Electrostatic Precipitators and how they remove airborne particulate

Principle of operation. Electrostatic precipitators (EP) operate by imparting an electrical charge to particles suspended in a flow of air and then capturing the particles on metal plates carrying an opposite charge as the air moves between the plates. Precipitators have been used in industrial applications for many years but their use with vehicle emissions are relatively recent, having first been used in the late 1970s. In most industrial applications the exhaust to be treated is at high temperature and contains a high concentration of dust in relatively small volumes of gas. In the case of vehicle emissions, the volume is large but both the concentration and the temperature is low. 

This difference leads to fundamental differences in the design of the two types of equipment, their efficiencies and even the appropriate testing procedures. One of the major problems in designing precipitators for vehicle emissions was the electrically conductive nature of the carbonaceous particulate matter. Electrostatic precipitators for vehicle emission use are now  in a mature design stage with satisfactory performance and reliability. Economic life of the equipment is about 15 to 20 years.

Suppliers. The major suppliers world wide appear to be Trion (USA, UK) , who specialise in industrial and defence work and have no recent ‘vehicle’ installations, Clean Tunnel Air (CTA) (Norway and Austria), and Matsushita and Fugi (Japan). CTA and Matsushita appear to have done most of the recent tunnel installations but there are also other smaller Japanese and European manufacturers attempting to enter the market. Besides being used in tunnels electrostatic precipitators are also used in large internal car parks and loading docks. Other ‘low temperature’ industrial uses include dust removal in tobacco factories.

Design. In the most recent designs of EP for vehicle emission use, the air containing the particles to be collected first passes between ioniser wires charged to between 16Kv and 18Kv, where the particles are initially electrified, and then between plates charged to about 6.Kv where the dust is collected. The air velocity between the plates is between 10 and 11 metres per second and under these conditions the efficiency of removal is better than 90% for particles 0.3 to 0.5 µm and better than 95% for particles 0.5 to 5.0 m. Earlier designs use lower voltages and lower velocities and achieve slightly lower efficiencies for the smallest particles.

The charged dust is held on the plate as long as the charge is maintained, so the layer of dust becomes progressively thicker with time. As this occurs the efficiency of capture tends to drop and the resistance to air flow between the plates increases. 

Cleaning. After between 50 and 200 hours of operation the thickness of the dust collected on the plates becomes too great for efficient operation and the plates must be cleaned. This involves turning off the high voltage supply and spraying the plates with water jets containing detergent. The process requires about two hours and is usually carried out at night during periods of low traffic.

The precipitators supplied by CTA have the washing nozzles integrated into the structure of the filter and the process can be performed under automatic control. In this process, the slurry containing the removed dust is then de-watered and the used wash water purified for reuse whereby about 90% of the water is recycled. The damp particulate dust is then ready for disposal. 

Waste Disposal. The dust is mainly carbon with an admixture of volatile materials, inorganic dust and small quantities of lead and asbestos from brake pads. It can be disposed of as land fill in a safe dumping area or incinerated. This is sometimes done in cement kilns. It is estimated that the M5 East tunnel carrying 70-80,000 vehicles per day, would accumulate about 0.7 to 1 cubic meters of waste per month weighing about 1.2 tonnes.

During the ‘Investigation’ carried out in Victoria on the Burnley and Domain tunnels, claims were made that EP’s produce ozone, the implication being that this provided a potential hazard. Some ozone is undoubtedly produced by the passage of air over the charging wires but in the tunnel atmosphere, high in both finely divided carbon and oxides of nitrogen, little if any of this leaves the precipitator. In the ‘Clair’ system for removal of gases from tunnel exhaust, the basis of the NOx removal system involves additional ozone producing ionizer units ‘behind’ the electrostatic precipitators which are used to complete the conversion of NOx to NO2 before absorption by activated charcoal.
Energy and Cost. Contrary to some reports, electrostatic precipitators do not consume ‘massive amounts of electricity’. During full operation, cleaning 860 cubic metres of air per second, the precipitators required for the M5 East would consume 25 to 28 kw. Assuming full usage 12 hours per day, 6 days a week 52 weeks per year this is about 1Gwhr per annum, which should be compared with the estimated energy consumption of the unfiltered tunnel (RTA figures) of 32 Gwhrs per annum which, at commercial rates, approximates to $2 million pa. Costs in comparable tunnels overseas are much lower than this.

This massive energy consumption, which drew adverse comment from many of the international experts at the recent ‘International tunnel ventilation workshop’ in Sydney, both from the aspect of cost and excessive greenhouse gas production. One Swiss expert, Franz Zumsteg commented “I think that the aspect of energy is quite a strong argument against stacks. It is not just the pure costs. Of course it is a question of money too. But it is also how we regard the importance of energy. And energy in our country is produced roughly 60% is nuclear and 40% is water and hydropower and we don’t burn coal or oil. I think this has to be regarded. If we talk about energy consumption in your country then it is as what I understand directly related with pollutants too, because you burn coal. Is that right? So you are producing a least C02 somewhere else…”
Based on these observations together with the published Japanese figures on comparative costing of different types of tunnel ventilation systems, there is good evidence that electrostatic precipitators used in longitudinal ventilated tunnels, with or without stacks, are cheaper than other forms of ventilation, especially when considered on a ‘whole of life’ basis. It is clear that there is significant scope for cost, energy and greenhouse reductions by the use of electrostatic precipitators as part of a rationally designed tunnel ventilation system for urban tunnels.
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Front of filter with ‘trash guard’. The fine charging wires can just be seen in front of the plates. Bergen tunnel
The back of the filter showing plates and the spray nozzles of the cleaning system. 
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Diagram of Japanese installation double the size of the M5East (Tenozan)
Vent building showing ‘stack’
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