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Disclaimer

• Certain commercial equipment, instruments, websites, or materials 
are identified in this paper. Such identification is not intended to imply 
recommendation or endorsement by the National Institute of 
Standards and Technology, nor is it intended to imply that the 
materials or equipment identified are necessarily the best available 
for the purpose.



Educational Tools

• Ownership

• Action
• Source removal

• Ventilation

• Filtration
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What does it all mean?

• Health values
• Time Weighted/Instantaneous 

• Accuracy/Precision

• Ventilation
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Test Method for Evaluating PM2.5 Monitors

• Class III FEM Reference Monitor
• 20 nm to 20 mm
• Gravimetrically calibrated

• Challenge PM2.5
• Sodium chloride (1.5 mm to 1.8 mm)
• Polystyrene latex spheres (1 mm)

• Chamber system
• Steady state values

• Process
• Five step concentration ramp 

• 10 mg m-3 to 300 mg m-3

• Inorganic then organic

• RH and Temp variation
• 40 % to 80 %
• 20 °C and 30 °C

• Interferent testing
• Arizona Test Dust (PM10)

• 10 mg m-3 to 150 mg m-3

• Temperature cycling 
• 10 °C to 50 °C 143 times

• Repeating concentration 
ramp



Test Method for Evaluating CO2 Monitors

• Reference Monitor
• 0 ppmv to 10,000 ppmv

• Calibrated to certified cylinder

• Drying system

• Chamber system
• Steady state values

• Process
• Five step concentration ramp 

• 450 ppmv to 5,000 ppmv

• RH and Temp variation
• 40 % to 80 %

• 20 °C and 50 °C

• Interferent testing
• Relative humidity 20 % to 90 %

• Temperature cycling 
• 10 °C to 50 °C 143 times

• Repeating concentration 
ramp

Consumer-grade sensors report concentrations in ppmv.  SI units are 
mg m-3.  1000 ppmv CO2 = 929 mg CO2 m-3 at 25 °C and 1 atm. 



So that will be it 
then, right?

• Just data.  Need accreditation 
organizations.

• Re-zeroing algorithms for CO2

• Long term drift?
• 1 year plus?



Using CO2 as a 
Ventilation Clue
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The story of 10 Complications
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Using CO2 as a 
Ventilation Clue
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Complication #1
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Using CO2 as a 
Ventilation Clue

https://drive.google.com/file/d/1jFavucO9
8vMz5_LpKtnDXBfDZvWlMLcL/view

https://schools.forhealth.org/wp-
content/uploads/sites/19/2020/08/Harvard-Healthy-Buildings-
program-How-to-assess-classroom-ventilation-08-28-2020.pdf



Using CO2 as a 
Ventilation Clue
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38,000 ppm
CO2

800 ppm
CO2

𝑅𝑒𝑏𝑟𝑒𝑎𝑡ℎ𝑒𝑑 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =
𝐶𝑎𝑣𝑒𝑟𝑎𝑔𝑒 − 𝐶𝑜𝑢𝑡𝑠𝑖𝑑𝑒

𝐶𝑏𝑟𝑒𝑎𝑡ℎ

𝑅𝑒𝑏𝑟𝑒𝑎𝑡ℎ𝑒𝑑 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =
800 𝑝𝑝𝑚𝑣 − 420 𝑝𝑝𝑚𝑣

38,000 𝑝𝑝𝑚𝑣

𝑅𝑒𝑏𝑟𝑒𝑎𝑡ℎ𝑒𝑑 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 = 1.0 %

𝐶𝑎𝑣𝑒𝑟𝑎𝑔𝑒 = 2,000 𝑝𝑝𝑚𝑣 => 4.2%
Consumer-grade sensors report concentrations in ppmv.  SI units are 
mg m-3.  1000 ppmv CO2 = 929 mg CO2 m-3 at 25 °C and 1 atm. 
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Using CO2 as a 
Ventilation Clue

Complication #2
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Using CO2 as a 
Ventilation Clue

Data from student lab at Humboldt State University
These Photo by Unknown Author is licensed under CC BY-SA

Complication #3

650 ppm 
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Using CO2 as a 
Ventilation Clue
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Using CO2 as a 
Ventilation Clue

Complication #5



Using CO2 as a 
Ventilation Clue

https://drive.google.com/file/d/1jFavucO9
8vMz5_LpKtnDXBfDZvWlMLcL/view
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Using CO2 as a 
Ventilation Clue

Space Occupancy

Ventilation 
Rate ASHRAE 

62.1 
(L/s/person)

Outdoor 
Air Change 

rate (h-1)

Steady State or Mean 
Peak CO2 Concentration 

ppmv Reference

Ideal Classroom 
Meeting Standards 
(5- to 8-year-olds)

24 students
1 instructor

7.4 ~2.6a 828b

10 Actual California 
Classrooms

N/A 2.6 – 7.1 N/A 1,140 - 2,380

aClassroom volume values from Ng et. al. 2020 
https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=930986
bAssuming outdoors 420 ppm

Consumer-grade sensors report concentrations in ppmv.  SI units are 
mg m-3.  1000 ppmv CO2 = 929 mg CO2 m-3 at 25 °C and 1 atm. 



Using CO2 as a 
Ventilation Clue



Using CO2 as a 
Ventilation Clue

1,000 ppm
CO2

420 ppm
CO2

420 ppm
CO2

420 ppm
CO2

Assumes well-mixed room

These Photos by Unknown Author is licensed under CC BY-SA-NC

Mass Balance

CO2 in room = (CO2 In) - (CO2 Out)
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Using CO2 as a 
Ventilation Clue

These Photos by Unknown Author is licensed under CC BY-SA

https://en.wikipedia.org/wiki/SodaStream
https://creativecommons.org/licenses/by-sa/3.0/


Using CO2 as a 
Ventilation Clue

1,000 ppm
CO2

420 ppm
CO2

420 ppm
CO2

420 ppm
CO2

These Photos by Unknown Author is licensed under CC BY-SA-NCData from student lab at Humboldt State University
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Using CO2 as a 
Ventilation Clue

Ct=0

https://schools.forhealth.org/wp-
content/uploads/sites/19/2020/08/
Harvard-Healthy-Buildings-
program-How-to-assess-classroom-
ventilation-08-28-2020.pdf

𝐿𝑛
𝐶𝑡−𝐶𝑜𝑢𝑡𝑠𝑖𝑑𝑒

𝐶𝑡=0−𝐶𝑜𝑢𝑡𝑠𝑖𝑑𝑒
vs. t

t=0

Data from student lab at Humboldt State University

Complication #6



Using CO2 as a 
Ventilation Clue
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Complication #7
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420 ppm
CO2

Using CO2 as a 
Ventilation Clue

1,000 ppm
CO2

420 ppm
CO2

420 ppm
CO2

420 ppm
CO2

Complication #8



Using CO2 as a 
Ventilation Clue

1,000 ppm
CO2

420 ppm
CO2

720 ppm
CO2

1220 ppm
CO2

Complication #8

420 ppm
CO2



Using CO2 as a 
Ventilation Clue

Complication #9 28

HVAC-DOAS HVAC-CTL HVAC-TU HVAC-WU

DOAS

Conditioning 

system

MERV 6 to 13 filterOA filterCooling/Heating coils

Infiltration Air leaving zone through leakage

https://tsapps.nist.gov/publication/get_pdf.
cfm?pub_id=930986



Using CO2 as a 
Ventilation Clue

https://www.tsi.com/products/ventilation-test-
instruments/alnor/alnor-capture-hoods/alnor-
balometer-capture-hood-ebt731/
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CO2 Measurement Portable HEPA Filter HVAC MERV 13 Filter

Effective Air 
Change Rate 
Estimation 
for Particle 
Removal

Complication #10

http://diy.stackexchange.com/questions/9690/what-are-some-alternatives-to-a-square-ceiling-air-diffuser
https://creativecommons.org/licenses/by-sa/3.0/


Conclusion
Ventilation and Consumer Grade Cost Sensors:  

It’s complicated


