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Abstract

Global warming is a worldwide problem that is growing in importance. Reducing greenhouse gas
emissions, the main cause of global warming has been a priority of policies in almost all countries, including
Thailand. Motor vehicles have been the most important source of greenhouse gas emissions. Therefore, this study
aimed to estimate the greenhouse gas emissions emitted from motor vehicles in Bangkok by using an
International Vehicle Emission (IVE) model. The emission rates of greenhouse gases calculated from
measurements by the Automotive Emission Laboratory of Thailand were input into the model as the base emission
rates. The results found that greenhouse gas emissions from motor vehicles were 11,715.47 GgCO,eq. Taxis had
the highest greenhouse gas emissions, followed by passenger cars, pickups, motorcycles, trucks, buses, vans,
and public motorcycles, accounting for 28.50%, 25.94%, 20.47%, 8.90%, 7.56%, 6.28%, 2.16%, and 0.19%,
respectively. The results by considering scenarios designed for reducing greenhouse gas emissions including
using low-emission vehicle technology for new vehicles, reducing the use of personal motor vehicles, switching to
public transport, and eliminating vehicles older than 15 years, the implementation of a single mitigation measure
may not be able to reduce overall greenhouse gas emissions from motor vehicles. However, using an integrated

approach that combines all mitigation measures could reduce greenhouse gas emissions by 23.68%.
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Figure 1 Flowchart of the research procedure.
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BNANNTIMLLA1ABY IVE

ar

fayarindnuuuaiaes IVE utl w.e. 2561-2571 dsznavliéinadiaya Location file Gailudiayarioliaasivun

1Hun gounnfiean poNTudiing Anwurn1sduluavdnuuzidanas Inasandeya Base Adjustment file faiilu

a
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4

naumAcuANsaiy Tuuranalulagnouanledasesanuninuzusazilszion duiudeya Fleet file iludoya

a

&
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Table 1 Input data of the IVE model.
Engine Technology
Vehicle type Fuel type Air/fuel Vehicle size VKT (km)
Exhaust
control
Passenger Car: PC Gasoline Fl/ Carburetor Euro 1-4/ 3 Light/ <79,000
Diesel Way Medium 80,000-16,1000
NGV-gasoline >161,000
LPG-gasoline
Hybrid
Van Gasoline Fl/ Carburetor Euro 1-4/3 Medium <79,000
Diesel Way 80,000-16,1000
NGV -gasoline >161,000
LPG-gasoline
Pick up Gasoline FlI/ Carburetor Euro 1-3/3 Medium <79,000
Diesel Way 80,000-16,1000
NGV >161,000
Taxi Gasoline Fl/ Carburetor Euro 3-4/3 Medium <79,000
Diesel Way 80,000-16,1000
NGV -gasoline >161,000
LPG-gasoline
Motorcycle: MC Gasoline 2 cycle, Catalyst Medium <25,000
4cycle/Fl 25,000-50,000
>50,000
Public Motorcycle: PMC Gasoline 2 cycle, Catalyst Medium <25,000
4cycle/Fl 25,000-50,000
>50,000
Bus Diesel Fuel Injection/ Euro 1-2 Medium <79,000
NGV Carburetor 3Way/EGR 80,000-16,1000
LPG >161,000
Truck Diesel FI/ Carburetor Euro 2-3/ 3 Medium <79,000
NGV Way/EGR 80,000-16,1000

>161,000

EGR = Exhaust Gas Recirculation; FI = Fuel Injection; NGV = Natural Gas for Vehicle; LPG = Liquefied Petroleum Gas
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Table 2 Location input data of the IVE model.

Input Data

Average ambient temperature 30°C

Average relative Humidity 73%
Driving cycle Light duty BKK driving cycle*

(Average speed 33.4 km/hour)
Heavy duty BKK driving cycle**
(Average speed 23.4 Nlatums/km/hour)

Fuel standard Euro 4 standard

* Input data for PC, Van, Pick up, Taxi, MC & PMC

** Input data for Bus & Truck

Table 3 Base Adjustment input data of the IVE model.

Vehicle type Fuel type Engine Technology VKT (km) N
<79,000
MC Gasoline 4 cycle/Catalyst 80,000-161,000 58
> 161,000
Euro 2 <79,000 13
<79,000 12
Gasoline Euro 3
PC 80,000-161,000 16
Euro 4 <79,000 12
NGV 3Wy > 161,000 11
Bus Diesel Euro 2 > 161,000 90
<79,000 16
Euro 3 80,000-161,000 48
Pick up Diesel
> 161,000 92
Euro 4 <79,000 116
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Table 4 Engine technology for vehicles from 2018 to 2028.

Year
Vehicle type
2018 2019 | 2020 | 2021 2022 | 2023 | 2024 | 2025 | 2026 2027 2028
Pre-Euro,
PC Euro 1-4 Euro 2-4 Euro 3-4
Euro 1-4
Pre-Euro,
Van Euro 1-4 Euro 2-4 Euro 3-4
Euro 1-4
Pre-Euro,
Pick up Euro 1-4 Euro 2-4 Euro 3-4
Euro 1-4
Taxi Euro 3-4/ 3 Way/ EGR Euro 4/ 3 Way/ EGR
MC and PMC 2 cycle, 4 cycle/ catalyst 4 cycle/ catalyst
Bus Euro 1-2/ 3Way/EGR
Truck Euro 2-3/ 3Way/EGR

Table 5 Vehicle fuel type contribution in Bangkok.

Proportion of fuel type (%)

Vehicle type
Gasoline Diesel NGV LPG Hybrid
PC 63.08 22.75 2.55 9.47 1.87
Van 9.22 79.82 4.3 4.7 -
Pick up 2.85 90.01 2.43 4.27 -
Taxi 0.88 73.95 24.08 0.61 -
MC and PMC 99.98 - - - -
Bus 32.59 64.03 2.02 - -
Truck - 85.11 2.52 - -

VAU VUNINUE TN NIBAL YA UNIUULUBIAL 72NN

A"3AANIAI BN e U MLTLA Az s RN an s i Bu N sss e Ana eunszannne &
HIAINIINNLAEN AIUIIANNSATINNTRNT WaRETase U v Haumda 10 T (W.Fl. 2553-2563) Taanuin
mﬂuﬁﬁqmummiﬁﬁu 7 A (PC) & ”mﬁnmﬁm"fum?{m‘ﬂwmwmuﬂmimnﬁqm 1szan04 $aaaz 3.8 984A9HN
16 saussnn (Truck) dsznnns Sasaz 2.71 snansanuaus (MC) Uszann $euas 2.3 mﬂuﬁﬁqmuqﬂﬁmﬁu 7 AU

(Van) sz Seaaz 0.64 dausnausiussyndauiana (Pick up) snausiuinaussnnaulaaaislaiiiu 7 A (Taxi)
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ansnstuBuRAaNEN T (PMO) uazsalanans (Bus) Heamninindugessunuzlvingd Lﬂ@qmn%ga WA
2561- w.A. 2563 Ag1udeyaluszunaeensun1saudanIuNuas fatu nasdAneniiasianisaantsaian g
ENUNMLZHAUE 1T WA, 2564 - WA, 2571 (A6, 2018- A.A. 2028) uansliAa Figure 3 F9a1nnsANANTTATEN N YILE
ﬂs:mmnauﬁﬁﬂquqmm"Lu'Lﬁu 7 AU (PC) mmuﬁﬁ“\imumﬂmﬁu 7 AL (Van) 304n981UEWH (MC) 3013390
(Truck) 8nuugnummLzazau iy dousnaudivdrsusmnaulaeanslifiu 7 au (Taxi) HR1uaue unIue
mmmﬁu{mmzﬁ@m anasiausi] w.a. 2568 uduly L‘f‘immmﬁ”mz«'wﬁmmmuwwu:ﬁmqmnﬂfh 127 mw

1o o

RewlareanisAnedmiusnewsiudnussnaulasansldiiu 7 au (Taxi) Funndnanuausuniuuylud 4 miu
s0lAEans (Bus) WazInansenuauiaIsnsous (PMC) Hanusuenunmuzazananaudniiosanntlgnuuazaiifiaust]
w.A. 2564 \Husiuly deusnaudussyndsuyana (Pick up) HarusugnunInuzazanpauinai fauansliviugi
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Figure 3 Number of registered vehicles from 2018 to 2028.
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AT INRAL AT AN BT 1B T UNIUUTLAAZLITINNIIUTINAINT 83 ARINITUIIEITUNTTATIER

fayaszaznisrassuniuuzusanlssinnluiesunjaasisemalng dayaannsuatupuuafis uazdiaann

= & a a4 o e ' a PR = = P
NITAN I ULNN AN mmmqmmgmmmuwmumumﬂumu 20 1 F9UAANINEaSIALATEELNNUDAL AT ANFAL A

]

gnunnuls 69 Table 6

Table 6 Average vehicle kilometers traveled for each vehicle type.

Average VKT
Vehicle type N Source
(km/year)
Limanond et al., 2009; PCD; Survey
MC 4,241 687
data in this study
Limanond et al., 2009; PCD; Survey
PC 23,750 733
data in this study
Limanond et al., 2009; PCD; Survey
Van and Pick up 27,140 545
data in this study
Limanond et al., 2009; PCD; Survey
PMC 5,569 379
data in this study
Limanond et al., 2009; PCD; Survey
Taxi 114,647 465
data in this study
Limanond et al., 2009; PCD; Survey
Bus 74,532 508
data in this study
Limanond et al., 2009;
Truck 62,334 404

Outapa et al. 2016

UnTn1592018i1950UN 72N YBIEUNIN U TBIT/T W WA, 2561

Lﬁﬂﬂﬁmﬂmﬁﬂmmuﬁmm IVE ﬁwﬁuﬂs:ﬁwémws:umﬁwﬁ@ummnmmmummu:‘luﬂgqmwmmum
ANULLSaeaTLansA AN s AN 39z aaenidli 2 Antsszune IuA tRununnssvInesani AR AT ese s
(g/start) WAZLTNNUNNIIZUNARIZEEZN (g/km) Imﬂﬁi’]ﬁuﬂi:?ﬁwéﬂwa:mﬂﬁwﬂ’]‘;?u'au”l,m'a@ﬂ”l,wi'(Coz) FA1mn
1’7{@‘@ 9998911A8 AT (CH,) uaz finglunfaseanlss (N,0) Aua1aU AwFuAndutlsz@nsnisssungAng
Asuaulaaan s (CO,) RN A ALASRILU (g/start) BRILNUNIUULIAALUTLLON ﬁmﬂgﬂuﬁqq 21.6623 -192.8077
g/start asnlngans (Bus) ﬁﬁﬁmﬂﬁ'qm LAZINANIUIULURAE170LE (PMC) ﬁm{i@ﬂﬁz@m 1umurﬁhﬁuﬂa‘:aw%rms
TTUNYARTTEZNI (g/km) FafluAnnisssing luanefisnds wudn Arduierdvanisszunefnganiueulaoanles
(CO,) BRvEuNIMUzUsazlszinn HAatludag 88.1520 - 983.2768 g/km %qmmmﬂ (Truck) ﬁmmn‘ﬁ'@qm WAz

s04NsEUUR (MC) HAAntiaafign druiudrduisz@nsnisszunainglunfaaanlasd (N,0) a0senuniuzusay

236



IENFINNANARTYIN TN 28 (RUUN 1) WNTIAN — INHEU W.A. 2566

BURAPHA SCIENCE JOURNAL Volume 28 (No.1) January — April 2023 UNAININE

Uszinn HAegflugae 0.0024 - 0.1321 g/start Fasnlngans (Bus) ﬁﬁ’m’mﬁ'zﬁm F0ANTUIULUAZN1E1TUY (PMC) HAn
ﬂ@ﬂﬁqm TuduAndutlasAnantsssunefesza g (g/km) WL ﬁqﬁmﬂazawéﬂﬂﬁxmﬂﬁ'vﬂum*m@ﬂ"l,sm’(NZO)
we9enunIMUzIsazlsznn Hanetlugae 0.0139 - 0.0727 g/km ﬁ@lqmma‘nn (Truck) ﬁﬁ’m’m‘ﬁl@ﬁ WAZIDEIUALITINN
dquyAna (Pick up) ﬁmﬁ@ﬂﬁ?‘iqm fruFupndutlssAnennaszune iy (CH,) 289 uUnImUTUAaTszlAN ﬁﬂ'fmﬁui
lud94 0.0095 - 11.7025 g/start %q30ﬂuﬁ§u%ﬂduiinnﬂuTmﬂm:r"L;J Wi 7 AU (Taxi) ﬁmmﬂ‘ﬁ'qm WATTOUTINN
(Truck) ﬁmﬁ@ﬂ‘ﬁ'@m ’Lumumﬁuﬂizawéﬂﬁﬁzmﬂ[ﬁimwxmq (g/km) WU mzi“uﬂizaw%rmﬁzuwﬁ”wﬁmu (CH,)
PRIRNUN Lz Az sz HAnaglugag 0.0849 -21.6837 g/km %wmauﬁu%wmmﬂﬂuimﬂmﬂmﬁu 7 A (Taxi)
ﬁﬁiwm'ﬁ'qm uaTsnuITNN (Truck) ﬁmﬁﬂﬁﬁ'zﬁm TnesuazBunfndudszAnsnsszuneesing CO, N,O uaz CH,

PASENUNIABE AR sz 18 wanesa Table 7

Table 7 Emission factors of CO,, N,O, and CH, from the IVE model by different types of vehicles.

CO, N,O CH,

Vehicle type Start Running Start Running Start Running
(g/start) (g/km) (g/start) (g/km) (g/start) (g/km)

MC 22.8981 88.1520 0.0035 N/A 3.4184 1.0041
PC 62.9293 360.9631 0.0412 0.0150 0.8803 0.8032
Van 100.9860 361.7053 0.0330 0.0145 0.9325 1.2194
Pick-up 104.5035 347.4211 0.0309 0.0139 0.4675 0.6179
PMC 21.6623 95.1769 0.0024 N/A 9.2483 1.3317
Taxi 34.0177 383.6658 0.0356 0.0282 11.7025 21.6837
Bus 192.8077 891.3228 0.1321 0.0706 0.4964 1.8669
Truck 122.7907 983.2768 0.0796 0.0727 0.0095 0.0849

N/A = not applicable

erinnnsssiiuununtsssune Anseunszanannnig Auanlnefiansan Adutlss@nanisszune
UL UM UL LA T ILE TN NIRA TR UN N UEUAAZ1ITZIAN WU91 UBUIUN1T92 U8 199RNT
psuaulaeanlas (CO,) Testumsuzusiazilssnm frratlugag 15.0974- 2067.2469 Gglyear Inasnausfileday
uﬂmvl,mﬁu 7 AU (PC) szunefneg Cozmﬂ‘ﬁlqm LAZINANTUNULURANENT0UE (PMC) szuneifng CO, ﬁﬂﬂﬁ'm A5y
Fnninsseuefingdlinu (CH,) 1aseuninuzusAazlsznm danegludos 0.0022 - 81.4611 Gglyear Tntisneius
Fudnqussnnaulaaanslaifiv 7 A (Taxi) szunafing CH4mﬂ‘*71la;m WATINUIINN (Truck) szUNEIRND CHﬁ@ﬂﬁqm

A mFufiununisszutainglunfaaanlas (N,0) 1898 1un MUz LAarlszAn ﬁm’mgﬂu‘*ﬁqq 8.1x10®- 0.1191
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Gglyear Inasnaudiisdauyanalidifine 7 Al (PC) szunefing N,O N1nign Lazsnansauaufan sy (PMC)

] '
a =

szunefing N,O flaafign Gatiunnuingieunszanaesenunimuzusazlszinnuanild #43 Table 8

Q

Table 8 Emission of CO,, N,O, and CH, by different types of vehicles.

Greenhouse Emission (Gg/year)
gas MC PC Van Pick-up PMC Taxi Bus Truck
CO, 830.0793 2967.2469 1025.9466 2368.9410 16.8021 1036.4931 644.3071 372.3792
CH, 7.5827 1.4447 0.3751 0.1989 0.2153 81.4611 2.4482 0.0022
N,O 4.3x10° 0.1191 0.0358 0.0894 8.1x10° 0.0818 0.0855 0.0327

2

defiansantiununisssunafngfeunszanluninsanaesnissudmisauwluniaeasineniy
Arfuaulasanladiiaumin (GgCo,eq) InaliArAnaninnisinlifianiazlanseu (Global Warming Potential:
GWP) $r9Baannmeeunistlszifiuadad 5 ves IPCC Tng CH, {1 GWP winriu 28 uay N,O HA1 GWP winfiu 265
AIANANITANE WUI 1T WA, 2561 ﬂmwwu:ﬂ?zmmnﬂuﬁ%u’f‘iwmmnmuimﬂmﬂu‘Lﬁu 7 A (Taxi) HnN19
izmﬁﬁwﬁé@uﬂimﬂiuﬂ?mmﬁmnﬁqm 7038917 M mmuﬁmfwﬁquqﬂmiﬂlﬁu 7 AL (PC) $REUALITNNAIU
YAAA (Pick up) 204n3eNueUs (MC) 30U999N (Truck) salaedns (Bus) a‘nﬂuﬁﬁqmuuﬂﬂmﬁu 7 AL (Van) uae

TNANTLULUAA1190UE (PMC) ANNAIAL (Figure 4)
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Figure 4 GHG emissions in Bangkok (2018)

238



IENFINNANARTYIN TN 28 (RUUN 1) WNTIAN — INHEU W.A. 2566

BURAPHA SCIENCE JOURNAL Volume 28 (No.1) January — April 2023 UNAININE

NIATNIIN AN TN EANAINNITINABIANILN1T0]

nsAnsBAmue U w.e. 2561 (A.A. 2018) 1TuTlgu Ingazrinnisaianisnitiununisssunaeesfing&eu
NILANAINUIUNINULTDIAINTANFIMNEUILAT T aude T w.A. 2571 T9aaa9801UN190IAINNIAINITNTAATND
Faunszanuedngamnaniuas Hun 1) n1sldsalawans (Bus) Mieiwasingsssuais (Natural Gas for Vehicle:
NGV) 100% & wiuanuninuzlud uazani@annislisanianauinnan 20 1 2) nsldsneusFudnussnaulaaanstl
AU 7 AU (Taxi) Ioe 1E@awnasingassngni (Natural Gas for Vehicle: NGV) 100% @1u§usnunivus v uaz 3) nng
annslsnaumivasuyanaliiiu 7 au (PC) Tnaviunnldsnansnsnizuazanidnnisdsnndanguinndt 15T 4) an
nsldsneusiusannaIuLARa (Pick up) N1 14LENN95081871304% 50% Uaw 5) Minnunsnissanmii

d‘ ) v v o dll a 23 A 1 1

Watndayadinuuuaass IVE edssiiintininnissrunafingizaunszanluusazuinsnisluusiaz
A011NNTIRANADI WL

@n1un130IA98u (Business As Usual: BAU) tlugnnunsaiideld lARansainunmsnigs wudn enunnuuzs

= o A PN =< o co v L a N oaa

azilszinn AnnsszunafingFeunszaniiudindu eniu snausiuinaussmnanlaeaisldiiu 7 au (Taxi) ARNNg
srune N AR TUAUDS WA, 2567 (A.A. 2024) WATAARIFILAT W.A. 2568 (A.A. 2025) Wludull Wesannaiuay
eunmUzanad lnauansiinyatBuianisszunefingiEeunszanainaunvuzusazlssinnli A3 Figure 5

#011n1701a1a899 1 (Bus scenario) Usuidasusalnaansilsyainiag (Bus) Muilusa v ifluimainasnneg
8954918 100% wazeniannisldsandenguinndt 20 T wudn salaeansifsununisssunaanad Wi lunnganaes

o A o ~ PR o

nszuneinnuAngisaunszana e unIuE sy Al BN INI9sE LN RN TY

an1uN190Jaaesd 2 (Taxi scenario) Nglderunwinueluddunduinasssuans Nldiauntsdaulasainenl
Wanlanwmewm@s lulssinvsnswsiudnaussynaulasansliiu 7 au (Taxi) 100% wudn Hiiuiainnsszuisanas

, o A o ~ o &

wrilunnsanaesnisszunefsnnufingFaunszanaIna LN Ussny §apsiENI N T LNeNN Y

an1un190I318097 3 (PC scenario) ann1slisnaumilsdauyanalaiiniu 7 au (PC) unld1Bn9snansnsuy
50% $anrunisani@nnistisanfenguanndd 15 T wudn fuianisszuneluunsdlanauazluunthiingu wilu
NNIINTBIN9IT LN BN RN BaUNszANAINENUN MU NLITAYN SaAHTNNINIITLNELANTY

an1UN1903a1a99% 4 (Pick up scenario) ann1sldsneusLsINAIULARAA (Pick up) 1N lHLBN99088190u
50% WU41 HLFHUNITIZUNEANAY WA AN IINT89N199E U e TN IR Ng Faunszananaun e nlssnmn
o ~ o &
9NN NN TIZLNBIANT 1

an1un130Ja18997 5 (Combined scenario) l¥nnumsn1saInaniunisnianaasd 1-4 sauiu wusn lu
NNIINIBINgITLN BNt EeunszananauNInUEy N sz A1BNnunnssuneanas

ANNADIUNTIANAR9N 1-5 WAAILTNIUNITIZUNLRITIFAUNTEANAINADIUNITAIAIABIANNNIATNNT

et IBzIsavLszmLar BN uNNsssLnefin g BaunszanfisrLngaNeN N uLEY Nz (Figure 6)
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Figure 5 GHG emissions by different types of vehicles from 2018 to 2028
(BAU Scenario).
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Figure 6 GHG vehicle emission scenarios from 2018 to 2028: a) Bus scenario; b) Taxi scenario; c) PC scenario;

d) Pick up scenario; e) Combined scenario
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AANTUNANNTIAE

mwmmm?ﬂi:Lﬁull?mmmﬁ:mﬂﬁwf‘a‘@unimﬂmmmuwmuxvfwum‘lu@fﬁwﬁfmﬂgq WWHUIUAT WD
AnduilarAnEnnsszungingdaunsransaniiaLasese s (g/start) fiBunnunnsssunatiaandnArduissdnanag
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