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Air quality & ventilation during the pandemic?

• CIVOS – investigating ‘Changes In the Ventilation of Schools’ when 
monitoring CO2 during 2021 and beyond…

40 naturally ventilated classrooms in 4 schools (2 primary & 2 secondary)

Phase 1: Unintrusive monitoring (temperature, RH, CO2) from the start of 
2021



Four schools and 36 classrooms…



Classroom temperatures in the 4 schools 
during each study month



Outdoor temperatures for the 4 schools during 
each study month



Temperature differences, between classrooms and 
outdoors, for the 4 schools shown by month

Indoor-outdoor temperature difference:

• Potential to increase ventilation due to increased driving buoyancy force

• Potential to if occupants shut windows due to thermal comfort challenge



Defining the `weather periods’



Why should we care about CO2 levels?

• Human breath is the dominant source of CO2 in classrooms
• Ventilation is the dominant mean of diluting CO2 in classrooms
CO2 levels during occupied hours indicates classroom per-person ventilation 

supply – excess CO2 (approximately) inversely proportional 
• CO2 levels good general indicator of air quality
• High CO2 linked to decreases in cogitative function



Classroom CO2 levels in the 4 schools during 
each study month



How much do thermal challenges influence 
ventilation?



How much do thermal challenges influence 
ventilation?



Classrooms 
vary even 
when 
notionally 
the same 
and next 
door to one 
another…
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So some classrooms need more 
help than others.

The DfE has been supplying HEPA
filters to some classrooms –

how effective are these?



What can researchers do to help change 
school air quality in the here and now?

Class-ACT – ‘Classroom Air Cleaning Technologies’ evidencing the impact of 
HEPA or UVC filter provision within classrooms
• Environmental monitoring (temperature, RH, CO2, PMs, VOC) in 330+ 

classrooms in 30 schools within the Bradford area
• Divided into: ‘Control’ (no interventions), ‘HEPA’, and ‘UV’ schools
• Environmental data analysed for AY 2020/2021
• School attendance data gathered from across the Bradford area

Does this data show meaningful impact on attendance (=> infection) within 
the HEPA and/or UV schools?

• Challenged by logistics (from plug sockets, to noise and heat)
• Quality assurance on data at this scale is an enormous undertaking

Not for today, this analysis is still ongoing! 
We’re going to question the impact of HEPA filters on PM and stick to that…

Each ‘HEPA classroom’ got 3 standalone filter devices. Question impact of: 
HEPA filters within operational naturally ventilated classrooms



Outdoor temperature in Bradford AY 2021/2022



Sometimes logical issues can help…

• UV systems not active in schools until Dec/2021
• We neglect UV schools, and treat them as ‘Control 2’ group until 

Dec/2021



Are the (per-person) ventilation levels similar 
between the groups?



Are the (per-person) ventilation levels similar 
between the groups?

Differences in mean CO2 levels (infer 
per-person ventilation levels) are: 

<3% between HEPA and Control2   
=> always statistically insignificant.

<15% between HEPA and Control   
=> sometimes statistically 
significant.

<14% between Control and Control2 
=> always statistically significant.



Are the PM levels similar between the 
groups?



Are the PM levels similar between the 
groups?

Differences in mean PM levels are: 
35-50% between HEPA and Control2 
=> always statistically significant.
39-49% between HEPA and Control 
=> always statistically significant.
<5% between Control and Control2 
=> always statistically insignificant.



Classroom air quality & ventilation, pandemic + beyond…
• Seasonal variations are consistent, investigation illustrates the thermal comfort needs, and 

possibly the desire to reduce energy costs, are the most likely causes.
• Significant variations between notionally similar classrooms are consistent highlights further 

investigation required into:
a) school classroom and building variation, and
b) the role of the ventilation behaviours of classroom occupants.

• CIVOS Data highlights that in these classrooms (per-person) ventilation rates were 
significantly lower at the end of 2021 than at the beginning — possible reasons include: 

a) protocols for UK schools, 
b) the UK Government’s messaging, and 
c) the populations attitude towards the disease, throughout 2021 are likely contributors to this finding.

• Class-ACT highlights that HEPA filters are effective in reducing PM in operational naturally 
ventilated classrooms, by around 35-50% 
=> the crucial link to infection reduction needs to concluded and interpreted in the context of 

implementation, training and running costs, and all impacts on classroom learning (noise, etc.)


