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ABSTRACT. As the livestock industry expands rapidly across the globe, maintaining a 
sustainable environment through an efficient odour control system becomes very necessary. 
This is mostly because many livestock facilities produce several odorous gases, which are 
offensive and tend to evoke emotional response from any neighbourhood subjected to them. The 
conventional methods of waste air treatment are expensive for the current operation of livestock 
units.  An alternative technique that might be affordable to the livestock farmer is biofiltration. 
Constant airflow is very important for optimum biofilter operation. Otherwise, anaerobic 
conditions will develop. Extensive research has been conducted to determine the airflow 
characteristics of different materials. The results obtained show that there is more resistance to 
airflow in vertical direction than in horizontal direction for most materials. This is because most 
materials tend to lie with their major axes horizontal when loaded from the top of a vessel. For 
biofilter operation, this observation implies that it would be more economical to move air 
horizontally than vertically. This paper will discuss the design and development of horizontal 
airflow biofilters fitted to a commercial swine facility for odour control. This paper will also 
highlight future biofiltration project.  

1 INTRODUCTION 
As the world population increases, odour generation, together with other forms of air 
pollution, become a major environmental concern. Livestock facilities produce some 
odorous gases which constitute a nuisance to any neighbourhood subjected to them. 
Given that the perception of a facility by the public, no matter how important the 
facility is, changes significantly if odorous gases are discharged to the immediate 
environment, a good and affordable odour control system is needed for the livestock 
industry to succeed.
Some of the available technologies for emission control are expensive for the current 
operation of livestock units. Biofiltration is one alternative technology that might be 
affordable by the livestock farmer. In the context of odour control, biofiltration (Figure 
1) is a technology in which air is passed through a packed bed of warm, moist, nutrient-
rich, porous filter medium prior to emission into the atmosphere (Zhang et al. 2002).
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Figure 1. The mechanism of a biofilter (Devinny et al., 1999). 

The filter medium houses the microorganism and serves as the microbial growth 
environment (Skladany et al., 1998). The medium provides physical and chemical 
conditions appropriate for the transfer of contaminants from the air to the liquid phase 
and the biodegradation of the contaminants in the biofilm layer. As an odorous air 
stream passes through the biofilter, the contaminants present in the air stream are 
trapped by the filter medium and oxidized by microoragnisms inhabiting the filter 
medium. The metabolic by-products of the biological degradation process are primarily 
carbon dioxide, water, mineral salts, and non-odorous gases (Williams, 1993).  
Biofiltration is advantageous in several ways. It allows for complete degradation of the 
odour-causing agents into innocuous substances, thereby producing little or no 
secondary waste streams requiring a subsequent treatment. It also allows effective 
pollution control at relatively low capital and operation costs. However, biofiltration 
technique is only appropriate for treating waste gas streams containing low 
concentrations of organic compounds (about 1g/m3) or other compounds that are easily 
degradable. In addition, the filter medium may clog with time. Clogging hinders the 
passage of air through the filter medium, thereby causing oxygen limitation and 
reducing the contaminant removal efficiency of the biofilter. 

2 AIRFLOW RESISTANCE CHARACTERISTICS IN BIOFILTERS 
Resistance to airflow through a media develops primarily because of energy loss due to 
friction and turbulence (Alagusandaram and Jayas, 1990). Hitherto, there is limited 
published information regarding airflow resistance through biofilter media. However, 
the available literature suggests that the resistance to airflow through a biofilter media 
differs in the horizontal and vertical directions. This is possibly due to the orientation of 
the media particles giving rise to anisotropy. Anisotropic behaviour occurs when non-
particles orient themselves with their major axes lying horizontal when loaded from the 
top. Since larger, shorter, and straighter air pathways offer less resistance to airflow than 
smaller, longer, and more crooked air pathways, this orientation creates a situation 
where more lateral airflow than vertical airflow occurs (Sadaka et al., 2002). Because, 
in biofilters, the media are usually loaded from the top, it is likely that most pieces of 
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the media particles, in order to attend equilibrium or stable position, will fall with their 
axes horizontal, thereby causing anisotropic airflow. Sadaka et al. (2002) studied 
vertical and horizontal airflow characteristics of wood/compost mixtures and reported 
that resistance to airflow in the horizontal direction was approximately 0.65 times the 
resistance to airflow in the vertical direction for media mixtures containing wood chips 
and compost (Figure 2).  

0.01

0.10

1.00

1 10 100 1000

Pressure drop per unit depth, Pa.m-1

A
ir

fl
o

w
, 

m
3 .s

-1
.m

-2

Horizantal, 100:0 (W) Vertical, 100:0 (W)

Horizantal, 80:20 (W) Vertical, 80:20 (W)

Figure 2. Effect of airflow direction on the resistance to airflow for biofilter media (Sadaka et
al., 2002). 

Even though it has been proved that there is less resistance to airflow in the horizontal 
direction that vertical direction, biofilters are still being typically designed for vertical 
air flow. This is because horizontal airflow through any material usually faces the 
problem of short-circuiting in the head space above the material. That is, air travels 
above the material rather than through the material. Short-circuiting occurs due to media 
drying or media settlement. Media drying creates air channels in the media through 
which untreated gas escape to the top of the bed rather than traveling through the bed. 
Media settling, on the other hand, create gaps around the perimeter of the biofilter (i.e., 
between the media and the walls of the biofilter vessel) through which untreated gas 
escape to the top of the bed. However, the problem of short-circuiting in horizontal 
biofilters can be minimized by pressurizing the head space of the biofilter vessel 
(Sadaka et al., 2002; Kumar and Muir, 1986). Short-circuiting will have little or no 
effect on a vertical airflow system.  

3 BIOFILTER DESIGN 
An Artist’s conceptualization of a horizontal airflow biofilter is shown in Figure 3. The 
biofilter is conceptualized as a rectangular box filled with filter materials. Odorous air 
enters from one side of the biofilter and leaves through the other side after passing 
through the media.  
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Figure 3. Conceptualization of an enclosed, horizontal air flow biofilter  
(Garlinski and Mann, 2002). 

The initial horizontal biofilter (Figure 4a and Figure 4b) was constructed outside a 
swine unit located in Manitoba. The swine unit has seven ventilation fans and five fan 
stages. Analysis of experimental data previously collected from the facility shows that 
the biofilter was very efficient in odour reduction. However, there were much pressure 
losses caused by the air passageways of the current configuration. One of the major 
causes of the pressure losses is the orientation of the central plenum. The central plenum 
was oriented perpendicular to the direction of airflow from the barn. Thus, it was 
deemed necessary to re-configure the biofilter for subsequent research work. 

Figure 4a. Horizontal airflow biofilter (end view). Figure 4b. Horizontal airflow biofilter (side view). 

The current design consists of seven small biofilter units, one for each of the barn 
ventilation fans (Figure 5). Each unit is 12ft x 10ft x 1.5ft and consists of two equal 
media chambers separated by a central plenum, which is oriented parallel to the 
direction of airflow from the barn to reduce pressure losses. Air from each of the seven 
barn ventilation fans is ducted into the central plenum of a single biofilter unit from 
where it exits to the atmosphere through the biofilter media in the two chambers.       
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Figure 5. Current horizontal biofilter design. 

The filter media consists of a mixture of woodchips and compost in the ratio of 80:20 
by mass. Usually, it is desirable to obtain filter media from a convenient and locally 
available source. Woodchips and compost is generally considered a readily available 
material in Manitoba. Five of the seven biofilter units have one of their chambers filled 
with a mixture of woodchips and compost while the other half have zeolite mixed with 
woodchips and compost in the ratios of 5, 10, 15, 20, and 25% zeolite by mass. The 
remaining two units contain only a mixture of woodchips and compost. Table 1 shows 
the composition of each of the seven biofilter units. 
Zeolite has been considered necessary for this research because it contains a volcanic 
mineral called “Clinoptilolite”, which helps in odour control. Clinoptilolite has the 
ability to attract toxins (odour-causing molecules) due to its high cation exchange 
capacity. The positive ions of the toxin are attracted to the negative ions of the mineral 
molecule. Thus, the toxin is removed by adsorption. Consequently, the current biofilter 
configuration makes it possible to compare the effectiveness of zeolite as a biofilter 
additive to woodchips and compost.  

Table 1. Composition biofilter units. 
Biofilter Unit                            Media                                               Zeolite (%) 
                                                                                        North Chamber        South Chamber 
1                                Woodchips and compost                         0                              0 
2                                Woodchips and compost                         0                              5 
3                                Woodchips and compost                         0                             10 
4                                Woodchips and compost                         0                             15 
5                                Woodchips and compost                         0                             20 
6                                Woodchips and compost                         0                             25 
7                                Woodchips and compost                         0                               0 

4 FUTURE PROJECT 
The biofilter is an example of agricultural storage facility which is subject to structural 
failure. Structural failure may be caused by the lateral pressure exerted by the stored 
material on the walls of the containing vessel (Figure 6).  Structural failure may vary 
from cracking to complete splitting or collapse of the walls. Thus, future project will 
look into lateral pressures in biofilters. Lateral pressure study will provide useful 
information for the design of biofilters. 
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Figure 6. The side walls of a biofilter held with a plank 
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