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Abstract As the average concentration of carbon dioxide (CO,) in the earth has continuously increased over 400 ppm,
climate change caused by the global warming has become a critical global issue. Air pollutants are mostly reduced in the
process of reducing carbon emissions, for example, by reducing operations of coal-fired power plants and fossil-fuel vehicles.
However, nitrogen oxides, ammonia and other pollutants may actually increase during the processes of switching from fossil-
fuels to carbon-free fuels such as ammonia and hydrogen. Here, we take a look at what are the requirements to suppress air
pollutants while reducing greenhouse gases. It is necessary to reduce directly non-exhaust fine particles from electric vehicles
and also indirectly air pollutants during the process of recycling waste batteries from the electric vehicles. When a mixture of

combustible wastes is used in industries as an alternative instead of bituminous coal, it is also needed to reduce air pollution

emissions during its incineration. It becomes more important to develop a strategy for energy optimization by internet of
things (IoT) monitoring and artificial intelligence (Al) prediction in the industrial sites and residential buildings. In addition, we
have to investigate steadily the atmospheric aerosol itself from a climate change point of view. And it is also necessary to

conduct a lot of field studies for removal of non-CO, greenhouse gases and short-lived climate pollutants (SLCP).
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Fig. 1. Data from ice cores have been used to reconstruct
Antarctic temperatures and atmospheric CO, concentrations
over the past 800,000 years (Liithi et al., 2008).
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Fig. 2. The emission factors of total PM from primary exhaust and non-exhaust sources, according to vehicle types. Here,
RWP is road wear particle, TWP is tire wear particle and BWP is brake wear particle (Woo et al., 2022).
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Fig. 3. N,0, NO,, and NO emissions under 5 bar (a) and 3 bar (b) indicated mean effective pressure engine loads (Gill et al.,

2012).
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Fig. 4. Schematic of the 2.5 MWy, waste-to-energy plant, including the recirculation streams from the scrubber and condens-
er (from Gall et al., 2022).
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Table 1. Air pollution issues and the related technologies required for carbon neutrality.

Classification

Policy tasks for
greenhouse
gas reduction

Air pollution issues

The related required technologies

Transition

Ammonia/coal

co-firing power plants

Non-carbon fuel
(ammonia, hydrogen)
gas turbine

- Increase of fuel-NOx or thermal NOx
- Emission of N,O
- Leakage of un-reacted ammonia

- Reduction technologies of high-concentration NOx for power generation
- N,O catalyst technologies for power generation
- Simultaneous treatment technologies for ammonia for power generation

Transportation

Expansion of
electric vehicles

- Increase of non-exhaust particles

such as tyre wear and road wear particles
- Atmospheric and water pollution

during recycling of waste batteries

- Reduction technologies of non-exhaust particles
- Eco-friendly recycling technologies of waste batteries
- Pollution control technologies in the entire cycle of circulating resources

Non-carbon fuel
(ammonia, hydrogen)
ships

- Increase of fuel-NOx or thermal NOx
- Emission of N,O
- Leakage of un-reacted ammonia

- High-concentration NOx reduction technologies for transportation
- Remote management technologies for maritime monitoring

- N,O catalyst technologies for transportation

- Ammonia co-treatment technologies for transportation

Industry Expansion of - Generation of various pollutants due to - Establishment of waste recycling standards and its requirements

circulating resources incineration of mixed combustible wastes - Pollution control technologies in the entire cycle of circulating resources
- Increase of emissions by the loose regulations - Establishing management policies with the same level regulations
different from general incinerators - Development of proactive policies related to carbon neutrality

Industrial energy - Poor operation of air pollution prevention - Optimization of air pollution prevention facilities via real-time monitoring,
demand facilities for maximizing energy efficiency of big data and artificial intelligence
management industrial sites

Building Improvement of - Poor indoor air quality in high energy - Optimization of building energy and indoor air quality via real-time
building energy efficiency buildings monitoring, big data and artificial intelligence
efficiencies

Others - Atmospheric aerosols with high uncertainties - Researches on atmospheric aerosols from the perspective of radiative forcing

of radiative forcing
- Non-CO, greenhouse gases having
very high warming potentials
- Short-lived climate pollutants that affect
the radiative forcing while staying short-term
from a few days to decades

- Simultaneous reduction technologies for non-CO, greenhouse gases and

air pollutants (NOx, HF, HCl, etc.) in the semiconductor and display industries
- Field studies on methane reduction for livestock facilities and landfills
- Black carbon reduction technologies in the hydrogen production processes

- Treatment technologies for air pollutants from non-road vehicles such as
construction machinery and heavy-duty trucks that are difficult to convert
to electrification

- Novel technologies to suppress ozone production in the air
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