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My technical airborne infectious diseases journey

SARS 2003:

C. diff 2007: May 2021 March 2023 | April 2023
* Low-level extracts in * DTM & CFD support (started
hospital wards for 2 Phds with focus March 2021)

* UV tube air kill rates
* Air movement through
dry traps (HK high-rise)

on hospital wards

C CIBSE BSG IBPSA Event - Estimatingiairbornegs

s
A

L FINDINGS AND

GUIDANCE FOR
AIRBORNE INFECTION
@ RESILIENCE
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CIBSE Building Simulation Group /
IBPSA-England: Estimating
airborne infection through
simulation and analysis

[BSG/IBPSA Event
@video & presentations]

wirthresearch

Airborne Infection Reduction
through Building Operation
and Design (AIRBODS)
research programme

[AIRBODS Guide]

Building and Environment
Volume 233, 1 April 2023, 110099

ELSEVIER

A CFD-based framework to assess airborne
infection risk in buildings

Giulio Vita @b o =, Darren Woolf ? !, Thomas Avery-Hickmott ?, Rob Rowsell ?

Wirth Research’s airborne
infection R&D (openAlR)
culminating in Building and
Environment paper

[B&E Paper]
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http://cibsebsg.blogspot.com/2021/06/cibse-bsg-ibpsa-event-estimating.html
https://www.ibpsa-england.org/blog/news/a-joint-cibse-building-simulation-group-and-ibpsa-england-event-on
https://airbods.org.uk/wp-content/uploads/2023/03/AIRBODS-Findings-and-Guidance-for-Airborne-Infection-Resilience-March-22nd-2023.pdf
https://www.wirthresearch.com/wirth-research-openair
https://www.sciencedirect.com/science/article/pii/S0360132323001269?via%3Dihub
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AIRBODS Guide and some additional material

Theme

\

One subject per page

/

AEROSOLS AND SARS-COV-2

AIRBODS CFD model of exhaled breath or
'aerosol cloud' containing droplets and
various gases — the larger droplets fall more

quickly due to gravity.

< AEROSOLS )

@DEFINITION

are small droplets emitted during different activ

breathing, talking and coughing.
« Contained in jet of air from lungs exhaled through mouth or nose within

cloud of gas and droplets
* Formation via picking up respiratory fluid from lungs, throat and mouth.

+ Big debate on threshold diameter definition during COVID-19 pandemic:
+ World Health Organisation (WHO) 'historic' position less than 5um.
*« More recent definition favoured by many aerosol scientists based

their ability to remain airborne for minutes or hours travellin
dlstances due to their small size and mass before they e
se — /ess than 100um.

9
ate or

() IMPORTANCE

+ Scientific community has demonstrated through accumulated evidence
and analysis of reported super-spreading outbreaks that one of the modes
of transmission of SARS-CoV-2 is the airborne route.

« It is considered that airborne transmission occurs through the inhalation
of aerosols that contain viruses which can deposit in the lungs due to

their smaller size.

<Shen 2021) (Escandén, 20 i-Epshtein, 2022) (Jones and lddon, 2;D

e N

Mostly bullet points for easy readability

Some additional material:

*  Otherresearch programmes -
CO-TRACE, PROTECT etc

* Recent guidance - ASHRAE Standard
241: Control of infectious aerosols +
YouTube PODCAST

* Recent research — PhD on
spaciotemporal uncertainty

* CIBSE Journal (Sept 2023): Hospital IAQ

* Royal Society: Winter ventilation paper

+ many, many more

i i ? ; ] ;
www.sciencedirect.com ? AIRBODS material available on website
https://airbods.org.uk/publications/

(WRI 4
wirthresearch



https://airbods.org.uk/publications/
https://co-trace.uk/
https://sites.manchester.ac.uk/covid19-national-project/
https://www.ashrae.org/technical-resources/bookstore/ashrae-standard-241-control-of-infectious-aerosols
https://www.ashrae.org/technical-resources/bookstore/ashrae-standard-241-control-of-infectious-aerosols
https://m.youtube.com/watch?v=Dim6LLEM7KI&feature=youtu.be
https://www.proquest.com/openview/87a067b67eed1de8732086d6ff1b6772/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/87a067b67eed1de8732086d6ff1b6772/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.cibsejournal.com/cpd/modules/2023-10-hiaq/
https://royalsocietypublishing.org/doi/10.1098/rspa.2020.0855
http://www.sciencedirect.com/

Airborne infection risk: Quantification, prevention or reduction?

-

Quantifying risk:

 Viral load uncertainty (breathed out)

* Infectious dose uncertainty (breathed in)

« Complexity of droplets within ambient
environment

Hospitalisation

,

Viral genome

Presymptomatic phase
Shortness of breath

SARS-CoV-2 viral load

Critical
iliness

Severe

e
4"
g
= ill
I illness
* = it
)@ P

Antibody response to SARS-CoV-2 ----

‘ | A i Preventing risk:
/ )\ A \ s moderate 0 . .
¢ [ liness * No 100% kill solution
I * Absolute term gives sense of safety
Time since symptom onset (days) Where |t may not eX|St

M risk:
Relative term recognises uncertainties and

complexities - human, ventilation and
other building-related factors

_ \/ \ q ‘ » Comparative qualitative assessments over
guantitative - high levels of confidence

* Reflected in many calculation methods

&= [AIRBODS Guide: pp.17-24, p.123]
wirfhresearch




~ Air kills (or can seriously damage your health)

Limited

National
Risk Register

2023 edition

HM Government

\\:%"M -

25, 26b, 31a, 45, 53, 4,8,11, 40,

43, 48, 60

14, 20, 56d, 58, 59 7,13, 57b

15

3 4
1-5% 5-25%

LIKELIHOOD

wirthresearch
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= \,.

3,31b, 46, 62

2,6

>25%

Pandemic -

top risk out of

63 listed

Emerging
infectious

)
disease
” LD 27,49, 51:4 51b, 51c, ) /

Some of the many (often related)
areas to consider:

Aerosols

Gaseous and particulate matter
Mould

Other IAQ (e.g. VOCs)

Some of the related headlines:
Climate and air quality crisis
Net zero

ULEZ extension in London
Ella & Awaab

A quality ventilation mindset is needed
(effective and efficient delivery)

[National Risk Register]
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1175834/2023_NATIONAL_RISK_REGISTER_NRR.pdf
https://www.ellaroberta.org/

The ventilation juggling act

Controlling airborne
contaminants at work

Natural ventilation in &
non-domestic buildings M

Heating, ventilating,
air conditioning and
refrigeration

Mixed mode REHHENL]

CIBSE AM13: 2000

[

I DE
GBSt ="

CIBSE Guide B

Healthcare CIBSE Guide B2 Ventilation and Ductwork (2016)
Eﬁ:glj('::lgs noN~  NHS Activity DataBase
Health Technical Memorandum (HTM) 03-01 (Department of Health)
Health Building Notes (HBN) — various (Department of Health)
Hospitals CIBSE Guide B2 Ventilation and Ductwork (2016)
NHS Activity DataRase

C Health Technical Memorandum (HTM) 03-01 (Department of Health)

Health Building Notes (HBN) — various (Department of Health)

e (Table B1 Indoor air pollutants guidance values'
Link to Parts B, J,L, M& O
e Prerequisites tonew =~ ==ee
ASHRAE Standard and Acceptable
Indoor Air Quality
2021 edition — for use in England 241 : ContrOI Of
Infectious Aerosols )
RLANDAHL \ Ventllatl;;n;
Guidance T ya A'A‘ch:ls:yb:e

Ventilation of Residential Buildings

Ventilation toreduce the spread of ... covracioe |
respiratoryinfections, including
COVID-19

Building Safety Act (October 1%, 2023):

* BSR - safety and performance for all building works

* Special HRB fire and structural safety focus — height basis
* Next iteration - care homes on ventilation basis?

Risks: Multiple sources, priorities, conflicts, omissions, over-complexity - reasonable competency?

@=

wirthresearch



https://www.gov.uk/guidance/the-building-safety-act

Air mixing

> > N e Main mixing drivers:
= = i * Turbulence - How much? Where?
- - — — - - -
: * Room configuration and partitions
> > ' '  Distribution and size of infiltration paths
- - - . .
noimixing « Supply and extract grille configuration

* Location and size of heat sources
—t ( ——

A
oA

‘perfect' mixing A\,
e Often assumed within airborne poo;;?":mg
infection metrics

*  Most common
* Infrequently considered
« Standard CFD output

e Least common V/:) A\J(»f\;) * Supplyalrcharacterlst|cs

A Guide to Energy Efficient Ventilation, Ch.9 Ventilation Efficiency: AIVC/Martin Liddament, 1996

(Wr) . 3

wirthresearch



https://www.aivc.org/sites/default/files/members_area/medias/pdf/Guides/GU03%20GUIDE%20TO%20ENERGY%20EFFICIENT%20VENTILATION.pdf

o —

The air changes per hour (ACH) conundrum

4

Single height room
~ Double height room

Ventilation rate 1:

10 /s per person
0.625 I/s.m?

0.750 ACH (single)
0.375 ACH (double)

Ventilation rate 2:

« 10ACH

* 1331/s(single)

» 266 1/s(double)

ACH =3.6xl/s

Double height:
[Unit h"] m3

= half ACH
= no change in rate per unit
area or per person

'WR]
wirtfhresearch
O ©2022 Wirth Research Ltd. Al rights reserved. Private and Confidential.



/

~ Combining ventilation rates

Exhaust air
(0.2W)

(1.0W I/s)

Central plant
(filtration?) (1.0X 1/s)

(1.0W I/s)

White = main focus areas

Effective ventilation rate = Q adjusted by@ &@& including removal efficiencies

—
'WR]

. 10
wirtfhresearch




The ventilation rate challenge: Defined rates and units

Defined rates

Units

Directly calculated or measured values:
* Supply air flow rate

* Natural ventilation rate

e Qutdoor (fresh) air flow rate

* Volume per unit time

CIBSE Guide A: Supply air flow rates
for many spaces 10 |/s per person.
Operating theatre 650-1000 I/s.
CIBSE Guide B: Uncontrolled vent. -
infiltration 5 m3/h per m? of facade.

Indirect or derived values:
* Effective or equivalent
» Effective ventilation rate
* Equivalent outdoor air
* Equivalent clean airflow
« Equivalent volume flow rate

Part F (not dwellings):

« Additional to 10 |/s per person
provide at least 1 I/s per m?2 of
floor area whichever is higher

* Nat vent openings based on min
% of floor area (not a flow rate).

Need to understand detail within the
definitions — equation level

HTM 03-01: Specialised Ventilation
for Healthcare Premises:
* Neonates 10 ACH

IWR’

research

Flow rate into a space - Six different
ways to do the same thing?

© 2022 Wirth Research Ltd. All rights reserved. Private and Confidential.
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The ventilation rate challenge: Space types and sector rules

Space types

Examples of critical ventilation systems:
Operating suites / airborne isolation facilities
Critical care areas / invasive treatment

Containment level 3 laboratory

Pharmacy aseptic preparation facility
IAP room in a sterile services department
MRI / CAT / emerging imaging technologies

Toilets, corridors, atria, cafes etc

IWRI

Use ventilation typology and
space grouping techniques

Sector —specific rules (HTM 03-01)

Air supply volumes

4.63 The minimum air supply volume for a
room is determined by the greatest of:

e the minimum fresh air requirement;

. the air required to achieve the room
(?)  differential pressure and provide open
door protection at the key door;

e the minimum supply volume for the
room load as determined by the
maximum heating or cooling supply
temperature differential;

e the desired air-change rate;

(?) * the make-up air for a local extract (for
example, cooker hood or LEV system).

3-5 outputs for each room covering wide
range of ‘optimum’ ventilation strategies

Ventilation juggling act and ventilation rate challenge: Time to go digital?

research

[AIRBODS Guide: p.31]

12
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Ventilation performance metrics: Ventilation effectiveness (zonal)

I 1
> =-»
Supply zone .

Breathing zone

Cpi eai

Mixing: Supply & exhaust at high level

Supply zone

Breathing zone C‘

Coi O, 1
Mixing: Supply at high level & exhaust at low level

Exhaust zone

Supply zone
> pply
Cpi eai

Displacement

IWRI

research

Ventilation arrangement Temp. difference (/ K) Ventilation
between supply air effectiveness, E|
and room air, (6, - 6,,)

Mixing; high-level supply <0 0.9-1.0

and exhaust 0-2 0.9
2-5 0.8
509 0.4-0.7

Mixing; high-level supply, <-5 0.9

low-level exhaust (-5)-0 0.9-1.0
>0 1.0

Displacement <0 1.2-1.4
0-2 0.7-0.9
2 0.2-0.7

* Ventilation effectiveness estimates efficiency
that pollutant is diluted or removed

* Assumes each zone is perfectly mixed

* Air change efficiency metrics: ‘age of air’ - mean
time taken for air molecules arriving within the
domain to travel to the point of interest

* Re-examine zonal metrics most suitable for
airborne infection estimations, e.g. local air
quality index or use of multiple metrics?

[CIBSE Guide A, 2021: Sect. 1.8.4] 12

© 2022 Wirth Research Ltd. All rights reserved. Private and Confidential.



Ventilation in healthcare premises - what | see... what do you see?

-

Are cold wall surfaces drawing contaminated air at high level High ceiling = increased reservoir. Is this

towards low level in the corners (surface buoyancy effect)? good or bad for the limited ventilation rate
within given ventilation performance?

Does background room air flow

patterns support delivery of outside
air to individual breathing zones?

( s““..m (umm‘uw uwnwmaul Ay

Are screens making cross-
contamination and/or local
conditions better or worse?

Use bed positioning strategy to
minimise cross-contamination

Use breathing channels to improve
ventilation performance.

@@= Challenge to combine different viewpoints / priorities into all-encompassing strategic plan »
wirtfhresearcl




Beyond ventilation performance

-

tmc 'zé

depo Sit
chemlca/ mmbb
humtdfty
Stokes’ Jaw/'r
5ARS-Co l/-2
expdf&re

—
(WR'

Basics including environmental factors:
« AIRBODS Guide - Chapter 2

In-house expertise:

* Deeper understanding
* Wider context

Time and bandwidth
Better solutions?

3 party support:

* Relative cost to in-house

* Maintenance and development costs

» Expert sign off or just increased
confidence?

* Future guidance should be simplified
to ventilation performance on a‘need
to know'basis.

* Many defaults & scenario-driven.

[Aerosols and Transmission of Respiratory Viruses 101 by Linsey Marr ]

wirthresearch

15



https://vimeo.com/453395673

~ Be prepared

DESIGNING FOR VENTILATION: AIRBODS STAKEHOLDER FEEDBACK A RBIOIDS CASE STUOLRS RESTAVRANTE

WHAT IS UNIQUE ABOUT
RESTAURANTS?

@SOCIAL SETTINGS

+.where people will typically share a table for about two hours. This can vary

FOCUS GROUPS

@DESIGNER GROUP:
GENERAL FEEDBACK

considerably, depending on the wider setting or occasion.
+ Occupantswere monitored spending 9 hours in restaurants at day-long horse]

where peopleir the rest: towatcharag
Airborne infection reduction measures @ CLOSE CONTACT
+ Near-field is likely to be inant route in

€0, along with controls i i €O, levels in the summer, when the external air temperature + People aresat claseto each other with ‘ordars of magnitude’ greater

schools becomes higher than the internal, due to the control of

viral concentration in the air at distances less than 1m from an infector.

@ MASKING NOT APPLICABLE

and fans having priority over CO, control.

Displacement ventilation system to remove expelled CFD study on air showed that high air speeds were required to i

pollutants from breathing zone remove expelled particles from the breathing zone. More data and case studies are + Masking is not an applicable measure in these settings, as people eat
needed to shed light on the i of various ilati i As part of the Events Research Programme, the AIRBODS team monitored and drink.

Air filters becoming common practice in MVHR systems the indoor air quality in twelve restaurants within several venues + Thisincreases the risk of both near-field and far-field transmission.

2021, Three of the restaurants at Ascot and

Increased openable windows jcti i dueto and noise issues. Manual operation may give ety St routiod a foru o actionst 1 &bt caurations () LARGE VARIETY OF CONDITIONS
the feeling of control to the occupants, but possible thermal discomfort may ultimately f p— tions, and
prevent usage of openings. (presented earlier) with further thoughts and findings presented in this 9 y of sp P

section ventilation strategies in restaurants.

1. Feedback from focus groups (designers,
operators and non-technical)

2. Case studies — Theatres and restaurants
guidance transposed to your similar space types?

DESIGNING FOR VENTILATION:DESIGNING, PREPARING AND MITIGATING

RETHINKING VENTILATION DESIGN ®sTEPS

Good practice engineering design for ventilation

4. Organise budget and time resource:

including consideration of airborne infection VENTILATION H H H
Ostes * Learning and training elements
the lines recommended here — Evaluate whether there . . .
Oseps e » Select operating and design scenarios
— Select a realistic peak- modes.
O stEP3 ;(BGNHE;“SK usage scenarioand °

consider the ventilation

Clarify and sign-off expectations
« Starter surveys — not new build!

Identify areas that may
USAGE be more prone to poor
®stEP2 SCENARIOS air quality at peak

I Identify realistic usage ~ ©ccupancy. These may

+ tenant-landlord interaction

3. Start thinking about your plan (new build or
refurbishment or just change in operation)

WR
wirthresearch

: :
®sept PRGN | wewedengus e * (alculations and measurements (as appropriate)

] Identify limiting factors client/tenant or seeking Add'tt‘:’"a' considerations: . .

i dataf I E—— OO ° P d d d t I

SPACETHPES oy airoeeangoon E—— - Inataie andemic preparedness ana operating plans

Group spaces according pollution, financial this step, . stvuhclura\hm\'tat\onszpaces . . .

to their usage and " Additional considerations: ‘with no access to outdoor air

* Implementation, monitoring, updates etc

characterist  Screenshot « financial constraints

Cost of not doing it? Reputation? Critical business risk?

[AIRBODS Guide: Sect.6.4, Sect.6.5, Ch.9]



Transmission paths guide mitigation solutions

Infected person

Long- and short-range airborne
transmission:

* Medium and high transmission risk
* Highest superspreading event risk

(WRI
wirthresearch

Transmission medium

ironme —r
Environment T——
AOm be outdoors
. N
®, .‘

R/

Susceptible person

\d
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[
*
& .
)} L]
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n Cle
(] co 2
‘Q
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O e C
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Physical dista ncing

Surface transmission: Short-range airborne transmission:
* Lowest transmission risk « High transmission risk
* Reduced by cleaning  Reduced by physical distancing

[CIBSE Air Cleaning Technologies Guide]
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https://www.cibse.org/knowledge-research/knowledge-portal/covid-19-air-cleaning-technologies-v1

o —————

Relative positioning of a person/s to room air movement

Person 2

infection
source «— 44—

Background air flow pattern from ventilation air flows + surface temperature
flows + intermal heat gains ows (people, equipment & lights):

* Surface-to-air and air-to-air buoyancy effects

« Changes by hour, day & season

wirtfhresearch




Not is all that it seems... ‘dividing screens reduce airborne infection risk’

-

[ ] t i * Ventilation rate and then mixing is far more effective
S N= = than screens
* Screens can reduce mixing
* More effective reducing larger droplets
s 2 ol » Less effective reducing aerosols
| « Consider in situ
* Screens can increase number of aerosols reaching a
susceptible person

* Practical implications - when not to use.

* Protect staff or public more? Both?

* Screen calculations or measurements can support designs.

* Challenging to cover all scenarios - create case study library?

&= [AIRBODS Guide: Sect.6.1, p.80]

. 19
wirthresearch
O © 2022 Wirth Research Ltd. All rights reserved. Private and Confidential.



‘Not is all that it seems... ‘opening a window reduces airborne infection risk’

~

Opening window reduces airborne infection
risk in small, perimeter room

Higher

risk

>20

20.0

17.5

15.0

12.5

100 HAI (%)
7.8

5.0

2.5

0.0

Closed windows Open windows I_-ower
risk
Opening window could increase airborne infection risk in large, densely-occupied
open plan room when the impact on air movement and mixing is estimated locally
* How important is local airborne infection reduction within a specific room?
* What are the‘easy wins’to increase airborne infection resilience such as
moving furniture to generate breathing channels?
&= [B&E Paper: Fig.15]
wirfhresearch 0



Compliance vs Performance: Natural ventilation

Guidance: Nat vent (priority No.1) then mixed-mode (No.2) then mechanical (No.3)

Velocity

Top-hung window with 100mm gap F : " Parallel window with T00mm gap
» Estimate flow rate of 290l/s ~ . » Estimated flow rate of 560I/s
ouTSIE | OUTSDE  (approx. twice top-hung)
/ m sl

Flow of air through two different window types on a hot day
(same internal heat gains, internal configuration & external conditions)

» Effective area of opening includes a pressure loss coefficient
» Zero air temperature difference + zero wind pressure = zero flow rate

* Full annual compliance?
* Policing?
* Exceedance-based time targeting?

@@= 21
research

© 2022 Wirth Research Ltd. All rights reserved. Private and Confidential.



Compliance vs Performance: Mechanical ventilation

-

Guidance: Minimum ventilation rate

Novel ventilation
design promoting
vertical air
movement

Bl | High ACH (not
| in design)
Air change effectiveness Minimum horizontal distance

Case study for an occupied food production facility
* Design function: Raw dough skin needing close local controls to ensure good crust formation

* Design strategy: Less horizontal air movement reduces carry distance before adequate dilution

* Optimising performance including air quality and energy usage - 4.7ACH
* EHEDG guidelines - 5ACH minimum
* If compliance trumps performance, the only acceptable design is sub-optimal!

@@= .
wirthresearch
O © 2022 Wirth Research Ltd. All rights reserved. Private and Confidential.



Best time and place for airborne infection reduction

-

WITHOUT FILTER WITH FILTER

resh : resh Air Index

CFD model of operating theatre with and without an air cleaning device

Logical thought process:

1) Operational scenarios - wait between patients?

2) ‘Surface-mounted’ventilation system

3) People and equipment obstructing / reducing ventilation performance
4) Best practice / practical air cleaning device location

5) Performance specifications

_ &= [BSG/IBPSA Event @ 54min];
wirfhresearch



~ Kills 99.999999999999% of all known germs

‘removes 99.9% of viruses in two hours’

* Understanding tolerances, accuracies and sensitivities
on surfaces and in the air

* Combined surface-air treatment strategy

* Combined capture, removal and/or inactivation strategy 3

* Natural biological decay in large spaces?

* Kill rates (next slide)

J0EXTRA FR

* To what extent can a surface cleaning strategy be reduced
by installing a highly-performing ventilation system?
* Reanimation of virus-laden particles off the floor into the air?

leu.l ALL KNOWN GERMS ouﬂ'

- @& [CIBSE Air Cleaning Technologies Guidel,,
wirfhresearch



https://www.cibse.org/knowledge-research/knowledge-portal/covid-19-air-cleaning-technologies-v1

Testing kill rates

-

Kill rate = f(to'tz)

Test 1: Concentration over time in fixed volume (aerosolized pathogen at start)

Fixed flow rate pe—-————cTTT———————
_ on | posy - f— Kill rate = f(posg-pos,)

Test 2: Concentration at one time at a specified flow rate (flow-performance rating curves?)

* Challenge to align test methods with reality and provide modelling performance data.
* 'Actual specific risk’ may be unknown - surrogates used.
* Challenging to choose appropriate kill rate - targets undeveloped.

Single pass Standards and testing facilities to be developed?

) (WRI 25
wirthresearch



~ Using proxies and banding

Priority for
improvement (SAGE
EMG)

Low ventilation/dense
occupancy. Must be
improved

‘VVRI
wirthresearch

Be aware of 801ppm when people are
exercising or singing 11?7221l

Always be aware of 2001 ppm 11722111

Range of
Range o excess CO,
Aj lity Band Classif- | concentrat- concentrat-
Ir Quality Bands ication | ions: Absolute | ions: Above
values outdoor
(pPM) (PPM)
At or marginally above A 00 - 600 0 - 200
outdoor levels 4
Target for enhanced
aerosol generation B 600 - 800 20 5o
(singing, aerobic 4
activity) /
. . . . &
High air quality design c 800 - 1000 400 - 600
standards for offices
Medium air quality 1000 - 1200 600 - 800
Design standards for 1200 - 1500 800 - 1100
most schools pre-Covid > /

1500 - 2000

/moo

CO, sensing accuracy £30ppm (best case)
Limits should trigger discussions on severity

>2000

>1600

Banding has role to play but appropriate responses
to limits should be clear based upon wider risks

[AIRBODS Guide: p.32]
26




L —————

; Our toolkit: Calculation data points and variables

* Analytical model - single data point
* DTM - 10's of zones (one data point per zone)

&= © CFD model - 10* to 107+ data points

wirtfhresearch
O ©2022 Wirth Research Ltd. Al rights reserved. Private and Confidential.
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~ Our toolkit: Measurement data points and variables

« Test chamber - higher spatial resolution of data points
* Monitoring - lower spatial resolution of data points
needing ‘time plus location’ recording if mobile

) 'WRl 28
wirtfhresearch
O © 2022 Wirth Research Ltd. All rights reserved. Private and Confidential.



Our toolkit: Calculations and measurements - summary

Analytical
g?é’tcilcel Typical time
Test
chamber

Calculation

R o
Sub-second over ‘< Hourly-annual
long period .‘
Monitoring CFD model
Sub-second over Static

short or long period

Measurement

* Data type (direct or derived values):

*  Physics/ biology / chemistry

* Gas/ particulate / droplet / aerosol
» Spatial resolution, scale (metres to micrometres) and distribution
* Behaviour and space dynamics:

*  People moving

* Opening window

* Surface temperature (hour-DTM) versus air movement (second-CFD)
* Accuracy, tolerances, simplifications and space-time averaging
Validation - comparative evaluation at common points - plus verification

_ @= No single calculation or measurement method covers all of space and time — correlation? ”
wirthresearctls




Measurements

Environmental surveys
CO, monitoring:

« Strong relationship between outdoor air, occupancy
(numbers and activities) & airborne infection

* CO, proxy - poorly ventilation and/or overcrowding

' ‘ . Inexper\swe Sensors - whole building at hlgh
t,\g c resolution - air mixing and occupant dynamics

Microbiological sampling:
» Detects specific pathogens in air and on surfaces
» Specialist expertise required

* Data helps identify transmission routes and risks

* Needs existing building and to monitor‘in use’
* Challenging to change operation
« (Calibration of fixed sensors over very long periods

@@ [AIRBODS Guide: Ch.5] 5,
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Analytical model: Estimating relative risk

HVAC filtration

Ventilation

* Analytical model of Relative Exposure

e TP Index (REI) - long-range only
LRI G ik * Mass balance approach - concentration of
Biskogical dec virus in the air to estimate inhaled dose
Suspension of P e . . . .
, aerosols s —> ele * Single infector with same viral load for

Inhalation ..+..* « Emission

<4m LAy | Eesn comparative risk
- - Sl S a0

‘/’ Ventilation / el R I »

» Z ¥ \, beposition of ‘

Absorption in larger droplets Infiltration
the respiratory tract

Room filtration

Sorption and

e F5 '31 o # e =
» K | » i ballistic deposition

Gains: Losses:

« Emission from a person(occupancy) « Dilution via ventilation (nat vent & mech systems)
« Entry from outside via ventilation » Surface deposition

« Entry from outside via infiltration » Biological decay and UVC denaturing

Virus already present in the space * Respiratory tract absorption
+ Filtration (inc. air cleaning device)

Primary engineering solutions and controls

[AIRBODS Guide: p.24, BSG/IBPSA Event @ 10min, CIBSE Air Cleaning Technologies Guide inc. REl calculator]
. Wr 31
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https://www.cibse.org/knowledge-research/knowledge-portal/covid-19-air-cleaning-technologies-v1

Analytical model: Sensitivity tests

population infected

rtion of
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Analytical model:

* Indicates resilience specific to room/s
with different ventilation rates,
occupancies and activities

* Long-range airborne exposure focus
subject to limitations

[AIRBODS Guide: pp.34-36, pp.70-71, Ch.7]
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‘Multi-physics & multi-objective DTMs

9 DesignBuilder . o .
DTM with advanced controls i TEEEEE | Single DTM can include:
Revised control strategy: y Thermal Comfort
e e ‘ ‘ * Relax CO, setpoint (1500ppm) H H Ni
S L e * Occupant behaviour (6min minimum)
threshold e Air quahty
| y Highlights: * Mechanical & natural ventilation systems
i b HE" ‘ . Outdoor PM, ; above indoor PM, ¢ (peak ° E
A (LINAPYY A | below 40 pg/m3) nergy Usage
Likx ‘ ~+ Energy use (heating) 105 Wh/m?%/day :
(28% less due to relaxation of CO, limit) * ContrOIS Strateg 1es

What would an airborne infection control
strategy look like?

Use of IAQ proxies for airborne infection?
Calculating UV & filtration system value?

Holistic IAQ control strategy requiring extra coding

WR
irrhresearc h CIBSE BSG Event ‘Hacking Simulation’, March 2018

11

* More models available from new overheating guidance (Approved Doc O for residential)
* Opportunity to develop digital twin supporting ‘live’ health and safety controls

= [BSG/IBPSA Event @ 64min & 80min]
wirfhresearch



- Detailed CFD models guided by DTMs

Mannequins

Heat sources desks
HVAC svstem
Openings

Walls

wirthresearch

) Hourly Effect of viral
DTM CFD > f;lll:;(tirabtlizzﬂfl » Airborne |  or ambient
Infection HAI parameters
NZ NZ NZ NZ NZ
*Transient Steady Matnenmins *Viral load ¢, *Season
+All heat transfer *Convective heat e *Resp. Fluid Vol. *Ventilation rate
: *17 emitters .
*All year *Multiphase “Exh. breath rate *HIDg; *Openings c,
*CO, *Summer/winter ’ *Risk of infection +Viral load ¢,

* Calculation framework with CFD focus

* DTM support - design scenarios & surface temperatures

* Hourly Airborne Infection (HAI) rate metric - sensitivity of
different areas to different viral loads

* High spatial resolution - moving of a supply air grille or desk

* Possibly different mitigations from ‘mixed zone’ methods

* Potential future developments - less dependence on infector
and susceptible person locations / disease switching

[B&E Paper]
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Our toolkit: Calculations and measurements - significant challenges

Emission rate / droplet distribution / gradients CO, verification and validation (space & time)
Capturing air movement with time-location recording Integration of analytical models
Equipment costs and availability beyond CO, sensing /

Some spatial, temporal and building science di?é\rities

Experimental / fieldwork Dynamic thermal modelling (DTM)
* Limited measurements sometimes single * Multi-mixed-zone DTM (often coarse zones)
point by zone * Tvpicallv one hour time steps — limited to 6min
¢ Sometimes high frequency sampling (not intervals?
if identification needed) % Detailed systems models and controls possible
* Sample resilience from capture to testing * Good capture of surface temperatures important
#*k Proxies versus limited biology & for buoyancy-driven flows
epidemiology at microscale.
#® Analytical / simple (?) tools Computational fluid dynamics (CFD) modelling
% Single point / mixed-zone outputs <k Detailed air movement — advanced aerosol
* Steady state or transient defined by turbulence / mixing / transport capture
calculation type * Mainly steady-state but could be minutes (not
* Simple or complex physics practically hours)

* Some detailed source or receptor models possible

@= Limited biology & epidemiology in tools / models but still useful for design purposes!
wirfhresearch 4

Debate around validity of mixed-zone models Surface temperature and thermodynamic effects
Over-interpretation on spatial aspects (running CFD only)
Simplifying the advanced biophysics

[BSG/IBPSA Event @ 80min]

35
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Make hay while the sun shines

Expert calls for future pandemic
planning amid ‘signals’ from bird flu

Professor Devi Sridhar said preparations were needed in case of future disease outbreaks.

Lull between pandemics? Aug 2023

How important is ventilation?

Possibly reduce infection rates by up to 50%
against poorly ventilated spaces Oct 2022

—
'WR]

wirthresearch

National

Engineering
Policy Centre Buildings & health Benefits of ventilation Types of ventilation Managing ventilation

Ventilation matters - why clean air is vital
to health

* Balance outside air demand with reduced energy
* lliness, allergy, mould, airborne disease, mental
health, sleep, productivity, smells etc RAEng website

Better understanding of holistic value off the
back of accelerated R&D is likely to lead to:

* Increased gearing of investments

* Improved decision making

36



https://sites.manchester.ac.uk/covid19-national-project/category/preventing-the-spread-of-respiratory-viruses/
https://explainers.raeng.org.uk/ventilation-matters
https://www.independent.co.uk/news/uk/scots-edinburgh-university-scottish-government-government-covid-b2400658.html

Airborne infection reduction assessments in the future?

€02 (ppm)
53000

wirthresearch

Dp(um) 0 30 60 90 120 150 180

Standardization within well-defined best practice
Fully integrated into IAQ assessments

RIBA Stage integration

Increased confidence in‘killer products’integration
Mix of male, female and child

Improved space-time-occupancy-targeting

Better validated models simplified for industrial usage
Clarity on accuracies, tolerances and sensitivities
Sector-specific guidance - common libraries?

Crowd simulation - breathing & people dynamics
Better-educated & highly-skilled designers and operators

[AIRBODS Guide: Ch.8 & Ch.11]
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Airborne infection compliance assessments in the future?

Submitted design for 20-person office:

ASSESSMENT 1: BUILDING SPECIFIC Building Transmission Ratio (BTR) 104

Adequate ventilation:
* Operate up to 20 persons
when community infection

2.0% rate (CIR) is 1 in 100 or better - - _
1 8% E building

‘ Good Practice Replicate Performance Venue

1.6%71 . . . !
140/ GOOd Ventllatlon: 0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2
1 2% * No limits on usage

10%\;\ up to CIR of 1in 50 . -
. ASSESSMENT 2: UNIVERSAL Building Transmission Ratio (BTR) 1.19
0.8% D

0.6% 1. B \ ------------------ ; Good Practice Typical Office

portion of population infected

0.4% IR S . '
s T ] -
0.0% :
°0 10 20 30 40 5(?‘ :
Ventilation rate |/S/person 0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2

BODS (Building Operation and Design Support)
Unsafe ventilation: Tool - Lessons from energy rating systems?
* Not enough outside air entering breathing zone

* Multi-metrics indicate unsafe operation for intended use
« Change use or improve ventilation performance

‘WR'
wirthresearch

[AIRBODS Guide: p.149]
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- Some additional thoughts

* AIRBODS - experts with different skills sets integrated into
one team - significant challenge for industry

* Siloed engineering and procurement of services

* How can we ensure that the lessons not learnt from SARS
2003 aren’t repeated?

* Competency and health & safety requirements

* Value of research in pandemic is lower than if completed
beforehand — make hay!

(WRI
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Any Questions?

- 2 AIRBZ:DS
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