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LEARNING OBJECTIVES

At the completion of this activity, the learner will be able to:

• Describe ACH, existing ASHRAE guidance, and implications for aerosol transmissible 
diseases and wildfire smoke mitigation

• Identify ventilation assessment methods to empirically measure the removal of 
airborne contaminants using outside air, MERV filtered air, and HEPA filtration 
individually, and in combination

• Summarize findings from a Bay Area classroom ACH study comparing the decay of 
carbon dioxide and PM 2.5 to estimates from direct airflow readings
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https://www.youtube.com/watch?v=cagRuiyAsio

https://www.youtube.com/watch?v=cagRuiyAsio


https://schools.forhealth.org/wp-content/uploads/sites/19/2021/01/Harvard-Healthy-Buildings-program-How-to-assess-classroom-ventilation-10-30-2020-EN_R1.8.pdf

https://schools.forhealth.org/wp-content/uploads/sites/19/2021/01/Harvard-Healthy-Buildings-program-How-to-assess-classroom-ventilation-10-30-2020-EN_R1.8.pdf


https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf

https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf


https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf

https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf


https://docs.google.com/spreadsheets/u/1/d/1NEhk1IEdbEi_b3wa6gI_zNs8uBJjlSS-86d4b7bW098/htmlview?pru=AAABdJy-keg*h6HfWPe6IhFSVAy53UNvDw

https://docs.google.com/spreadsheets/u/1/d/1NEhk1IEdbEi_b3wa6gI_zNs8uBJjlSS-86d4b7bW098/htmlview?pru=AAABdJy-keg*h6HfWPe6IhFSVAy53UNvDw


https://www.ashrae.org/technical-resources/bookstore/standards-62-1-62-2

https://www.ashrae.org/technical-resources/bookstore/standards-62-1-62-2


https://docs.google.com/spreadsheets/u/1/d/1NEhk1IEdbEi_b3wa6gI_zNs8uBJjlSS-86d4b7bW098/htmlview?pru=AAABdJy-keg*h6HfWPe6IhFSVAy53UNvDw

https://docs.google.com/spreadsheets/u/1/d/1NEhk1IEdbEi_b3wa6gI_zNs8uBJjlSS-86d4b7bW098/htmlview?pru=AAABdJy-keg*h6HfWPe6IhFSVAy53UNvDw


https://www.cdc.gov/mmwr/volumes/70/wr/mm7035e2.html

https://www.cdc.gov/mmwr/volumes/70/wr/mm7035e2.html


https://docs.google.com/spreadsheets/u/1/d/1NEhk1IEdbEi_b3wa6gI_zNs8uBJjlSS-86d4b7bW098/htmlview?pru=AAABdJy-keg*h6HfWPe6IhFSVAy53UNvDw

https://docs.google.com/spreadsheets/u/1/d/1NEhk1IEdbEi_b3wa6gI_zNs8uBJjlSS-86d4b7bW098/htmlview?pru=AAABdJy-keg*h6HfWPe6IhFSVAy53UNvDw
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CO2 CONCENTRATION IN ROOM WITH WINDOWS OPEN

~2.5 ACH (Air Changes/Hour)



CO2 Concentration in Room with no HVAC, No Windows
~0.4 ACH (Air Changes/Hour)



https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab230/6167856?searchresult=1

https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab230/6167856?searchresult=1


They found!
“Student case rates were similar in the 242 districts with ≥3 versus ≥6 ft 
of physical distancing between students” 

“Cases among school staff in districts with ≥3 versus ≥6 ft of physical 
distancing were also similar”

“Ventilation interventions were highly heterogeneous…”



Ventilation 
Interventions 
in MA Cohort 
Study 

Opening windows

HEPA filters

HVAC upgrades

Classrooms moved outdoors



https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf

https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf
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OA = Outside Air
RA = Return Air
SA = Supply Air



MERV = Minimum Efficiency Reporting Value

RA = Return Air

SA = Supply Air

cfm = cubic feet per minute
ACH = Air Changes per Hour

OA = Outside Air
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TOTAL SA = 𝒄𝒇𝒎𝑶𝑨+ 𝒄𝒇𝒎𝑹𝑨



Source: Central Coast Alliance United for a Sustainable Economy Agricultural workers face wildfire smoke in Sonoma County - IG post

https://www.instagram.com/p/CEHhFP1gwc1/?utm_source=ig_web_copy_link




https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf

https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf




Part 3: The Study!



























Taylor Lab Bear Air Unit, 2021

20”x20”x1” MERV 13 filter

Custom plywood frame, fabricated in
Jacobs Hall

Total air flow rate with filter and
acoustic crystal installed ~ 410 cfm

MERV: Minimum Efficiency Reporting Value





Baseline Test: Closed Room, No HEPA, No Windows



0.7 ACH



0.8 ACH



So How do you calculate ACH with CO2 or PM2.5 Decay?

• Question 1: How many Air Changes per Hour with Natural 
Ventilation?

• Do the math!!!
C1
C2

t

ACH = [ln(C1/C2)]*60/t



ACH = [ln(C1/C2)*60/t

https://www.cdc.gov/infectioncontrol/guidelines/environmental/appendix/air.html

https://www.cdc.gov/infectioncontrol/guidelines/environmental/appendix/air.html


C1 = 100%
C2 = 1%

For 99% Efficiency

ACH = [ln(C1/C2)*60/t

https://www.cdc.gov/infectioncontrol/guidelines/environment
al/appendix/air.html

https://www.cdc.gov/infectioncontrol/guidelines/environmental/appendix/air.html


Calculating Exponential Decay with Phone Calculator

Android Apple



Calculating Exponential Decay with Phone Calculator

Android Apple



Calculating Exponential Decay with Phone Calculator

Android Apple



C1 = 100%
C2 = 1%

For 99% Efficiency

ACH = [ln(C1/C2)]*60/t



Let’s take a real example



Let’s take a real example

ACH = [ln(C1/C2)]*60/t

C1 = 2410 ppm
C2 = 440 ppm
t = 26 min
ppm = parts per million

3.9	ACH



https://schools.forhealth.org/ventilation-guide/

Incorporating Ambient CO2 May Increase 
Accuracy for CO2 ACH calculations

https://schools.forhealth.org/ventilation-guide/


Test 2: HVAC, Windows Open, Ceiling Fans On

HVAC: Heating, Ventilation, and Air Conditioning 



1.1 ACH



1.4 ACH



“Kitchen Sink” TEST 



3.0 ACH



“HVAC/HEPA” TEST 



2.6 ACH



“HVAC, Bear Air, and Fans” TEST 



1.8 ACH



Well, does ACH add up?



1.4 ACH



1.8 ACH



3.0 ACH



2.6 ACH3.0 ACH 0.4 ACH

=



Air Changes Per Hour Calculations

HVAC

HVAC+HEPA+MERV

HVAC+HEPA

HVAC+MERV

No HVAC























https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf

https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-building-readiness.pdf






https://cpe.ucdavis.edu/course/construction-blueprint-and-plan-reading

https://cpe.ucdavis.edu/course/construction-blueprint-and-plan-reading
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