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Summary 
 
An external firm, CFMS Consulting Inc, conducted an examination of some elements in the HVAC 
systems of six buildings on the Keele campus at York University.  The HVAC in these buildings 
were shown to be in a bad state of repair and the resulting quality of the ventilation is 
questionable. 
 
CFMS identified areas with “little air flow”.  The existing ventilation equipment is characterized 
by broken sensors (three of the six buildings have CO2 sensors which read values below 50 ppm), 
ventilation actuators which don’t work as commanded and incomplete building automation 
systems. 
 
In the specific rooms examined in all six buildings, the real state of air change rate (ACH) remains 
unknown.  The consultants suggested estimates for air change rates but did not measure them 
directly, so their claims are unverified. Rather than measure air flow, the consultants relied on 
the unverified output from the Johnson Controls BAS systems and, in the case of the Stedman 
Lecture Hall, a combination of mechanical drawings and guesses about ceiling height.  
 
The CFMS reports implicitly demonstrate that the as-built HVAC designs, which rely on single CO2 

sensors that are shown here to produce anomalous readings, is flawed.  Combined with the fact 
that air change rates cannot be reliably determined from multiple BAS units and were not directly 
verified/measured by the CFMS consultants, I would strongly advise that we consider following 
the example set by public schools across Ontario and install in-room air cleaners (e.g. HEPA) in 
all indoor spaces at York University.  
 
About James Andrew Smith 
 
Dr. Smith is an Associate Professor, Teaching Stream at York University.  He holds bachelor’s and 
master’s degrees in Electrical Engineering (Alberta) and a PhD in Mechanical Engineering (McGill).  
He is a licenced Professional Engineer in Ontario. His engineering background is primarily in 
robotics, instrumentation and control systems.  His feedback is framed by that particular 
technical background. He does not have specific technical training in PPE, air quality or HVAC.  
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CO2 Air Quality Sensing 
Overview  
 
These reports point to problems with CO2 measurement.  CO2 values are an indicator for clean 
air: a 400 to 1000 ppm reading is typical for a well-ventilated occupied indoor space. Three of the 
six buildings examined have impossibly low values (under 50 ppm), one has a suspiciously low 
(around 350 ppm), while the two remaining buildings have reasonable values (500 - 600 ppm). 
 
Broken or de-calibrated CO2 sensors are dangerous during the COVID pandemic because the CO2 

sensors are intended to be used to either (a) modify ventilation settings and/or (b) warn building 
operators if the ventilation actuators/dampers are not working correctly. 
 
The consultants did not include the broken or de-calibrated CO2 sensors in their findings, even 
though Section 2.3.1 (Sensor Checks) of their reports indicated that they would “[verify] the 
location and calibration of sensors”.  Even if the sensor verification work had been planned to be 
undertaken in the future, the obviously anomalous readings should have been flagged by CFMS. 
 
The reports implicitly demonstrate that the as-built HVAC designs, which rely on a single CO2 
sensor located in the return air ducts, is flawed.  Neither the consultants, nor apparently, building 
operation staff, recognized that the sensors had failed.  Furthermore, a single CO2 sensor cannot 
detect localized “dead air” zones or poorly ventilated zones within a building.  Building users 
should be provided with quantitative tools to help identify and report air quality deficiencies in a 
timely manner. 
 
Multiple air quality sensors, which include a CO2 modality, should be distributed throughout the 
building, with at least some connected to the BAS and all of their outputs should be available to 
users of the building, just as one would expect a thermostat to have public-facing displays for 
temperature.  With such a system building users could alert building operators when future 
failures happen -- and failures surely will occur. 
 
Below is an analysis of the CO2 sensing data that was included in CMFS’ reports. 
  
Stedman 
 
The CO2 sensor in Stedman is most likely broken, as it reports a value of 
42.6ppm (pg 9 of the report). Given that outdoor CO2 levels are often 
around 400 ppm, it is reasonable to check any CO2 sensor that reports 
values under 400 ppm.  
 
Section 2.3.1 of the consultant’s report does not appear to have been conducted on the CO2 
sensor.  The anomalous value isn’t flagged, nor explained by the consultant.   
  

Figure 1 CO2 is reported by the Stedman building 
information system as 42.6 ppm.  The sensor is most 
likely broken. (Annotated and cropped version of the 
image from the Stedman CFMS report) 
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McLaughlin 
 
There are two CO2 sensors in McLaughlin, one in each of the two 
return air (RA) ducts.  One is clearly anomalous. It is likely broken 
or de-calibrated, as it reads 1.4ppm.  The other reads a 
suspiciously low value of 360.1 ppm (pg 8; 354.4 on pg 9).  This 
second sensor also very possibly broken or de-calibrated. Section 
2.3.1 of the consultant’s report does not appear to have been 
conducted on the two CO2 sensors.  Neither value is flagged, nor 
explained by the consultant.   
 
 
Founders 
 
As per Section 1.2 of the CFMS report on Founders College, four classrooms were supposed to 
be examined. This is the same breakdown as McLaughlin.  However, 
only one classroom is explicitly named in the Founders report (Room 
019c).  The reason why no details are provided for the other three is 
not given. 
 
Two different CO2 values are provided in the report’s BAS diagrams: 594 
ppm and “????” (unknown).  The reason for this is not given.  Section 
2.3.1 of the consultant’s report does not appear to have been 
conducted on the CO2 sensor values: the 594 vs. ???? issue is neither 
flagged for follow-up, nor explained by the consultant.   
   
 
Bethune 
 
The CO2 sensor in the return air duct in Bethune College is 
clearly producing anomalous signals. It is likely broken or de-
calibrated, as it reads 5 ppm in the images on pages 8 and 9 of 
the CFMS report. Section 2.3.1 of the consultant’s report does 
not appear to have been conducted on this CO2 sensor.  It is 
neither flagged, nor explained by the consultant.  
 
In addition to the anomalous CO2 readings, in Section 4.1.4 the 
CO2 limits are described as 400 – 900 ppm, but the BAS graphics 
in the report list them as 400 – 700 ppm.  This inconsistency should be addressed. 
 
Finally, the BAS images in the Bethune report look identical to the BAS images from the Stong 
report.  See the section below for a screenshot. This implies that the two buildings share a 
ventilation system, which seems unlikely to me.  Clarification on this should be sought. 

Figure 2 The two CO2 sensors in McLaughlin appear to 
be broken / de-calibrated.  One is reading a clearly 
impossible value (1.4ppm) while the other is showing 
an unlikely value (360.1ppm).  This image is modified 
(cropped) from the CFMS report. 

Figure 3 The Founders College CO2 sensor appears 
to be reporting two different values, 594ppm and 
"????".  These images are modified (cropped, 
annotated) from the CFMS report. 

Figure 4 The CO2 sensor in Bethune College 
is reading a value of 5 ppm.  It is likely 
broken.  This image is modified (cropped, annotated) from the 
CFMS report. 
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Stong 
 
The BAS screenshots in the Stong report indicate that the CO2 
sensor in the return air duct in Stong College is producing 
anomalous signals. This sensor is likely broken or de-calibrated, 
as it reads 5 ppm in the images on pages 8 and 9 of the CFMS 
report. Section 2.3.1 of the consultant’s report does not appear 
to have been conducted on this CO2 sensor.  It is neither 
flagged, nor explained by the consultant.  
 
The report states that the high and low setpoints are 500 and 
900 ppm (Section 4.1.4) but the Johnson Controls graphic 
shows them to be 400 and 700 ppm (Section 4.1.5).  This 
inconsistency should be addressed. 
 
That said, it’s possible that the screenshots in the report 
which show the CO2 values and setpoints are not correct. 
The report for Stong College contains screenshots of the 
Bethune BAS.  It would be good to get clarification as to 
whether Stong and Bethune share the same HVAC system 
(I suspect that they don’t). 
 

 
Figure 7 Stong and Bethune College buildings.  They appear to be separate, but the consultant’s report appears to indicate that 

they share air handling units (AHU), or at least the same AHU control. (image source: York University) 

 
Winters 
 
The CFMS report for Winters College shows two reasonable values 
for CO2 (517 and 519 ppm).  These are a reasonable values, and 
indicates the measured values at a single location in the building are 
close to outdoor CO2 levels (approx. 400 ppm).  However, given the 
fact that other building BAS values are most likely wrong calls into 
question the value shown for Winters.  No evidence is presented 
that verifies that the consultants carried out 2.3.1 Sensor Checks to 
ensure that the calibration of this sensor was correct. 
  

Figure 6 The Stong report contains screenshots 
labelled "Norman Bethune College".  This is odd and 
should be examined to see if Stong and Bethune 
actually share the same HVAC system. (source: pgs 8 
and 9 of the Stong report) 

Figure 5 The CO2 sensor in Stong College is 
reading an unlikely value of 5 ppm.  It is 
likely broken. But it may also be a duplicate 
of the image from Bethune. This image is modified 
(cropped, annotated) from the CFMS report. 

Figure 8 The CO2 sensor in Winters 
College is reading a a reasonablebut 
unverified value of about 500 ppm. 
This image is modified (cropped, 
annotated) from the CFMS report. 
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Air Flow 
Overview  
 
The consultants carried out examinations of ventilation equipment in six different buildings on 
the York University Keele campus: Founders, McLaughlin, Norman Bethune, Stong and Winters 
Colleges, as well as Stedman Lecture Halls. 
 
In the specific rooms examined in all six buildings, the real state of air change rate (ACH) remains 
unknown.  The consultants suggested estimates for air change rates but did not measure them 
directly, so their claims are unverified. For most of the reports, CFMS chose not to directly 
measure air flow.  Instead, they relied on the unverified output from the Johnson Controls BAS 
systems. 
 
In the case of the Stedman Lecture Hall, the consultant made a guess about ceiling height before 
estimating air changes in the hall.  That, in my mind, is not acceptable. 
 
Stedman 
 
Lecture Hall E in the Stedman building was examined by CFMS for the report. 
 
In my opinon, the ACH value given for Lecture Hall 
was erroneously place in the “Actual” column as it 
was not actually measured and verified to be true. 
The ACH value for Lecture Hall E was estimated 
from a combination of mechanical drawing (air 
flow) and an unmeasured room volume. 
 
As described on page 16 of the report, the 
consultant was not able to determine if the room height was 20 feet or 30 feet.  In my opinion, 
that would have been easy to determine on site with off-the-self tools like a tape measure.  This 
is not an inconsequential oversight on the part of the consultant as it changes the estimate of air 
changes per hour from 9 ACH (at 20 feet) to 6 ACH (at 30 feet), as mentioned by the consultant. 
 
So, while an ACH value is provided in this report, it does not reflect real measurements because 
the flow rates were not verified outside of the BAS reports.  This should be rectified. 
 
  

Figure 9 The ACH value listed in the report's table is an estimate.  
It was not measured and should, therefore, not be categorized as 
"actual."  (Table is annotated from the CFMS report on Stedman) 
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McLaughlin 
 
According to the report, induction units may not be working correctly and that they were 
“providing little air flow”.  Three room controllers were observed to be offline by the consultants. 
 
Four classrooms were supposed to be tested (140, 213A, 
21B and 103). No detailed results of testing on a room by 
room basis are provided.  No air change (ACH) values, 
measured (actual) or estimated (calculated/derived), are 
given for these rooms. Furthermore, given that the 
consultants determined that there was “little air flow” 
being provided by elements of the HVAC system and that 
it is clear that one – maybe both – CO2 sensors are not 
functioning properly, I would be reasonable to assume 
that the air in at least portions of McLaughlin is not safe with respect to COVID transmission. 
 

Founders 
 

Four classrooms were supposed to be tested.  Only one is specifically mentioned (019c).  No 
reason was provided for why test details were not given for the other three classrooms.  No air 
change (ACH) values, measured (actual) or estimated (calculated/derived), are provided. 
Therefore, it is impossible to determine if there is sufficient air changes in the classrooms. 
Furthermore, the consultant points out that east side of the building is not centrally controlled 
by the BAS, making it difficult for a particular air change rate to be set and maintained. 
 

Bethune 
 
Section 1.2 of the Bethune report states that only one AHU 
was to be tested.  However, the description for Room 102D indicates 
a second AHU that possibly should have been included in the report. 
 
The ACH values for room 320 were calculated from the incomplete 
BAS air flow report and should not have been placed in the “actual” 
column because it was not verified.  It would be helpful to have the 
full calculation provided for the consultant’s estimate for ACH. 
 
For Room 215 it would also be helpful to have the ACH calculation 
given in full to determine if both the minimum and flow (maximum?) 
calculated (not measured/actual) values are correct. 
 
The ACH values for room 102D were calculated from the BAS air flow report and should not have 
been placed in the “actual” column because it was not verified (i.e. it was not directly measured). 
So, while ACH values are provided in this report, they do not reflect real measurements because 
the flow rates were not verified outside of the BAS reports. 

Figure 10 The consultants found that (1) there was 
"little air flow" being provided and (2) that some 
room controllers were "offline". The table was cropped and annotated from the original in the 

CFMS report. 

Figure 11 The consultant's report for Bethune states 
the scope as only including one AHU, but two are 
implied in the later portion of the report. Images were cropped and 
annotated  from the originals in the CFMS report. 
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Stong 
 
In Section 1.2 of the Stong report, CFMS stated that only three classrooms were to be examined.  
However, the report includes information about four (303, 212, 101A and 101D)  
 
For rooms 303 and 212, the consultants were unable to 
determine airflow, as shown by the blank tables to the right.  
 
The maximum air change value for room 101A is given as 
“actual” value of 9.45 ACH.  However, it is a BAS-derived value 
and was not verified.  The entry for ACH in room 101D confirms 
that it is a calculated value and not an independently measured 
(actual) value. 

 
 
 
 

 
Winters 
 
The ACH value for room 118 in Winters College 
was calculated from the BAS air flow report and 
should not have been placed in the “actual” 
column because it was not verified (i.e. it was not 
directly measured).  
 
So, while 8.8 ACH value is provided in this report, 
it does not reflect real measurements because the 
flow rate was not verified outside of the BAS 
reports. 
 
  
  

Figure 12 Summary tables for Stong Rooms 212, 303:  No controls 
and no connection to the BAS.  Airflow in this room is unknown, 
either to York or to the consultant.  Tables annotated from the 
CFMS report. 

Figure 13 Summary tables for Stong rooms 101D and 101A.  Air change rates are incomplete. Tables annotated from the CFMS report. 

 

Figure 14 Summary tables for Winters room 118.  Air change rates are an estimate 
and should not have been entered as “Actual” as it was not measured 
independently of the BAS. Table annotated from the CFMS report. 
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Conclusion 
 
The reports, in spite of their flaws, paint a poor picture of the state of ventilation systems in these 
six York University buildings.  The consultant identified areas with “little air flow”.  The existing 
ventilation equipment is characterized by broken sensors, ventilation actuators which don’t work 
as commanded and incomplete building automation systems. 
 
The work carried out by the consultant was sloppy.  Anomalous readings from a number of 
carbon dioxide sensors should have been flagged as such but were not.  Characterization of air 
change rates as “actual” when they were, in fact, unverified estimates, is not appropriate as they 
could mislead the client into believing that less corrective or verification actions need to be 
carried out than there should otherwise be. 
 
In my opinion, these reports should serve as a warning that the ventilation systems in these 
buildings, and possibly across York University, are not working as expected.  The consequence to 
this is that the air quality level is very possibly below desired levels.  This should be viewed with 
alarm during the COVID pandemic given how COVID has a significant airborne transmission 
component. 
 
My recommendation would be to immediately implement a risk mitigation measure of (1) 
ensuring that all community members mask with N95-class respirators while on campus and (2) 
that in-room MERV13 or better (e.g. HEPA) air cleaners be purchased and distributed in all indoor 
spaces, similar to the air cleaner distribution that has already occurred in public schools across 
Ontario. 


