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Abstract

Energy management planning is significant for office buildings. Air conditioning accounts for most of
the energy consumption in office buildings. Therefore, the building frame plays a critical role in reducing the
load on the air conditioning system. This research aims to evaluate the energy improvement measures
of the building frame in office buildings. They’re using the Bang Mae Nang Municipality Office Building
in Nonthaburi Province as a case study site. This study utilized energy simulation techniques in the
Open Studio and Energy Plus programs. Simulated 20 building framework renovation measures and
analyzed the investment returns and economic feasibility. The study found that efforts to change
6 mm thick clear glass to 6 mm thick Low-E glass with B4100 film and add Stay Cool 150 mm thick
(M18) have the highest energy-saving potential. With an energy use index of 158.66 kWh/(m”Year),
followed by measures to change 6 mm thick clear glass to 6 mm thick glazing glass with B4100 film
and add Stay Cool 150 mm thick (M19) and steps to change 6 mm thick clear glass. It is a 6 mm thick
Solar Tag glass with B4100 film and 150 mm thick Stay Cool added (M20) with an energy use index of
159.00 kWh/(m2Year) and 159.35 kWh/(m?Year) respectively. Economic analysis found that possible
measures for investment at the end of the project had the highest NPV: the measure to install insulation on
the building walls, 65 mm thick, and install B4100 (M9) film, equal to 282,957.79 baht with a payback
period of 19.59 years, and the measure to change 6 mm thick clear glass to glass. Low-E, 6 mm thick,
applied with B4100 film and added to Stay Cool, 150 mm thick (M18), can still reduce the amount
of carbon dioxide up to 7,855.95 kgCOZe/year if energy and investment returns are considered. Researchers
found that installing insulation 65 mm thick on building walls and adding B4100 (M9) film were the
most effective measures among all options. Applying the results and methods of this research can
improve the energy efficiency of building frames for other office buildings.

Keywords: energy management, carbon dioxide emissions, building energy simulation, energy renovation
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Toyae NM9IauUATING WA UFIYTNIIAINTOUDINITNTEIRANY)

318115350 A1 Thermal @1 Density @1 Specific A A1 Transmittance
Conductivity  (kg/m?) Heat SHGC
(W/m?*K) (kJ/kgoC)

1. wilanedguegy AUy U1 75 mm 1.10 1,700 0.79 - -
2. nszanld “u1 6 mm - - - 0.72 0.846
3. AUIUAUAIINTOU U 65 mm 0.035 24 0.96 - -
4. wilaldl (Wooden wall) w1 75 mm 0.13 500 1.61 - -

5. n5¢9n Low-E 11U1 6 mm - - - 0.55 0.696
6. N3¥3N Double Glazing %11 6 mm - : : 1.11 0.078
7. n3%3n Solar Tag U1 6 mm - - - 0.41 0.324
8. Wdw B4100 - - - 0.29 0.128
9. auUMAIA1 Stay Cool U1 75 mm 0.036 12 0.96 - -
10. 2UUMEIAN Stay Cool #1150 mm 0.042 12 0.96 - -
A1519 3

1IMINTUTUUI9IAIONITUTENEANAI971

U1m3N15 (Measures)

M1 AARuIufiTi91A15 ¥ 65 mm

M2 Wasunsnedgueniamueliifuntsls! (Wooden wall) #un 75 mm

M3 Wasunszanla w1 6 mm unszan Low-E u 6 mm

M4 Wasunszanla wun 6 mm 1WJunszan Double Glazing 111 6 mm

M5 Wasunszanla w1 6 mm tdunszan Solar Tag U1 6 mm

M6 fafldy BA100 finszanitennns

M7 finauIuMaIAT Stay Cool w1 75 mm

M8 finauIunadnl Stay Cool W1 150 mm

M9 AaRuIufiniie1A1s w1 65 mm uasRnfldy B4100

M10 Wasunszanla w1 6 mm WJunszan Low-E i1 6 mm wazfafldu B4100

M11 Wasunszanla w1 6 mm Hunszan Double Glazing 1111 6 mm wasfnfidy B4100

M12 Wasunszanla w1 6 mm unszan Solar Tag ww1 6 mm uazRnfidy B4100

M13 AARuILTNTI01A15 WU 65 mm Aafldy BA100 wawiiia Stay Cool 1917 75 mm

M14d Wasunszanla ww1 6 mm 1unszan Low-E w1 6 mm Aeflay BA100 waziiiy Stay Cool %1u1 75 mm

M15 Wasunszanla w1 6 mm 1Junszan Double Glazing 11 6 mm fa¥lau B4100 WAy Stay Cool
U1 75 mm
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A1519 3 (79)

U1m3N15 (Measures)

M16 Wasunsyanta v 6 mm Hunsyan Solar Tag ¥W1 6 mm @AnTiau B4100 wazLiy Stay Cool U1 75 mm

M17 APRUILTINTI91A159UY 65 mm AnTldy B4100 wawiiia Stay Cool i1 150 mm

M18 Wasunszanld wun 6 mm Wunszan Low-E w1 6 mm Anfldy B4100 wagiiiy Stay Cool 4141 150 mm

M19 \Wasunszanla w1 6 mm 1dunszan Double Glazing 1 6 mm faflau B4100 wazLiiy Stay Cool
MNU1 150 mm

M20 Wasunszanla wwr 6 mm WJunszan Solar Tag U1 6 mm AaTldy BA100 waziiiy Stay Cool %
150 mm

M19519 4

SIMVIFYUINA N UNINTNITUTUY§9nT0U8IATT

¥

3189N15780) Fruruiudl 51 1A1THRUAZAILI
(m?) (Baht/m?)

1. nilsnedgueny 21UYu ¥ 75 mm 1,058.92 530.00

2. nszanld wur 6 mm 400.28 251.87

3. AUIUAUAINTOU WUT 65 mm 1,058.92 352.08

4. wilalal (Wooden wall) #u1 75 mm 1,058.92 2,219.10

5. 19230 Low-E ¥u1 6 mm 400.28 3,358.34

6. N323n Double Glazing %u1 6 mm 400.28 3,498.27

7. n323n Solar Tag U1 6 mm 400.28 2,168.93

8. Wdw B4100 400.28 861.11

9. auIUMAIAT Stay Cool U1 75 mm 480.00 210.41

10. 2UIUNAIAT Stay Cool ¥ 150 mm 480.00 268.74

NAN15798

dlolfuuusiassuwuureseInsnsaiin
wavhnsifiueuannsalunmsiostunudou Faay
Prelrannsinasuanseuulsuonidadla naan
n39naeInasUlagly OpenStudio wagEnergyPlus
¥N1531809n15U5UU59N58UB1ANT 20 WIATNNT
WUIIAINITIIWANU (energy use) VOIDIAITNT
Anwddnanumauiaiounuiung Jamiauunys
riounnsUsuUTIagTl 165.50 kWh/(m?Year) wagslen

AMUAAINLARDY 0.77% Lilatsunuatnasaulun
39BIDIANSNTUANET 1NNITINABINT INANTUNS
20 4IASNNT BPHANISANYITIEIUTALAANINITHUS B

= 1 U % U %
WigUA1 Energy Use nouuagnaan1susulsanauand
1Aluns19 5

HARINNSS1803 (Fa951 5) Wurh anesmsTine
amms’[ﬁwé’mumnﬁqm f9 WMIN1S M18 §if Energy
Use ol 158.66 kWh/(m?Year) sesunie 11nsnns
M19 §i¢ Energy Use a8l 159.00 kWh/(m?Year) ua
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M20 &A1 Energy Use a&\jﬁl 159.35 kWh/(m?Year)
audsu Tudruninsnisfiannisldndsanulddes
flanfeunsnis M1 (164.98 kWh/(m?Year)) uay
M7 (164.98 kWh/(m*Year)) s09a3nfe M8 (164.77
kWh/(m?Year)) wag M6 (163.81 kWh/(m?Year)) a1l
10U

msesginsamuiiemanudulylsly
N5 ULAazanTNIsiagldHana uLNUNITam UL

Frensrzilanianazanudulilsvedasinisia

=

Nanluszezian 40 ¥ (msudmueongldanunas
U 1 4‘ a U 6 =Y 1 1

Fns1ANERUTIANFUNTNGD139) IneAna W ulae
ag 7 U (Aaanlutasaaliilianease) wagldsns
Anant 5% nvayanisasuliuasuianniluas
wasnn wazaudululdlunisuiuusamdenuves
ATBUDIAITNULN TLNBY 6 UINTNNTYIUY (FIRN514

6) MAunuAeluszeziian 40 U

NTYAtUAITIN 6 U1 WANITIATIER
PR HARDULTIUNITAUIATNIIT 6 11ATN1T
NARBULNLNNTANUYBIIATANTA MO M13 M20
M6 M8 uaz M7 ileduaalasanisian (NPV) il
282,957.79 v 230,361.96 v 75,740.03 v
45,480.31 UM 39,663.52 UM Wag 19,584.05 U
AwadU Feilszeznanunu (PBP) 71 19.59 T 22.70
U 34271 29.08 U 21.89 U uag 25.99 U maey

1319 5

Iuﬂﬂiﬂ%UU?QWTSN’IWUE]QﬂiE]UEJ’lﬂ’liii;u{]Eg‘M’l
m9nsdunagnsiaIsannsasmuiudsddn
ﬁzumsﬂi"wqaﬂsauaflmsmﬁu Tun1susuugeens
finsanuulgsldifssunsnasmsiidu el
AsENUAUNTOURIANSIAN WU nTiiisauIufuAIY
Youitnils nsidsunszan nsfnildy Wudu wn
Fmswasuntieaslmiimuaadedidudszane
SununnuazdesinstuluuiievesygnUsUUTs
FaduBesiideutragsen

nsAuIunIsUassiiga1sueulaeenlys
diedsziliunauselovinisdanindonnazily
FAs1gHMIRUINISeu1nsNsifieann1sUdane
fgasvaulaoanlys naa1NNITIIAa0INUIINITAR
Usununisudesinsasueulasenleduiniianie
11A5N15 M18 dle1 7,855.95 keCO e/year 5898941
Aeumsns M19 A0 7,465.25 keCO e/year uae
M20 dlein 7,064.77 keCO e/year mwawiv ludu
uasnsianUsunanisudesfieansvenlneenles
ﬁaaﬁqmﬁammmi M1 dlein 592.31 kgCO e/year
599ADLIATNIS M7 A1 600.93 kgCO e/year
way M8 fAn 840.53 kgCO e/year AUEGIU AILARS
13 lupse 7

uananITIUSYULTgUA Energy Use NowlasnainIsusuyss

UININIT nsldwdeundeliulse msldndenundeliule nsusEndandenu (%)
(energy use) kWh/Year (energy use) kWh/(m?®Year)
M1 316,767.62 164.98 0.31
M2 313,934.16 163.51 1.20
M3 312,418.30 162.72 1.68
M4 313,072.64 163.06 1.47
M5 313,368.50 163.21 1.38
M6 314,508.80 163.81 1.02
M7 316,753.22 164.98 0.32
M8 316,352.95 164.77 0.44
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A1519 5 (79)

UININS nsldnasaunasliulse nsldnwasaunasUulse N1UTENIANAIIIY
(energy use) kWh/Year  (energy use) kWh/(m?Year) (%)
M9 309,427.76 161.16 2.62
M10 308,084.99 160.46 3.04
M11 308,508.35 160.68 291
M12 308,761.92 160.81 2.83
M13 309,024.80 160.95 2.75
M14 306,871.64 159.83 3.43
M15 307,756.68 160.29 3.15
M16 307,219.45 160.01 3.32
M17 311,110.97 162.04 2.09
M18 304,633.23 158.66 4.13
M19 305,285.93 159.00 3.92
M20 305,954.96 159.35 3.71
A1379 6
F’hﬁ?@‘l./él%ﬂﬁ’)iﬂ\ﬁﬁ]u 20 4193077
IAINTT Ruasnu (Um) A1 NPV (u) A1 IRR (%) A1 PBP (V)
M1 372,824.55 - 253,973.34 - 6.07 viu 40 U
M2 2,349,849.37 - 1,890,661.07 - 8.00 Wiu 40 U
M3 1,344,275.05 -703,011.34 -4.26 Wi 40 U
M4 1,400,286.51 - 837,617.94 - 5.06 AW 40 U
M5 868,177.64 - 341,045.87 -3.03 bW 40 U
M6 344,865.91 45,480.31 0.90 29.08
M7 100,996.80 19,584.05 1.30 25.99
M8 128,995.20 39,663.52 2.03 21.89
M9 717,510.46 282,957.79 2.58 19.59
M10 1,688,960.97 - 527,207.77 -2.35 \iw 40 U
M11 1,744,972.43 - 634,070.53 -2.78 \iw 40 U
M12 1,212,863.55 -132,418.86 -0.78 bW 40 U
M13 818,507.26 230,361.96 1.87 22.70
M14 1,789,957.77 -482,464.73 - 2.00 Wiu 40 U
M15 1,845,969.23 - 644,781.53 - 2.66 Wi 40 U
1,313,860.35 - 48,144.03 -0.26 bW 40 U
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A1519 6 (7D)

UININTT Ruasmu (V) A1 NPV (u1m) A1 IRR (%) A1 PBP (¥)
M17 846,505.66 - 48,213.83 -0.40 \iu 40 U
M18 1,817,956.17 - 241,599.63 -0.95 i a0 ¥
M19 1,873,967.63 - 376,009.24 - 1.46 Wi a0 ¥
M20 1,341,858.75 75,740.03 0.39 34.27
A1519 7

n5lEwasIuuazUsuIan1sUases1wn1suaulnaanlydveserns

WAsns  slindsnuvdsdiuls Sanannsddes CO, msUssudandsy msanuSinainsddes
(energy use) kWh/(Year) (kgCo e/year) (energy use) kWh/(Year) CO_ (kgCo e/year)

M1 316,767.62 189,617.10 989.49 592.31

M2 313,934.16 187,920.99 3,822.95 2,288.42
M3 312,418.30 187,013.59 5,338.81 3,195.81
Ma 313,072.64 187,405.28 4,684.47 2,804.12
M5 313,368.50 187,582.38 4,388.61 2,627.02
M6 314,508.80 188,264.97 3,248.31 1,944.44
M7 316,753.22 189,608.48 1,003.89 600.93

M8 316,352.95 189,368.88 1,404.16 840.53

M9 309,427.76 185,223.46 8,329.35 4,985.95
M10 308,084.99 184,419.68 9,672.12 5,789.73
M11 308,508.35 184,673.10 9,248.76 5,536.31
M12 308,761.92 184,824.89 8,995.19 5,384.52
M13 309,024.80 184,982.25 8,732.31 5,227.16
M14 306,871.64 183,693.36 10,885.47 6,516.04
M15 307,756.68 184,223.15 10,000.43 5,986.26
M16 307,219.45 183,901.56 10,537.66 6,307.84
M17 311,110.97 186,231.03 6,646.14 3,978.38
M18 304,633.23 182,353.45 13,123.88 7,855.95
M19 305,285.93 182,744.16 12,471.18 7,465.25
M20 305,954.96 183,144.64 11,802.15 7,064.77
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d3UuazenUsenansive

qwu%%’aﬁlﬁﬁﬂﬂﬂiﬂizLﬁumamsﬂ%’uﬂqa
aussauzndsnulagyaduiinseveiasdundn
\esananunsatisannisaremaudeudingniely
p1ATA KA bianN15EN1TANLEuTBITEULUSY
anald Fadamalinislindsnureseiaisanas u
mieilddenduuusaomdnnu Openstudio uaz
EnergyPlus ¥n1sdnassuazmuiimangnnlunig
Usgndandsnuiiinaninnsnsnisufuusmdany
yaensovasliilussansammiennudoudinty
$1WIU 20 1RSS5 UeNANTLEIEWINTIATIEA
HANDULNUNITAIUVDILAALUINTNIT HANITANY
WUl 1nsnnsfiaannislindesuniniian Ae
11515 M18 (Wasunszanla nun 6 mm 1unsean
Low-E %111 6 mm fiafldy B4100 wasidial Stay Cool
w1 150 mm) fiAn Energy Use gl 158.66 kWh/
(m?Year) dwsuinasmsfimdedidineniwlunistivan
n5ldndsaulaedian Energy Use 0853749 159.00-
164.98 KWh/(m*Year) Tuauraenisiaseinisamu
Hunuiniliiies 6 wmsnswinduiiinanevununas
anudululalunisusudsandsnureinseueinis
eSS M9 M13 M20 M6 M8 uay M7 Wiedu
galasanisilyamviniu 282,957.79 um 230,361.96
U 75,740.03 un 45,480.31 U 39,663.52 U
WAL 19,584.05 U ANUANFU E1USUNITIATILTINNS
amuﬁ?u NUTT UIEANADNITAM ULATNANITANE
Fanuin aenndestuaAseneuniing (Rittidatch,

Y

Phdungsilp & Vorarat, 2021) kagn15aaUsuIang
Uaeeiwansuelasenlusunniian Ae 11asnis M18
flein 7,855.95 kgCO e/year drwsunmsmsiiuded
FnanmilunisneanUsinumsuaesimamueulnesnls
LTI 592.31-7,465.25 kgCO e/year mnitansas
NAN1591889N899 Ul UAIUAISUTERIANT 11U NS
anUSuuigasusulaeenlen Lagn1siATIzYing
AOULNUNTAIUNUIN 3RS TARAUILTNT191A1S
WU 65 mm Lagfaflay B4100 (M9) A w1@snIg
ﬁﬁﬁqmmmmmsﬁ%mm 20 UIMIN1T WASNANIS
Anwildanauddeianunsailuraslunisinauls
UFuusandsnuvenseueinsvetonsaineuly
wihgnunadgu 9 16
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