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Abstract

Transitioning energy systems towards carbon neutrality is necessary to have creative initiatives or
new innovations. These enable local governments and stakeholders to provide energy policies. This
research aims to develop and present a method for integrated building energy modeling. This includes
the analysis of energy conservation measures and energy-related CO, emissions in an urban area.
The research used Pattaya city in Thailand as a case study. The scope of the building type covers
only residential buildings. The results show that the total energy use and energy-related CO, emissions
in the six building types, including (1) single houses, (2) single buildings, (3) two-story houses, (4)
townhouses, (5) commercial buildings, and (6) hotels and condominiums, are 44,176,062 MWh/yr and
25,714,886 tCO e/yr. The analysis of energy conservation measures revealed that replacing glazing areas
with Double IGU with Low-E, installing wall and roof insulation, thermal film, and solar photovoltaic
rooftops have high potential for energy-savings and energy-related CO, emission reductions. These
measures led to total energy savings of 12,908,646 MWh/yr and energy-related CO, emission reductions
of 7,514,123 tCOZe/yr. Local governments and stakeholders would benefit from the proposed method

for energy and carbon-neutral decision-making in cities.

Keywords: Energy conservation, Energy efficiency, Building energy simulation, CO2 emission reductions
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a1a1sianaazlasunisnsivaesulasldiniesie
fumiuiives Goosle Maps Lﬁaﬁmuﬂ%ga‘lms
jaly uenandwisiiaedeng q Wy AnuEs way
ANUATOUARUIBIMINANSgNUTZIIUAIEANY Y
LWaDU0Y Google Street View laglluud1a0381UR
%LLamniaummﬂugﬂLL‘U‘U;U‘V]NLsmm‘imﬁugm
dieshwisruasaanlunsyuiunisasisuuusiass
NAANSUBILUUIABASUBVIBNANIINATTNIAT uaY
Snwawnslinulueans lunsinwillilduasgu
ASHRAE 90.1-2010 (ASHRAE, 2010) 1Junanlunns
91483 dmsuonsUsEaneng o wuudnaedlalvideya
wnuneieatunslElniiuas Heating Ventilation
and Air-conditioning-HVAC Systerns 9843481138
ANAZAINGTY 9

aa v [J

3. Tudupeuilasiduninhaifdeyadnuiu
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uazszoznalunsdeIA1s thunldlusunss OpenStudio
Fadulusunsy API-Application Programming Interface
FldusmiulUsunTy EnergyPlus tiowanawanisly
NEIUTIVDIDIATA UL UUA AT UTEAN 21T
UNWINTATAMUNAIIUAN ¢ IININTAUGILUY
FaeufiansFeuinnesnslaansoannislindsnu

vala

suluoianslanige

NaN15398

1. wan1snudaya
LLU‘UR‘haaawé’aa’mmmsﬁﬁﬂm?Talﬁgﬂa%q
Julaelitormualusziuormaie nedaudnuns
wdnwes 6 91AsaInsaRUslaasellil (1) vue
Aeeut (m?) (2) S1uandu (3) Ussianmils (@) External
wall (W/m2 °C) (5) Glazing area (%) (6) U-value
(W/m2 °C) (7)Lighting load (W/m) (8) Equipment
(W/m2) (9) HVAC equipment (COP) Lag (10) 314U
91A15 (A9) ﬂmﬁﬂwmzmdwimmlé’é’amiw 1 1ile
iﬁﬂmﬁﬂwmwﬁﬂmaqﬁy’q 6 ePsudINTandunis
\fusunuteyaludesveanszanmisnsitliludou
A1BUDNTDIDIATT LAAIAIAITIN 2 TABazianTan
FmsAnsansyan Low-E uaynsanga Cooling Film
woulaluuiidnuflesivenazduaifigaludiunis
Uszudandsnusiungluenis LLaz‘Lu%umaufjmﬁw
widunsiiuteyavesleanfwad deazgnanslivy
n3pue01A1sTiogordeiia 6 Ussinneans Liield
Jundsnunadenuazineinadnifildainnis
wanlilfinannisinsdearsioad Tnsuuusiasanis
fAasdlransimaduueiang 6 Ussinluwnidlowinen

Au15aLanalalunigse 3

2. NAN15IAUITLANDIANST

TugupeutiiieluudasIndsueIAITANn
91ALLALANANWALANN 9 VBIDIANTWAY AINTUUVIINTS
anIATuAazUszanaelusinsy OpenStudio

Tngransldngsuose1a1sinnefoveso1nns
Fuluy W 6 Uszian annsouansldsiinisng ¢ wa
ATANBINUIT NSIENEIIUYe9e1ATIU 1 i
91A15 lssusuuazaouladidouazlindanumniage
i 8,382,758 kWh/yr s89au1Ae 81A1SN18lve
WaEN1ULENE THNa99U 63,682 KWh/yr uag 29,994
kWh/yr asansu

3. HANISNAIUILUUTIa9AIUUTZANBIANS

dlolduuusassdunuuvesenasfinneds
W 6 UszLanuda desnavinistiiuninuanunsely
nnstlestuanudou Fsazdaeliannisldndsaiuann
wdasUuonimasld wardwalinisldindsenulnesay
maqmmsﬁﬂ’nmﬁ’aﬁuamaﬂasmLﬂuﬁaﬁﬁﬁm 13150
UARUANIATNNTIUNNTAANST IINAIUVD IS
Fnoduls waneamisne 5 Tasuinsnisannasls
nEsuvaseIAsTiRnendeis 8 SULUY MIUAITS
5 x5 ANLIIATISHNEIIUIILVBIDNATTINN
9FEI 6 UsLan $1u9U 87,579 81An3 lulwafiui
Flowimen Tngazaiunasnisiugiuia 8 ULUULN
fvuaLInsAIsiLfuie A1z 10 nsnslad
anunsaannistindsnuluenansinnendeluwnitud
Lﬁmﬁmmlﬁqqqmmaﬂﬁﬁi’waawaqmmiﬁy’wmLLEm
ANLAaEUININ1TWEnelIfIn151e 6 aglun1sneay
WAREAULIATNTRYINEINTRYANTIENS I uen
Fregratuludosit 1 msldndanusaluenasie 6
USELANDIAITINNU 44,176,062 (1) Tag (1) nungds
WASAIST 1

nslindsnulaesiuveseasnussnn s
fennsinga Solar PV Tnelusuidsed muuimsnisii
40 Double IGU with Low-E G Wa4+A+B+C+D 1Ju
mmmiﬁﬁﬁqm nseleAsLANlINa 99 44,176,062
MWh/yr andun1saiuuinsnis 40 lTowassnu
31,267,417 MWh/yr vilundeausinvesernnsly
UDAINIAN 12,908,645 MWh/yr d1msulszian
91 37leFuNsUSuUgslmifienszan Double IGU
with Low-E Green 6 fiaduns (Wa) auunnsnisi
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f1919 1

19380171 SUNALUTHUINUALAINITIUADTHI 9

UsTLANYB991AS Gruifien 21A51AE7 Grudastu
TunaeIATAURUY }' L
g (m?) 55 133 128

$mautu 1 1 2

UZNNRI AoUNInd1593U AouUNInd1593Y AounIndnsagy
External wall (W/m2°C)  1.00 1.00 1.00

Glazing area (%) 30 20 a0

U-value (W/m2 °C) 5.74 5.74 5.74

Lighting load (W/m?) 8-12 8-12 8-12

Equipment (W/m?) 8-12 8-12 8-12

HVAC equipment (COP) 3.0 3.0 3.0

FIUIUBIATT 49,135 6,252 10,048
UsLANY8491A13 nuLEd 211NV Tseusuuazaauladiisy
TULNADIANTAUKUY

il (m?)

$rurudy

Usglnuils

External wall (W/m2 °C)
Glazing area (%)
U-value (W/m?2 °C)
Lighting load (W/m2)
Equipment (W/m2)
HVAC equipment (COP)

FIUIUDIATT

210

2
AoUNINd15a3U
1.00

35

5.74

8-12

8-12

3.2

9,116

AoUNInd15a3Y
1.00

50

5.74

8-12

8-12

3.2

7,910

30,625

25
AoUNInd15a3Y
1.00

50

5.74

8-12

8-12

3.2

5,118
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M1919 2

Ussnnns1iimesuazUsnnnsean

w1518Me3 Single Single Laminated Double Double
Monolithic Monolithic Glazing IGU Glazing IGU
with Low-E
a Green Film BK Green Green Green
AINUNUN 6 U 6 U 6.38 Uy 6 /12 Uy 6 /12 Uy
U-value 5.80 5.67 5.70 2.50 1.80
SHGC 0.56 0.44 0.73 0.44 0.32
VLT 0.7 0.07 0.71 0.62 0.49
#1919 3

FULvUNISARslea I Tiwaduunain191mI9ine 1A 6 Uszian

U5LNNVI91AS UruLhen 271A75LA87 Unudasdu

A
.

-

TunaeIATAURUY

Annual Production (MWh) 20.10 6.826 13.21

Performance Ratio (%) 74.5 73.5 71.9

Inverters 1 (17KTL) 1 (5KTL) 1 (10KTL)

Module 36 (450W) 12 (450W) 32 (335W)

UseLNNv0901A1S nugd 21A15N 1YY Tsusuuazaauladidiey

o
| N
‘ v \

TunaeIATAURUY

Annual Production (MWh) 13.39 12.94 248.2

Performance Ratio (%) 7.7 77.4 79.5

Inverters 1 (10KTL) 1 (10KTL) 3 (60KTL)

Module 22 (450W) 21 (450W) 394 (450W)
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USLUNNYaI0IP 1T UMUULAL AT IO NAI97Y

UssLNNva981A1s Total Site Energy Total Site EUI Total Building Energy
(kWh/yr) (kWh/m2/yr) (MWh/yr)
‘ﬁlﬂulﬁlm 11,420 208 561,122
1AL 4,837 199 30,241
YU 2 %u 26,473 151 266,001
NLEd 29,994 187 273,425
1AWV 63,682 185 503,725
Tssusu&aouladiiiloy 8,382,758 273 42,902,955
Total Residential Energy 44,537,469
lngsvaziden nslindsnunazdiinams  agduazasulena

Uaseisaiveulneanlesnmunvesiuiidnuves
91AsuAaTUsEAVAINNSaLanslanNSIe 7 Fenud
91 sliwdasnunniign Ao Tssusunazneulaiide
BGrnaumdnumeiidlngemsnmds fo 42,902,955
MWh/yr Tumisnduiu Ussianiifisruauenaisuin
ﬁqmﬁaﬁ’m@im Feldng 9T 561,122 MWh/yr
WINANIAUNIIAINLIAINIST 40 (WA+A+B+C+D) 14
WEIIUTI 763,823 MWh/yr (Arfinauiilosainnis
Tlwindesnin nswdalninannuaalgaiswas) vinli
AsldngsusnvesemsUssantuieaanadle
1,324,943 MWh/yr tagUSununigaisusulaoanlen
flanad 771,249 tCO2e/yr nMsunsnIsRananaviila
USunanmsldndanusuvesonasussnniiuien
Tuanasegadamumnisuiisuivennsussan

3 9 szifueiasidsuunnnigaluiuidne

mu‘iﬁ’aﬁl@w’ﬁﬂmsﬁwmgm%’ayjﬁLLU“uaaqaia GIS
& wuuauda Modeling ﬁumﬁagjmﬁaﬁ% 6 Uszm
p1siuiidnu Woninen dm¥a vaud ey
wwamen1sAnerlunisdanisndsnunseldidugiu
Foyadmivfiaulaaauvudassnsdanisndanu
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91A1591989 6 Usztanlagldgandiis OpenStudio
waz EnergyPlus (3) ALIUNIIUILINTAITNIEDN
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msuaulaeenlen N1591aRIveIDIANTITgNEENLY
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(1) m15n13 25 Single 6 mm (W) + Insulation
Roof + Insulation Wall + Film RL 01 BK + Solar Rooftop

ANU150aNTS I NaIIULlaUSe UL g uiuaIAis
sunuula 9,466,016 MWh/yr LazUsuiain1suaey

fwarsvaulaeanlenanas 5,510,168 tCO e/yr

(2) 419N 35 Double IGU with Low-E
(WB) + Insulation Roof + Insulation Wall + Film
RL 01 BK + Solar Rooftop @111350ann15liwaseu

dlenFeudioutuoensiunuuls 12,113,180 MWh/yr

wazUSunanisuasenisasuasulneanlonanas
7,051,082 tCOze/yr

(3) 41m3115 40 Double IGU with Low-E
(WA) + Insulation Roof + Insulation Wall + Film

RL 01 BK + Solar Rooftop @111350ann15lanaseu

f1919 5

UI9TNITNNA IUNFITY

denBeudieutuorensduwuuls 12,908,646 MWh/yr
warUsununisuasenigaisueulaoenlenanas
7,514,123 tCOze/yr

nsiaenld nsyan Glazing with Low-E coatings
Insulation Roof + Insulation Wall + Film RL 01 BK
waz N1sAnda Solar Rooftop gnszydn WWunnsnis
nsoyfnEndsuifivszansnmunniigadmiv
nsUsERdanasulazanUsuiaunsuandasunng
msuaulaeenlys lneriiduladiudensedimun
WHUIER IUNE LA TN E S TN
Fulunuddeilutrelumsdnaulaieatuanudun
A19M119A5UBY (Carbon Neutrality) waznisiUaey

Hulugdenuasuauslasely

4IMINT

=)
IYastayn

eg
DE
(4
S,

1 Single 6 mm

Insulation Roof
Insulation Wall

Film RL 01 BK

co ~N o oA LN

Solar Rooftop

Laminated 6.38 mm
Double IGU 6mm 12 mm 6 mm

Double IGU with Low-E
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S
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N7 NFINIUSINYDIDIAI TN LU DI NE NN I1UUINTAITHAINIY

Renovate Glazing Glazing+A Glazing+B Glazing+C Glazing+D
window (MWh/yr) (MWh/yr) (MWh/yr) (MWh/yr) (MWh/yr)
Single 44,176,062 (1) 40,251,965 (2) 41,506,250 (3) 43,641,187 (4) 41,518,332 (5)
6 mm (W)
Laminated 44,647,987 (6) 40,733,055 (7) 42,024,441 (8) 44,290,552 (9) 41,990,257 (10)
6.38 mm (Wz)
Double IGU 42,622,581 (11) 38,565,328 (12) 39,808,032 (13) 42,021,041 (14) 39,964,851 (15)
6 mm 12 mm
6 mm (W)
Double IGU with 41,925,466 (16) 37,826,368 (17) 39,025,817 (18) 41,320,937 (19) 39,267,736 (20)
Low-E (W)
Renovate Glazing+A+B  Glazing+A+C  Glazing+A+D Glazing+A+B+C Glazing+A+B+C+D
window (MWh/yr) (MWh/yr) (MWh/yr) (MWh/yr) (MWh/yr)
Single 37,248,273 (21) 39,699,964 (22) 37,594,235 (23) 36,662,458 (24) 34,004,728 (25)
6 mm (Wl)
Laminated 37,766,810 (26) 40,365,150 (27) 38,075,325 (28) 37,367,776 (29) 34,710,046 (30)
6.38 mm (WZ)
Double IGU 35,456,734 (31) 37,944,900 (32) 35,907,598 (33) 34,720,612 (34) 32,062,882 (35)
6 mm 12 mm
6 mm (WB)
Double IGU with 34,594,175 (36) 37,184,777 (37) 35,168,638 (38) 33,925,146 (39) 31,267,417 (40)
Low-E (W)
M99 7

nsldnasruuazySinanisuaey CO, 9099Im15YAYUTUNNAMNINTNITT 40

Type of Original Building CO, Emissions WASNST 40 CO, Emissions  Energy Savings  CO, Emission
Building (MWh/yr) (tCOe/yr)  WA+A+B+C+D  (tCO e/yr) (MWh/yr) Reductions
(MWh/yr) (tCO e/yr)
Truiien 561,122 326,628 -763,823 -444,621 1,324,943 771,249
91R5HAE7 30,241 17,605 -28,005 -16,302 58,248 33,907
ﬁ’mz%’u 266,001 154,838 -21,641 -12,597 287,639 167,435
NG 273,425 103,906 -42,694 -24,852 221,195 128,758
DIANTWIYE 503,725 138,103 1,081 629 236,169 137,473
T5ausuuay 42,902,955 24,973,810 32,122,496 18,698,505 10,780,458 6,275,305
Aouladiilow
374 44,537,469 25,714,886 31,267,417 18,200,763 12,908,645 7,514,123
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