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CHAPTER
ONE

THE ROLE OF RELATIVE HUMIDITY IN AIRBORNE
TRANSMISSION OF SARS-COV-2 IN INDOOR CONDITIONS

1.1 The fate of Microorganisms inside the Viral Droplets

A recent study [AWM?20] explained that the viruses survived well at Relative Humidities below 33% and at
100%, whereas, at the intermediate Relative Humidities the viability was considerably reduced

Based on the Lin and Marr (2020) [LM20] findings, the viability of the virus is typically much lower at a
Relative Humidity around 60% (~55%).

 Relative Humidity is a factor responsible for airborne transmission of the SARS-CoV-2 virus.
¢ In dry indoor areas, the chances of airborne transmission are higher than in humid areas.
* Indoor air at 40 to 60% Relative Humidity is the optimum level for human health.

* Important to set minimum Relative Humidity standard for indoor environments.

1.2 Survival or Inactivation of Virus on Surfaces (SARS-CoV-1)

A report [YZMZ20] based on humidity’s role on virus survival and inactivation on surfaces showed that high
temperature at high relative humidity has a collegial impact on inactivation of SARS-CoV-1 viability (Chan
etal., 2011). Whereas lower temperatures and low humidity support prolonged survival of virus on contam-
inated surfaces.

1.3 The Role of Dry Indoor Air in Airborne Transmission of Viruses

During cold winters, outdoor air is drawn indoors and then heated to a comfortable temperature level. This pro-
cess will significantly lower the indoor RH, which creates an extremely dangerous situation for indoor residents,
particularly during the COVID-19 pandemic.

When the indoor RH is less than 40 percent, humans become more vulnerable to viral respiratory infections
making the SARS-CoV-2 virus more infectious in the inhaled air

During the inhalation of low RH air, the mucus in our nose and throat becomes dry and more viscous, which
diminishes cilia’s capability to expel viral aerosols.




CHAPTER
TWO

COMPARISON OF INDOOR AND OUTDOOR (AMBIENT) RH
RELATIONSHIP WITH COVID-19

Based on an indoor experiment from Chinese cities during Jan-March 2020, the airborne spread of SARS-CoV-2
was reduced by increasing RH from 23.33% to 82.67% (Yao et al., 2020)

Feng et al. (2020) [FMSY20] recently investigated the influence of RH using numerical modeling. In the study,
they considered 40% RH as lower bound and 95% RH as upper bound.

They found that 40% RH activates the evaporation of water in the cough droplets, leading to droplet shrinkage and
prolonged suspension in the air, whereas high RH at 95% will increase the droplet size due to hygroscopic growth
with higher deposition fractions both on humans and on the ground.

Because, in more humid outdoor environments [i.e., In Malaysia, Singapore], the population is more likely to use
drier indoor air and thus promote more COVID viability.
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THREE

FACILITY MANAGEMENT WEB PLATFORM

FM Tech develops and maintains the FM Platform: https://fmplatform.azurewebsites.net

The web platform triggers alerts and informs the cleaner agent and facility managers of the required tasks to keep
a high level of services towards their customers (Outcome-based contracts).

The web platform is connected to multiple devices: vacuum cleaners, BACnet-enabled devices (CO2-Air quality,
Relative Humidity, Occupancy, Temperature, Light & Sound Intensity, Movement, Noise level), Coffee Machines,
Dispensers, Lockers, Office documents, ERPs, Service Management software, Weather forecast, UV, etc.

The FM Platform runs on multiple devices: browser, tablet, or mobile device. The FM Platform runs in the public
cloud, in the private cloud, or on-premise.

3.1 FM Platform: Dashboard alerting the manager when actions
are required
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3.2 Dangerous condition due to Airborne Transmission of SARS-
CoV-2 in Indoor Environments

The Role of Relative Humidity in Airborne Transmission of SARS-CoV-2 in Indoor
Environments
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3.3 Healthy condition in an indoor environment

HEALTHY (I
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GLOSSARY FOR THE FM-PLATFORM

FM Platform A web platform enabling Agents and Facility Managers to Predict, Validate, and Control the Soft
and Hard FM.

The platform is available: https://fmplatform.azurewebsites.net
Outcome-based contracts
OBC

Outcome-based contract “Outcome-based contracting, or its narrower equivalent of performance-based con-
tracting, is a contracting mechanism that allows the customer to pay only when the firm has delivered
outcomes, rather than merely activities and tasks” [NMY09]

“the idea of contracting on outcomes in B2B service contracts is increasingly possible. This is the case
for Rolls Royce “Power-by-the-hour®” contracting for the service and support of their engines, where the
continuous maintenance and servicing of the engine is not paid according to the spares, repairs or activities
rendered to the customer, but by how many hours the customer obtains power from the engine.” [NMY(09]

RH Relative Humidity
¢ https://www.sjsu.edu/faculty/watkins/clausius.htm
* Calculating relative humidity : https://www.theweatherprediction.com/habyhints/186/
¢ See Coronavirus Infections—More Than Just the Common Cold [PMF20]

TSR

The Smarter Robot Vacuum cleaner/mopping Robot. The Robot works autonomously and in cooperation with
other robots as a swarm. TSR’ clean vast area such as sports hall.

The Robot is a joint contribution of a Hardware manufacturer, End users and FM Tech
WAI-ARIA

Web Accessibility Initiative-Accessible Rich Internet Applications WAI-ARIA, the Accessible Rich Internet
Applications Suite, defines a way to make Web content and Web applications more accessible to people
with disabilities.

Source: https://www.w3.org/WAI/standards-guidelines/aria/



https://fmplatform.azurewebsites.net/?utm_source=documentation&utm_medium=link&utm_campaign=find_partners_manufacture_robot
https://www.sjsu.edu/faculty/watkins/clausius.htm
https://www.theweatherprediction.com/habyhints/186/
https://www.w3.org/WAI/standards-guidelines/aria/

CHAPTER
FIVE

LICENSE

© 2010-2020 Abdelkrim Boujraf, alt-fl sprl <http://www.alt-fl.be>, Abdelkrim Boujraf <http://www.alt-f1.
be/literature.html>, Luc Cauwenbergh, ProMCF BVBA, Carl Fransman, Aconda BVBA <https://www.
acondasystems.com>

This work is licensed under a Creative Commons Attribution 4.0 International License: <http://creativecommons.
org/licenses/by/4.0>

You are free to <https://creativecommons.org/licenses/by/4.0/deed.en>:
» Share — copy and redistribute the material in any medium or format
* Adapt — remix, transform, and build upon the material for any purpose, even commercially
* The licensor cannot revoke these freedoms as long as you follow the license terms.
Vous étes autorisé a <https://creativecommons.org/licenses/by/4.0/deed.fr>:
 Partager : copier, distribuer et communiquer le matériel par tous moyens et sous tous formats
* Adapter : remixer, transformer et créer a partir du matériel pour toute utilisation, y compris commerciale

» ’Offrant ne peut retirer les autorisations concédées par la licence tant que vous appliquez les termes de
cette licence.

Je bent vrij om <https://creativecommons.org/licenses/by/4.0/deed.nl>:
* het werk te delen — te kopiéren, te verspreiden en door te geven via elk medium of bestandsformaat

* het werk te bewerken — te remixen, te veranderen en afgeleide werken te maken voor alle doeleinden,
inclusief commerciéle doeleinden.

* De licentiegever kan deze toestemming niet intrekken zolang aan de licentievoorwaarden voldaan wordt.

All trademarks mentioned belong to their owners, third party brands, product names, trade names, corporate names
and company names mentioned may be trademarks of their respective owners or registered trademarks of other
companies and are used for purposes of explanation and to the owner’s benefit, without implying a violation of
copyright law.

Toutes les marques citées appartiennent a leurs propriétaires. Les marques de tiers, les noms de produits, les noms
commerciaux, les dénominations sociales et les noms de sociétés mentionnés peuvent étre des marques déposées
de leurs propriétaires respectifs ou des marques déposées d’autres sociétés et sont utilisés a des fins d’explication
et au profit de leurs propriétaires, sans impliquer une violation de la loi sur le droit d’auteur.

Alle vermelde handelsmerken behoren toe aan hun eigenaars, de vermelde merken, productnamen, handelsnamen,
bedrijfsnamen en bedrijfsnamen van derden kunnen handelsmerken zijn van hun respectieve eigenaars of gede-
poneerde handelsmerken van andere bedrijven en worden gebruikt ter verduidelijking en in het voordeel van de
eigenaar, zonder dat dit een inbreuk op het auteursrecht inhoudt.



http://www.alt-f1.be
http://www.alt-f1.be/literature.html
http://www.alt-f1.be/literature.html
https://www.acondasystems.com
https://www.acondasystems.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.fr
https://creativecommons.org/licenses/by/4.0/deed.nl

[AWM?20]

[FMSY20]

[LM20]

[NMYO09]

[PMF20]

[YZMZ20]

BIBLIOGRAPHY

Ajit Ahlawat, Alfred Wiedensohler, and Sumit Kumar Mishra. An overview on the role of rel-
ative humidity in airborne transmission of SARS-CoV-2 in indoor environments. Aerosol and
Air Quality Research, 20(9):1856-1861, 2020. URL: https://doi.org/10.4209%2Faaqr.2020.06.0302,
doi:10.4209/aaqr.2020.06.0302.

Yu Feng, Thierry Marchal, Ted Sperry, and Hang Yi. Influence of wind and relative humidity on the
social distancing effectiveness to prevent covid-19 airborne transmission: a numerical study. Jour-
nal of Aerosol Science, 147:105585, 2020. URL: http://www.sciencedirect.com/science/article/pii/
S0021850220300744, doi:https://doi.org/10.1016/j.jaerosci.2020.105585.

Kaisen Lin and Linsey C. Marr. Humidity-dependent decay of viruses, but not bacte-
ria, in aerosols and droplets follows disinfection kinetics. Environmental Science & Technol-
0gy, 54(2):1024-1032, 2020. PMID: 31886650. URL: https://doi.org/10.1021/acs.est.9b04959,
arXiv:https://doi.org/10.1021/acs.est.9b04959, doi: 10.1021/acs.est.9b04959.

Irene C.L. Ng, Roger Maull, and Nick Yip. Outcome-based contracts as a driver for systems thinking
and service-dominant logic in service science: evidence from the defence industry. European Man-
agement Journal, 27(6):377-387, 2009. URL: https://EconPapers.repec.org/RePEc:eee:eurman:v:27:
y:2009:1:6:p:377-387.

Catharine I. Paules, Hilary D. Marston, and Anthony S. Fauci. Coronavirus infections—more than just
the common cold. JAMA, 323(8):707-708, Feb 2020. URL: https://doi.org/10.1001/jama.2020.0757,
doi:10.1001/jama.2020.0757.

Maosheng Yao, Lu Zhang, Jianxin Ma, and Lian Zhou. On airborne transmission and control of sars-
cov-2. Science of The Total Environment, 731:139178, 2020. URL: http://www.sciencedirect.com/
science/article/pii/S0048969720326954, doi:https://doi.org/10.1016/j.scitotenv.2020.139178.



https://doi.org/10.4209%2Faaqr.2020.06.0302
https://doi.org/10.4209/aaqr.2020.06.0302
http://www.sciencedirect.com/science/article/pii/S0021850220300744
http://www.sciencedirect.com/science/article/pii/S0021850220300744
https://doi.org/https://doi.org/10.1016/j.jaerosci.2020.105585
https://doi.org/10.1021/acs.est.9b04959
https://arxiv.org/abs/https://doi.org/10.1021/acs.est.9b04959
https://doi.org/10.1021/acs.est.9b04959
https://EconPapers.repec.org/RePEc:eee:eurman:v:27:y:2009:i:6:p:377-387
https://EconPapers.repec.org/RePEc:eee:eurman:v:27:y:2009:i:6:p:377-387
https://doi.org/10.1001/jama.2020.0757
https://doi.org/10.1001/jama.2020.0757
http://www.sciencedirect.com/science/article/pii/S0048969720326954
http://www.sciencedirect.com/science/article/pii/S0048969720326954
https://doi.org/https://doi.org/10.1016/j.scitotenv.2020.139178

F

FM Platform, 6

O

OBC, 6
Outcome-based contract, 6
Outcome-based contracts,6

R

RH, 6

T

The Smarter Robot, 6
TSR, 6

W

WAI-ARIA, 6
Web Accessibility

Initiative-Accessible Rich
Internet Applications,6

INDEX




	The Role Of Relative Humidity In Airborne Transmission Of Sars-Cov-2 In Indoor Conditions
	The fate of Microorganisms inside the Viral Droplets
	Survival or Inactivation of Virus on Surfaces (SARS-CoV-1)
	The Role of Dry Indoor Air in Airborne Transmission of Viruses

	Comparison Of Indoor And Outdoor (Ambient) RH Relationship With Covid-19
	Facility Management Web Platform
	FM Platform: Dashboard alerting the manager when actions are required
	Dangerous condition due to Airborne Transmission of SARS-CoV-2 in Indoor Environments
	Healthy condition in an indoor environment

	Glossary for the FM-Platform
	License
	Bibliography
	Index

