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ABSTRACT  Using numerical simulation, the use of heat recovery ventilator (HRV) and ground 
source heat pump (GSHP) were identified as promising measures to reduce energy consumption in 
swine production.  This study was aimed to evaluate the impact of these two measures on energy 
consumption and compare them with the use of conventional forced-air convection heater.  Three 
120-head grow-finish swine rooms were separately fitted with a heat recovery ventilator and forced-
air heater tandem, ground source heating system, and a forced convection heater. The energy 
consumption (natural gas and electricity), air quality and animal performance (ADG and ADFI) were 
monitored.  Data from one heating season showed that the use of heat exchanger and ground 
source heat pump led to 52% and 39% reduction in energy consumption for heating and ventilation, 
respectively, compared to the conventional heater.  Pigs performed similarly in the three rooms but 
feed intake is lower in the HRV and GSHP room relative to the room with conventional heater. 
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INTRODUCTION  

Energy prices have been high and volatile in recent years, especially for oil and natural gas 
(National Energy Board, 2009).  With swine production being a very energy-intensive industry, this 
global trend resulted to a steady increase in utility costs when calculated on a per pig sold basis.  In 
the past, utility cost was not a concern to most pork producers because of cheap energy prices, 
thus prevailing production practices were not optimized for efficient use of energy inputs.  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 with 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. 

Since the pork industry has faced prolonged losses due to unsteady markets, trade issues, and 
increased feed costs, any measure that will reduce production cost will help improve the profitability 
or minimize losses in swine operations.  Energy cost is one component of production cost that can 
be further reduced by using energy as efficiently as possible. Results from previous work showed 
that space heating is an area where energy reduction can be potentially achieved (PSC Annual 
Report 2008).   

Using numerical simulation, the use of heat recovery ventilator and ground source heat pump were 
identified as promising measures to reduce energy consumption. 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  
Three heating systems: a heat recovery ventilator with a forced-convection heater, a ground source 
heat pump, and a stand-alone forced-convection heater, were installed in three 120-head grow-
finish rooms at the Prairie Swine Centre Inc. (PSCI) barn facility. Room assignment was as follows: 
the room heated with the stand-alone-forced convection heater was the control room, the one 
heated with the heat recovery ventilator was the HRV room and one heated with the ground source 
system was the GSHP room. 

For each trial, a total of 360 weaned pigs were distributed equally to 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 + 2 kg.  

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 and functioned in tandem with the HRV 
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 when cooling is needed. A 5-ton 
heat pump which used R-410a refrigerant was installed inside the GSHP room and its air-handling 
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unit was connected to the room’s air recirculation duct.  A 22 kW forced convection heater was also 
installed in the room as back-up heater. 

 

 
Figure 1.  HRV installed in a grow-finish room. 

  

In the control room, the existing 23 kW gas-fired forced-air heater was retained.  A gas meter was 
installed in each of the installed forced convection heaters to monitor the gas consumption in all 
three rooms.   

 

 
Figure 2.  Installation of pipes for the ground source heating system installed in a grow-finish room.   

 

Current meters were installed in all rooms to measure the electric consumption of the ground 
source heat pump, heaters, and recirculation fans.  Current meters were also installed in the rooms’ 
circuit box to measure the electrical consumption of the light bulbs and ventilation fans.  The 
voltage running into 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 installed with external sensors for measuring 
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temperature (thermocouples), fan rpm (Hall Effect sensors), and static pressure (pressure 
transducers).  The location of the sensors and layout of the three rooms used in the study are 
shown in Figure 3.  
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Legend: -‐	  thermocouple	  (TC)
-‐	  exhaust	  fan
-‐	  T,	  RH	  monitor	  (Hobo	  U12)
-‐	  CO2	  monitor	  (Vaisala	  GMW21)

-‐	  NH3	  monitor	  (Gas	  Badge)
-‐	  CO	  monitor	  (Gas	  Badge)
-‐	  H2S	  monitor	  (Draeger	  PAC	  7000)
-‐	  forced	  convection	  heater	  
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TC5

 

 
Figure 3.  Basic layout and location of sensors for the three rooms. 

 

Temperature, 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 of the rooms were installed at 
a height of 1.5 meters from the floor. 

Pig performance in the three rooms was evaluated by computing 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 on when the pigs were on 
feed. 
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RESULTS AND DISCUSSION 
Energy Consumption Data collection for the heating season was conducted from January to 
March 2011.  The daily gas consumption for heating each of the three rooms is shown in Figure 4.  
No heating was needed for the days after February 24.  For the duration of the trial, the control 
room consumed a total of 226.71 m3 of natural gas while the HRV room consumed 42.51 m3 of 
natural gas for heating.  The GSHP room did not use any natural gas but it consumed a total of 
1206 kWh of electricity to heat the room.  
 

 
Figure 4. Daily natural gas consumption in the three rooms.  

 
 
To provide a better comparison of the systems, the energy consumption data were all converted to 
gigajoules (GJ).  Energy consumption for heating and ventilation of each of the three rooms are 
presented in Figure 5.  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.   

 
Figure 5.  Energy consumption for the three rooms from January to March 2011. 
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Among the three heating systems, the heat exchanger required the least energy for heating but had 
the highest consumption for ventilation.  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 its power rating was 
higher than that of a regular stage 1 fan, the energy requirement to ventilate the room was 
increased.  Nevertheless, the use of heat exchanger led to 52% less total energy used for heating 
and ventilation compared to the conventional room with forced-convection heater.  

The GSHP required less energy to extract heat from the ground and to heat the room air compared 
to the conventional heater.  The use of the GSHP system led to 39% reduction in total energy 
needed for heating and ventilation compared to the control room. 

Temperature and Air quality The average air temperature measured at the center of the rooms 
and near the exhaust fans are shown in Table 1.  The temperatures were similar for the three 
rooms with the HRV room having the highest.  This can be explained by the fact that the HRV was 
always on during the heating season and though there were periods when heating was not required 
in the room, the HRV still pre-warmed the intake air, resulting to higher temperature in the room 
compared to the other two rooms. 

 

Table 1.  Average observed temperature in the three rooms (°C) from 10-minute logged data. 

Room Center of room Exhaust 
Mean SD n Mean SD n 

Control room 19.60 2.60 9705 17.55 2.97 9802 
HRV room 20.03 3.01 9960 18.77 3.08 9960 
GSHP room 19.32 2.36 9963 17.08  2.44 9965 

 

Table 2 presents the average observed gas concentrations in the three rooms.  The observed 
carbon dioxide and ammonia concentrations in the room were relatively similar and were within the 
recommended values for swine operation. 

 

Table 2.  Average gas concentrations in the three rooms. 

Room CO2, ppm NH3, ppm 
Mean SD n Mean SD n 

Control room 2838 884.94471 9717 15.96 1.59 7446 
HRV room 3328 945.52594 9960 15.89 1.82 4622 

GSHP room 2779 721.32025 9036 14.30  3.78 2322 

 

Pig performance The performance of the pigs in terms of average daily gain and feed intake 
were quite similar as shown in Table 3.  However, the feed intake in the rooms with GSHP and heat 
exchanger are lower than that of the conventional heater room. 
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Table 3. Average daily gain (kg/day) and feed intake (kg/day-pig) in the three rooms. 

Room ADG 
(kg/day) 

ADFI  
(kg/day-pig) 

Control room 0.99 2.55 

HRV room 0.97 2.37 

GSHP 0.99 2.48 
 
CONCLUSIONS 
After one heating season, the use of the heat recovery ventilator-forced convection heater tandem 
and ground source heat pump system resulted to 52% and 39% reduction in energy consumption 
for heating and ventilation, respectively, relative to the conventional forced-convection heater.  The 
temperature, air quality and pig performance in the rooms with different heating systems were 
relatively similar. However, data collection from multiple seasons was still needed to be able to fully 
compare the performance and feasibility of these three systems.  
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