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NATURALLY VENTILATED HOUSING AS A
SUSTAINABLE APPROACH TO MITIGATING HEAT
STRESS IN LIVESTOCK

Modern livestock production faces increasing challenges associated with climate
change, particularly rising ambient temperatures and the growing frequency of heat waves.
Under these conditions, heat stress significantly affects animal productivity, welfare and
health, making the development of sustainable housing systems a priority. Naturally
ventilated barns represent a promising approach that combines low energy consumption
with adaptive environmental control, contributing to the sustainability of livestock systems
[1,5].

In recent years, the concept of sustainability in livestock production has evolved from
a purely economic perspective to a multidimensional framework that integrates
environmental, biological and technological components. Within this framework, housing
systems play a critical role, as they directly determine the microclimate experienced by
animals and, consequently, their physiological and productive responses. Therefore, the
evaluation of naturally ventilated barns should be carried out not only in terms of energy
efficiency, but also with regard to their capacity to maintain thermal comfort under variable
climatic conditions.

At the environmental level, naturally ventilated housing relies on air exchange driven
by wind and thermal gradients rather than mechanical systems. This reduces energy costs and
improves resource efficiency. However, microclimate formation in such systems is highly
variable and depends on building design, orientation, stocking density and climatic
conditions. Studies indicate that despite their advantages, naturally ventilated barns may
exhibit insufficient cooling capacity during extreme heat events, which can lead to increased
thermal load on animals [5]. In particular, rapid fluctuations in temperature and humidity,
typical for continental climates, can intensify the impact of heat stress and complicate the
maintenance of stable environmental conditions.

These features highlight the importance of a detailed assessment of microclimate
dynamics in naturally ventilated systems. Continuous monitoring of temperature, humidity
and derived indices allows a more accurate estimation of the actual thermal load experienced
by animals. At the same time, such monitoring provides a basis for the identification of
critical periods when animals are most vulnerable to heat stress, enabling timely
implementation of management interventions.
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From a biological perspective, animals housed in naturally ventilated barns demonstrate
adaptive responses that reflect the interaction between environmental conditions and
physiological regulation. Heat stress disrupts thermoregulation, increases respiratory activity
and alters behavioural patterns, ultimately leading to decreased productivity [2, 3]. These
responses are not uniform across animals and largely depend on genetic background,
physiological status and previous exposure to environmental stressors.

An important feature of naturally ventilated systems is the absence of continuous
mechanical cooling, which creates conditions for the development of natural adaptation
mechanisms. Under such conditions, breed-specific differences in heat tolerance become
more pronounced. More heat-resistant breeds are able to maintain physiological stability and
productivity under moderate thermal stress, whereas more sensitive breeds exhibit
pronounced deviations in physiological parameters and production indicators [4]. This
underlines the importance of selecting animals adapted to local climatic conditions as part of
sustainable livestock strategies.

Behavioural and physiological indicators provide important tools for assessing the
effectiveness of naturally ventilated systems. Changes in activity, feeding behavior and
physiological parameters serve as early signals of thermal discomfort and allow timely
management interventions. Studies in both cattle and pigs confirm that deviations in
behavioural patterns are closely associated with changes in environmental parameters and
can be used as reliable indicators of heat stress [3, 8]. Moreover, heat stress affects circadian
rhythms and endocrine regulation, which further complicates adaptation processes and
requires time-sensitive management strategies.

In this context, non-invasive monitoring methods play an increasingly important role.
The use of behavioural sensors, thermal imaging and physiological indicators enables
continuous assessment of animal status without inducing additional stress [2]. These
approaches are particularly relevant for naturally ventilated barns, where environmental
conditions can change rapidly and require real-time evaluation. Integration of such
technologies with data-driven decision support systems allows for more precise control of
animal environment and improves the effectiveness of management strategies.

Despite their advantages, naturally ventilated barns require integrated management
approaches to mitigate the negative effects of heat stress. Architectural solutions, such as
optimization of building orientation, roof design and ventilation openings, should be
combined with additional measures including shading, water-based cooling systems and
nutritional interventions. Research shows that combining passive ventilation with targeted
cooling strategies significantly improves thermal comfort and reduces productivity losses [1].

Furthermore, sustainable livestock systems should consider not only short-term
responses to heat stress but also long-term adaptive processes. Prolonged exposure to
suboptimal thermal conditions can lead to cumulative effects, including decreased
productivity, impaired immune function and altered metabolic status. Therefore,
management strategies must be designed to minimize both acute and chronic impacts of heat
stress.

Thus, naturally ventilated housing systems should be considered not as passive
structures, but as dynamic elements of sustainable livestock production that require
continuous optimization. Their effectiveness depends on the integration of environmental
control, biological adaptation and technological monitoring. Only such an integrated
approach allows the full realization of their potential under changing climatic conditions.
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Conclusions. Naturally ventilated barns represent a sustainable and energy-efficient

solution for livestock production under heat stress conditions. However, their successful
application requires a comprehensive approach that includes optimization of building design,
consideration of breed-specific adaptation and implementation of modern monitoring
technologies. The integration of these elements can improve animal resilience, maintain
productivity and ensure long-term sustainability of livestock systems under changing
climatic conditions.
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