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ABSTRACT The use of heat recovery ventilator (HRV) and ground source heat pump (GSHP) 
system which were identified as potential measures for energy savings in swine barns using 
computer simulation, were implemented in an actual production barn to assess their impact on 
energy consumption and compare them with the use of conventional forced-air convection heater. 
Three identical 120-head grow-finish swine rooms were separately fitted with a heat recovery 
ventilator and forced-air heater tandem, a ground source heating system, and a forced convection 
heater. Effect of the heating systems on energy consumption, air quality and animal performance 
was monitored. Results showed that the use of HRV and GSHP systems during the heating season 
resulted to 54% and 45% reduction, respectively, in energy consumption for heating and ventilation 
relative to a conventional forced-convection heater. The overall air temperature, air quality and pig 
performance in the rooms with different heating systems were relatively similar. Analysis of the 
costs incurred for implementing these alternative heating systems showed that the HRV system 
had 16% lower heating and ventilation energy costs during the heating season compared to a 
conventional room; this lower energy cost can readily offset the capital and operating costs for 
installing the HRV system. On the other hand, the GSHP system required substantial capital and 
labour costs, which were mostly needed during the installation of the system.  
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INTRODUCTION With the current market trends and future outlook in the energy economy, it is 
imperative for any industry to start developing and adopting energy efficient strategies to be able to 
cope with increasing energy cost, regain or maintain competitiveness, and at the same time 
contribute to alleviation of global pressure to reduce overall energy consumption to mitigate 
demand pressure on dwindling energy supplies and reduce energy-related greenhouse gas 
emissions. All these point to a need to re-examine existing barn building design and management, 
develop various measures and strategies to improve barn building energy efficiency and assess the 
impact of these measures and strategies on the reduction of energy consumption in swine 
production. 
A survey of energy usage in 28 Saskatchewan swine barns conducted by Navia (2008) showed 
that there is a wide range of variability in energy use between different types of pig production 
operations.  The survey also showed that there is significant difference in the energy usage in 
barns within the same type of operation, implying that in many barns, there could be numerous 
opportunities to improve energy use practices to reduce energy cost. Results from previous work 
showed that space heating is an area where energy reduction can be potentially achieved (PSC 
Annual Report 2008).   

Computer simulation studies conducted to examine various energy-saving measures showed that 
the use of heat recovery ventilator and ground source heat pump system are potential measures for 
achieving significant energy savings in swine barns. Thus, this study aimed to evaluate the 
performance of heat recovery ventilator (HRV), ground source heat pump (GSHP), and 
conventional heating systems in actual grow-finish swine rooms in terms of energy consumption, in-
barn environment, and animal productivity. 

MATERIALS AND METHODS The three heating systems: a heat recovery ventilator (HRV) with 
a forced-convection heater, a ground source heat pump (GSHP), and a stand-alone forced-
convection heater, were installed separately in three identical 120-head grow-finish rooms at the 
Prairie Swine Centre Inc. (PSCI) barn facility. For each trial, a total of 360 weaned pigs were 
distributed equally among the three rooms. Each room had 20 pens and each pen was filled with 
(6) all-male or all-female pigs. At the start of each trial, pigs were weighed and assigned to each 
room to attain an average starting room weight difference of + 1 kg or less between the rooms.  

The first stage fan in the HRV room was removed and the HRV was installed in its place. The HRV 
unit installed was a 0.7 m3/s aluminum core heat recovery ventilator (Figure 1), which recovered the 
heat energy from exhaust air stream by heat transfer to the incoming fresh air stream. A 22 kW 
forced convection heater was also installed in the room to provide supplemental heat in tandem 
with the HRV unit during the heating season. 

The ground source heating system, alternatively known as geothermal heat pump, geoexchange, 
earth-coupled, or earth-energy system was composed of a heat pump and 550 m of 1.9-centimetre 
diameter polyethylene pipes buried in 2.6 m to 3 m deep trenches on the ground outside the PSCI 
barn (Figure 2). The buried pipes contained 20% methanol - 80% water solution for absorbing heat 
from the ground for heating and for using the ground as heat sink during the cooling trial. A 5-ton 
heat pump which used R-410a refrigerant was installed inside the GSHP room and its air-handling 
unit was connected to the room’s air recirculation duct (Figure 3).  A 22 kW forced convection 
heater was also installed in the room as back-up heater. 
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Figure 1.  HRV unit installed in a grow-finish room 

 

 

 
Figure 2. Installation of pipes and manifolds for the ground source heating system. 
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Figure 3. Ground source heat pump installed in a grow-finish room. 

 
In the control room, a new 22 kW gas-fired forced-air heater was installed. A gas meter was also 
installed on each of the installed forced convection heaters in all three rooms to monitor the heater 
gas consumption.   

Electric current meters were installed in all three rooms to measure the electric consumption of the 
installed equipment (i.e., ground source heat pump, heat exchanger), heaters, and recirculation 
fans.  Additional current meters were also installed in the rooms’ electrical panel to measure the 
electrical consumption of the light bulbs and ventilation fans. The voltage of the electric supply lines 
to the rooms were measured with a voltage meter. The current and voltage meters were connected 
to data loggers (Hobo U-12 and Hobo energy logger, respectively).  The current meters installed in 
the heaters and geothermal heat pump were also used to monitor the duty cycles of both units. A 
data logging system was connected to external sensors for measuring temperature 
(thermocouples), fan rpm (Hall Effect sensors), and static pressure (pressure transducers); the 
latter two parameters were used in calculating the ventilation rate in each room.   

Air temperature, relative humidity (RH), and gas (CO2, H2S, NH3 and CO) sensors were located 
near the exhaust. The temperature, RH, gas sensors and the thermocouples shown in each room 
were installed at a height of 1.5 meters from the floor. 

Pig performance in the three rooms was evaluated by monitoring the average daily gain (ADG) and 
average daily feed intake (ADFI).  Pigs were weighed three times: before the start of the trial (initial 
weight), five weeks after the start of the trial (middle weight) and after another five weeks (final 
weight) which coincided with the end of the trial.  The average daily gain was computed from the 
difference between the initial and final weights averaged over the number of days between 
weighing.  Feed given to the pigs was weighed and the ADFI was computed by dividing the total 
weight of feed consumed with the number of pigs and number of days that the pigs were on feed. 

After the selected measures were implemented in selected rooms in the barn, their impact on 
actual energy use (electricity and heating fuel), barn room environmental conditions (temperature 
and humidity), gas concentrations (ammonia, hydrogen sulphide, carbon dioxide), and animal 
productivity (number, daily gain, health status) were monitored and compared with data collected 
from conventional rooms in the same barn with no applied measures. The information on costs 
incurred in the actual implementation of the selected measures were compiled and used in 
conducting a cost analysis of each measure. 



 
 

5 

 

RESULTS AND DISCUSSION  
Energy consumption The energy consumption for heating and ventilation comprised the total 
energy use of each experimental room. The energy consumption for heating included both the 
electrical and heating fuel consumption of the heat pump and heaters while that for ventilation 
included the electrical consumption for both ventilation and recirculation fans. Because the heating 
fuel consumption was expressed in terms of cubic metres (m3) of natural gas while electrical 
consumption of heaters and fans was in kWh, the energy consumption data were then converted to 
gigajoules (GJ) in order to provide a better comparison of the heating systems.  
 
Among the three heating systems, the heat exchanger in the HRV room required the least energy 
for heating but had the highest consumption for ventilation as shown in Figure 4. The heating 
requirement was reduced as the heat exchanger pre-heated the incoming cold air with heat from 
the warm exhaust air.  In terms of function, the heat exchanger basically replaced the stage 1 fan 
and because the power rating of the HRV built-in fan was higher than that of a regular stage 1 fan, 
the resulting energy use to ventilate the room was higher compared to the other rooms. 
Nevertheless, the use of heat exchanger led to the lowest total energy used for both heating and 
ventilation compared to the other heating systems. The HRV room used the least amount of energy 
at 5.20 GJ/cycle, followed by the GSHP room with 6.27 GJ/cycle; these values are 54% and 45% 
lower, respectively, compared to the 11.4 GJ/cycle energy used in the Control (conventional) room. 

 

 

 
Figure 4. Average (± SD) energy consumption of the three rooms per cycle during the heating 

season. 

 

In-barn environment The weekly average air temperature measured at the center of the rooms 
during Cycles 1 and 2 of data collection are shown in Figure 5. During weeks when heaters were 
running (i.e., weeks 1 to 6 of Cycle 1 and weeks 1 to 3 of Cycle 2), the room with the HRV system 
had the highest temperature at the center among the three experimental rooms. The average of 22 
± 0.8°C measured in the HRV room throughout the two heating cycles was not significantly different 
(p>0.05) from the control room (21.5 ± 1.5°C) but was significantly different (p<0.05) from the 
GSHP room (21.2 ± 1.2°C).  This could be due to the manner in which the heating system in the 
HRV room was operated. When the set point temperature in the HRV room was reached, the 
supplemental heater in the room automatically turned off but the heat exchanger still continued to 
operate and pre-warmed the intake air, resulting to higher temperature in the room compared to the 
other two rooms. 
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Figure 5. Weekly average (± SD) air temperature in the three rooms from 10-minute logged data for 

the two heating cycles. 

The variation in the average relative humidity measured near the exhaust area of each room when 
heaters were running was not significant (p>0.05). The average relative humidity of the HRV room 
was about 68.4 ± 6.1%, which was the highest among the three rooms. The control room had an 
average relative humidity of about 67 ± 3.4% while an average of 64.8 ± 7% was observed in the 
GSHP room.  

Table 1 presents the average concentrations of CO2, NH3 and H2S in the three rooms during the 
two cycles when heaters were in operation. Generally, the observed concentrations of CO2, NH3 
and H2S in the room were within the allowable limit values (5000 ppm, 25 ppm, and 10 ppm, 
respectively) for occupational exposure. Hydrogen sulphide concentrations in the three rooms were 
not significantly different (p>0.05) from each other and were barely detectable throughout the 
monitoring period. On the other hand, CO2 and NH3 levels in the rooms followed similar trends; the 
HRV room had the highest average concentration while the GSHP room had the least. Statistical 
analysis indicated that CO2 and NH3 levels in HRV room were not significantly different (p>0.05) 
from the control room but significantly different (p<0.05) from the GSHP room. This trend was 
similar to the observed temperature at the center of the room (HRV room had the highest while the 
GSHP had the least) which probably explains the trends in the levels of CO2 and NH3 in the three 
rooms. 

Table 1. Average (± SD) gas concentrations in the three rooms during the two growth cycles when 
heaters were running. 

Room Carbon dioxide, 
ppm 

Ammonia, 
ppm 

Hydrogen sulphide, 
ppm 

Control 3016 ± 423 16.0 ± 6.8 0.02 ± 0.04 

HRV 3294 ± 744 17.6 ± 8.2 0.02 ± 0.03 

GSHP 2809 ± 512 14.8 ± 5.1 0.02 ± 0.04 
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Animal productivity The performance of the pigs in terms of average daily gain (ADG) and feed 
intake (ADFI) is shown in Table 2.  The average daily gain and feed intake in the rooms with GSHP 
and heat exchanger were slightly lower than that of the conventional heater room. This trend, 
however, was not statistically significant (p>0.05), indicating that use of GSHP or HRV had no 
adverse or beneficial impact on the performance of pigs in the room. 

 

Table 2. Average daily gain (kg/day) and feed intake (kg/day-pig) in the three rooms for the two 
heating cycles. 

Room ADG, kg/day ADFI, kg/day 

Control 0.996 ± 0.06 2.55 ± 0.54 

HRV 0.982 ± 0.06 2.42 ± 0.52 

GSHP 0.987 ± 0.07 2.45 ± 0.55 

 

Cost analysis of the heating systems A cost analysis of the application of the different heating 
systems in swine production rooms was carried out after completion of the actual in-barn 
experiments. As shown in Table 3, the main components of the analysis included all the costs 
incurred during the trial such as capital and installation cost, and operating costs which involved 
labour and energy costs required for heating and ventilation.  

Capital and installation expenses included the cost of the heating system and associated 
components as well as the cost of required materials (e.g., G.I. sheets for ducting, etc.), and labour 
for installation. Among the three heating systems, the GSHP room incurred the highest capital and 
installation costs ($21,960). However, this was largely due to major costs associated with 
installation of the system, i.e., earth-moving work for trenching and laying the network of tubing 
under ground, technical labour for set up and final hookup of the heat pump equipment to the 
ventilation system in the room, and system commissioning, which amounted to about $15,510.00. If 
only the capital costs for heating system and ventilation fans were considered, the GSHP room 
incurred about $6,450, which was just slightly higher than the room with heat recovery ventilator 
($5,545). Additionally, the GSHP equipment was slightly over capacity for the actual room used in 
the trial, but it was the smallest capacity model available from the supplier. Also, it must be noted 
that the bulk of the GSHP cost is associated with installation, and relatively small incremental costs 
would be required to expand the system to full barn or multiple room application. 

Based on the prevailing costs of natural gas (24.35 cents/m3) and electricity (10.61 cents/kWh) in 
Saskatchewan which were used in calculating energy costs in this analysis, the total cost 
associated with the use of a heat recovery ventilator for heating a 120-head grow-finish room with a 
dimension of 7 m (L) x 20 m (W) x 3 m (H) was around $133.7 while the room with the geothermal 
heating system had $249.8. The total cost incurred for maintenance, heating and ventilation of the 
HRV room was about 16% lower compared to the control room with conventional heater ($158.4); 
this reduction can readily offset the capital and operating costs for installing the HRV system in a 
swine grow-finish room.  
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Table 3. Breakdown of costs incurred in this study for the installation and use of the three heating 
systems in a swine production room over 2 heating cycles. 

Operational information and associated cost 
Conventional 

heater 
(Control) 

Heat 
exchanger 

(HRV) 

Geothermal 
(GSHP) 

Cost of equipment and required materials, $ 3,350 5,545 6,450 

Installation cost, $ 120 540 15,510 

Capital and installation cost (total), $ 3,470 6,085 21,960 

Maintenance - estimated number of hours per 
cycle, hr 1 1 5 

Labour cost for maintenance, $/cycle 13 13 65 

Total energy consumed for heating (natural gas 
and electricity), m3/cycle or kWh/cycle 2151 + 702 371 + 252 9732 

Cost of energy consumed for heating, $/cycle 59.8 11.7 103.2 

Total energy consumed for ventilation (electricity 
used by fans), kWh/cycle 807 1027 769 

Cost of energy consumed for ventilation, $/cycle 85.6 109.0 81.6 

Total cost incurred for maintenance, heating & 
ventilation, $/cycle 158.4 133.7 249.8 

All costs in CAD$ 
Rates used: labour = $13/hr, natural gas = 24.35 cents/m3, electricity = 10.61 cents/kWh  
1Energy consumption for heating - natural gas 
2Energy consumption for heating - electricity 

 
 

CONCLUSION Implementation of the two selected measures in actual swine rooms in the PSC 
barn facility showed that the use of the HRV system resulted to a 54% reduction in energy required 
for heating and ventilation compared to a conventional room with gas-fired forced-convection 
heater system. Similarly, the use of the GSHP system led to a 45% reduction in energy use during 
the heating season compared to a conventional room. The overall in-barn environment and pig 
performance in the rooms with different heating systems were relatively similar. Analysis of the 
costs associated with implementation of the selected measures showed that compared to a 
conventional gas-fired forced-convection heating system, the use of a heat recovery ventilator 
system during the heating season could lead to as much as 16% reduction in total heating and 
ventilation energy costs, which can readily offset the capital and operating costs for installing this 
system. While the geothermal heating system may require relatively large costs when installed in a 
single room, smaller incremental costs would be needed to expand the use of the geothermal 
system to an entire barn with multiple rooms, thus the cost assessment of this system should be 
based on the intended scale of implementation. 
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