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Conventional flue gas treatment processConventional flue gas treatment process
Limestone-Gypsum Process (SO2 removal)
Ammonia Selective Catalytic Reduction Process (NOx removal)
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EE--beam flue gas beam flue gas treatment processtreatment process
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Reaction mechanisms and sequenceReaction mechanisms and sequence
of Eof E--beam processbeam process
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SOSO22 removal pathwaysremoval pathways

radiothermal
SO2 + OH* + M → HSO3 + M

HSO3 + O2 → SO3 + HO2* 
SO3 + H2O → H2SO4

H2SO4 + 2NH3 → (NH4)2SO4

thermal
SO2 + 2NH3 → (NH3)2SO2

(NH3)2SO2 (NH4)2SO4
⎯⎯⎯ →⎯ OHO 22 ,

1. H. Namba: Materials of UNDP(IAEA)RCA Regional Training Course on Radiation Technology for 
Environmental Conservation TRCE-JAERI, Takasaki, September/October 1993, 99-104

2. A.G. Chmielewski: Nukleonika 45(1) (2000) 31
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NONOxx removal pathwaysremoval pathways
NO oxidation

NO + O(3P) + M → NO2 + M
O(3P) + O2 + M → O3 + M

NO + O3 + M → NO2 + O2 + M
NO + HO2* + M → NO2 + OH* +M

NO + OH* + M → HNO2 +M
HNO2 + OH* → NO2 + H2O

NO2 removal
NO2 + OH* + M → HNO3 + M

HNO3 + NH3 → NH4NO3

H. Namba: Materials of UNDP(IAEA)RCA Regional Training Course on Radiation Technology for Environmental 
Conservation TRCE-JAERI, Takasaki, September/October 1993, 99-104
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Pollutants being removed by EB methodPollutants being removed by EB method

• SO2

• NOx

• HCl, HF, SO3 etc. 

• VOC

• Dioxins
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IndustrialIndustrial demonstrationaldemonstrational flueflue
gasgas treatmenttreatment plantplant

EPS PomorzanyEPS Pomorzany
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EEPSPS PomorzanyPomorzany –– generalgeneral viewview
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MainMain operationaloperational datadata

• Flue gas flow rate 100 000 - 270 000 Nm3/h
• Pollutants removal efficiency:

95 % SO2
70 % NOx

• Total accelerators power: 1.04 MW
• Inlet flue gas parameters:

temperature 130 – 150°C
SO2 concentration 1500 – 2200 mg/Nm3

NOx concentration 400 – 600 mg/Nm3

• Ammonia water consumtion: 150 – 300 kg/h
• By-product yield: 200 – 300 kg/h
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TheThe schemescheme ofof industrialindustrial installationinstallation

A.G. Chmielewski, E. Iller et al.: Modern Power Systems, 53-54 (May 2001)
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EPS EPS PomorzanyPomorzany gas gas 

cooling towercooling tower
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EPS EPS PomorzanyPomorzany ––

ammonia water tankammonia water tank
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EPS EPS PomorzanyPomorzany ––

process vesselprocess vessel
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EEPSPS PomorzanyPomorzany --

aaccceleratorcelerator
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EEPSPS PomorzanyPomorzany –– byby--productproduct collectingcollecting ESPESP
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EEPSPS PomorzanyPomorzany –– controlcontrol roomroom

A.G. Chmielewski, E. Iller et al.: Modern Power Systems, 53-54 (May 2001)
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OperationalOperational resultsresults
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The obtained resultsThe obtained results
The dependence of SO2 and NOx removal efficiency on dose
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The dependence of SO2 removal on temperature

The obtained resultsThe obtained results
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The dependence of SO2 and NOx removal on ammonia stoichiometry

The obtained resultsThe obtained results
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The dependence of SO2 removal efficiency on ammonia injection mode

The obtained resultsThe obtained results
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NPK fertilizers NPK fertilizers 
made of made of 

byby--productproduct



INSTYTUT CHEMII I TECHNIKI JĄDROWEJ
ul. Dorodna 16, 03-195 Warszawa, 

The byThe by--product compositionproduct composition

(NH4)2SO4 45-60%

NH4NO3 22 - 30%

NH4Cl 10 - 20%

moisture 0,4 - 1%

water insoluble parts 0,5 - 2%



INSTYTUT CHEMII I TECHNIKI JĄDROWEJ
ul. Dorodna 16, 03-195 Warszawa, 

EconomicalEconomical aspectsaspects andand
futurefuture perspectivesperspectives
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Different method comparisonDifferent method comparison

 

Emission control method Investment cost 
(USD/kWe) 

Annual operational cost 
(USD/MWe) 

Wet flue gas desulphurisation 120 3000 

Selective catalytic reduction 110 4600 

Wet FGD + SCR 230 7600 

Electron beam FGT 160 7350 

EBFGT (low NOx removal) 130 5000 
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Possible cost reductionsPossible cost reductions

• Accelerators’ costs

• Technology expanding

• Size of the plant

• New/retrofit plant

• Labour costs

• …
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PerspectivesPerspectives ofof thethe technologytechnology

• Accelerators – higher power and cheaper devices
enables process upscalling

• Implementation – medium power plants with no emission
control systems (developing countries)

– new power plants
– no wastes and low water requirements

allows usage for the dry regions

• Other fuels – brown coal (lignite)
– fuel oils

• Other applications – waste incinerators (VOC, dioxins)
– ore sintering and smelting (high 

SO2 concentration)
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ConclusionsConclusions
• The industrial EB plant has proven the ability of the technology for efficient 

removal of SO2 and NOx from flue gases from coal combustion processes.

• The EB technology is one of the most promising multipollution control systems. 
With the further development of accelerator technique the EB technology will be 
more available for bigger plants. Also further development of the technology itself 
will enable using it for treatment of flue gases from various combustion processes.

• The experiences gathered during the erection and operation of Pomorzany EB 
plant, can be used during the design and construction of new facilities. 

• Although the technology is quite new and only small retrofit installations were 
constructed, the costs of the facility construction and operation are comparable 
with conventional technologies.

• Further development of EB technology can significantly reduce both the 
investment and operational costs of the plant. Particularly we expect significant 
reducing of accelerator cost connected with increase of their production and 
progress in their technology.
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Thank You for Your Attention


