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Abstract — Biological treatment is a relatively recent air pollution control technology in which off-gases
containing biodegradable odors and volatile organic compounds(VOCs) are vented through microbes. It is
a promising alternative to conventional air pollution control methods. Bioreactors for air pollution control
have found most of their success in the treatment of dilute and high flow waste air streams containing VOCs
and odor compounds. They offer several advantages over traditional technologies such as incineration or
adsorption. These include lower treatment costs, absence of formation of secondary pollutants, no spent
chemicals, low energy demand and low temperature treatment. The three most widely used technologies are
described, namely biofiltration, biotrickling filtration, bioscrubbing. The most widely used bioreactor for air
pollution control is biofilter, but it has several limitations. In the past years major progress has been
accomplished in the development of vapor phase bioreaction systems, for solving problems of biofilter.
Biotrickling filters are more complex than biofilters, but are usually more effective, especially for the
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treatment of compounds which are difficult to degrade or compounds that generate acidic by-products. This
paper reviews fundamental and theoretical/practical aspect of air pollution control in biofilter, biotrickling
filter and bioscrubber, focusing more extensively on biotrickling filtration. Special emphasis is given to the
operating parameters and the factors influencing performance for air pollution control, and cost estimation

in biotreatment technologies.

Key words : Biofilter, Biotrickling filter, Bioscrubber, Air pollution control, Volatile organic compounds

(VOCs), Odors
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Table 1. Comparison of biofiltration, biotrickling filtration and conventional air pollution control techniques[8]

Control Technology Advantages

Disadvantages

- Simple and low cost technology
- Low operating and capital costs

Biofiltration - Effective removal of low concentrations

- Low pressure drop

- No further waste streams produced

- Sensitive for toxic compounds

- Need acclimation with targets

- Less suitable for high concentrations

- Moisture and pH sometimes difficult to control
- Particulate matter may clog the bed

- Medium capital costs

- Very high operating costs

- Can operate with particulate in gas stream - Reduced performance by scale deposit

Wet - Relatively small footprint
Scrubbing - Ability to handle variable loads
- Well proven technology

- Need for complex chemical feed systems
- Does not remove most VOCs

Requires toxic and dangerous chemicals

Short retention time/small unit

extremely high operating costs

Carbon - Consistent, reliable operation - Carbon life reduced by moist
Adsorption - Moderate capital costs - Creates secondary waste streams (spent carbon)
- Medium pressure drop
- Effective removal of compounds irrespective of - High operating and capital costs
nature and concentration - High flow/ low concentrations not cost-effective
Incineration - Suitable for very high loads Performance is - Usually requires additional fuel

uniform and reliable

Small footprint

Creates a secondary waste stream (NOx)

Scrutinized by the public
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Figure 1. Applicability of various air pollution control
technologies based on air flow rates and
concentrations to be treated[10].
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Table 2. Comparison of biofiltration, biotrickling filtration and bioscrubber[8,15]

Control Technology Advantages

Disadvantages

Simple and low cost technology

Biotrickling .
. . - Effective removal
Filtration

- Low pressure drop

Medium capital cost and low operating costs

- More complex to construct and  operate than biofilters

Clogging by growing biomass if too much nutrient is
added and high concentrations of VOCs are treated

Treats effectively acid producing contaminants

Simple and low cost technology

- Low operating and capital costs

Biofiltration

No further waste streams produced

Effective removal of low concentrations

Relatively large footprint requirement

Medium replacement every 2-5 years

- Less suitable for high concentrations than biotrickling
filters

- Moisture and pH sometimes difficult to control

Particulate matter may clog the bed
Relatively high pressure drop

- Small equipment volume

Easy control of biological process

H, t t
Bioscrubber (pH, temperaure)

More reliable and predictable

No clogging problems

Good adaptation capacity

- Only cost effective for high soluble compounds
More difficult to attain high efficiency

Washing out of slow growing micro-organism

Disposal of sludge

Complicated start-up procedure

Higher operating costs
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Table 3. Different Characteristics of Biotrickling filter, Biofilter and Bioscrubber

Reactor type Mobile phases Carrier Active biomass
Biotrickling filter Liquid/Gas Synthetic” Fixed

Biofilter Gas Organicb)/lnertd Fixed
Bioscrubber Liquid/Gas None Dispersed

a) Synthetic: polypropylene, polyurethane, polystyrene
b) Organic: compost, peat, wood bark, chaff, sludge, yard trash
¢) Inert: soil, perlite, glass bead, sand, activated carbon
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Figure 2. Diagram of biotrickling filtration.
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Figure 6. Typical schematic diagram of a closed conventional
biofilter[1].

Contaminated Air

‘ Air Phase

Wiy

Solid Phase

AAAA) = ou
l

Carbon Dioxide
‘Water Vapor

Figure 7. Internal mechanisms of a biofilter. Contaminated
air(Cg) passes through the filter bed carrier with
oxygen and sorbs into a microbial biofilm/
liquid phase attached to the filter carrier.
Microbes convert the contaminant to carbon
dioxide and water[1].
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Table 5. Example of Filter Bed Material in

Biofilter|1,9,15]
Carrier Volume ratio

Compost 1
Compost/yard trash 1/3
Compost/petlite 1/1
Compost/polystyrene 1/1
Compost/chaff 1/1
Peat ball and peat moss 1
Peat/polyurethane foam 7/2
Peat/polyurethane/perlite 2/3/5
Peat/perlite 2/3
Peat/compost 1/1
Peat/glass bead 2/1
Wood bark 1
Wood waste/perlite 1/1
Soil 1
Soil/sand/peat/compost 20/2/3/3
Seaweed 1

Dry sewage sludge 1
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Figure 8. Schematic diagram of bioscrubber[47].
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Figure 9. Comparison of relative costs of several waste gas
treatment techniques[47].

A) thermal incineration(incl. heat recovery); B) Catalytic
incineration(incl. heat recovery); C) active carbon adsorption(no
regeneration); D) active carbon adsorption(incl. regeneration);
E) adsorption with thermal carbon incineration; F) absorpion
in water; G) chemical oxidation; H) bioscrubber; I) biofilter
and biotrickling filter
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