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Abstract

In recent years, national and local government’s air quality management and climate change adaptation policy
has been significantly strengthened. The measures in the two policies may be in a relationship of trade-off or
synergy to each other. Greenhouse gases and air pollutants are mostly emitted from the same sources of using
considerable amounts of fossil fuels. Co-benefits, in which either measure has a positive effect on the other, may be
maximized by reducing the social costs and by consolidating the objectives of the various policies.

In this study, the co-benefits were examined by empirically analyzing the effects of air pollutants and greenhouse
gas emission reduction, social cost, and cost effectiveness between the two policies. Of the total 80 projects, the
next 12 projects generated co-benefits. They are 1) extend restriction area of solid fuel use, 2) expand subsidy of
low-NO, burner, 3) supply hybrid-vehicles, 4) supply electric-vehicles, 5) supply hydrogen fuel cell vehicles, 6)
engine retrofit, 7) scrappage of old car, 8) low emission zone, 9) transportation demand management, 10) supply
land-based electric of ship, 11) switching anthracite to clean fuel in private sector, 12) expand regional combined-
energy supply.

The benefits of air pollutants and greenhouse gas-related measures were an annual average of KRW 2,705 4 billion.
The social benefits of the transportation demand management were the highest at an annual average of KRW 890.7
billion, and followed by scrappage of old cars and expand regional combined-energy supply. When the social
benefits and the annual investment budgets are compared, the cost effectiveness ratio is estimated to be about 3.8.

Opverall, the reduction of air pollutants caused by the air quality management policy of Gyeonggi-do resulted in
an annual average of KRW 4,790.2 billion. In the point sources management sector, the added value of CO,
reduction increased by 4.8% to KRW 1,062.8 billion, while the mobile sources management sector increased by
3.6% to KRW 3.414.1 billion. If social benefits from CO, reduction are added, the annual average will increase by
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7.2% to KRW 5,135 4 billion. The urban and energy management sectors have shown that social benefits increase

more than twice as much as the benefits of CO, reduction. This result implies that more intensive promotion of

these measures are needed.

This study has significance in that it presents the results of the empirical analysis of the co-benefits generated

between the similar policies in the air quality management and the climate change policy which are currently being

promoted in Gyeonggi-do. This study suggested that the method of analyzing the policy effect among the main

policies in the climate atmospheric policy is established and the effectiveness and priority of the major policies can

be evaluated through the policy correlation analysis based on the co-benefits. It is expected that it could be a basis

for evaluation the efficiency of the climate change adaptation and air quality management policies implemented by

the national and local governments in the future.
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Table 1. Control measures estimated emission reductions of pollutants in this study.
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Control measures

Pollutants estimated emission reduction

Air Pollutants GHGs
Cap and trade program for large point sources SO,,NO, -
Tighten emission standards PM,,, PM, 5, SO,, NO, -
Point Tighten small incinerator management PM,,, PM, ;, SO,, NO,, VOCs -
q;irrlceg Augment low-sulfur fuel use PM,,, PM, 5, SO, -
‘ ’ Extend restriction area of solid fuel use PM,,, PM, 5, SO,, NO, Co,
Expand subsidy of low-NO, burner PM,,, PM,;, SO,, NO, CO,
Fusitive emission management VOCs -
Supplv 1 Hybrid vehicles NO,, VOCs CO,
eri?fsi{)no\‘::hicle Electric vehicles PM,,, NO,, VOCs Co,
Hydrogen fuel-cell vehicles PM,,, NO,, VOCs CO,
Tighten vehicles emission standard PM,,, PM,, NO,, VOCs -
DPF retrofit PM,,, PM,;, VOCs -
Engine retrofit PM,,, PM,, NO,, VOCs CO,
Scrappage of old car PM,,, PM,;, NO,, VOCs CO,
Management of  Supply PM-deNO, device PM,,, PM, 5, NO, -
in-use fleet Supply 3-way catalytic converter NO,, VOCs -
Mobile Low emission zone PM,,, PM, 5, NO, CO,
sources Transportation demand management PM,,, PM,, SO,, NO,, VOCs CO,
Tighten emission Construction machines PM,,, PM,, NO,, VOCs -
standard Agricultural machines PM,,, PM,, SO,,NO,, VOCs -
DPF retrofit PM,y, PM, -
Non-road Retrofit construction  Engine retrofit PM,,, PM, 5, NO,, VOCs -
mobile sources machines Mixed fuel engine retrofit PM,,, PM, 5, NO, -
Scrappage of old machines PM,,, PM,, NO,, VOCs -
Emission reduction DPF retrofit PM,,, PM,,, VOCs -
from Ships Supply land-based electric PM,,, PM,, SO,, NO,, VOCs CO,
VOCs emission control in downtown VOCs -
Set VOC limits in laundry solvents VOCs -
Recovery of fuel vapors from gas station VOCs -
Non-point VOCs, NO, Set VOCs limits in consumer products VOCs -
sources sources Set VOC limits in solvents, surface coating VOCs -
Supply low-NO, burner for house-heating NO, -
Switching anthracite to clean fuel in private sector PM,,, PM,, SO,,NO,, VOCs CO,
Set sulfur limit in boiler fuel PM,,, PM, 5, SO, -
Urban and
energy Expand regional combined-energy supply PM,,, PM, 5, SO,, NO, CO,
management
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Table 2. Estimated emission reductions of Air Pollutants and CO, from Air Quality Management Measures.

(unit: air pollutants - ton/yr, CO, - thousand ton/yr)

Year
Pollutants
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
PM,, 1,110 1,637 2,084 2455 2,904 3,018 3,077 3,132 3,112 3,179
PM, 654 1,119 1,511 1,833 2,203 2,267 2,305 2,340 2,309 2,355
SO, 4,402 4,965 5,897 6,500 7474 8,013 8,851 9,390 10,432 11,165
NO, 18,354 36,437 54,003 72,285 89,065 89,944 91,778 92,863 94,660 102,580
VOCs 52,109 55,945 62,825 74278 88,789 99,089 100,310 101,554 102,661 103,983
CO, 2,090 3,302 4,530 5514 6,770 7,733 8,981 9,969 11,235 12,261
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PMyo ton/yr PMas ton/yr
0 500 1,000 0 200 400
Extend restriction area of solid fuel use T—— 736 Extend restriction area of solid fuel use ET——— 367
Tighten emission standard of construction machines S 399 Tighten emission standard of construction machines NEEE— 367
Mixed fuel engine retrofit of construction machines m— 276 Mixed fuel engine retrofit of construction machines E——— 254
Tighten emission standards of point sources W 204 Engine retrofit of construction machines m— 184
Engine retrofit of construction machines == 200 Supply PM-deNOx device ' 182
Supply PM-deNOx device mmm 198 Transportation demand management — 171
Transportation demand management == 186 Scrappage of old construction machines m—m 141
Expand regional combined-energy supply = 180 Expand regional combined-energy supply m——132
Expand subsidy of low-NOx burner mmm 173 DPF retrofit of construction machines w111
Scrappage of old construction machines = 153 Low emission zone M 81
SOy ton/yr NOy ton/yr
0 5,000 0 20,000 40,000

Expand subsidy of low-NOx burner m——— 3,913

Extend restriction area of solid fuel use — 2,260
Expand regional combined-energy supply 1,708
Cap and trade program for large point sources = 1,193
. 744

= 539

= 459
220

187

139

Supply land-based electric of ships

Augment low-sulfur fuel use

Tighten emission standards of point sources
Switching anthradte to clean fuel in private sector
Transportation demand management

Set sulfur limit in boiler fuel

ton/yr
100,000

VOCs
0 50,000

Set VOC limits in solvents, surface coating Ne—— 53,744
Set VOCs limits in consumer products s 24,788
m 8,414

u 5775

u 4,487
13812
1769

1724

1519

1 409

VOCs emission control in downtown
Fusitive emission management

Tighten vehides emission standard

Set VOC limits in laundry solvents
Recovery of fuel vapors from gas station
Transportation demand management
Engine retrofit of construction machines

Scrappage of old construction machines

Transportation demand management IEE———— 29,555

Cap and trade program for large point sources mm—— 17,496
Supply PM-deNOx device

Supply low-NOx burner for house-heating

— 16,146
. 6,311

. 5,225

. 4,727

. 4353

= 3,536

= 3,516

m 2,481

Supply hybrid vehicles

Tighten vehides emission standard

Expand subsidy of low-NOx burner

Expand regional combined-energy supply

Tighten emission standard of construction machines

Engine retrofit of construction machines

thousand ton/yr
0 10,000

I 6,437

CO2

Expand regional combined-energy supply
Transportation demand management m— 3,171
= 907

u 573

Extend restriction area of solid fuel use
Supply hybrid vehicles
1432
1299
1284
1136
Supply hydrogen fuel-cell vehicles 13

Supply electric vehicles
Expand subsidy of low-NOx burner
Low emission zone

Switching anthracite to clean fuel in private sector

Supply land-based electric of ships 8

Fig. 1. The 10 most effective measures in reduction of air pollutants and CO, emissions estimated in year 2024.

Table 3. The marginal social cost of air pollutants emis-
sion reduction.

PM, 5

(unit: won/kg)
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X

Marginal social cost 451,284 37459 45971 2825
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Table 4. Annual average social benefits of pollutants emission reduction in Gyeonggi-do.

(unit: million won)

Control measures Total PM, SO, NO, VOCs CO,
Point sources 1,062,764 202,091 211,929 584,510 15,667 48,567
Mobile sources 3,414,088 610,460 29,745 2,641,145 14,766 117972
Non-point sources 321,740 7514 9,060 92,008 207,302 5857
Urban and energy management 336,846 32,724 38,038 93,238 0 172,846
Total 5,135,438 852,788 288,772 3,410,901 237,735 345241

Table 5. Estimated annual average social benefits of emission reduction with air quality management measures in

Gyeonggi-do. (unit: million won)
Control measures Total PM, SO, NO, VOCs CO,

Transportation demand management 890,718 65,279 1,745 738.495 1,496 83,703
Scrappage of old car 507,891 35,528 0 470,454 988 921
Expand regional combined-energy supply 336,846 32,724 38,038 93,238 0 172,846
Extend restriction area of solid fuel use 297917 156,847 80,079 20,373 0 40,619
Expand subsidy of low-NO, burner 215,938 17,512 77,455 113,023 0 7,948
Supply hybrid vehicles 133,390 0 0 119,823 27 13,541
Low emission zone 121,068 33,097 0 76,055 0 11916
Supply land-based electric of ships 106,825 32,159 27958 46,238 78 391
Engine retrofit 60,367 12,281 0 47,884 155 48
Switching anthracite to clean fuel in private sector 21,391 7,365 7,694 473 3 5,857
Supply electric vehicles 12,652 0 0 5,254 114 7.285
Supply hydrogen fuel-cell vehicles 414 0 0 245 2 168
Total 2,705,419 392,791 232,970 1,731,555 2,862 345241
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Fig. 2. Social benefit/cost ratios of control measures and pollutants.
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Table 6. Annual average cost effectiveness analysis based on control measures.

(unit: million won)

Control measures Social Investment  B/C Net-
4 benefit budget ratio benefit

Point sources Extend restriction area of solid fuel use 297917 - - -
omeso Expand subsidy of low-NO, burner 215,938 7.874 274 208,064
Supply hybrid vehicles 133,390 81,909 1.6 51,482
Supply electric vehicles 12,652 225426 0.1 =212,774
Supply hydrogen fuel-cell vehicles 414 15,345 0.0 —-14931
Mobile sources Engine retrofit 60,367 9,113 6.6 51,254
Scrappage of old car 507,891 26,983 18.8 480,908
Low emission zone 121,068 1,012 119.6 120,056
Transportation demand management 890,718 10,846 82.1 879,872
Supply land-based electric of ships 106,825 130 821.7 106,695

Non-point sources Switching anthracite to clean fuel in private sector 21,391 - - -
Urban and energy management Expand regional combined-energy supply 336,846 244,191 14 92,655
Total 2,386,111 622,830 38 1,763,281
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Fig. 3. Change of social benefit with additional CO, reduction.
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