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Carbon Dioxide & Cambridge Direct-Fired Heaters 
 

 

 

 

What is Carbon Dioxide? 

Carbon dioxide (CO2) is a naturally occurring component in our atmosphere. Carbon dioxide, water 

vapor, methane and nitrous oxides are some of the major greenhouse gases that are essential to keep 

our planet habitable. However the rate of increase in CO2 concentrations has accelerated over recent 

decades along with fossil fuel emissions. CO2 is believed to be a primary driver of global warming and 

climate change.  

Carbon dioxide is a colorless, tasteless, odorless, noncombustible gas. Indoor sources for CO2 include: 

people (respiration), off-gassing from stored materials, propane fork lift trucks, brewing, baking, soft 

drink manufacture, gas powered scooters, etc . CO2 has no acute health effects associated with low-

level exposure (<5,000 ppm) typically found in indoor environments.  Because CO2 is one and one half 

times as heavy as air, it tends to “pool” in low areas such as basements and underground areas not 

subject to air movement. As it pools, it displaces oxygen. Consequently a high concentration of CO2 can 

be a health risk because of the corresponding reduction in available oxygen in the air. Therefore, high 

indoor concentrations of CO2 due to a lack of adequate ventilation can be a safety concern.  
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Confusion Regarding CO2 Monitoring and ASHRAE Standard 62.1 

It is important to distinguish between safe CO2 working levels (<5,000 ppm) and the application of the 

mechanical ventilation requirements suggested in ASHRAE Standard 62 where CO2 monitors are used 

as a surrogate diagnostic tool for determining adequate ventilation with outside air.  Potentially high 

levels of other more harmful occupant generated pollutants (particularly biopollutants) and having 

adequate air exchange rates that impact a building’s overall indoor air quality are hard to measure.  The 

change in low concentration levels of CO2 is easier to detect, so in effect the change in CO2 can be used 

as a “red light” to indicate not enough outside air is entering the building.  

ASHRAE Standard 62 has been a consensus standard since 1981 that provides designers of buildings 

and mechanical ventilation systems guidance on ventilation for acceptable indoor air quality. However 

this Standard has been revised many times as summarized below. The language pertaining to the use of 

CO2 measurement has been repeatedly changed which has created further confusion. 

ASHRAE 62.1-1989   

Carbon dioxide (CO2) is generated by building occupants and can be used to indicate whether enough outside 

air enters the building. Outside air dilutes the concentration of carbon dioxide and reduces it or maintains it at 

or below a certain level. The level established in 1989 by ASHRAE 62.1-1989 was 1000 ppm or 0.1%. This 

level was never intended to indicate that 1000 ppm of CO2 was hazardous; it was used as an indicator that 

other air pollutants and odors that were difficult to measure could be at unacceptable levels.  

ASHRAE 62.1-1999 and ASHRAE 62.1-2001   

Due to misunderstandings regarding the significance of indoor carbon dioxide (CO2) levels, the 1000 ppm 

recommended limit was dropped. Replacing it was language stating that odors could be adequately controlled 

if CO2 levels could be maintained below a concentration that was 700 ppm above the outdoor concentration. 

There was also an Appendix D that explained the rationale for 700 ppm above the outdoor concentration. 

Although not as strongly worded in the standard, a CO2 concentration that was 700 ppm above the outside 

concentration became the new recommended limit for many indoor air quality professionals. This statement 

regarding 700 ppm was maintained in the 2001 Standard. 

ASHRAE 62.1-2004 

The 2004 revision finally eliminated the 700 ppm statement. The only mention of CO2 within the 2004 

standard is in a “Note:” in paragraph 6.2.7 that mentions CO2 monitoring as an example of a method of 

determining occupant variability. The former Appendix D has been retained as Appendix C, but has a 

statement above it that emphasizes that it is not a part of the standard. 

ASHRAE 62.1 and Direct-Fired Heaters 

Since the CO2 generated by direct gas-fired industrial heaters is independent of human metabolism, its 

generation from direct fired heating appliances should not be confused with the comfort (odor) criteria 

established in ASHRAE Standard 62.1. Instead, CO2 levels in commercial and industrial facilities should be 

addressed by the ACGIH, NIOSH and OSHA limits and the American National Standards Institute (ANSI) 

criteria to which the heating equipment is designed, manufactured and tested. In recognition of this, the 2004 

version of ASHRAE 62.1 references ANSI and OSHA limits found in Appendix B, but this appendix is excluded 

as an official part of the standard. It is recommended that CO2 sensors not be used as a method of 

determining occupant variability, adequate ventilation or indoor air quality for buildings heated with direct 

gas-fired equipment. 
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Carbon Dioxide Safety Standards  

OSHA (Occupational Safety and Health Administration), NIOSH (National Institute for Occupational 

Safety and Health) and ACGIH (American Conference of Governmental Industrial Hygienists ) are the 

appropriate referenced safety standards for what concentration levels of CO2 are considered safe or 

dangerous for various times of human exposure. The safe working exposures of CO2 specified by these 

standards are significantly above the concentrations of CO2 produced by a Cambridge direct-fired 

industrial heater in an appropriate application for this type of heating equipment.  

The safe exposure limits to CO2  for industrial facilities are specified by OSHA and NIOSH. 

NIOSH/OSHA list acceptable levels for CO2 based on TWA, REL and STEL nomenclatures. The Time 

Weighted Average (TWA) is the time weighted average for a normal 8-hour workday.  The term 

Recommended Exposure Limit (REL) is used by NIOSH. The Short Term Exposure Limit (STEL) is a 

15-minute time weighted average exposure, which should not be exceeded at any time during a 

workday. A more detailed discussion and development of this subject matter follows below. 

Concentrations of CO2 are often expressed as a percentage of the gas in air by volume (1% = 10,000 

ppm). Concentrations above certain levels can cause headaches, drowsiness, loss of ability to maintain 

concentration or worse. There seems to be some disagreement as to when CO2 can start to cause 

drowsiness or make a person less productive at work.  Reportedly, the concentration of CO2 must be 

above 2% (20,000 ppm) before most people are aware of its presence unless the odor of an associated 

material (auto exhaust, fermenting of yeast, etc) is present at lower concentrations. 

ACGIH develops limits based on the risk of elevated carboxyhemoglobin levels.  The ACGIH guidelines 

for maximum pollutant levels, known as Threshold Limit Values (TLVs), use the criteria “a small 

percentage of workers may experience discomfort” under conditions at or below the TLV and “a 

smaller percentage may be affected more seriously by aggravation of pre-existing conditions or by 

development of an occupation illness.”  ACGIH has established the TLV-TWA to be 5,000 ppm for 

CO2 and the TLV-STEL to be 30,000 ppm for CO2. 

OSHA sets Permissible Exposure Limits (PELs) based on the criterion that “no worker will suffer 

material impairment of health or functional capacity even if such employee has regular exposure to the 

hazard dealt with by such standard for the period of his/her working life.”  OSHA has established the 

PEL-TWA to be 5,000 ppm for CO2 and the PEL-STEL to be 30,000 ppm for CO2.  

 

Summary of Exposure Limits- (Reference OSHA Website: www.osha.gov) 

ACGIH  TLV:  5000 ppm TWA 30,000 ppm  STEL 

OSHA (General Industry) PEL:  5000 ppm TWA  

OSHA (Construction Industry)  PEL:  5000 ppm   

NIOSH  REL:  5000 ppm TWA 30,000 ppm STEL 

 



A-IB105-0209.docx Page 4 of 4 Revised 02/08/09 
 

The information contained herein is confidential and is not to be used without written consent of Cambridge Engineering, Inc. 

Copyright © 2009 Cambridge Engineering, Inc.       All Rights Reserved 

 

Carbon Dioxide Levels for Direct-Gas Fired Heating Equipment  

Carbon dioxide is also a byproduct of gas combustion. ANSI (American National Standards Institute) 

sets the safety guidelines for allowable CO2 levels for industrial direct gas-fired air heating equipment.  

Cambridge direct-fired heating equipment is a non-recirculating design tested and certified to ANSI 

Safety Standard Z83.4/CSA3.7. This type of industrial air heating equipment is used to provide both 

space heating and tempered make-up air for a wide variety of commercial and industrial buildings 

From an equipment perspective, the ANSI Standards for direct gas-fired heaters (Z83.4, Z83.17 and 

Z83.18) limit the CO2 rise through the heater to 4,000 ppm.  CO2 is produced in relation to the type of 

gas utilized and the input of the fuel used.  This relationship is: 

 

CO2 (ppm) = 19.63 x K x T 

 

Where: 

K = 1.04 for natural gas 

K = 1.206 for propane gas  

T = temperature rise through the heater. 

 

At the maximum firing rate of 160°F rise the discharge air stream will typically contain approximately 

3500 to 3800 ppm CO2.  Warmer outdoor air temperature and a lower temperature rise through the 

heater will result in reduced levels below 2000 ppm. Cambridge space heaters normally operate 

intermittently, approximately 30 to 50% of the time.  This intermittent contribution of CO2 to the 

occupied space will further reduce the TWA concentration of CO2. It is also important to understand 

that this is the raw concentration of CO2 in just the supply air from the heater. Further dilution from 

building infiltration/exfiltration will cause the actual concentration of CO2 for the entire heated space to 

be even lower.  Even so, the supply air concentration is always well below the 5000 ppm TLV-TWAs 

and 30,000 STELs listed for the application.  

 

 

Save Energy and Reduce Building’s Carbon Footprint 

Saving energy always translates to a corresponding reduction in CO2 emissions and other greenhouse 

gases that contribute to global warming. Every therm of gas saved corresponds to a savings of 11.7 tons 

of CO2. 

 


