - 15,633.17 . - - - 15,789.50 -
mlsafounasiinu 1 12.5% 439,127.68 461,084.06 461,084.06 461,084.06 484,138.27 484,138.27 526,376.20 571,117.20 561,274.52
ERtT 466,550.15 489,985.69 | 507,376.87 | 493,850.35 | 519,450.76 | 522,555.64 | 526,376.20 | 571,117.20 | 561,274.52
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AANUIN

176

3N Unasu
378M13 -
wule 2559 2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570
Gross Profit (1,980,643.81) 1,540,046.59 1,554,942.87 1,554,611.34 1,639,264.39 1,654,138.10 1,653,617.52 1,759,052.29 1,758,363.22 1,742,090.15 1,868,651.15 1,867,580.27
Earning Before Tax and (1,980,643.81) (440,597.22) 1,114,345.66 2,668,956.99 4,308,221.38 5,962,359.48 7,615,977.00 9,375,029.29 11,133,392.51 12,875,482.66 14,744,133.81 16,611,714.08
Interest (EBIT)
Interest Payment 163,117.55 163,117.55 163,117.55 163,117.55 163,117.55 163,117.55 163,117.55
Earning Before Tax (EBT) (603,714.76) 951,228.11 2,505,839.45 4,145,103.83 5,799,241.93 7,452,859.46 9,211911.74 11,133,392.51 12,875,482.66 14,744,133.81 16,611,714.08
TAX Payment 30% (285,368.43) (751,751.83) |  (1,243,531.15) |  (1,739,772.58) |  (2,235857.84) |  (2,763,573.52) |  (3,30,017.75) |  (3,862,644.80) |  (4,423,240.14) |  (4,983,514.22)
Net Operation Incorme (NO) 9,688,717.29 |  11,97548527 |  14,473,410.27 738,127.46 | 19,167,373.95 |  21,595,228.30
) auﬂwmmmsﬂ%’uﬂ‘gﬂ (1,937,743.46) (2,395,097.05) (2,894,682.05) (3,347,625.49) (3,833,474.79) (4,319,045.66)
-20%
81A135 (CAPEX)
Free Cash Flow (1,980,643.81) (603,714.76) 951,228.11 2,505,839.45 4,145,103.83 5,799,241.93 7,452,859.46 9,211,911.74 11,133,392.51 12,875,482.66 14,744,133.81 16,611,714.08
9n31Anan Discount Rate 9% 1.0000 09174 0.8417 0.7722 0.7084 0.6499 0.60 0.55 0.50 0.46 0.42 0.39
yar1Uagiu Present Value
V) (1,980,643.81) (553,866.75) 800,629.67 1,934,967.82 2,936,496.06 3,769,109.35 4,443 896.59 5,039,231.18 5,587,474.28 5,928,229.89 6,228,081.46 6,437,584.91
PV
yarUagiuavas
(1,980,643.81) (2,534,510.56) (1,733,880.89) 201,086.93 3,137,582.99 6,906,692.34 11,350,588.92 16,389,820.11 21,977,294.39 27,905,524.28 34,133,605.74 40,571,190.64
Accumulate Present Value
yar1Uaglugns Net
(U ) 214,091,582.87
Present Value (NPV)
ST8TIIAAUYY Payback
@) 3.00
Period
INTINANDUUNUATTAINY
61%

(IRR)




AN519N A4

ugmInTEUaUangULUUNISAIUT 2 Un.A. 2571-2579 ()

N13ARAUANAT lUN1TANUAINNITELARUAARAINDIYLATING

AANUIN

177

o a4y A
afI Unaemu
518A15 _
Wule 2571 2572 2573 2574 2575 2576 2577 2578 2579
Gross Profit 1,866,326.12 1,983,137.30 1,965,746.12 1,979,272.64 2,101,639.37 2,098,534.49 2,094,713.93 2,206,067.76 2,215,910.44
Earning Before Tax and
18,478,040.20 20,461,177.50 22,426,923.63 24,406,196.26 26,507,835.63 28,606,370.12 30,701,084.05 32,907,151.81 35,123,062.25
Interest (EBIT)
Interest Payment
Earning Before Tax (EBT) 18,478,040.20 20,461,177.50 22,426,923.63 24,406,196.26 26,507,835.63 28,606,370.12 30,701,084.05 32,907,151.81 35,123,062.25
TAX Payment -30% (5,543,412.06) (6,138,353.25) (6,728,077.09) (7,321,858.88) (7,952,350.69) (8,581,911.04) (9,210,325.22) (9,872,145.54) (10,536,918.68)
Net Operation Income (NOI) 24,021,452.26 26,599,530.75 29,155,000.71 31,728,055.14 34,460,186.32 37,188,281.16 39,911,409.27 42,779,297.36 45,659,980.93
() uUsgInauMIUTuUR
-20% (4,804,290.45) (5,319,906.15) (5,831,000.14) (6,345,611.03) (6,892,037.26) (7,437,656.23) (7,982,281.85) (8,555,859.47) (9,131,996.19)
81A13 (CAPEX)
Free Cash Flow 18,478,040.20 20,461,177.50 22,426,923.63 24,406,196.26 26,507,835.63 28,606,370.12 30,701,084.05 32,907,151.81 35,123,062.25
8n31Anan Discount Rate 9% 0.36 0.33 0.30 0.27 0.25 0.23 0.21 0.19 0.18
yarA1Uagiu Present Value
V) 6,569,584.94 6,673,999.19 6,711,177.62 6,700,429.32 6,676,522.27 6,610,164.82 6,508,437.64 6,400,101.09 6,267,039.25
PV
yarUagiuaves
47,140,775.58 53,814,774.78 60,525,952.39 67,226,381.71 73,902,903.98 80,513,068.80 87,021,506.44 93,421,607.53 99,688,646.78
Accumulate Present Value
yar1Uagtugns Net
(vn) 214,091,582.87
Present Value (NPV)
S2eZIANAUNY Payback
: @
Period 2
é'mwaﬂammumsaw!u
61%

(IRR)
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Abstract

Tufi 29 pou 2559

The objective of this research is to study about factors affecting in process renovation of old commercial

building in Central Business District (CBD) of Bangkok to Home Office for Energy Conservation. The researcher

would like to present about variable factors of association that increase efficiency of building improvement. Fhis

research is documentary research focus on content analysis. This research compiles the old research-for analysis the

data. The result of this research are that user behavior, number of users relate to the improvement of building

envelope and openings are not only reducing energy usage but also reducing cost factors of building turn over. This

research will help investor to make a decision to invest in this building or renovation of old commercial building.

This research can be applied for any building that investor is interested. As.the result, this research. is not only

reducing energy using but also using economic resources is more efficiency.

Keywords: Renovation of Old Commercial Building, Energy Conservation for Home Office, Old Commercial Building in CBD
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