
Working Document 

237 

 

HIGH POWER ACCELERATOR FOR ENVIRONMENTAL APPLICATIO N 

B. HAN, J.K. KIM, Y.R. KIM, S.M. KIM 
EB-TECH Co., Ltd., Yuseong-gu Daejeon, Korea 

Abstract 

The problems of environmental damage and degradation of natural resources are receiving increasing 
attention throughout the world. The increased population, higher living standards, increased urbanization and 
enhanced industrial activities of humankind are all leading to degradation of the environment. Increasing 
urbanization has been accompanied by significant environmental pollution, given the seriousness of the situation 
and future risk of crises, there is an urgent need to develop the efficient technologies including economical 
treatment methods. Therefore, cost-effective treatment of the stack gases, wastewater and sludge containing 
refractory pollutant with electron beam is actively studied in EB TECH Co. Electron beam treatment of such 
hazardous wastes is caused by the decomposition of pollutants as a result of their reactions with highly reactive 
species formed from radiolysis. However, to have advantages over existing processes, the electron beam process 
should have cost-effective and reliable in operation. Therefore high power accelerators (400kW~1MW) are 
developed for environmental application and they show the decrease in the cost of construction and operation of 
electron beam plant. [1] In other way to reduce the cost for treatment, radical reactions accompanied by the other 
processes are introduced, and the synergistic effect upon the use of combined methods such as electron beam 
treatment with catalytic system, biological treatment and physico-chemical adsorption and others also show the 
improvement of the effect of electron beam treatment. 

1. INTRODUCTION 

Electron beam processing is non-chemical, and uses fast formation of short-lived reactive 
radicals that can interact with a wide range of pollutants in gas, water and sludge. Such reactive 
radicals are strong oxidizing or reducing agents that can transform the pollutants in the wastes. The 
first studies on the radiation treatment of wastes were carried out in the 1950s principally for 
disinfection. In the 1960s, these studies were extended to the purification of water and wastewater. 
After some laboratory research on industrial wastewaters and polluted groundwater in 1970s and 
1980s, several pilot plants were built for extended research in the 1990s. The first full-scale 
application was reported for the purification of wastewater at the Voronezh synthetic rubber plant in 
Russia. Two accelerators (50 kW each) were used to convert the non-biodegradable emulsifier, 
‘nekal’, present in the wastewater to a biodegradable form [2]. The installation treats up to 2,000 m3 of 
effluent per day. A pilot plant of 1.000 m3/d for treating textile-dyeing wastewater has been 
constructed in Daegu, Korea with 1MeV, 40kW electron accelerator [3]. The removal of SO2 using an 
electron was demonstrated in 1970 - 1971.  

Irradiation of flue gas resulted in the conversion of SO2 to an aerosol of sulfuric acid droplets 
that were easily collected [4]. Ebara Co. used an electron accelerator (0.75 MeV, 45 kW) to convert 
SO2 and NOX into a dry product containing (NH4)2SO4 and NH4NO3 that was usable as a fertilizer. 
Two larger scale plants were constructed in Indianapolis, USA [5] and Karlsruhe, Germany [6]. The 
Indianapolis plant was equipped with two electron accelerators (0.8 MeV, total power160 kW) and 
had a gas flow capacity of 1.6 - 3.2 ×104 m3/h with gas containing 1000 ppm SO2 and 400 ppm NOX. 
In Karlsruhe, two electron accelerators (0.3 MeV, total power 180 kW) were used to treat 1 - 2 ×104 
m3/h flue gas containing 50 - 500 ppm SO2 and 300 - 500 ppm NOX. The engineering design 
technology for electric utility applications was established at the pilot plant in Kaweczyn, Poland (2 
×104 Nm3/h) using two accelerators (50 kW, 700 keV each) [7]. 

It has been shown [8] that a dose of 2-3 kGy destroys more than 99.9% of the bacteria present in 
sewage sludge and causes almost complete dehelminthiasis and deactivation of the agents that cause 
disease in animals. Doses of this magnitude are employed for the radiation treatment of sewage 
sludges at a commercial plant in Geiselbullach (Germany) [9] with a slightly higher dose (4 kGy) at a 
pilot plant near Boston (USA) [10]. Higher doses (up to 10 kGy) are required to inactivate more 
radiation-resistant organisms. Doses of 10 kGy were used at a sewage treatment plant in Albuquerque, 
New Mexico (USA) [11, 12] and at an installation in the Ukraine [13]. 
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Radiation technologists have been investigating the use of high-energy radiation for 
environmental treatment. The major advantage of radiation technology is that the reactive species are 
generated in-situ during the radiolysis process without addition of any chemicals. The results of 
practical applications have confirmed that radiation technology can be easily and effectively utilized 
for treating large quantities of wastes [14 - 16]. 

2. ACCELERATORS REQUIRED FOR ENVIRONMENTAL APPLICATION 

The most important factor in controlling the economics is the cost of the electron accelerator in 
use. Accelerator manufacturers produce many different kinds of electron accelerators with an energy 
range from 0.5 to 10 MeV and beam power range from 50 to 600 kW. For flue gas treatment, electron 
energies of approximately 0.7 ~ 1.0MeV are adequate, but electron beams of energy more than 1.0 
MeV are useful for wastewater treatment and sewage sludge treatment. Such energy levels provide 
enough penetration of accelerated electrons into wastes when applied to admissible regimes. 
Accelerators with beam energy greater than 5 MeV are being manufactured at low beam power (less 
than 50 kW). Low beam power is adequate for experimental and pilot plants but not for large-scale 
treatment in commercial applications. Therefore, medium energy accelerators achieve maximum 
practical use for flue gas and wastewater treatment. However higher energies are useful for sludge 
treatment. The beam power of such accelerators reaches 600 kW, and there are several applications 
calling for manufacture of accelerators of beam power up to 1 MW. The basic criteria for accelerators 
for environmental application are: 

- High beam power to increase productivity and reduce unit operational cost  

- High electrical efficiency to reduce demand and unit operating cost 

- High beam utilization to increase productivity and reduce unit operation cost. 

As is shown in Fig. 1, the cost of accelerators is governed by their beam power and the 
accelerator with the highest power has the lowest unit cost for power generation and is the most 
economical in environmental application. 

 

 

FIG. 1. Cost for unit power versus power of industrial accelerators 
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FIG. 2. High Power Accelerator for Wastewater Treatment 

 

3. APPLICATION OF HIGH POWER ACCELERATORS FOR WASTEWATER 
TREATMENT 

The key to the successful implementation of electron beam in environmental protection depends 
on how to manage the economies in its application. To compete with other processes in economic 
evaluation, the electron beam system should be operated with cost-effective accelerator with enough 
low doses. Therfore high power accelerators are introduced to environmental application. The most 
powerful and reliable accelerator for wastewater treatment is 1 MeV, 400 kW accelerator which has 
produced together with EB-TECH Co. and BINP, Russia [1]. 

This accelerator can deliver the maximum 400 kW of electron beam power through 3 irradiators 
which has the double extraction windows. Titanium foils are used for window materials and are cooled 
by air jet blow and water. High voltages are generated through the inductions of coils in main body 
and SF6 gases are used for protecting electrical discharges. The first accelerator of this figure has 
installed in Daegu Dyeing Industrial Complex (DDIC), Korea for treating industrial wastewater form 
textile dyeing industries (see Fig. 2). 

Cost for such high power accelerator is around 2.0 M$ for installation and building, piping, 
other equipment and construction works could be estimated 1.5 M$. Even by considering the 
additional cost for tax, insurance and documentation as 0.5 M$, the overall capital cost for plant 
construction and operating are approximately 4.0 M$ and 1.0 M$ as stipulated in table I and table II. 

 

TABLE I. CONSTRUCTION COST FOR INDUSTRIAL PLANT (UNIT: M$) 

 Cost Remarks 
Accelerator - 1MeV, 400kW, double window 2.0  

Cost for Land, R&D, 
Approval from Authorities 

are not included 

Water reactor & other Raw Material  
 

1.5 
Installation cost – welding/piping/inspection 

etc. 
Design 

Shield Room & Construction works 
Others - transportation, tax, insurance etc. 0.5 

Total 4.0 4 M$ 
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TABLE II. OPERATING COST FOR INDUSTRIAL PLANT (UNIT: K$) 

Items Addition of E-beam Remarks 
 

Operating 
Cost 

Invest (k$) 
Interest 

Depreciation 

(4000) 
240 
200 

 
6% 

20 yrs 
Electricity 

Labor 
Maintenance, 

etc. 

320 
100 
 80 

800 kW 
3 shift 

2% 

Total cost  940 ~ 1 M$/yr 

 

Above estimation doesn’t include the cost for land, R & D and the cost for the approval form 
authorities. Construction period includes 17 months in civil and installation works and 3 months for 
trial operation. To estimate the operation cost, the electricity consumption of accelerator and other 
equipment is calculated as 500 kW (80% efficiency) and 300 kW to the total of 800 kW. Based on the 
year round operation (8000 hr/yr), it costs 320 000 $/yr when the cost of electricity (kWh) was 
assumed to be 0.05 $. The labor cost of operator is calculated on 3-shift work and is approximately 
100 000 $/yr. Therefore, the actual operation cost for 10 000 m3/day plant comes up to around 
1.0 M$/yr including the interest and depreciation of investment and is 0.3 $ for each m3/day of 
wastewater. 

4. CONCLUSIONS 

4.1. Requirements of Electron Accelerator for Environmental Application 

Accelerators for environmental application should be satisfied in followings: 

- Accelerator itself has strong and firm configuration for year round operation, 

- Economical in power consumption, 

- Easy and safe operation. 

Introduction of more powerful accelerator combined with useful additive system (such as MW, 
Catalytic system, Bio-system etc.) could make economical and technical advantages in competition 
with other conventional methods.  

4.2. High power Accelerators for Environmental Application. 

High power accelerator of several hundreds kilowatts has been already introduced in 
environmental applications, and they proved the economical advantages. 600 kW accelerator for flue 
gas treatment in Chengdu and Pomorzany plant and 400 kW accelerator for wastewater treatment in 
Daegu (DDIC) showed the good examples of high power accelerators in environmental application. 
For further application, careful studies of reliabilities of such high power accelerators are required. 
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