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This project cuts across all three ERBE themes.
Theme 1: Flexibility and resilience: This project will seek to ensure that the built environment is resilient to
future needs whether they be driven by public health or cognitive performance standpoints. It will do this by
ensuring ventilation is put to the forefront of indoor wellness discussions and that data is utilised to monitor
and improve IAQ.
Theme 2: Technology and system performance: Data driven digital twins will be utilised to drive building
related mechanical system sustainable performance.
Theme 3: Comfort, health and well-being: Indoor air quality (IAQ) will be monitored via IOT and analysed via
advanced data analytics to offer decision support systems (DSS) to end users as well as control feedback to
mechanical ventilation systems. Best in class comfortable, safe and energy efficient indoor environments will
be delivered in a cross sectoral manner.
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The COVID-19 pandemic has exposed areas requiring urgent development to provide healthy indoor
environments [1]. The significance of the airborne transmission of SARS-CoV-2 through the exhalation
of small micro-droplets has been the object of extensive discussion within the International scientific
community[2]. Given that most of the documented spread of the disease has happened in indoor
environments [3], control of indoor air is essential to reduce the risk of airborne pathogens [4].
Schools and educational buildings have been at the forefront of this discussion internationally as
governments have strived to maintain in person education whilst mitigating the risk of viral spread.
It is evident that time spent in classrooms represents a problem in this regard. Overcrowded
classrooms and scarce ventilation increase the risk of exposure to pathogens. In addition studies have
recently highlighted that poor air quality can negatively affect the learning performances of the
students [5].
Engineering controls through heating, ventilation, and air-conditioning (HVAC) systems are
considered a higher level of precaution than physical containment methods for creating healthy
indoor environments [6]–[8]. Ventilation is the primary control measure for indoor transmission of
airborne particles [1]. Existing ventilation systems in buildings are designed to remove heat and
pollution loads in normal conditions. However, ventilation systems should also be able to eradicate
the transmission of airborne particles during serious outbreaks[9]. In addition, an inadequate
ventilation rate and inappropriate ventilation strategy are associated with inferior health outcomes
for the occupants.
Energy consumption linked with control of the indoor environment is a critical concern, given that
buildings consume over 36% of energy globally. New ventilation criteria, proposed by industry
professionals, have mainly focused on indoor air quality improvements to guarantee occupants’
health. However, the associated energy consumption was an afterthought; this has resulted in high
energy consumption as a result of increased volumes of fresh air being treated and delivered during
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the pandemic.
Thus, the challenge that this project will seek to address how to balance ventilation system energy
consumption with the prevention of infection risk in the indoor environment. It will seek to
recommend strategies that help to deliver a healthy yet sustainable indoor environment [10]. CO2
sensors have been utilised as a proxy to viral load monitoring and have shown promise [11]. These
along with other Internet of things (IOT) devices could potentially be utilised to develop digital twins
of the indoor environment and its associated IAQ and offer decision support in terms of potential
mitigation steps to improve it should it lapse. They could potentially offer feedback to control
ventilation systems to automate this process and in doing so further ensure health, safety, comfort
and energy efficiency is delivered consistently and in a controlled manner.
As Europe embarks on its twin transition towards climate neutrality and digital leadership [12], the
uptake of digital solutions and the use of data will help in the transition to a climate neutral, circular
and more resilient economy [13]
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This project will seek to address how to balance ventilation system energy consumption with the
prevention of infection risk in the indoor environment. It will seek to recommend strategies that
help to deliver a healthy yet sustainable indoor environment [10]. CO2 sensors have been utilised as
a proxy to viral load monitoring and have shown promise [11]. These along with other Internet of
things (IOT) devices could potentially be utilised to develop data driven digital twins of the indoor
environment and its associated IAQ and offer decision support in terms of potential mitigation steps
to improve it should it lapse. They could potentially offer feedback to control ventilation systems to
automate this process and in doing so further ensure health, safety, comfort and energy efficiency
is delivered consistently and in a controlled manner
This project will be supervised by Dr. Ken Bruton and Dr. Dominic O’ Sullivan of the Intelligent
Efficiency Research Group (https://www.ucc.ie/en/ierg/description/ ) in UCC. UK co-supervisors will
be appointed on success. The project will be undertaken in collaboration with local industrial
partner companies in the Ringaskiddy area, primary and secondary schools in the Cork area and
within University settings both in Ireland, the UK and the USA. Links within ASHRAE, CIBSE and
REHVA will be fostered to build on best in class IAQ standards with a view to informing future policy
both in Ireland and internationally.
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