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Abstract

This study aims to propose integrated management strategies based on the relationship between co-benefits and total
benefits of greenhouse gases and air pollutant emissions for establishing a transport and environmental policy. The results
show that the integrated management of the following policies: 'Car Free Day' and 'Early Scrapping of Decrepit Diesel
Vehicle', which are used for reducing reduce gasoline and diesel, can together reduce both PM and CO, emissions and
increase total benefits. In addition, the integrated management of 'Car Free Day' with environment policies and 'Congestion
Charge' with environment policies simultaneously controls the three factors which influence emissions, including travel
volume, travel speed and emissions factor, and was found to be effective in terms of co-benefits. This study reduces both
air pollutants, which are harmful to health, and greenhouse gas emissions, which influence climate change, and improves
the efficiency of policy through the integrated management of policies.
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Policy

Contents and Assumption

TDM-1  Car-Free Day

- Car-Free day has been operated in Seoul, Gyeonggi, Incheon, Daejeon, Daegu, Ulsan, and Busan

- Participation rate of Car-Free day a week will be 50% in 2017, 60% in 2023, and 70% in 2027.

TDM-2  Congestion Charge
expressway

TDM-3  Exclusive Bus Lane

1S-1 Small Vehicle Supply
patterns will be same.

- Build a system to receive a congestion charge on free section of the seoul metropolitan area

- Operate a exclusive bus lane on Seoul Ring Road and Seohaean Expressway Maesong IC-Dangjin JC

- Registration rate of small vehicle will be 15% in 2017, 20% in 2023, and 25% in 2027 and traffic

- Registration rate of small vehicle is 8.7% when small vehicle supply is not performed

1S-2 Electric Vehicle (EV)

- The number of EV will be 469,900 vehicles in 2017, 1,622,500 vehicles in 2023, and 2,390,900

Supply vehicles in 2027 and traffic patterns will be same.
IS-3 Hybrid Electric Vehicle - The number of HEV will be 378,700 vehicles in 2017, 928,300 vehicles in 2023, and 1,294,700

(HEV) Supply

IS-4 Early Scrapping of
Decrepit Diesel Vehicle

vehicles in 2027 and traffic patterns will be same.

- The number of early scrapping of decrepit diesel car will be 125,000 vehicles in 2017, 225,000
vehicles in 2023, and 375,000 vehicles in 2027.

- The number of early scrapping of decrepit diesel truck will be 100,000 vehicles in 2017, 200,000
vehicles in 2023, and 300,000 vehicles in 2027.

- Traffic patterns will be same
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Figure 1. Relationship between emission and influence factors
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Table 2. Design of integrated policy

Policy

MIX-1 Car-Free Day Small Vehicle Supply

MIX-2  Car-Free Day EV Supply

MIX-3 " Car-Free Day HEV Supply

MIX-4  Car-Free Day Early Scrapping of Decrepit
Diesel Vehicle

MIX-5  Congestion charge Small Vehicle Supply

MIX-6  Congestion charge EV Supply

MIX-7  Congestion charge HEV Supply

MIX-8  Congestion charge Early Scrapping of Decrepit
Diesel Vehicle

MIX-9  Exclusive Bus Lane Small Vehicle Supply

MIX-10  Exclusive Bus Lane EV Supply

MIX-11  Exclusive Bus Lane HEV Supply

MIX-12  Exclusive Bus Lane Early Scrapping of Decrepit
Diesel Vehicle
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Table 3. Calibration of traffic assignment model

Summary
Observed Volume 26,173,242veh/day
Estimated Volume 26,214,660veh/day
Correlation 0.983
Mean Percentage Error 0.79%
Mean Absolute Percentage Error 9.55%

Network / OD

I

Base year settlement

I

Assignment of scenario

Deterioration factor

[ Estimated reductions ] _ J

Figure 2. Flowchart of vehicle emission reduction analysis
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Table 4, Vehicle emission reductions by integrated policy

(unit: ton/10years)

co HC NOx PM (€0} CHsq N20
MIX-1 33,324 1,731 22,183 704 9,040,284 200 1,726
MIX-2 28,389 1,819 18,572 551 9,435,710 755 1,671
MIX-3 23,734 1,667 16,370 498 7,546,621 601 1,304
MIX-4 18,509 1,003 20,612 690 9,386,924 626 1,294
MIX-5 16,014 363 9,687 318 3,804,870 350 868
MIX-6 10,939 433 5,547 152 4,213,769 340 803
MIX-7 5,928 246 2,888 83 2,173,661 176 410
MIX-8 8,673 835 12,176 384 4,141,864 205 361
MIX-9 22,047 1,006 13,434 413 4,326,619 270 1,032
MIX-10 16,905 1,091 9,362 246 4,711,567 407 965
MIX-11 11,791 922 6,884 184 2,666,143 240 569
MIX-12 14,856 1,533 16,082 482 4,664,675 271 548
Table 5. Social value of vehicle emission (2010) Z pE d2T dA2 458 4 9= AN} uE
Basic Unit (won/i) A% A%e FRT 5 A9 TP B i
> e 27 dg FE WEAT BNE WG dow
NOx 12,922 e
PM 80,123
0, 166 2) & Hnt & Helo| B4 A}
CHs 3,486
N,O 51,460 Table 49] A ZAzje} 3Fo] B3h AL thekst vy
ZEA TS AAIYG, EEAEE AR A e
NOx# 2& W79 dBae BaAyled aopdor & Alh SlE Jlom veknt. old ue iesle]
7w A 2709 A W A EREA A T Beld o FA 5849S WrketaAt e, ol
AL 7|99 e AT o] lak A Azay] A A MiEEEe 7S vlesd 9y Ais 28
£ Aoz BAFY o) AeadlA By e 7 sttt ol= ©d A3 S A A el 23} vlael=
AR 2ATkaE SR Ad FA AN F F&317] wjoltt
Aol A =7 EH”-O—E ol & 4= 3l 7} jEEde] 7RIS Bl83telr] 918k K8 HIE A
B2 53 8] AL o= 5 wiEEL S A 2= Table 59} Z] Ministry of Land, Infrastructure
3t e Aot e FeE Uyt tiv1ed and Transport(2011)9] MEE4d A4 H]& <
A F C0(33,324F) 9 NOx(22,1838) Azt 20 wlol] tal 20109 7|EeR ghele] Besisich o
Me s83 odA FH I Aa B A5 HA T, AT Aol E 24A7Es F COL9l 7KXW AlA 1
F(MIX-1)o] 7FF EIHQA Aow veyton, o 7] Wl CHy®F N209] Ak2)A - Aekel= IPCC
8219 825 7H=y tlEo] 7|E 8-2}0] (Intergovernmental Panel on Climate Change)
EAF7} A WiEAT R volyld 7IQ1g (2006)°ll 2Ag 247t AF2dA 55 483}
2 Als#Eoh HC(1,819%)¢F C02(9,435,710 o F3¢ S gesioinh
Az SR ‘S&A adA FAH AR B oluf FAHER(15d7h) ¢ +4 A& 2Hgste] vl
A Z3HMIX-2)°] 7FF a2l Aoz vehdo 3} 2m, Korea Development Institute(2008) 4
), ol& LGS F A8E ARSI S8t HE2 AAE A& 5.5%E A83td, TLd RS TIEL
ARH o7 FAZA = F A 2 o)7] YEoF Feker) 2 8 el Aei.

363



Article Integrated Management Strategy of Vehicle Emission Reduction Policies Based on Total Benefits and Co-benefits

Table 6. Benefits by integrated policy

(unit: one million won)

Integrated Policy Benefits
Total benefits Co-benefits Diff
Transport Policy (A) Environment Policy (B) A+B A&B tierence
A B -1
(1) )

MIX-1  Car-Free Day Small Vehicle Supply 638,744 613,350 1,252,094 1,562,709 +310,615
MIX-2  Car-Free Day EV Supply 638,744 494,230 1,132,974 1,463,279 +330,305
MIX-3  Car-Free Day HEV Supply 638,744 231,665 870,409 1,221,703 +351,294
MIX-4  Car-Free Day Early Scrapping of Decrepit 638,744 620,825 1,259,569 1,443,009 +183,440

Diesel Vehicle
MIX-5  Congestion charge Small Vehicle Supply 66,867 613,350 680,217 683,127 42,910
MIX-6  Congestion charge EV Supply 66,867 494,230 561,097 569,170 18,073
MIX-7  Congestion charge HEV Supply 66,867 231,665 298,532 303,148 +4,616
MIX-8  Congestion charge Early Scrapping of Decrepit 66,867 620,825 687,692 687,844 +152

Diesel Vehicle
MIX-9  Exclusive Bus Lane Small Vehicle Supply 253,692 613,350 867,042 854,764 -12,278
MIX-10  Exclusive Bus Lane EV Supply 253,692 494,230 747,922 740,620 -7,302
MIX-11  Exclusive Bus Lane HEV Supply 253,692 231,665 485,357 477,278 -8,079
MIX-12  Exclusive Bus Lane Early Scrapping of Decrepit 253,692 620,825 874,517 865,777 -8,740

Diesel Vehicle
1,800,000 fa10,515 183,440
1,600,000

W330,305 g451 204

1,400,000

1,200,000
1,000,000

12278 J7302

800,000

f152

00,000
400,000

200,000

0 MIX-1 MIX-2 MIX-3

MIX-12

m5ingls (sum)| 1,252,084 1,132,874| 870,408 | 1,258,569 | 680,217

561,087 | 298,537 | BE7,B82 | 867,042 | 747,327 | 485,357 | 874,517

BMIX 1,562,709| 1,463,278 1,221,703 | 1,443,009 | 683,127

5E8,170 | 303,148 | 687,844 | 854,764 | 740,620 | 477,278 | BES.1TT

Figure 3. Benefits by integrated policy
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