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Editorial:

Air pollution control for a green future

Xiang GAO, Guest Editor-in-Chief

Cheng-hang ZHENG, Guest Editor

State Key Laboratory of Clean Energy Utilization, State Environ-
mental Protection Center for Coal-fired Air Pollution Control,
Zhejiang University, Hangzhou 310027, China

E-mail: xgaol@zju.edu.cn; zhengch2003@zju.edu.cn

Over the last decades, the production of energy
from various sources (e.g. coal, crude oil, natural gas)
has rapidly increased all over the world, partly caused
by the relatively comfortable and prosperous life sought
by people. It is true that energy utilization can bring
tremendous benefit to humans. However, along with
prosperity, environmental pollution cannot be
neglected. To a great extent this pollution can be at-
tributed to energy utilization, especially the combus-
tion of fossil fuel. In general, pollution is the intro-
duction of contaminants into the natural environment
causing adverse changes. In the case of combustion,
several toxic substance emissions such as sulfur di-

oxide (SO2) and nitrogen oxides (NOx) have been
severely limited to very small values. To protect the
environment from the adverse effects of emissions,
many countries worldwide have adopted legislation to
regulate various types of pollution as well as to alle-
viate their adverse effects. Both combustion modifi-
cations and after-treatment strategies have been em-
ployed to achieve the goal of emission control. Dur-ing
this process, various innovative methods have been
invented and put into practice. For example, wet flue
gas desulfurization (WFGD) can convert over 98%

gaseous SO2 into solid CaSO4 while selective catalytic

reduction (SCR) reduces gaseous NOx by NH3 to form

water and nitrogen (Zhong et al., 2008; Hu et al., 2017).
Both methods have been extensively and rapidly
commercialized worldwide, combined
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with  combustion  modifications,
mitigating the harm to the atmosphere.
Although enormous success has been achieved

concerning SO2 and NOx reduction, other harmful
substances remain to be dealt with. One such that at-
tracts more and more attention in recent years is par-
ticulate matter (PM), because of its effects on both
global climate and human health. For several decades,
great efforts have been made to deal with PM emis-
sions from energy utilization and a variety of new
theories and control technologies have merged. To
realize ultra-low PM emission, more attention is paid
on ultra-fine particle removal. Some agglomeration
technologies, e.g. acoustic agglomeration (Yan et al.,
2016; Zhou et al., 2016), electrical agglomeration
(Chang et al., 2015, 2017), and chemical agglomera-
tion (Liu et al., 2016; Hu et al., 2018), are efficient pre-
treatment methods to improve ultra-fine particle
removal efficiency by enlarging particle size. Recently,

effectively

condensable PM such as SO3 gains an increasing at-
tention because it can lead to a variety of plant opera-
tion problems and plume opacity. Upgrading of wet
electrostatic precipitator (Huang et al., 2016; Wu et al.,
2017) becomes possible countermeasures to eliminate it
to satisfactory emission requirement (Xu et al., 2016;
Zheng et al., 2017).

As well as PM, we should also keep an eye on the
heavy metals released during the process of en-ergy
utilization. Taking mercury as an example, it can be
detected in flue gas. Because it is insoluble in water,
highly volatile and chemically inert, it can exist in air,
water, and soil over long distances and periods of time.
Once it returns to the biosphere, mercury can bio-
accumulate in the ecosystem and become a major threat
to human health (Zhao et al., 2017). Strategies like
adsorption/absorption, oxidation/reduction can be used
to capture heavy metals and rehabilitate soil and water.
However, creative  materials, processes, and
technologies are also needed.

Besides toxic materials, nontoxic carbon dioxide

(CO2) from fuel combustion becomes major concern
recently and represents 76.7% of greenhouse gases



(GHG). The initial concept for CO2 reduction is car-
bon capture and storage (CCS), which is the process

of capturing wasted CO2 and depositing it into geo-
logical formations. Carbon capture and utilization
(CCU) as an alternative method may offer the op-
portunity to significantly reduce GHG emissions. In

this process, exhausted CO2 is converted into useful

substances such as CO, CH4, CH30H, and carbon. In
addition to these techniques, we should emphasise
related monitoring and measuring technologies, since
these can provide insights into the mechanisms in-
volved in the transportation and transformation of
pollutants from the source to the environment.

In this special issue, we invited prestigious sci-
entists in the field to share their expertise and per-
spectives. The collected papers cover the various
topics aforementioned, such as PM removal, heavy
metal removal, and CO> utilization.

Zheng and Kanaoka (2018) reviewed recent
developments in dust collection technology, espe-cially
bag filtration and electrostatic precipitators, as well as
related 1SO standards. The future prospects for these
technologies were also outlined. It will be helpful to
improve state-of-art particle removal technologies. Tao
et al. (2018) applied a newly de-veloped adhesive 3D
multi- time scale discrete ele-ment method-
computational fluid dynamic (DEM-CFD) coupling
approach to investigate the filtration of micron-sized
particles by different types of fiber arrays, and the
geometrical effects of different kinds of fiber arrays on
the mesoscopic physics of the fil-tration process were
examined. Their results showed that densified arrays
may be suitable for a variety of purposes, e.g. baghouse
filters or breathing masks regarding pressure drop and
filtration efficiency. Chen et al. (2018) investigated the
effect of relative humidity (RH) on non-refractory
submicron aerosol evolution during summertime in
Hangzhou, China. The evolution and size distribution
of submicron aerosols, including organic and inorganic
species, are explored by the high-resolution time -of-
flight aerosol mass spectrometry (HR-ToF-AMS)
method under a variety of RH levels. Their results
showed that nitrate and chlorine mass concentrations
and mass fractions continuously increased with
increasing RH. However, many species show
differences between low and high RH conditions
(divided at RH=60%).

Although facilities for NOyx, SOx, and PM
abatement have now been widely applied, efficient and
effective control of trace metals, such as mercury,

is still challenging (UNEP, 2013). Mu et al. (2018)
adopted density functional theory (DFT) to investigate

the adsorption mechanism of Hg on a 1T-MoS2 mon-
olayer. Different possible adsorption positions on the

1T-MoS2 were examined. The results elucidated that
chemisorption dominates the adsorption between Hg0

atoms and the 1T-MoS2. It was found that the Tmo (on
top of the Mo atom) position is the strongest adsorp-
tion configuration among all the possible adsorption
positions. Zheng et al. (2018) investigated the co-
benefit of hazardous trace elements such as mer-cury
(Hg), arsenic (As), and selenium (Se) capture in dust
removal devices of ultra-low emission coal-fired power
plants. The results indicated that the low inlet
temperature of low-low temperature electrostatic pre-
cipitator (LLT-ESP) had significant promotional ef-fect
on the simultaneous removal of Hg, As, and Se. The
smaller particle size of fly ash can be conducive to the
adsorption of hazardous trace elements. The in-hibitory
effect of sulfur content in coal was significant for the
enrichment of Hg and Se in fly ash.

As well as toxic substance removal, the recy-cling
of exhaust gases shows promise. A typical case is the

catalytic transformation of CO2 to value-added
substances. Sagawa (2018) prepared catalysts with Fe,

Ni, and Cu supported on Al203 and performed dry
reforming of CO2, steam reforming of CO2, water gas

shift reaction, and CO2 hydrogenation over these
catalysts. It was found that by varying the ratios of Fe,
Ni, and/or Cu over the composite materials, the yield

and selectivity of the useful products such as CO, CH4,
and C are promising for further enhancement. Nowicka
and Sankar (2018) reviewed important structural
features relevant to Pd-based bimetallic systems and a
few reactions relevant to environmental catalysis, i.e.
Co oxidation, hydrocarbon oxidation,

hydrodechlorination, and NOx decomposition were
illustrated. They believed that this review will inspire
scientists to rationally design catalysts for a green and
sustainable future. Wu et al. (2018) developed the
rainbow refractometry method for in-situ characteri-

zation of gas- liquid precipitation reaction in SO2 and

CO2 removal process. They tried to characterize the
reaction process in-situ using the change of the re-
fractive index of droplets during the gas-liquid ab-
sorption precipitation reaction process. Based on
rainbow refractometry, the in-situ characterization of
such a reaction was first studied, and its feasibility and
effectiveness were verified through several ex-
periments and detailed heat transfer analysis.



We believe this special issue has provided a
unique opportunity for researchers to present and
discuss recent advances in air pollutant control and
air quality management during energy utilization.
The interaction of fundamental science and industrial
application within topics was also particularly pro-
moted by the high quality of the technical and scien-
tific standard of the selected publications. We sin-
cerely hope the most up- to-date view and outlook of
the field that is shared in this special issue will move
the research frontier forward, improve the under-
standing of air pollutant control technologies and
strategies, as well as preserve existing know-how.
We expect these cutting-edge articles will promote
dis-cussions among established scientists and could
also provide benefit for the journal readers.
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