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Reduction of Ozone Generation in an Electrostatic Precipitator
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Electrostatic Precipitator (i.e. ESP) has recently been utilized for environmental protection of purifying road tunnel 
exhaust. ESP can remove soot from automobiles by charging with corona discharge. In the meantime, corona 
discharge generates ozone (O3). Nitrogen dioxide (NO2), a toxic gas element, then, increases undesirably, contrary to 
the purpose of environmental protection because O3 oxidizes nitrogen monoxide (NO) contained in tunnel exhaust gas 
into NO2. We examined the effect of electrode geometry and polarity of corona discharge on ozone generation. As a 
result, a method has been developed to minimize ozone generation associated with corona discharge in ESPs. 
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Table 1 Typical properties of exhaust gas in urban tunnel. 

 Day average 
Fluctuation 

range 

SPM 
Suspended 
Particulate Matter 

0.20 mg/m3 0 2.0 mg/m3

NO2 Nitrogen dioxide 0.1 ppm 0.05 1.5 ppm

NOx Nitrogen oxides 1 ppm 0.5 5 ppm 

1 2

Fig. 1  Structure and theory of two stage type ESP.
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Table 2 Specification revisions of tunnel ESP for road tunnel. 

Specification 
First edition 

(1987) 
Revision 1 

(1996) 
Revision 2

(2006) 
Velocity [m/s] 7 9 9 

Polarity Positive 
Negative 

2
Positive or 
Negative 

Discharge pole Wire Wire Spike 
Soot  

Collection [%] 
80 80 90 

Power 
Consumption per 

unit gas flow 
[W/(m3/s)] 

(Approx. 
35

1 
55 110 

1 1987

2 1996

3 2006

3
Table 3 Regulation value of gas elements . 

Gas 
Chemical 
symbol 

Environmental 
standard 
1 hour

Permissible 
Density 

1

ACGIH
2

Nitrogen 
monoxide 

NO None none 25 ppm

Nitrogen 
dioxide(NO2) 

NO2
0.04 0.06 

ppm 
none 1 ppm

Ozone O3

None 
(Existing as 
oxidant 0.06 

ppm

0.1 ppm 
0.1 

ppm 

1 recommendation of Japan Association of Industrial Health

2 American Conference of Government Industrial Hygienist

2) 2

3)

2
Fig. 2  Characteristics of ozone generation by positive or negative 

corona discharge. 
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Fig.3  Schematic diagram of tested ESP.
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Table 4 Specifications and conditions on experiments. 

Items Details 
Duct W;940mm  H;780mm  L;12,500mm

Flow rate 
0.17 m3/s for measuring ozone 
5 m3/s for measuring soot collection 
(9m/s for line velocity in ESP) 
(Positive discharge) 
W;900mm  H;720mm  L;300mm 

(Negative discharge) 
W;900mm  H;720mm  L;170mm Ionizing 

section (Common) 
Material of spikes and plates;SUS304 
Thickness of spikes and plates; 0.5mm 
Voltage; Variable (positive or negative) 

Collecting 
section 

(Common for positive and negative) 
W;900mm  H;720mm  L;800mm 
Material of plates; SUS304 
Thickness of plates; 0.4mm 
Voltage; 9kV (positive or negative) 
Gap of adjoining plates; 10mm 

Meters 

For ozone ; APOA360 type 
(HORIBA  ultraviolet absorption) 

For soot concentration ; AP632T type 
(SHIBATA  light scattering) 

Diesel engine 
Type: 4BD1-T (ISUZU) 
Displacement volume:4000cc 

High voltage 
power supply 

Controlled phase by thyristor and duplicated 
voltage type (Origin Electric) 
Max. rate DC 12kV, 150mA 

4

Angle Height Pitch

Gap Angle Pitch Height

10 mm Gap 12 mm .

5

5 

m3/s 0.5 mg/m3

4
Fig. 4 Composition of spike electrode. 

5
Table 5 Condition of spike electrode. 

Experimental 
case 

Angle 
[deg]

Pitch 
[mm] 

Unit per power 
consumption 

[W/(m3/s)] 1 
 20 4 98 
 30 4 126 
 40 4 103 
 20 8 56 
 30 8 108 
 40 8 117 
 20 12 70 

2 30 12 174 
2 40 12 103 

1 8
2 8

0.17 m3/s

3.

5
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5
Fig. 5 Discharge current as a function of applied voltage. 
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Fig. 6  Ozone concentration as a function of input power for 

various experimental cases. 
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Fig. 7 Corona shape and Current ripple. 

Camera: Canon 20D Lens: Canon 300mm

Sensitivity: ISO 1600 Shutter speed: 30sec. 

Oscilloscope: Tektronix DPO4104 Probe: Tektronix TCP312 

Horizontal axis: 40 s /div. Vertical axis: 10mA/div. 
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Fig. 8  Ozone concentration as a function of spike pitch. 
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Fig. 9 Collection efficiency in each case. 
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