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Species: 

Use Area: 
Technology Category: 

Air Mitigated Pollutants: 

Swine 
Animal Housing 
Biofilter 
Ammonia (NH3), Odor 

 

Description: 
The mitigation technique discussed is to utilize biofiltration for a portion of swine barn ventilation air.  The portion 
mitigated is that portion of air emitted into stable atmospheres.  Stable atmospheres have poor vertical mixing potential 
and therefore gases and odors emitted tend to remain close to the earth’s surface and can therefore be sensed at 
longer distances downwind.  It is impractical to mitigate all of the exhaust ventilation air required in swine housing.  
Techniques are needed that apply odor and gas mitigation to a portion of the ventilation air stream, when receptors 
might experience an odor event.  Additionally, many barns incorporate combinations of fans and curtains (i.e. hybrid 
ventilated) to supply required ventilation air.  Any mitigation strategy applied to barn ventilation air must be able to 
accommodate these hybrid ventilation systems as well. 
 
Ventilation air exhausted during the heat of summer days is exhausted into an atmosphere that is, for the vast majority 
of times, very unstable providing excellent and natural mixing potential near the building source.  In more stable 
atmospheres, typically present during the evening hours, biofiltration of a critical minimum amount of ventilation air (i.e. 
partial biofiltration) would reduce ammonia and odor emissions during those times when the potential for odor plumes 
to travel long distances is greatest.  The overall effect would be a more attractive biofiltration strategy that maximizes 
ammonia and odor reduction potential when most needed. 
 
A strategy for providing partial biofiltration of a critical minimum amount of ventilation air for hybrid ventilated swine 
finishing facilities was developed and tested.  The biofiltered critical minimum ventilation air (CMVR) was set at 81 
m3/h-pig (48 ft3/min-pig) with the intention of providing enough fan ventilation in a hybrid ventilated swine finishing 
facility to suppress curtain movement during stable atmospheres.  Two side-by-side 300-head hybrid ventilated deep-
pit swine finishing rooms were used for this research, one room as the control (CTL) with the other treatment (TRT).  
The TRT room was fitted with a wood-chip based biofilter for scrubbing the CMVR.  In terms of total room emissions, 
the TRT room had an average odor emission 37% less and an average ammonia emission 58% less than the CTL 
room. 

Mitigation Mechanism:  
Past research on swine housing ventilation rate characteristics indicates that significant rate changes occur over most 
summer days in order to maintain an acceptable internal climate (Hoff et al, 2004).  The maximum ventilation rates 
experienced during the heat of the day are exhausted to an atmosphere that is, for the most part, very unstable 
resulting in significant vertical mixing and dilution near the source.  Likewise, during more stable and cooler summer 
evening hours, a lesser amount of ventilation air is required to maintain an acceptable internal climate.  This change in 
ventilation requirements, as a function of atmospheric stability, can be used to enhance the usefulness of odor and gas 
mitigation for barn ventilation air. 
 
Partial biofiltration, to be effective, must be applied to that portion of the ventilation air that is required for the 
predominant periods associated with hot weather evenings.  This “critical minimum” amount of ventilation air mitigated 
would treat exhausted air when the potential for off-site gas and odor transport is greatest.  This strategy will serve two 
useful purposes; first, the amount of air required for biofiltration will be significantly less than the maximum barn 
capacity, and second, the end result will be a reduction in source emissions of key pollutants that are currently being 
reviewed by the USEPA (2005). 
 
This research defines a critical minimum ventilation rate (CMVR) that encompasses, for the majority of time, ventilation 
air that is delivered during the more stable evening hot-weather hours.  Figure 1 is an example of a central Iowa deep-
pit swine finisher and the ventilation rate changes over a six-day period (USDA, 2001).  This six-day sample (Aug 14-
19, 2003) shows that the ventilation rate was near maximum (140,000 m3/h = 146 m3/h-pig = 86 ft3/min-pig) during the 
hot periods of mid-day as would be expected.  However, during early evening, evening, and early morning hours the 
ventilation rate required reduced to a rate of about 50,000 m3/h (= 52 m3/h-pig = 31 ft3/min-pig).  It is the ventilation air 



that predominates during hot-weather evening hours that would be considered the critical minimum, leaving the 
remaining exhaust air to disperse and dilute naturally with the corresponding unstable day-time atmospheres. 
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Figure 1.  Building airflow changes with summer outside temperature. 

 
The goal of this research was to test a partial biofiltration strategy that could be implemented to mitigate a “critical 
minimum” amount of ventilation air from hybrid ventilated deep-pit swine finishers.  Mitigation performance and 
operating costs are presented in this paper.  Highlights of this research are discussed in this paper.  A more detailed 
description can be found in Hoff et al. (2008). 

Applicability: 
The strategy of partial biofiltration presented in this paper was developed for hybrid ventilated swine finishing facilities.  
The concept of partial mitigation, beyond biofiltration, can be implemented to other gas and odor mitigation 
technologies involving animal housing ventilation air.  Partial treatment of ventilation air is in general an “impact-based” 
technology where mitigation is applied to exhausted air that has the potential for impacting neighboring residences. 

Limitations: 
Treatment of exhaust ventilation air from animal housing must not negatively affect animal performance with ventilation 
rate restrictions.  It is important that fan capacity be sized appropriately to accommodate biofilter requirements while 
maintaining the integrity of the ventilation system required for the housed animals.  The project presented here 
investigated the use of biofilters on hybrid-ventilated deep-pit swine finishing facilities.  Implementation of partial 
biofiltration on alternative ventilation methods (ie. tunnel ventilated) was not conducted with this research. 
 
Proper performance of biofilters requires an ample water supply to keep the biofilter media in the 50-60% range to be 
as effective as possible (Nicolai et al., 2006; Chen et al., 2008).  In addition, one often over-looked situation that can 
exist in deep-pit swine finishing facilities is the fact that as manure level rises, there is a tendency for pit-fan intake 
blockage due to physical constraints between the slatted floor level and support beams required for the flooring.  It is 
not uncommon to have pit fan intakes completely blocked with a full or near-full pit.  In this situation, any mitigation 
strategy applied to pit fans is rendered useless. 

Cost:  
The biofilter application presented in this research required $4,959 for biofilter supplies and equipment including four 
new biofilter fans (table 1).  The biofilter construction required approximately 120 hours of labor and at $15/hour 
equates to $1,800.  In total, with supplies, equipment, and labor, the construction costs equaled $6,759 or $22.53/pig 
space.  The biofilter fan operating costs averaged $0.0084/day-space to operate (June-October 2006 data used) 
compared to the control barn of $0.0034/day-space.  This extra fan cost, spread over the pigs produced in one year, 
equates to an additional $0.42/pig-produced in biofilter fan operational costs.   
 

 
 



Table 1.  Biofilter construction costs. 

Item $/Unit Unit 
Units/f

t2 $/ft2 Total* 
$/pig-
space 

Life, 
yrs Pigs/Life $/pig 

Concrete block $0.94 each block 0.50 $0.47 $445 $1.48 30 22,500 $0.02 
Support bars $0.33 ft (3/4 inch diameter) 1.00 $0.33 $313 $1.04 15 11,250 $0.03 

Hog panel $0.38 ft2 1.00 $0.38 $355 $1.18 15 11,250 $0.03 
Fiberglass mesh $0.67 ft2 1.00 $0.67 $634 $2.11 10 7,500 $0.08 

Replacement fans $1,800 15,000 ft3/min 1.00 $2.00 $1,894 $6.31 15 11,250 $0.17 
Plywood border/plenum $20.00 4 ft x 8 ft sheet 0.01 $0.20 $189 $0.63 7 5,250 $0.04 

Wood chips $1.43 ft3 0.83 $1.19 $1,129 $3.76 3 2,250 $0.50 

     Total less labor $4,959 $16.53     $0.87 
     Total less fans and labor $3,065 $10.22     $0.70 

 * for the 947 ft2 biofilter constructed. 

Implementation: 
This research was conducted at a cooperator’s swine production site located in central Iowa.  The facility used was a 
600-head hybrid ventilated deep-pit swine finisher consisting of two 300-head rooms separated by a solid wall.  Both 
rooms used a 2.4 m (8 ft) deep manure holding tank located below the fully-slatted flooring.  The wall separating the 
two rooms also separated the manure holding tanks with the exception of equalizing channels at the bottom of the 
separating wall.  One 300-head room was designated as the control (CTL) with the other used as the treatment (TRT).  
Both rooms were identical before the start of this experiment.  Each room was ventilated with two 61 cm (24 in) 
diameter pit fans located on the north side of each room, placed over pump-out locations. 
 
Curtains on both sides of each room were used to accommodate warm-to-hot weather ventilation requirements.  
These curtains, located on the north and south sides of each room, were controlled together by room but independent 
between rooms.  The CTL and TRT configuration with the biofilter applied to the TRT room is shown in figure 2. 
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Figure 2.  Biofilter layout with gas sampling locations. 

 
The two original TRT room variable speed pit fans were replaced with four single-speed fans, controlled in four stages 
(table 2).  Each of the four fans was progressively activated with each stage.  At the final stage 4 condition, and 
assuming an operating static pressure of 75 Pa (0.30 in water column), results in an estimated maximum volumetric 
rate through the biofilter of 24,395 m3/h (14,347 ft3/min). 

 
Table 2.  Biofilter fan specifications and staging.  All fans from Multifan, Inc. 

Operating Static Pressure, Pa Fan ID* Model Diameter, cm 0.0 12.5 75.0 
1 4E30Q 30 2,380 2,295 1,615 
2 4E40Q 41 5,270 5,015 3,400 
3 6E63Q 61 12,240 11,730 9,690 
4 6E63Q 61 12,240 11,730 9,690 

*see figure 2 
 
The biofilter design guidelines provided by Nicolai and Janni (1999), Janni et al. (2001), and Nicolai et al. (2002) were 
used for this research project.  The target residence time for biofiltered air was 4 sec.  At stage 4 with an estimated 
24,395 m3/h (14,347 ft3/min) delivery rate, the biofilter volume required to achieve a 4 sec retention time was 27 m3 
(953 ft3).  The desired biofilter depth was established at 25 cm (10 in) resulting in a required biofilter surface area of 



108 m2 (1,162 ft2). The target biofilter parameters were adjusted to accommodate on-site space limitations.  In total, 88 
m2 (947 ft2) of surface area was available for this project and with a selected depth of 25 cm (10 in), resulted in a final 
minimum residence time of 3.25 sec. 
 
The biofilter media chosen was standard oak hardwood chips with each chip approximately 5 cm square (2 in).  This 
media, free of fines, was purchased from a local supplier of landscaping products.  This media was selected based on 
in-house testing for moisture holding capacity (see Chen et al., 2008).  The chips used had a porosity of 56±0.5% 
determined using the bucket test method (Rosen et al., 2000). 
 
The biofilter plenum consisted of a series of 20 cm (8 in) square concrete blocks, electrical conduit used as support 
rods, 10 cm square (4 in) wire panels, and two-layers of 1.3 cm (0.5 in) fiberglass mesh.  The plenum and completed 
biofilter is shown in figure 3.  The biofilter was watered on a timer for two hours each day (06:00-07:00 and 22:00-
23:00).  The application rate averaged 4.5 liters/day-pig (1.2 gal/day-pig). 
 

 
   (a)       (b) 
 

 
(c) 

Figure 3.  Biofilter plenum (a), wood chip media (b), and completed biofilter (c). 
 
The key concept in partial biofiltration using the CMVR is to suppress curtain activity during the most stable hot 
weather periods and to transfer the ventilation needs to the biofilter fans.  From this research project, the fan 
percentage of the total airflow rate delivery was recorded between the CTL and TRT rooms.  Considering the 
consecutive time period between 20:00 and 07:00, the percentage of total airflow delivered by fans during this time 
period was 67% for the TRT room and 49% for the CTL room.  This implies that on average 67% of the total emitted 
air from the TRT room was being biofiltered during potentially the most stable periods of the day.  Figure 4 shows a 
histogram of the TRT and CTL room fan percentage of the total airflow for the entire month of July 2006 for the 
consecutive time periods between 20:00 and 07:00.  The CTL room fan percentage of total was centered in the 30-
50% range where the TRT room fan percentage of total was in the 55-100% range.  
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Figure 4.  Percent of total room airflow delivered by fans between the CTL and TRT rooms. 

 
Based on the experiences from this research project, some highlighted areas are noted below; 
 
Biofilter Media:  Very careful attention to biofilter media composition needs to occur.  The media selected must be 
screened for fines.  If compost is mixed with wood chips, the fraction of compost needs to adhere strictly to the 
recommendations given in past documents on biofilter design (Nicolai and Janni, 2001).  This research project showed 
that a biofilter consisting strictly of wood chips is an effective media for biofiltration provided adequate moisture is 
applied and retained. 
 
Biofilter Plenum Design:  It has been a common practice to use stacked wood-pallets for constructing horizontal-bed 
biofilter plenums.  A modified approach using concrete blocks, galvanized support bars, hog panel, and mesh proved 
to work well.  Caution in the selection of mesh material needs to be considered.  Two-layers of fiberglass mesh (1.3 cm 
square) were used and after two years of operation it has been observed that wood-chip fines have settled causing 
significant airflow obstruction.  The mesh used should be just small enough to prevent the original wood chip material 
from passing into the plenum. 
 
Biofilter Fan Transition:  It is extremely important that the transition area from the fan to the biofilter plenum be 
designed in such a manner that an easy and restriction-free zone exists into the biofilter.  The transition area that was 
designed for this research project used a velocity criterion of 9,150 m3/h-m2 (500 ft3/min-ft2).  The recommendation 
would be to maintain this transition area at or below this level for all locations prior to the biofilter plenum.  Failure to 
provide adequate distribution area into the biofilter plenum will result in excessive operating static pressures. 
 
Partial Biofiltration:  The results from this research support the concept of partial biofiltration.  The research data 
collected for this project demonstrated that a significant portion of the evening hours was fan ventilated and scrubbed 
via biofiltration at a maximum biofilter fan rate of 81 m3/h-pig (48 ft3/min-pig).  This rate is roughly 50% of the total fan 
capacity designed in swine finishing facilities.  
 
Barn Modifications:  It is important that secondary inlets into the attic space and primary inlets into the occupied room 
space be sized to design specifications to avoid excessive operating static pressure.  With the added restriction of a 
biofilter, the ventilation system needs to minimize all other air restriction points in the ventilation process beyond the 
inlet distribution system itself.  Ultimately, the biofilter installed can not negatively affect the ventilation needs of the 
animals 
 

Technology Summary:  
The technology summarized in this paper used a biofilter to treat a critical minimum amount of ventilation air in a 
hybrid-ventilated deep-pit swine finisher.  The logic of the method described is to provide just enough ventilation air 
mitigation to suppress curtain opening during predominantly stable summer night-time conditions when the tendency 
for odor transport is greatest.  The method discussed and tested had an estimated capital and labor cost of $22.53/pig-
space and an added biofilter fan operational cost of $0.42/pig. 
 



Additional Resources:   
More specific details related to the research project summarized in this paper can be found in Hoff et al. (2008).  
Biofilter design considerations can be found in Nicolai and Janni (1999), Janni et al. (2001), and Nicolai et al. (2002). 
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