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Abstract
The first pilot plant with electron beam irradiation for desulfurization and denitration

of flue gas in China and the experimental results based on the pilot plant are briefly
introduced in this paper. The FGD (flue gas desulfurization) demonstration installation
designed by CAEP (China Academy of Engineering Physics) in Beijing Jingfeng Thermal
Power Co., Ltd is recommended.
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1. Introduction
Fossil fuels combustion is one of the main sources of human original pollution in

China. Gross sulphur dioxide discharged in China was 21,587 thousand tons in the year
2003, in which 17,914 thousand tons was discharged by industrial enterprises. Now
electric power has being shortened with the economy growing rapidly, so maybe more
and more sulphur dioxide will be discharged by coal burning power plants.

Strict measures will be carried out by nation in order to control sulphur dioxide
discharged, and at the same time nitric oxides will be controlled.

The flue gas desulfurization and denitration technology with electron beam
irradiation (short for EBP) has been researched for about thirty years. Many researchers
from Japan, the United States, Germany, Poland, Russia and China have researched and
developed EBP, and about thirty facilities had been set up in the world.

The flue gas desulfurization plant that adopts EBP technology has low engineering
investment and wide application scope without second pollution to the environment. It is
a kind of advanced pollution control technology, realizing comprehensive utilization of
sulphur and nitrogen resources and natural ecosystem. EBP technology can meet the
requirements of controlling nitric oxides pollution to the atmosphere in future. It has very
good technological forward looking and is the only flue gas decontaminating technology
that can simultaneously get rid of sulphur dioxide and nitric oxides. It has highest
economical efficiency and bright market prospect in the world nowadays.
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Research Center of Environmental Protection Engineering of China Academy of
Engineering Physics has developed independently the EBP technology, which has passed
the science and technology achievements appraisal organized by the Science and
Technology Office of Sichuan province. It was acknowledged that this technology has
been at the world advanced level, and some unit technologies are in the lead in the ' world.
This technology is applied in Beijing Jingfeng Thermal Power Co., Ltd.

2. Introduction the pilot plant of EBP of China Academy of Engineering Physics
CAEP (China Academy of Engineering Physics) self-financed RMB¥20,000,000

(approximately US$2,500,000) to design and construct the first pilot plant with electron
beam irradiation for the desulfurization and denitration of flue gas in China in 1999. The
purposes are: (1) to develop and optimize the process and technology, (2) to research and
investigate how to reduce engineering investment and operating cost, (3) to develop
by-product collecting technology and equipment and (4) to accumulate experiences for
industrial scale application.

2.1. General description of the pilot plant
The pilot plant has been constructed in the thermal power plant in Science City,

Mianyang, Sichuan Province, China. Partial flue gas is drawn from the horizontal flue
pipe of the 3,000 kW thermal-electricity producing boiler for the treatment in the pilot
plant. The designed technical parameters of the pilot plant are as follows: flue gas treating
rate is 3,000 - 12,000 NmVh; particulates concentration at the inlet is 300 mg/Nm3- 10
g/Nm3; particulates concentration at the outlet is < 150 mg/Nm3; discharge concentration
of ammonia is < 50 ppmv; flue gas temperature at the inlet of the reactor is 60-100X3;
relative humidity of the flue gas is <100% : the initial concentration of nitrogen monoxide
is 200 - 800 ppmv: the depriving rate of nitrogen monoxide is >70%; the initial
concentration of sulphur dioxide is 300 - 3,000 ppmv and the depriving rate of sulphur
dioxide is >90%.

The pilot plant layout is shown in Figure 1, which covers a land area of 4500 m2, the
by-product collector, cooling tower and introduced-fan for by-product collection is placed
outdoors. The chimney is built beside the introduced-fan to discharge the treated flue gas.
The on-line flue gas constituent analyzer is put in the measurement room. The equipment
associated with supplying water to the cooling tower and the reactor is installed in the
pump room. Equipment for supplying nitrogen monoxide, sulphur dioxide and ammonia
is installed in the building on the right side of the layout. The experiment building is of
2-storey structure. The main equipment room for the installation of the electron
accelerator and the control room where the monitoring and control system is placed are
on the second floor. The reactor is installed in the irradiation room on the first floor under
the electron beam accelerator.
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Fig. 1. Pilot plant layout

2.2 Description of the process system
The pilot plant consists of the following five parts: (1) Flue gas conditioning system,

(2) Accelerator irradiation treating apparatus, (3) Ammonia supplying apparatus, (4)
By-product collecting equipment and (5) Monitoring and controlling system. The process
flow shown in Figure 2 is adopted. The flue gas to be treated is separately taken from
before and after the water dust scrubber. After its temperature is decreased and its
humidity is increased in the cooling tower, the flue gas is led to the processing vessel
where ammonia gas is spurted into, and then it is treated by the electron beam irradiation.
The irradiated flue gas is then led to the by-product collector where ammonium sulfate
and ammonium nitrate in the flue gas are collected. At the end the treated flue gas is
discharged to the atmosphere via the chimney by the introduced-fan.

In order to meet the requirements of the experiment, the plan that SO2 and NO are
directly supplied into the flue gas is adopted to adjust the concentration of SO2 and NO in
the flue gas. The on-line monitor units are separately arranged before the cooling tower
and after the by-product collector. The whole pilot plant is managed and operated by the
control system in the control room.

2.3 Performance test of the pilot plant and the results
The experimental results based on the pilot plant are as follows:
Desulfurization efficiency can reach 80% and the denitration efficiency is more than 20%,

when experimental conditions are following: adding ammonia stoichiometric (NH3) is 0.80 -
1.0; electron beam radiation dose is more than 4.5 kGy, the temperature of flue gas at inlet of
reactor is about 65 *C and the humidity of flue gas at inlet of reactor is 8 - 12.5%(v). When
dose is more than 7.5 kGy, desulfurization efficiency can reach 90%. The test result shows that
the technical performance of the pilot plant has met the design requirements and China has
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Fig.2. Flow diagram of the pilot plant

mastered the EBP demonstration technology of industrial scale with its unique feature in
by-product collecting technology and equipment. The pilot plant will provide favorable
testing conditions and experimental facility for the research and development of the EBP
technology in industrial scale.

3. Introduction of demonstration installation of Beijing Jingfeng
3.1 Introduction of power unit of Jingfeng

The total power is 186 MW, and the two units including 6#unit (50 MW) and 7#unit
(100 MW) are being operated. Both units use coal that contains 0.8% sulphur from
Datong of Shanxi province. The main contaminations discharged from two units are
powder, sulphur dioxide and nitrogen monoxide.

3.2 Demand of design and parameters
The demands of design are as follows:

(1) The project will be served for 6# unit and 7# unit, and the max flux is 630,000 NmVh,
(2) The design is based on the coal containing 20% sulphur,
(3) The depriving rate of sulphur dioxide is 90%, and at the same time the depriving rate

of nitrogen monoxide is 20%,
(4) The running time is designed 6000 hours. The design parameters are shown in Table

1:

3.3 Description of the installation
The process design of flue gas desulfurization and denitration project at Beijing

Jingfeng Thermal Power Co., Ltd is shown in Figure 3. The process is composed of these
systems: cooling tower, reactor, control center, and equipment of collecting by-product
and supplying ammonia.
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Table 1. The design objects of EA-FGD of Beijing Jingfeng

Technology parameters Objects

Flue gas flux
Temperature of flue gas
Concentration of sulphur dioxide
Depriving rate of sulphur dioxide
The concentration of nitrogen monoxide
Depriving rate of nitrogen monoxide
Powder's concentration of exit
Ammonia concentration of exit
Output of by-product
Number of ammonia consumed
Number of water consumed
Accelerator

Total number of electricity energy consumed

630,000 Nm3/h
142 *C

4200 mg/Nm3

90%
1 200 mg/Nm3 (counted by NO2)
20%
^200 mg/Nm3

< 40 mgfNm3

4.9 t/h

1.27 t/h
34 t/h
1000 kV-500 mA X 2, 1000 kV - 300
mA
^2850 kW
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Fig. 3. Flow diagram of the Jingfeng installation
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3.4 The main apparatuses
The main facilities of the project are shown in Table 2:

Table 2. The main facilities of the installation

Sequence
1

2

3

4

5

6

7

8

Title

Fan

Cooling tower
Accelerator

Reactor

Electrostatic
precipitator

Ammonia
supplying apparatus

Air compressor

Scraper conveyer

Type

500 kW

l l m X 40m

1.0 MeV,
1300 kW

Two chambers
Four electric
fields
V=120m3

Number

2 units

1 unit

3 units

1 unit

1 unit

2 units

2 units

9 units

Remark

Importing: 2 units;
National product: 1 unit

Table 3 the economic targets of the project

The number of ammonia consumed

The number of water consumed

The number of deionized water consumed

The number of electricity energy consumed

The number of steam consumed

The system running time

The by-product yield

The area of constructions

The fixed number of persons

The total area occupied by construction

1,340 kg/h (max)

37 t/h (max)

0.5 t/h (max)

2,950 kW/h

3 t/h (0.3 MPa)

6,000 h

5.2 t/h

3,349.7 m2

33

6,286 m2

3.5 Economic targets of the project
The economic targets of the project are shown in Table 3:
The technology is adopted in the flue gas desulfurization and denitration

demonstration installation in Beijing Jingfeng Thermal Power Co., Ltd, which have been
proved in the experiments on the industrial pilot plant and have solid experimental
foundation. The building cost of that project is RMB¥660/kW (approximately US$80
/kW), and the operating cost is about RMB¥660/t SO2. When it comes to the technology
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economy targets the project not only is better than the same kind of industrial demonstrate
projects, but also can compare with the usual limestone-gypsum-wet flue gas
desulfurization technology.
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