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Cost-Benefit Analysis on Long-Term Particulate Matter Reduction
Plan for On-Road Diesel Vehicles of Emission Level 4
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Abstract This study aims to review the feasibility of particulate matter reduction plans starting 2024,
such as the early-scrapping and retrofitting programs for diesel vehicles of emission level 4. The result
of the cost-benefit analysis suggests that a cost-benefit ratio was ensured in most vehicle types with a
gross weight of lesser than 3.5 tons. The cost-benefit ratio was found to be the highest for early
scrapping, followed by installing a diesel particulate filter (DPF). Furthermore, the cost-benefit ratio was
ensured for all vehicle types with a gross weight of 3.5 tons or higher, except for the case of early
scrapping of special vehicles. It was also found that the ratio for each project differed according to the
vehicle type. The analysis results indicated that for vehicles with a gross weight of lesser than 3.5 tons,
the project should be implemented with a focus on early scrapping of passenger car models, which have
eco-friendly alternatives available. However, for RVs and small trucks with fewer eco-friendly models,
the project must consider conducting a retrofitting program at the same time. Finally, for vehicles with
a gross weight of more than 3.5 tons, the project should promote the installation of emission reduction
devices (such as DPF, PM, and NOX Reduction System) rather than early scrapping, which has

eco-friendly alternatives unavailable.
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Table 1. Summary of Retrofit Program

Government

Year Spending Number of Vehicles

(One million won)
2004 9,291 3,068
2005 94,767 47,803
2006 186,416 127,611
2007 226,852 152,366
2008 178,955 113,396
2009 128,231 90,273
2010 132,545 87,505
2011 123,881 82,250
2012 96,085 73,270
2013 81,214 67,927
2014 64,199 54,675
2015 69,282 60,470
2016 67,032 58,040
2017 61,168 42,664
2018 172,284 138,361
2019 697,113 519,137
2020 609,804 408,191
Total 2,999,120 2,127,007

Table 2. Type of Retrofit Program
. Non-Metropolitan
Type Metropolitan Area Area
since 2004 since 2006
Particle Filter
p-DPF(2006~2020), DOC(2004~2010)
Engine Modification since 2004 since 2006
Early Scrapping since 2005 since 2009
DPF+SCR since 2015 since 2017

Table 3. Number of Vehicles in Type of Retrofit

Program
. . Metropolitan | Non-Metropoli
Type Nationwide Area can Area
Particle Filter 696,924 639,565 57,359
Engine
Modification 228,478 215,451 13,027
Barly 1,137,617 846,300 291,317
Scrapping
DPF+SCR 8,770 5,298 3,472
Total 2,071,789 1,706,614 365,175
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Table 4. Type of Retrofit Program in 2021

Gross Vehicle Weight
Type
{ 3.5ton > 3.5ton
DPF O @]
Early Scrapping O O
DPF+SCR X O
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Table 5. Classification of Diesel Vehicles

Gross Vehicle Weight Classification
Passenger Car
RV
{ 3.5ton
Small Van
Small Truck
Medium Van
Large Van
BUS
> 3.5ton
Medium Truck
Large Truck
Special Car
4.2 Ho| Y
Ho| 2L HjZ7lA 457 A0l AT Al %
s Aol o@Ed viEo] whE AEld vg 87 T

e} AR EAAE
ane 2457 ol ¢

JEisteck. Aleke Bl g Hg)
oAl T A 5 A¥E AL
% vh&7HA 292 (p-DPR7} oln] $Eslo} glout,
e wa7I7ko] Ao 159 $520) ¥ Aol A
Ao Tje WY Feld AAE mieislo] 9A o]
who] AgAe] AGaRE A ke oz T
atoiet.

E3 AgAlo] 2R METRA 45 A B
A% Vg wFobsl e S4 A oz 1eg
RO ogstel B ATNME MiETKA 457 AF 5
Vg wTE Aol oY e ASH ug B a
3} 290 BgSgick. et 271K A9 WA F
AR} B FIRE Fulsks W7k g Elolof sz,
o Alde] w3t RS 9Ist o HjES 20174 7]

2 oledRd WEY ArolA nelsks 4 4l
22l 20179 Ae] g eI &7k 453
A 5 71 ok Aol o MiEde W ke o
Sstoict, Eah Mak Tl AR 24l ol et
Apego] A glomz 7]uat thelA Aelsteic

shAjsto s Qb IRt Hiet ol WiETkAs S5 A
o] AZHEAZE 202487HK) e ofAo|mzs)
B Aol s 455 A1) AUAYe 2005
Yol A8 Ao FPgsterk. olo] & dAolA] Be
o WiE Ao A5 Y &S] dAE v
gstel 2025714 Aere] £WARE 9 FBAR B
of w2 rleEAe] F7 WS ntslict oA
42 Ut A5 i wiEd 24 F7Hs Table 63}

=

N



Zor, B37} Qe FAE ANt AF] i Table 9. Result of Benefit for Reduction of Polluting
WjZeke. TEsl 9 AX 27|HA A Hko] o Emis/sions by Retrofit Program(DPF),
- - won/year
g &g 4 Aol
Classification PM2s NOx CO VOC
Table 6. Emission estimation of per vehicle by class, Passenger Car 259.878 - 35351 1012
kg/year RV 432,745 - 144,472 1,331
Small Van 327,828 - 46,071 663
Classification | PMas NOx co voc Small Truck | 519750 | - 77.652 | 1018
0.643 40.513 1.344 0.386 Medi V. 450.260 _ 82378 20
Passenger Car | (5 610) | (25.676) | (-0.059) | (0.182) edium Tan 56‘4 Zs ’32 74‘72
L Vi s - 1, 14,
v 1070 | 40406 | 5.493 | 0.508 arge van 756477 4 L
(1.042) | (27.682) | (4.290) | (0.333) Bus 3056982 - |4778271| 68,585
Small Van 0.811 21.294 1.752 0.253 Medium Truck 707,024 - 629,610 | 12,405
0.657) | (11.303) | (1.513) (0.109) Large Truck 5.770.845 - 2.877.489| 77.820
, 1.285 40.49 2.953 0.389 Special Car  [1,072.132| - 952,909 | 18,755
Small Truck 11 510) | 319512) | 2495 | (©0.139)
Medium Van 1.113 87.130 14.540 2.946
1.092 82.814 1.7 2.690
(1 831) (151 786) (33 59395) (5 437) Table 10. Result of Benefit for Reduction of
Large Van (1:770) (147:507) (191461) (41919) Polluting Em1ss1ons' by  Retrofit
Program(Farly Scrapping), won/year
Bus 7.560 751.653 181.689 26.170
Medi Truck 1.748 106.440 23.940 4.734 Classification PM2s NOx CO VvOC
edium lruc
(1.722) (100.857) (7.840) (4.403) Passenger Car 290,218 |1,244,325| -1,718 542
14.271 429.677 109.413 29.694 RV 495741 |1,341,567| 125.351 991
Large Truck | (1 ¢ 044) | 419.707) | (70.186) | 28.697) : — :
Small Van 312,475 | 547,751 | 44,200 324
Special Car 2.651 90.784 36.233 7.157
P 2.627) 86.969) | (23.761) (6.931) Small Truck 480,561 | 945,595 | 72,909 415
Medium Van 519,277 |4,013,390| 52,569 8,011
) B Large Van 841,929 |7,148,573| 568,669 | 14,649
AZFgA Sttt L A=dE AgEE2 Table 73 Medium Truck | 819,181 |4,887,807| 229,080 | 13,112
Zom, QAEA g 2 AFA vl g d 83 & Large Truck  |6,681,419] 20,340,119 2,050,936 | 85.462
A A= Table 9~Table 113 2t} 8 A= o Special Car  |1,249,947|4,214.727| 694,333 | 20,642
Al F45t AFE g siEel AR AREeS
ALsle] g vjE A AAE 3 o dEAY o Table 11. Result of Benefit for Reduction Ff
N _ - = _ . Polluting  Emissions by  Retrofit
olt} m]sjH]-_S 33 = A5 St dlainl-e-2. A
Tlo s HO]:O:] Fgstat. ofd w82 s Program(DPF+SCR), won/year
YATAINA AN H1 80 £HIAEASE viegel
0:] 2020% 7]%0 = 7%]/}3]"5]'0:1 E__Q_‘E]_%—Q‘D{ ﬂ]*c}f:’j.’ é Classification 4PMzs NOx CcO VOC
Medium Van 50,260 [3,378,020| 382,378 7,720
= Table 87 Ztt.
Large Van 756,477 |5,884,742| 881,947 | 14,275
B 3,056,982(29,141,674|4,778,271| 68,585
Table 7. Removal Efficiency by Retrofit, % b
Medium Truck 707,024 |4,126,695| 629,610 | 12,405
Type PMzs NOx CcO VOC Large Truck 5,770,845 (16,658,617|2,877,489| 77,820
DPF 85 - 90 88 Special Car 1,072,132|3,519,709| 952,909 | 18,755
Early Scrapping 100 100 100 100
DPF+SCR 85 80 90 88

Table 8. Result of Social Cost of Air Pollutants
considering Consumer Price Index, won/kg

Base Year PMzs NOx CO VOC
2015 [24] 451,284 | 45972 | 27,720 2,825
2020 475,744 | 48,463 | 29,221 2,978
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Table 12. Result of Cost for Reduction of Polluting
Emissions by Retrofit Program, thousand

won
Classification DPF Early DPF+SCR
Scrapping
Passenger Car 2,956 1,623 -
RV 2,956 2,044 -
Small Van 2,956 2,002 -
Small Truck 3,026 1,397 -
Medium Van 4,809 9.510 15,704
Large Van 6,358 22,614 15,704
Bus 6,358 - 15,704
Medium Truck 4,809 6,303 15,704
Large Truck 6,358 11,517 15,704
Special Car 6,358 22,422 15,704

4.4 22X At

AZAIA ] AAA e B/CE 71Eo= Hst
Fou, AR E2ZHDPF, DPF+SCR)2.E QI3 29
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Table 13. Result of Economic Analysis(DPF),
thousand won

Classification Present Value B/C
Benefit Cost

Passenger Car 1,453 2,418 0.60
RV 2,837 2,418 1.17
Small Van 1,837 2,418 0.76
Small Truck 2,934 2,418 1.18
Medium Van 4,120 3,656 1.13
Large Van 8,103 4,721 1.72
Bus 38,753 4,721 8.21
Medium Truck 6,614 3,656 1.81
Large Truck 42,785 4,721 9.06
Special Car 10,021 4,721 2.12

Table 14. Result of Economic Analysis(Early
Scrapping), thousand won

Present Value

Classification B/C
Benefit Cost

Passenger Car 4,555 1,475 3.09
RV 5,834 1,858 3.14
Small Van 2,688 1,820 1.48
Small Truck 4,455 1,270 3.51
Medium Van 13,645 8,646 1.58
Large Van 25,471 20,558 1.24
Medium Truck 17,674 5,730 3.08
Large Truck 86,621 10,470 8.27
Special Car 18,358 20,383 0.90

Table 15. Result of Economic Analysis(DPF+SCR),
thousand won

Present Value

Classification B/C
Benefit Cost
Medium Van 20,683 13,370 1.55
Large Van 36,957 13,370 2.76
Bus 181,639 13,370 13.59
Medium Truck 26,848 13,370 2.01
Large Truck 124,465 13,370 9.31
Special Car 27,279 13,370 2.04
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