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ABSTRACT Gestation farms in Canada are currently mandated to shift to more welfare-friendly 
group housing system to meet regulatory and societal demands for improved animal welfare in pig 
production. Many pig farmers are opting to convert their existing barns, but usually this is focused 
mainly on remodeling the penning and floor layout, while the ventilation system is frequently 
neglected or overlooked. In this project, a new ventilation system design determined from our 
previous computer simulation work was implemented in an actual gestation room. In-barn 
evaluation of its impact on energy costs, indoor air quality, and sow productivity and behavior 
showed that the room with the new ventilation system was more effective in removing heat and 
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contaminants (CO2) from the animal occupied zone (AOZ) during both summer and winter seasons 
compared to the room with the unmodified ventilation system. The new ventilation system achieved 
about 14% reduction in natural gas consumption during the heating season and 12.6% reduction in 
electricity consumption to operate the ventilation fans during the cooling season. Animal 
performance and behavior were not adversely or beneficially impacted with the installation of the 
new ventilation system. Cost analysis showed that energy savings from this modified ventilation 
system can readily offset the capital and operating costs for installing the system, with estimated 
payback period of about 1.8 years. The results from this project will be used together with existing 
knowledge on gestation barn floor lay-out options to ensure converted gestation facilities operate 
efficiently both in terms of improved sow welfare and performance as well as energy efficiency. 
Keywords: barn conversion, ventilation, group sow housing, energy, air quality 

 

INTRODUCTION Inevitably, the pig industry will need to shift to group housing for sows in 
response to public and regulatory demands. As such, many producers are already putting efforts to 
converting their barns to group systems. However, barn conversion is a complicated process and 
requires significant investment, which makes it imperative that it should be done right. While most 
of the previous work on this area has made significant progress on identifying the best options for 
re-configuring barn floor lay-outs and pen configurations to comply with the new space 
requirements per animal, there is a need to re-visit the existing ventilation system as well (Harmon, 
2013) in order to ensure that the investment on barn conversion leads to successful and 
sustainable operation of the remodeled facility.  

Ventilation affects many aspects of the animal environment as well as barn operating costs (in 
particular, energy costs). Because the existing minimum ventilation fans are designed for higher 
animal density, retaining the existing ventilation system as-is in a converted sow barn often leads to 
over-ventilation during winter (Harmon et al., 2010), thereby using extra heating fuel, and most 
likely causes chilling of the animals and affecting its performance. During summer, the impacts are 
less pronounced but over-ventilation will use extra electricity which translates to higher electricity 
cost (Harmon, 2013). In addition, the transitioning of the ventilation system design from stalls to 
group housing can not be achieved by simply reducing the ventilation rate but requires careful 
reconfiguration to ensure proper air distribution throughout the room. Air exchange is critical to 
providing a healthy environment that fosters efficient pig growth by reducing humidity and noxious 
gases like ammonia and carbon dioxide. Since under-ventilation creates an unhealthy environment 
and over-ventilation wastes valuable heating and electrical energy, finding the right balance is the 
key to a healthy environment for both animals and workers as well as to energy savings and 
efficiency (Harmon et al., 2010). This balance can only be achieved by careful re-design of the 
existing ventilation system of a converted gestation barn.  

There are various components to consider when designing a ventilation system in confined swine 
buildings, leading to multiple possible design configurations. Numerical computer simulation was 
applied to examine various design configurations and determine the most effective design of the 
ventilation system for a converted group sow housing facility. Based on the computer simulation 
results, horizontal flow ventilation system with air inlets on one side and exhaust fans on the 
opposite side showed the best simulated performance among all the different ventilation design 
configurations examined. This configuration was then implemented in an actual group sow housing 
facility and its impact on energy use (electricity and heating fuel), temperature and air quality, and 
sow welfare and performance was assessed. Hence, the specific objectives of this project were to: 
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1. assess the impact of the developed ventilation system design configuration on actual energy cost, 
indoor air quality, and sow welfare and performance under conditions representative of actual 
commercial sow barns, and; 
2. conduct a feasibility analysis to determine the costs and requirements for proper implementation 
of this ventilation strategy in a typical swine production facility.  

METHODOLOGY  

Description of facilities and experimental set-up Two production rooms of equal size at the 
PSC barn facility in Saskatoon, SK were configured for group sow housing system. One room was 
designated as the Treatment room where the ventilation system was re-designed following the 
most effective design determined from the computer simulation work: air inlets were located on one 
side wall of the room (Figure 1A) and exhaust fans were on the opposite side allowing air to flow 
horizontally through the entire length of the room (Figure 1B). In the other room (Control), the 
ventilation system was configured similar to a pre-converted sow barn with stall system (i.e., air 
inlets were located on the ceiling while the fans were on one of the external walls). This 
configuration represented a downward air flow direction which is typical in commercial sow stall 
barns. Each room has inside dimension of 23.1 ft (W) x 65 ft (L). Two electronic sow feeders 
(Gestal 3G, Jyga, Quebec) and four nipple drinkers were installed in each room.  

 

A 

Wall	air	
inlets	
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B 

Figure 1. Photos of the Treatment room with the air inlets on one side (A) and exhaust fans on the 
opposite side (B) following the principle of a horizontal flow ventilation system. A – inset: wall air 

inlets installed in the Treatment room.  

 

Experimental procedure Sows of equal numbers were housed in the two rooms per trial with an 
average of about 42 sows per room per trial. From summer 2015 to winter 2017, a total of 8 
replicate trials (4 in summer and 4 in winter) were carried out in the two rooms, with each trial 
lasting for 4 weeks. When gilts were included as part of the group, they were moved in to the rooms 
1 week ahead of the rest of the sows in the group to train them on the use of the electronic sow 
feeders.  

Data collection and analysis 

Air temperature and relative humidity at nine different spatial locations (at sow level) in each room 
were monitored using thermocouples and RH sensors, respectively. These parameters were 
measured and logged continuously throughout the duration of the trial using OMEGA USB data 
loggers (Spectris Canada Inc., Laval, QC). Carbon dioxide (CO2) concentrations at the different 
spatial locations in the room were monitored once a week using a direct-reading CO2 monitor (CO2 
Meter, Inc., Ormond Beach, FL, USA). Electric current and voltage sensors were installed in both 
rooms to measure continuously the electrical energy consumption of the ventilation fans, heaters, 
and lights throughout each trial. Natural gas meter was also installed to monitor the heater gas 
consumption of the supplemental (forced-convection) heater in each room. Ventilation rate was 
measured by installing an air flow sensor (D6F-W10A1, Omron Electronics Inc., Canada) on each 
fan in both rooms. Data were logged continuously using a CR1000 datalogger (Campbell Scientific, 
Edmonton, AB). 

Average daily gain (ADG) was based on the average growth rates determined by taking the 
difference in sow’s weight at the start and end of the 4-week trial. On the days that the sows were 
weighed, back fat depth of sows was determined using a real-time ultrasound scanner (Pie 
Scanner 200 SLC, Pie Medical, The Netherlands). Additionally, sow body condition was assessed 

Exhaust	
fans	
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through visual and tactile examination of the sow’s ribs, backbone, “H” bones and “pin” bones at the 
start and end of the trial. In this assessment, a 1 to 5 condition score was followed: 1 – emaciated; 
2 – thin; 3 – ideal; 4 – fat; and 5 – overly fat. Twelve sows were randomly selected as focal sows at 
the start of the trial for rectal temperature and blood thyroxin measurements. Blood thyroxin levels 
were sampled from the 12 focal sows at the end of each trial while rectal temperature was 
monitored two days per week using a digital rectal thermometer. Blood thyroxin levels and rectal 
temperature are physiological indicators used for evaluating thermal comfort of sows (Andersen et 
al., 2008; Boe and Andersen, 2001).  

Behavioural data such as posture, location of sows in the pen, and dirtiness of sows, were used to 
assess sows’ ability to cope with their environmental condition. Data were collected by marking 12 
focal sows. Digital video cameras were installed in each room and the selected sows were 
observed using time lapse photography at 20 minute intervals from 0800 to 1500 on days 7, 14 and 
28 of each trial. In addition, sow dirtiness was assessed weekly by following a 0 to 4 dirtiness 
score: 0 – completely clean; 1 – mostly clean; 2 – some dirt; 3 – dirty; and 4 – very dirty. 

Assessment of economic viability Cost analysis of the implementation of the new ventilation 
system design in a typical gestation sow barn facility was undertaken following the actual in-barn 
experiments. The data collected from this study, together with the information on all the 
expenditures and costs incurred during actual implementation of the selected ventilation system 
design including the purchase of materials and equipment, and labour and operating costs, were 
used in carrying out an economic analysis to calculate financial indicators (e.g., payback period) for 
the investment on modifying the ventilation system for the converted barn.   

 
RESULTS AND DISCUSSION  

Indoor air quality Over the four summer and four winter trials, the average air temperatures in 
the Control and Treatment rooms were uniformly distributed. Temperature in these rooms was 
initially set at 16.5°C which is the typical set-point temperature in commercial gestation barns. In 
the Treatment room, air temperature increased as air moved from the air inlet area (near the door) 
to the opposite side of the room (exhaust area). This was expected because of the configuration of 
its ventilation system where air flowed horizontally across the room. Figure 2 shows the average air 
temperature readings at nine different locations (at sow level) in each room during the summer 
trials. 
 
In addition, exhaust air temperatures in the Treatment room were consistently higher than that in 
the Control room during both summer and winter trials. In summer, the average air temperature at 
the exhaust in the Treatment room was significantly different (p<0.05) from the exhaust 
temperature in the Control room (20.7°C vs. 20.2°C). Similarly, the average exhaust air 
temperature in the Treatment room during winter periods was 4.3°C higher than in the Control room 
(16.7°C vs. 12.4°C). The significant difference in exhaust temperatures with almost the same inlet 
temperatures implies that the ventilation system in the Treatment room was more effective in 
removing heat from the room compared to the Control room.  



 
	

6 
	

 
A 

 
B 

Figure 2. Average air temperature measured at the animal-occupied zones in the Control (A) and 
Treatment (B) rooms during summer trials, n=4. Mean value for each trial (n) represents the 

average of 39,500 – 40,000 temperature readings. 

In order to further assess the effectiveness of the ventilation system in each room during summer 
and winter periods, the ventilation effectiveness at nine different locations in the Control and 
Treatment rooms were calculated and the results are shown in Table 1. Ventilation effectiveness is 
an indicator for uniform mixing and elimination of dead zones and unwanted drafts (van Wagenberg 
and Smolders, 2002; Breum et al., 1990). Ventilation effectiveness was evaluated based on the 
effectiveness of removal of heat (HRE) from the animal-occupied zone (AOZ) calculated as follows 
(van Wagenberg and Smolders, 2002):  
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where HRE is the dimensionless heat removal effectiveness at point p; Tinlet is temperature of the 
inlet air, °C; Toutlet is temperature of the outlet air, °C; Tp is temperature at point p in the room, °C. 
The value of HRE can be above or below 1. According to van Wagenberg and Smolders (2002), 
HRE values above 1 indicate that fresh air passes first through the AOZ and through the 
contaminant sources before moving out to the outlet, leading to effective air displacement in the 
AOZ. HRE values below 1 indicate that the temperature level in the AOZ exceeds the temperature 
in the outlet air, which translates to high contaminant levels at the AOZ that are not being efficiently 
removed by the ventilation system. 
 
Table 1.  Average (± SD) HRE values (dimensionless) at nine locations in the Control and 

Treatment rooms during summer and winter trials, n=9. 

Room Summer Winter 

Control 0.96 ± 0.06 0.85 ± 0.03 

Treatment 1.23 ± 0.27 1.05 ± 0.03 

 
 
As shown in Table 1, the Control room had an average HRE value of 0.96 ± 0.06 in summer and 
0.85 ± 0.03 in winter. These HRE values generally imply that part of the fresh air coming from the 
inlets flowed directly to the exhaust with minimal mixing with room air and without causing air 
displacement in the AOZ. This may result to accumulation of high contaminant levels at the AOZ 
because stale air is not being efficiently removed by the ventilation system. On the other hand, the 
Treatment room had an average HRE value of 1.23 ± 0.27 in summer and 1.05 ± 0.03 in winter, 
indicating effective air displacement in the AOZ. All the monitoring points in the Treatment room 
had HRE values greater than 1.0 indicating that the fresh inlet air mixed well with the room air first 
before flowing out to the exhaust.   
 
The Treatment room had an average CO2 concentration of 700.8 ppm and ranged from 639 ppm to 
753 ppm in warmer conditions. These levels were significantly lower (p<0.05) than the CO2 levels in 
the Control room which had an average of 852.9 ppm CO2  (range = 806 to 894 ppm CO2). Similar 
trend was observed in winter trials. Over four weeks of continuous monitoring, CO2 concentrations 
in the Control room were significantly higher (p<0.05) than that in the Treatment room. The Control 
room had an average CO2 concentration of 2158 ppm while the treatment room had 1904 ppm. 
CO2 levels are good indicators of air quality, thus these observations translates to the Treatment 
room having significantly better air quality than the Control room during both summer and winter 
periods. This could be attributed to the horizontal flow ventilation system in the Treatment room 
which was better in removing contaminants from the room compared to the Control room. Barn 
workers tending to the animals daily in these rooms during the trials also noted the much better air 
quality they experienced in the Treatment room compared to the Control room. 

 
In terms of relative humidity, the average RH in the Control room (61.3%) was not significantly 
different (p>0.05) from the Treatment room (61.7%) during summer trials. Similarly, no significant 
difference (p>0.05) in RH levels was observed between the Control and the Treatment rooms 
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during winter trials. Over four trials, the Control room had an average RH of 53.3% while the 
Treatment room had 54.0%. The similar RH levels observed in both rooms could be attributed to 
managing both rooms as close as possible, with same number of animals, husbandry practices, 
sources of moisture, and similar overall ventilation rates maintained throughout each trial. 
 
Energy consumption Table 2 shows the energy consumption for ventilation and heating in both 
rooms during summer and winter periods. The energy consumption of the room included the 
electricity consumed by the fans, room supplemental heater (during winter) and lights, as well as 
the natural gas consumed for heating during cold season. During summer, the Treatment room 
consumed an average of 344.68 kWh of electricity to run ventilation fans and lights in the room over 
four trials; this was about 12.6% lower than the Control room which had an average of 388.17 kWh 
consumed. The difference in electricity consumption between the two rooms can be mainly 
attributed to the difference in the duty cycles of the fans in each room; fans automatically operate to 
try to maintain the room at the pre-set temperature set-point (which was the same for both rooms). 
Because the ventilation configuration in the Treatment room allowed more efficient removal of heat 
from the room, the fans did not have to operate as much compared to the Control room, translating 
to lower energy consumption in the Treatment room than in the Control room.  
 

Table 2. Energy consumption for heating and ventilation in the Control and Treatment rooms over 
four trials in summer and four trials in winter. 

Trial 

Summer Winter 
Natural gas 

consumption, m3 
Electricity 

consumption, kWh 
Natural gas 

consumption, m3 
Electricity consumption, 

kWh 

Control Treatment Control Treatment Control Treatment Control Treatment 

1 N/A N/A 378.19 311.75 718.4 206.7 268.93 211.79 

2   243.70 200.52 816.1 1010.8 283.40 277.27 

3   388.17 344.68 241.3 113.5 284.63 201.15 

4   542.64 521.76 662.8 805.8 293.13 290.36 

Average   388.17 344.68 609.7 534.2 282.52 245.14 

Additionally, during the winter season, the Treatment room consumed an average of 534.2 m3 of 
natural gas over four weeks for heating; this was about 14% lower than the Control room which 
consumed an average of 609.7 m3 natural gas. Similarly, the average electricity consumption in the 
Treatment room over four winter trials was about 245.14 kWh while the Control room used about 
282.52 kWh of electricity to heat and ventilate the room during winter. The significant difference in 
the total energy consumption (natural gas and electricity) between the two rooms during the winter 
season was mainly due to the better mixing of room air in the Treatment room, consequently 
leading to lower duty cycle of the supplemental heater in the room; the run time of the supplemental 
heaters in both rooms were monitored during the trials, and the heater in the Control room run more 
frequently than that in the Treatment room to compensate for the inadequate mixing of room air in 
the Control room.  

Sow performance and welfare Table 3 shows the ADG, back fat depth, sow condition score, 
rectal temperature and blood thyroxin levels of sows in both rooms over summer and winter trials. 
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No significant differences (p>0.05) were observed in ADG and rectal temperature of sows in the 
Control and Treatment rooms over the summer and winter trials. In addition, both Control and 
Treatment rooms had an average sow condition score of 3 which is the ideal condition for gestating 
sows. An average back fat depth of -0.8mm was observed for both the Control and Treatment 
rooms over the summer trials; this reduction may be explained by the high maintenance 
requirements of pigs and lower feed conversion efficiency which are associated with warmer 
temperatures in the summer (heat stress) (Martin 2012; Morrical et al. 2006). Furthermore, no 
significant difference (p>0.05) was observed in the level of thyroxin in the blood plasma of sows in 
the Treatment and Control rooms during summer. However, during the winter trials, significant 
difference (p<0.05) in blood thyroxin levels was observed between the Control and Treatment 
rooms (47.0 vs. 57.5 nmol/L). This indicates that the sows in the Treatment room had higher 
metabolism compared to those in the Control room, which when taken together with the other 
indicators such as rectal temperature, ADG, back fat measurements, and condition score for the 
sows in both rooms, this difference in metabolism level did not seem to lead to adverse impact on 
the performance of the sows. 

 

Table 3. Performance of sows in the Control and Treatment rooms over summer and winter trials. 

Sow performance 
parameters 

Summer, n=4 Winter, n=4 
Control  Treatment  Control  Treatment  

ADG*, kg/day 0.48 ± 0.2 0.39 ± 0.1 0.34 ± 0.1 0.24 ± 0.04 

Backfat depth**, mm -0.8 ± 0.9 -0.8 ± 0.8 0.4 ± 1.9 0.7 ± 1.3 

Sow condition score** 3 3 3 3 

Rectal temperature**, oC 37.1 ± 0.4 37.1 ± 0.4 36.9 ± 0.6 36.9 ± 0.3 

Blood thyroxin**, nmol/L 47.6 ± 3.5 48.8 ± 4.4 47.0 ± 4.4 57.5 ± 0.1 

*ADG for each trial represents average from 40-42 sows per room. 
**Backfat depth, condition score, rectal temperature and thyroxin levels for each trial represents average from 12 focal 
sows per room. Sow condition score: 1 – emaciated; 2 – thin; 3 – ideal; 4 – fat; and 5 – overly fat 

 

In terms of sow behavior, there was no significant difference (p>0.05) in sow postures between the 
Treatment and Control rooms. On average during each day, approximately 85% of sows were lying, 
14% were standing and 1% was sitting. Most sows lay in contact with other animals (71%). A 
significant effect was found for the location of sows, with more sows in the Treatment room 
spending time near the enrichment than in the Control room (p<0.05). The enrichment included a 
wood on chains hanged from the ceiling. The behavior and location of sows in both rooms indicates 
a normal sequence of diurnal changes, with sows spending most of their time lying, and higher 
activity levels in the morning than in the afternoon. Greater enrichment use was seen in the 
Treatment room which implies that sow comfort was better in the Treatment room, and resulted in 
more exploratory behavior in this treatment. Furthermore, sows in the Treatment room were 
relatively ‘cleaner’ than sows in the Control room over the summer trials. Consistently, the 
Treatment room had 25 to 50% of its floor covered with manure while the Control room had about 
50 to 75% of its floor covered with feces and urine. This might stem from the adequate aeration 
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from the ventilation system (horizontal airflow) in the Treatment room in comparison to the 
ventilation system in the Control room (vertical airflow).  

Cost analysis The summary of the operational information and associated costs for installing the 
new ventilation design in a gestation room is shown in Table 4. Capital and installation expenses 
were the incremental cost of installing the new ventilation system which included the cost of 
required materials (e.g., plywood, insulation material, pulleys, hooks, etc.), and labour for 
installation. It was assumed that the inlets from the old ventilation system were used in the new 
design, thus no purchase of new inlets was made. Hence, the room with the new ventilation system 
design incurred an incremental cost for capital and installation of about $1,150.00 which was 
equivalent to $0.34 per sow per year. For the heating cycle, the natural gas consumption of the 
Treatment room with the horizontal flow ventilation system was about 2,137 m3 per year. Using the 
prevailing cost of natural gas in Saskatchewan, this gas consumption translated to about $1.76 per 
sow per year, which was $0.25 per sow per year less than the natural gas consumption of the 
Control room with the unmodified ventilation system ($2.01 per sow per year). Additionally, savings 
in electricity consumption also resulted from adopting the new ventilation system. On a yearly 
basis, the total electricity consumed in the Treatment room was about 3,738 kWh, which was about 
497 kWh lower than the Control room (4,235 kWh). This difference translated to a savings of about 
$0.36 per sow per year.  

 

Table 4. Operational information and associated cost of the two ventilation designs fitted in the 
gestation rooms. 

Operational information and associated cost 

Conventional/ 
unmodified 
ventilation 

system (Control) 

Horizontal flow 
ventilation 

system 
(Treatment) 

Capital and installation cost (total), $       0.00 1,150 
Capital and installation cost per sow per year, $/sow-yr       0.00        0.34 
Natural gas consumption for heating, m3/yr 2,439 2,137 
Rate, cents/m3 of natural gas      13.87      13.87 

Total heating cost per year, $/yr    338.25    296.38 

Total heating cost per sow per year, $/sow-yr        2.01        1.76 

Electricity consumption, kWh/yr 4,235 3,738 

Rate, cents/kWh of electricity       12.224      12.224 
Total electricity cost per year, $/yr    517.74    456.93 

Total electricity cost per sow per year, $/sow-yr        3.08        2.72 

Total cost per sow per year, $/sow-yr        5.10        4.83 
All costs in CAD$ 
Rates used (SK): labour (installation) = $12.5/hr, natural gas = 13.87 cents/m3, electricity = 12.224 cents/kWh  
 
Summing up all the costs incurred (capital and installation, energy costs for heating and 
ventilation), the total cost associated with the new ventilation system design was about $4.83 per 
sow per year; this translates to about $0.27 per sow per year savings compared to a room with 
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unmodified ventilation system ($5.10 per sow per year). In a 2400-sow operation, this translates to 
a payback period of about 1.8 years. It is important to note that in this cost analysis, savings from 
adopting the new ventilation system are incurred from energy consumption alone; payback period 
may be reduced if the potential savings due to improved reproductive performance, better pen 
cleanliness, and good air quality in the room are taken into account in the analysis. 

CONCLUSIONS Based on the observations made in this study, the following conclusions can be 
made: 

1. In-barn assessment of the horizontal air flow ventilation system design configuration selected 
from computer simulations have shown that the Treatment room with the modified ventilation 
system design was more effective in displacing air and removal of heat from the animal-
occupied zone (AOZ) compared to the Control room with the conventional ventilation system 
configuration during both summer and winter conditions. 

2. The new ventilation system design for group sow housing has provided better air quality than the 
unmodified ventilation design. Lower CO2 levels were observed in the Treatment room than in 
the Control room in both summer and winter periods.  

3. Implementation of the two ventilation system designs in actual gestation rooms showed about 
14% reduction in natural gas consumption and 13% reduction in electricity consumption in the 
room with the horizontal flow ventilation system relative to the Control room with the unmodified 
ventilation system during heating season. During cooling season, a 12.6% reduction in electricity 
consumption was observed in the Treatment room compared to the Control room. 

4. Sow growth performance and physiological response were not adversely impacted by having a 
horizontal flow ventilation system in a gestation room. In terms of behavior and welfare, 
enrichment use was greater in the Treatment room than in the Control room which implies that 
sow comfort was better in the Treatment room.  

5. Analysis of the costs associated with actual in-barn implementation of the two ventilation designs 
showed that compared to the room with the unmodified ventilation system, the adoption of the 
new ventilation system design in a gestation room could lead to as much as 12% reduction in 
total heating and electricity costs, which can readily offset the capital and operating costs for 
installing this system.  
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