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Abstract

The objective of this study was to compare greenhouse gas emissions from road transportation by calculation
methods (Tier 1, Teir 2, and Tier 3). Tier 1 based on 2006 IPCC guidelines default emission factor and amount of
fuel consumption. The Tier 2 approach is the same as Tier 1 except that country-specific carbon contents of the fuel
sold in road transport are used. Tier 2 based on emission factor of guidelines for local government greenhouse gas
inventories (Korea Environment Corporation), the fuel consumption per one vehicle, and the registered motor vehicles.
The Tier 3 approach requires detailed, country-specific data to generate activity-based emission factors for vehicle
subcategories (National Institute of Environmental Research) and may involve national models. Tier 3 calculates
emissions by multiplying emission factors by vehicle activity levels(e.g., VKT) for each vehicle subcategory and
possible road type. VKT was estimated by using GIS road map and traffic volume of the section. The GHG average
emission rate by the Tier 1 was 728,857 tonCO,eq/yr, while Tier 2 and Tier 3 were 864,757 tonCO,eq/yr and
661,710 tonCOeg/yr, respectively. Tier 3 was underestimated by 10.1 and 20.7 percent for the GHG emission
observed by Tier 1 and Tier 2, respectively. Based on this study, we conclude that Tier 2 is reasonable GHG emissions
than Tier 1 or Tier 3. But, further study is still needed to accurate GHG emission from Tier 3 method by expanding
the traffic survey area and developing the model of local road traffic.
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Fig. 1. Map of Anyang City.
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Table 1. Road transport default CO, emission factors and
uncertainty ranges by IPCC Guideline (2006)*.

Fuel type Default Lower Upper

kgT)  (kgT) (kg1

Motor gasoline 69,300 67,500 73,000
Gas/Diesel oil 74,100 72,600 74,800
Liquefied petroleum gases 63,100 61,600 65,600
Kerosene 71,900 70,800 73,700
Compressed natural gas 56,100 54,300 58,300
Liquefied natural gas 56,100 54,300 58,300

*Source: IPCC, 2006 IPCC Guidelines for National Greenhouse Gas
Inventories (2006)

Table 2. CO, emission factors by Korea Environment Cor-
poration Guidelines (2010)*.

Fuel type Default (kg/TJ)
Gasoline 72,333
Gag/Diesel 72,600
Propane 64,533
Butane 66,366
Liquefied petroleum gas 64,900
Compressed natural gas 56,467
Liquefied natural gas 56,467

*Source: Korea Environment Corporation, Guidelines for Local Govern-
ment Greenhouse Gas Inventories (2010)
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Table 3. Non-CO, emission default factors by IPCC Guideline (2006)*.
Default (kg/TJ)
Category Gasoline Diesel LPG CNG
CH, N,O CH, N,O CH, N,O CH, N,O
Cars 9.0 10.0 1.0 20 10 0.2 290 30
Light-duty Trucks 7.0 10.0 20 5.0 10 0.2 300 30
Heavy-duty Trucks/Bus 5.0 43.0 30 20 10 0.2 300 30
Motorcycles 42.0 1.0 NA NA NA NA NA NA
*Source: IPCC, 1996 |PCC Guidelines for National Greenhouse Gas |nventories(1996)
Table 4. Estimation of vehicle’s CO, emission factors*.
Type Emission factor (g/km - Number) R?
Gasoline 177.7x V" (—0.5151) 0.97
Cars -
Taxi 1,397.4x V" (—0.5475) 0.98
Light-duty (Diesel) 1,103.7x V" (—0.413) 0.89
B Middle-duty 0.1251 x V" (2)—15.385x VV+646.05 0.84
us
City Bus < 50km/h, 2804.7 x V" (—0.3105)
Heavy-duty - 0.88
6,240.3 x V" (—0.3829) (Except for City Bus)
Light-duty (Diesel) 1,073.8 x V" (—0.4009) 0.86
Truck Middle -duty 0.1029x V" (2)—14.937 x V+798.9 0.89
Heavy-duty 6,240.3 x V" (—0.3829) 0.97

*Source: Motor Vehicle Emission Research Laboratory, An Investigation of Green House Gas Emission From Automobiles (2000)
V =both direction average speed by road section (km/h)
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Table 5. Estimation of vehicle’s CH, emission factors*.

Type Emission factor (g/km - Number) R?

Gasoline 0.4406 x V" (—0.7581) 0.99

cars Taxi 0.7098 x V" (—0.8604) 0.99

Light-duty (Diesel) 0.185x V" (—1.0453) 0.98

B Middle-duty 0.2221x V" (—0.6478) 0.82
City Bus < 50km/h, 0.455 x V" (—0.6839)

Heavy-duty 0.99
0.402 x V" (—0.6197) (Except for City Bus)

Light-duty (Diesel) 0.3796 x V" (—0.9561) 0.96

Truck Middle-duty 0.4064 x V" (—0.6478) 0.99

Heavy-duty 0.402 x V" (—0.6197) 0.98

*Source: Motor Vehicle Emission Research Laboratory, An Investigation of Green House Gas Emission From Automobiles (2000)

V =both direction average speed by road section (km/h)

Table 6. Estimation of vehicle’s N,O emission factors*.

Emission factor

2
Type (g/km - Number) R
Gasoline 067xV"(~0.7636) 092
Cars -
Taxi 18768x V" (~119%)  0.96

Light-duty (Diesel)
Bus Middle-duty

0.139x V"~ (—0.8121) 0.98
0.0522x V" (—0.5206) 0.87

Heavy-duty 20311xV"(-0.8501) 0.9
Light-duty (Diessl) ~ 0.0522x V" (—0.5206)  0.87
Truck  Middle-duty 0.0522x V" (~0.5206)  0.87
Heavy-duty 20311xV"(-0.8501) 0.9

*Source: Motor Vehicle Emission Research Laboratory, An Investigation
of Green House Gas Emission From Automobiles(2000)
V =both direction average speed by road section (km/h)
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Fig. 2. Traffic volumes in Anyang City constructed on the basis of GIS road mapping.
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Fig. 3. Vehicle types apportioned on the basis of VKT in
Anyang City.
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Fig. 4. The amounts of fuel consumed in Anyang City.

Table 7. Greenhouse gas emissions calculated by Tier 1.
(unit: tonCO,eq)

Gas Co, CH, N,O Total
725,313 1,350 2,194 728,857

Emission
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282 FA}3t9do) (Korea National Oil Corporation,
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Table 8. Two different ways for classifying domestic
vehicles types.

Classification in Korea IPCC classification

>800cc
800~ 1500 cc
Cars 1500~ 2000 cc
2000~ 3500 cc

3500cc>

Cars

Passenger <15

16 < Passenger <35
Passenger > 36
City Bus
Intercity Bus
Chartered Bus
Express Bus
Other Bus

Full-size Van Heavy-duty Truck

& Bus

1ton<

1~10ton
10ton>
Other

Light-duty Truck

Truck

Heavy-duty Truck
& Bus

Tow car
Wrecker
Other

50cc<
50~100cc
100~ 260cc

Special Cars

Motorcycle Motorcycle
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Table 9. The amounts of fuel consumed in Anyang City.

Vehidetype Gasoline Diesel Butane CNG
(KL) (KL)  (Ton) (1,000m®)

Cars 118,649 78,000 42419 6,152

Light-duty Truck 114 38456 2482 66

Heay-duty Truck 183 42308 6555 2,810

& Bus

Motorcycle 556

Total 118946 158764 51,456 9,027

Table 10. Greenhouse gas emissions calculated by Tier 2.
(unit: tonCOeq)

Type CO, CH, N,O Tota
Cars 602,362 2,659 13463 618,484
Light-duty Truck 106,394 98 2131 108623
Heavy-duty Truck 194300 ge6 1,127 136,385
& Bus
Motorcycle 1,245 15 5 1,265
Tota 844393 3638 16726 864,757
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Fig. 5. Greenhouse gas emissions from each village (Dong unit) in Anyang City. Emissions were calculated on the

basis of Tier 3.

Table 11. Greenhouse gas emissions calculated by Tier 3.
(unit : tonCO,eq)

Gas Co, CH, N,O Total
634,639 1214 25857 661,710
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Fig. 6. Comparisons of greenhouse gas emissions among estimation methods, Tier 1, Tier 2, and Tier 3.
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