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CO2 Based Demand Controlled Ventilation 
Do the Risks Outweigh the Rewards? 
 
David S. Dougan, President, EBTRON, Inc.      February 2004  
 
 
INTRODUCTION 
 
Today's HVAC designs emphasize energy conservation. Unfortunately, design strategies often 
loose focus on other core objectives, which include occupant health, productivity and the long-
term integrity of the building structure. The widespread use of CO2 demand controlled ventilation 
(DCV) is a widely used strategy that has sacrificed many of our core objectives in the name of 
"conservation". 
 
DEMAND CONTROLLED VENTILATION 
 
A typical building has two significant components that lead to unsatisfactory indoor air quality. 
One source is the building itself, which in many cases can result in greater than 50% of the 
pollutants that require removal or dilution4,5. The second source is body odor produced by the 
occupants as a result of their activities. This latter source has driven many designers to reset 
outside airflow rates in facilities with variable occupancy.  
 
The concept of DCV makes complete sense. Building managers can clearly see an energy 
benefit from reductions of outside air intake flow rates as the occupant density decreases. 
However, systems are rarely implemented that account for the actual number of people in a 
particular ventilation zone.  
 
Since people produce carbon dioxide (CO2) as a direct result of respiration, the use of CO2 has 
been a "logical" choice for many of today's designers and owners. Unfortunately, many have not 
fully understood the relationship between CO2 levels and ventilation. CO2 is neither a pollutant 
nor a direct measure of occupancy. 
 
CO2 LEVELS AND VENTILATION 
 
CO2 based demand controlled ventilation (CO2 DCV) is often implemented with little regard to 
the actual relationship between ventilation rates and CO2 levels. 
 
The Ventilation Rate Procedure in ASHRAE Standard 62’s current parent document specifies 
ventilation rates, not CO2 levels for acceptable indoor air quality. 
 

“Indoor air quality shall be considered acceptable if the required rates of acceptable 
outdoor air in Table 2 are provided for the occupied space.” [6.1.3 ASHRAE 62-2001, to 
be replaced by addendum “n”] 

 
Systems must provide adequate dilution airflow rates for compliance. However, even though the 
standard clearly does not specify acceptable CO2 levels for compliance, many believe that 
maintenance of space CO2 levels will result in acceptable indoor air quality. 
 
What is the relationship between CO2 and the outside airflow rate into a space? 
 
In order to answer that question, one must first understand the mathematical model that 
describes CO2 and the assumptions required for its validity. 
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The relationship between CO2 levels and outside air ventilation rates can be described using a 
simple, two-chamber mode (Appendix C, ASHRAE Standard 62-2001 parent document). 
 

 
This model relates the CO2 level of the space to the airflow rate per person when the following 
steady-state conditions are true. 
 

1. The occupants are generating CO2 at an assumed constant rate: N (i.e. their 
metabolic rate, diet, and level of activity are identical). 

2. Outside air, of known CO2 concentration: Co, is introduced into the space at a 
constant rate: Vo. 

3. The indoor CO2 level: Ci, represents the population within the ventilation zone and is 
accurately measured. 

 
Calculating Vo = 7.5 L/sec (≈15 CFM) with an assumed CO2 generation rate of 0.31 L/min will 
result in an indoor CO2 level approximately 700 ppm greater than the level of CO2 in the outside 
air. Studies have indicated that 15 CFM is the rate of outside air required to dilute offensive 
body odor and is the CO2 rise referenced in Standard 62. Therefore, the resulting statements 
appear in the standard: 
 

“Comfort criteria, with respect to human bioeffluents (odor) are likely to be satisfied if the 
ventilation results in indoor CO2 concentrations less than 700 ppm above the outdoor air 
concentration.” [6.1.3 ASHRAE 62-2001, to be replaced by addendum “n” in succeeding 
parent document and addressed in newly proposed appendix] 

 
“Using CO2 as an indicator of bioeffluents does not eliminate the need for consideration 
of other contaminants.” [6.2 ASHRAE 62-2001] 

 
As an indicator of adequate ventilation for the dilution of body odor, the 700 ppm rise criteria 
may represent a valid indicator for the space being evaluated. The CO2 generation rate 
assumed is based on a low activity level and as a result would tend to indicate a lower outside 
airflow rate than actual for the space. 
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Confidence can be raised if the ventilation rate into the building and space are held constant 
during the evaluation and the population density is maintained. The technique is best suited for 
handheld, frequently calibrated devices in the hands of trained professionals for use in localized 
areas. Unfortunately, there is a significant difference between monitoring for evaluation and 
monitoring for control. The CO2 generation rates of individuals can vary widely as indicated in 
Figure 2 based on their activity level. As a result, there will be a significant error in the CFM per 
person calculation (Table 1). 

 
The model is also only valid under steady-state conditions. CO2 DCV, by design, is dynamic and 
implementation often negates the validity of the model. In addition, the placement and reliability 
of the CO2 sensor is critical and the performance of today's sensors is questionable (Figure 3).  
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Additionally, outside CO2 levels vary widely. Outdoor levels are generally not measured, as a 
result of the sensors’ inability to measure accurately at low ambient air temperatures. These 
uncertainties can result in significant risk for both the designer and building owner implementing 
a CO2 DCV strategy (Figure 4). 
 
Mounting airflow measurement devices in the outside air intake to limit turndown of outside air 
intake flow rates during periods of low occupancy can reduce IAQ risk. 
 
DCV AND BUILDING PRESSURE 
 
When the outside dew point exceeds 65°F, humidity levels in negatively pressurized building 
envelopes can exceed 70% RH. High humidity conditions in and near the building envelope will 
result in mold growth. 
 
Some molds may be toxic to humans while others may damage the building structure. Recent 
publications have recognized the relationship between building pressure and mold 
growth1,2,7,9,10,11,15. The widespread use of DCV has limited the amount of outside air introduced 
into a building. Without a positive pressurization flow (the difference between the outside air 
intake flow rates and the total exhaust flow rates), a building cannot be pressurized. Designers 
must carefully consider building pressurization when utilizing demand controlled strategies (CO2 
or others). Building pressurization becomes even more critical if energy recovery is used since 
the differential used to pressurize the building is significantly reduced, even at system design 
maximums. 
 
CO2 DCV AND ASHRAE 62: Complications from Addendum “n” changes 
 
Changes to the Ventilation Rate Procedure of ASHRAE Standard 62 result in outside airflow 
rates that significantly vary on a "per person" basis (Table 2). Addendum “n” recognizes the 
magnitude of building generated pollutants. Under ideal conditions, CO2 levels can only relate 
the rate that outside air enters the building on a per person basis (i.e. CFM/person). Therefore it 
is difficult to envision how CO2 DCV can be implemented under the new requirements of 
Standard 62. 
 

 
ENERGY VS. OCCUPANT BENEFIT 
 
As stated from the onset, today's designs emphasize energy efficiency. In part, the strategy is 
promoted by the requirements of ASHRAE Standard 90.1. However, owners can clearly relate 
to an energy savings benefit and energy conscious designs are the civil responsibility of all good 
engineers. However, the human benefit should not be ignored. Table 3 illustrates the potential 
benefit of a 5% productivity gain. Literature suggests that such a gain could be realized if 
outdoor airflow rates were maintained at acceptable levels.3,6,8,12,13,14 When compared to 
potential energy savings, improved ventilation significantly outweighs its counterpart. 
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ANALYSIS OF RISK 
 
Compared to the benefit, implementing a strategy with significant assumption flaws is extremely 
risky. Based on Addendum “n” changes, the reduction in outside airflow rates with decreasing 
occupancy is small. A 57% reduction in the population (7 to 3 people per 1000 sq.ft.) only 
results in a 21% decrease in the required outside air. Is it really worth the risk? 
 
In addition, recent changes to commercial general liability insurance policies now exclude 
compensation for mold damage. Lowering outside air ventilation rates decreases the margin of 
error for proper building pressure control. Effective and stable pressurization strategies, such as 
those that directly control the pressurization flow (i.e. use airflow measurement), will have to be 
implemented to minimize designer and owner risk. 
 
CONCLUSIONS 
 
Clearly, energy benefits can be realized by implementing a demand controlled ventilation 
strategy if the number of occupants can be determined with a reasonable degree of accuracy 
and building pressure can be maintained. Unfortunately, assumptions made using the CO2 DCV 
approach leave designers and owners vulnerable to unnecessary risk. Changes to the ASHRAE 
Standard 62 Ventilation rate procedure may result in lesser benefits, hence higher risk. 
Designers and owners should carefully weigh the risks and benefits prior to implementing the 
strategy. Consider mounting an airflow measuring station in the outside air intake and maintain 
design levels of outside air. When a more reliable method to determine occupancy can be 
implemented, simply adjust the outside air intake flow rates to comply with the standard. 
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