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The Capabilities of Advanced Biofilter (Bio-Oxidation) Systems
A relatively uncomplicated design along with simple operation and maintenance requirements make biofiltration a good option for many industrial emission control processes.

Biological air pollution control technology has been used extensively in Europe for decades and, to a lesser extent, in North America for the past three decades (1).  Most installations in the North America have been on air-emission vent streams that were not subject to numerical limits (i.e., odors). These “traditional” open top system designs typically had some limitations: a very large footprint (1m deep, compost bed biofilter to treat an 85,000m3/h stream would be approximately 25m x 30m); the compost media breaks down quickly, causing compaction and thus reduced performance; airstream channeling; bed collapse; short-circuiting; and the operating parameters are difficult to control (2).

Advancements in the technology:  Over the past decade, a new generation of advanced biofilter systems (bio-oxidation systems) has come to the forefront. These systems incorporate the same basic biological principals as previous systems, and they feature advancements making them much more compatible for industrial applications. For example, the media used now provides increased surface area per unit volume (i.e., more air-to-biofilm contact area) with a substructure that virtually eliminates compaction. These advanced systems are designed to provide the right atmosphere for the microbes (the matter that provides the low temperature bio-oxidation of the contaminants) to do their best work.  

These systems are available in a variety of designs, with biotrickling scrubbers, biotrickling plus biofilter chambers and/or biofilters alone. The combination of a biotrickling stage with a biofilter stage allows for the degradation of a wide variety of compounds in a single cost effective system. The specific requirements of each application will determine the design choices.

(BRI diagram – Caption: Diagram of a combined biotrickling filter and a biofilter system)

The new generation of bio-oxidation systems has several facets in common. Each system requires a saturated inlet airstream to keep the media moist, good contaminant contact time with the media (typically seconds and up to a minute depending upon the contaminants and the destruction efficiency required), and controls over the operating parameters of the system (pH, conductivity, airflow, humidity, bed temperature, watering etc.).  

Operational factors:  The three most important parameters that determine the overall effectiveness of any bio system are moisture, pH and temperature.  Other factors that have influence include particulate material, available nutrients, available oxygen and the type of contaminant to be degraded.  

Moisture:  The bed of biomass must be just right - neither too dry nor too wet. If the bed is excessively dry, the biomass will die back. If the bed is too dry in a specific area of the media bed, then airflow channeling will occur and the rest of the bed will be bypassed. If the bed is too wet, the water interface between the contaminant and the microbe is too thick and does not allow for contaminant digestion. If too much water is circulated through the system, the biomass could even be washed out of the system. 
To avoid these situations and maintain proper moisture control, a closed bed system must be employed and operational controls over the watering system designed into the controls.

Temperature:  Temperature controls the metabolism of the microbes and different microbial species operate at different temperature ranges. Psychrophiles operate best at somewhat lower temperatures, generally less than 20 C, while mesophiles perform best in the 15 – 40 C range. Thermophiles typically function in hot springs and thermal vents at 60 – 100 C but cannot exist at even high ambient temperatures. An advanced biofilter system can operate at temperatures along this overall range.  However, a warm (approximately 25 – 35 C) bio-oxidation system will generally support more organisms and an increased number of species at higher metabolic rates. The drawback to higher temperature operation is that less of a specific contaminant will dissolve in the water and adsorption of the compound(s) will also be decreased (3). 
Microbial activity approximately doubles with each 10 C increase in temperature as long as the organisms remain within their thermal tolerance zone. Above each species’ upper thermal limit, metabolism begins to decrease and if temperatures are sufficiently elevated, the organisms die. Thus, an advanced biofilter system that’s warmer will oxidize incoming organic compounds faster, enabling it to handle higher loading of contaminants per unit time with good destruction and removal efficiency (DRE).  

The microbial community in an advanced biofilter system contains so many species with different thermal tolerances that good bio-oxidation can be maintained over a wide temperature range. A recent installation (340,000m3/h) on an oriented strand board (OSB) press has achieved consistent DREs in excess of 95% for water soluble compounds such as formaldehyde and methanol and DREs in excess of 75% for Total Hydro Carbons at bed temperatures ranging from 23 C – 33 C.  

Although a bio-oxidation system can operate successfully over a wide range of temperatures, there are several reasons to control temperature within a narrow range. Sudden and extreme temperature changes can prove to be very detrimental to the biodegradation of incoming contaminants and moisture control is more easily handled over a narrower temperature range (3).

pH:  Each specific microbe has defined upper and lower limits and an optimal pH operating range.  Advanced biofilter systems can function at pHs ranging from as low as 2 to 3, to as high as 8 or 9, depending on the application. Since chlorinated and sulfur-containing compounds produce acids upon biological degradation, attention must be paid to the pH of the system.  For the biodegradation of H2S and organo-sulfur compounds (which produce sulfuric acid) irrigation of the media bed is needed to counteract acidification and the pH must be managed. This can be done with automation controls as well.  

Another factor is that H2S is most effectively biodegraded at a relatively low pH of 2-4 while organo-sulfur compounds are best oxidized at a pH range of 6 – 8.  If both types are present (e.g., as in emissions form pulp and paper mills), a multi-stage bio-oxidation system is the best choice.  

Other factors:   Food for the microorganisms comes from the bio-oxidation of the contaminants in the air emission stream. However, these contaminants often contain little or none of the vital compounds and trace elements needed for proper cell growth and maintenance. These include nitrogen, phosphorus, potassium, calcium, zinc, selenium, iron, manganese, magnesium, sulfur and sodium. One advantage of compost-based media is that it contains a reservoir of these macro and micro nutrients for the microorganisms to extract as needed (4).   

Compost-based media lasts between 3 – 10 years, depending upon the system loading and removal efficiency and the maintenance schedule. When rock, granular activated carbon (GAC), polyurethane foams or plastic media are used as the media substrate, nutrients must be supplied.  With advanced biofilter systems, this can be either an automatic or a manual process.

VOC and HAP control:  Small bio-oxidation systems (<850 m3/h) have been used for point source control of volatile organic compounds (VOC) and hazardous air pollutants (HAPs) emission airstreams in several industries. These applications include control of vapors coming from the remediation of contaminated water and soil, glycol dehydrator emissions (composed primarily of benzene, ethylbenze, toluene and xylenes (BTEX) and emissions from soil vapor extraction systems handling mostly BTEX and gasoline hydrocarbons (5), (6).  These systems can operate virtually operator free for months or even years with minimal maintenance.

Smaller bio-oxidation systems offer several advantages over thermal oxidizers or GAC adsorption. They do not generate NOx or CO and there is no VOC saturated carbon to be desorbed or disposed of.  Operating costs are low because these systems do not need an outside fuel source and the media doesn’t require replacement at the same frequency as GAC systems. The operating cost is typically 70 – 90 percent less than with a thermal device. On a capital cost basis, advanced bio systems will be more expensive than a GAC system; and at the same or lower cost than a thermal device.

Disadvantages include the cost of capital. If the airflow is small and the airstream is dilute, the cost per ton of removal will be fairly high, since the system base cost can not be spread over a large loading. If the airstream is small and the loadings are high, then the loadings themselves could be the fuel source for a small thermal device, thus keeping operating costs on par with a bio system.

Applications for biofilter systems

Large advanced biofilter systems (>1,700 m3/h) are being installed in industrial applications to control VOCs, HAPs and other air emissions. For example, several systems on wood products’ mill board presses are handling air flows from 680,000 m3/h for formaldehyde emissions to a 340,000 m3/h system handling HAPs and VOC (alkenes, alkanes and alkynes), reducing emissions to levels that meet not only U.S. EPA HAPs requirements but also meeting state VOC limits. 
With the onset of the new U.S. EPA Composite Panel Wood Panel Maximum Achievable Control Technology (CPWP MACT) rule, between 15 and 20 mills are installing bio systems. One system currently under construction is expected to handle 433,000 m3/h of air coming from the mill chip dryers as well as its board panel press. This system will provide >95 percent HAP control and approximately 20 percent VOC control.  Another is designed for 270,000 m3/h of airflow and >95 percent HAP control and >70 percent VOC control.
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(Image 3: 270,000 m3/h wood products press system)

Several paint manufacturing and paint application installations have recently been completed, including a 25,000 m3/h system for a global manufacturer of paint products in Southern California, and a 47,500 m3/h system for a leading global car manufacturer in British Columbia. Successful installations also include a third system in the paint manufacturing industry and for paint booth exhaust in the coatings industry (7). These two units have provided greater than 85% removal efficiency for total VOCs. Both have incorporated small steam generators for maintenance of optimum operating temperatures and maximum removal efficiency. They operate at 17,000 m3/h (their design capacity) with variable VOC loading rates.
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(Image2: 47,500 m3/h system for paint booth abatement)

In the print industry for control of VOC emissions during printing and ink drying, advanced biofilter systems are also working well. A two-unit system installed at a Wisconsin facility in 1997 allows nonstop plant operations with continuous emission controls. Removal efficiency has generally been in excess of 80 percent.

Pilot programs conducted in the inorganic resin manufacturing industry, adhesives coating industry, chip manufacturing and insulation manufacturing industries demonstrate >95 percent destruction efficiency of a variety of different compounds including acetone, IPA, acetonitrile, toluene, butyl acrylate, ethyl acrylate, methanol and many others. The commercial viability of bio-oxidation systems for these and similar applications and industries has been proven.  
Other bio systems have been used to remove odors from industrial processes discussed next.

Odor control:   Early on, many early biofilters were installed at wastewater treatment plants to treat off-gases from incoming wastewater and in-plant operations. This practice continues today. Small compact biofilters can be used to control odors from manholes, pressurized sewer vents, transfer and lift stations and virtually any other odor source that can be collected and routed to a system. They are relatively inexpensive and can be set in place and made operational with little manpower. Some installations need only a 115V power source, a freshwater connection, an air collection duct (10 – 15 cm) from the contamination source and a wastewater return to the collection point.

Larger systems for wastewater treatment plant headworks, digesters and other large air flow sources have been installed and operated successfully over the last decade. Some systems are designed strictly to control hydrogen sulfide (H2S) and other more advanced systems can degrade not only high quantities of H2S but also mercaptans and other reduced sulfur compounds. Even more advanced systems have been used to control H2S, reduced sulfur compounds and VOCs. One bio-oxidation company has a system under construction for the headworks of a refinery wastewater treatment facility for just that purpose.
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(Photo 4: Wastewater treatment plant headworks system for H2S and reduced sulfur compounds)

Large, single or dual-bed, advanced biofilter systems control odors from fragrance and flavoring facilities, rendering plants, food manufacturing facilities and more. Many of the flavor and fragrance emissions are mixtures of alcohols, ketones, esters and ethers, all of which are easily biodegradable and most of which are highly soluble in water. Odor removal efficiencies often exceed 98 percent.  Facilities reporting significant odor complaints from neighbors have usually seen those complaints fall to near zero after several months of operation of their bio system.

Conclusion:  The technology behind advanced bio-oxidation systems has been greatly refined since initial biofilter systems were put into service over 30 years ago. These advanced bio systems are proven to work in many more industrial applications than previously, and can save businesses hundreds of thousands of dollars in annual operating and maintenance costs, compared to thermal oxidizers. 
Industries using this technology also realize significant reductions in VOCs emitted as well as significant reductions in GHG creation.  
Regulatory agencies are more open to accepting advanced biofilter systems for industrial pollutant control and they have been accepted by some agencies in the U.S. as a Best Available Control Technology (BACT). Industries are now more accepting of the technology due to the benefits of reduced energy use, reduced maintenance and the reduction in their carbon footprint.

Two examples in the wood products industry:

170,000 m3/h airflow for >95 percent HAPs control:

Annual energy and maintenance cost savings:  $530,000 in energy and 66% less maintenance 

Annual VOC destruction: 184 tons per year

Annual reduction in GHG generation: 6038 tons 

170,000 m3/h airflow for >95 percent HAPs control and >75 percent VOC control:

Annual energy and maintenance cost savings:  $500,000 in energy and 66% less maintenance

Annual VOC destruction: 690 tons per year

Annual reduction in GHG generation: 6038 tons
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