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Abstract: Through data analysis on representative electrostatic Precipitators (ESPs) for ultra-low emission
coal-fired power plants including the energy consumption, outlet particulate concentration, air leak percentage,
pressure drop, it was shown that the energy consumption of 1000MW ESPs per unit generating capacity was
0.18% and which was less than the 0.22% of 600MW ESPs and the 0.3% of 300MW ESPs; the outlet
particulate concentrations of 1000MW ESPs most were less than 15mg/m3 and there were many less than
10mg/m3. Then, it showed that the steel weight of 1000MW ESPs was 6% |less than 600MW ESPs and 14%

less than 300MW ESPs.
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1. Introduction

The State Council issued the Notice of Opinions on
Accelerating the Shutdown of Small Therma Power
Generating Units, in which the requirement of “Launch
large but shut down small” was put forward, linking new
projects with the shutdown of small therma power
generating units, and building large-capacity, high-
parameter, low-energy-consumption, low-emission units
while shutting down some small thermal power
generating units accordingly. The main purpose is to
reduce energy consumption and reduce pollutant
emissions. Compared with small capacity units, large
capacity units have less coal consumption and sewage
discharge per unit, and lower power consumption per
unit of flue gas treatment [1]. At the same time, the
National Energy Saving Action Plan of the 13th five-
year Plan issued by the National Development and
Reform Commission clearly cals for strengthening the
energy-saving transformation of coal-fired boilers and
actively carrying out the work of "replacing the small
with the large". Large-capacity coal-fired generating
units fully reflect its economy and efficiency, and have
become the mainstream trend of the development of
coal-fired power plants. Since the implementation of
1000MW unit electrostatic precipitator in Zhejiang
Yuhuan Power Plant[2-4], its operation is efficient and
stable, and it has been widely used in a large area, but
the actual operation effect has not yet been
comprehensively analyzed, so it is urgent to make a

statistical analysis on the operation performance of the
1000MW class electrostatic precipitator which has been
put into operation, especialy the actual operation effect
of the electrostatic precipitator under the requirement of
ultra-low emission [5-7].

According to incomplete statistics, China has put into
operation more than 100 units of 1000MW ultra
supercritical units. We have tested and analyzed 9
typicad 1000MW electric precipitators in different
regions since the implementation of ultra-low emission
in the past five years, and collected energy consumption
data for the optimization of electric precipitators in
China, their promotion in other industries, and the
promotion of 1000MW electric precipitators abroad,
especially for providing reference for the promotion and
application of 1000MW electrostatic precipitator in
foreign countries, especially in the "Belt and Road"
countries.

2. Operation Performance of Electrostatic
Precipitator

The operation performance of electrostatic precipitator
mainly includes four performance indexes. dust removal
efficiency, outlet dust concentration, pressure drop
(resistance or pressure loss) and air leakage rate. The
operation performance of 9 electrostatic precipitators of
1000MW units which have been put into operation in
recent five years are analyzed.

2.1. Dust concentration

29



HK.NCCP

International Journal of Civil Engineering and Machinery Manufacture

I SSN: 2518-0215, Volume 6, I ssue 4, December, 2021

This paper makes a dstatistical analysis on the dust
concentration at the designed outlet and the measured
outlet dust concentration at the design outlet of 9
1000MW units which have been put into operation in
different power plants in the past five years [8-10]. The
dust concentration data at the designed outlet of the
electrostatic precipitator for 1000MW units are generaly
shown as 15mg/ m® and 20mg/m?, as shown in figure 1.
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The data show that the dust concentration at the
measured outlet of the electrostatic precipitator is about
89% compared with the design, most of the electrostatic
precipitator can achieve the outlet dust concentration
below 15mg/m® , and a number of electrostatic
precipitators have achieved the dust "ultralow
emission” requirements below 10mg/ m?.

[  Design outlet dust concentration

B Measured outlet dust concentration

Figure 1. Design and actual outlet particulate concentration of ESPsin 1000 MW coal-fired power unitsin recent five years

2.2. Typical case study of outlet below 10mg/m®

The 1000MW unit of a power plant in Zhejiang was put
into operation in October 2015. It adopts low
temperature electrostatic precipitator technology, flue
gas cooler is ingtalled in front of electrostatic
precipitator, each furnace is equipped with two
electrostatic precipitators with three chambers and five
electric fields, and high frequency power supply is used.
The main technical parameters of electrostatic
precipitator are shown in Table 1, and the composition
of coa and fly ash are shown in Table 2. The effective
dust collection area of the electrostatic precipitator in a
power plant in Zhejiang is 90675m* , and the dust
concentration at the designed outlet is 15mg/ m®. When

running at full load, the total power consumption is
2490kW, and the dust concentration at the outlet of the

electrostatic precipitator is 6.1mg/ m>.

Table 1. Inlet parameters of ESPsin a certain 1000 MW
coal-fired power unit

Name

Main parameters

Design inlet flue gas temperature

85C

Electric dust collector inlet flue gas
volume

Design coal type: 582.0 m3/s
Calibration coal type: 570.4
m3/s

Inlet dust concentration

Design coal type: 25.412 g/m3

Calibration coal type: 24.841
g/m3

Number of electric dust collectors per

Three chambers and five

furnace electricfields, 2 sets
Effective length of electricfield 5x5m
Effective height of electricfield 155m
Effective width of electricfield 6x15.6 m
Same pole spacing 400 mm
Specific dust collection area 155.8 m2/m3/s

Specification and quantity of high
frequency power supply

24A/72kV, 30sets

Guaranteed dust removal efficiency

99.95%

Dust concentration at the outlet of

electric dust collector

<15 mg/m3

The dust concentration (6.4mg/m3) at the outlet of the
electrostatic precipitator of the first phase 1000MW unit
of a power plant in Yuhuan, Zhejiang Province was
measured. Domestic electrostatic precipitator outlet dust
concentration lower than 10mg/m3 will gradually
become popular.

2.3. Pressuredrop

Using the method specified in GB/T 13931 to implement
the pressure drop of 1000MW electrostatic precipitator
with ultra-low emission in recent five years, as shown in
figure 2, the test results show that the average pressure
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drop of 1000MW electrostatic precipitator is 139Pa, and electrostatic precipitator is less than 250Pa and less than

al are below 200Pa. Low flue gas resistance is one of 235Pa respectively. At the same time, JB/T 10921 coal-

the biggest advantages of electrostatic precipitator fired boiler bag precipitator stipulates that the pressure

compared with bag precipitator. Mechanical industry drop of bag precipitator is less than 1800Pa, in contrast,

standard JB/T 5910 and €electric power industry standard the resistance of electrostatic precipitator is significantly
DL/T 5l4dtipulate that the pressure drop of large lower than that of bag precipitator.
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Figure 2. Pressure drop of ESPsin 1000 MW coal-fired power unitsin recent five years

2.4. Air leakagerate electrostatic precipitator is not more than 3%. The test
o results show that, as shown in figure 3, the average
The electrostatic precipitator machinery industry pressure drop of the nine electrostatic precipitators
standard JB/T 5910 and the electric power standard supporting the 1000MW unit in the coa-fired power
DL/T 514 both stipulate that the air leakage rate of the plant is 1.38%, and they are all less than 3%.
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Figure 3. Air leak percentage of ESPsin 1000 MW coal-fired power unitsin recent five years

. the power consumption below 1200kW h / h accounts
3. Energy Consumption of 1000MW for 15%, and 1800kW h / h accounts for 60%.
Electrostatic Precipitator In order to compare the average energy consumption of

: S : electrostatic precipitators of 1000MW units with those
Based on the data investigation of 20 sets of electrostatic )
precipitators of 1000MW units in China, the power of 300MW ‘and 600MW units, the average energy

: . consumption of 78 sets of 300MW and 102sets of
consumption of high voltage power supply, low voltage . - .
equipment and flue gas resistance of electrostatic 600MW electrostatic precipitators is 896 and 1341

precipitator is calculated. The average value is 1683kW respective_ly. As sl_wown in figurg 5 .th? power
h / h, the maximum value is 2928kW h / h, and the consumption per unit of electrostatic precipitators of

- . N 1000MW units is 0.18%, which is lower than 0.18% of
minimum value is 1039.8kW h / h. As shown in figure 4, 300MW units and 0.30% of 600MW units.
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Figure 4. Energy consumption of ESPsin 1000 MW coal-fired power unitsin recent fiveyears
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Figure 5. Average energy consumption comparison under different unit capacities

Under the premise of the same power generation, the
energy consumption of electrostatic precipitator in
1000MW units is obvioudly lower than that in 300MW
and 600MW units.

4. The Amount of Steel Used for Power
Generation per Unit of Electrostatic
Precipitator

Each furnace of the unit above 200MW class in coa-
fired power plant is generally equipped with 2
electrostatic precipitators. Considering the flue gas flow
rate, the number of chambers of electrostatic precipitator
is generally configured according to the following rules:
200MW level is generally equipped with single chamber,
200~600MW level is generally equipped with two
chambers, 1000MW level is generally equipped with
three chambers (figure 6-7), the electrostatic precipitator
with four chambers is being installed for the first time.

Electrostatic precipitator uses a large amount of steel,
and the amount of steel directly affects the cost of
material and installation, which is the main factor
affecting the primary investment of electrostatic
precipitator.

i 4 o - o
Figure 6. Installation ESPs of one 1000 MW coal-fired
power unit in sichuan province
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Figure 7. Operating ESPs of one 1000 MW coal-fired
power unit in Zhejiang province

In order to compare the amount of steel used in the
electrostatic precipitator for different classes of units,
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under the conditions of the same typical coal type, dust
collection area and shell thickness, the primary
investment of the electrostatic precipitator is indirectly
compared by comparing the amount of steel used per
unit of power generation (generating capacity per
megawatt).

As shown in figure 8, the unit steel consumption of the
electrostatic precipitator of the 1000MW unit is about
6% lower than that of the 600MW electrostatic
precipitator and about 14% lower than that of the
300MW unit.

6 B Amount of steel used
458 g% P Y Amount of steel used per
3 g unit of power generation
z 3
-4 356 8 o
=3
82
28
454 8§ =
£z
o O
SR-%
+4 52 %3
Z -
E =}
s F%
48

1000MW

Supporting electric dust collectors for different classes of units

Figure 8. Steel weight comparison with different unit capacities of ESPs

Compared with the electrostatic precipitator equipped
with different units, the amount of steel used in the
electrostatic precipitator with 1000MW class or above is
greatly reduced, and the shell wall is reduced, so the
economic advantage is obvious.

In addition, with the further development of gas turbine
and other technologies, the steel consumption per unit of
power generation using higher-class of 1350MW
electrostatic precipitator is expected to be further
reduced.

5. Conclusion

The electricity consumption per unit of electrostatic
precipitator of 1000MW unit is 0.18%, which is lower
than 0.3% of 300MW and 0.22% of 600MW unit.

The dust concentration at the design outlet of the
electrostatic precipitator of 1000MW unit is mostly
lower than that of 15mg/m3, and many of them have
been measured to be lower than 10mg/m3. The
performance parameters of pressure drop and air leakage
rate stably meet The requirements of the standard.

The wunit steel consumption of the electrostatic
precipitator of the 1000MW unit is about 6% lower than

that of the 600MW electrostatic precipitator, and about
14% lower than that of the 300MW unit, and the
economic advantage is obvious.
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