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Abstract

The purpose of this study is to evaluate the diesel retrofit program which have been proceeded for the last 7 years
in Gyeonggi-do. Diesdl retrofit programsin Gyeonggi-do consist of the attachment of DPF (Diesel Particulate Filter),
p-DPF (partial-DPF) and DOC (Diesel Oxidation Catalyst), switching to LPG engine, scraping an old cars. Emission
reduction by diesel retrofit program was estimated NO, 8,313.4 ton/year, PM10 3,626.4 ton/year, VOC 8,078.5 ton/
year in 2010. The benefit-cost analysis shows that the 964 billion wons of benefits are greater than the 853 billion
wons of total costs. Diesel retrofit programs could be one of the most effective measures to improve PM 10 concen-
tration in metropolitan area. But retrofit programs also need to be properly maintained by each vehicle.
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Table 1. Number of vehicles by diesel retrofit type in Gyeonggi-do.
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(unit: number of vehicles)

Year
Category
2004 2005 2006 2007 2008 2009 2010 Tota
DPF 30 8,312 12,124 9,214 6,258 3,713 4111 43,762
p-DPF — — 778 13,725 7,631 5,295 20,376 47,805
DOC 142 14,638 29,203 25,523 3,538 3,125 105 76,274
Switching to LPG engine 434 3,082 13,535 16,962 24,101 12,208 11,916 82,238
Old car scrap — 35 1,427 11,640 15,320 13,012 7,887 49,321
Tota 606 26,067 57,067 77,064 56,848 37,353 44,395 299,400
Table 2. The subsidies by diesel retrofit type in Gyeonggi-do. (unit: million won)
Year
Category
2004 2005 2006 2007 2008 2009 2010 Total
DPF 207 57,072 78,140 60,289 39,436 24,070 27,502 286,714
p-DPF — — 2,513 44,325 22,643 16,022 44,502 130,005
DOC 133 14,448 25,737 22,208 3,051 2,874 88 68,538
Switching to LPG engine 1,816 12,785 54,504 68,182 93,217 46,450 44,184 321,140
Old car scrap - 182 1,725 13,624 13,838 11,065 6,556 46,991
Tota 2,156 84,486 162,619 208,628 172,185 100,481 122,832 853,388
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Table 3. Ratio of emission reduction by retrofit type.

Retrofit type PM VOC
DPF 0.8522 0.884
p-DPF 0.5605 0.893
DOC 0.3744 0.722
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Table 4. NO, emission reduction by diesel retrofit types in Gyeonggi-do.

(unit: ton/yr)

Year
Category
2004 2005 2006 2007 2008 2009 2010 Total
DPF - - - - - - - -
p-DPF - - - - - - - -
DOC - - - - - - - -
Switching to LPG engine 87 818 4294 799.7 11644  1,005.1 800.7  4,280.8
9 9 (1.00) 0.77) (0.79) (0.57) (0.52) (0.45) (0.45) (0.52)
24.6 118.3 597.3 1,060.7 1,253.2 9695  4,0236
Old car scrap - 0 (02 (0.43) (0.48) (0.55) (0.45) (0.48)
Tot 87 106.4 547.7  1,397.0 22251 22584 17702 83134
0 (1.00) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00)
Table 5. PM10 emission reduciton by diesel retrofit type in Gyeonggi-do. (unit: ton/yr)
Year
Category
2004 2005 2006 2007 2008 2009 2010 Total
- 08 160.2 317.3 487.2 4252 300.0 176.4 1,876.3
(0.39) (0.84) (0.73) (0.61) (0.48) (0.40) (0.33) (0.52)
oPE B B 347 61.70 96.77 110.54 85.52 358.0
P (0.01) (0.08) (0.11) (0.14) (0.16) (0.10)
boC 0.2 17.4 465 714 575 316 6.7 2314
(0.08) (0.09) (0.12) (0.09) (0.06) (0.04) (0.00) (0.06)
Switching to LPG endine 11 12.2 59.9 144.0 169.7 154.3 128.6 639.8
9 9 (053  (0.06) (0.14) (0.14) (0.19) (0.20) (0.24) (0.18)
old car sor - 10 99 66.9 136.3 166.7 140.2 521.1
P (0.01) (0.02) (0.08) (0.15) (0.22) (0.26) (0.14)
Total 21 190.8 437.1 8013 885.6 772.2 537.3 3,626.4
0 (1.00) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00)
Table 6. VOC emission reduction by diesel retrofit type in Gyeonggi-do. (unit: ton/yr)
Year
Category
2004 2005 2006 2007 2008 2009 2010 Total
oPF 26 5115 8818  1,2459 946.2 683.9 4221 4,693.9
(0.61) (0.92) (0.82) (0.66) (0.51) (0.42) (0.40) (0.58)
oPE ~ - 175 307.4 477.2 551.7 3614 1,715.2
P (0.02) (0.16) (0.26) (0.34) (0.34) (0.21)
DOC 03 29.9 933 146.1 1235 65.9 130 472.1
(0.06) (0.05) (0.09) (0.08) (0.07) (0.04) (0.01) (0.06)
Switchin to LPG endine 14 12,6 66.6 120.7 168.9 140.3 107.2 617.6
9 9 (0.33) (0.02) (0.06) (0.06) (0.09) (0.09) (0.10) (0.08)
Old car scrap B 25 14.1 80.5 151.3 184.2 146.9 579.7
(0.00) (0.00) (0.04) (0.08) (0.12) (0.14) (0.07)
Totd 42 556.6 10732 19007  1,867.1 16260 10508 8,078.5
0 (1.00) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00) (1.00)
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Marginal social cost 4,284.50 368,456.55  2,926.00 dxlo =z 7| zxe) B3}, DPF A% B2z} z7)H 2}

Table 8. Total cost-benefit analysis by retrofit types (2004 ~ 2010). (unit: million won)
Benefit ) )
Category Cost B/Cratio Net-benefit
NO, PM10 VOC Total
DPF - 882,229 17,404 899,633 286,714 3.14 612,919
p-DPF - 177,748 6,745 184,493 130,005 1.42 54,488
DOC — 107,406 1,744 109,150 68,538 1.59 40,612
Switching to LPG engine 24,243 311,829 2,376 338,447 321,140 1.05 17,308
Old car scrap 23,203 259,906 2,289 285,398 46,991 6.07 238,407
Total 47,445 1,739,118 30,558 1,817,122 853,388 2.13 963,734
1,000,000
900,000 1
800,000
700,000 A
5
S 600,000
S 500,000
g 400,000 1
300,000 mm NO, benefit
200,000 1 E==3 PM10 benefit
100.000 BEE VOC benefit
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LPG engine

Fig. 1. Total cost-benefit analysis of retrofit types (2004 ~2010).
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Table 9. Future diesel retrofit plans in Gyeonggi-do.
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(unit: number of vehicles)

Year
Category
2011 2012 2013 2014 Total
DPF 4,066 4,116 4,116 4,116 16,414
p-DPF 7,134 10,984 10,984 10,984 40,086
Construction equipment 50 50 300 300 700
DOC - - - - -
Switching to LPG engine 17,012 14,823 14,823 14,823 61,481
Old car scrap 13,719 13,719 13,719 13,719 54,876
Total 41,981 43,692 43,942 43,942 173,557
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