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Background 

Ventilation rates in buildings are determined by area and occupancy.   In general, the larger the 

building and/or the higher the occupancy, the greater the ventilation rate required.  Ventilation systems 

remove air from a building and introduce outdoor air into a building at essentially equal rates.  The most 

widely accepted method of evaluating the adequacy of a ventilation system in a commercial building is 

by measuring carbon dioxide (CO2) levels.  Carbon dioxide is generated by people inside the building 

breathing.  As the number of people in a given space increases, the CO2 level in the air will increase.  

The ventilation process removes this air and replaces it with outdoor air to keep these levels within 

desired ranges.  American Society of Heat, Refrigeration, and Air-Conditioning Engineers (ASHRAE) 

recommend maintaining indoor CO2 levels to less than 700ppm (parts per million) above the local 

outdoor CO2 level.  Controlling CO2 levels to this standard requires an active comparison of outdoor and 

indoor CO2 levels resulting in a moving target.  To simplify the strategy, many commercial buildings are 

currently designed to maintain 800 ppm total (indoor + outdoor) with a peak level of 1000ppm.  This 

strategy assumes a conservative constant outdoor CO2 level of approximately 300-400ppm.  The CO2 

level of outdoor air will vary but generally measures between 350 and 500ppm.  This means that an 

indoor level of 350-500ppm is equal to 100% outdoor air (depending on the actual outdoor level).  

Normally, the levels of the air inside a building will never measure lower than the levels of the air 

outside the building.  Other notable CO2 levels or thresholds are as follows: The exhalation of the 

average adult contains 35,000 – 50,000ppm of CO2.  CO2 levels of 5000ppm are considered a health risk 

(see note 1).   

For the last several months the team has been repairing, replacing, adjusting, servicing, 

redesigning, and reprogramming ventilation systems in our schools in preparation for the school year.  

With all ventilation systems performing as designed, the next logical step is to evaluate the effectiveness 

of the systems.  To help evaluate, two new CO2 meters (see note 2) were purchased for the purpose of 

sampling CO2 levels in City buildings.  Over the course of two weeks, we visited each school building and 

measured CO2 levels in rooms with more than 1 occupant.  It is important to sample during the school 
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day and to sample occupied rooms to provide worthwhile results.  Sampling CO2 levels in buildings (or 

spaces within a building) with low or no occupancy will only result in predictably low levels and will not 

provide any useful information when evaluating ventilation rates.  This is also the reason sampling could 

not occur during the summer months or prior to the commencement of the hybrid model. 

 

Results 

For buildings with existing CO2 sensors, the occupied room numbers were recorded during the 

site visit and then the CO2 values were recorded from the building control system remotely.  For 

buildings without existing CO2 sensors, the CO2 levels of occupied spaces were measured during the site 

visit.  Overall, the results were very good.  Approximately 280 rooms were identified as occupied 

throughout all 20 schools.  No rooms measured 700ppm beyond the local outdoor air CO2 level.  6 

rooms sampled in the 800-1000 range.  12 rooms sampled in the 700s.  All remaining rooms were under 

700ppm (see attached CO2 sampling results).    CO2 values recorded as “N/A” were mostly cases where 

the building control system is not equipped with a CO2 sensor in the space or an associated unit 

ventilator was found to be turned off.  These spaces will be sampled during a follow-up visit using the 

method for buildings without CO2 sensors. 

After recording these results, we began the process of visiting each of the 18 spaces identified as 

exhibiting 700ppm total or higher levels to determine how the levels could be reduced.  To date we have 

determined the following probable causes (some spaces experiencing several of these conditions): Unit 

ventilators turned off, exhaust grills blocked by furniture, several recent exhaust fan failures (post repair 

efforts), and all room windows/doors closed.  After the follow-up efforts are complete, the CO2 levels in 

these spaces will be re-sampled to evaluate the repairs/adjustments.   

Notes: 

1. ASHRAE Standard 62.1-2016 

2. TSI model 7515 calibrated CO2 meter 

 

 

 

 

 

 

 

 


