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A Exploratory Study on the Direction of Integrated Management of
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Abstract This study categorizes the reduction measures of Korea's carbon neutrality strategy based on a conceptual model
that examines the interrelationships between the atmosphere, climate, and energy, and analyzes the co-benefits of reducing air
pollutants for each measure from both direct emission and life-cycle perspectives. The analysis results indicate that reduction
measures related to energy demand management and energy efficiency improvement have synergy effect on reducing both air
pollutants and greenhouse gases in terms of both direct emissions and life-cycle aspects. Among the demand management
types, measures such as raw material substitution and certain fuel substitution types, including hydrogen and biofuel, exhibit
trade-off effect or require further research to assess their impacts. Based on these findings, this study proposes response
directions for integrated management of air, climate, and energy according to the type of co-benefits, and suggests key research
directions that should be pursued to advance integrated management.

Key words: Atmosphere, Climate, Energy, Carbon neutrality, Integrated management
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Table 1. Definition of co-benefit.

Source

Definition of co-benefit

Kim (2019)

* The positive impact that a policy or measure targeting one goal can have on other goals

Kim and Choi (2017)

* A measure in one area that also has a positive impact on another area

Karlsson et al. (2020)

+ Benefits from climate change mitigation can be classified into three types: @ Co-benefits
directly associated with climate policies, @ Climate-related co-benefits emerging from
non-climate policies, ® Synergistic benefits from multi-objective policies

Mayrhofer and Gupta (2016)

+ A win-win strategy that achieves multiple objectives through a single policy instrument
@ Climate co-benefit: The unintended but beneficial effects on climate change mitigation or
adaptation that result from policies not directly aimed at addressing climate change
@ Development co-benefit: The positive social or economic impacts that arise in the process of
addressing climate change
® Climate and other goal co-benefit: Synergistic effects that result when policies are designed
and implemented to simultaneously consider climate change and objectives in other sectors

Deng etal.(2018)

* Positive co-benefits, ancillary benefits and adverse side effects

Bollen et al.(2009)

* Benefits and costs from policies

+ Co-benefits can be understood through three perspectives: O The benefits and costs of
climate change mitigation policies (including the benefits from greenhouse gas reduction
and ancillary benefits to other policy areas), @ The benefits and costs of other policies
(including the direct benefits from non-climate policies and ancillary greenhouse gas
reduction benefits), @ An integrated approach that considers the external effects of
both climate change mitigation policies and other sectoral policies.
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Fig. 1. Three windows in the analysis of co-effects.
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Table 2. Prior research on the co-benefits of air quality, climate change, and energy.

Source

Classification

Content

Deng et al.(2018)

Systematic Literature
Review, Bibliometric
Analysis

* (Research method) Systematic literature review, bibliometric analysis, and
network analysis on studies related to co-benefits of air quality, climate,
and energy

* (Key findings) Most studies on co-benefits focus on the sectors of energy
transition, transportation, and residential emissions.

Indicates a need for more active research in other sectors

Karlsson et al. (2020)

Systematic Literature Review,
Bibliometric Analysis

(Research method) Systematic literature review on studies of co-benefits
aobut air quality, climate, and energy

(Key findings) Many studies quantify co-benefits related to

air quality improvement and health impacts (e.g., reduced mortality,
increased life expectancy, productivity). Suggests the importance of
incorporating these co-benefits into policy making

Raoetal.(2016)

Modeling (IAMs, TM5-FASST)

(Research method) Coupled six Integrated Assessment Models (IAMs)
with the global air quality model (TM5-FASST) to assess PM, 5 reduction
effects under combinations of climate and air pollution policy scenarios
(Key findings) Simultaneous implementation of climate and air pollution
control policies can reduce population exposure to PM, s by 5 to 6 times
compared to implementing air pollution policies alone

Zhang et al.(2017)

Modeling (CMAQ)

(Research method) Used CMAQ model with RCP4.5 scenario to evaluate
domestic and international GHG reduction impact on air quality.

(Key findings) Avoided mortality benefits valued at $45~137 per ton CO..
About 31% of benefits due to international reductions. Likely exceeds
marginal abatement cost by 2050.

Vandyck et al. (2020)

Modeling (multi-IAMs)

(Research method) Simulated emission pathways for 2°C and 1.5°C targets
using multi-IAMs to analyze air quality co-benefits

(Key findings) Higher climate policy ambition may reduce marginal
co-benefits per ton CO,, but increases total air quality benefits

Rauner et al. (2020)

Modeling (REMIND, GAINS,
TM5-FAST)

(Research method) Used REMIND, GAINS, TM5-FAST models to assess
air pollution and health effects under climate scenarios

(Key findings) Strengthened climate policy shows greater reduction in
premature deaths than stricter air pollution regulation

Rafaj et al.(2021)

Modeling (AIM/CGE, IMAGE,
MESSAGE, REMIND, WITHCH)

(Research method) Applied models (AIM/CGE, IMAGE, MESSAGE, REMIND,
WITCH) to analyze emissions and premature mortality under 1.5°C and 2°C
targets

(Key findings) Combined strong climate and air pollution policy leads to
synergistic effects and notable reductions in premature mortality

Chaeetal.(2018)

Case analysis,
cost-benefit analysis

(Research method) Reviewed Korea's climate, air, and energy policies;
cost-benefit analysis of PM and GHG policies in transport and power
sectors

(Key findings) Clarifying the roles and hierarchy among plans, and
integrating air pollutant and greenhouse gas reduction plans are
suggested. As cost-effective policy measures, the adoption of best
available environmental technologies is proposed for the power
generation sector, stricter emission standards for diesel vehicles are
recommended for the transport sector

Chaeetal.
(2010, 2009)

Cost-effective analysis

(Research method) Analysis of optimal integrated environmental
strategies for improving air quality and reducing greenhouse gas
emissions, based on multi-year research

(Key findings) Expansion of public transportation use, promotion of
compact cars, fuel switching in the industrial sector (from B-C oil to LNG),
and the adoption of low-NO, boilers are suggested as cost-effective
measures for reducing greenhouse gas emissions and improving air quality

J. Korean Soc. Atmos. Environ., Vol. 41, No. 4, August 2025, pp. 582-606



Table 2. Continued.

Source Classification Content
* (Research method) Using an emission calculation model and an
optimization model, this study estimated the reduction costs and
co-benefits of implementing an integrated climate and air quality policy
in Seoul
Chae (2010) Cost-effective analysis * (Key findings) Utilizing an integrated environmental strategy enables

the achievement of Seoul’s climate and air quality targets at a lower cost
compared to implementing climate and air policies separately.

The use of CNG buses is identified as one of the most effective measures
for simultaneously reducing air pollutants and CO, emissions

Kim and Choi (2017)

Cost-benefit analysis

(Research method) A comparative analysis of the social benefits and
investment costs of projects aimed at simultaneously reducing air
pollutants and greenhouse gas emissions in Gyeonggido

(Key findings) The adoption of electric vehicles, expansion of district
energy systems, promotion of hydrogen fuel cell vehicles, and conversion
from anthracite coal to clean fuels in the residential sector significantly
increase the social benefits associated with CO, reduction

Kim et al. (2020)

Modeling (AIM/CGE,
CMAQ/WREF, health impact
assessment model)

(Research method) Assessment of the impacts of South Korea’s
greenhouse gas reduction policies on air quality and public health

using the AIM/CGE model, CMAQ/WRF system, and a health impact
assessment model

(Key findings) Climate change mitigation leads to substantial reductions in
PM, s and Os levels in South Korea, resulting in decreased premature
mortality, reduced healthcare expenditures, and increased labor
productivity by 2050 compared to 2005. The health benefits in 2050 are
expected to offset the costs of carbon reduction. However, improvements in
air quality from the agriculture and industrial process sectors are found to
be minimal

Philips and Jung
(2021)

Modeling (LEAP-IBC)

(Research method) Analysis of reductions in carbon and air pollutant (PM, 5)
emissions resulting from fuel switching for greenhouse gas mitigation in
South Korea's power generation sector using the LEAP-IBC model

(Key findings) The scenario maximizing nuclear power capacity yields

the greatest cost-effective benefits, with significant reductions in

PM, s-related premature deaths and carbon emissions

Jang et al.(2024)

Modeling (GUIDE)

(Research method) Analysis of the impacts of South Korea's climate and
air quality policies on greenhouse gas and air pollutant (SO,, NO,, PM, s,
VOC, NH;) emissions through 2030 using the GUIDE model

(Key findings) Emissions of SO, from the power generation and industrial
sectors, NO, from the power generation and transport sectors, and PM, 5
from the power generation and industrial sectors are projected to decline
alongside CO,. The reduction rates of NH; from agriculture, PM, 5 from
other sectors, and SO, and VOC from industrial processes, as well as NO,
from on-road and off-road transport, are relatively low under current
climate policies, indicating limited air quality improvement in these areas

Choi et al.(2022)

Scenario analysis,
Modeling (CAMx)

(Research method) Sectoral analysis of the emission and concentration
reduction effects of greenhouse gases, fine particulate matter (PM), and
precursor substances by comparing the 2030 carbon neutrality plan
scenario—based on the assumption that each mitigation measure under
the enhanced 2030 Nationally Determined Contribution (NDC) target is
achieved—with a scenario in which the plan is not implemented

(Key findings) Most sectors show co-reduction effects of air pollutants
alongside greenhouse gas reductions. However, a slight increase in NH;
emissions is expected due to the replacement of coal power with LNG,
and in the cement industry, the impact of raw material substitution on
air pollutant emissions remains uncertain
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Table 2. Continued.

Source Classification Content

* (Research method) Analysis of the impact on 2030 greenhouse gas
emissions from air quality policy measures, excluding those that overlap
with the enhanced 2030 Nationally Determined Contribution (NDC)

Scenario analysis mitigation measures
Choi et al.(2023) . ! * (Key findings) Many air quality policy measures contribute positively to
Modeling (CAMx) . g R . .
greenhouse gas reduction. However, in the industrial sector, the reduction
effect is minimal, and in the transport sector, policies such as stricter
emission standards for construction equipment and low-emission measures
for construction machinery show no effect on greenhouse gas reduction

SOx, NOx, PM10, Emission sources

PM 2.5, Black carbon i.// Energy \\\ GHGs (CO,, CH, ...)
o e
Ry SLCFs —
Air Pollution lim han
llutis Secondary Formation & Climate change
effects of atmospheric circulation
— —
T Damage to human, e
Damage of air pollution R society& economy, l Impact of climate change
ecosystem

* Source: Modified from Anenberg et al.(2019)

Fig. 2. Interactions of atmosphere, climate and energy.
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Fig. 3. Interactions of atmosphere, climate and energy at emission stage.
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Fig. 4. Co-effect between climate change and air pollution reduction measures.
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Table 3. Results of the co-benefit analysis of carbon neutrality measures in the power sector.

Air pollution impact

Mitigation

measure Policy Key policy measure Direct LA
emissions
* (Type 1) Demand management
* Promotion of energy management systems
Carbon-green in workplaces and buildings
master plan + Strengthen efforts to save energy across all
Strengthening sectors
power demand . . Synergy Synergy
management 2030 NDC Integration of energy management systems
* Demand-based pricing
2050 carbon * Encouraging energy saving through
neutrality normalization of electricity rate
* (Type 2) Energy efficiency improvement
Z:ee?gt:feﬁnéir;%c Carbon-green * Strengthen energy efficiency management in
9y Y master plan industry, building, and transportation
standards
Synergy Synergy
Distribution of . .
high-efficiency 2030 NDC Expand.the use of hlgh d'ewce
X * Promotion of smart lighting
equipment
* (Type 3) Fuel substitution
Carbon-green + Abolition of coal power plants and transition Synergy Synergy
master plan to LNG Power generation (reduction (reduction
Reduction in * Reduction in the share of coal ;(?;Lfruel ;Og\i;::ruel
04 —> 0
the share of 2030 NDC @1 '(M). 2.1 8%) generation)/ generation)/
coal and * Reduction in the share of LNG
LNG power (26.8% — 19.5%) Trade-off Trade-off
i ) (transition to (transition to
2050 carbon * Reduction in the share of coal to 0.0% and LNG power LNG power
neutrality LNG to 0.0~5.0% generation) generation)
Carbon-green * Increase the share of renewable energy to
master plan the early 30% range by 2036
Expansion of Reservation Reservation
renewable 2030 NDC * Expansion of renewable energy (biofuel)/ (biofuel)/
energy (6.2% — 30.2%) Synergy Synergy
generation (excl. biofuel) (excl. biofuel)
2050 carbon * Increase in the share of renewable energy
neutrality (60.9~70.8%)
Carbon-green * Expansion of renewable energy to
master plan over 21.6% by 2030
Expansion of Reservation Reservation
new energy 2030 NDC * Increase in the share of renewable energy (biofuel)/ (biofuel)/
source (6.2% — 30.2%) Synergy Synergy
generation (excl. biofuel) (excl. biofuel)
2050 carbon * Increase in the share of hydrogen fuel cells
neutrality (1.4~10.1%)
Carbon-green * Ammonia co-firing power generation
: master plan co-firing rate of 20% by 2030
Expansion of Trade-off Trade-off
carbon free . . .

R * Increase in the share of ammonia co-firing (hydrogen (hydrogen
co-firing/ 2030 NDC : o - ;
full-firing power generation (3.6%) combustion, combustion,

ammonia) ammonia)
power sources 2050 carbon * Expansion of carbon-free power generation
neutrality sources (13.8~21.5%)
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Table 4. Results of the co-benefit analysis of carbon neutrality measures in the industry sector.

Mitigation

Air pollution impact

measure Policy Key policy measure Direct
. LCA
emissions

Steel

* (Type 3) Fuel substitution

Introduction of

hydrogen- 2050 carbon + 100% replacement of carbon-based processes with hydrogen

based neutrality reduction steelmaking (replacing coke with hydrogen)

steelmaking

2030 NDC + Conversion of newly built or expanded blast furnaces to Synergy Reservation
Transition to electric arc furnaces (3 million tons)
electric arc
furnace 2050 ca_rbon * Expansion of crude steel production using electric arc furnaces
neutrality

Cement

* (Type 1) Demand management

Raw material 2030 NDC * Increase the proportion of mixed materials (15%)
conversion
(e>_<pan5|on of 2050 ca_rbon * Increase the proportion of mixed materials (20%)
mixed materials)  neutrality

I . . Reservation Reservation

Raw material 2030 NDC ;Expanld the ;L;(l;z}l)tutlon rate of limestone raw materials
conversion €9.slag, as °
(substitution of

" 2050 carbon . N . . o

limestone) neutrality Expand the substitution rate of limestone raw materials (12%)

* (Type 3) Fuel substitution
Fuel conversion 2030 NDC * Replace bltumlqous coal with waste synthetic resin
(waste synthetic (e.g. waste plastic)(36%)

Trade-off Trade-off

resin, hydrogen,

2050 carbon
etc.)

neutrality

* Replace bituminous coal with waste synthetic resin and
hydrogen heat sources (biomass co-firing) (100%)

Sty |2t st || M 41 H M4 S
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Table 4. Continued.

Mitigation

Policy
measure

Key policy measure

Air pollution impact

Direct

o LCA
emissions

Petrochemical & refining

* (Type 1) Demand management

2030 NDC * Partially replace naphtha with bio-naphtha Reservation Reservation
Naphtha (nk:ghtha)/ (bio-
substitution 2050 ca'rbon + Convert existing naphtha to bio and hydrogen feedstock (52%) Synergy naphtha,
neutrality hydrogen)
(hydrogen)
2030 NDC * Increase the utilization rate of waste plastic feedstock (18.6%)
Utilization of
X Trade-off Trade-off
waste plastics 2050 cafbon « Utilize waste plastic feedstock
neutrality
* (Type 3) Fuel substitution
Fuel conversion 2030 NDC + Convert heavy oil 100% to eco-friendly fuel Reservation
(kl)iomiass’ 2050 carbon * Introduce electric heating furnaces Synergy (Izlaiom_a§s,
electricity, etc) neutrality * Replace biomass boiler electricity)
Etc.
* (Type 3) Fuel substitution
Fuel conversion Cark;on-gireen * Fuel conversion for district energy service (coal = LNG, etc.) Trade-off Trade-off
for district masterplan (LNGY/ (LNG)/
energy * Fuel conversion for combined heat and power facilities in Reservation Reservation
service 2030 NDC P (etc.) (etc.)

industrial complexes (coal - 0il = LNG - biomass)

AHIE AFoA 34NN FAaES w2t
[e)

PM,o, PM, 5 59 HiEH2 f-s] H|5) 7] i&
o] 2&a 75 YEPAT} (Asamany et al., 2017). E3L
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M 9 A=l TR dAlE, 2EAE WHAlstk=
n2&H 7, Eetoloi4], Ae7Hd £ 5 A= o
Aol w2 71 Hed viEF FFol tie d+=
ot} ©getstA] Frh(Choi et al., 2022). THFA Y=s
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Table 5. Results of the co-benefit analysis of carbon neutrality measures in the building sector.

Air pollution impact

Mitigation Polic Key policy measure
measure Y y policy Direct
. LCA
emissions
* (Type 1) Demand management
Carbon - green * Provide incentives for the spread of energy-saving culture and
master plan promote public-private collaboration
Strengthening 2030 NDC * Strengthen behavior improvement among the public
behavior (reduced by 0.9 million tons) Synergy Synergy
improvement
+ Additional reduction in energy demand through climate and
2050 carbon . ) R
neutrality environmental cost reflection and voluntary participation
by the public
* (Type 2) Energy efficiency improvement
+ Expand the certification scope for zero-energy buildings in
Carbon - green public architectures
master plan * Mandate green remodeling for aging public buildings
* Promote green remodeling in private buildings
Improvement of 2030 NDC . Encourage zero-energy buildings anq gxpand green
o remodeling projects (reduce by 2.7 milion tons)
building energy Synergy Synergy
efficiency « Achieve 100% 1%t grade zero-energy buildings
(new construction)
2050 carbon + Achieve 100% energy efficiency rating of 1++ for residential
neutrality and 1+ for commercial building in green remodeling
* Improve the energy use intensity for cooling and heating by
more than 30% compared to 2018
Carbon - green * Optimize the efficiency of energy-consuming building facilities
master plan + Set and evaluate energy efficiency targets for large building
Smart energy * Introduce integrated management systems for optimal
2030 NDC energy control, such as BEMS and HEMS Synergy Synergy
management S
(reduced by 0.2 million tons)
2050 carbon + Expand the deployment of integrated management systems
neutrality for optimal energy control (save 2~5% of energy)
2030 NDC + Enhance energy gfﬁoency and improve energy use intensity
Promotion of (reduce by 2.1 million tons)
high—efﬁciency * Improve energy use intensity of energy facilities and devices Synergy Synergy
devices 2050 carbon : ) :
) such as strengthening energy consumption efficiency and
neutrality N N - .
expanding labeling systems (approximately 30% energy saving)
* (Type 3) Fuel substitution
2030 NDC * Expansion of clean energy (solar, geothermal hydrothermal)
deployment
Promotion of S S
clean energy * Increase in the use of renewable energy (solar, geothermal, ynergy ynergy
2050 carbon ) -
neutrality hydrothermal, etc.) for cooling, heating, and hot water supply
(1.7 million Toe in 2018 — 6.3 million Toe in 2050)
2030 NDC . Par.tlal electnﬁcatlon of equipment using fossil fuel
Electrification of (briquettes, diesel, kerosene, etc.) )
fossil fuel Synergy Reservation
ossiiTue 2050 carbon - . . .
) * Replacement of remaining fossil fuels with electric
neutrality
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Table 6. Results of the co-benefit analysis of carbon neutrality measures in the transport sector.

Mitigation

Air pollution impact

measure Policy Key policy measure Direct
o LCA
emissions
Road
* (Type 1) Demand management
* Strengthen public transportation network
Carbon - green "
* Promote shared mobility
master plan i . . .
* Establish free zones of internal combustion engine, etc.
* Improve public transportation convenience
Traffic demand 2030 NDC * Enhance connectivity Syner Syner
management * Reduce vehicle mileage by 4.5% ynergy ynergy
* Promote public transportation use
2050 carbon * Enhance non-motorized and zero-carbon transport
neutrality * Expand remote work, etc.
* Reduce vehicle mileage by 20%
* (Type 2) Energy efficiency improvement
Strengthening
oggrfej‘;\lhouse Carbon - green « Strengthen greenhouse gas and fuel efficiency Syner Syner
gas" master plan standards considering LCA ynergy ynergy
efficiency
standard

* (Type 3) Fuel substitution

Carbon - green

* Cumulative deployment of 4.2 million electric vehicles
and 300,000 hydrogen vehicles by 2030

Expansion of master plan + Conversion of internal combustion engine vehicles to
low-emission - electric vehicles
zero emission + Composition of 3.62 milion electric vehicles, 880,000
vehicle 2030 NDC hvd hicl d 4 million hybrid vehicl
deployment ydrogen vehicles, and 4 million hybrid vehicles
2050 carbon * Deployment of 85% to 97% zero-emission vehicles, with
neutrality the remainder converted to carbon-free fuel
Increasing in 2030 NDC * Increase in bio-diesel blend ratio from 3% to 8%

bio diesel use

Reservation
(biofuel)/

Synergy
(excl. biofuel)

Reservation

Railroad

* (Type 3) Fuel substitution

Carbon - green

* 100% replacement of diesel passenger trains with
electric trains

Transition to master plan . . .
eco-friendly * Demonstration of hydrogen-electric train Synergy Reservation
railways 2050 carbon * 100% conversion of diesel railway vehicles to

neutrality zero-carbon power railways
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Table 6. Continued.
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Mitigation

Air pollution impact

measure Policy Key policy measure Direct
. LCA
emissions
Maritime/Aviation
* (Type 2) Energy efficiency improvement
ﬁwaar:)tz:];.algarsen * Introduce the latest aircraft with superior fuel efficiency
::mﬁrof\f/iement of * Improve ship operational efficiency
fgfn?ari?i;necy 2030 NDC * Enhance aircraft operation and fuel efficiency by 1.0% Synergy Synergy
and aviation annually
rz\gi(t)rgﬂzson * Improve aviation fuel efficiency by 2% annually

* (Type 3) Fuel substitution

* Increase the proportion of eco-friendly fuel, such as bio-

Carbon-green aviation fuel

Reservation
(biofuel,

master plan * Transition to low-carbon and zero-carbon (hydrogen, .
ia, etc) shi Reservation hydrogen,

Transition to ammonia, etc.) ships (biofuel, electricity,
ecoifrlendly 2030 NDC * Introduce low-carbon (LNG, hybrid) ships ammonia)/ ammonia)/
maritime Synergy Synergy
and aviation + Expand the use of biofuels and LNG for ships, and (excl. bi(?fuel, (excl. biofuel,

2050 carbon increase the use of bio-aviation fuel (30%) ammonia) thdro_gfen,

neutrality + Achieve a 40% share of electric and hydrogen ships z;ﬁ:ﬂ%

* Introduce electric and hydrogen aircraft
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Table 7. Results of the atmospheric co-benefit analysis of greenhouse gas reduction measures.

Category Co-benefit
Type :
Sector Mitigation measure Dye_ct LCA
emissions
Power + Strengthening power demand management Synergy Synergy
Industry + (Petrochemical & refining) Utilization of waste plastics Trade-off Trade-off
Industry + (Petrochemical & refining) Naphtha substitution - hydrogen Synergy Reservation
(Type 1) Industry * (Petrochemical & refining) Naphtha substitution - biofuel Reservation Reservation
Demand
management Industry * (Cement) Raw material conversion (substitution of limestone) Reservation Reservation
Industry + (Cement) Raw material conversion (expansion of mixed materials) Reservation Reservation
Building * Strengthening behavior improvement such as energy saving Synergy Synergy
Transport * (Road) Traffic demand management Synergy Synergy
Power * Strengthening energy efficiency standards Synergy Synergy
Power + Distribution of high-efficiency equipment Synergy Synergy
Building * Promotion of high-efficiency devices Synergy Synergy
(Type 2)
Energy Building * Improvement of building energy efficiency Synergy Synergy
efficiency
improvement Building * Smart energy management Synergy Synergy
Transport * (Road) Strengthening of greenhouse gas - fuel efficiency standard Synergy Synergy
Transport * (Maritime/Aviation) Improvement of fuel efficiency for maritime Syner. Syner
p and aviation ynergy ynergy
Power * Reduction in the share of coal and LNG power generation Syner Syner
- Reduction in thermal power generation ynergy ynergy
* Expansion of renewable energy generation
Power - excl. bio energy Synergy Synergy
Power * Expansion of new energy source generation Synergy Synergy
Power . ReduFt.lon in the share of coal an.d LNG power generation Trade-off Trade-off
- Transition to LNG Power generation
Power * Expansion of carbo.n free co-firing/full-firing power sources Trade-off Trade-off
- Hydrogen, ammonia
Power . Egpansmn of renewable energy generation Reservation Reservation
(Type 3) - Bio energy
Fuel . . .
substitution Industry (Steel) Transition to electric arc furnace Synergy Reservation
Industry * (Steel) Introduction of hydrogen-based steel making Synergy Reservation
Industry . (Etc.)AF_ueI conversion for district energy service Trade-off Trade-off
- Transition to LNG
Industr * (Petrochemical & refining) Fuel conversion such as introducing Syner Reservation
Y electric heating furnaces and replacing biomass boiler ynergy
Industry . LCement) Fuel conversion such as waste synthetic resin and Trade-off Trade-off
ydrogen heat sources
Industry . (Etc.)AF_ueI conversion for district energy service Reservation Reservation
- Transition to biomass
Building * Promotion of clean energy(solar power, geothermal, hydrothermal) Synergy Synergy
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Table 7. Continued.

Category Co-benefit
Type .
Sector Mitigation measure D_|re_ct LCA
emissions

Building * Electrification of fossil fuel Synergy Reservation

Transport * (Road) Expansion of low-emission-zero emission vehicle deployment Synergy Reservation

Transport * (Road) Increasing in bio diesel use Reservation Reservation
(Type 3)
Fuel Transport * (Railroad) Transition to eco-friendly railways Synergy Reservation
substitution . . . K . .

Transport + (Maritime/Aviation) Transition to eco-friendly maritime and aviation Syner Syner

P - LNG and hybrid ships, etc. ynergy ynergy
* (Maritime/Aviation) Transition to eco-friendly maritime and aviation . .
Transport Reservation Reservation

- Biofuel, ammonia, hydrogen, electricity, etc.
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Table 8. Research directions for integrated management of air - climate - energy.

Category Research topics

* Improvement of accuracy and consistency of greenhouse gas and air pollutant emission statistics
at the national and local government levels
* Analysis of emission projections and reduction potential for SLCPs
* Research on air pollutant emissions and concentrations related to decarbonization energy policies
+ Study on air pollutant emission factors for new energy sources (e.g., ammonia, hydrogen, bio-naphtha)

Emission * Research on the characteristics of air pollutant emissions in non-energy sectors and the relationship
between key drivers
+ Development of a model for evaluating and forecasting progress in carbon neutrality implementation
* Modeling of air quality concentrations and exposure characteristics at the national and local
government levels
* Research on the radiative forcing assessment of SLCPs
+ Study on the impact of ozone and black carbon on the reduction of carbon sinks
Scientific Dispersion * Detailed analysis (national-regional) of changes in atmospheric dispersion intensity and impacts due to
basis future climate change

* Research on the relationship between climate change and emissions of BVOCs

* Research on the combined health impacts of air pollution and climate change

* Vulnerability assessment of affected groups to the combined effects of air pollution and climate change

+ Study of the combined ecological impacts of climate change and air pollution

* Analysis of the relationship between climate change and renewable energy production

* Research on the impact of power supply and demand changes due to abnormal climate on
Impact energy security

+ Study on the impact of climate change on power generation and transmission efficiency

* Research on the impact of power supply and demand changes due to abnormal climate on

greenhouse gas and air pollutant emissions
+ Study on the impact of air pollutant emissions due to climate change on agricultural productivity
* Research on the impact of air pollutant emissions due to climate change on biodiversity

* Research on the reform of legal system and organizational structures for integrated management of
climate, air, and energy
* Analysis of co-benefits (synergy, trade-off) between air, climate, and energy at nation and local levels
* Research on cost-benefit estimation reflecting synergy and trade-off of climate and air pollution
reduction measures
Development of * Research on strategies to response to the trade-off of air, climate and energy policies
strategic tools * Development of tools for implementation and performance evaluation of integrated air, climate,
energy policies
* Assessment of social acceptability of integrated climate-air policies (focusing on trade-off)
* Research on greenhouse gas and air pollutant reduction strategies in non-energy sectors
* Research on impact analysis and response support for simultaneous change in climate and air quality
at the local government level
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