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60054207 : Major (Architecture)
Keyword : energy saving building

MR. Wuttisak MUSICKARATTHAMRONG : A study on design for residential
condominium with an area not exceeding 10,000 square meters In accordance with
ASHRAE 90.1 2019 standard building Thesis advisor : Satta Panyakaew

The independent research of this paper is a simulation study of a
comprehensive residential building with a building area of 10,000 square meters and
a height of 8 floors. Taking three building shapes as characteristics, this paper
discusses that these three building shapes are commonly used in the design of
comprehensive residential buildings in. metropolitan areas, determines the climate
variables of the same metropolitan area with three shapes, and determines that the
building's shell materials are the same, and determines that the building's shell
materials meet the ASHRAE 90 standard. In 2019, the Sefaira scheme was used to
carry out the experiment, and the buildings were rotated every 45 degrees, thus
generating the energy consumption values of different buildings. A total of 24 cases
occurred, and three buildings with different building sections were simulated. As a
result, 48 cases occurred. Through experiments, buildings with low energy
consumption often have large building cross-section values. When comparing the
above buildings with typical buildings in-Bangkok, the average energy consumption
value is 27%. In other words, when the average energy consumption value between
typical buildings and buildings with sun visors is 12%, the average SAVE value is 12%,
which indicates that the shell-materials of buildings have changed. 1. In 2019,
considering the superiority of cost-effectiveness point, it can provide a choice for
designers. On the other hand, the ratio of width to length or shape factor (SF) has an
impact on the energy use value of buildings, and the building shelter caused by
shape is of great significance. According to the experiment of the building whose
outer shell accounts for a considerable proportion of the length of the building, the
energy use value of the building shelter is the least. According to the suggestion of
this independent study, since this experiment is a climate experiment and the single

area is Bangkok, further research should be conducted in other areas or regions and a
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2.1 ASHRAE 90.1 2019
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Engineers Lﬁuaqﬁﬂwﬁqﬁ%’mﬁwLLazU%’Uﬂqammigmizwszmammﬁ syuuUiuene
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G gegnilUldlunasinmssenuuueIAsveImMsAunINdassil
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UAINFININI 3 YU TUkUULARBUNALS (mobile homes) waztnunilanwausiduniiugae
wangguulsuUsEnaunu (Modular) wazanansaldlanuenasiineasislusl ASHRAE 90.1 4
nswdanguanuanmgiiennianilan delsemalnetdusglunduanigiienniei 0A w3
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1599 1 wanadayan1aanIneIn1AvesUsewmalng nuu1nsgIu AHERA 90.1 (American

Society of Heating Refrigerating and Air-Conditioning Engineers, 2019)

AHERA 90.1 THAILAND cz NAME Thermal Criteria
V.2010 BANGKOK 1 Very Hot Humid 9,000<CDD 50 °F
V.2016 BANGKOK 0A | Extremely Hot Humid 18,000<CDD 50 °F
V.2019 BANGKOK 0A | Extremely Hot Humid 18,000<CDD 50 °F

97971 2 wanaPerformance Rating Method Building Envelope Requirements(American

Society of Heating Refrigerating and Air-Conditioning Engineers, 2019)

Opaque Elements 2010 2016 2019
Roof U-0.048 U-0.063 U-0.063
Wall, Above-Grade U-0.124 U-0.124 U-0.124
Wall, Below-Grade C-1.140 C-1.140 C-1.140
Floor U-0.350 U-0.350 U-0.350
Slab-on-Grade Floors F-0.730 F-0.730 F-0.730
Door U-700 U-700 U-700

Fenestration 2010 2016 2019
Vertical Glazing 0% U-1.20 U-1.22 U-1.22

to10%

Skylight All 0% to2% U-1.36 U-1.36 U-1.36

nM157297 1 wansliiuand2010 532019 é’]’w*immqqmwwmmﬁqmmﬁﬁ
guFeulsuvasaninennmady Extremely Hot waganmaadl 2 uansdlidiudn
0T ASHERA 90.1 finsdpuudasusuidauarlaiien U-value Miiuiudes
999 MR UAYNTTINULIRINNTY NUNEAUINTUANINDINIAVBINTINNUAIUAT

PaglAsuNansENUAMUSUVDISIF LA TINg

35n1591899715 N1 ULALT1aDIBIANTHIDENT TITT1aLDENDIANTHAY

a Y a N Ao a A o . °
NANWANUDIATITDINDY ﬂ@@qﬂqi‘mlﬁ"]ﬂagL@EJ@IG]’]NV]ﬂ'TWU@IU Append|x G 11N

(%
(% [

VU 0 90 180 Uag 270 83 BnVaEIavidini s myulAinnsdifnwnIuly
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19819 ANUULTIAMEIUNLAIND1ANSN 9 e ThuSaufisunuanA1snings

ponuwuuluNIyUYeIeIAIHeiY WemAldndsnulueinsianan

nsdnaeansidngenuluenansldlusunsy Sefaira lnanisinaes
Uszdninmenansmede agdeslddeyaaninainiakardnin1sldnaanud
willauiy YemmunlunsinastonsaseunquiinuantiiUdanIAsuazIu

SYUUNBIANS

M15°97 3uanadeulalunisiiassnislingsiueinns auunsgiu ASHRAE 90.1 2019

(American Society of Heating Refrigerating and Air-Conditioning Engineers, 2019)

Baseline ASHRAE 90.1-2019
Wall Insulation 0.7 W/m?k

Floor Insulation 1.83 W/m?-k

Roof Insulation 0.22 W/m?-k
Glazing U-Factor 3.52 W/m?k
Visible Light Transmittance 0.42 panes

Solar Heat Gain Coefficient 0.21 SHGC
Infiltration Rate 7.2.m>/m?h

Ventilation Rate

10 L/s-person

Equipment

5 W/m?

Lighting

10 W/m?-k

/N159188INSLINSINUANLINTFIY ASHRAE 90.1 2019 iiverd3euriiay
N5lnasUDIANSYRIMIRE NN TN 9 e thunAMsTdnatauesNRan
wazlin1swWSeuWieuredansitee st unsadnaiunnaiy weliinnsdifinwiuinau

Y

nfmualy Appendix G
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2.3 Uaagvaadaanarnsninananis ldnasanulusinng

I I '3 CY 1 [y 1 & A
WaaN21ANTUUBIAUTENDUYDINUIANEUBNDIANT LU DR TIEIUVDINUN

a

N5LANABNUNK

v =

wafiu WWR (Window to Wall Ratio) dvewiaiiu anaudRvesianmiaiiu
wasniieng Adudszansnistunavesgunsailaunn SC (Shading Coefficient) 1lu
asdusznavdAglunisesnuuuntaiioniseyinvndwulueims egndlsinuesiuszney

HavRINtwing 9 aunsaeenwuulivatenaienddaaliiussansamnniseusng

PAIUNLANFAIIU

[ 1

2.3.1 995182 UNUNVBINUIUT LA D NUNNUINIAUA
WWR (Window to Wall Ratio) Andns a@ U uNNTalUSauasmanunug

(%
Y

Nanun Anlag Window to Wall Ratio = Net Glazing Area / Gross Wall Area

WWR=10% WWR= WWR= £ WWR= WWR=

4

AT 2 wanIBn I dIUNUNUDINTAlUTIEAR I UINGY (NSUiRUI NS UnALULaYaYSNY

NHNY, 2560)

v = < ! o v 1 1% = a a o [ P
wilsiududiudrrglunisdislneansivseans mulunisusendanasanu 1esain
wasudlvgluaiansidivenivauenmaiivesseuuysuamalivdnzay fun1svi
Aanssusng 9 veadldenms dulunsdenldulaiuiimunzauisdudidAglunisanaiy
Soudngermsuazannisiindsnuvesszuuliuennia Jagiiasiiarsanseiagndeinis
A18L1ANTOUT (U-Value) UIUBNTIAMNEILNTITDINITEmMANLTaUlnsn1siALToU
| o o 4 X Y . o o = i A =
AurefivgRueg fuUssnnvesianild lnemluntdsUssinmanuyu wazaeuniavaslui

A1DYTENIN 3-5 10A/A7.4.-A7U HTIBgUIaIUT HlAnegsening 1-4 T06/A5.4.-4A7Y

¥

anldnwiisiumuueniinasensaandusidniiefinduaznisanemanuseudng

9115 nilsdgeulzganduTidneindliioniindedidu Adulseavsnsaanaused
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aniindvaentianily agening 0.3-0.8 wlwndsewileldnuuazdudu Arduusednsnis

= a

aandussderindniiuannuuls

Tagrnaziiauuas e dme sl o dmm A . e dam a
o o e AARVHHIRAAU ARAVIHHINABEIT 1 NARVIHEIAIY
WIBIRAVIHITNA :

0.3 0.5 0.7

A W

AN 3 hARIANELUSEANTAANAUSIEVRILARLE

Y

2.3.2 N3N

o ! =) < ! = A J Y v
nifalussamsensranludiulsznauniaveternsidmanonisiinaeny
Tue1as Wesnnludwnsupnuseunasaamanuiauatnuatorindidiglueinisle
! =3 ' & a a A U= g ! o v A
NNty 5-10 Wi prsidenviianszanuazinetinnsianedadudiuddgyndizanns

lonwaanulueasla

AnUANTRUBINTL AN TN A (A TUNA N TUTAUNULAT BYSNENE 3411,
2560) AnsdesrIuTeLas VT (Visible Transmittance) lamasiiesnin 209% wieansnsati
wasssurAnldUseloiluannsld. Adudssansnisaneimaaudou U-value mistostile
amﬂ‘%mmmm%&uﬁtﬁmmﬂm'ﬁdwmmm%faumﬂmsuaﬂL“ﬁfrcjmma LU NTEINVYIRALES
nszanazTiouLA W5nszan Low-E iudu ardudssAndnnsdsrihumudounndsdenfindi
daWuNTZaN SHGC (Solar Heat Gain Coefficient) aisimiiagiiiatlosiusidonfinduasiiie

ANUAUYANYDET1ANS

nswonta ’ % nswnIdedaaNa &y X
U-value = 1.25 b U-value = 0.49 &/ , ¥ ns:on Low-E
[ [ U-value = 0.32
VT=0.74 -y VT = 0.44 VT =0.50
SHGC = 0.76
SHGC = 0.46 SHGC = 0.30

NG LAAIATAIEIUNTEANKUUAN QNTURAILINGNUNAUNULAZBUSNENGINN, 2560)
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2.3.3 ArduszAnatiauan
gunsalinstawannigueniuszaniamlunisanusunannuseuingniely
p1eshnuuungly fnfunseenuuurendauastodlusuanotemsasiigunanils
uanRnrseiae lasniseonuuuiasinisgUnsaitiuanneuenenmsiinaasmidsfovang
Tadeusenauiu wu fian1eiiens auatedln wasdesrineseningunsalduaniupi
9115 Wudu Aduuseansmsviien (Shading coefficient, SC) flendaud 0-1 Tnedien

SE=1 nunefantilifinistavesgunsaliaunn

SC
0.8

ANSUILAR

N
CNDa

AN 5 LEARIAI8E19691 VBRdNUTYEN

wwININ1sAnagUnTaldeiannIguen

- 91AsenuiAlanas AFnTinAISHARILLUTKLIUDY

- 21ANSANUNANZ LD AN LA AN IUANAITHAGILUULUIF

UHTUARLUI LB UHSLRUAALIEY

¥
Y

AT 6 uanidaeanisiafegUnIaldaunnnguane1Ag
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2.3.4 Anduuszansnispanausduasaniing
anldunndaiivauueniinarenisganauiadnie1induarnisaiemaiy

Fouwdnderns nilsdoeuazganausidaseniindladesnimiadun Arduusednsnisganau
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v a 6 = v ¥ a a0 a Y a1 gj 1 v a
Seduase17ingUsdnNINI101A1591989 N ED D U-EIUL TnatiAAua 0.3-0.9 Al

e = o
QNQ_NQQ:“’HMLMQ o doa o »  seia s 2 3 Sas o

e an Jagniiaagau JARTHHNAABed annienady
WIDTRAVEITT

0.3 0.5 0.7

4

=

A 7 wanrdiUseavsaanausidvedunaya

2.4 Uszansnmwnsldneeany
msﬂsmﬁuﬁmmmgm ASHRAE 90.1 2019 ASHERAE %38 American Society of
. . . . S . J <3 3 = Ao o o
Heating Refrigerating and Air conditioning Engineers tJusiansniananyLazusvyus
WnsgINdmSuIUTEIUYSUB A SEUIgeINIA ST uLaT SEUUThAuSou
#1UN159190991A15UMIFIU ASHRAE 90.1-2019 Appendix G 2ziinsyuiunsvunaudn
avideanazdudou mauiadimudndusgBeiisesfinwnnsgiuanan

a

ASHRAE 90.1-20190usnmsgudmiuenansinll sniiu thufen erasineide
fanugaiingt 3 du Srusvuadeulld (mobile homes) wartuiiidnvasfumegoy
viangmaenUsEnauiy (Modular) uazanansaldlafuenansiineasndlval ASHRAE 90.1 &
msutsnguauaningfiemeialan Ssusemdlnedusglunduangiionniad oA vie
plionauuiounnn wardulaeiisnissaesmslindsnulnedansormsiitidsesnuuy

F9UT18ALLDYADIATLALTANIINNINITI NUDIAITDNNDY ABDIANTNLSIALLDEARNUNNNUA
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AT 4N159TAIDIAITANUDIAITONDY

Baseline Building Performance (n5ei91494)

IANI9NI991991A3

7F01AS

TAviNIVILUe1ATYN 90 83A1 ATIEAZIBEANTTVLULILNER

“eliinnsalifnwiunndu giavilaiunmvyulieaeians yn 45 a9

Waanaans

DS anwaurraanisnassidulumumsng G3.1.5 enasiva Tlaseasaun
W 1Asead1aman A1 U-Factor A1uans1a G3.4-1

nsgan Tldfiuinszanwiunsdwuy Tiiu 40% veaituiints 1961 U-Factor
ey SHGC aun1519 G3.4-1

gunsalds | ldedldunsdaunavsonunsaidailas

AR “ilelAnnsdifnuainty faaldidugunsaitaunn Wuuumane
w@usuwuzlunIseanluUeIAg

NHIAN nasAlERuINALAIN5DU AN U-Factor @um1519G3.4-1

FEUUMENENN

TGNGERN LPD = 0.70 W/ft? 27001314 G3.8

szuuUsUaINA

Usuena PTHP 970m1579 G3.1.1-3

Table G3.4-1 Performance Rating Method Buildii

lope for Climate Zones 0 and 1 (A,B)

- e - ‘- |

Elements ‘Assembly Maximum Assembly Maximum 'Assembly Maximum
Insulation U-0.063 U-0.063 U-1.282
above deck
Walls, Above-Grade
Steel-framed U-0.124 uU-0.124 U-0.352
Wall, Below-Grade
Below-grade C-1.140 C-1.140 C-1.140
wall
Floors
Steel-joist U-0.350 U-0.350 U-0.350
Slab-on-Grade Floors
Unheated F-0.730 F-0.730 F-0.730
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Nonswinging U-1.450 U-1.450 U-1.450
 recrston S5 B | T 855 S| s 85T ST | e
Vertical Glazing, % of Wall
0% Ugrl22  SHGCyr  VTur0.28 Uarl22  SHECy  VTur028 Uarl22  SHGCur VTar0.44
to 10.0% 0.25 0.25 0.40
10.1% Ugl22  SHGCyr  VTur0.28 Uarl22  SHGCyr  VTu028 Uarl22  SHGCar VTar0.44
to 20.0% 0.25 0.25 040
20.1% Ug122  SHGCu VT, 0.28 U122  SHGCy — V028 Ugrl22  SHGCyr VT,r0.44
10 30.0% 025 0.25 040
30.1% Ug122  SHGC.r VT,0.28 Ugrl22  SHGCy — VTg028 Uyr122  SHGCyr VT0.44

10 40.0%

™ °
ANN 8 A1

025 0.25 0.40

wundanUaena1nsnunnsed 4 Tuveritnunves Appendix G (American

Society of Heating Refrigerating and Air-Conditioning Engineers, 2019)
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Table G3.8 Performance Rating Method Lighting Power Densities Using

the Building Area Method
Lightng Poverpensy
Automotive facility 0.90
Convention center 1.20
Courthouse 1.20
Dining: Bar lounge/leisure 1.30
Dining: Cafeteria/fast food 1.40
Dining: Family 1.60
Dormitory 1.00
Exercise center 1.00
Fire station 1.00
Gymnasium 1.10
Health-care clinic 1.00
Hospital 1.20
Hotel/Motel 1.09
Library 1.30
Manufacturing facility 117
Motion picture theater 1.20
Multifamily 0.70
Museum 1.10
Office 1.00

Ql' o 1 Ql' Y o .
AN 9 ﬂ'ﬁﬂﬂ‘ﬁu@ﬁg‘U‘ULLﬁQﬂTNIUE]']ﬂ'ﬁ HIUPITNN 4 Tuﬁuamwumaq Appendlx G

(American Society of Heating Refrigerating and Air-Conditioning Engineers, 2019)

Table G3.1.1-3 Baseline HVAC System Types

Residential System 1—PTAC System 2—PTHP

Public assembly <120,000 fi® System 3—PSZ-AC System 4—PSZ-HP

Public assembly >120,000 fi2 System 12—SZ-CV-HW System 13—SZ-CV-ER

Heated-only storage Systern 9—Heating and System 10—Heating and ventilation
ot

Retail and 2 floors or fewer System 3—PSZ-AC System 4—PSZ-HP

Other nonresidential and 3 floors or fewer and <25,000 fi2  System 3—PSZ-AC System 4—PSZ-HP

Other nonresidential and 4 or 5 floors and <25,000 fi2 or ~ System5—Packaged VAV with System 6—Packaged VAV with
5 floors or fewer and 25,000 fi2 to 150,000 fi? reheat PFP boxes

Other nonresidential and more than 5 floors or >150,000 fi2 System T—VAV with reheat Systern 8—VAV with PFP boxes

Notes:

1. Residential building types include dormitory, hotel, motel, and multifamily. Residential space types include guest rooms, living quarters, private living space, and

2. Where attributes make a buillding eligible for more than one baseline system type, use the predominant condition to determine the systemtype for the entire buid-
ing except as noted in Section G3.1.1.

3. For laboratory spaces in a building having a total laboratory exhaust rate greater than 15,000 cim, use a single system of type 5 or 7 serving only those spaces.

4. For hospitals, depending on building type, use System 5 or 7 in all climate zones.

5. Public assembly building types include houses of hip ums, movie per theaters, concert halls, arenas, enclosed stadiums, ice rinks,
gymnasiums, convention centers, exhibition centers, and natatoriums.

AMA 10 MsfnuaszuLUTUOINIATUeIA1T NR1T199 4 Tutanuuaves Appendix G

(American Society of Heating Refrigerating and Air-Conditioning Engineers, 2019)
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2.3 Sefaira

Sefaira fio govlALaTUSNDL UszAnBamgenin Timble ion1eeniuuenng
Uszansnmgeiidufinssiodaandon fMeoauanangnves Sefaira aansnvnsiasei
UszAvis MnuesenmsuUEEa miiusEuUAaTIS SauATLuReUTeINTEBNLUY faE
LNPANLAAYBINNTERNUUUDIANSTILUTEANS AN (Performance-Based Design) siudioya
figniesesiitetisaienuthlalunsdndulasneg Rerfunslindsnuvesenns
suBransenusngg fioraintusedwandey Tnoutseandy 4 wanndd
1. Energy mM3¥ingnudsvansan wu anudiduvesnislindsau (Enerey Use
Intensity %50 EUI) waziladelathefivzdwmansenusenislindsanuluseud

2. Daylighting é’a%’s’mﬁﬁwﬁmﬁ’uLLaaaiNGi'mG] 1 Spatial Daylight Autonomy
(sDA), Annual Sunlight Exposure (ASE), Direct Sunlight wagztladesingil
Aedeafunataidmiumsiwnziuasuandifiuiuaainmesenns ns
AALAIIN LaZN1TUSULAISTSNYIR AL Al

3. Thermal Comfort M3ldunszanuayn1sdawnn 9u8ansseuteaIne fia

denarenIUAUETRINUT WY Operative Temperature

4. HAVC Sizing MyatasigseuuUsueIne (HAVC)
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AnwunsgIu ASHRAE 90.1 2019 lunuan Appendix G FarvuniuUsEa v

Wasnenas 1lun1sinasseimis

3.2 1A309NaN Y IUN1SIY

N1991894MTITNANILIANT apInaElUTHATY Sefaira Inaldasallso1nsnnge

AUNINTFIU ASHRAE 90.1 2019 Tumanm Appendix G fiuanumAnIslanasnulueinig

3.3 MyUAINEALIUNIIVBIBIATYANNBIAY

sunseeasitdlunisfnyvianue 6 Unss lagmwuanunldaesernislaiiu

10,000 AM5194195 WuUPsadUMIAY 1,250 91319RT TIWIANMUA 8 TU AMvuAAINE

[
[

Ao 2.60 AT LOIMNLAUNING 2 L1UAS A9l

M1997 SUARITIUaLAEATUNII@IANTNANYITIanUA 6 JUNTI(1)

11 YUIARBINN 5.00m.x5.00m.
Shape Factor (SF) 1:8.6
ANNEINFUTBUTY 232.34m.

12 YUIAVDINN 3.75m.x7.00m.
Shape Factor (SF) 1:4.8
ANNEINFUTBUTY 188.26m.
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AT GUARITIEALIEATUNTIDNATNAN YN IMNA 6 FUNTI(2)

L1 YUIAVDINN 5.00m.x5.00m.
I Shape Factor (SF) 1:1.2
ANNEIIFUTBUTY 232m.
L2 YUIARDINN 3.75m.x7.00m.
L Shape Factor (SF) 1:1.4
ANNEIIFUTBUTY 118.24m
u1 YUIARDINN 5.00m.x5.00m.
I I Shape Factor (SF) 1.7
ANUEINFUTBUTY 232.18m.
U2 VUIRNWDINN 3.75m.x7.00m.
u Shape Factor (SF) 1:2.2
ANEINFUTBUSY 183.8m.

PNUUTMYUDIATTIN 6 FUNTI Mg 45 83m1 Taulde1nsiagyinisfinen 48 wuy
MYUATBLTENEIASAINFUNTAERANIE 1Y L1-135 mungfitenansgunsed L fiflvun
Vieuinlue1A1s 5.00m:x5.00m. viunia 135 841 99A13 (12-225 Maeiiee1Asgunsesn

Audeurudn Aflvwnwesin 3.75m.x3.75m. wguiia 225 e [Wudu nefvualiivea

Wileag MAuminuuLYa43UnseIATs

MINT TUARIFUNTIAENANNe1ANTIVIINTANY I aVUA 48 wuu(1)

| 4=\ |/7=\

11-0 11-45 11-90 11-135 | 11-180 | 11-225 | 11-270 | 11-315




19

M397 8 UARIFUNTILAETIAN19IATIINSAnwianue 48 uuu(2)

[2 I ' I '
12-0 [2-45 12-90 12-135 12-180 [2-225 12-270 [2-315
Ll ( I )
L1-0 L1-45 L1-90 L1-135 | 1L1-180 | L1-225 | L1-270 | L1-315
L2-0 L2-45 L2-90 | L2-135 | L2-180 | L2-225 | L2-270 | L2-315
12-0 [2-45 |2-90 [2-135 [2-180 [2-225 [2-270 [2-315
12-0 [2-45 12-90 [2-135 [2-180 [2-225 [2-270 [2-315
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3.4 MviuafIuUsenans
Tums@nunAuaindassnansenuaniudenenesiidssaieuimunislindsnuly
01A13 Usznaulumetademenugunsionans fvuaiiuildaoseinislaiiu 10,000 n191s
wins fufiretuwiniy 1,250 msrauns fsrunusitomn 8 $u ﬁmummmgqm%u 2.60
wins Tosvnaduntie 2 wns MafhvunAUgweIeIAMILAYATIdNLAaz TuTB 8 ANT
fudrsBsanngnisnsasatiufl 55n.a2545) sanmuarilunsysatydRaaunueinis
w.7.2522 lumanedi 2 dndl 2 Fesiufineluenans defl 2 Fewdodmvosernsiildluns
WAanIusne deslsverfslitosniiinuafe Ussiannsldenans defil Heslddudinn
1Ay Thuun vesinlsawsu eaSsulinousyuia admiuiined wewinaulifiem

Y

wazgasmaiulueins dszesdlitesndi 2.60 wns sysydygiiniuauenans, 2522)
= a I v = o a Yl o FATY ~ a & Y
Faszeraa 2.60n3 WuAoenanIuantnidiuutununiaafe 8 1u waztaduniu
WasNe1A1s #aIAN NI N5¥AN kazfiunelua1n1ssIuataseluaussuuUsenauanAs
Auszuulniihdesadng wasnuszuuliueInIa Inedin1sldadanusn e naunuuInggIu

ASHRAE 90.1 2019 Tumgian Appendix G fall

N = Y A o =
M990 9 LLANIS18a LN ILUIBIAITNNINITANTEN

Baseline Building Performance (ns5ai®1484)

Waananag
AOR Tasawan U - 0.7 W/mZk
n52n U =3.52 W/m?k , SHGC = 0.21

6 o 1Y ! LY ! 6 o
gunsaldaunn | ludedldunsdaunnnseaunsaidaunlag

NAIA" Insulation entirely above deck U - 0.22 W/m?-k
FEUUKAIADIS

IGRGPRR LPD = 0.70 W/ft?

syuuUiuana

YSuanea PTHP
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Residenti v in  Bangkok, Bangkok, ...~

Model Properties Close

HVAC type: Fan Coil Units and Central Plant

Baseline: @

ASHRAE Climate Zone: 1~
Wall Insulation Poorly Insulated
Floor Insulation Poorly Insulated
Roof Insulation Well Insulated
Glazing U-Factor 2 Pane
Visible Light 2 panes

Transmittance

Solar Heat Gain Refiective
Coefficient

Infiltration Rate Normal practice
Ventilation Rate Typical Ventitation
Equipment Excellent
Lighting Good

AN 11 Landsigasiannisaeenawdstulysunsy Sefaira

3 v 1 v /
3.5 mMsinudaya Anisldndeulueinis
mafiusuTindeyamnsidndanulueinsnmun 48 wuu 91NN159188INIUAIRN
WUSMIUNIRTFIU ASHRAE 90.1. 2019 lunuan Appendix G 4aniu vin1silSeuiieuainan

n5ldnasueIAns mnsantdRwaIUNtaENan enfivegieeInng U2

Annual Energy Use - Comparison

U Shape 0: 704,810 kWh Heating

- W AHU M Zones Humidification
U Shape 45: 708,397 kWh A 0% Cooling

- W aHU Heat Rejection Zones

U Shape 90: 710,665 kWh A 0% Fans

[ Aru Zones

U Shape 135: 709,704 kWh A 0% Interior

] Lighting Equiprent

U Shape 180: 706,988 kWh A 0% B Pumps

- Other Gas

c

Shape 225: 710,407 kWh A 0%

c

Shape 270: 711,494 KkWh A 0%

c

Shape 315: 708,538 kWh A pg

o I

250K 500K 750K

kWh per year

AN 12 AMNN159188991A15 U2 119 8 nsalannluswnsy Sefaira
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lngaguladn aldangsundanuvesenans U2 aldmnasnutdesiianse U2-0
91A155UM U vunavieaniglu 3.75x7.00m. vy 0 89a1 danistandsnutosianiviniu
704,810 kWh/U

3.6 WU3guiguAINsIdnasnuYa@InTsUnssasiian ey

Ausumndeya Anwinsziuasdieuiieurmnsldndunulueinisvesgunsd

LANAN9AY

3.7 ApTinauazasuNan1maaes

asunansiaemimuaLaviiaueuImluniseanuuuIUnsaziiAn1eeasnd

I 174 Y Ay a
ﬁ']ﬂ’]ii“ijWﬁﬂ\‘i’]U‘V]u@EWlE‘jﬂ



3.8 Flow Chart Wn935N15AUAIDETE

23

AnwmguazaTenieIves

1199571 ASHRAE 90.1 2019

MvuasUnsaziuianeas

d15emsyaninendelu

NIVWNNUATUAT

MvuasUnselasiuianaag

91A19 Baseline

271A15 Common

udoyadinislandanu

bl I ! v (% v g v
WIBUMBUAINISUTEATANS 1Y LATWAIUN LY

Y8981ANTUARUNTIUAL AN

bl I ! v v (% i v
WIBUNEUAINISUSEUTANS U LAEWAIUNLY

YBIDIANTVINTEUUHIUIAANUTEUUNTIRUIU

™ = i o o Y] g v
WSHUNEUAINISUTENEANA U LLa%W'ﬁQQ']u‘VIEL%

U3 Shape Factor

AATeALazaTUNg
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unil 4
NBIUNARBILAZIATIZVTRYA
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Y

INAVRUNITINADIDIANTAIBE1NIAU 48 nselselUsknsy Sefaira NelAsFwUs
AIUANLTBIANTNEINIAYRINTUNNUIUAT Nunldaege1ans aues uazdagusenauainns
Wulumny ASHRAE STANDARD 90.1-2019 waniiu 3aldarvaalsunanisiandsnuluainis

A o < a = o o a 4 CY % [} 1 dy
9139 EUIl waztuUSeuiisy 39INan1591a09unias eiannumdansnalull
4.1 971A15A2881USUAUY

4.2 YSanaunslindanulueians(EUl) vee1msniatinus1nsgIu ASHRAE 90.1 2019

Appendix G

4.3 WisuwsuUsunansldwasnulueiasiiegae fuaiasmlulungammamiuns wien

UseNIANaT %SAVE
4.4 BNTNAVDILNITIAALAERUIUALANUS DUl LN TR o AUSENTANA 9 %SAVE

4.5 BNBNADHINAIUTEMINAIIUNINALANUYIIVDIDIANSNLABAI NS IINA 191U EUI
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4.1 81A1SA2DL1NTUAY

o 1 a v oA A o = aM i ” a v
DIANINIDYNWLIUAU A Eﬂﬂiﬂ@qﬂqiﬂmqﬂqﬁﬂﬂ‘bﬂiﬂEJV]I&I@Jﬂ'ﬁTJTU‘V]ﬂ@']ﬂ'ﬁ lﬂwa

[

AN591809N15 NS IIUF T

A1 EUl 28991A135151 6 LU

80
78
;E 76
2 74
I
§ 72
S 70
w
66
11-0 L1-0 u2-0
3inse@nmg
mEUI
LLN‘u 1 LL?IVNF]’] EUI maqmmmmu 6 LUU
A1 EUl @1a19 11 waz U2
80
78

EUI (KWH/M2/YR)

76
74
72
70
| T
66
o PP P S 4D S P

N p g ) s
AN RNV NN N R AR AR ARG
3UM39@IANT

W EUI

LLmuQﬁﬁ 2 uaneAn EUI 99991A15 11 hag U2 musnnsgu ASHRAE 90.1 2019 Appendix G
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NNUNLYTT 1 81A157TAN EUI gefian Aoe1ans 11-0 df EUL windu 77.85
kWh/m?2/yr d@1um EUI Viﬁwﬁqmﬁamms U2-0 fAn EUI Wiy 70.69 KWh/m2/yr iile
firsanermsiiden EUl mmzjﬂLLawi"’]qmﬁ?uﬁmLLmﬂamﬁ'u 7.16 kWh/m%/yr uagiilofiansan
AMUNLQAT 2 91AN5 AANNASIL ASHRAE 90.1 2019 Appendix G naueAs3ua 11 Bsdl
A EUl wa901msi3udiugean windu 77.85 kWh/m2/yr wazilen EUI g Ao 11-90 wirdu
74.21 kWh/m%/yr deuansineiiu 3.64 kWh/m?%/yr uag ngua1assusa U2 Faflen EUI Toe
flgnanngunssormsiEudu ey 70.69 kwh/mZyr waziidngsan A U2-270 Wiy
71.14 KWh/m%/yr fimuansinsniu 0.45 kWh/m?/yr 6’?’50LLUa’jwmﬂmimuﬁuaqmmﬁmﬁmmﬁ
Farmuesansunsomsdinadommslindeny Snfisnnuaugiif 1 o9anslungu 11 L1

Y
wazU1 fidn EUI figandnnguenans 12 L2 uazu2 Jadunguanansiifiguiusinuetonnisiigs

131 Fawansliiiuladn anavuivesgudnernsiinaseninisldndsnuluaiasdniie

M1519 10UAASDIANTAIBENSUALTLAY EUI gegauazanan

q

A1 EUl g9am

11-0 = 77.85 kWh/m?/yr

A1 EUL #an

H

U2-0 = 70.69 kWh/m?/yr
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4.2 Ysununsldndeauluanas(EUD) vesa1asiiagenuunsgu ASHRAE 90.1
2019 Appendix G
NNINARDIDIATAIDLN AUNINTFIW ASHRAE 90.1 2019 Appendix G 113

ad o a

MvuaiUsiUdonvese1ns Meavduasyyluunii Feauiunisneaes 36AanIs

[

W3guwiguen EUl U8991AN5610819 48 NSaleail

4.2.1 nqueIATUnNse 11

lﬂl U ] 1
#1319 1 1LLﬁﬂQEUWiQ@WﬂWSW’J@HWQﬂQN 11

11
11-0 [1-45 11-90 11-135 [1-180 [1-225 11-270 [1-315
q' o I = .
AN 13 ATNWNI59189981A15 11 99 8 ﬂimﬁ]'lﬂiﬂil,l,ﬂiﬂ Sefaira
& Download AHU Design Airflow v Cooling Equipment . v EUI v Annual Energy Cost
E LS Shape 0 PTHP / Split System 2,000  w0% 6202 A% 78 PN $1,944.319
[C]]
B hapess PTHP  Split System 2000 0% 5956 Al 76 2% $1,899,524
[CT]
iShape90 HVAC System Type @
frtzze 10,000 m* 2,000 (55 5273w T4 nnmiyr $1,853,401

PTHP / Split Systern (System 2) v

1B Clone @@ Del T, Export Idf

ligses | Shape 135 PTHP / Split System 2,000 0% 596.3 ENEES 76 7% $1,905420

Ll ishape180 PTHP / Split System 2000  «0% 619.9 A% 78 PN $1,944,251

g i Shape 225 PTHP / Split System 2,000 0% 5955 Al 76 2% $1,899,568

= i Shape 270 PTHP / Split System 2,000 0% 5271 ~ 0% 74 0% $1,853,490

Bligeen 1 Shape 315 PTHP / Split System 2,000 -0% 596.4 A% 76 A 2% S]_QOES}S

E® E® 0% 5% @




EUI (KWH/MZ/YR)
I 7785

[y

-0

PNUNUNTT 3 uandliiiudae EUl Nigad

I 76.05

11-45

N 7421

11-90

11

W EUI

(2]
~
o
~

11-135

77.84

11-180

7inseRIANg

I /.05

11-225

ad 1 1 Y 1
bAUSINN 3 W@namn EUI VAINFUBDIATTANIBY 11

a

A

9

N 7421

11-270

I 76.29

11-315
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gnfe 11-0 91A153Unsas | lallvinnis

MYUBIATHANGIgAINAU 77.85 kWh/m?/yr uagn EUl fidngafe 11-90 uagl1-270 1A13

U | 9iM@1A13 90UAx27083¢1N HiA

4.2.2 NHUBINITIUNG 12

o

N

al

9

apintu 76.21 kKWh/m2/yr

M50 120aA93UnNII0IATTegaNgy 12

12-0

12-45

12-90

12-135

12-180

12-225

12-270

12-315
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AHU Design Airflow ~ Cooling Equipment... « EVI

? ishape 0 PTHP / Split System 2,000 -0% 539.0 A% 73 A%
0]
? & iShape 45 PTHP / Split System 2,000 -0% 5216 A% 72 A%
0]

iShape 90 HVAC Systern Type @

10,000 m? 2,000, 476.6 T wrym?

PTHP / Split System (System2)  ~ neadCe) ey

1 Clone & Del T, Export Idf
? L iShape 135 PTHP / Split System 2_000 0% 521.8 A 9% 72 A%
]
? L i Shape 180 PTHP / Split System 2_000 0% 538.8 e 73 A%
]
? iShape 225 PTHP / Split System 2_000 0% 5215 A 9% 72 A%
0]
? iShape 270 PTHP / Split System 2,000 -0% 4763 v 0% 7 0%
0]
? i Shape 315 PTHP / Split System 2,000 5219 72
0]

12

W EUI

72.74

I /3.2
I 70.71

EUI (KWH/M2/YR)
I /3.2
I 7214

(o]
N
—
~
-2

WHUAET 4. LanaAT EUl veangquenasmiedas 2

12-0 12-45 12-90 12-135 12-180 12

EENGRERE

Y

25 12-270 12-315

29

~ Annual Energy Cost ~

$1,828,206

$1,797,740

$1,766,198

$1,801,757A 2%
$1,828,175
$1,797,730
$1,766,175v 0%

$1,801,780

ANUNUNTN 4 Lansliiiiuinal EUI Ngegnfe 12-0 ornsgunsesa | Lildviinng

al [

mummiﬁmmﬁammﬂu 73.20 kWh/m?%/yr waga EUI ﬁﬁwqmﬁa 12-90 Wazl2-270 91A1S

Y 9

o a

U | fiFie1m15 90uaz27009M1 HlAAianLyiniu 70.71 kWh/m?/yr

9
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4.2.3 ngua1A1sgunes L1

M3T 13 wanagunseeAsilegangs L1

L1

L1-0 L1-4 L1-90 | L1-135 | L1-180 | L1-225 | L1-270 | L1-315

AT 15 AMWA159189991815 L1 919 8 nSelanlusuknsy Sefaira

& Download AHU Design Airflow ~ Cooling Equipment . v EUl ~  Annual Energy Cost ~

g L Shape 0 ‘ PTHP / Split System 2,000 0% 5741 Al ‘ 76 1% ‘ 51,893'780
&

% L Shape 45 ‘ PTHP / Split System 2,000 0% ‘ 593.9 ALY ‘ 76 % ‘ 31,896,026

E L Shape 90 ‘ PTHP / Split System 2,000 0% ‘ 5700  AO0% ‘ 76 ~l% ‘ $1,885747
O]

g L Shape 180 ‘ PTHP / Split System 2,000 0% ‘ 5811 A% ‘ 76 % ‘ 31,8971503
g

= L Shape 135 ‘ PTHP / Split System 2000  =0% ‘ 5836 A3 ‘ 76 i ‘ 51,891,985
D]

g L Shape 225 ‘ PTHP / Split System 2,000 0% ‘ 595.1 5% ‘ 76 % ‘ 51,896,2115
&

I Clone @ Del T, Export Idf

! L Shape 315 ‘ PTHP / Split System
W

LShape 270 HVAC System Type @
2
10,000 m PTHP / Split System (System?) v 2,000 /5 565.4 «w 75 kwh/miyr $1,883516

$1,887,464

2,000 0% ‘ 588.8 ALz ‘ 76 1%

L1

mEUI
5
P " )
@ = 0
® ~ R
10 1
—_ un
o ~
>
< 5
< ; 2
= R =
~ wn
~ ~
5 I I
u I
L1-0 L1-45 L1-90 L1-135 L1-180 L1-225 L1-270 L1-315

FAENGRTRE

WHUAIT 5 UaneAn EUl v8dngiennnsiiegns L1
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NUNUEN 5 uandliiuinan EUl Nasiigafe L1-180 @1A153Unseda L v1ns

vay1e1ANT 180 09rn SlAgefigaintu 75.97 KWh/m%yr wagen EUI fisngade L1-270

Y 9 9

[

91AN53Us L firo1ans 27083 fiAndnfigawintu 75.41 kKWh/m%yr

4.2.4 n§up1A1TFUNTA L2

M5 14UEAITUNTI01ANTHIDEeNEGN L2

a o 3 o I .
AN 16 AINNITAPDIBIANT L2 119 8 Asalannlusiingu Sefaira
AHU Design Airflow = Cooling Equipment . + Eul +  AnnualEnergy Cost ~

» L Shape 0 PTHP / Split System 2000  «0% 4978 A 7 0% $1,781,327 A 0%
&
& L Shape 45 PTHP / Split System 2000  =0% 5067  ALx 7 0% $1,780,403
o]
» L Shape 90 PTHP / Split System 2000  =0% 4904 A0% 7 0% 1,770,426
&
& L Shape 135 PTHP / Split System 2000  =0% 4995 A 7 0% $1,777,439
o]
» L Shape 180 PTHP / Split System 2000 0% S044 A 7 -0z $1,784 656
&
& L Shape 225 PTHP / Split System 2000 0% 5087 ALk 7 0% $1,781,237A 0%
o]

L Shape 270 HVAC System Type @

10,000 m? b a

m m PIHP / Spit System (system?) 2,000 (ss) 486.7 kv T kwrymiiyr $1,769,206

1 Clone i Del |1, Export Idf
? L Shape 315 PTHP / Split System 2,000 0% 502.7 A% n 0% 81,774,036
&




VYUBIAS 180 B3M1 dengaiigat

EUI (KWH/MZ/YR)

I 7132

L2-0

I 7128

L2-45

I 7038

L2-90

L2

W EUI

I 7116

L2-135 L2-180

FAVENGRTRE

71.45

71.32

L2-225

WHUAHN 6 kansAl EUI Yeenguen1simegn L2

I 7053

L2-270

I 7103
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L2-315

PNuUNTIT 6 wandliiiuine EUl igeafignAe L2-180 81A153Unseda L vins

91m35UR L fimenans 27083 Aendnfianviniu 70.83 kWh/m?/yr

4.2.5 ngua1A1s3UNTe Ul

15299 15UaR93UNsI01ATFRREaNgw Ul

Vi 71.32 KWh/m?/yr Wazen EUI fisnan

=4

9

Ao L2-270

U1

=i

u1-45

U1-90

U1-135

U1-180

U1-225

U1-270

U1-315
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AN 17 AMNA1539188991A15 U1 919 8 nsalannluswnsy Sefaira

AHU Design Airflow « Cooling Equipment... EUI ~ Annual Energy Cost

& UShape 0 PTHP / Split System 1999 0% 5638 A2 75 0% $1.876,043
& Wl
& U Shape 45 PTHP/ Split System 1999 0% 5734 Al 75 0% 1874081
&l
? U Shape 80 PTHP / Split System 1,999 w0z 5502 A% 75 0% $1,875,411 A 0%
sk
? U Shape 135 PTHP / Split System 1,999 0% 5703 A% 75 0% 51,879']50
iy

U Shape 180 HVAC System Type @

9,994 m? Y 2

PTHP  Split System (System?) 1,999 s 549.4 v 75 «wh/m2ryr $1,869,038

I Clone @ Del T, Export Idf
? U Shape 225 PTHP / Split System 1999 0% 5724 ALY 75 0% $1,880,732
-y
? U Shape 270 PTHP / Split System 1,999 w0z 5626 A 75 0% $1,878,359
= Wl
& UShape 315 PTHP/ Split System 1999 0% 5765 Al 75 0% $1875428
&l

Ul

mEUI
(a2}
< L
N ~
A 5
— ~
- o o)
3 < S
~ o n LN
— o ~ ~
x )
~< ~
=
T )
®
g N
| I
w
u1-0 U1l-45 U1-90 Ul-135 U1l-180 U1-225 U1-270 U1-315
7UnseRIANg

NN 19 7 wansAn EUI “ZJ’E]\‘iﬂa%JE)']ﬂ’]ﬁG]’JEJEJ']\‘i U1

AN 7 LLﬁﬂﬂI‘ML‘MU’J’]ﬂ’] EUI Vlﬁ\‘i‘i’lﬂ@ﬂ@ U1-225 EJ’]ﬂ'ﬁi‘lJ“Vli\W]’J U vinns

[

WUBIAS 225 B9AN fimnaafianuintu 75.30 kWh/m2/yr uazen EUI vi(f‘i"]a@ﬂa U1-180

Y 9

' S|
o a1 o A |

21A153UM U v13ju18004e1 ¢ U Ad1 dendniigawiniu 74.83 kWh/m?/yr
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M15NT 16UaAIFUNTI0IANTHIBEaNGN U2
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U2

uz-0 uz-45 | U2-90

U2-135

U2-180 | U2-225

Uz-270 | U2-315

AT 18 AWAITINAR9DIAS U2 119 8 nselannluswnsy Sefaira

AHU Design Airflow + Cooling Equipment ... EUI Annual Energy Cost v
U Shape 0 ‘ PTHP / Split System ‘ 2,001 0% ‘ 4875 ~2% ‘ 7 % ‘ $1,765693
U Shape 45 ‘ PTHP / Split System ‘ 2,001 0% ‘ 497.2 ~ L% ‘ bl 1% ‘ §1,769,211A 0%
U Shape 90 ‘ PTHP / Split System ‘ 2,001 0% ‘ 4937 3% ‘ 7 % ‘ §1,774,876
U Shape 135 ‘ PTHP / Split System ‘ 2,001 0% ‘ L4945 ~3% ‘ n g ‘ S1,772,LT7A 0%
U Shape 180 HVAC System Type @
10,003 m2 ) 2,001 477.9 ww 70 wnnmisyr $1,760,253
PTHP / Split System (System 2) v
1B Clone T Del T, Export Idf
U Shape 225 ‘ PTHP / Split System ‘ 2,001 0% ‘ 4973 L% ‘ 7 ~T% ‘ §1,774,233
U Shape 270 ‘ PTHP / Split System ‘ 2,001 0% ‘ 4956 ~3% ‘ n ~T% ‘ 51,776,91.6
U Shape 315 ‘ PTHP / Split System ‘ 2,001 7 A% $1,769,561

0% ‘ 4979 AL%




U2

W EUI

I 7033
I 7106
I 7057
I 7104
I 7114
I 705

EUI (KWH/M2/YR)
I 7069
I 703

uz2-0 u2-45 Uu2-90 U2-135 U2-180 Uu2-225 u2-270 U2-315

FMVENGRTRE

WHUNHN 8 UARYAT EUI Yaingie1m1siegie U2

PNunuNTi 8 uandliiuiar EUl figeiigafe U2-270 91a153Unseda U vinns

VaUeIANT 270 09N SlAgefigawintu 71,14 KWh/m?yr liazen EUI fidngade U2-180

Y9 9

o

91AN53Us U miu18089a . U A Slensflansindiu 70.48 KWh/m?/yr

4.2.7 W3guWisuan EUl Y9981A71509 48n5e

KA INTaLat Ry 3INMIATIzviiielusunsy Sefaira laveyavesgunsienans

o

anue 48 nsal Belunsaznsainia EUl Akane19nuitiuanudaiienans vinlaeiilen
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Wlpeankuue1A1s LileayueASINUTIiATRuAaNsaand EUI tannnisuygue1nisin

LAULU9ALD

M15NT 170aAe3UNT01AN5AN EUI doeianluusazsunsenans

S ‘mlm

11-90 12-90 | L1-270 | L2-270 | U1-180 | U2-180
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FAVENGRTRE

WHUAET 9 Uanaein EUI Hoevianluusaziunsienns

aa v 1 Ao A i A o ~ = o
AALNUANUN 9 LLﬁﬂQlWﬂq EUI VW]'TV]?!@?JENLLWaEﬁEUWiﬂ@WﬂWiL@J@u’]M"ILU?FJ‘UL‘V]FJ‘Uﬂu

Y
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wuwazld IFUNTIIATIRNanan wazirn19vaseIANsNRANgRde U2-180 JUnswi U

[

firmavsiu 180 9 31U U 31 diA0 EUI wird 7048 kWh/m?/yr SnUseiiuaziiiuléiin

i a ™ el' A A ] i PN & Y
9IANSNANIUNTIT 1 Uae 2 Flagunsan 1 ANuiingaue AIsuInni nguenansn 2 asmiuld
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4.3 Wisuieuusinunslindanuluaiaisiegne fusasmnilulunsanmsmvuas
MAIENIANAY %SAVE
Tuilgtunguoimsinendesislungunmamuasiuldldfinseanuuulnemileis
YaniUBon1e¢01A15ALLIATEIL ASHRAE 90.1 2019 nsvaapsisilvidiuimaldeuan
Waenomslmdulumunnnsgiu ASHRAE 90.1 2019 Huviliien EUI anasuazilrnusendn
wdsinntu Wumadenuilaililumssanuuuaiasussudands Iifogendedinngy

AtgInglusaanasuluenasNiesas

Sususanistvuaa Tagdsnaransiidulunungueiesinendesialy
nyannuuasiaeiinsuSuasuiannszan wasTanuils Inedagtuiunguennsinende
yuinazldtannszanidu nszanlawun 6 wu. wagldnilsluszuu Precast Concert % 100

H.

-dl g.JI 1 o o o/ .
AN 19 pmssadnUIoansine e sanlungamnumuasINlUsLTY Sefaira

Facade Glazing @

Assembly U-Value 574 |W/m2K
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