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EFFICIENCY OF CLEANING PAH EMISSIONS TECHNOLOGIES
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Anomauin

Y cmammi posensioaemucsa nopisHsints ehekmueHOCmI mpbox MexHOI02I OUUWeH ST GUKUOIE MEN0eNeKMPOCaHt-
Yitl 6i0 NOMYUKIIYHUX apomamuyHux eyenesooHie (IIAB). 3acmocosani mexnonozii exniouaioms erekmpogitompayiio,
Kamanimuune OKUCIeHHs ma niasmogy ouucmky. I[Ipogedeno amanisz egpekmuHOCmi KOJHCHOI MEXHONO02IL, a MaKoxc ix
6NIUBY HA 3HUdCEeHHs sukuoie IIAB. Busnaueno knouo6i nepesacu ma HeOONIKU KOHCHO20 Memoody, wo 00360JIA€ HAOA-
mu peKxomeHoayii wWooo GUKOPUCMANHA HAUOLTbUL NIOX00AUUX MEXHO02IU Y 3anedxcHocmi 8i0 ymos excnayamayii TEC.

Kurouosi cioBa: [TAB, ouniieHHs BUKUIB, TEIUIOCICKTPOCTAHIIII, eIeKTPO]ITbTpallis, KaTaJiTHIHE OKHACICHHS,
IUTa3MOBa OYHCTKA

Abstract

This article compares the effectiveness of three technologies for cleaning emissions from thermal power plants of
polycyclic aromatic hydrocarbons (PAHSs). The technologies assessed include electrostatic filtration, catalytic oxida-
tion, and plasma cleaning. An analysis of the efficiency of each technology and its impact on reducing PAH emissions is
conducted. Key advantages and disadvantages of each method are identified, providing recommendations for the use of
the most suitable technologies depending on TPP operational conditions.

Keywords: PAH, pollution, thermal power plants, electrostatic filtration, catalytic oxidation, plasma cleaning

Introduction

Thermal Power Plants (TPPs) are significant contributors to environmental pollution, with emissions con-
taining hazardous pollutants, including Polycyclic Aromatic Hydrocarbons (PAHSs). PAHSs are known for
their carcinogenic and mutagenic properties, making the reduction of these emissions critical for environ-
mental health and air quality. To mitigate these impacts, various technologies have been developed to clean
emissions from TPPs, each with its distinct mechanism and efficiency in removing PAHSs. This study aims to
compare the effectiveness of three prominent technologies - electrostatic filtration, catalytic oxidation, and
plasma cleaning-in terms of their ability to reduce PAH concentrations in TPP emissions.

Results of the study

The comparative analysis focuses on three emission control technologies:

1. Electrostatic filtration (EF) is widely used for removing particulate matter from industrial emis-
sions. It functions by creating an electrostatic field in which particles, including PAHSs attached to dust, are
electrically charged [1]. These charged particles are then attracted to oppositely charged collection plates,
where they are removed from the gas stream (refer to Fig.1).



Discharge wire

Aerosol particle —_|
Collecting plate

High-voltage >
power supply

< b

|t
L]

Gas flow

Fig. 1. Principle of electrostatic [2]
Key characteristics:
« works on the principle of electrostatic attraction.
« highly effective at removing solid particulate matter (PM) but less efficient for gaseous pollu-
tants such as PAHs. Efficiency for PAH removal ranges from 40-60%.
 low operational and maintenance costs, highly effective in capturing fine particles.
o limited removal efficiency for gaseous PAHS, additional systems may be needed for complete
PAH removal.

2. Catalytic oxidation (CO) [3] is one of the most effective methods for treating organic pollutants in
gas streams. In this process, the exhaust gases pass through a catalytic converter, where PAHs and other
hydrocarbons are oxidized into carbon dioxide, water and/or other safety materials (refer to Fig.2).
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Fig. 2. Catalytic oxidation using hollandite manganese oxide catalyst as an example [4]
Key characteristics:
e involves the use of a catalyst (typically a metal or metal oxide) to accelerate the oxidation of
PAHSs at lower temperatures than conventional combustion.
« high PAH removal efficiency, typically exceeding 90%.
e very efficient in breaking down PAHSs, also reduces other hydrocarbons and CO emissions.
o high operational and installation costs, requires periodic catalyst replacement due to fouling and
degradation.
3. Plasma cleaning (PC) [5] employs a high-energy electrical field to ionize gas molecules, creating
reactive species such as free radicals that can break down PAHSs into less harmful compounds. This ad-
vanced technology has the ability to treat a wide range of organic pollutants (refer to Fig.3).
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Fig. 3. Types of plasma-catalysis process [6]

Key characteristics:
« uses a non-thermal plasma, generating highly reactive species to destroy PAHSs in the gas phase.
e moderate-to-high PAH removal efficiency, ranging between 70-85%, depending on the operat-
ing conditions.
o capable of treating both particulates and gaseous pollutants, fast reaction rates, applicable to
multiple pollutants.
« high energy consumption, complex operation, and expensive maintenance due to the need for
precise control of the plasma state.

Table 1 summarized the comparison between the three technologies based on several key parameters:

Tab. 1. Comparison of technologies for reducing emissions from biomass TPPs

Parameter Electrostatic Catalytic Plasma
Filtration (EF) Oxidation (CO) Cleaning (PC)
PAH Removal Efficiency 40-60% >90% 70-85%
Operational Costs Low High Moderate
. Low High (catalyst Moderate to High
Maintenance regla((:emer)]/t) g
Energy Consumption Low Moderate High
Additional Pollutant Effective for par- Effective for CO Effective for
Removal ticulates and HC multiple pollutants
Complexity of Operation Simple Moderate High
Suitable for large- Suitable for Applicable for wide
Applicability scale PM removal advanced PAH range of pollutants
treatment
Scalability High Moderate Moderate

The comparison highlights that while each technology has its strengths, the choice of technology depends
largely on the specific needs and constraints of the power plant in question. EF is most suitable for power
plants with high particulate matter emissions and low financial resources for advanced treatment. However,
additional treatment systems would be required to remove gaseous PAHSs effectively. CO stands out as the
most effective technology for the reduction of PAH emissions, but it comes with significant cost
implications. It is highly suitable for plants in regions with stringent environmental regulations where PAH
removal is a priority, and the cost of catalyst replacement can be justified. PC technology represents a
balance between efficiency and versatility. It can treat a broader range of pollutants but requires substantial
energy and precise operation, making it suitable for facilities that need a flexible and comprehensive solution
for emission control but can afford the higher operational complexity.

Conclusion

Catalytic oxidation offers the highest efficiency for PAH removal, making it the top choice for meeting
stringent emission reduction standards. However, its high costs may restrict its use in smaller power plants.
Electrostatic filtration, while more affordable, has limited effectiveness in PAH removal and is best utilized
in combination with other technologies. Plasma cleaning, with its capability to handle multiple pollutants,



presents a versatile and promising option, particularly for facilities requiring a broader solution, though its
high energy demands remain a drawback.

Future research should explore hybrid systems that combine these technologies to maximize overall
efficiency while minimizing costs and energy consumption. Additionally, further studies on the long-term
environmental impact and practical challenges in real-world operations are crucial for optimizing emission
control in TPPs.
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