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HVAC > Friend or Foe?

CASE: Guangzhou Restaurant January 2020, study Yuguo Li et al:

e Air movement triggered by split-unit really
a problem?

e Core problem here was POOR VENTILATION

(fresh air supply of 1 L/s per person) (personal
communication Yuguo Li)
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REHVA’s mission:

e To develop and disseminate economical, energy efficient, safe and healthy technology for
mechanical services of buildings; .....

REHVA’s strategic objectives:

e Advocating health, comfort, safety, productivity and energy efficiency in all buildings and
communities

e Promoting high quality HVAC engineering practice through technical guidance aiming at zero
energy and adequate ventilation in European Buildings, as well as training, standardization,
and certification

REHVA is the Voice of European
HVAC Designers and building

More backgrounds: services engineers
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Historical context: Florence Nightingale

_,.g-_.:ﬁ'rf"' b .
e s Environmental theory:
NOTES ON HOSPITALS: o .
= Essential components of a
= vurmes i e rem mimemis o men healthy environment:
— - fresh air

pure water

efficient drainage

i . Effect (around 1900): introduction of building

codes with ventilation requirements
RV Y

source: Nightingale, 1859
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Fast forward 2020: China buddhist bus case
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One person infects 18 others during a bus ride within 2 x 50 minutes (!);

probable cause: insufficient ventilation / system in recirculation mode
Source: Shen et al, 2020

REHVA

Federation of
European Heating, .
Ventilation and At I C )’
Air Conditioning
for HVAC professionals

Associations



Other examples COVID-19 Super preding Events

ol 5 =1

All these situations seem to have 4 things in common:
1. crowding 2. small/medium sized spaces 3. mediocre fresh air supply 4. lots of talking, shouting, singing
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Outcomes recent SSE database analysis

Locations Super Spreading Events according to
SSE database Koen Swinkels. n=1408 (status quo mid august 2020)
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Aerosols / airborne route really important?

l Feature

and drift many metres horizontally before infecting people, argue 239 experts from 32 countries, in a

commentary published in Clinical Infectious Diseases.' -

and experts in environmental health and building design.

“Studies by the signatories and other scientists have demonstrated beyond any reasonable doubt” that
airborne droplets can pose a risk beyond 2 m from an infected person, the authors argued. They cited the

€ Stay X G tudelt | /4 Operat | “= Teamwv | bR Prelim + - =) e . . — .

€ 5 C & nyimescom200/04/ Whestivororminussi. @ % O @ Mounting evidence suggests that coronavirus can
i X . N travelin airborne aerosols — but health advice has
v s Mo Tk S e gt been slow to catch up. By Dyani Lewis

Stay 6 Feet Apart, We're Told. But How Far Can Covid-19: Airborne transmission is being underestimated, warn experts ‘ ‘

Al'l' Cany CO}'O.I"!(IUI'I'HS? . Owen Dyer

e ger - Microscopic respiratory droplets generated by talking and breathing can hover in the air for minutes or hours

“We appeal to the medical community and to the relevant national and international bodies to recognise =
the potential for airborne spread of covid-19,” wrote the scientists, who include physicians, epidemiologists, ===

i o B i 1 1 i 1 L L | a1l 1 . i 11 . pmkriay
I says the aerosol sclentist, who works 3t Lime. After months of debate sbout whether s feeded Jiven the possible -wka:::n‘nl
the Queensland University of Technology. sucha) . but acknowk
But the sign might i th edges L
Sources: NY Times, Nature, British Medical Journal (original source: Morawska & Milton, 2020) 0 Yo a2 o
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Position European Centre for Disease Control

‘HVAC systems may have a complementary role
In decreasing transmission in indoor spaces by
increasing the rate of air change, decreasing
recirculation of air and increasing the use of
outdoor air.’

see: www.ecdc.europa.eu
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Heating, ventilation and air-conditioning
systems in the context of COVID-19
22 June 2020

Scope of this document

Guitance on ventilation of indoor spaces
Target audience

Pusibic health autherities in ELYEEA countries and the LK

Evidence for transmission in closed spaces and the role of
heating, ventilation and air-conditioning (HVAC) systems

— WA
(r=mperature and humidity) snd clesn ar in indoor settings 2uch as Buldings snd vehicles. HVAC systems can be
i & variety of depending an ther application nd funcicrs of the building/vehice.
systems provide clean a1 by euchanging indoor and outdoor sir and flkering. Air-condibcning systems can be part
tegrated HYAC cre and
Lemnlly d ar without 3
Pror ventilstion ™ with re—
There have ied vath
wymptomatic cases [2-4). The mie of vertiation in pr 9 ot by
preventing dspersd of . ik preventing tanster
infectious dose 10 susceptble indriduals |, COVID- 16 s thoughe to be prmarfy ransmatied via large respestoey
owever, an ol of sercecis in COVID-19 outbreaks.
d i the sir for longer the
Seudies icme that SARS-CoV-2 particies Can remain fechous on vanous = well &5 in serosols in
nacor ¢ fexan i Pty [7]. 5o fa,
not
Several cuttveak Ivestigation reports have shown that (OVID- ety efectr,
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gatherngs at ski resorta, partien, Shoppng enires, worker conmiiones, dance classes, cruse shios and
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chair [§] or during religious by Incressed prody respetnry drogiets
through kel speech and singing.
I s study of 118 outtwesks in Ohivs, spaces [10]. The anly.
e of ousroor this However, oustinor
implicated in the spread 1019, tvpacally thase sssocisted vels, such l and
foctball matches (121 highlghting the risk of crovwding even ot cutrioes events. However, essosure in crowded
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In the meantime, In Germany

Umwelt

Angela Merkel: N Bundesamt

Stand: 12. August 2020

Wir werden auch ein Schwerpunkt auf das thema e e

in Innenrdumen ldsst sich durch geeignete

Luftung setzen, denn wir wissen dass die aerosole ““'f.‘"f:"‘j:?h'""” w02 OO
bei Corona eine grosse Rolle spielen’

Der Herbst naht und das private und geselischaftliche Leben wird sich wieder

wermehrt in verlagern. Der kehrt - unter
- Zum reg\ Unterricht in
zuriick. Auch in wie
Harsélen, Spe tten, Theatern, Kinos und Restaurants ist
vermehrt mit und zu rechnen.
der weiter SARS-CoV-2. in Jjedoch
zu treffen. Das Litften und die
A g von (RLT-Anlagen) spielen dabei
U lt neben dem Trag iner Mund-N und dem Einhalten di
mwe Hygiene- und Abstandsregeln eine entscheidende Rolle.
Bundesamt
» Die folgend der
(IRK) am U d sollen d

und Gebiudebetreibenden helfen, sich richtig zu verhalten, um
das Risiko fiir SARS-CoV-2-Ubertragungen und damit auch das
Risike fiir daraus resultierende Erkrankungen deutlich zu
verringern.

Die pandemische Ausbreitung des Virus SARS-CoV-2 hat unser privates,
berufliches und gesellschaftliches Leben massiv beeinflusst und
heeintrichtigt. Das Robert-Koch-Institut (RKI) hat ebenso wie eine Gruppe
inter ler Wisse »r*innen den moglichen Obertragungsweg
von SARS-CoV-2 iiber Aerosale in der Luft erkannt und beschrieben [1, 2].
Auch die Weltgesundheitsorganisation (WHO) weist darauf hin, dass SARS-
CoV-2 neben der direkten Trépfcheninfektion auch (iber luftgetragene

Partikel (ibertragen werden kann [3]

source: www.umweltbundesamt.de
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Keeping 1,5 m distance = 100% safe?

— 80 N— g———
= talking 12 _ _
5 60+ ] Indoor air velocity 5 cm/s
5 1
B 40 !
[=9
e
2 2 { 0.8
= € —=—50 micron
B Mun - o :

U il < 06 30 micron

() \/ nQ .-&‘ —\}b bb ,\ n ,\ \o\‘} ":\:) q:\") '\g.:\\» 500 &0
W \“’ S L —+—20 micron
Droplet initial diameter d , [1m]

— * 0.4 ——10 micron
- coughing —=5 micron
5 1500+ 0.2
8
5 1000 0 L
g 0 2 4 6 8 10 12 14 16
B 500f 1 .
= Distance traveled, m
N i

PO PR Ry eé\% o"% N '\9\‘1QQ . o
Chen et al, 2020; Kurnitski / Morawska, 2006

Droplet initial diameter d ,, [pm]
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To ventilate = to dilute = to decrease infection risk

! ]

. e SR
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oremipsumdolorst ¢ .

amet,. ligula eget dolor.
Aenean massa. Sola
dosis facet

Simulation: Stijn van der Horst, bba binnenmilieu
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Standard theory (occupational health)

Air pollution system as defined by Zhang & Lioy, 2002
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ELIMINATION Most effective
—to physically remove the pathogen
ENGINEERING CONTROLS
—to separate the people and pathogen

ADMINISTRATIVE CONTROLS
- to instruct people what to do

PERSONAL PROTECTIVE EQUIPMENT

- to use masks, gowns, gloves, etc. Least effective

Infection control pyramid adapted from US CDC (CDC, 2015)
Elimination is tricky with COVID-19 (large amount of transmission is via pre/a-symptomatic persons)

Ventilation solutions & filtration should be main engineering controls (in combi with masks where

interpersonal distance of 1,5 meter is not possible)
REHVA
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e Shelly Miller: “minimum 5 |I/s per person’

e Yuguo Li: ‘minimum 10 I/s per person’

stays an hour 5 I/s might be more than enough’
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Table B2.1.2-1

Fresh air supply requirements EN 16798-1: 2019

Me (NOT OFFICIAL REHVA STANDPOINT!): ‘depends very much from on the situation; in smaller spaces
where one stays 4 hours or so 15+ I/s might not even be enough; in larger spaces where one

Design ventilation rates for non-adapted persons for diluting emissions
(bioeffluents) from people for different categories

Category Expected Airflow per non-
Percentage adapted person
Dissatisfied

I/(s per person)

I 15 10

Il 20 7

] 30 4

v 40 2,5*
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Wells Riley method

Wells Riley formula:

P(inf)=1-e*((-IxgxPxt)/Q)

P(inf) = infection risk (%)

| = amount of infected persons in the room (sources)

g = virusload / source strength of 1 infected person (quanta/h)
P = pulmonary ventilation / lung air intake (m?/h)

t = exposure time (h)

Q = hourly room ventilation (m3/h) (= AER x room volume)

ldeal ventilation rates can be estimated with

First presented in:
Wells, 1955
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Example Wells Riley evaluation outcome (classrooms)

Total class time:

Total class time:

Total class time:

Total Fresh Exlf\al :‘ o stsatteeagéz 1,5 hours 3,0 hours 8,0 hours
Scenario Air Supply Rateg conc P(inf) P(inf) P(inf) P(inf) P(inf) P(inf)
(m3/h) (AER) ( m.) when when when when
PP talking talking quiet talking
Excellent fresh air supply 765 4,9 1000 5,3% 12,6%
(8,5 I/s per person)
Basic fresh air supply
550 3,7 1200 7,0% 16,5%
(6 1/s per person)
Mediocre fresh air supply 310 21 1800 11,8%
(3,5 I/s per person)
Very low fresh air supply 150 10 3200

(1,7 I/s per person)
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Example results Wells Riley analysis Muller et al, 2020

Klassenraum

(Ve =210m*, T=5h) (Vg = 3rn=r 5,5 h)
35 6
34 = g
- 52 5 E
31 g 2
c =
£ 48 g 48
c 29 2 c =
@ > S 4 <
c 28 [n'd 14
@ 27 3Be 7 3B
a 26 §m e 3,:
Ezs = = %
24 K] 23 2
< ] 22
2 2 2
21 £ K
20 12 1E
19 ® K
18
00505 10 1,5 20 25 30 35 40 45 50 55 60 10 15 20 25 30 35 40 45 50
Luﬂwechselrata LW in1/h Luftwechselrate LW in 1/h

[P S

(source: Muller et al, 2020; https://publications.rwth-aachen.de/record/795437)
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REHVA COVID-19 guidance =

e Documents available via:
https://www.rehva.eu/activities/covid-19-guidance —vy

e First version March 17, updates April 3 & August 3

REHVA COVID-19 guidance document, August 3, 2020

(this document updates previous April 3 and March 17 version,. Further updates
will follow as necessary)

e New version ‘on the horizon’ AT il N

of the coronavirus (SARS-CoV-2) divease (COVID-19) in workplaces

e Targeted to: HVAC professionals and facility managers but may be A e s e bt

o0 HVAL (Heating. Yentiation, and air p g5y The aavice
el P
s dcrmation whan . I, swailable.

wrers that are prevented i the WHO document
o

useful too e.g. for HVYAV component manufacturers, occupational s e R

health & safety specialist, public health officials etc.

Tre guidance o focused om temperssy, sany 10 oFgARRs maauses that can be implempesed in

e Present scope is limited to commercial and public buildings ol

Tscimimer:
T doCument expresses REMVA expert Sice and views Based o the & unl e scentaic keamedge
2

e Practical guidance on temporary, easy-to-organize measures for T e .:,:_"“;::.’“:‘::‘:,:T:.ﬁ;
existing buildings

= Several parts can be used when designing new buildings too B ek S A
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filtration
(air cleaning)

recirculation Cross
contamination
ventilation continous
(fresh air supply) verification
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15 recommendations for existing buildings

Ventilation rates

Ventilation operation times
Continuous operation of ventilation
Window opening

Toilet ventilation

Windows in toilets

Flushing toilets

Recirculation

© 00 N O O b W DN P

Heat recovery equipment
. Fan coils and induction units

. Heating, cooling and possible humidificatic
setpoints ~-=7

12. Duct cleaning
13. Outdoor air and extract air filters
14. Maintenance works

[HEN
o

[EEN
RN

15. IAQ monitoring
REHVA
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e Supply as much outside air as reasonably achievable. The key aspect is the amount of fresh
air supplied per person

e Extended operation times are recommended: Change the clock times of system timers to start
ventilation at nominal speed at least 2 hours before the building usage time and switch to
lower speed 2 hours after the building usage time

« Do not switch off ventilation at nights and weekends, but operate at lowered speed

e Exhaust ventilation systems of e.g. toilets, elevators and other real small spaces should be
kept on (ideally 24/7); make sure that under-pressure is created here (especially to avoid the
faecal-oral transmission)

e Double check demand control systems (lower CO2 setpoint to ‘450 ppm”)!

e |dea ‘COVID setting’ central system
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What if there 1s no mechanical ventilation?

e In buildings without mechanical ventilation systems, it is
recommended to actively use openable windows and/or window
ventilation grilles (dauerluftung)

e Windows should be opened a few minutes every half hour or so
(depends on occupancy); especially in between meetings make
sure windows are opened

e Also, in buildings with mechanical ventilation, window opening
can be used to boost ventilation further

e Install CO, sensors at the occupied zone that warn against
underventilation (e.g. in naturally ventilated classrooms)

e Setpoints: yellow/orange at max. 800 ppm and red at 1000 ppm
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e Extra humidification is NOT an effective method to block COVID-19 transmission

e No hard scientific evidence that radical changes in humidity levels is beneficial (van Doremalen
et al., 2020)

e In case a humification system is in place: keep settings (e.g. 30% setpoint in winter) as they
were before start of pandemic

e In theory elevating air temperature does help: SARS-CoV-2 has been found highly stable for 14
days at 4 °C; at 37 °C this one has to wait one day and at 56 °C 30 minutes before virus is
inactivated (Chin et al, 2020); but this is not achievable in practice (keeping building
temperature at e.g. 40 C).
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e Under certain conditions virus particles in extract air can re-enter the
building. Heat recovery devices may carry over virus attached to particles
from the exhaust air side to the supply air side via leaks.

xhaust

e In the case of regenerative heat exchangers (rotors) the minimal leakage
(seals + carry over) and correct pressure difference between exhaust and
supply side are important

Fresh

<~"bu/pply

Purge sector

e The leakage, carrying over also particles, may increase from the 2% to 20%
If fans create higher pressure on the exhaust air side

e Evidence suggest that rotors with adequate purge sector practically do not transfer particles,
but the transfer is limited to gaseous pollutants (e.g. smells, tobacco smoke)

e Because the leakage does not depend on the rotation speed, it is not needed to switch rotors
off. If needed, the pressure differences can be corrected by dampers or by other

arrangements.
REHVA
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e Virus particles in return ducts can also re-enter a building when centralized air handling units

are equipped with recirculation sectors (may be in use at least in older all-air heating and
cooling systems)

e Especially risky in e.g. hospitals and nursing homes (offices, schools less of an issue)
e Recirculation dampers should be closed (via the Building Management System or manually)

e In air systems and air-and-water systems where central recirculation cannot be avoided
because of limited cooling or heating capacity, the outdoor air fraction has to be increased as
much as possible and additional measures might be needed for return air filtering
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e In rooms with fan coils only or split units (all-water or direct expansion systems), the first
priority is to achieve adequate outdoor air ventilation. In such systems, mechanical ventilation
Is usually independent of the fan coils or split units and two options are possible to achieve

ventilation:

1. Active operation of window opening together with the installation of CO2 monitors as
indicators of outdoor air ventilation;

2. Operation/installation of a standalone mechanical ventilation system (either local or
centralized, according to its technical feasibility) '
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e Qutdoor air is not a source of viruses, thus no need to replace
filters (despite of regular maintenance)

1 000 000 Sneezing
e Qutdoor air filters (filter class F7 or F8 or ISO ePM1) are not -
designed to capture viruses - the size of the smallest viral -
droplets in respiratory aerosols of about 0.2 mm (PMO0.2) is o | Coughing

smaller than the capture area of ePM1 / F8 filters (capture
efficiency 65-90% for PM1)

e No need to clean ventilation ductworks as well (despite of

scheduled maintenance) o1 0 100 1000
B ..... Droplet size (u_m} . o ......

b ”/Ta'mn:\_;'

10

Number of droplets

e Maintenance personnel needs to apply common protective
measures when replacing filters including respirators, because
filters may have active microbiological material on them
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Room air cleaners remove particles from the air, which provides a similar effect compared to
the outdoor air ventilation

To be effective, air cleaners need to have HEPA filter efficiency

Air cleaners with electrostatic filtration principles (not the same as room ionizers!) often work
well too

To select the right size air cleaner, the airflow capacity of the unit (at an acceptable noise
level) has to be at least 2 ACH and will have positive effect until 5 ACH (calculate the airflow
rate through the air cleaner in m3/h by multiplying the room volume by 2 or 5)

In large spaces, air cleaners need to be placed close to people in a space and should not be
placed in the corner and out of sight

Filtration systems that use ultraviolet light (UVGI disinfection equipment): still under debate,
might be usefull to inactivate viruses e.g. in health care settings

Use it in always in combination with SOME fresh air supply (e.g. to keep CO2 levels ok)

European Heating,
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Summary

. Provide adequate ventilation of spaces with outdoor air

. Extended ventilation operation times: 2 hours before and after the building usage time

. Not switching ventilation off at nights and weekends, but keeping at a lower speed

. Open windows regularly (even in mechanically ventilated buildings)

. Keep toilet ventilation in operation 24/7

. Avoid open windows in toilets to maintain the right direction of ventilation

. Instruct building occupants to flush toilets with closed lid

. Switch air handling units with recirculation to 100% outdoor air

9. Inspect heat recovery equipment to be sure that leakages are under control

10. Adjust fan coil settings to operate so that fans are continuously on

11.Do not change heating, cooling and possible humidification setpoints

12.Carry out scheduled duct cleaning as normal (additional cleaning is not required)

13.Normal maintenance schedule for the replacement of central outdoor air and extract air filters
14.Use of praotective measures including respiratory protection for maintenance personnel
15.Introduce an 1AQ sensor network that allows occupants and facility managers to monitor that
ventilation is operating adequately

o o~ O U B e R =
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NEW REHVA COURSE

More info available via:

https://www.rehva.eu/pre-registration-safe-building-operation-during-covid-19

Safely resume and continue
indoor activities!

ederation of

uropean Heating, %

‘entilation and At I C )
Air Conditioning
Associations for HVAC professionals



