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ABSTRACT

The study of the Emission Factors (EF) of meth&td,) and Carbon Dioxide (C{pemitted from vehicle
exhaust is the study of greenhouse gases tharamlcto climate change. These gases are partfuéla
known as Compressed Natural Gas (CNG) or as NaBaalfor Vehicles (NGV) in Thailand. This fuel is
used as an alternative to oil, which has decredlsedamount of gasoline and diesel oil used in the
transportation sector of Thailand. This study uddterent types of cars that were tested on a dhass
dynamometer with a Bangkok driving cycle to meastie emissions of CHand CQ and then to
calculate the averages of EF-£Bnd EF-CQ, which are associated with speed and fuel consampt
respectively. This study was conducted in 3 vehtglges that are actually used in Thailand, namely,
Heavy Duty Diesel Vehicles (HDDV), Light Duty Dids¥ehicles (LDDV) and Light Duty Gasoline
Vehicles (LDGV). Our results showed that of theethvehicle types, HDDV produced the highest EF-
CH, and EF-CQaverages at 7.22 and 919.6 g kmespectively. LDDV produced the lowest EF-CH
(0.17 g km?) and LDGV produced the lowest EF-€(153.8 g k). In addition, the EF-ClHand EF-
COyvalues of LDDV and LDGV were comparable even thotigh engine types of these vehicles were
different. With respect to fuel consumption, the-€H, and EF-CQ of HDDV indicated a higher fuel
consumption, which differed from those of LDDV ah®GV. Nevertheless, LDGV or taxis, which
account for a large portion of the transportatientsr in Thailand, emitted higher proportions of CH
and CQ than the other vehicle types, as shown by the:C®, ratio. Therefore, according to the
results, the EF-CHand EF-CQ values can be applied for the effective evaluattérCH, and CQ
emissions from vehicles in Thailand.
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1. INTRODUCTION reduces the consumption and import of any typeilof o
and has physical properties that normally resulioim
Compressed Natural Gas (CNG) or Natural Gas forpollution emissions compared with other fuels.
Vehicles (NGV) is a fossil fuel that can be usedaas Nonetheless, in the current situation, greenhoeses
energy source for traffic and transportation. Théeural (GHGSs) are combusted and emitted as exhaust gas fro
gas sales have risen for vehicles in Thailand a@¥N vehicles (Bauer and Forest, 2001), especially nmetha
engines are being installed in vehicles each dagti;m (CHy and Carbon Dioxide (C which are key
in Heavy Duty Diesel Vehicles (HDDV), trucks andmne  components of compressed natural gas and have a
cars. Today, the compressed natural gas used idlegh tendency to emit from the exhaust (Crane and Scot,
is considered an alternative energy source, which1992; Zarante and Sodre, 2009). In particular, aveth
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has a higher potency as a greenhouse gas thanncarbsystem. The vehicles were inspected and their esgin
dioxide and both gases may result in climate changewere in the conditions specified by the manufacsure
(Parry, 2007). As a result, compressed naturaliggam  There were no leaks in the exhaust system. Thedtest
alternative fuel for vehicles that has been indrepg vehicles were in actual use and used fuels in il The
and widely used in metropolitan areas (Getoal., suitability of this test is shown in detail beldwable 1.

201_1): Therefore, the evaluation of greenhou_se 939 2 Exhaust Gas Testing and Analysis

emission can be calculated from the relationship _ o _ o
between the exhaust gas emission activity and the The pollution emission from th_e vehicles as emissio
Emission Factors (EF) of a certain vehicle. Furtiee, ~ factors was evaluated by analyzing pollutants fitbie
each factor is different, such as the vehicle tpel, type exhaust pipes in a laboratory that simulated amgefo

used and driving patterns at various speeds. Haweve 0CCUrting during actual driving. Driving = pattern
current EF information is only available for sonaeters. ~ Simulations with controlled temperature and huryidit
In Thailand, there has not been an emission fasttaty were performed according to the testing standards o

that could be used to properly evaluate the ennissis were similar to actual conditions. Each type ofigkeh
greenhouse gases from the combustion in vehiclieg us was tested on a chassis dynamometer to adjust the
compressed natural gas (Akamsal., 2007). Accordingly, conditions of the vehicles at each speed range to

ducti dv of emission f h c replicate the actual road conditions and the tehicles
conducting a study of emission factor methane (E}C  ;5oq the metropolitan driving pattern that was a

and carbon dioxide (EF-GP from different types of  gimyation of the Bangkok driving cycle. The averag
vehicles actually used in Thailand is necessarye T speeds panned from low speed ranges to high speed
purpose of this study, which was conducted in anygnges and the calculated average speed was used as

automotive emission laboratory, was to measureEfRe  representative to calculate the pollutants prodicete
CH,and EF-CQof various vehicles with different driving studied areas and in various situations, such as

patterns in Thailand. The results of the test Vesithat use  congested areas or during rush hour. The vehickrs w
CNG as fuel and the patterns of driving in the istlidreas  tested while their engines were still hot (hot esiain
from the laboratory (PCD, 2000) will be used tocukdte tested), which represented the simulation of tladfitr

the EF-CH and EF-CQ@to find a relationship between the conditions at the low speed range to high speederan
evaluated vehicle greenhouse gas emissions aratthel  during the congested period. This congested period
conditions and to apply the results to the effectitanning involves frequent switches between acceleration and

of air pollution management in Thailand. braking during the high traffic flow period of odeiving
cycle. This analysis was performed to determine the
2 MATERIALSAND METHODS amounts of a variety of pollutants. The pollutionied
was measured by the bag sampling system and dilnéng
2.1. Experiment Planning test, the exhaust gas was collected throughouérttiee

driving cycle by Constant Volume Sampling (CVS)eTh
The vehicles used in the current experiment weretest was started by diluting exhaust gas with aid a

categorized into 3 types, namely, Heavy Duty Diesel measuring the amount of the diluted exhaust gahen
Vehicles (HDDV), Light Duty Diesel Vehicles (LDDV) system. The test consisted of the following stefi$:
and Light Duty Gasoline Vehicles (LDGV) or taxihd  receiving the total flow of the vehicle exhaust,g&éd
latter types are used most often and are abundant idiluting the exhaust gas with air, (3) constantlgt®ning
Thailand. The LDGV were also classified according t out and collecting the exhaust gas and (4) coyrectl
the number of kilometers the vehicle traveled bseau measuring the total amount of diluted exhaust §hsn,
they are used extensively for transportation inthe exhaust gas sample was sent to a methane analyz
metropolitan regions. For the calculations of EF;@Hd and to a Flame lonization Detector (FID) to det@arthe
EF-CQ, all of these vehicle types were compared with methane concentration in the laboratory. Carbomidio
respect to their greenhouse gas emissions, whiitre was analyzed by a Non-Dispersive Infrared analyzer
from the combustion of the compressed natural igdise (NDIR) to determine the concentration of £Orhe
internal combustion engine. These experiments werenfrared energy will be absorbed and transformed in
performed as part of an experimental project of thean electrical signal that is then compared to arsgfce
automotive emission laboratory, Pollution Control gas to determine the concentration of the analyzed
Department, Ministry of Natural Resources and CO.. The pollution was measured in grams/kilometer
Environment. All three vehicle types use Compressed(g/km) and was calculated to determine the fuel
Natural Gas (CNG) or Natural Gas for Vehicles (NGV) consumption rates and the speeds of the testedleshi
use the bi-fuel system and are equipped with adatiin ~ according to the defined driving patterns.
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Table 1. Vehicles of the three types tested in the emiskibaoratory

In-use Engines capacity Vehicle types
Vehicle types Engine type Odometer (cubic centinsete.) with CNG fuel used
HDDV Diesel 442,257 12,000 Buses and Trucks
LDDV Diesel 40,850 3,000 Pick-ups and Vans
LDGV-1 Gasoline 44,765 1,600 Passenger cars
LDGV-2 Gasoline 44,790 1,600 Passenger cars
LDGV-3 Gasoline 61,337 1,600 Passenger cars
LDGV-4 Gasoline 61,361 1,600 Passenger cars
LDGV-5 Gasoline 72,178 1,600 Passenger cars
LDGV-6 Gasoline 103,906 1,600 Passenger cars
LDGV-7 Gasoline 103,930 1,600 Passenger cars
LDGV-8 Gasoline 125,399 1,600 Passenger cars
ldgv-9 Gasoline 125,422 1,600 Passenger cars

2.3. Emission Factor Calculation

The relationship in terms of the emission factor
was determined from the relationship between the

average concentration of GHand CQ from the
vehicles and the number of kilometers traveledhsy t
vehicle (Angiola et al., 2009). The statistical

had similar EF levels. Furthermore, according ® tist
results of each vehicle that used CNG, the ER-@htl
EF-CQof the different vehicles were different. The
HDDV had the highest EF-CHand EF-CQ@ at 7.22 and
919.6 g km', respectively. The LDDV had the lowest
EF-CH, at 0.17 g kit and LDGV-2 had the lowest EF-

significance for all vehicles was determined using CO, at 153.8 g knt. The results of this test correspond

Equation 1 and 2, respectively:

Total CH, Emission (g

EF CH,(g/km = VKT (kM) 1)
_Total CO, Emission (g

EFCQ,(g/kn) VKT (km) (2)

Where:

EF CH, =The emission factor of CHn g/km

EF CQ =The emission factor of GOn g/km
Total CH, = Emission is the average amount of (JH

grams

Total CG = Emission is the average amount of Q0
grams

VKT =The average vehicle kilometers traveled in
km

3. RESULTS AND DISCUSSION

3.1.Emission Factors of CH, and CO, from the
Testsof the Three Vehicle Types

The EFs of Cjand CQ from all three vehicle types
are given in g/km inrable 2. The average speeds are

with the results from the chassis dynamometer & th
study by Nilrit and Sampanpanish (2012).

When considering only EF-CHthe HDDV had the
highest EF, which was different from the EFs ofhbitite
LDGV and LDDV. The LDDV produced an EF-GH
that was similar to that of the LDGV. When considgr
only EF-CQ, the HDDV had the highest EF, which
differed from the EFs of both the LDDV and LDGV.
The LDDV had an EF-C@imilar to that of the LDGV.
However, when considering the kilometers traveled a
fuel consumption, testing the variance revealed ttia
latter two vehicle types had EF-¢ldnd EF-CQvalues
that were not significantly different.

In addition, a test was conducted with one LDDV and
9 LDGVs, which had 3,000 cc. and 1,600 cc. engines,
respectively. When considering the number of kiltare
traveled (40,850-125,422 km), as determined using
odometers, theEF-CHand EF-CGQvalues were similar.
When considering the average speeds, which ramged f
29.8-34.3 km H, the EF-CH and EF-CQ values were
not significantly different. With regard to fuel
consumption, the EF-CGHbf LDDV did not differ from
the EF of LDGV. In contrast, the tests for the EG,©f
both vehicle types revealed that the differencethénEF

provided in m/sec and the CNG consumption rates arevere significant (p<0.05). The fuel combustion het

provided in km/L. The HDDV produced the highest EF,
followed by LDGV and LDDV. The LDDV and LDGV
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different types of engine is shown in detailliable 2 and
the results can be summarized as follows.
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Table 2. Emission factors of CH4 and G@ith average speeds and fuel consumption forhteetvehicle types compared with the

emission factors of CH4 and G@ each LDGV type

Elz':-lverage(:)f CH4 EFaverageDf COZ

Average Fuel
Vehicles  speeds consumption g/km g/L g/km g/km EF ratio of
types (km/hr) (km/L) (g/km) (g/L) (g/km) (g/L) KL,/CO,
HDDV* 235 1.7 7.22 12.8 919.6 259.8 0.05
LDDV 34.3 ¥3.75 9.1 +0.62 0.17 +0.42 0.11 +0.13 B584.87 3.21 +0.88 0.03 +0.10
LDGV-1  26.3+3.75 10.8 £0.62 1.24 +0.42 0.39 £0.13 162.0 +4.87 0.93 +0.88 0.42 +0.10
LDGV-2 33.4+3.75 11.4 +0.62 0.93 +0.42 0.27 +0.13 153.8 +4.87 0.88 +0.88 0.31 +0.10
LDGV-3  26.3+3.75 9.9 +0.62 1.03 £0.42 0.35+0.13 681 +4.87 1.70 +0.88 0.21 +0.10
LDGV-4  33.4+3.75 10.4 +0.62 0.42 +0.42 0.14 +0.13 164.2 +4.87 0.63 +0.88 0.22 +0.10
LDGV-5  33.4+3.75 10.8 £+0.62 0.43 +0.42 0.13 +0.13 163.9 +4.87 0.61 +0.88 0.21 +0.10
LDGV-6  26.3 +3.75 10.1 £0.62 1.14 +0.42 0.02 +0.13 162.2 +4.87 0.10 +0.88 0.2 £+0.10
LDGV-7 33.4+3.75 10.3 £0.62 0.34 +0.42 0.38 +0.13 162.9 +4.87 1.58 +0.88 0.24 +0.10
LDGV-8  26.3+3.75 10.2 £0.62 1.30 £0.42 0.11 +0.13 171.0 +4.87 0.67 +0.88 0.16 +0.10
LDGV-9  33.4#3.75 10.6 £0.62 0.55 +0.42 0.17 +0.13 165.6 +4.87 0.63 +0.88 0.27 +0.10

Remarks: *; The HDDV was not compared to standandadion value because it was much higher thano@tlye other samples

Table 3. Trends of emission factors compared by NGV fupktfor CH, and CQ

Greenhouse Gas Study of EF

US EPA (2008) EU (2009)
In-use vehicles Average Average Average Average
by NGV EF-CH EF-CG EF-CG EF-CG
Fuel Type (g-Clkm) (kg-CQ/km) (kg-CQ/km) (kg-CQ/km)
HDDV 7.22 0.92 2.78 0.11
LDDV 0.17 0.17 0.83 0.27
LDGV 0.55 0.17 0.58 0.21

For the HDDV at a speed of 23.5 kit land a fuel
consumption of 1.7 km T, the EF-CH and EF-CQ
were 7.22 and 919.6 g ki respectively. These results
correspond with those of Gattet al. (2012) and
Grahamet al. (2008), who studied the emission of £H

those of Cepeet al. (2009) and Chiangt al. (2012),
who performed the tests on a chassis dynamometer.
The tests on the LDGV utilizing the Bangkok Driving
Cycle driving pattern used 2 average speeds, whéle
26.3 and 33.4 km h When categorizing the samples

and Carbon Monoxide (CO) from vehicles on a chassisaccording to the kilometers traveled, as determimedn
dynamometer. Their studies found that the compcesse odometer, LDGV-1, with an odometer value of 44,765

natural gas combustion and g&issions of the HDDV
were low but that CO was emitted at a larger progor
because of the incomplete combustion of the engines
At a speed of 34.3 km hand a fuel consumption of
9.1 km L%, the LDDV had EF-Ciland EF-CQ values
of 0.17 and 169.8 g kth respectively. Comparing these
results with those of the LDGV showed that the Bf,C
of LDDV was lower than that of the LDGV, but the EF
CGO, of the LDDV was higher than that of the LDGV.
This result was due to the different types of eagifhe
air compressor system during the fuel combustiom of
diesel engine causes a higher pressure and temperat

km and a fuel consumption of 10.8 km*Lproduced
average EF-ClHand EF-CQ values of 1.24 and 162 g
km™, respectively. LDGV-2, with an odometer value of
44,790 km and a fuel consumption of 11.4 krt, L
produced average EF-Gldnd EF-CQvalues of 0.93 and
153.8 g km', respectively. The LDGV-3, with an
odometer value of 61,337 km and a fuel consumpifon
9.9 km L%, produced average EF-GHand EF-CQ
values of 1.03 and 168.1 g kinrespectively. LDGV-4,
with an odometer value of 61,361 km and a fuel
consumption of 10.4 kmT, produced average EF-GH
and EF-CQ values of 0.42 and 164.2 g khn
respectively. LDGV-5, with an odometer value of

than those of the combustion system of a gasoline72,178 km and a fuel consumption of 10.8 knt,L

engine, resulting in a higher conversion
combusted fuel to CO These results correspond to
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rate of produced average EF-Grand EF-CQ values of 0.43

and 163.9 g knt, respectively.
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LDGV-6, with an odometer value of 103,906 km and a
fuel consumption of 10.1 km™t, produced average EF-
CH; and EF-CQ values of 1.14 and 162.2 g Km
respectively. LDGV-7, with an odometer value of D03

km and a fuel consumption of 10.3 km®Lproduced
average EF-CiHand EF-CQvalues of 0.34 and 162.9 g
km™, respectively. LDGV-8, with an odometer value of
125,339 km and a fuel consumption of 10.2 knt, L
produced average EF-GHand EF-CGvalues of 1.30
and 171.0 g kat, respectively. LDGV-9, with an
odometer value of 125,422 km and a fuel consumption
of 10.6 km L%, produced average EF-Gldnd EF-CQ
values of 0.55 and 165.6 g kinrespectively. The EF-
CH, values from these tests correspond to those from
the tests of Hee#t al. (2003); Weilemanmet al. (2005)
and Choi and Frey (2009), whereas the ERx@lies
from these tests corresponded to those from the tds
Porpathanet al. (2008).

3.2.Emission Factor of CH, and CO, Compared
with the Odometer Values, Average Speeds
and CNG Fued Consumption

The findings of this study comparing the EF-Cithd
EF-CO, with the odometer value and CNG fuel
consumption are detailed as follows.

The HDDV, compared with the LDDV and
LDGV, had higher average EF-GHand EF-CQ
values than those of the other vehicle types bexaus
its engine was larger and its odometer value was
higher. Additionally, its driving speed was lowerda
its fuel consumption was higher.

The LDDV had average EF-GHind EF-CQ values
of 0.17 and 169.8 g krh respectively. These values are
similar to those of the LDGV, which had average EF-
CH, and EF-CQ values ranging from 0.34-1.24 and
153.8-168.1 g kit, respectively. Categorized by
odometer, the comparison of the sample group of
LDDV, LDGV-1 and LDGV-2 (with odometer values of
40,850, 44,765 and 44,790 km, respectively), tinepda
group of LDGV-3 and LDGV-4 (with odometer values
of 61,337 and 61,361 km, respectively) and the $amp
group of LDGV-5 (with an odometer value of 72,178
km) revealed that the EF-GHand EF-CQ values were
not different from those of the LDGV-3 and LDGV-4
sample group but were significantly different (B3%).
from those of the LDDV, LDGV-1 and LDGV-2
sample group. The sample group of LDGV-6, LDGV-
7, LDGV-8 and LDGV-9, with odometer values of
103,906, 103,930, 125,339 and 125,422 km,
respectively, had EF-CHand EF-CQ values that
were not different from each other but were
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significantly different from those of the other CO.J/km, according to the study, it is found that thHe- E

odometer groups (p<0.05), as showrFig. 1. COyvalues corresponded to the emission factors of the
The HDDV had average EF-GHand EF-CQ European Union (DEFRA, 2012) but were lower than

values of 12.8 and 259.8 g respectively. These those of the guideline of emission factor from théted

values were higher than those of the LDDV, which _State of America Transportation (USEPA, 2008), Wwhic

had average EF-GHand EF-CQ values of 0.11 and IS Shown inTable 3.

3.21 g L, respectively. The former were also higher

than those of the LDGV, which had average EF;CH 4. CONCLUSION

and EF-CQ values ranging from 0.11-0.39 and 0.10- The EF-CH and EF-CQ of the HDDV were higher

1.58 g L, respectively. than those of the other vehicles. The EF,;GH th
’ . . 7 e
I_n terms of the ratio of EF-GHto EF-CQm all 3 LDDV and LDGV were different due to the different
vehicle types, the LDGV produced the highest value,types of engine, whereas the EF-CGF both vehicle

ranging from 0.20-0.42 with an average of 0.27,chhi : .
was higher than the values of HDDV and LDDV, which :ﬁzesrgveerzﬁozosrgp;;gglse,%fgcgtu%f;egtf ?hg;ee ?5?';3;? n

were 0.05 and 0.03, respectively. The results & th . . .
experiment demonstrated that the LDGV emitted,CH EF'.CQ values of different vehicle types in .th?
emission laboratory found that the average emission

and CQ at higher proportions than did the other vehicle factors from this study were the actual values aeti

types. The details are shownRig. 2. g )
In terms of the relationship between average spee rom the tests of vehicles actually used in Thallan

and the EF-Chl and EF-CQ values in all 3 vehicle hese factors differed according to the vehicleetyp

types, that the average speed for the HDDV differed 1he results from th_is _study can be used to evalug\te
from those of the LDDV and LDGV. The average gregn_house gas emissions by_any_method that require
speed of the LDDV was also different from thatlogt  €Mission factor values, especially in terms of @i,
LDGV. Although the HDDV had the lowest average and CQ emitted from vehicles.
speed, its EF-CH and EF-CQ values were the
highest due to its larger engine. 5. ACKNOWLEDGMENT
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