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What designs or systems to use? How to prepare schools?




The central guestion

How can smart, personal or decentralised ventilation
Improve the ventilation system design to make it more
COVID-19-proof  while not negatively [impacting the
comfort of the occupants in an educational environment
and being both practical and cost-efficient?
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Covid -19 Comfort

Baseline

Decentral

SMART

Personal ventilation



Risk of infection:

flqt

P=1—e n

CO2 concentration

Quanta generation:

ALPHA 89 - 165
DELTA: 512 - 955
OMICRON: /725 - 2545

Covia-19

Droplets containing virus: large ¢ small

Deposition of different size droplets. Morawska, L., & Cao, J. (2020).



Comtfort

« Predicted Mean Vote (PMV)

« Predicted percentage of
dissatisfaction (PPD)

COLD CooL SLIGHTLY COOL NEUTRAL SLIGHTLY WARM WARM HOT

-3 -2 1 0 +1 +2 +3
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The research process

Literature research

Designs

Main research question

Research clusters Literature study

Baseline & Theorectical approximation

Decentral ventilation
design

SMART ventilation
design

PV ventilation design

Simulations
and
measurements,
surveys

Analysis of the results

Base situation results

Decentral ventilation
results

SMART ventilation
results

PV ventilation results

Evaluate designs
in terms of overall
effectiveness
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What delfines a standard classroormnm?
~50m2
~ 350 students
~atleast 2. 6m height

Hall P
s 850mMm~Z

S22 students

58m

The case
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Benchmark

Parametric research.
e Volume
o  Ventilation rate

Measurements, survey and
simulations
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COZ concentration:

« Onaverage right
siae is higher

e« [arge discrepancy
betweern sensors

The initial results
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COZ concentration:

Highest 5, 4 and /
(3): 866 PPM
(4) 883 PPM
(/) 871 PPM

Resylts

CO2 highest
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COZ concentration:

Highest 6, 8 and 9
(6). 786 PPM
(8): 765 PPM
(9) 779 PPM
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Sensor  Average empty room Standard deviation
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Thermal sensation

Warm

Cold

Slightly cooler sensation

Comtfort

Thermal satisfaction

Very satisfied -
Slightly satisfied -
Neutral -
Dissatis-

Very dissatisfied

6 -4 2 0 2 4

Faqual parts dissatistaction and
satistaction of therma/
SenNsation

Indoor Air Quality satisfaction

Very satisfied

Satisfied

Neutral

&

Very dissatisfied

-1 0 1 2

More satistied with |1AQ
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Mulation set up

Grid Mesh Settings T X | J || |
P
Co-ordinate system Time dependence Lo
Cartesian Steady |
Cut-cell method SPARSOL |  settings |
X-Aute | v-Aute | z-Auto | BN
A ccura C)/_' Domain size [10.00066  [7.seeeee  [5.seeeee  m
Domain origin | 0. 000000 | 0. 000000 | 0. 000000 m
. /E/ne g///O/ S/Z€ Number of cells | 5o [ 53 [ a2 :: :_ —— = 1 i
. Tolerance [1-000E-3 [1-eeeE-3 [1.000E-3 m ] 1] T
b LOW [@/aXa[/On No of regions I 27 I 40 I 13
s longrun time Podify region o 1+ I ¢ -
Size | e.ceeeee | o.3eeeee | e.eseese
Distribution Geom Prog | Geom Prog | Geom Prog ..:‘
~_11 [, . 1 - 1 - 1
Domain Settings 7 x == = e — == = = =— ==

CON \/Q/S/Om Previous panel

Pollutant settings

/ ;65 U/Z_ X 7/ 2/7, 8 + Pollutants are solved as the mass fraction of each species, with

460 /D/DM units kg/kg _mixture. Up to 5 species can be defined here. -

ID Status Name Molecular weight == — = i —— =

) o Carrier [28-97087 T — — BE . - L
1 on [ coz |44.00950 | ]

2 oFF | o2 | 25.97807 |

3 oFF | c3 | 25.97807 |

4 oFF | ca | 25.97087 | . L - aE
5 oFF | s | 25.97087 | —+ — ——

Include in gas density calculation ON

Detailed solution control settings for these variables can be made

from 'Models - Solution control / Extra variables'. More pollutant

species can be added there.




Simulation results

18 people 32 people

o2 co2
2.50E-83 2.50E-03
2.35E-83 2.36E-83
2.20E-83 2.22E-03
2.95E-83 2.97E-03
1.96E-03 1.93E-03
1.75E-03 1.79E-83
1.60E-03 1.65E-03
1.458-63 1.58E-03
1.36E-03 1.36E-03
1.158-e3 1.22E-03
1.66E-63 1.88E-03
8.56E-84 9.34E-04
7-06E-64 7.92E-84
5.58E-04 6 soE-0a
4.00F-04

5.07E-04
2.50E-04
o a5E-on 3.65E-04
2.23E-04

CO2 (32 p) 1156 PPM

CO2 (18 p) 871 PPM

Temperature 20,2 °C Temperature 219 °C

PMV -1,40 - DMV 1.07 _

PPD 45 %

PDD 29,8 %
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Darametric researcn - volume

y Ceiling 3,2mvolume 256 m3 Ceiling 2,8m volume 224 m3 y Ceiling 2,6m volume 206 m3
co2
2.50E-83 2.50E-83
2.36E-83 2.35E-83
2.21E-83 2.21E-83
2.87E-83 2.06E-83
1.93E-83 1.92E-83
1.79E-@3 1.77E-@3
1.64E-83 1.63E-83
1.50E-83 1.48E-@83
1.36E-83 1.34E-83
1.22E-83 1.19E-83
1.087E-83 1.05E-83
9.30E-04 9.91E-04
7.88E-04 7.56E-84
6.A5E-94 6.10E-84
5 .P2E-94 4.65E-84
3.60E-04 3.19E-84
2.17E-84 1.74E-04
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@ A sArd
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Darametric researcn - ventilation rate

co2 coz
2.50E-03 2.50E-03
2.35E-83 2.35E-03
2.21E-03 2.21E-03
3. 96E-03 2.06E-03
1.92E-03 1.928-e3
1.77E-03 1.77E-03
1 63E-03 1.62E-03
1. 48E-03 1.48E-03
1.34E-83 1.338-e3
1 19E-83 1.18E-03
1 e5E-83 1.04E-03
9.84E-04 8.93E-04
7 SoE-04 7.46E-04
6.14E-04 6-B0E-04
4.69E-04 4.548-04
3.24E-04 3-B8E-04
1 2064 1.62E-04

CO2 (10 I/s) 1057 | PPM CO2 (15 I/s)

23



Rudnick en Milton - Infection risk - Baseline

measurement

883 PPM 765 PPM

813 PPM

Alfa 89 -165
Delta 312-935
Omicron 725 -2345

C 0,000883 0,000765 0,000813
Co 0,00046 0,00046 0,00046
Ca 0,05 0,05 0,05

0,0085

0,0061

0,0071

|

f 0,0085 0,0061 0,0071

q 8 and 165| 8 and 165| 8 and 165
t 4 4 4

n 18 18 18

P |15% 27% | 11% 20% |13% 23%
q 312 and 935 312 and 935|312 and 935
P |45% 83% | 34% 72% |39% 77%
q 725 and 2345| 725 and 2345|725 and 2345
P | 75% 99% | 63% 96% |68% 98%

NTect

O

r

SK

Rudnick en Milton - Infection risk - Simulation

871 PPM 936 PPM

1156 PPM

1292 PPM

1057 PPM

881 PPM

Alfa 89-165
Delta 312-935
Omicron 725 - 2345

C 0,000871 0,000936 0,001156 0,001292 0,001057 0,000881

CO 0,00046 0,00046 0,00046 0,00046 0,00046 0,00046

Ca 0,05 0,05 0,05 0,05 0,05 0,05

f 0,0082 0,0095 0,0139 0,0166 0,0119 0,0084

I 1 1 1 1 1 1

f 0,0082 0,0095 0,0139 0,0166 0,0119 0,0084

q 8 and 165 8 and 165| 8 and 165| 8 and 165| 8 and 165| 89 and 165
t 4 4 4 4 4 4

n 18 18 32 32

P 15% 26% | 17% 29% §14% 25% B817% 29% | 12% 22% | 9% 16%
q 312 and 935|312 and 935 312 and 935| 312 and 935|312 and 935| 312 and 935
P 43% 82% | 48% 86% | 42% 80% | 48% 86% | 37% 75% | 28% 63%
q 725 and 2345| 725 and 2345 725 and 2345( 725 and 2345| 725 and 2345| 725 and 2345
P 73% 99% | 78% 99% | 72% 98% | 78% 99% | 66% 97% | 53% 91%

24



Resylts baseline

Covid -19 Comfort

PPD: 29,.8%
Baseline 14 —25 %
PMV: -107
Decentral
SMART

Personal ventilation

No additional costs

25



The designs

D = Decentralised
S = SMART
PV = Personalised
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Decentralisec
ventilation design

Unit in the front

Both supply and
exhaust located at
the front of the room

28



The unit




Simulation results

Velocity, m/s Velocity, m/s i
1.63 e 2 uE83
’ 1.53 2.19E-03
1.53 1.42 2.83E-93
1.42 o . 1.32 q 1.87€-83
K 1.22 1 1.726-83
1.32 ] 1.12 o 1.56E-83 T
122 | | e 0
1.12 0.92 1. -
1.82 8.81 9.3TE-a4
) 8.71 7.81E-84
8.92 &, I5E-84
9.81 ‘ :gi ERETETS I_l
" . ER IS a
8.71 ‘ 8.41 156064 ’
9.31 o _eac+an
8.61 ‘ 0. 20
8.51 | 8.1@
0.41 @.00
0.31 1
0.20 |
8.18
e.08
1 1 ( [ X
| —
Parameters 9
CO2 (32 p) 1033/ 134 (peak) PPM
Temperature 217 °C
FLALI
PMV -1,158 -
PPD = %
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Nfection

Rudnick en Milton - Infection risk - Decentral

simulation

1033 PPM 1134 PPM

Alfa 89 - 165
Delta 312-935
Omicron 725 - 2345

C 0,001033 0,001134

Co 0,00046 0,00046

Ca 0,05 0,05

f 0,0115 0,0135

I 1 1

f 0,0115 0,0135

q 89 and 165| 89 and 165
t 4 4

n

P

312 and 935

312 and 935

725 and 2345

725 and 2345

65% I o7%

71% [ 98% |

31



Progression of results

PPD: 29 8%

Baseline 14 —25 % No additional costs

PMV; -1,07

Covid -19 Comfort

Decentral 12 =21 %

SMART

Personal ventilation

32
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SMART ventilation
design

« Sensors for each table

« Supply and exhaust
directly above the
source of
contaminants

34



Mulation results

Veloci‘ty, VE::}::L e sz.saE—fﬁ
B.659 @.618 2.34E-63
0.618 g S
0.577 0.455 H oo
8.536 2.413 i iiiizgi
©.495 0.3% 1ot 00
B_A54 @289 9.40E-04

8,248 7.84E-04
9.413 @207 6.29E-04
0.371 0124 Ttes
6.338 0.6 P
B8.289 a.aa1
8.248
8.287
B8.166
B.124
8.883
8.042
a.001
CO2 (32 p) 1058 (1121) PPM
Temperature 21,8 °C

PMV -1,00 =
PPD 25 %
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The current SMART system
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Nfection

Rudnick en Milton - Infection risk -

SMART simulation

1058 PPM 1121 PPM

Alfa 89-165
Delta 312 -935
Omicron 725 - 2345

C 0,001058 0,001121
Co 0,00046 0,00046
Ca 0,05 0,05

f 0,012 0,0132

I 1 1

f 0,012 0,0132

q 8 and 165| 8 and 165
t 4 4

n 32 32

P 12% 22% | 14% 24%
q 312 and 935 | 312 and 935
P 37% 75% | 40% 79%
q 725 and 2345 725 and 2345
P [e6% 97% | 70% [ 2% |

37



Progression of results

Covid -19 Comfort

PPD: 29,.8%
Baseline 14 —25 % No additional costs
PMV: -107
PPD: 25%
SMART 12 =22 %
PMV: -1 00

Personal ventilation

38
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Personalised ventilation
design

Supply and exhaust
close to the source of
contaminants

Large amount of
ductwork is needed

40



Simulation results

coz Velocity, m/s
2.50E-03 8.845
2.35E-03 8.792
2.19E-03 8.739
2.94E-03 9.686
1.89E-03 8.634
1.73E-03 8.581
1.58E-03 8.528
1.42E-03 8.476
1.27E-03 9.423
1.12E-03 8.370
9.64E-04 8.317
8.10E-84 8.265
6.56E-84 8.212
5.83E-04 8.158
3.49E-04 9.106
1.95E-84 8.054
4.16E-85 ©.001

CO2 (32p) 1032 (715) PPM

Temperature 22,0 °C
PMV -2,29
PPD 80 %

41



Nndividual unit

42



't — measurement

Nnalivioual un

Combined graph - CO2

Sensord
Vf! V-‘J MHeight (1100) “f' “f' ‘L
850
5 6 = e
Height (1 ?ggt))r. _
i ‘
I —J b
800
750 \‘
Sensor 2 Sensor 8 Sensor 3 \ ‘ ‘ \ ,><
Il Height (1100) WHeight (900) Height (1100) Il ‘ S v _/
’[’;w] — 700 " ~—
] ~ Ae=
e =
650
- 600
[ ]| -
—— /
Sensor 1 f 550
Height (1100) Il | 14:30 14:45 15:00 15:15 15:30 15:45 16:00 16:15
Sensor 9 Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 6 Sensor 8 Sensor 9
W Height (1100)
43




Thermal sensation.

« Cooling effect
e  Uncomfortable due to airflow

/ndoor air quality:

o Compared to the room, air
quality was noticeable better in
close proximity

Comtfort

44



Risk of Infection

Rudnick en Milton - Infection risk -
PV simulation

1032 PPM 715 PPM

Alfa 89-165
Delta 312-935
Omicron 725 - 2345

C 0,001032 0,000715

co 0,00046 0,00046

Ca 0,05 0,05

f 0,0114 0,0051

| 1 1

f 0,0114 0,0051

q 89 and 165 | 8 and 165

t 4 4

n 32 32

P 12% 21% | 6% 10%

q 312 and 935 312 and 935
P [36% 74% | 18% 45%
q 725 and 2345| 725 and 2345
P |6a% [N 06% |37% [ 75%




The advice:

Each design shows
potential

A more human
centric design
approach

Higher ventilation
rate in compination
with the designs

Tne

Baseline

Decentral

SMART

Personal ventilation

conclusion

Covid -19

14 =25 %

14 —24 %

12 =22 %

6—-10 %

Comfort

PPD: 29 3%

PMV; -1,07

PPD: 25%

PMV; -1,00

No additional costs




mitations

Depends on the context: what, where and how
Accuracy of the models is still an issue
Costs: marginal improvements for large costs

Practicality; impact on the room

47



—Uture researcn

INntegrating with the other measures
The exact values recommended Tor ventilation rates
Cost reduction research

Better integrated design choices

48
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