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SUMMARY

The Airborne Infection Reduction through Building Operation and Design for SARS-CoV-2 (AIRBODS ) project
aim is to deliver guidance on the ventilation operation and future design of non-domestic buildings and to quantify
the risk of, and reduce the transmission of SARS-CoV-2 in buildings. It is doing this through experimentation,
computer simulation and fieldwork supporting the guidance and tools.
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1 BACKGROUND

Airborne Infection Reduction through Building Operation and Design for SARS-CoV-2
(AIRBODS) is an 18 month UK Research and Innovation funded research programme. It
comprises seven research partner organisations and includes many of the contributors to the
UK’s COVID-19 ventilation guidance (UK Government; 2020, 2021). The project runs until
the end of 2022. Project objectives are defined by the work packages described in Table 1.

The need to better understand airborne transmission of viruses such as SARS-CoV-2 within the
built environment is now undeniable. It is well recognized that indoor locations, particularly
when poorly ventilated, can increase the risk of infection transmission. The project is using
experimentation, simulation, analysis and fieldwork to explore the physical and biological fate
and transport of aerosols carrying virus particles under various scenarios. The AIRBODS team
is developing guidance on how to design and operate buildings to minimize the risk of airborne
transmission acknowledging any implications on energy use and thermal comfort (especially in
winter) along with indoor air quality and occupancy levels as a combined consideration. The
Chartered Institution of Building Services Engineers are a project partner and work is being
disseminated via their Emerging room Lockdown advice documents (CISBE 2021). The project
will also provide guidance on the application of current simulation and analysis tools to more
accurately estimate the benefits of possible mitigation measures that could be used to reduce
airborne transmission now and in the future.

Key questions being considered include: what do we mean by ‘poor’ and ‘sufficient’
ventilation? How does ventilation and air movement affect transmission? What’s an acceptable
balance between conflicting drivers such as air change rate and energy consumption? To what
extent can we use indoor air properties such as CO», air temperature and relative humidity as
proxies for airborne transmission risk?



Table 1: AIRBODS research objectives

Work package

Overview of work

1. Experiments

2. Modelling

3. Field studies

4. Design guidance and
dissemination

Use class 2 environmentally controlled chambers to provide experimental

data on the transport and distribution of aerosols.

Use simulation and analysis incorporating three key areas:

i. Use analytical methods to develop an understanding of the physical
processes involved in aerosol transport; in particular to consider the
correlation between temperature, relative humidity and the behaviour and
evaporation of aerosols.

ii. Compare different computational fluid dynamics (CFD) modelling
techniques, e.g. URANS and LES, and inform a Relative Exposure
Index. The work will also underpin design and operation guidance for
practicing engineers wishing to use CFD for other scenarios and
geometries.

iii. Augment an existing indoor environment Relative Exposure Index model
using the mathematical models generated by the analytical models and
outputs from the CFD simulations. Explore individual and population
risks.

It is now recognised that COVID-19 is airborne indoors and so indoor air

quality and high standards of ventilation play a crucial part in enabling

society to adapt to a new normal safely. Field studies are undertaken to
understand the real-world air quality and ventilation of buildings in a wide
variety of settings, to understand primarily where exhaled breath builds up
indoors and why. It is recognised that CO, does not directly correlate to the
concentration of the virus in the air, but correlates to exhaled breath in indoor
air. Exhaled breath might accumulate because of poor ventilation for the
space, high occupancy for the space (temporarily or consistently), or, more
often, both.

The field studies entail:

e  Air Quality measurement: CO,, temperature, relative humidity in a
large number of internal spaces of various sizes with different
ventilation schemes.

e Airflow measurements, for validation of CFD simulations

e  Analysis of ventilation systems and their effectiveness

And in some settings, also:

e  Microbiological sampling of surfaces and air; PCRs for SARS-
CoV-2
e Crowd movement and analysis of social grouping

The AIRBODS team has contributed to the UK Government’s Events
Research Programme by carrying out the environmental study of a wide
range of venues and events, between April and July 2021. This study helped
to build the evidence base on air quality at a wide range of venues and events
and improved understanding of potential risks of airborne transmission at
events, and their mitigations. The study enabled the UK to re-open events in
culture, music and sports industries whilst improving safety at these events.
Analysis of the data is ongoing.

Use the lessons learnt from Work Packages 1, 2 and 3 to inform practical
guidance on responses to SARS-CoV-2 for at least the building typologies
investigated, and provide prediction tools and modelling advice.




The impact of the COVID pandemic on the lives and livelihoods of everyone around the world
has been substantial. There will be many repercussions in the coming years as part of the
endeavour to design and operate safer environments within which we live and work. Some
guidance has already been given on the opening up of shared indoor spaces, essential for
economic recovery and mental wellbeing, as part of an emerging evidence base. The
development of validated biophysics models within this project with a built environment
context, together with better wellbeing standards supporting better indoor air quality and
productivity, can only be further supported by an increased industry and public focus on
ventilation and understanding of airborne transmission risk.

1.1 Measurements

AIRBODS contributed to the UK Government’s Events Research Programme (UK
Government, 2022) by carrying out the environmental study of a wide range of venues and
events, between April and July 2021. This study helped to build the evidence base on air quality
at a wide range of venues and events and improved understanding of potential risks of airborne
transmission at events, and their mitigations. The study enabled the UK to re-open events in
culture, music and sports industries whilst improving safety at these events. Analysis of the data
1s ongoing.

1.2 Risk metrics

Uncertainty in the parameters required to estimate probability of becoming infected in an indoor
space is so significant that it has little utility. We established a Relative Exposure Index (REI)
that reduces the need to understand the infection dose probability but is nevertheless a function
of space volume, viral emission rate, exposure time, occupant respiratory activity, and room
ventilation (Jones et al. 2021). This metric is used to consider personal risk in a space. However,
the number of occupants in a space influences the risk of airborne transmission of SARS-CoV-
2 because the likelihood of having infectious and susceptible people both correlate with the
number of occupants. Therefore, a Proportion of the Population Infected (PPI) metric has been
developed to consider how indoor spaces can be manipulated to minimize the transmission risk
to a wider population of people (Iddon ef al. 2022).
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