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SPECIAL NOTE
This American National Standard (ANS) is a national voluntary consensus Standard developed under the auspices of ASHRAE. Consensus is defined by the
American National Standards Institute (ANSI), of which ASHRAE is a member and which has approved this Standard as an ANS, as “substantial agreement
reached by directly and materially affected interest categories. This signifies the concurrence of more than a simple majority, but not necessarily unanimity.
Consensus requires that all views and objections be considered, and that an effort be made toward their resolution.” Compliance with this Standard is
voluntary until and unless a legal jurisdiction makes compliance mandatory through legislation. 

ASHRAE obtains consensus through participation of its national and international members, associated societies, and public review.
ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The Project Committee

Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE members, all must be technically
qualified in the subject area of the Standard. Every effort is made to balance the concerned interests on all Project Committees. 

The Senior Manager of Standards of ASHRAE should be contacted for
a. interpretation of the contents of this Standard,
b. participation in the next review of the Standard,
c. offering constructive criticism for improving the Standard, or
d. permission to reprint portions of the Standard.

DISCLAIMER
ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available information and accepted industry
practices. However, ASHRAE does not guarantee, certify, or assure the safety or performance of any products, components, or systems tested, installed,
or operated in accordance with ASHRAE’s Standards or Guidelines or that any tests conducted under its Standards or Guidelines will be nonhazardous or
free from risk.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS
ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of testing for rating purposes, by suggesting
safe practices in designing and installing equipment, by providing proper definitions of this equipment, and by providing other information that may serve
to guide the industry. The creation of ASHRAE Standards and Guidelines is determined by the need for them, and conformance to them is completely
voluntary.

In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either stated or implied, that the
product has been approved by ASHRAE.
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(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been pro-
cessed according to the ANSI requirements for a standard
and may contain material that has not been subject to
public review or a consensus process. Unresolved objec-
tors on informative material are not offered the right to
appeal at ASHRAE or ANSI.)

FOREWORD

This addendum deletes Informative Appendix D, “Rationale
for Minimum Physiological Requirements for Respiration Air
Based on CO2 Concentration.” Appendix D first appeared in
ASHRAE Standard 62-1989. Since that time there have been
additions and modifications. Its purpose was to explain the
relationship between oxygen and carbon dioxide in spaces. It
is based on data from the 1950s. Newer information is avail-
able. The committee is aware of misuse and confusion caused
by the information in its present form and prefers to delete
this misused appendix now. The committee may readd rele-
vant informative guidance that assists with implementation of
the standard in the next edition.

Note: In this addendum, changes to the current standard
are indicated in the text by underlining (for additions) and
strikethrough (for deletions) unless the instructions specifi-
cally mention some other means of indicating the changes. 

(This appendix is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been pro-
cessed according to the ANSI requirements for a standard
and may contain material that has not been subject to
public review or a consensus process. Unresolved objec-
tors on informative material are not offered the right to
appeal at ASHRAE or ANSI.)

INFORMATIVE APPENDIX D
RATIONALE FOR MINIMUM PHYSIOLOGICAL
REQUIREMENTS FOR RESPIRATION AIR
BASED ON CO2 CONCENTRATION

Oxygen is necessary for metabolism of food to sustain life.
Carbon and hydrogen in foods are oxidized to carbon dioxide
(CO2) and water (H2O), which are eliminated by the body as
waste products. Foods can be classified as carbohydrates, fats,
and proteins, and the ratio of carbon to hydrogen in each is
somewhat different. The respiratory quotient (RQ) is the vol-
umetric ratio of CO2 produced to oxygen consumed. It varies
from 0.71 for a diet of 100% fat to 0.8 for a diet of 100% pro-
tein and 1.00 for a diet of 100% carbohydrates D-1. A value of
RQ = 0.83 applies to a normal diet mix of fat, carbohydrate,
and protein. 

The rate at which oxygen is consumed and CO2 is gener-
ated depends on physical activity. These relationships are
shown in Figure D-2 (see Reference D-2). The breathing rate
is shown also. A simple mass balance equation gives the out-
door airflow rate needed to maintain the steady-state CO2
concentration below a given limit. 

Vo = N/(Cs  Co) (D-1)

where

Vo = outdoor airflow rate per person 

Ve = breathing rate

N = CO2 generation rate per person

Ce = CO2 concentration in exhaled breath

Cs = CO2 concentration in the space 

Co = CO2 concentration in outdoor air

For example, at an activity level of 1.2 met units (1.0 met
= 18.4 Btu/h ft2), corresponding to sedentary persons, the
CO2 generation rate is 0.31 L/min. Laboratory and field stud-

Addendum d to Standard 62.1-2016

Delete Informative Appendix D. For legibility, the text is
not shown in strikethrough. All text and tables below will be
deleted by this addendum.

FIGURE D-1 Two-chamber model.

FIGURE D-2 Metabolic data.
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ies have shown that with sedentary persons about15 cfm
(7.5 L/s) per person of outdoor air will dilute odors from
human bioeffluents to levels that will satisfy a substantial
majority (about 80%) of unadapted persons (visitors) to a
space D-3,D-4,D-5,D-6,D-7. If the ventilation rate is to be held to
15 cfm (7.5 L/s) per person, the resulting steady-state CO2
concentration relative to that in the outdoor air is 

Cs – Co = N/Vo 
= 0.31/(7.5 × 60 s/min) 

= 0.000689 L of CO2 per L of air
≈ 700 ppm

Thus, maintaining a steady-state CO2 concentration in a
space no greater than about 700 ppm above outdoor air levels
will indicate that a substantial majority of visitors entering a
space will be satisfied with respect to human bioeffluents
(body odor). A more detailed discussion of this relationship
between CO2 concentrations and the perception of bioefflu-
ents, as well as the use of indoor CO2 to estimate building
ventilation rates, is contained in ASTM Standard D6245 D-8.

CO2 concentrations in acceptable outdoor air typically
range from 300 to 500 ppm. High CO2 concentrations in the
outdoor air can be an indicator of combustion and/or other
contaminant sources.

Figure D-3 shows the outdoor airflow rate required as a
function of physical activity and steady-state room concentra-
tion. If the activity level is greater than 1.2 met, the required
ventilation must be increased to maintain the same CO2 level. 

Also the decrease in oxygen content of the room air can be
found from Equation D-l when oxygen concentration is substi-
tuted for carbon dioxide concentration. 

Co  Cs = N/Vo (D-2)

The term N now has a negative value with respect to its
use in Equation D-1 because oxygen is consumed rather than
generated. 

Cs = Co − N/Vo (D-3)

The oxygen consumption rate is 0.0127 cfm (0.36 L/min)
when the activity level is 1.2 met. For ventilation at a rate of
15 cfm (429 L/m) and an activity level of 1.2 met units, the
room oxygen level will be reduced from an outdoor concen-
tration of 20.95% to 20.85%, a percent change of 0.48%
([20.95 – 20.85]/20.95). Unlike oxygen, CO2 is generated as a
result of activity. At 1.2 met, the CO2 indoors is raised from
the outdoor background of 0.03% to 0.1%, a percent change
of 230%. Thus, measuring the increase of CO2 is clearly more
significant than measuring the decrease of oxygen.

REFERENCES

D-1. McHattie, L.A. 1960. Graphic visualization of the rela-
tions of metabolic fuels: Heat: O2, CO2, H2O: Urine
N., pp. 677–83. In J. Applied Physiology Vol. 15,
No. 4. 

D-2. ASHRAE Handbook—2005 Fundamentals, Chapter 8.
2005. American Society of Heating, Refrigerating
and Air-Conditioning Engineers, Inc., Atlanta, GA
30329. 

D-3. Berg-Munch, B., G.H. Clausen, and P.O. Fanger. 1986.
Ventilation requirements for the control of body
odor in spaces occupied by women, pp. 195–200. In
Environ. Int. Vol. 12.

D-4. Cain, W.S., et al. 1983. Ventilation requirements in
buildings—I. Control of occupancy odor and
tobacco smoke odor, pp. 1183–97. In Atmos. Envi-
ron. Vol. 17, No. 6.

D-5. Fanger, P.O., and B. Berg-Munch. 1983. Ventilation and
body odor, pp. 45–50. In Proceedings of an Engi-
neering Foundation Conference on Management of
Atmospheres in Tightly Enclosed Spaces. Atlanta:
American Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc.

D-6. Iwashita, G., K. Kimura, et al. 1989. Pilot study on
addition of old units for perceived air pollution
sources, pp. 321–24. In Proceedings of SHASE
Annual Meeting. Tokyo: Society of Heating, Air-
Conditioning and Sanitary Engineers of Japan.

D-7. Yaglou, C.P., E.C. Riley, and D.I. Coggins. 1936. Venti-
lation requirements, pp. 133–62. In ASHRAE Trans-
actions Vol. 42.

D-8. ASTM. 1998. ATSM Standard D6245, Standard Guide
for Using Indoor Carbon Dioxide Concentrations to
Evaluate Indoor Air Quality and Ventilation. Phila-
delphia: American Society for Testing and Materi-
als, D6245-98.

FIGURE D-3 Ventilation requirements.
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment.
ASHRAE’s members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of
the systems and components in their responsibility while maximizing the beneficial effects these systems provide,
consistent with accepted Standards and the practical state of the art.

ASHRAE’s short-range goal is to ensure that the systems and components within its scope do not impact the
indoor and outdoor environment to a greater extent than specified by the Standards and Guidelines as established by
itself and other responsible bodies.

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive Technical Committee structure,
continue to generate up-to-date Standards and Guidelines where appropriate and adopt, recommend, and promote
those new and revised Standards developed by other responsible organizations.

Through its Handbook, appropriate chapters will contain up-to-date Standards and design considerations as the
material is systematically revised.

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and
will seek out and disseminate information from other responsible organizations that is pertinent, as guides to updating
Standards and Guidelines.

The effects of the design and selection of equipment and systems will be considered within the scope of the
system’s intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.

ASHRAE’s primary concern for environmental impact will be at the site where equipment within ASHRAE’s scope
operates. However, energy source selection and the possible environmental impact due to the energy source and
energy transportation will be considered where possible. Recommendations concerning energy source selection
should be made by its members.
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About ASHRAE

ASHRAE, founded in 1894, is a global society advancing human well-being through sustainable technology for the
built environment. The Society and its members focus on building systems, energy efficiency, indoor air quality,
refrigeration, and sustainability. Through research, Standards writing, publishing, certification and continuing
education, ASHRAE shapes tomorrow’s built environment today. 

For more information or to become a member of ASHRAE, visit www.ashrae.org.

To stay current with this and other ASHRAE Standards and Guidelines, visit www.ashrae.org/standards.

Visit the ASHRAE Bookstore

ASHRAE offers its Standards and Guidelines in print, as immediately downloadable PDFs, on CD-ROM, and via
ASHRAE Digital Collections, which provides online access with automatic updates as well as historical versions of
publications. Selected Standards and Guidelines are also offered in redline versions that indicate the changes made
between the active Standard or Guideline and its previous version. For more information, visit the Standards and
Guidelines section of the ASHRAE Bookstore at www.ashrae.org/bookstore.

IMPORTANT NOTICES ABOUT THIS STANDARD

To ensure that you have all of the approved addenda, errata, and interpretations for this
Standard, visit www.ashrae.org/standards to download them free of charge.

Addenda, errata, and interpretations for ASHRAE Standards and Guidelines are no longer
distributed with copies of the Standards and Guidelines. ASHRAE provides these addenda,
errata, and interpretations only in electronic form to promote more sustainable use of
resources.
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