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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 processed 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 objectors on informative material are not offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

Indoor CO; has had a prominent place in discussions of ventilation and IAQ for many years (Persily, 2015;
Persily, 1997). The relevant issues include the impacts of CO: on building occupants (including how CO;
concentrations relate to occupant perception of bioeffluents), the use of CO- to control outdoor air ventilation
rates, CO; monitoring as an indicator of general IAQ conditions and the use of indoor CO; to estimate building
ventilation rates.

1t is also quite common to use indoor CO; concentrations to estimate ventilation rates per person based on a
single-zone mass balance of CO>, though in many cases without acknowledgement of the assumptions on which it
is based (ASTM, 2012; Persily, 1997). In a ventilated space with a uniform CO; concentration, the ventilation
rate and CQO; concentration are related under steady-state conditions assuming that the generation rate,
ventilation rate and outdoor CO; concentration are all constant over the mass balance analysis period. This
relationship has been discussed in ASHRAE Standard 62 since 1981 (ASHRAE, 1981), in which the steady-state
equation is presented as follows:
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where Q, is the outdoor air ventilation rate per person, G is the CO; generation rate per person, Ci s is the
steady-state indoor CO; concentration and Coy is the outdoor CO: concentration. This steady-state relationship,
sometimes referred as the peak CO: approach, is essentially an application of the constant injection tracer gas
method as described in ASTM E741 (2011). It must therefore abide by the following assumptions to yield a valid
air change rate: the CO; generation rate is known, constant, and uniform throughout the building being tested;
the CO; concentration is uniform throughout the building and has achieved steady state; the outdoor CO;
concentration is known and constant; and, the outdoor air ventilation rate is constant.

[Note to Reviewers: This public review draft makes proposed independent substantive changes to the previous
public review draft. These changes are indicated in the text by underlining (for additions) and strikethrough
(for deletions) except where the reviewer instructions specifically describe some other means of showing the
changes. Only these changes to the previous draft are open for review and comment at this time. Additional
material is provided for context only and is not open for comment except as it relates to the proposed
substantive changes.]

Addendum ab to 62.1-2016

Add a new Section 6.2.7.1.3 as shown below. Renumber following sections as applicable.

6.2.7.1.3 CO, values for DCV control. When CO; concentrations are used for demand control ventilation,
calculations shall be made using Normative Appendix D.

Revise Normative Appendix D as shown below.

(This is a normative appendix and is part of the standard).
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NORMATIVE APPENDIX D
ESTIMATION OF SFEADY-SFATE INDOOR CO; CONCENTRATIONS BASED ON PERPERSON
VENTILATION RATES AND OCCUPANT CHARACTERISTICS

[...]
D1.2.3 Body Mass. Values of body mass shall be obtained from Table D1.2.3 by calculating based upon expected

occupancy of males and females using Table D1.2.4 and Table D1.2.5. Table D1.2.3 Fhe-table is a table of body
weight data for males and females combined from the EPA Exposure Factors Handbook. Table D1.2.4 and
D.1.2.5 are body weight data for males and females.

[...]
Table D1.2.4. Body weight data for males from 2011 EPA Exposures Factors Handbook

Table 8-4. Mean and Percentile Body Weights (kg) for Males Derived From NHANES (1999-2006)

Percentiles
Age Group N Mean
5t 10% 15% 25t 50t 75t g5t 9ot g5t
Birth to <1 month 88 49 36 36 4.0 44 48 55 58 6.2 6.8
1 to =<3 months 153 6.0 46 5.0 5.1 5.4 6.1 6.8 7.0 7.2 7.3
3 to <6 months 255 76 59 6.4 6.6 6.9 75 8.2 86 88 9.1
6 to <12 months 472 9.4 7.3 79 8.2 8.5 9.4 103 10.6 10.8 115
1 to <2 years 632 116 9.0 9.7 10.0 10.5 115 12.6 13.2 13.5 143
2 to <3 years 558 14.1 11.4 12.0 1222 12.8 14.0 15.2 15.9 16.4 17.0
3 to <6 years 1.158 188 13.5 144 149 159 18.1 208 226 238 262
6 to <11 years 1.795 319 200 218 229 248 296 364 412 452 514

11 to <16 years 2.593 57.6 336 363 389 442 355 66.5 75.5 812 91.8
16 to <21 years 2.462 713 34.5 376 60.0 639 731 86.0 96.8 104.0 113.0
21 to =30 years 1.359 849 538.7 63.0 66.2 70.7 812 94.0 103.0 1110 123.0
30 to <40 years 1.445 87.0 61.1 65.7 68.7 738 84.0 96.5 1040 1100 124.0
40 to <50 years 1.545 90.5 64.9 69.5 730 7177 874 99.7 109.0 1140 125.0
30 to <60 years 1.189 895 64.1 688 714 77.0 878 99.8 107.0 1120 123.0
60 to <70 years 1.360 89.1 63.4 67.5 71.6 772 86.9 994 108.0 1130 120.0
70 to <80 years 1.079 839 60.6 64.6 683 731 821 938 98.6 104.0 113.0
Over 80 years 662 76.1 36.7 60.6 639 672 751 840 894 925 100.0

Source: U.S. EPA Analysis of NHANES 1999—2006 data.
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Table D1.2.5. Body weight data for females from 2011 EPA Exposures Factors Handbook

Table 8-5. Mean and Percentile Body Weights (kg) for Females Derived From NHANES (1999-2006)

Percentiles
Age Group N Mean
5t 10® 15% 25t 50t 75t g5t 90t g5t
Birth to <1 month 70 46 36 40 4.1 42 46 49 5.0 52 59
1 to <3 months 131 5.7 43 46 4.74 5.1 5.5 6.4 6.6 6.9 7.3
3 to <6 months 234 72 55 59 6.2 6.4 72 79 82 8.4 9.0
6 to <12 months 455 9.0 7.1 73 76 8.0 8.9 9.8 103 10.6 11.2
1 to <2 years 544 111 8.7 9.1 9.4 10.0 11.1 122 129 132 137
2 to <3 years 586 135 10.5 11.0 11.5 12.1 132 146 15.5 16.2 17.1
3 to <6 years 1.160 183 135 143 14.7 156 175 197 213 232 262
6 to <11 years 1.798 31.7 193 209 220 239 290 373 431 467 534

11 to <16 years 2704 359 349 386 41.6 457 333 62.8 70.7 76.5 86.3
16 to <21 years 2389 659 46.2 486 511 5345 61.5 733 834 89.9 997

21 to =30 years 1.873 719 48.0 514 53.8 578 679 814 902 08.7 109.0
30 to <40 years 1.731 748 509 540 36.2 60.0 702 850 951 1040 113.0
40 to <30 years 1.576 771 51.7 54.7 573 61.7 727 88.0 978 105.0 118.0
50 to <60 years 1.198 775 522 357 579 62.8 736 8717 977 105.0 1170
60 to <70 years 1.422 76.8 519 36.5 59.2 639 739 86.6 954 102.0 1120
70 to <80 years 954 708 49.6 533 357 603 69.0 794 85.6 914 982
Over 80 years 768 64.1 43.5 48.7 513 349 62.8 718 77.0 80.5 891

Source: U.S. EPA Analysis of NHANES 1999—2006 data.

D1.2.4 Value of M. The level of physical activity for the occupants shall be estimated based on values in Tables
D1.2.4.1-e+ BD+242.
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Table 1.2.4.1 1.2.4.2. Values of physical activity levels (M) *

Activity M Range
Calisthenics — light effort 2.8

Calisthenics — moderate effort 3.8

Calisthenics — vigorous effort 8.0

Child care 2.0t03.0
Cleaning, sweeping — moderate effort 3.8

Custodial work — light 23

Dancing — aerobic, general 73

Dancing — general 7.8

Health club exercise classes — general 5.0

Kitchen activity — moderate effort 33

Lying or sitting quietly 1.0to 1.3
Sitting reading, writing, typing 1.3

Sitting at sporting event as spectator 1.5

Sitting tasks, light effort (e.g. office work) 1.5

Sitting quietly in religious service 1.3

Sleeping 0.95

Standing quietly 1.3

Standing tasks, light effort (e.g. store clerk, filing) 3.0

Walking, less than 2 mph, level surface, very slow 2.0

Walking, 2.8 mph to 3.2 mph, level surface, moderate pace 3.5

D2. DYNAMIC

The purpose of this section of the appendix is to describe the estimation of dynamic changes in indoor carbon
dioxide concentrations for various changes in room conditions.

Informative Note: Since the following are single-zone equations, CO?2 transport from adjoining spaces is being

1gnored, and therefore the equation will not be valid if air flows into the space from adjoining spaces at different
CO; concentrations.

D.2.1 Dynamic Estimation of Zone Occupancy:

When CO2 is used to determine zone occupancy, Equation D.2.1.1 shall be used.

Pz = (vx (CRA-CRA-1)/At+ Vpz x (CRA-CS)) / (G x 10°) (D2.1.1)

where,

Pz is the number of people occupying the zone.
G is the generation rate of CO, in the zone from the representative population expressed per person, (L/s or cfm)
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Vpz is the primary supply flow rate to the zone, (L/s or cfim)

v is the zone volume, (ft’ or L*)

Cs is the concentration of CO» in the supply air, (ppmv)

CRA is the concentration of CO» in the return air (ppmv)

CRA-1 is the concentration of CO; in the return air one time-step back (ppmv)
At is the time step (min or sec)

D.2.2 General Dynamic CO, Estimation: Equation D.2.2°'° shall be used when calculating CO2 concentration
for any dynamic control or evaluation not using D2.2.1.

N+ VpzCs — (Vpz—V'ot) CRA—V'ot CR=v0 CRAO ¢t (D2.2.1)

where,

N is the generation rate of CO» in the zone, (L/s or cfm)

Vpz is the primary supply flow rate to the zone, (L/s or cfm)

V'ot is the outdoor air rate escaping the zone through exfiltration. This air is made up by outdoor air from the
air handling unit. (L/s or cfim)

v is the zone volume, (ft or L?)

Cs is the concentration of CO; in the supply air (ppmv),

CR is the concentration of CO; in the room at breathing level (ppmv), and

CRA is the concentration of CO» in the return air (ppmv)

N shall be determined using Equation D2.2.2.

i=Pz

N = ZPi*Gl
=1

where,
Gi is the generation rate of CO» in the zone from the ith person, (L/s or cfim)

(D2.2.2)

Informative Note: Figure D.2 illustrates the zone for equations where the control volume is the boundary of the
illustrated room.
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