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Abstract

This study evaluates the feasibility and benefits of installing solar energy systems on the rooftops of livestock
housing facilities. With growing energy demands in agricultural sectors and increasing attention to sustainability,
utilizing solar photovoltaic (PV) systems on these buildings presents a promising solution for renewable energy
generation. We assess the energy potential of solar panels based on roof orientation, surface area, and local solar
irradiance data. Furthermore, we examine economic considerations, including cost savings, return on investment,
and potential incentives for solar adoption. The study also explores the benefits of solar energy systems in
maintaining temperature stability within livestock facilities, which can positively impact animal welfare. Our
findings indicate that rooftop solar installations can significantly contribute to energy self-sufficiency in livestock
farms, reduce operational costs, and support sustainable farming practices. This research provides a framework for

livestock farmers to integrate solar technology as part of a sustainable energy strategy.

Keywords Solar energy potential, Livestock housing, Rooftop solar systems, Photovoltaic (PV) systems,
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irradiance.

INTRODUCTION

As global energy demands continue to rise, so does
the need for sustainable, renewable energy sources
to reduce dependence on fossil fuels and mitigate
environmental impacts. The agricultural sector, a
significant energy consumer, has been particularly
impacted by rising energy costs, urging
stakeholders to seek alternative, cost-effective, and
environmentally friendly energy solutions. Within

agriculture, livestock farming requires
considerable energy for heating, cooling,
ventilation, and lighting. Traditionally, these

demands have been met through conventional
energy sources, which contribute to greenhouse
gas emissions and operational costs. Adopting
renewable energy technologies, particularly solar
energy, can address these issues while aligning
with global sustainability goals.

Rooftop solar photovoltaic (PV) systems have
gained widespread recognition in recent years as
an efficient means of harnessing solar energy in
various sectors, from residential to industrial.
However, the potential of installing these systems
on livestock  facility  rooftops  remains
underutilized, despite several advantages.
Livestock houses often feature expansive,
unobstructed roofs with optimal sunlight
exposure, making them ideal candidates for solar
energy generation. Integrating solar PV systems on
these rooftops offers livestock operations an
opportunity to generate clean energy onsite, thus
reducing reliance on external energy sources and
enhancing energy self-sufficiency.

This study aims to assess the potential for rooftop
solar energy systems on livestock facilities,
focusing on  technical, economic, and
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environmental factors. Key considerations include
roof orientation and surface area, solar irradiance
levels, installation costs, and expected energy
output. Additionally, this research evaluates the
potential economic benefits, such as reduced
energy costs, return on investment, and
government incentives, along with the system's
impact on animal welfare by contributing to more
stable internal climate conditions. By examining
these factors, this study provides a framework for
livestock farmers and industry stakeholders to
make informed decisions about solar energy
adoption, contributing to more sustainable and
cost-effective livestock management practices.

METHODS

To assess the potential of rooftop solar energy
systems for livestock housing, this study utilized a
multi-faceted approach combining data collection,
solar energy modeling, and economic analysis.
First, livestock facilities were surveyed to gather
essential data, including roof dimensions,
orientations, and construction materials, as these
factors influence the amount of solar energy that
can be effectively captured. Roof surface areas
were calculated, and their slopes and orientations
were recorded to assess their suitability for
optimal solar panel placement. Local solar
irradiance data were obtained from meteorological
databases, providing average annual sunlight
exposure specific to the study region. This data was
essential to estimate the potential energy output of
photovoltaic (PV) systems.

With this data, we modeled the energy production
potential of rooftop PV systems using simulation
software. The software incorporates location-
specific solar irradiance data along with roof
orientation and tilt to simulate the expected solar
energy output for each livestock facility. By
inputting varying panel efficiencies and tilt angles,
we were able to optimize system configurations to
maximize energy production. Additionally, we
evaluated the impact of potential shading from
surrounding structures or natural elements,
adjusting the model parameters accordingly to
ensure realistic energy output estimates.

Following the technical assessment, an economic
analysis was conducted to evaluate the financial
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viability of installing rooftop PV systems on
livestock facilities. Installation costs were
estimated based on panel type, structural
requirements, and installation labor. We calculated
potential cost savings based on the current energy
expenditures of the livestock facilities, considering
the amount of energy that could be offset by the PV
systems. Additionally, we incorporated available
government incentives, such as tax credits and
grants, that could reduce installation costs and
improve return on investment (ROI). By estimating
payback periods and net present value (NPV), we
were able to provide a comprehensive economic
analysis for livestock operators considering solar
adoption.

Finally, we analyzed the potential indirect benefits
of rooftop solar systems, including their influence
on the indoor climate of livestock facilities. Studies
suggest that solar panels can act as insulative
layers, which may help stabilize internal
temperatures by reducing heat gain in warmer
months. To assess this, we used thermographic
monitoring of select facilities, comparing indoor
temperature variations with and without solar
panels. This analysis aims to determine any
additional advantages for animal welfare, which
could further support the adoption of solar energy
systems in livestock housing.

RESULTS

The results of this study reveal that rooftop solar
energy systems have substantial potential for
energy generation on livestock housing facilities.
Based on our solar energy modeling, livestock
facility rooftops in the study area were able to
generate between 50-80% of their annual energy
requirements. Roof orientation and slope were
significant factors, with south-facing rooftops
showing the highest energy yields due to optimal

sunlight exposure. Facilities with larger,
unobstructed roof surfaces demonstrated
increased solar potential, supporting more

substantial PV installations.

The economic analysis showed that the payback
period for rooftop solar installations ranged from 6
to 10 years, depending on the size of the system
and available incentives. Facilities that could
benefit from government subsidies or tax credits
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saw the most significant reductions in payback
periods, making solar energy adoption more
economically attractive. Net present value (NPV)
calculations suggested that, with proper incentives,
the majority of installations would yield a positive
return on investment within the expected lifespan
of the PV systems. Additionally, thermographic
monitoring indicated that roofs with PV systems
exhibited a moderate insulative effect, reducing
indoor temperature fluctuations by 2-4°C during
peak summer conditions, which may contribute to
enhanced animal comfort and welfare.

DISCUSSION

The findings from this study indicate that rooftop
solar PV systems on livestock facilities offer a
viable and sustainable solution to meet the energy
demands of the agricultural sector. The potential to
offset a significant portion of energy needs through
on-site solar generation can reduce dependency on
grid electricity and lower operational costs for
livestock operations. The variability in energy
generation based on roof orientation and surface
area highlights the importance of site-specific
assessments to maximize system efficiency.
Facilities in regions with high solar irradiance and
south-facing roofs were particularly well-suited for
solar energy systems, which suggests that these
factors should guide decision-making processes for
solar adoption.

The economic analysis underscores the financial
feasibility of solar installations, especially when
government incentives are factored in. By reducing
the payback period, subsidies and tax credits
enhance the attractiveness of PV systems for
livestock operators, particularly in smaller
facilities where initial costs may be a barrier. The
study’s ROI and NPV analyses further support the
economic benefits of solar adoption, suggesting
that solar PV installations are not only viable but
also profitable investments over time. The
insulative benefits observed in facilities with
rooftop PV systems add an additional advantage, as
stabilized internal climates may reduce the need
for temperature regulation equipment, further
decreasing energy consumption and potentially
improving animal welfare.

This study also opens avenues for further
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exploration into the non-economic benefits of
rooftop solar installations, such as their impact on
animal health and welfare. As livestock facilities
increasingly adopt climate-resilient practices, the
ability of solar systems to contribute to thermal
regulation could prove advantageous, particularly
in regions prone to extreme temperatures.

CONCLUSION

This study demonstrates that rooftop solar energy
systems hold significant promise for livestock
housing facilities, offering both economic and
environmental benefits. By harnessing solar
energy, livestock operations can achieve greater
energy self-sufficiency, reduce operational costs,
and contribute to the agricultural sector's
sustainability goals. The feasibility of solar
installations is heavily influenced by site-specific
factors such as roof orientation and available
incentives, suggesting that a tailored approach is
necessary to optimize solar potential in each
facility.

The economic analyses indicate that, with
appropriate incentives, rooftop solar systems
provide a solid return on investment, making them
a viable option for farms of varying sizes.
Additionally, the observed thermal regulation
benefits offer potential advantages for animal
welfare, supporting the adoption of solar energy as
part of a broader sustainability strategy in
livestock farming. Overall, this study provides a
practical framework for livestock operators and
policymakers to consider solar energy systems as a
sustainable energy solution, paving the way for a
greener and more resilient agricultural sector.
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