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Abstract

Among the processes in which fuel is used for energy generation coal burning plays

leading role. On the other hand combustion of fossil fuels is the biggest source of air pollution.

When burning fossil fuels pollutants such as paniculate, sulfur oxides, nitrogen oxides, volatile

organic compounds and others are emitted. Air pollution caused by these pollutants not only

acts directly on environment but by contamination of water and soil leads to their degradation.

The advanced technology for simultaneous SO2, N0x and VOC removal is discussed in the

paper. The technology is based on electron accelerators applications.

Many new solutions have benn introduced in the new pilot plants which have been

operated at coal fired power stations. 98 % SO2 and up to 90 % N0x removals were obtained at

very moderate energy consumption (for de S0x). Additional agricultural test have proved full

applicability of byproduct in pure form or as a blending stock for NPK fertilizers. Two full

scale industrial plant are being built in China (640 kW accelerators) and Poland (1.2 MW

accelerators). These will be the biggest radiation processing units using accelerator technology

all over the world.

1. INTRODUCTION

The electron beams generated by accelerators have found broad technical and

technological applications. Machines which produce electrons of 150 keV -H 10 MeV [1]

are applied for polymer modification [2], sterilization [3], food irradiation [4], rubber

vulcanization [5] etc.

The unique possibilities of energy transfer were quikly adopted for environment

protection technologies. The possibilities concerning sewage sludge hygenization [6] or

waste water treatment [7] were very quikly recognized. However, the biggest



developments have been achieved in the field of flue gas treatment. This technology is in

a phase of industrial implementation.

2. FUEL COMBUSTION AND AIR POLLUTION

The most important source of air pollution is combustion of fossil fuels. Among

the processes in which fuel is used for the energy (electricity and heat) production coal

burning plays leading role. Burning fossil fuel is and will be a main source of energy for a

long time. In the year 1995 the power installed based on the coal fired boilers was equal

to 870 GW, oil fired boilers 435 GW, while the total world power installed was equal to

2900 GW. According to the predictions total number increase to 5400 GW by the year

2020, including 1836 GW installed in power stations using coal and 648 GW in oil fired

power stations [8]. When burning fossil fuels air polluting substances as paniculate, S02,

N0x, volatile organic compounds (VOC) and other are generated. Exemplary flue gas

compositions are presented in Table 1.

Worldwide emission of S02 from coal fired power stations only reach about 55

millions metric tons annualy. Emission of N0x (recalculated as nitrogen) created by fossil

fuel combustion including engines is equal to 21 minions tons (N) annualy.

TABLE I
Concentrations of pollutants in flue gases from coal fired boiler

Pollutants
S02

S03/S0x

N02

N02/N0x

HC1
HF
CO
VOC (mg/m3)
particulate (mg/m3)

Carrier gas
N2
C02

o2
H20

Hard coal Lignite
ppm

350 - 1700
-0.01
200 - 1600
-0.05
30 - 125
5-60
300 - 680

-
500 - 35 000

100 - 2700
-0.01
100 - 500
-0.05
12-60
0.3-2.6

_
-

1500-25 000
vol %

70-80
11-15
4-7
3 - 8

60-78
11-15
4 - 7
8-24



Air pollution caused by particulate matter and other pollutants not only act

directly on environment but by contamination of waters and soil lead to their

degradation.

Transportation distance of the pollutants, before transfered to the acids and

deposited, is equal to hundreds or thousands kilometers. In many cases pollutants are

deposited over the teritory of another country where emitted. Therefore this in a global

problem being an subject of international treaties. This is a reason that in the most of the

countries, all over the world emission standards have been introduced [9].

The mechanisms of pollutants transformation in atmosphere are described by

environmental chemistry. The processes are rather complicated, some not very well clear

so the reactions scheme differ from source to source. The pathways depends on many

conditions (e.g. darkness, sunshine, air humidity or presence of dust or water droplets,

presence of other pollutants). There is very big similarity between those reactions which

occurs in atmosphere and in irradiated gas.

Different technologies have been applied for air pollution control e.g. coal and oil

desulfurization, combustion modification or flue gas purification. The most widly applied

system for coal fired boilers are wet flue gas desulfurization (FGD) using lime or lime

stone as reagent and selective catalytic reduction (SCR) for N0x reduction. In the first

case commercial or throw away gypsum is generated as a byproduct and in second case

N0x are reduced to nitrogen using ammonia over catalyst. The scheme of the process is

presented in Fig.l. The different FGT processes and their technical and economical

aspects are presented in many reports [10, 11].

The both processes are rather complicated chemical technologies and different

problems occurs during installations operation (undesierable reactions, scale formation,

clogging etc) [12].
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FIG. 1. Mass flows and flue gas composition of the 700 MWpowe plant block [11].



3. ELECTRON BEAM PROCESS THEORY

3.1. Electrons interaction with the gas

The fast electrons which have limited penetration range in the matter are good

tool for processing of gases which have low density, three orders of magnitude lower

than for liquids or solids. During the movement of electrons through a medium which

consists mostly of hght nuclei its energy is dissipated mainly through interactions with the

orbital electrons. These are moved from the former positions and ionization or excitation

occurs.

Energy of electrons is absorbed by the components of gaseous mixture

proportionally to their mass fraction. In the case of air or flue gases matrix consists of

nitrogen, oxygen, water and carbon dioxide. In the case of election - beam irradiation

only 6% or less of absorbed energy is dissipated in vibrational excitation of the

molecules. Most of it is consumed in dissociation and ionization of molecules what is

illustrated by data given in Table 2 [13]. As it can be noticed from the curves for the low

electrical fields (e.g. electrical discharge) input energy is consumed predominantly by the

vibrational excitation of N2. These are important information for selection of economical

methods for gas processing.

TABLEH
Energy dissipation in the plasma produced by electron-beam irradiation
of dry air (80 % N2 + 20 % 02) (according to Penetrante [16])

Process

N2 Vibrational
N2(A3Z»+)
N2(B3n)
N2 Dissociation
N2 Dissociative Ionization
N2 Molecular Ionization
02 Vibrational
(^(a'Ag)
02 Dissociation
02 Dissociative Ionization
02 Molecular Ionization
Others

Energy Dissipation
(% of Input Power)

5.3
1.1
1.8

24.0
13.9
28.3

0.6
0.7
8.3
2.9
2.8

10.3



The radiolytic yield of primary reactive species is given in literature [14, 15].

100 eV

4.43 N2 • 0.29 N2* +0.885 N(2D) +0.295 N(2P)

+ 1.87 N(4S) + 2.27 N2
+ + 0.69 N* + 2.96 e" (1)

100 eV

5.377 02 > 0.077 02* + 2.25 O^D) + 2.8 0(3P) + 0.18 0*

+ 2.07 02
+ + 1.23 0+ + 3.3 e- (2)

100 eV

7.33 H20 > 0.51H2 + 0.46 0(3P) + 4.25 0H + 4.15H

+ 1.99 H20
+ + 0.01 H2

+ + 0.57 OH* + 0.67 H*

+ 0.06 0+ + 3.3 e" (3)

100 eV

7.54 C02 > 4.72 CO + 5.16 0(3P) +2.24 C02
+ +0.51 C0+

+ 0.07 C+ + 0.21 0+ + 3.03 e' (4)

The G-values for the reactions presented in equations (1-4) are 6 ± 2 what

corresponds to radiolysis of 25 ± 10 ppm of gas molecules per kGy. Some of the excited

molecules react rapidly with the background molecules to produce additional

dissociation. E.g. excited oxygen atoms 0('D) react rapidly with H20 to form additional

OH radicals.

The radicals produced initially through direct and ionic decomposition processes

are OH, N, H2O, O and H. These radicals react with NO and SO2 which are good radical

scavengers.



3.2. Nitrogen oxides removal pathways

The biggest amount of nitrogen oxides is emitted by power plants which burn

coal. In such a case 95% of the oxides is mono oxide (NO) and NO2 is a rest. NO is

unsoluble, little reactive. Therefore in most cases it is necessary to oxidize it to NO2

before removal or reduce to gaseous nitrogen as in the case of SCR. In the case of

electron beam treatment the most effective removal pathways are as follow:

+ M (5)

(6)

(7)

The other possible reactions are gfven in Table 3 and discussed by Busi et aL [16].

TABLE HI
Radiation induced NO transformation pathways

M - * H N 0 2 + M

N 0 2
2 - > N 0 + H02

OH + HN02 -> N02 + H20

N(2D) + 02 -> NO + 0

N(2P) + 02 -+ NO + 0

H02 + NO ->• N020H

H02 + N02 + M -» H02N02 + M

0(3P) + NO + M -+ N02 + M

0(3P) + N02 + M -> N03 + M

H02N02 -> N02 + H02

H02N02 + 0 -> N02 + OH + 02

H02N02 + OH -> N02 + H20 + 02

3.3. Sulfur dioxide removal pathways

SO2 removal is based on two different pathways. One thennochemical oxidation,

the second radiation induced reaction. SO2 oxidation in gas phase is possible through

direct photooxidation or oxidation through photochemically formed components (e.g.
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radicals). Even in absence of light, SO2 in air is oxidized in the presence of several metal

oxides (aluminum, calcium, and iron).

However conversion of SO2 within liquid droplets, dew and on solid particles

surfaces is of special significance for oxidation of SO2. This is an heterogenous oxidation.

The process is based on two steps ab(ad) sorption and chemical oxidation. The solution

of SO2 in water depends on partical pressure and solubility which is temperature

dependent.

Depending on the pH value of the water the SO2 hydrate dissociates to hydrogen

sulfite (HSO3) in an acidic environment or to sulfite (SO32) in an alkaline environment

whereby protons (H*) are released which are then present in the water as hydronium ions

(H3O
+). For small droplets and pH values below six the equilibrium between SO2 in the

gaseous phase and hydrogen sulfite or hydrate in the liquid phase is quickly reached. With

decreasing pH values it shifts towards the gasous phase. The factor determining the SO2

transformation is the oxidation stage and not SO2 absorption in the water. The oxidation

of SO2 by O2 can be accelerated in polluted air by catalysts, in particular by magnese and

ferrous ions.

In the case of electron beam treatment the radical reactions leads to SO2 oxidation

and these are listed in Table 4. The mechanism of SO2 oxidation is rather simple and can

be represented by following sequence:

(8)S0 2 ;

O,HO2

* SO3

i H S Q

H2O

> H2SO4

> H2SO4

OH

The reaction with OH radicals as it is seen from this reaction plays most important

role in SO2 transformation. The rate constant of the first reaction (with OH) depends on

temperature, pressure and on water vapor content. In the case of water droplets spray
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present in irradiation region observed chain recation in liquid phase leads to significantly

energy consumption reduction for SO2 removal in a heterophaseous air stream [17].

TABLE IV
Main radical reactions concerning SO2 transformation

OH + S02 + M -> HSO3 + M

OH + HSO3 -> S03 + H20

H02 + S02 -+ S03 + OH

OH + H20 + S02 -> HSO3 + H20

HSO3 + 02 -> S03 + H20

S02 + 02 ->• S03

502 + OH -> H0S02

H0S02 + OH -> H2SO4

503 + H20 -» H2SO4

3.4. NOX and SO2 reactions with ammonia

Additional reactions should be considered in presence of ammonia. Oxidation

process leads to the ammonium nitrate formation partly NO is reduced through reaction

with ground state nitrogen radical (4S) or NH2 radical to elemental nitrogen and in

smaller portion to dinitrogen monoxide. SO2 is converted to sulfuric acid which reects

with ammonia to form ammonium sulfate. The pathways of NOX and SO2 removal are

presented in Fig. 2 [18].

It should be noted that SO2 beside of radical reactions is removed via

thermo chemical reaction. The mechanism of the second reaction is not fully known and

some differences in the results obtained by different investigators were reported.

According to the observations from the environmental chemistry presence of

ammonia in the air polluted by SO2 does not lead to the formation of particles. But it has

been realized that air photolytic particles, enriched in SO2, are of larger size when NH3 is

added. SO2 dissolved in atmospheric water droplets form H2SO3 which is then oxidized
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HNO2

* N2O5

SO? Removal

Nil,

--O"iO-» (NH4)2SO4

FIG. 2. Main reaction path remove N0x and SO2 [18].

by oxygen dissolved in droplets to the sulfuric acid. The oxidizing action diminishes in

proportion to increase acidity. The embryos NH4HSO4 • 11H2O are formed and are the

medium resulting in SO2 cataliytic oxidation. Particle development continues as long as

NH3 is fixed and is able to neutralize the acid resulting from catalytic oxidation, and

while SO2 is fixed by the particle.

When electron beam is applied the oxidation of SO2 is much faster due to radical

reactions discussed earlier. Formed SO3 condensate in presence of water vapour in high

temperature even. The reaction of ammonia with SO2 was studied by many reserchers in

laboratory experiments. Role of water vapour was proven, as it can be noticed from data

presented in [19] reaction practically stops in temperatures below dew point. However in

this investigations gas mixtures containing pure SO2 were studied and dew point

12



temperature is characteristic for the given content of water vapor. Quite different case

concerns real flue gases from power plant where SO3 is always present. Dew point

temperature is quite high, therefore condensation of sulfuric acid occurs and

heterogeneous/catalytic reactions discussed earlier take place.

Temperature dependence of thermochemical reaction in the real conditions of

coal fired power plant is presented in [20]. The reaction is irreversible and has the first

order with the respect to both SO2 and NH3:

d[SO2]/dt = - kt[SO2] [NH3] (9)

The rate-limiting step is reaction NH3 + SO2 -> NH3 SO2 having a rate constant

kt = 7.3 10"16cm3/s at 23°C. The further reactions leading to condensation and product

oxidation occur rather rapidly. The temperature dependence of reaction constant could

be presented by equation [20]:

K, = 4.55 1029 exp (9000/T) (10)

Understanding of physico-chemical mechanism of the process allows optimization

of the removal process to achive highest SO2 removal efficiency at lowest power (beam)

consumption.

4. LABORATORY AND PILOT INSTALLATIONS

The small laboratory or pilot plants with the gas flow up to 1000 Nm3/h were

constructed by Ebara-JAERI, KfK Karlsruhe and TU Karlsruhe. The installation with

gas flow 400 Nm3/h has started in INCT, Warsaw, Poland. Small laboratory units have

been in operation in JAERI JPEN, Brasil, INPAS, Shanghai and TU, Helsinki In all

cases, simulated off-gases or gases from oil or gas fired furnaced were treated.

The larger installations of up to 20 000 Nm3/h in capacity were constructed in

Japan (Ebara), the USA (Ebara) and Germany (Badenwerk). The first pilot was installed

to clean flue gases from an iron-ore sintering machine. The others were used for cleaning

gases from coal-fired boilers.
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The combined technology of the spray drayer-electron beam system, using lime as alkali

reagent was investigated in the USA (Cottrel).

Two modern pilot plants based on multistage gas irradiation principle were constructed in

Poland (INCT-EPS Kaw^czyn) and in Japan (Ebara-JAERI-Chubu Electric). The first

pilot plant is still operational. Review of the works done was reported earlier by Frank

[21].

4.1. Pilot plant at EPS Kaweczyn

The pilot plant was constructed at the Electropower Station Kaw^czyn (Fig. 3).

Two accelerators ELV-3a (50kW, 500 -800 keV) were installed in series on a reaction

vesseL For the first time in an industrial pilot installation, cascade double gas irradiation

was applied [22, 23].

The flue gases are cooled down in a spray cooler working in a ,,dry-bottom"

conditions and then irradiated in two steps in the reaction vesseL The double window

system was employed, with the windows made of 50 \xm thick titanium foil [24].

Aerosols formed in the process (ammonium sulfate and nitrate) are captured in filters,

size distribution is given in Fig.4. the formed particles are small with diameter lower than

1 micron and sticky. Two types of filters were applied - bag filter and gravel bed filter

[25, 26]. Very high aerosol removal efficiences has been achieved (over 99.8%).

However, to obtain stable operation of the filter (constant pressure drop) it is necessary

to apply filtration aid (silica, fly ash, dolomite etc.) and to keep filter temperature in the

range 70-80°C.

The wet gravel bed filter has been designed together with Forschungszentrum,

Kalsruhe where this type (dry and wet) of equipment has been developed for the process.

In this case byproduct (soluble) can be easly separated from fly-ash (unsoluble).

14
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The pilot plant is equipped in modern monitoring and control system [27]. The

manual sample grab methods were used for their vertification [28].

Fact that NOX removal efficiency depends mostly on dose and on the other hand

SO2 is mostly removed via thermal reaction impose interesting observation concerning

ammonia consumption in both reactions. The thermal reaction efficiency for SO2

removal decrease with temperature. Thus in higher temperatures the more ammonia (at

constant stoichiometric ratio) is available for concurence NOX removal processes.

The humidity of flue gases at the pilot plant can be increased up to 15% vol and inlet

temperature reduced up to 45°C. At this conditions SO2 removal efficiency as high as

98% can be achieved (Fig. 5). Due to thermal reaction very low dose is required to obtain

high removal efficiency (Fig.6). Important to note that adequate dose is necessary to

obtain oxidized byproducts (sulfate and nitrate). In the case when moderate NOX removal
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FIG. 6. Removal efficiency of SO 2 and N0x vs dose.

efficiency is required the economical competiveness of eb process with conventional

technologies increase further.

The high removal efficiency was obtained using bag filter, the other methods of

filtration, gravel bed [29] and wet gravel bed filters were investigated. However all this

experiments have proved that no speciall methods of filtration should be developed, the

most adequate are already offered by equipment manufactures e.g. dry and wet ESP's.

Most important problem to be solved in process upscaling is irradiation vessel

construction. In the Kaw^czyn's pilot plant longitudinal, double irradiation of the flue

gases has been applied. Because of limited electrons penetration the adequate beam

energy is required.

The losses in the beam energy delivered to the gas consist of two components;

one stopping power of two titanium foil windows and air in the gap between them and

the second-absorption in the walls of the irradiation chamber. Of course losses connected
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with gas heat dissapation are not discussed here. For electrons with lower energy the

loses of power in the windows system are higher. On the other hand for higher energy

electrons the energy absorbed by vessel walls (and losses) are higher. Therefore an

optimum energy of electrons for given vessel design exists. For the optimum energy the

highest NOX removal efficiency can be achieved.

The improvement of removal efficiency due to limited electron penetration

through flowing gas can be achieved by multistage irradiation. The gas mixing between

irradiation stages is favorable for the process. The further optimization can be achieved

by adequate dose distribution between irradiation stages [30].

4.2. Pilot plant at Chubu EPC

The pilot plant was built in the site of Shin-Nagoya Thermal Power Plant of

Chubu Electric Power Company. The test was conducted from November 1992 to

December 1993. The main purpose of the test was to obtain engineering data for the

designing of full scale plant [31].

The flow chart of the plant is shown in Fig. 7. A pulverized-coal-firing-boiler was

exclusively operated to produce gas (12 000 Nm3/hr) for the test. The burning condition

of the boiler was regulated to get NOX concentration expected. Powdered sulfur was

burned with coal to control SO2 concentration in flue gas. After removing fly ash with a

dry electrostatic precipitator (ESP), the flue gas was cooled down to 110°C by a gas-gas

heat exchanger (GGH), and cooled again by sprayed water to any temperature between

55 to 110°C in a towering spray cooler (SC). The sprayed water was perfectly

evaporated in the cooling tower with 30 meters high.

The high energy electrons from three electron accelerators were introduced to the

flue gas in a process vessel (PV) through two titanium window foils, after the addition of

ammonia, the accelerators were set on line during first period of test (one side
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FIG. 7. Flow diagram of pilot plant in Nagoyafor electron beam treatment of
coal-fired flue gas [31].

irradiation), whereas next period of test, the center accelerator was moved to another

side of the process vessel (both side irradiation) to compare the effect of the uniformity

of dose distribution in the process vessel on NOX and SO2 removal efficiency.

Byproduct was collected by combination of an ESP and bag filters in a bag house

SO2 removal efficiency showed strong dependence on temperature what is presented in

Fig. 8. Dose of 8 kGy was enough to achive 95% SO2 removal at 62 -64°C outlet

temperature. NOX removal was strongly dependent on initial NOX concentration (Fig. 9),

no very much affected by temperature changes. For 80% removal of NOX, 8 kGy was

enough at NOX inlet concentration 160 180ppm, where dose 10.5 kGy was necesary to

achive the same efficiency at 200 - 220ppm.

The aerosol produced was composed of very fine particles with concentration 3.1

- 3.3g/Nm3. The ESP demonstrated 99.5% removal efficiency and outlet paniculate
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concentration was 10-22 mg/Nm3, additional bag filter gave final aerosol concentration

0.4 mg/Nm3, (total removal efficiency 99.99%).
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4.3. Byproduct application

In principle byproduct with small fly ash content (less then 2%) is equivalent to

commercial fertilizer- ammonium sulfate. The granulated form has better value and can

be sold for higher price, so dry granulators are proposed for byproduct final treatment.

Another possibility is to use byproduct as a component of NPK fertilizer. Test

performed in Poland has proved that blend obtained with the apphcation of byproduct

meets standards established for this kind of fertilizers.

Agriculture tests have been performed for pure byproduct and byproduct with

different fly-ash content. Results are very positive.

Byproduct was registred as a fertilizer in Japanese Fertilizer act as welL

The content of heavy metals e.g. [ppm]:

Pb Cd Cr Hg As

<5 0.5-0.6 1-24 0.025-0.05 0.25-0.39

is much lower them values allowable for commercial fertilizers which are:

As-50ppm, Cd-140ppm, Pb-140ppm, Hg-2ppm.

Worldwide consumption of ammonium sulfate is estimated to be aproximately 15

million tons/year, in US 2 million tons/year. It interesting that demand on fertilizer

containing sulfur will increase in future.

E.g. increasing S deficiency symptoms in Brassica Napus is observed in Germany.

The reduction of the S supply has also caused inccreased ecological problems

because of the reduction of fertiliser N efficiency in S-deficient crops, resulting in

increased leaching of nitrate into groundwater and probably increased accumulation of

surface ozone [32].
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5. INDUSTRIAL PROJECTS

Two industrial projects are under development (China, Poland). Other are planed,

for example in the US [33]. The last project will apply a modern technology based upon

high-power transformer accelerator (HPTA).

5.1. Industrial project in China

Ebara Corporation, Japan constructed electron beam desulfurization plant at Seito

Electrical Plant, Sichuan Electric Power Administration [34]. The scheme of the plant is

given in Fig.9. The installation treat flue gases from 100 MW coal (2% S) fired boiler.

Flue gas throughput is 300 000 Nm3/h and is treated with 3.2 kGy dose assuring 80%

SO2 and 10% NOX removal. The inlet concentrations of SO2 are 2000ppm and 400 ppm

for N0x. Two sets of accelerators 800 keV and 400 mA are applied. The byproduct

fertilizer production rate will be approximately 2470 kg/h.

5.2. Industrial project in Poland

The experience gathered during laboratory and pilot plant tests has allowed

preparation of the full scale industrial plant design. The plant will be built in Electropower

Station Pomorzany (,,Dolna Odra" Group). The flow rate of the gas will be 270 000

Nm3/h [35]. The flue gas purification will treat flue gases from the block which consists

of two Benson type boilers of power 56 MWe each supplying additional steam for heating

purposes up to 40 MW each. The boilers will be reconstructed during the flue gas

treatment plant construction, to reach the power 60 MWe and 100 MWu, each. Annual

operating time is 6500 h/year of equivalent to full-load operation. Scheme of the

industrial e-b plant is presented in Fig. 10. Boilers fire pulverized bituminus coal that has

the following characteristics: caloric value 22820 kJ/kg, sulfur content 0.72 - 0.8 %, ash

content 21.8 % moisture content 7.8 %. The boilers are equipped in modem four zone

electrostatic precipitators with fly-ash removal efficiency 99.8 %. The emission of S02

23



Q 3 rt.PROCESS VESSEL |

^BY-PRODUCT >

FIG. 10. Electron beam flue gas treatment plant in China, Ebara Co.
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and NOX has to meet Polish standards which will be 870 g/GJ and 170 g/GJ respectively.

Local ambient air standards must be observed as well The guaranted removal efficiency

must be equal to minimum 80 % for N0x and 70 % for S02. However, possible to obtain

efficiences are 80 and 95 % respectively. This range allows to operate installation in quite

high (over 100°C) stack temperature.

The flue gas will be humidified up to 10 % by volume in dry bottom spray cooler.

Then ammonia injected before two parallel irradiation vessels equipped in two 300 kW,

800 kV accelerators installed in the series (Kaw^czyn pilot plant's solution). The

longitudinal gas irradiation will be applied. Finally formed aerosol will be collected in dry

ESP with flat heated bottom furnished in scraping device. The manufactures guarantee

high removal efficiency (particulate at the outlet less than 20 mg/Nm3) and corrosion

resistivity of the equipment. The product will be granulated.

The ammonia consumption is estimated on 180 - 200 kg/h and byproduct yield

ca. 800 kg/h. High power accelerators has to be applied in such big systems [36]. Two

accelerators 2 x 2 x 300 kW (two HVS plus two heads each) with 800 keV electrons

energy will be applied.

6. CONCLUISIONS

The tests performed on laboratory installations and pilot plants resulted in the

preparation of industrial plants design. The all technical and economical analyses proved

advantages of the technology over conventional nowdays used technologies.

The designed flue gas treatment plant with the 1.2 MW beam power will be the

biggest radiation processing unit all over the world.
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