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Presentation Overview:
We deployed 10 IAQ sensors on floors 29, 30, and 31

Each sensor monitored the following variables for ~ one month:
 Temperaturein °F

 Relative Humidity %

* CO, inparts per million (ppm)
e PM2.5inpug/m?3

* Total Volatile Organic Compounds (TVOC) in pg/m3
Contents

 Explanation of Each |AQ variable: Good,
* Overall Summary of Readings and What to Do
« Detailed |AQ Results per Sensor per Floor

, Needs Improvement



Temperature (Temp)

Components that Affect IAQ

Temperature is the physical quantity that expresses hot and

cold and is measured with a thermometer

Too low Temperature levels can cause
* Discomfort
* Hypothermia in the extreme

Too high Temperature levels can cause
* Discomfort
* QOverheating and heat stroke in the extreme

Temperature ranges
* 67°F (winter) - 79°F (summer) — Excellent
* <67°F (winter)and > 79°F(summer) — Needs
improvement
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ASHRAE Standard 55 - Thermal Comfort


https://www.epa.gov/sites/default/files/2014-08/documents/reference_guide.pdf

Relative Humidity (RH)

Components that Affect IAQ

Relative Humidity is the percentage of humidity in the air compared to

the amount of humidity in the air when condensation occurs

Relative Humidity at too low levels can cause
* Dry skin/lips and scratchy throats/noses
* Viruses and bacteria to thrive
* Wood floors and furnishings to shrink and separate

Relative Humidity at too high levels can cause
* Condensation on cold surfaces
* Mold/mildew growth
* Dust mites and bugs to thrive

Relative Humidity ranges
* 30% (winter) - 55% (summer) — Excellent
 25% (winter) - 60% (summer) — Acceptable
» < 25% (winter)and >60% (summer) — Needs improvement
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https://www.hvac.com/humidity/effects-little-much-humidity/

Carbon Dioxide (CO,)

Components that Affect IAQ

CO, concentration outdoors is ~ 0.04 percent of the air or 400 ppm

Increased CO, levels influence
* The control of breathing -> stimulates respiration
* Vascular dilation or constriction -> increases cardiac output
* Body fluid pH -> decreases pH level (increase acidity)

Increased CO, levels can cause
* Drowsiness and headaches
* Poor concentration and loss of attention
* Reduced ability to solve complex problems

CO, Ranges
 400-800 ppm - Excellent
* 800-1200 ppm —Acceptable
* >1200 ppm - Needs improvement



https://www.epa.gov/sites/default/files/2015-06/documents/co2appendixb.pdf

Particulate Matter (PM)

Components that Affect IAQ

PM10 - Inhalable particles with diameters that are generally 10 micrometers and
smaller
PM2.5 - Fine inhalable particles with diameters that are 2.5 micrometers and smaller

Sources of PM2.5

) ) N ) .. €PM25

* Construction sites, wildfires, combustion emissions TORAERE EUAIE Combustion particles, organic
. . compounds, metals, etc.

* Complexreactions in the atmosphere (SO2 and NOx) 50-70um <2.5m (microns)in diameter

(microns) in diameter

 Cooking and cleaning (resuspension)

Harmful effects of PM2.5
* Travels deep into the lungs and can enter the bloodstream
* Premature mortality due to heart and lung impact
* Increased hospital admissions for asthma and chronic bronchitis

@ PMqg
Dust, pollen, mold, etc.
10 um (microns) in diameter

PM2.5 Ranges
* 0-12 pyg/m3 - Excellent, lower is always better 90 M (microns) in diameter
e <250 Ug/m3 — Acceptable FINE BEACH SAND
e >250 ug/m3-Needsimprovement



https://www.epa.gov/pm-pollution/particulate-matter-pm-basics
https://ww2.arb.ca.gov/resources/inhalable-particulate-matter-and-health

Volatile Organic Compounds (VOCs)

Components that Affect IAQ

Volatile Organic Compounds (VOCs) - Extremely diverse chemicals with a low boiling point (meaning they
easily evaporate) and with a high vapor pressure (meaning they are volatile)

Insulation

(glass/mineral wool, foam) C?g:i::;"

Sources of VOCs B o | ?ﬁ"g e mioctia B

 Paints, solvents, cosmetic and degreasing products »1”3;7;2{36 k2 hrcpreardh

« Odorsfrom scents, perfumes, burnt popcorn ZF)=
Harmful effects of VOCs

« Some are generally harmless - limonene or pinene Friction products

- Some are really bad and cause cancer—formaldehyde i i || Soard-on fame)
VOC Ranges A

* <1.0 ug/m3-Excellent, lower is always better @

e <10 pg/m3-Acceptable - ) by

« >10pg/m3 —Needs improvement L. fnger oming) _ Furnure (oo

particleboard, form
press, foil lamination, Parquet, flooring
veneering)  (adhesive systems, resins for
decorative laminates, MDF,
plywood)

Concrete forming
(phenolic surface films)



https://www.epa.gov/indoor-air-quality-iaq/what-are-volatile-organic-compounds-vocs
https://en.wikipedia.org/wiki/Volatile_organic_compound

Overall Summary:

* On Floors 29, 30, and 31, the air quality as indicated by PM 2.5
levels, Carbon Dioxide levels, and Total Volatile Organic
Compound (TVOC) levels was overall very good to excellent.

* These results indicate proper outside air ventilation, proper filtration, and
proper use of cleaning agents in the building.

* These results also indicate that any pollutants caused by cooking,
microwaving food, smoking, and/or personal hygiene (perfumes, etc.)
were well controlled.

* The Carbon Dioxide levels were not controlled well on ~ 7-24-24,
but the ventilation system recovered and worked well afterwards. |
am not sure if this was due to an HVAC controls issue or from
some company event that involved high occupancy levels.



Overall Summary:

but poor in other
areas.

* On Floor 29, the high Relative Humidity Levels were not highly correlated
with low temperatures, which makes me believe these high moisture
levels were driven by occupant respiration.

* On Floor 31, the high Relative Humidity Level were correlated with low
temperatures, which makes me believe this floor is being over-cooled.

* Indoor Relative Humidity levels should stay at or below 60% to prevent
mold growth.

* Sensor C on Floor 29 was unplugged on 8-8-24



High Relatively Humidity Levels Explained

* During the summer, the absolute humidity levels (dew points) are high outside in Chicago.

* When outside air is brought into buildings for ventilation/make-up air, the outside air
contains a lot of moisture.

* On areally hot day, the HVAC system should run long enough to do a good job of
dehumidifying the conditioned space and getting it to around 50% RH.

* However, if the conditioned space’s cooling load is not high enough - due to more efficient
windows, LED light bulbs, and better building insulation —then the HVAC system does not
have long runtimes and therefore has difficultly removing enough moisture for the
conditioned space to reach 50% RH.

* Often facilities managers set the thermostat setpoint lower in an attempt to force the HVAC
system to run longer to remove the excess moisture. This usually does not work since the RH
will actually increase in colder air. | think we are seeing this on Floor 31.

* Less common reasons would be due to water intrusion/leaks or high moisture loads
generated inside from swimming pools, cooking, showers, hydroponics, etc.



What to Do About High Relative Humidity Levels

* The facilities manager has a few options to handle high RH levels in the conditioned space.

Usually, these options are not taken because they require additional energy costs to remove
the excess moisture.

* Option 1) Add dehumidification capacity to the conditioned space. This can be done by slowing the
airflow down across the cooling coils, adding reheat to the HVAC system’s processed airflow, running

the cooling coil at a colder temperature, and/or by adding dedicated dehumidifiers to the conditioned
space.

* Option 2) Increase the dehumidification of the ventilation air. This can be done by using a Dedicated
Outdoor Air System (DOAS), adjusting the setpoints on an existing DOAS system, or using Energy
Recovery technology for the ventilation air (by dehumidifying the incoming air using the exhaust air).

* Mostorallof these options increase operating costs, and some require capital expenditures.
So, many times the facilities managers cross their fingers and wait for the outdoor weather to
change for the better (meaning sustained dew points of 55°F or below).



Detailed IAQ Results per Sensor per Floor

* Floor Layouts and Sensor Locations
* Floor 29

o Sensors A-D
o Temperature, Relative Humidity, Carbon Dioxide, TVCOs, and PM 2.5 Graphs

o Comments

 Floor 30

o Sensors A-C
o Temperature, Relative Humidity, Carbon Dioxide, TVCOs, and PM 2.5 Graphs

o Comments

 Floor 31

o Sensors A-C
o Temperature, Relative Humidity, Carbon Dioxide, TVCOs, and PM 2.5 Graphs

o Comments
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31" Floor
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Floor 29 Results — Sensor A: Temperature

Layout Used for Visualization
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Comments:

* Temperature ranged from ~
69°F to 75°F during the
test, which is good.

* Loss of Wi-Fi signalon~ 7-
30-24.

* Theblue lineisthe actual
sensor data.



Floor 29 Results — Sensor A:

Layout Used for Visualization
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Floor 29 Results — Sensor A: Carbon Dioxide

Layout Used for Visualization
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Floor 29 Results — Sensor A: PM 2.5

Layout Used for Visualization
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Floor 29 Results — Sensor A: TVOCs

Layout Used for Visualization
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Floor 29 Results — Sensor B: Temperature

Layout Used for Visualization
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Floor 29 Results —
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Floor 29 Results — Sensor B: Carbon Dioxide

Layout Used for Visualization
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Floor 29 Results — Sensor B: PM 2.5
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Floor 29 Results — Sensor B: TVOCs

Layout Used for Visualization
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Floor 29 Results — Sensor C: Temperature

Layout Used for Visualization
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24.

Sensor unplugged on ~ 8-8-24.



Floor 29 Results — Sensor C:

Layout Used for Visualization
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Floor 29 Results — Sensor C: Carbon Dioxide
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Floor 29 Results — Sensor C: PM 2.5

Layout Used for Visualization
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Floor 29 Results —Sensor C: TVOCs

Layout Used for Visualization
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Floor 29 Results — Sensor D: Temperature

Layout Used for Visualization

E?{%’ﬁ'ﬁgs "ol Level 1 , Thompson
i Sensor ['9M
9 D 30
9 Productive Edge M
MB Financial Bank A &
Level1 |
Sensor
A
;:vel 1,. Level 1
r;so Sensor
Cc
EfHaddock Pl E'Haddock: Pl

IAQ C0O2 Humidity

80

70

60

50

40

30

07/19 07/24

[O

Home

Shore Capital Partners

Room

Level 1 Sensor D

07/28

TVOC

08/01

08/05

Temp

08/09

PM2.5

08/13

F)

v

Level 1SensorD @7

Comments:

Temperature ranged from ~
68°F to 74°F during the test,
which is good.

The temperature stayed high
on 7-28 and 8-4, both
indicating a higher thermostat
setpoint for the weekend.
Loss of Wi-Fi signal on ~ 7-30-
24.



Floor 29 Results — Sensor D:

Layout Used for Visualization
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Floor 29 Results — Sensor D: Carbon Dioxide

Layout Used for Visualization

29

0

Hawkins Par
& Young

9

Productive Edge

MB Financial Bank

&)
Level 1
Sensor
B
E'Haddock:PI

(

Level 1
Sensor
D

Level 1
Sensor
4 Level 1
Sensor
(0]
E'Haddock:PI

IAQ CO2

2000

1600

1200

800

400

o7ne 07724

(PPM)

Home
Shore Capital Partners
Room

Level 1 Sensor D

07/28

08/01

Humidity TVOC Temp PM2.5
(K7
)

08/05  08/09 0813

v

Level 1SensorD "GP

Comments:

Carbon dioxide levels ranged
from~ 400 ppm, which is
excellent and essentially the
outdoors concentration, to ~
600 ppm, which is also
excellent.

This area outperformed the
other areas on Floor 29 -
probably due to being closer to
HVAC supply vents or low
occupant density.

Loss of Wi-Fi signal on ~ 7-30-
24.



Floor 29 Results — Sensor D: PM 2.5

Layout Used for Visualization
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Floor 29 Results — Sensor D: TVOCs

Layout Used for Visualization
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Floor 30 Results — Sensor A: Temperature
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Floor 30 Results — Sensor A:
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Floor 30 Results — Sensor A: Carbon Dioxide
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Comments:

Carbon dioxide levels ranged
from~ 400 ppm, which is
excellent and essentially the
outdoors concentration, to ~
800 ppm, which s also
excellent.

Loss of Wi-Fi signal on ~ 7-30-
24.



Floor 30 Results — Sensor A: PM 2.5
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PM 2.5 levels ranged from~ 0
ug/ms3to ~10 pg/m3during the
test, which is good.



Floor 30 Results — Sensor A: TVOCs
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Floor 30 Results — Sensor B: Temperature
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which is good.
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Floor 30 Results — Sensor B: Relative Humidity
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Floor 30 Results — Sensor B: Carbon Dioxide
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Comments:

Carbon dioxide levels ranged
from~ 400 ppm, which is
excellent and essentially the
outdoors concentration, to ~
700 ppm, which s also
excellent.

Loss of Wi-Fi signal on ~ 7-30-
24.



Floor 30 Results — Sensor B: PM 2.5
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Floor 30 Results —Sensor B: TVOCs
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Floor 30 Results — Sensor C: Temperature

Layout Used for Visualization

Level 2 E%’E‘ﬁ; Ramel Ferris, Thompson
Sensor & Zweig, Ltd
& Q
Productive Edge
™B rmancial Bank
B Level 2
Sensor
C
v
Level 2
Sensor B

80

70

60

50

40

30

(0

1AQ CcOo2 Humidity

07/19 07/24

Home

Shore Capital Partners

Room

Level 2 Sensor C

07/28

TVOC Temp PM2.5

i o Yo T

08/01

08/05 08/09 08/13

F)

v

Level 2 Sensor C "G

Comments:

Temperature ranged from ~
68°F to ~ 72°F during the test,
which is good.

The temperature stayed high
on 7-28, 8-4, and 8-11
indicating a higher thermostat
setpoint for the weekend.
Loss of Wi-Fi signal on ~ 7-30-
24.



Floor 30 Results — Sensor C:
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Floor 30 Results — Sensor C: Carbon Dioxide
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Comments:

Carbon dioxide levels ranged
from~ 400 ppm, which is
excellent and essentially the
outdoors concentration, to ~
600 ppm, which is also
excellent.

Loss of Wi-Fi signal on ~ 7-30-
24.



Floor 30 Results — Sensor C: PM 2.5
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PM 2.5 levels ranged from~ 0
ug/ms3to ~10 pg/m3during the
test, which is good.



Floor 30 Results —Sensor C: TVOCs
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* Total volatile organic
compounds ranged from ~ 0
ug/m3to~1 pg/ms3 during the
test, which is good.



Floor 31 Results — Sensor A: Temperature
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Temperature ranged from ~
67°F to ~ 70°F during the test,
which is cold but acceptable.
The temperature stayed higher
on 7-28, 8-4, and 8-11
indicating a higher thermostat
setpoint for the weekend.

Loss of Wi-Fi signal on ~ 7-30-
24.



Floor 31 Results — Sensor A:
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Floor 31 Results — Sensor A: Carbon Dioxide
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Floor 31 Results — Sensor A: PM 2.5
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Comments:

PM 2.5 levels ranged from~ 0
ug/ms3to ~10 pg/m3during the
test, which is good.



Floor 31 Results — Sensor A: TVOCs
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Floor 31 Results — Sensor B:
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Floor 31 Results — Sensor B: Relative Humidity
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Floor 31 Results — Sensor B: Carbon Dioxide
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Comments:

 Carbon dioxide levels ranged
from~ 400 ppm, which is
excellent and essentially the
outdoors concentration, to ~
700 ppm, which s also
excellent.

* Note how you can see the daily
workday peaks due to
occupancy and the flattening
outto 400 ppm on the
weekends when there is little to
no occupancy.

* Loss of Wi-Fi signal on ~ 7-30-
24.



Floor 31 Results — Sensor B: PM 2.5
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Comments:

PM 2.5 levels ranged from~ 0
ug/ms3to ~10 pg/m3during the
test, which is good.



Floor 31 Results — Sensor B: TVOCs
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* Total volatile organic
compounds ranged from ~ 0
ug/m3to~1 pg/ms3 during the
test, which is good.



Floor 31 Results — Sensor C: Temperature
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* Thetemperature stayed higher
on 7-28 and 8-4 indicating a
higher thermostat setpoint for
the weekend.

* Loss of Wi-Fi signal on ~ 7-30-
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Floor 31 Results — Sensor C: Relative Humidity
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Floor 31 Results — Sensor C: Carbon Dioxide
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Floor 31 Results — Sensor C: PM 2.5
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Comments:

PM 2.5 levels ranged from~ 0
ug/ms3to ~10 pg/m3during the
test, which is good.



Floor 31 Results —Sensor C: TVOCs
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Final Comments

Overall IAQ (Carbon Dioxide Levels, PM 2.5 Level, and TVOC Levels) were all very good.

| recommend using enhanced dehumidification strategies (reheat, slowing down the
process air flow, colder coils, energy recovery, or dedicated DOAS/dehumidification
systems) when the outside air dew point is above 60°F to limit over-wetting the
conditioned space from the ventilation air.

It appears that the southwest conference room (Sensor B) on Floor 29 was the
epicenter of the high CO, event on 7-24-24 because it recorded the highest CO, levels.

The sensor in the southeast room (Sensor C) on Floor 29 should be plugged back in to
ensure continuous IAQ monitoring.

| am available at tdemonte@madisonair.com or 608-209-3805 if there are further
questions or comments.
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