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Abstract | This study examined the effects of solar heating system as a source of renewable energy on the growth
performance, electricity uses and housing environments of piglets. For this trial, a total 20 piglets having similar aver-
age body weight 6.83 + 1.07 kg (mean * std.) were randomly divided into 2 (two) incubators, control (conventional)
incubator and the solar based incubator with 10 replicates each. The experimental duration was 10 weeks (70 days).
Feed intake, body weight gain, electricity consumption, environmental parameters includes temperature, humidity,
ammonia and hydrogen sulfide concentration were measured on weekly basis. There were no significant differences on
the final body weight, average daily body weight gain (ADG), average daily feed intake (ADFI) and feed conversion
ratio (FCR), between the incubators. However, ADG was numerically higher (P > 0.05) and FCR was lower (P >
0.05) in solar heating incubator compared with the control incubator. The consumption of electricity with solar based
incubator was reduced by 59.13 kWh/head and the saving efficacy was about 49.6% than the conventional incubator.
Internal temperature was higher (P < 0.05) in solar based incubator. The ammonia concentration and hydrogen sulfide
concentration were significantly lower (P < 0.05) in solar based incubator than the control incubator. The solar based
heating incubator might be eco-friendly and renewable source of energy for the sustainable pig production.
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INTRODUCTION fossil fuel has led a higher energy prices in the worldwide
(Nakomcic-Smaragdakis et al., 2012). In addition, CO,

Asustainable source of energy is important for the live- emissions from the fuel is increasing with an annual in-
stock and agricultural sector while the natural fuel crement of 1.5 ppm (Apak, 2007). Fossil-fuel contributes

is limited (Rathnayake et al., 2021). The continue uses of about 90% of CO2 emissions, that causes the deforest-
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ation, and pollute the environment (Oliver et al., 2012).
'Thus, identifying the renewable sources of energy to pro-
tect the environmental is essential. The application of re-
newable energy sources in agriculture, is increasing global-
ly for it’s sustainable nature, high production performance
with low maintaining cost (Choi et al., 2012). The govern-
ment of Republic of Korea, decided to rise the application
of renewable energy from 6% to 11% from 2021 to 2030
(Lee et al,, 2009; Lola and Graham, 2021). It is impor-
tant to ensure the optimal housing environment includes
temperature, humidity, carbon dioxide, ammonia, hydro-
gen sulfide levels in swine houses for optimum growth and
feed intake especially in weaning period. As weaning is the
most critical period to expose stress to piglets due to envi-
ronmental changes, feed, and in the thermoregulation pro-
cess (Renaudeau et al., 2011; Long et al., 2021). Housing
environment can play a role to minimize the concentra-
tion of NH3, H2S and CO2, emission from animal farm
(Rodriguez et al., 2020; Saha et al., 2010). Now, it’s time
to consider animal housing aimed to enhance energy effi-
ciency by applying renewable energy sources. Solar energy
is the largest and cheapest energy resource on the earth
(Tariq et al., 2021). Application of solar energy in rural life
is well known since few years. Now, solar technology has
also been developed in agricultural process, for example ir-
rigation, green house, poultry and livestock farming. Solar
energy is the most renewable energy resource in the world
for its availability with many advantages (Acosta-Silva et
al., 2019). The Sun produces energy at a rate of 3.8x1023
kW, of which approximately 1.8x1014 kW is seized by
the earth which ensured the availability of solar energy for
thermal applications (Paternoster et al., 2015). However,
information about the application of solar based energy on
the production performance and housing environment of
piglets are not available.

Taking consideration, this study was focused on the uses
of solar based incubator as a source of renewable energy on
the growth performance, electricity uses and housing envi-
ronment of piglets compared with conventional incubator.

MATERIALS AND METHODS

ANIMALS AND EXPERIMENTAL DESIGN

This research was conducted at the experimental swine
tarm of Sunchon National University, the Republic of Ko-
rea. The animals care procedure was approved by the review
committee of the Animal Use and Care Council of the
university. The trial was performed from 13" August 2021
to 22" October 2021 (10 weeks). Considering the average
body weight 6.83 + 1.07 kg (mean * std.), a total of 20 pig-
lets [(Duroc) x (Landrace White x Yorkshire)] were ran-
domly divided into two separated incubators while every
house has ten individual pens as replication. The control

incubator pens were heated by using 600 W heating lamps
while the other room was designed by installing a solar
heat pump. Piglets were fed on corn soybean meal based
diets (data not presented).

GROWTH PERFORMANCE

At beginning and at the end of the trial, the weight of the
individual piglet was considered as initial and final body
weight (kg). The average daily body weight gain was calcu-
lated by subtracting the initial weight from the final weight
and divided with experimental period. The feed was offered
twice daily and feed intake was considered by subtracting
the remaining feed from the supplied feed. The feed con-
version ratio (FCR) was calculated by dividing the feed
intake by the weight gain.

ELecTrRICITY AND HOUSING ENVIRONMENT

The electricity consumption inside the solar incubator and
the control incubator were measured by two individual
smart energy electrical sub-meters. Temperature and hu-
midity of incubators were measured by sensors with ther-
mocouples and thermistors. The range for temperature and
humidity were -2°C to 80°C and 0-100% respectively that
were linked with data logger (CR10X Data Logger, Ed-
monton, Canada) (Mun et al., 2020). The concentration
for ammonia and hydrogen sulfide were measured by using
a NH3 sensor 3E 100 SE (Bonn, Germany) and using a
H2S-B4 sensor (Alphasense Ltd., Great Notley, UK), re-
spectively (Mun et al., 2020). The range of sensors were
between 0-50 ppm.

STATISTICAL ANALYSIS

The trail data were examined with one-way analysis of var-
iance (ANOVA) by SPSS (2006). Individual pig was the
replication unit. Duncan’s multiple range test was used to
assessed the differences between means. The results were

presented in table as mean + SEM with the significant lev-
el at P < 0.05.

RESULT'S AND DISCUSSION

GROWTH PERFORMANCE

The effect of solar based incubator on feed intake, body
weight gain, and feed conversion ratio (FCR) were shown
in Table 1. During the entire experimental period, no
significant differences (P > 0.05) were noted on the feed
intake, final body weight, average daily gain (ADG) and
FCR. However, ADG was numerically higher (P > 0.05)
in solar based incubator than the control incubator. FCR
was lower (P > 0.05) in solar based incubator than con-
ventional control incubator although it was not significant.
Daily weight gain, feed intake as well as FCR are the most
important indicators for economy swine production. Ad-
aptation of the new technology in farming system, pro
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Table 1: Effects of solar based incubator on growth performance of piglets

Parameters Control incubator
Initial body weight (kg) 6.83

Final body weight (kg) 43.66

Average daily gain (g) 526

Average daily feed intake (g) 1044

Feed conversion ratio (FCR) 1.98

n=10
SEM, pooled standard error of the means.
Level of significant (P < 0.05)

Table 2: Effects of solar based incubator on electricity uses
Parameters
Total uses (kWh/10 weeks)
Average uses (kWh/head)
Compared with control incubator
Reduced electricity consumption (kWh/10weeks/head)
Saving efficacy %

Table 3: Effects of solar based incubator on environment of pig house

Parameters Control incubator
Internal temperature (°C) 24.68

Internal humidity % 84.19

Ammonia (ppm) 1.88

Hydrogen sulfide (ppm) 0.14

Outside environment

Temperature (°C) 24.79

Humidity % 91.10

Wind speed (m/s) 0.66

Solar radiation (w/m?) 197.95

Level of significant (P < 0.05)

duction performance must be in consideration (Kim et al.,
2005). Using solar heating system in the piglet’s incubator,
had no any adverse effects on the growth performance of
piglets in the current study, indeed had a positive eftect on
the daily gain and FCR, those were in line with the pre-
vious studies with an air heat pump and geothermal heat
pump system of the pig house respectively (Choi et al.,
2010; Jeong et al., 2020).

ELEcTRICITY CONSUMPTION

'The electricity consumption of pig house was shown in Ta-
ble 2.The average electricity consumption was lower in so-
lar based incubator than the control incubator. Compared
with control incubator, the reduced energy consumption
(electricity) was 59.13 kWh/10weeks/head and the energy
saving efficiency was 49.60% respectively. The higher ener-
gy saving efficacy in solar based incubator may due to uni-
form heat distribution with less operating hours by using
sunlight. In a previous report with the geothermal heating

Solar based incubator SEM Pvalue
6.83 0.24 0.994
44.50 0.83 0.624
538 12.05 0.628
1021 5.94 0.405
1.90 0.06 0.325
Control incubator Solar based incubator
1192.92 601.57
119.29 60.16
= 59.13
- 49.60
Solar based incubator SEM Pvalue
26.45 1.79 0.035
70.86 3.24 0.725
0.83 0.35 0.042
0.01 0.01 0.002

system that can provide three units of electricity per unit
of consumption resulting in lower electricity consump-
tion than the conventional heating system (Charoenvisal,
2008). In addition, the cost of electricity can be reduced by
applying the geothermal heating system in livestock farms
(Barbier, 2002; Mun et al., 2020). Wu (2009), reported that
the electricity consumption cost can be reduced by about
46% with air source heating system than the conventional
heating system. The price of fossil fuels is increasing con-
tinuously. Therefore, the renewable energy should be ap-
plied for the sustainable livestock farming.

HousING ENVIRONMENT

The effects of solar based incubator on housing environ-
ment of piglets was shown in Table 3. According to the
Table 3, internal temperature of solar based incubator was
higher (P < 0.05) than the control incubator. In addition,
ammonia (ppm) and hydrogen sulfide (ppm) concentra-
tion were lower (P < 0.05) in solar based incubator than
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the conventional control incubator. However, no signifi-
cant differences were found on humidity between the in-
cubators. The house inside temperature is an important
environmental parameter for good health and production
performance of swine (Rathnayake et al., 2021). Any var-
iation of pig house temperature may negatively effect on
the growth of pigs (Hessel et al., 2010). Piglets are usually
susceptible to the cold stress, especially in weaning period.
In this study, the solar based heating pump converted the
heat from sunlight effectively to the pig barn that ensured
the uniform temperature inside the pig barn. The higher
temperature showed the efficiency of the solar based incu-
bator system which can provide enough heat to maintain
the required optimum temperature for piglets. The opti-
mum temperature for first week of weaned piglets are 28
°C, however the temperature should be reduced by 2°C for
the next week and maintained at 26°C, which was within
the range of our current findings (Close and Stanier, 1984).
Ammonia and hydrogen sulfide gas are harmful gases to
human health and animals. The emission of ammonia and
hydrogen sulfide as harmful gases from swine farm might
have negative effects on pig’s growth, health and welfare
(Mun et al., 2022). The tolerate level of ammonia (NH3)
is 20 ppm (Soren and Krister, 2002) according to inter-
national commission of agriculture and Bio-System engi-
neering. The growth rate of pigs may fall up to 30% with
the increased level of NH3 in pig house (Mun et al., 2022).
The level for H2S in the swine farm should be less than
2 ppm (Ni et al., 2017). In this study, both the ammonia
and hydrogen sulfide level were significantly lower in solar
based incubator system than the conventional incubator
which support the numerical higher daily weight gain in
solar based incubator. Lower harmful gases inside the solar
based incubator, may due to the passes of fresh air in the
solar based pig’s incubator. The entry of fresh air may have
a role to minimize or dilutes the ammonia and hydrogen
sulfide gases (Choi et al., 2010). Saha et al. (2010) also
reported that installing a pit ventilation system could im-
prove the air quality and reduce the ammonia level about
37-53% from pig house. The concentration of NH, was re-
duced by about 30% in the geothermal heating system at
pig house (Jacobson, 2012). In addition, fuel combustion
was not associated with the solar based incubator system
which may another reason of reducing the harmful gases
in the pig house. Furthermore, Solar heating pump system
is known as greener and renewable energy source which
can play role on the energy security, and can reduce the
climate changes. Therefore, the application of solar energy
can be the effective solutions for those problems associated
with high odor gas emission in the pig house and energy
consumption.

CONCLUSION

'The uses of the solar based incubator system could improve
the house temperature, and could reduce the electricity
uses, odor gas concentration in pig house without affecting
the optimum growth performance of piglets. Considering
the favorable role for the environment, the solar based in-
cubator system can be useful as a renewable source of en-
ergy for sustainable pig production.
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