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Biosecure Heating, Ventilation and Air Conditioning (HVAC)

Heating, Ventilation and Air Conditioning (HVAC) is an essential technology in clean rooms and
biosafety environments. It is known that ventilation is indispensable in intensive farms to regenerate
the oxygen and to eliminate aerosols, dust and air-borne matter. Heating when the temperatures are
low and cooling when they are high is needed to control the temperature which increases the health
and productivity in farms.

Current HVAC systems represent a significant cost for the livestock sector. Conventional systems
renew the air in enclosed spaces by introducing outdoor air in order to maintain air quality and safe
levels of pollutant gases. However, HVAC systems used in farms and farm-to-fork facilities are
generally designed for temperature control but no for biosecure operation that ensures a
pathogen-free environment. Small particles such as pathogens are typically not targeted by these
systems. Moreover, HVAC installations often become reservoirs for contaminants, potentially
exacerbating the transmission of diseases.

Within the framework of the HE—FARM project, a biosafety-oriented heating, ventilation, and air
conditioning (HVAC) system was developed to address the needs of the farm-to-fork chain sector
and to be implemented in real operating environments with the aim of improving air quality. An
additional objective was to design an HVAC device that is low-cost and easy to operate and maintain.

The prototype HVAC system was installed in a controlled room where a known model microorganism
was aerosolized and suspended in the air. Air samples were collected at the outlet of the HVAC
prototype using a Counterfog Bioaerosol Fast Sampler (BIAFTS). Control experiments were
performed by dispersing the microorganism in the absence of HVAC operation in order to evaluate
its natural airborne transport and persistence. Experimental trials were then conducted with the
HVAC system operating to assess its effect on the biological air quality. Several tests were carried out
at different operating temperatures achieved by the device.

The results demonstrated complete inactivation of
the model bacteria used in this study (Escherichia
coli and Staphylococcus epidermidis). No bacterial
colonies were detected in cultures obtained from
BIAFTS air samples at any of the temperatures
tested. In contrast, control experiments consistently
yielded bacterial growth of 3—4 log CFU on Petri
dishes. These findings indicate that, even at the
lowest operating temperature evaluated (502C), the
system achieved total biological air decontamination
for both Gram-negative and Gram-positive bacteria.
Notably, despite the high airflow rates and the consequently very short residence time of bacteria
within the system, the treatment remained highly effective, leading to full inactivation of the tested
microorganisms.
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