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ABSTRACT There are many stressors in pig nurseries. Thereby, research works that aim 
to minimize these stressors may be helpful. The thermal environment is a proven stressor 
that can compromise the animal welfare. There is a complex interaction of climatic 
factors that determine the heat exchange process between the animal and the 
environment. The effect that temperature has on the animals may be affected by relative 
humidity, wind, precipitation, radiation and thermal contact surfaces. The thermal 
environment can also change other environmental parameters such as air quality. The 
objective of this research work was to compare the environmental conditions promoted 
by three heating technologies for piglets in nursery. The systems were designed to heat 
piglets by different mechanisms of heat transfer (conduction, convection and radiation). 
Climatic variables (dry-bulb temperature, relative humidity and air velocity), Thermal 
Humidity Index (THI) and air quality variables (ammonia, hydrogen sulphide, and carbon 
dioxide) were evaluated. The evaluation was performed in a commercial farm, located in 
Brazil, in a subtropical climate area. Each treatment allocated 150 weaned piglets at 21 
days-old. The systems were designed to keep the piglets at 28 to 30°C, during fourteen 
days. The heating technologies studied were: TR - suspended electrical resistors, TP - 
heated floor and TA – convection heating. We conclude that the heating system with 
electrical resistance (TR) was the best to promote thermal comfort for piglets and heated 
floor was the worst one. The convection system (TA) showed intermediate performance 
when considering the thermal comfort, but had lower levels of ammonia. 
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INTRODUCTION To increase the productivity in a pig farm, it is important to study the 
environment in which the animal is part and to search for procedures to improve the 
environmental conditions for them. 

This study should consider the climatic elements (e.g. temperature, relative humidity, air 
speed, radiation), the air quality (e.g. dust, gases, airborne microorganisms), the 
equipments used in the handling and acclimatization and others factors that may affect 
the animal welfare. These elements are closely correlated, because they affect each other. 
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The thermal environment involves a complex interaction of factors. This interaction 
determines the heat exchange process magnitude between the animal and the 
environment. The effect of the temperature under the animals can be modified by the 
relative humidity, winds, precipitation, thermal radiation and contact surfaces (Ferreira, 
2001). 

Advances occurred in the animal production systems (mutually in terms of genetic, 
nutritional, manage and others) are prerequisite for animal express its maximum yield 
potential. But this expression only occurs if the animal is maintained under welfare 
conditions. From this point of view, the farmer must be conscious about any kind of 
stressor, whether climatic, chemical, physic, biologic or social (Sampaio et al, 2004). 

Floor temperature and type of the litter material used may influence the heat exchange 
between the animal and the environment, modifying consequently, the critical 
temperatures for the piglets. 

This study aimed to compare three heating systems, with three different heat exchange 
mechanisms (radiation, conduction and convection) by the environment responses, the 
thermal comfort index (THI) and the air quality, based on the weaned piglets needs. 

The hypothesis of this research work is that the environmental conditions for the nursery 
piglets are changed according the heating technologies used 

MATERIAL AND METHODS The analyses were performed on a commercial pig 
farm, in São Paulo State – Brazil. The farm is located 600m above the ocean level, at 
latitude 22º37’28.4”S and longitude 47º03’23”W. This farm has a livestock production, 
complete cycle, with weekly organization of production and hosts 1,000 sows from a 
worldwide recognized genetic company. 

In each analysis, a group of 450 weaned piglets (19 days adjusted age) was allocated to 
three identical pens. Each treatment was located in a pen with 150 animals. The floor was 
composed by 1/3 of concrete (compact) and 2/3 of plastic (slatted). The density used was 
5 piglets.m-2. Although some authors state that large groups and high density are able to 
reduce the performance of piglets (Wolter et al., 2000), were respected managements 
conditions, accommodation and facilities already used in the farm. 

Groups of about 10 piglets (from the same sow) were randomly divided into three 
treatments. 

The buildings were of masonry, covered with clay tiles. All pens are suspended and had 
26m2. Each pen was covered with polypropylene yellow ceiling, positioned 1.85m high, 
in order to reduce the area to be heated. The rooms have screened windows, in both sides. 
The handling of curtain is done manually. A handler opened the curtain in the morning 
and closed it in the afternoon.  

The piglets were submitted to three treatments, different in the way of heating. Heating 
was conducted during 14 days. Two observational studies were performed, in June and 
July 2008. 

The compared treatments were as follows: 
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TR (Suspended electrical resistors) was composed by 15 electrical resistors of 200W, 
uniformly distributed (Figure 1), and suspended 1m from the floor. The system aimed to 
warm the piglets by radiation. It was designed to maintain the air temperature between 
28-30° C. The installed power for this system was about 3000W. 

TP (Heated floor) comprises an area of 10.4 m2, corresponding to 40% of the total area 
of the pen (Figure 1). The top half of the floor was made of cement mortar (Portland CP 
V ARI) and sand. The bottom half was made of cement mortar, sand and rice husk 
(insulation material), according to recommendations of Rossi et al. (2005). This system 
aims to supply heat to the piglet by conduction. It was designed to maintain the air 
temperature between 28-30° C. For the design of electrical resistance, we used the 
methodology described by Incropera and Dewitt (1998), based on the Law of 
Conservation of Energy. The floor was maintained at this temperature after previous 
preference test, observing the behavior of piglets. The installed power for this system was 
about 2400W. 

TA (Convection heating) was composed by a commercial heat exchanger, which 
injected hot air coming from the electrical resistance, into the rooms. This procedure was 
performed using a fan. The air was distributed through a PVC pipe (15 cm diameter and 7 
m long), with 3 evenly spaced airflow outlet. Thereby, the air can be inflated in the center 
of the facility (Figure 1). This system aims to supply heat to the piglet by convection. The 
system was designed to maintain the air temperature between 28-30°C. The total installed 
power considered for this system (fan + electrical resistance) was approximately 8830W 

All studied systems were controlled by temperature controllers. 

 

Figure 1. Layout of treatments. 
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Due to the large discrepancy found in the literature regarding the air temperature to which 
the pigs should be exposed, at 21 days-old, we tried to keep the piglets in the temperature 
range already used by the farm (28°C - 30°C). The criterion for this choice of temperature 
range, added to the recommendation of Brown-Brandl et al. (2003), presented in equation 
1. 

537.302969.00015.0 2 +×−×= wtwtTideal                                                               (1) 

Where,  

Tideal – Ideal environmental temperature to the animal, °C, and 

wt – mass, kg. 

This way, the recommended temperature range for the piglets is 28 to 29°C. 

To evaluate the environment variables, it were observed the climatic variables (dry-bulb 
temperature, relative humidity and air speed), thermal comfort variables (Temperature 
and humidity index - THI), and air quality variables (ammonia (NH3), carbon dioxide 
(CO2) and hydrogen sulfide (H2S)). 

In order to monitor the dry-bulb temperature (Tbs) and relative humidity (RH) into the 
studied environments and the external environment, temperature gauges with data loggers 
(BethaEletronica®, model UMMI) was placed in the center of the pens. Data were 
recorded every 15 minutes. 

The measurement of the climatic variables in the external environment was performed in 
order to assess the influence of this environment (external) under the internal 
environment (inside of the facilities), according to measurement system used by Sarubbi 
(2005). 

Analysis of variance and Tukey’s test were performed to compare the treatments. 

The parameters obtained were compared with those recommended for the specie and 
genetic category used. 

To assess the air speed, each populated pen was divided in 6 quadrants. The measures 
were made in the center of the quadrant, in four moments, during one day: 8 a.m., 12 
p.m., 3 pm and 7 p.m., using a portable air velocity meter (digital anemometer, SALCAS 
– model AD-145 – precision 0.1 m.s-1). The data collection points were the same that the 
points used during the gases data. 

To check the air quality of the treatments, it was used a Multi-Gas Meter 
(GasAlertMicro5). We considered the data of ammonia (NH3), carbon dioxide (CO2) and 
hydrogen sulfide (NH2). Also to assess the air quality, each pen was divided into 6 
quadrants, according to the methodology used by Gigli et al. (2008) and illustrated in 
Figure 2. 
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In the center of each quadrant, three different heights from the floor were used for 
measurements, where: A = height of the animal (0.20 m), B = height of an average 
individual standing human (1.60 m) and C = next the ceiling (1.85 m). 

 

Figure 2. Schematic picture of the gases collection. 

 

Gases data were collected during one day; when the piglets were 29 days-old, in 
following moments: 11 a.m., 1 p.m., 2 p.m. and 4 p.m. These moments were chosen 
because they were presented by Sampaio et al. (2007) as the moments of highest 
ammonia concentration in a nursery pigs. Sampaio et al. (2007) performed his research 
work in the same geographic area that this study was performed. 

The average of the gases concentration levels, in each treatment, in each quadrant, for 
each measured moment was calculated. 

The quality air measurement was performed only in analysis 2. 

The THI formula it was used in this study is given by equation 2: 

 

2.4136.0 ++= ToTbsTHI                                                                                                (2) 

Where:  

THI = Temperature and humidity index; 

Tbs = Dry-bulb temperature, °C; 

To = Dew point temperature, °C (Albright, 1990). 
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RESULTS AND DISCUSSION Tbs averages differ (p<0.05), when the treatments were 
compared among themselves and with the external environment. No one environment 
was equal considering the relative humidity. These analyses are shown in table 1. 

 

Table 1. Averages climatic variables measured during the analyses. 
Analysis Variables Treatments 
  TR TP TA Text 

1 Air dry-bulb temperature (°C) 25.5 (+2.3)a 24.2 (+5.8)c 25.1 (+6.1)b 18.8 (+4.2)d 

Relative Humidity (%) 75.2 (+4.7)b 65.3 (+4.7)d 67.5 (+5.9)c 76.6 (+13.8)a 

2 Air dry-bulb temperature (°C) 26.2 (+2.4)a 24.0 (+5.23)c 25.3 (+2.6)b 20.0 (+5.2)d 

Relative Humidity (%) 64.2 (+7.0)b 60.0 (+6.8)c 58.7 (+8.5)d 65.8 (+18.2)a 

a,b,c,d Averages followed by different letters in the same line are different (p<0.05) by Tukey’s Test. TR= suspended 
electrical resistors, TP = heated floor, TA = convection heating, Text= external temperature (outside of the facilities). 

According to the observation of table 1, it is noticed that there was difference among all 
treatments regarding to the Tbs and to RH, in both analyses. 

Tbs average founded in TR is the highest of all. Tbs average of TP is the lowest one. 

No one treatment showed its average within the comfort thermal zone. TP treatment even 
offered its average bellow the lower critical temperature (<25°C), presented by the 
manual of genetic of the animals (AGROCERES PIC, 2008). 

The RH average was statistically different of the others environments and TR treatment 
showed the highest value. All environments were within the recommended comfort zone 
(50-70%), except TR, during the analysis 1. 

Figure 3 shows how the temperature (Tbs) was distributed during the analysis 1, in all 
treatments. 

 
Figura 3: Dry-bulb temperature distribution during the analysis 1. 
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TR treatment was more efficient to keep the temperature within the zone of thermal 
comfort, when compared with the others treatments. TP treatment was less efficient 
because kept the temperature outside the comfort zone for longer period, when compared 
with the others treatments. However, Tbs of TR treatment stood in the most part of the 
time between 25 and 27ºC. 

There were indications that the electrical resistors system was the best considering the 
animals thermal comfort in the analysis 1. It is because it kept the animals for longer 
period in their comfort zone and the average temperature was the highest of all systems 
(p<0.05).  

Figure 4 shows the Tbs distribution over time during the analysis 2, in all treatments. 

 

Figure 4. Dry-bulb temperature distribution during the analysis 2 

 

Just as the occurred in the analysis 1, TR treatment was more efficient to maintain the 
temperature within the zone of thermal comfort, when compared with the others 
treatments. TP treatment was less efficient because kept the temperature outside the 
comfort zone for longer period, when compared with the others treatments. However, Tbs 
of TR treatment stood in the most part of the time between 25 and 27ºC. 

The methodology used in this study may have hampered? the heated floor technology, 
since the surface temperature of the floor has not been compared between treatments. 
However, this work presents evidence that only the supply of heat by the floor is not 
enough to keep the thermal comfort for the animals. 

Pandorfi et al. (2004) studied heating systems for neonatal piglets. The technologies 
studied were: heated floor (Rossi et al., 2005), incandescent lamps (200W), electrical 
resistors (200W) and infrared lamps (250W). The authors found that the heated floor was 
the most efficient considering the conduction heat change and it offered better comfort 
condition to the animals. 

On the other hand, the study performed by Pandorfi et al. (2004) was performed inside of 
the creeps with volume of 0.53m3. Sobestiansky et al. (1987) mentioned that the use of 
the creep gave a better environmental acclimatization to the piglets. But in this study, the 
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total volume of the facilities to be heated is about 80m3. It is suggested to use a ceiling or 
a supplemental source of heat to improve the performance of this heating system. 

The air speed was equal to 0 (zero) or less than can detected by the instrument sensitivity 
in all measurements. This behavior occurred both when the curtain was closed or open. 
There was no change in air speed, including the heating system by convection. 

Considering the temperature range used in these tests (28 to 30°C) and relative humidity 
range, given by the literature as 50 to 70% (Moura, 1999), the THI ideal for piglets at this 
stage is 77 to 84.  

Table 2 shows the THI values found in the analyses. 

Table 2. Average values of THI for the period of the analyses 1 and 2. 

Treatment TR TP TA Text 
THI (analysis 1) 75(±3)a 73(±3)c 74(±3)b 66(±5)d 
THI (analysis 2) 75(±3)a 71(±3)b 72(±4)c 66(±6)d 

a,b,c,d Averages followed by different letters in the same line are different (p<0.05) by Tukey’s Test. 

All treatments were statistical different when they were compared with the external 
environment. All treatments were below the animals comfort zone, when THI was 
considered. 

Values of hydrogen sulfide were not detected in any of the measured points and periods 
of time. The measured values of CO2 remained unchanged and within the recommended 
levels for the studied specie (<5000 ppm, according to GLOBALGAP (2007)). 

The found values of ammonia are show in Table 3. 

Table 3. Average concentrations of ammonia found in quadrants. 

 Treatments  Treatments 
Quadrant TR (ppm) Quadrant TR (ppm) 

1 2.1 (±0.5)ab 1 2.1 (±0.5)ab 
2 2.3 (±1.0)a 2 2.3 (±1.0)a 
3 1.7 (±0.7)a 3 1.7 (±0.7)a 
4 3.2 (±0.4)a 4 3.2 (±0.4)a 
5 3.0 (±0.7)a 5 3.0 (±0.7)a 
6 2.0 (±0.7)a 6 2.0 (±0.7)a 

Quadrants average 2.4 (±0.9)a Quadrants average 2.4 (±0.9)a 
a,b Averages followed by different letters in the same line are different (p<0.05) by Tukey’s Test. 

No treatment had values above the recommended by literature for pigs. None of the 
treatment was higher than 4 ppm. One of the lowest levels of ammonia concentration 
recommended for the pigs, found in the literature, is 7 ppm (Sällvik, 1999) 

Figure 5 shows values and the proportion of the gas found in each quadrant. 
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Figure 5. Schematic representation of the concentration of ammonia in each quadrant. 

 

The average concentrations of ammonia were compared by Tukey’s test at 5% 
probability (Sampaio et al., 2007). 

Ammonia concentration remained lower in the treatment with the use of convection 
method (TA treatment). Although the air velocity in this treatment was less than 0.1m.s-1, 
it is possible to say that, in accordance to the principle of operation of the equipment, 
there was some movement of air in the room. 

CONCLUSION Regarding the air temperature (dry-bulb temperature), the suspended 
electrical resistors system was the best system. The heated floor was the worst one. 

There are indications that the heating convection system was the best for the maintenance 
of low ammonia concentrations in the environment, when compared to the other systems. 

The best heating system for piglets in the nursery phase, in terms of environmental 
quality, was the suspended electrical resistors. 
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