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ABSTRACT

This study proposed an evaluation method of mobile emissions reduction strategies for air quality management. The proposed method
was considered Travel Demand Model (TDM) and Analytic Hierarchy Process (AHP), while an existing method was focused on
quantitative factors. AHP of the evaluation indices of mobile emissions reduction strategies show that quantitative evaluation indices
such as air pollutants and greenhouse gas reduction are more important than the political evaluation indices (Consistency with an upper
plan, Policy applicability, Technical applicability and feasibility) and each weight of air pollutants and greenhouse gas reduction are
found to be 0.373 and 0.218. The early scrapping policy of decrepit diesel vehicle is the best policy in the proposal method using TDM
and AHP but this result differs from evaluated result by TDM or AHP respectively. These results are limited to the basic assumption
and range of reduction scenarios but are expected to contribute to establish more reasonable and effective mobile emission reduction
strategies.
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Table 1. Outline of Management Strategies for Mobile Emissions Reduction

Strategy Measures Symbol Description
Carfree Day Al |A policy that citizens voluntarily do not drive their cars on a weekday
Expressway Ramp Metering A2 A process that controls. traffic at expressway access ramps to prevent traffic delay and stoppage on
the main expressway lines
.4 | Employer-based Transportation A3 | A system by which businesses and facility owners voluntarily engage in reducing traffic
SAVOId Demand Management Y Y Y engag &
trate;
& Smart Work A4 | A policy that employees can use ICT and work anytime anywhere
Paid Parking System AS A system by which paid parking is implemented to promote public transport and to manage transport
demand
Congestion Charges A6 | A system by which a toll is charged to sedans entering special areas to restrain the use of private cars
Exclusive Bus Lanes SI A system by which an ex‘clusive lane is given to public transport so as to restrain the use of private
cars and to promote public transport
S Shift Public Bikes S2  |Promotes public bikes and expands bike roads
trate;
& Transfer Parking Areas S3 | Promotes the convenience of public transport in order to shift private car demand to public transport
Penetration of Mini Vehicle S4 | A policy that promotes light cars to reduce emissions
P ion of . . . . . . .
El::]ter:rca?/z:ﬁ(;le I1  |Promotes EVs - which are operated only with batteries and electric motors - to improve air quality
Penetration of Hybrid Vehicle 12 |Promotes plug-in hybrid vehicles (PHEV) and hybrid vehicles (HEV) to improve air quality
Early Scrapping 3 Encourages an early disposal of old cars that create heavy emissions although they are equipped with
of Decrepit Diesel Vehicle emission reduction devices
Attaching Exhaust Gas . . . . .
Improve Reduction Devices 14 | Attaches smoke-reduction devices (DPF, pDPF) to cars to improve air quality
Strategy Cracking Down on Engine Idling| I5 |Cities and provinces set up regulations on engine idling to crack down on it and to impose fines.
Limiting Heavy-pollution Cars 16 | A policy that limits the operation of old diesel cars that emit heavy pollutants
Emission Criteria for New Cars | 17 |Upgrades emission criteria to developed nations' levels (EURO-6) to improve the air environment
Bolstering Car Fuel Quality Level| I8 Bolsters the criteria for manufacturing gasoline and diesel (fuel components such as sulfur content,
benzene, and olefin)
Improving Traffic Signal System| 19  |Improves traffic signal systems at congested crossings to improve car travel speeds
Hydrogen Fuel Cell Vehicles [10 |Promotes hydrogen fuel cell vehicles to improve air quality
Spreading Electric Motorcycles | 111 |Replaces gasoline motorcycles with eco-friendly electric motorcycles
Eco-friendly Driving Culture 112 |Changes wrong driving habits to minimize fuel loss
NG Hybrlc.i Bl%s Diffusion 113 |Replaces diesel buses with CNG and CNG hybrid buses
Activation
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Quantitative Analysis Qualitative Analysis Consistency
Air Pollutants | Green House Gas | Consistency with Policy Technology Index Note

Reduction Reduction Upper plan Applicability Applicability (ChH
1 0.600 0.200 0.027 0.048 0.125 0.020
2 0.100 0.400 0.061 0.279 0.160 0.020
3 0.125 0.125 0.123 0.405 0.223 0.010
4 0.188 0.563 0.070 0.034 0.146 0.130 CI=0.1
5 0.188 0.563 0.034 0.146 0.070 0.130 CI=0.1
6 0.250 0.500 0.135 0.041 0.074 0.010
7 0.563 0.188 0.041 0.074 0.135 0.010
8 0.125 0.125 0.125 0.125 0.500 0.000
9 0.500 0.250 0.049 0.123 0.078 0.050
10 0.150 0.050 0.366 0.101 0.333 0.010
11 0.375 0.375 0.028 0.059 0.163 0.130 C.I=0.1
12 0.500 0.250 0.074 0.041 0.135 0.010
13 0.625 0.125 0.036 0.107 0.107 0.000
14 0.563 0.188 0.030 0.080 0.140 0.020

Ave. 0.373 0.218 0.097 0.129 0.183 - Except 4,5,11
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Table 3. The Evaluation Result for Management Strategies of Mobile Emissions by AHP

Quantitative Analysis Qualitative Analysis
Air Pollutants | Green House Gas | Consistency with Policy Technology Total Score Priority
Reduction Reduction Upper plan Applicability Applicability

Al 7.36 7.29 7.00 7.14 8.29 7.45 1

A2 5.50 5.57 5.64 6.29 7.43 5.98 14
A3 6.27 6.12 5.15 532 7.79 6.28 10
A4 5.21 5.37 6.30 5.40 5.21 5.38 19
AS 5.71 5.57 6.29 5.57 7.86 6.11 12
A6 7.21 6.93 6.71 5.64 7.14 6.89 4
S1 6.64 6.43 7.64 6.93 7.71 6.93 3

S2 443 4.64 6.50 6.07 7.21 5.40 18
S3 6.14 6.00 6.86 6.36 7.43 6.44 8
S4 6.57 6.93 7.50 593 7.50 6.83 5

11 7.60 6.73 7.27 5.00 4.47 6.47 7
12 6.93 6.87 7.27 6.40 6.00 6.71 6
13 7.47 6.73 7.20 6.67 8.13 730 2
14 6.15 6.02 7.02 6.87 6.42 6.35 9
15 4.98 5.01 6.12 5.94 6.32 547 17
16 5.23 5.06 5.93 6.23 5.87 5.51 16
17 6.05 5.89 6.23 6.53 6.21 6.12 11
18 5.87 6.13 5.32 5.76 5.40 5.77 15
19 4.98 4.53 5.23 5.56 5.70 5.11 22
110 5.23 5.43 5.47 5.46 5.49 537 20
11 437 4.27 4.85 4.65 4.76 4.50 23
112 4.98 5.03 6.13 5.97 5.59 5.34 21
113 5.92 5.87 6.23 5.74 6.33 5.99 13

Note: Total Score takes the weights into account.
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Table 4. Air Pollutants Reduction for Management Strategies of
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Table 6. Social Cost Per Unit for Air Pollutants (2010)

Mobile Emissions (Unit: W/kg)
(Unit: ton/10 years)
CO | HC | NOx | PM | CO; | CHs | N,O
co HC NOX PM Social Cost
Al 9.811 312 4,567 161 Per Unit 10,739(12,481|12,922|80,123| 166 | 3,486 |51,460
A6 1,078 66 722 25
S1 7,353 741 4,687 126 Table 7. Cumulative Benefits for 10 Years of Management Strategies
for Mobile Emissions
4 11,351 270 8,909 293 (Unit: One Million Won)
I1 9,699 359 4,747 122 - .
Air Pollutants | Green House Gas | Sum of Benefits | Priority
2 4,586 184 2,349 64
Al |166,214 (26%)| 472,531 (74%) 638,744 1
3 7,357 928 12,828 402
A6 | 25,932 (39%) | 40,935 (61%) 66,867 7
. . S1 |148,098 (58%)| 105,594 (42%) 253,692 5
Table 5. Green House Gas Reduction for Management Strategies
of Mobile Emissions S4 289,565 (47%)| 323,785 (53%) 613,350 3
(Unit: ton/10 years) 11 |149,901 (30%)| 344,329 (70%) 494,230 4
CO, CH, N0 12 | 74,991 (32%) | 156,674 (68%) 231,665 6
Al 4,917,061 426 1,006 I3 |322,395 (52%)| 298,430 (48%) 620,825 2
A6 409,428 32 70 Note: () is proportion of benefits
S1 1,021,183 109 262
S4 3’380’003 309 784 4‘ B Air Pollutants B Creenhouse C:s
(unit : million won) 390 395
11 3,743,816 303 719 589,565 (52%)
166,214 w7
2 1,687,686 136 309 (26%) 148,098 149,901
(30%) 4991
53° (32m
3 3,411,872 150 213 25,932
(39%)
|
40,935
71 EEA = COY /M B ¥4 A7t a9E 1/]_5}1/]] ©1%) 1(3152594
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Fig. 2. Cumulative Benefits of Mobile Emissions Reduction Measures
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Table 8. The Evaluation Results for Management Strategies of Mobile Emissions by AHP & TDM

Quantitative Analysis Qualitative Analysis
Air Pollutants | Green House Gas | Consistency with Policy Technology Total Score Priority
Reduction Reduction Upper plan Applicability Applicability
Al 2.49 1.96 0.70 0.94 1.55 7.64 2
A6 2.10 1.25 0.67 0.74 1.34 6.10 7
S1 2.44 1.36 0.76 0.92 1.45 6.92 4
S4 2.84 1.71 0.75 0.78 1.41 7.49 3
11 2.45 1.75 0.72 0.66 0.84 6.41 5
12 2.24 1.44 0.72 0.85 1.12 6.37 6
13 2.93 1.67 0.72 0.88 1.52 7.72 1

Table 9. Comparison of the Results for Evaluation Methods

AHP TDM AHP & TDM
Total Priority Sum of Priority Total Priority
Score Benefits Score
Al 7.45 1 638,744 1 7.64 2
A6 6.89 4 66,867 7 6.10 7
S1 6.92 3 253,692 5 6.92 4
S4 6.83 5 613,350 3 7.49 3
11 6.47 7 494,230 4 6.41 5
2 6.71 6 231,665 6 6.37 6
13 7.30 2 620,825 2 7.72 1
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