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Technology of VOC Removal in Air by Biotrickling Filter
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Abstract

Biological methods are frequently used for treatment of contaminated air, containing volatile organic compounds
and odor compounds in low concentrations and high flow rate of air streams. For more than 20 years, biofilter has
been recognized as a cost effective technology for the purification of contaminated air. Most commercial applica-
tions before 1990 were for control of odors. In the past decades major progress has been accomplished in the devel-
opment of vapor phase bioreactor, in particular biotrickling filters. Biotrickling filters are more complex than biofil-
ters, but are usually more effective, especially for the treatment of compounds which are difficult to degrade or
compounds that generate acidic by-products. While the level of understanding of biotrickling filtration process for
VOCs still remains limited, the evidence success of biotreatment of VOC in air resulted in pursuing active research.
This paper presents fundamental and practical aspect of VOCs treatment from air in biotrickling filter. Special
emphasis is given to the operating parameters and the factors influencing performance for biotrickling filter.
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Fig. 1. Applicability of various air pollution control technologies based on air flow rates and concentrations to be trea-

ted.
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Table 1. Basic distinctions between types of biological
waste gas purification systems.

Aqueous phase

Microbial flora

Moving Stationary
Dipersed Bioscrubber -
Moilized Biotrickling filter Biofilter
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Table 2. Comparison of biofiltration, biotrickling filtration and conventional air pollution control techniques.

Control

technology Advantages

Disadvantages

- Simple and low cost technology

- Medium capital cost and low operating costs

Biotrickling

filtration - Effective removal

- Treats effectively acid producing contaminants

- Low pressure drop

- 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

— Simple and low cost technology

- Low operating and capital costs

- Effective removal of low concentrations
- Low pressure drop

— No further waste streams produced

Biofiltration

- 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

- Medium capital costs
- Can operate with particulate in gas stream

- Very high operating costs
- Reduced performance by scale deposit

scrr{)?)ting - Relatively small footprint - Need for complex chemical feed systems
- Ability to handle variable loads - Does not remove most VOCs
- Well proven technology — Requires toxic and dangerous chemicals
- Short retention time/small unit ) extremel.y high operating C.OStS
Carbon . . . - Carbon life reduced by moist
et - Consistent, reliable operation
adsorption - Creates secondary waste streams (spent carbon)

- Moderate capital costs

- Medium pressure drop

- Effective removal of compounds irrespective

of nature and concentration

- Suitable for very high loads Performance is
uniform and reliable

- Small footprint

Incineration

- High operating and capital costs

- High flow/ low concentrations not cost—effective
~ Usually requires additional fuel

- Creates a secondary waste stream (NOy)

— Scrutinized by the public
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Fig. 2. Schematic principle of biotricking filtration.
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Fig. 3. Mechanism of poilutant removal and main biological processes involved in biotrickling filter.
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Table 3. Pollutant removal in biotrickling filter.

Pollutant Biodegradability ~ EC(g/m’ - hr)
Hexane ++ 7.5
Heptane ++ 24
Styrene ++ 35
Toluene +++ 30-80
Propionaldehyde +++ 300
Acetone +++ 500
Methyl ethylketone —++ 40
Methanol —++ 100
n-butanol +++ 100
MTBE + 45
Diethy] ether + 60
Dichloromethane +++ 200
Chlorobezene ++ 60
Nitrobezene + 50
Carbon disufide ++ 220
Nitric oxide + 25
Hydeogen sulfide +++ 100

+: poor + +: moderate + + +: high
(Source: Kennes, 2001; Devinny ef al., 1999)
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Bacterial cell

Source Element
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v 4
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Air/water ——» O, H -——
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R
% Trace elements .~
Fe, Cu. Mo, etc.

Fig. 10. Utilization of nutrient by heterotrophic bacteria
with VOC source for growth.
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Table 4. Biomass yield coefficients on some essential
nutrients (Pirt, 1975).
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