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Environment
Radiation Processing as an
Eco-friendly solution:

• No secondary waste generation; 
• No catalysts, no heating and easy for automation; 
• Experience in pilot plants and several industrial plants;
• Economical advantages in capital cost and O&M cost;  
• The process by-product is used as agricultural fertilizer;  
• Can be used as a retrofit or combined with the existing process
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Flue gas treatment
The dependence of SO2 and NOx removal efficiency on dose
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Flue gas treatment
Pilot and industrial facilities for flue gas treatment
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History of development
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Flue gas treatment

By-product
Fertilizer
by-product yield: up to 700 kg/h

Heavy metal content in by-product
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Laboratory tests for heavy oil
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EBFGT at ARAMCO, Jeddah

A.G.Chmielewski, J.Licki, A.Pawelec,S.Witman, 

Bumsoo Han
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SO2 and NOx removal efficiency 
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Flue gas treatment
Radiation vessels construction for flue gas treatment
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Flue gas treatment
Investment and operational costs

Source:A review on electron beam flue gas treatment (EBFGT) as a multicomponent air pollution control technology

A. Basfar, O. I. Fageeha, N. Kunnummal, A. Chmielewski, J. Licki, A. Pawelec, Z. Zimek, J. Warych

Nukleonika 2010, 55(3), 271-277
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The structures of PAHs emitted from 
fossil fuels combustion

naphtalene acenaphtene anthracene fluoranthene

pyrene benzo(a)pyrene

dibenzo(a,h) anthracene
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Flue gas treatment
Reduction of VOCs

Source: A.G Chmielewski, A Ostapczuk, Z Zimek, J Licki, K Kubica,

Reduction of VOCs in flue gas from coal combustion by electron beam treatment,

Radiation Physics and Chemistry, Volume 63, Issues 3–6, 2002, 653-655

PAHs removal efficiency and their cancergenity factor
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Electron-beam treatment profiles of benzene(●),
hexane (▲), methanol (♦), and cyclohexane (■).
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Wastewater treatment
• chemical pesticides, herbicides, and fungicides (agricultural wastewater)

• organic dyes

• drugs, pharmaceutical compounds

• petrochemical wastewater

• microorganisms

Source: Abdel Rahman, R.O.; Hung, Y.-T. Application of Ionizing Radiation in Wastewater Treatment: An Overview. Water 2020

Water radiolysis
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Location of 
Pilot Plant

Wastewater Treatment Facility in Daegu 
Dyeing Industrial Complex 
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Wastewater treatment
【 Schematic Diagram of Pilot Plant 】
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Wastewater treatment

30

40

50

60

70

80

90

100

0 2 4 6 8 10 12 14 16 18 20

Biotreatment time [h]

R
e

la
ti

v
e

 c
h

a
n

g
e

 [
%

]

0 kGy

2 kGy

B. Han et al.: Rad. Phys. Chem. 64 (1) (2002) 53

Wastewater
treatment

Total construction cost USD 4 M 

(k$)



Diclofenac sodium salt

C14H10Cl2NNaO2, MW=318.13
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Ballast water treatment

Motivation
In 2004 the International Maritime Organization (IMO) adopted the International Convention for the Control and Management of Ships’ 

Ballast Water and Sediments. When the convention enters into force all ships in international traffic must eventually comply with the 

established discharge limits according to the D-2 standard:

Ships conducting ballast water management shall discharge:

• less than 10 viable organisms per cubic metre greater than or equal to 50 micrometres in minimum dimension

• and less than 10 viable organisms per milliliter less than 50 micrometres in minimum dimension and greater than or equal to 10 micrometres in 

minimum dimension; 

• and discharge of the indicator microbes shall not exceed the specified concentrations:

b. Escherichia coli less than 250 cfu per 100 milliliters;

a. Toxicogenic Vibrio cholerae (O1 and O139) with less than 1 colony forming unit (cfu) per 100 milliliters;

c. Intestinal Enterococci less than 100 cfu per 100 milliliters.
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Ballast water treatment
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Geometry of Technological Solution 

The thickness of the irradiated layer of wastewater is correlated with the

penetration of accelerated electrons which depends on accelerator energy.

Irradiation of either falling film or up-flow mode or injected wastewater stream

ensures the most efficient EB utilization.

Source: Urszula Gryczka, Zbigniew Zimek, Marta Walo, Dagmara Chmielewska-

Śmietanko and Sylwester Bułka, „Advanced Electron Beam (EB) Wastewater Treatment

System with Low Background X-ray Intensity Generation”, Appl. Sci. 2021, 11(23), 11194;

https://doi.org/10.3390/app112311194

Experimental set-up

ILU 6 (INP, Russia) accelerator energy ranging 

from 0.2 to 2 MeV, average beam power up to 

20 kW.

The parameters of the beam in experiments: 

accelerating voltage—930 keV, beam current

— 1 mA, sweep width—50 cm. 
27
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Ballast water treatment

Nodularia spumigena : control sample (A), after irradiation (B)

Control 

samples 

(1,2,3)

1 kGy 2.5 kGy 5 kGy

E.Coli

[MPN/100ml]

3730    

4200  

3120

410 <10 <10

Enterococci

[MPN/100ml]

1690 

2300

700

1940 <10 <10

MPN- the most probable number

Ballast water

Number of the indicator microbes before and after irradiation (batch mode)

Sediments

Control 

samples

Control 

samples

[average]

2 kGy 2 kGy

[average]

5 kGy 5 kGy

[average]

E.coli

[MPN/1 g]

8600 6333,3 <1 <1 <1 <1
4100 <1 <1
6300 <1 <1

Enterococci

[MPN/1 g]

2000 3433,3 <1 <1 <1 <1

6300 <1 <1
2000 <1 <1

Marine organisms
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Sludge treatment

◦ Pathogenic bacteria

(Salmonella spp., Clostridium perfrigens, Escherichia Coli…)

◦ Helminths eggs

(Toxocara spp., Trichuris spp., Ascaris spp, Taenia spp….)

◦ Viruses

◦ Fungi

Biological threats in sewage sludge
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Influence of ionizing radiation on 
living organisms
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Scheme of EB sewage sludge hygienization
installation

Control

Sludge based 
biofertilizer
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Sludge treatment

Source: Kim Y, Han B, Kim JK, Ben Yaacov N, Jeong KY, 2009. 
Design of electron beam sludge hygienization plant. In: 
International topical 
meeting on nuclear research applications and utilization of 

accelerators.

Source: Sudlitz, M.; Chmielewski, A.G. A Method for WWTP 
Sludge Valorization through Hygienization by Electron Beam
Treatment. 
Fermentation 2021, 7, 302. 
https://doi.org/10.3390/fermentation7040302
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Biogas production using sewage sludge

• The sludge is pumped into the anaerobic reactors where digestion takes
place, usually at mesophilic temperature (35 – 39 °C). During a retention
time of around 20 days, microorganisms break down part of the organic
matter that is contained in the sludge and they produce biogas, which is
composed of methane, carbon dioxide and trace gases. Biogas is used to
feed cogeneration systems in order to simultaneously produce heat and
electricity.

Sludge
treatment



HYBRYD BIOGAS - EB SYSTEMAdvantage of proposed solution:

❖Environmental friendly 
technology

❖Biogas production is disposal 
of problematic wastes

❖Production of renewable 
power through combined heat 
and power cogeneration

❖Production of microbiologically 
safe organic fertilizer due to 
electron beam hygenization

❖Technology can be applied in 
any place with sufficient 
biomass resources while there 
is no need for external electric 
energy supply



Economic analysis

Source: Chmielewski, Andrzej G., Sudlitz, Marcin, Han, Bumsoo and Pillai, Suresh D.. "Electron beam technology for 
biogas and biofertilizer generation at municipal resource recovery facilities" Nukleonika, vol.66, no.4, 2021, pp.213-219.
https://doi.org/10.2478/nuka-2021-0031

https://doi.org/10.2478/nuka-2021-0031


Emission Control Areas & regulations
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Ship diesel off-gases treatment
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Ship diesel off-gases treatment
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Ship diesel off-gases treatment
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Environment

• The electron beam is an important technique for environmental protection 
applications. 

• Progress = not only a growing number of units but also lower cost, higier
accelerator electrical efficiency, accelaretor reability, more compact size suitable for 
production lines, beams shaped adequately for the process, and other parameters 
that are important in the radiation-processing application
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