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             Abstract
This paper examines the cost effectiveness of some odor control strategies shown to be important in odor reduction from swine finishing buildings.
Strategies examined include manure depth reduction, manure storage type (deep pit vs. shallow pit), air treatment and pig density. The efficiency of
each management strategy is evaluated for its effect on odor emission rate reduction. The costs of each strategy are annualized and calculated on a
per-pig-marketed basis. The cost effectiveness is then the odor emission rate reduction efficiency compared to the cost per pig for implementing  that
strategy. The study shows that air treatment is the most cost-effective strategy for odor control in swine finishing buildings. The available
technologies for improving air quality, according to their cost effectiveness ranking and the associated costs of implementation, are automatic oil
sprinkling (rank = 1; cost = $0.51/marketed hog), diffusion-coagulation-separation (DCS) dedusting (rank = 2; cost = $0.66/marketed hog), evaporative
misting (rank =3; cost = $0.30/marketed hog), wet scrubbing (rank = 4; cost = $0.54/marketed hog), and manual oil sprinkling (rank = 5; cost = $0.87/
marketed hog). The results indicate that draining shallow pit systems once a week (rank = 7, cost = $0.06/marketed hog for draining shallow pit
weekly) and increasing floor space allowance per pig (rank = 9, cost = $2.22/marketed hog for a 10% increase in pig floor space allowance) are less
cost effective than air treatment technologies. Another interesting result is that when deep pit swine finishing systems and shallow pit buildings with
outdoor anaerobic treatment systems are compared, the former are more advantageous than the latter in odor management if manure is removed from
the deep pit twice or more frequently a year. The cost-effectiveness of deep pit systems as an odor management strategy (cost = $0.63/marketed hog
relative to shallow pit with a lagoon systems) compared with the other strategies examined is ranked the 6th when manure is removed from the pit three
times a year and ranked the 8th when manure is removed from the pit twice a year.
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          Introduction
Swine production is integral to U.S. agriculture and plays an
important role in the economies of key hog producing states in
the Unite States. Odor generated from large, intensive swine
production facilities has become a public concern due to its
nuisance effects and its potential harmful impact on the
environment and property values, as well as on human and pig
health 1-5. Although many odor control strategies have been
developed to reduce odor emissions, it is important to know how
effective these approaches are in terms of odor reduction efficiency
in relation to their cost. An examination of the effectiveness of
odor abatement technologies is complicated and hampered by
the difficulty in odor assessment using the subjective human nose
6. Also, many odor control strategies are simultaneously applied,
so the isolation of their individual effects on odor control requires
careful statistical analysis.
    Miller et al. 7 examined the effects of different practices and
building characteristics controlled by management on odor emitted
from pig  finishing buildings. Both uncontrollable (such as season,
panelist, ambient temperature and relative humidity) and
controllable variables (such as pig space, air quality and manure
depth) that affect odor emission rates of pig finishing barns were
included in their analyses. The results of their study showed that
greater floor space per pig, air treatment, shallower manure depths
and the use of deep pits reduced odor emission rates of swine

finishing buildings (Table 1). The purpose of this paper is to
investigate the cost effectiveness of odor control strategies
identified to be important in reducing odor emission rates by Miller
et al. 7.
    There is virtually no formal research comparing the cost
effectiveness of different odor control technologies and
management strategies available for swine production facilities
based on odor reduction. O’Neill et al. 8 provided a useful review
of earlier research on the costs of odor abatement technologies
applied to livestock facilities. The existing related economic
analyses generally feature the reporting of construction and
operating costs of a technology or management system consisting
of itemized investments and annual fixed and variable costs 9-11.
Bennett et al. 9 conducted an economic analysis of two waste
handling systems (lagoon and concrete liquid tank) available to
Missouri dairy  producers for different herd sizes. Similarly, Rausch
and Sohngen 10 compared the costs and benefits of three typical
manure handling systems designed for an 80 to 100 cow dairy in
Ohio. These systems were (1) an earthen holding pond using
drag-line direct injection; (2) an earthen holding pond using a
liquid tank for manure application and (3) a stack pad using a
conventional dry manure spreader. The costs of owning and
operating each system included items such as construction costs,
equipment and labor. The benefits of each system were defined
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solely in terms of the value of manure nutrients for growing crops.
Zhang 11 showed that sprinkling oil on a regular schedule could
reduce respirable dust (particle size less than 5.0 µm diameter) by
approximately 80% and inhalable dust (all particles inhaled) in the
air by about 85%. The cost to achieve these improvements for a
facility marketing 4,000 pigs per year was approximately $1.14 per
pig marketed, of  which 70% was labor cost. The cost  effectiveness
of a technology or  management strategy in terms of odor reduction,
however, was beyond the scope of their research.

        Odor Measurement in Swine Finishing Buildings
Odor measurement in swine finishing buildings in this study was
obtained from Miller et al. 7, in which olfactometry analysis was
employed to evaluate the odor emission rates of swine buildings.
Air samples were collected at both the air inlets and the exhaust
fans of swine barns. The log of the geometric means of the dilution
ratio at detection for samples was used as measures of sample
odor concentration (OU/m3). The contribution of the building to
odor was defined as the logarithm of the difference between
exhaust and inlet odor concentrations while odor emission rates
of the building were obtained by multiplying this odor
concentration difference by  the estimated building ventilation
rate.
    The results of Miller et al. 7 (Table 1) provide the marginal
contribution to odor emission rates for factors related to
controllable management strategies. For instance, the marginal
impact of a deep pit building relative to a shallow pit building
( -0.17) means that the odor emission rate measured in a deep pit
building, holding other factors the same, is 0.17 log OU/h lower
than that in a shallow pit building. Likewise, the marginal impact
of pig space on odor indicates that an increase of one m-2 in floor
space per pig decreases the odor emission rate by 0.25 log OU/h;
the marginal impact of manure depth is 0.26 log OU/h, suggesting
that one additional meter of manure depth increases the odor
emission rate of the barn by 0.26 log OU/h; and improving observed
air dustiness measure by one decreases odor emission rate by
0.07 log OU/h. The efficiency of each odor management strategy
evaluated will be based on these marginal values.

    Definition of Cost Effectiveness Analysis
Cost effectiveness analysis has been widely used to compare the
efficiency of different pollution abatement options for setting
effluent limitation guidelines and for developing standards. The
U.S. Environmental Protection Agency (EPA) defines cost
effectiveness of a policy option as the incremental annualized
cost of the option divided by the amount of pollutant removed
annually by that option measured in physical terms 12. In order to
be consistent with the common practice in the livestock economic
literature, the  incremental annualized cost of an odor management

strategy is measured in terms of the increase in production costs
per marketed hog resulting from the application of the strategy. In
addition, we deviate from the EPA definition by directly using the
marginal reduction in odor emission rates rather than the amount
of odor removed annually because of the difficulty in measuring
the annual incremental reduction in odor emissions. Hence, the
cost effectiveness of a controllable management strategy in this
study is defined as the ratio of the total impact of the strategy on
the odor emission rate of a swine building to the incremental
annualized cost of the strategy described on the basis of per
marketed hog. Therefore, cost effectiveness analysis in this paper
evaluates the marginal reduction in odor emission rates relative to
the increase in production costs per market hog sold due to the
application of an odor management option. This definition can be
written as: Cost effectiveness = Marginal reduction in odor
emission rate (log OU/h) /Increase in production costs per hog
sold ($/hog).  For instance, automatic oil sprinkling can lead to a
decrease of 0.42 log OU/h in the odor emission rate and the cost
of the strategy is $0.51 per marketed hog; so the cost effectiveness
of this strategy is 0.82 log OU/h per $ per marketed hog. That is, a
$1 increase per marketed hog in expenditures on automatic oil
sprinkling will reduce the odor emission rate contributed from
swine barns by 0.82 log OU/h.

        Odor Control Strategies and Their Cost Effectiveness
As already noted, this study focuses on odor control strategies
previously identified by Miller et al. 7 as important in reducing
odor emission rates from swine finishing buildings. Specifically,
these strategies include: (1) increasing square meters per pig,
(2) improving air quality in the barn, (3) reducing manure depth in
the building storage and (4) choosing a deep pit swine finishing
system compared to a shallow pit and outside anaerobic storage
system. The underlying assumptions and associated calculations
for each of these strategies are separately presented below.

Cost effectiveness of increasing square meters per pig:  Increasing
square meters per pig results in a decrease in the number of hogs
marketed and hence reduces returns to hog production. That is,
there is an opportunity cost of using floor space for odor
management. This opportunity cost can be measured as the
reduction in returns to production less operating costs. Consider
a typical 1,020 head finishing barn with a floor space allowance of
0.74 m2 per pig 13, a mortality rate of 2.8% 14 and 2.8 pigs marketed
per pig space per year 15. Under these production conditions, this
barn produces 2,776 marketed hogs/yr. Assuming that the odor
management strategy is to increase square meters per pig by 10%,
pig space then becomes 0.81 m2/pig, leading to a reduction of 252
marketed hogs/yr. Returns to production less operating costs in
the corn belt region over the period 1997-2001 were $11.71 per
45.36 kg (100 lb) weight gain 16. Assuming that the average weight
of feeder pigs entering the barn is 26.8 kg and the average market
weight is 113 kg 14, the total weight gain per marketed hog is 86.2
kg, generating a return to production less operating cost of  $22.25/
marketed hog. The total opportunity cost of a 10% increase in
square meters per pig is $5,607/yr, or $2.22 per marketed hog. The
efficiency of a 10% increase in square meters per pig is 0.25*0.07
= 0.02 log OU/h. Therefore, using the estimated cost of increasing
square meters per pig ($2.22 per marketed hog), the cost
effectiveness of this strategy is 0.01 log OU/h per dollar per
marketed hog.

Table 1. Effects of controllable factors on odor emission rates of swine 
               finishing buildings.* 

 

Controllable factors Marginal effect 
(log OU/h) 

P – value 

Manure depth (m) 0.26 <0.0001 
Pig floor space allowance (Square meters 
/ pig) 

-0.25 <0.0001 

Deep pit building compared to shallow 
pit building 

-0.17 0.0014 

Air quality 0.07 <0.0001 
*Data adapted from Miller et al. 7 
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Cost  effectiveness of improving air quality: Odorous dust plays
a major role in odor dispersion. It is not surprising that improved
air quality, measured as subjective impressions of air dustiness
on a scale of 1 (very clean) to 10 (very dusty), was associated with
lower odor emission rates.
    Regularly sprinkling oil has proven to be an effective approach
to dust and odor control in swine barns 11. As mentioned earlier,
based on a sprinkling schedule recommended by Zhang 11 for
swine finishing buildings, 80-85% dust can be removed. It was
estimated that the annual costs arising from sprinkling a facility of
two barns  with a floor area of  929 m-2 (1,130 head) each consisted
of the following: $120 for a backpack sprayer, $1,320 for oil
(2,498 L at $0.53/L), $3,600 for labor (1.0 person-hour to sprinkle,
360 hours at $10/h), and $300 for extra cleaning time (30 h at
$10/h) 11, 17. The total annual cost thus becomes $5,340. Again,
assuming 0.74 m2/pig space and total pig space accounting for
90% of the total floor area 18, allowing a total placement of 2,260
pigs, mortality rate of 2.8%, and 2.8 pigs/yr per pig space, 6,151
hogs would be produced from the two 929 m2 swine finishing
barns, giving an estimated cost of $0.87 per marketed hog. The
cost can be reduced by installing an automatic oil sprinkling system
19. The capital cost of the system is less than half of the labor
assuming a ten-year service life. The estimated cost of automatic
oil sprinkling is $0.51 per pig marketed.
    Dedusters are another effective device for dust removal. The
installation of dedusters entails additional capital and operating
cost. Wet scrubber systems remove 20-60% of the dust depending
on ventilation rates 1. Capital costs for a wet scrubber system
were estimated at $5.70 per pig space for an 880 head finishing
barn 1. The main operating cost was the 746-watt (1 horsepower)
water pump, which would have an annual cost of about $600.
Since most of the water is recycled, water usage is very low 1.
Therefore, costs of extra storage, transport and land application
for the wastewater from the wet scrubber can be neglected. Given
2.8 cycles per pig space, mortality rate of 2.8%, interest rate of 4%,
10 years of functional life and straight-line depreciation, the
capital cost is estimated to be $0.29 per marketed hog. The
additional operating cost is about $0.25 per pig marketed.
Therefore, the total cost is $0.54 per pig marketed.
Diffusion-coagulation-separation (DCS) systems remove 80-90%
of the dust emissions from swine buildings 20. The cost of using a
DCS system is estimated at $0.66 per pig marketed, of which the
capital and operating costs are $0.51 and $0.15 per marketed hog,
respectively. In addition, an evaporative misting system can also
improve indoor air quality. Takai and Pedersen 21 found that
spraying of water can lead to a total dust reduction of 29% in the
barn. The installation of such systems costs only $0.30 per pig
marketed and their operating costs are negligible 22.
    Sprinkling oil improves air quality in the barn by suppressing
aerosolization. As noted earlier, air quality is measured on a scale
of  1 (very clean) to 10 (very dusty). Based on the efficiency of the
strategy in terms of dust removal, we assume that sprinkling oil
can lead to a lower air quality ranking by 6 units. This may not be
true if the air quality of a barn is measured as 5 or lower. In this
case the effect of sprinkling oil is likely to be lower; also it is less
likely that systems with above average air quality will implement
such technologies. Since the marginal impact of air quality on
odor reduction is 0.07 log OU/h, the total impact of sprinkling oil
on odor reduction is assumed to be 0.42 log OU/h. Hence, the
cost effectiveness of sprinkling oil is 0.48 for manual oil sprinkling

and 0.82 log OU/h per dollar per marketed hog for an automatic
sprinkling system.
    Similarly, according to their dust-removal efficiency, wet
scrubbers and DCS systems are assumed to decrease the air quality
measure by 4 and 7, respectively. Their odor reduction efficiency
is then 0.28 and 0.49 log OU/h, and their cost effectiveness is 0.52
and 0.74 log OU/h per dollar per marketed hog, respectively. An
evaporative misting system is assumed to reduce the air quality
measure by 3 on average considering its relatively modest
efficiency of dust removal. The efficiency of a misting system
then is 0.21 log OU/h and its cost effectiveness is 0.70 log OU/h
per dollar per marketed hog. The ranking of the five strategies
associated with improving air quality is: automatic oil sprinkling >
DCS dedusting > evaporative misting > wet scrubbing > manual
oil sprinkling, where the symbol “>” means “is preferred to”. It
should be noted that what we have obtained here is our best
estimates of the cost effectiveness measures in case that the dust
removal efficiencies of those air quality improving technologies
can be fully realized. These measures can be interpreted as the
potential cost effectiveness that the technologies examined can
achieve.

Cost effectiveness of reducing manure depth in shallow pit
systems: Manure contained in the pit below the pigs is a source of
odor emissions from swine buildings 23. Reducing manure depth
in indoor manure storage helps to reduce odor emission rates of
swine barns. The strategy of reducing manure depth is limited to
shallow pit systems. Deep pit systems may be associated with
lower building and total farm odor than farms with shallow pits
plus outdoor storage. Also, manure in a deep pit is generally
pumped out in the spring and the fall and there is no outside
manure storage. Failure to pump during these seasons is often
because of events beyond the producer’s control. For shallow pit
systems, reducing manure depth is simply a matter of scheduling.
Neglecting the additional power consumption resulting from the
influence of the temperature differential between the recycled
lagoon water in the pit and the barn temperature, each draining of
a shallow pit system is estimated to cost 30 minutes of labor to
monitor the process and $1.50 in electricity for a 1,020 pig space
barn. Assuming that labor costs $10 per h 17 and the pit is flushed
weekly, the total annual cost is $338. The cost for reducing manure
depth is $0.12 per pig marketed.
    Since cost effectiveness is based on comparisons, the
efficiencies and costs of two alternative manure depth reducing
strategies are compared. The two alternatives considered here are
flushing the pit weekly versus biweekly. Based on the American
Society  of Agricultural  Engineers Standard 24, pigs in the finishing
stage produce about 0.0848 m3 of raw manure per 1,000 kg
liveweight per day. Assuming that water wastage adds 20% to the
fecal accumulation in the finishing barn 25, every 1,000 kg of  animal
weight produces 0.1018 m3 of slurry manure per day. Under the
production conditions assumed earlier, on average, manure depth
in the pit will increase by about 0.05 m every week. Assuming that
the pit is flushed weekly and recharged with 0.3 m recycled lagoon
effluent after each flush, the depth of manure (a mix of lagoon
water and manure) is 0.35 m when the pit is flushed once per week.
If the pit is drained every two weeks, manure depth will be 0.40 m
before flushing. That is, flushing the pit weekly can lead to a 0.05
m reduction in manure depth. Therefore, the efficiency of weekly
flushing compared with biweekly is 0.26*0.05 = 0.01 log OU/h.
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The annualized cost difference between the two strategies, based
on our estimation in the previous section, is $0.12 - $0.06 = $0.06
per pig marketed. Hence, the cost effectiveness of weekly flushing
compared with biweekly flushing is 0.17 log OU/h per dollar per
marketed hog.

Cost effectiveness of deep vs. shallow pit systems: A thorough
comparison between deep pit and shallow pit systems from an
odor and manure management perspective is a complex topic. Our
focus here is on the comparison of facility costs between the two
systems and the conditions for deep pit buildings to have a
comparative advantage in odor management over shallow pit
buildings. It is interesting to note that when the contribution of
manure depth to odor is accounted for, deep pit buildings would
generally have a lower odor emission rate than shallow pit
buildings. However, the odor advantage of deep pit over shallow
pit buildings can be reversed if manure depth in a deep pit building
is 0.65 m greater than in a comparable shallow pit building (Fig. 1).
Assuming  that a typical shallow pit is recharged with 0.3 m
recycled lagoon effluent, the manure depth in the deep pit building
that may cause it  to have higher odor emissions than a shallow
pit building is 0.95 m. Cost estimates (Table 2) indicate that deep
pit systems have lower fixed facility cost than shallow pit systems
with lagoons and this cost difference is estimated to be $0.4 per
pig marketed.
    However, deep pit systems usually have higher costs of land
application of the manure than shallow pit with lagoon systems.
These cost differences need to be included in the analysis. Based
on the manure volume estimated earlier, manure depth in the pit of
a swine finishing building will reach 0.95 m in about 19 weeks on
average, suggesting that manure should be removed from the pit
three times a year for a deep pit building to always be less odorous
than a comparable shallow pit building. The total amount of manure

that needs to be removed from the pit is 801m3 on average at each
pumping or 2,403 m3 needs to be removed in a year for a 1,020 pig
barn. In contrast, on average a shallow pit system with a lagoon
will show about twice as much liquid volume over the year because
of the additional dilution water as well as rainwater in the lagoon
system. However, the costs for manure removal and application
depend not only on the volume of manure but also on application
methods employed. Generally, manure from deep pits is
cropland-injected while lagoon liquid is irrigated. Based on
communication with custom applicators and swine farmers, land
application costs are $2.64/m3 for injection (custom rate) and
$0.66/m3 for irrigation in the Midwest. Though a shallow pit system
with lagoon has a larger volume of material for land application
than does a deep pit system with the same operation capacity,
manure removal and application costs of a shallow pit system
with lagoon are lower than those of a deep pit system ($1.14/pig
marketed vs. $2.29/pig marketed). Clearly, this cost difference
($1.15/pig marketed) cannot be offset by the facility cost difference
($0.4/pig marketed) between the two systems and by the cost of
draining a shallow pit ($0.12/pig marketed) together. That is, when
manure removal and land application costs are also taken into
account, a shallow pit system with lagoon has an operational cost
advantage of $0.63 per marketed hog over a deep pit system.
Keeping manure depth less than 0.95 m in a deep pit may not
entail additional costs as long as the manure removal costs depend
solely on manure volume, but it requires that manure be removed
from the pit three times a year. Assuming that manure is removed
from the pit and applied to croplands every four months, the
average manure depth over the year in the pit is 0.48 m. The odor
reduction efficiency of a deep pit building compared with a
shallow pit building flushed once a week then is 0.13 (i.e.,
0.17-(0.48-0.33)*0.26) log OU/h. Hence, the cost effectiveness of
a deep pit system relative to a shallow pit system with lagoon is
0.21 (i.e., 0.13/0.63) log OU/h per dollar per marketed hog. This of
course also assumes no influence from weather or crop cycles
that would prohibit land application of manure. It is unlikely that
this is technically feasible in much of the Midwest. However,
removing manure twice a year from the deep pit still gives deep pit
systems an advantage in reduced odor emissions from buildings
because the average manure depth in the pit in this case is 0.72 m,
which is smaller than 0.95 m, or the depth where deep pit barns are
predicted to exceed shallow pit barns in odor emissions. The odor
reduction efficiency of a deep pit building relative to a shallow pit
building in this case then is 0.07 (i.e., 0.17-(0.72-0.33)*0.26) log
OU/h, yielding a cost effectiveness measure of 0.11(i.e., 0.07/0.63)
log OU/h per dollar per marketed hog.

  Recommendations for Odor Reduction from a Management
                                               Perspective
Improving barn air quality is the most cost-effective method to
reduce odor emission rates of swine finishing barns (Table 3). The
available technologies for improving air quality, according to their
cost effectiveness ranking and the associated costs of
implementation, are automatic oil sprinkling the barn on a
recommended schedule 11 (rank = 1; cost = $0.51/marketed hog),
DCS dedusting (rank = 2; cost = $0.66/marketed hog), evaporative
misting (rank =3; cost = $0.3/marketed hog), wet scrubbing
(rank = 4; cost = $0.54/marketed hog), and manual oil sprinkling
(rank = 5; cost = $0.87/marketed hog).

       Figure 1. Relationship between manure depth and odor emission rates measured in swine  
                       finishing buildings. 

Odor emission rate 
      (log OU/h) 

0 0.65 

Shallow pit Deep pit 

0.17 

Manure depth (m) 

Table 2. Facility cost comparison between deep pit and shallow pit finishing 
               systems (per pig space).* 

 
Facility  Shallow pit 

with lagoon 
Deep pit 

Construction cost $176.25 $167.50 
Fixed costs 
   Interest (4% of construction costs) $7.05 $6.70 
   Taxes and insurance (1.75% of construction costs) $3.08 $2.93 
   Depreciation (15 year life: 6.7%) $11.81 $11.22 
Annual fixed cost per pig space $21.94 $20.85 
Facility cost per pig marketed† $8.06 $7.66 
*Facility construction cost data are from communication with swine facility  
construction contractors in Illinois. Other data are  from calculation or  estimation.  
†Assuming a 2.8 turnover rate for each pig space15 and a 2.8% mortality rate14. 
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    The cost-effectiveness of deep pit systems as an odor
management strategy compared  with  the other strategies
examined is ranked the 6th when manure is removed from the deep
pit three times a year and ranked the 8th when manure is removed
from the pit twice a year. The operational cost of deep pit systems
is $0.63/ marketed hog higher than that of shallow pit systems
with lagoons. But by removing manure from the pit twice a year or
more frequently if feasible, deep pit systems have an advantage
over shallow pit with lagoon systems in terms of odor emitted
from building sources. Moreover, this advantage will become even
more evident when odor emissions from lagoon or other outside
storage are accounted for. Therefore, when planning new swine
finishing facilities, deep pit systems are a better option than
shallow pit with lagoon systems from an odor management
perspective.
    For shallow pits with lagoon swine finishing systems, the results
show that draining the pit weekly is the 7th ranked strategy for
reducing odor emitted from finishing barns. This strategy
increases production cost by $0.06/ marketed hog compared to
draining the pit every two weeks.
    Finally, increasing square meters per pig in the barn is also a
means of odor management 7. A 10% increase in floor space
allowance per pig appears as the 9th ranked strategy for odor
control but increases costs of production by $2.22/ marketed hog.
Due to its modest efficiency  in odor reduction (0.02 log OU/h)
and high application cost, this strategy is the least feasible in
practice.
    It should be pointed out that the cost effectiveness measure in
this analysis is limited to a comparison of the efficiency and the
cost of implementing a strategy. However, some strategies appear
to be not only effective in odor management but also profitable
for swine producers. For example, evaporative misting systems
can improve the average daily gain (ADG) and feed conversion
rate of pigs and hence create additional economic benefits for
producers 22. Oil sprinkling is also beneficial to animal growth.
These potential economic benefits are not taken into account in

Table 3. Cost effectiveness analysis results.* 

 
Odor control strategies Total effect on 

odor reduction 
(log OU/h) 

Cost (dollars 
per marketed 
hog) 

Cost effectiveness 
(log OU/h per 
dollar per hog) 

Cost 
effectiveness 
ranking 

Air treatment strategies 
Automatic oil sprinkling 0.42 $0.51 0.82 1 
DCS deduster 0.49 $0.66 0.74 2 
Evaporative misting 0.21 $0.30 0.70 3 
Wet scrubber 0.28 $0.54 0.52 4 
Manual oil sprinkling 0.42 $0.87 0.48 5 

Deep vs. shallow pit with lagoon systems 

Deep vs. shallow pit building 
(removing manure from deep pit 
three times a year) 

0.13 $0.63 0.21 6 

Deep vs. shallow pit building 
(removing manure from the pit twice 
a year) 

0.07 $0.63 0.11 8 

Reducing manure depth strategies 
Flushing pit weekly vs. biweekly 0.01 $0.06 0.17 7 

Floor space management strategy 

10% increase in floor space 
allowance per pig  

0.02 $2.22 0.01 9 

*Data from authors' calculation. 

the analysis because they are difficult to be accurately quantified
and the effects on pig growth are perhaps quite variable from
system to system. In making odor management decisions,
strategies that are also economically beneficial are more preferred
because they can be more advantageous than suggested in this
cost effectiveness analysis.

          Conclusions
Odor emitted from swine production facilities is an ongoing
problem that poses threats to the sustainability and profitability
of the swine production industry. Many technologies and
management strategies are available  to help control odor emissions
from swine facilities. This paper evaluates the relative cost
effectiveness of different odor control strategies previously
identified to be important to odor reduction in swine finishing
buildings. The results show that technologies that help to improve
air quality such as automatic oil sprinkling, DCS dedusting,
evaporative misting, wet scrubbing and manual oil sprinkling are
more cost effective. Also, flushing shallow pit systems weekly is
an effective strategy of odor control but is less cost effective than
the air treatment technologies. In addition, constructing deep pit
systems rather than shallow pit systems and removing manure
from the deep pit twice a year or more frequently is also a cost
effective way of odor management. Similar to the air treatment
strategies mentioned above, this strategy also increases cost of
production. Finally, increasing floor space allowance per pig is
the least cost effective among the strategies examined in this
analysis.
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