Ventilation for Acceptable Indoor Air Quality
Part 3 - Recognizing the Pitfalls of CO, Ventilation Control
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Indoor Air Quality Affects ...

Occupant Well-being

Facility Operations

e Energy Consumption
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CO, and Ventilation - @ Steady State

Constant Outdoor Air Dilution Rate, Fixed Population
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CO, and Ventilation

Co = QOutdoor CO, concentration (ft38 CO,/ft3 air)

Co \bz Ci =Indoor CO, concentration (ft3 CO,/ft3 air)
l oz = Qua= Outside Airflow Rate (ft2air/min)
Vo=Outside Airflow Rate/Person ((ftair/min)/person)

G = CO, generation rate of the occupant (ft2 CO»/min)
P = Number of occupants

ady-state Mass Balance: In =QOut

W-k CiVoz

Med as:
G/ (Ci—Co)=WzP=\w =< OA CHVl/person

*
Ci-\oz
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CO, and Ventilation are Codependent

OA CFM/Person vs. Indoor CO, Level
*Sedentary Adults, 400 ppm OA CO,
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Note: G=0.0100 ft38 CO,/min based on average male 20 to 60 years old @1.3 M (addendum ab)
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CO, Levels and the IMC/ASHRAE 62.1

OA CFM/Person vs. Indoor CO, Level
*Sedentary Adults, 400 ppm OA CO,
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Note: G=0.0100 ft3 CO,/min based on average male 20 to 60 years old @1.3 M (addendum ab)
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Design to 62.1/IMC — Operate @ 1,000 ppm

OA CFM/Person vs. Indoor CO, Level
*Sedentary Adults, 400 ppm OA CO,
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How does CO,
measurement
uncertainty affect the
ventilation provided?
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Fixed Setpoint CO,-DCV

CO, DCV (1,000 sq.ft. classroom)
2
*Assumptions: Steady-state, G=0.0100 ft*> CO,/min, OA CO,=400 ppm
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Note: G=0.0100 ft38 CO,/min based on average male 20 to 60 years old @1.3 M (addendum ab)
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Fixed Setpoint CO,-DCV vs. ASHRAE 62.1

CO, DCV (1,000 sq.ft. classroom)
2
*Assumptions: Steady-state, G=0.0100 ft*> CO,/min, OA CO,=400 ppm
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Note: G=0.0100 ft38 CO,/min based on average male 20 to 60 years old @1.3 M (addendum ab)
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CO,-DCV Ventilation Uncertainty

CO, DCV (1,000 sq.ft. classroom)
2
*Assumptions: Steady-state, G=0.0100 ft* CO,/min, OA CO,=400 ppm
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Note: G=0.0100 ft38 CO,/min based on average male 20 to 60 years old @1.3 M (addendum ab)
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Age vs. CO, Generation Rates and
Corresponding OA CFM for Ci-Co=600 ppm

Age ex | 4 Diet Body Mass Activity Level
/ / N%ativeAppendix Déculations (Addemén ab

M (S s TabloDizg, | Table | e | Table

D1.2.3. D1.2.6.1. 1.2.4.1.
5 M| 085 | 0095|2110, 186 3877 13
10 M| 085 | 0095|2110 318 5131 13
15 M| 085 | 0074|2754 568 6.957 13
20 M| 085 |0063|289%6| 716 7407 13
30 M| 085 | 0048 | 3653| 784 7416 13
40 M| 085 | 0048 | 3653| 836 7.666 13
50 M| 085 | 0048 | 3653| 834 7.656 13
60 M| 085 | 0048 | 3653| 826 7618 13

Avg. 20to 60 |M

Source: ASHRAE 62.1 Normative Appendix D (proposed addendum ab)
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Fixed Setpoint CO,-DCV and Occupant Age

C02 DCV (1,000 sq.ft. classroom)
*Assumptions: Steady-state, G=Variable based on age, OA CO,=400ppm
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Note: G based on various age males @1.3 M (addendum ab)
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Table 1.2.4.1. M values for various activities ’

Activity vs. OA CFM/person

Table 1.2.4.2. Values of physical activity levels

| Activity Males Females
Average M M Range Average M M Range
Aerobic dancing — low intensity 3.51 4.24
Aerobic dancing — high intensity 7.93 831
Calisthenics 544
Child care (unspecified) 2.5
Climbing stairs 5.0
Dancing 5.0 5.09
Eating and drinking 14 1.6
Housework (unspecified) 28 251t03.0
Office worker — Filing 1.3 1.5
Office worker — Reading 1.3 15
Office worker — Sitting at desk 1:3
Office worker — Standing/moving around 1.6
Office worker — Typing 1.8 1.8
Office worker — Writing 14 14
Reading 1.22 1:25
[Slocpiog n L
[ Sitting quietly 1.2 1:2
":m on_aousuam T2
Standing 1.4 1.5
Walking around/strolling 2.1 20t02.2 25 2.1t029
Walking quickly 38
Walking slowly 28 281t03.0 3.0

Activity M Range
Calisthenics — light effort 2.8
olithontee oo ot tlion A
[ Calisthenics — vigorous effort 8.0
care B 2.0103.0
Cleaning, sweeping — moderate effort 3.8
Custodial work — light 23
Dancing — aerobic, general 7.3
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 at sporting event as spectator 1.5
Sitting tasks, light effort (e.g. office work) 1.5
Sitting quietly in religious service 113
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 35

G/ (Ci—Co) =\o = OA CHVIperson
Mo G a OACHM/person!

>6X
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Activity Level Adds More Uncertainty

CO, DCV (1,000 sq.ft. classroom)
2
*Assumptions: Steady-state, G=Variable (1 to 5 M), OA CO,=400 ppm
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Fixed Setpoint CO,-DCV vs. ASHRAE 62.1
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Good or Bad IAQ?

2-POS COZ-DCV LAG (1,000 sq.ft. classroom)

Az=1,000 sq ft, Design Occupancy=35, Actual Occupancy = 35
45 minute classes, 15 minutes between periods
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Better or Worse?

2-POS COz-DCV LAG (1,000 sq.ft. classroom)

Az=1,000 sq ft, Design Occupancy=35, Actual Occupancy = 10 to 25

45 minute classes, 15 minutes between periods
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Best or Worst?

2-POS COZ-DCV LAG (1,000 sq.ft. classroom)

Az=1,000 sq ft, Design Occupancy=35, Actual Occupancy = 10
45 minute classes, 15 minutes between periods
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Good or Bad IAQ?

2-POS C02-DCV LAG (1,000 sq.ft. classroom)

Az=1,000 sq ft, Design Occupancy=35, Actual Occupancy = 35
45 minute classes, 15 minutes between periods
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Better or Worse?

2-POS COz-DCV LAG (1,000 sq.ft. classroom)

Az=1,000 sq ft, Design Occupancy=35, Actual Occupancy = 10 to 25
45 minute classes, 15 minutes between periods
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Best or Worst?

2-POS COz-DCV LAG (1,000 sq.ft. classroom)

Az=1,000 sq ft, Design Occupancy=35, Actual Occupancy = 10
45 minute classes, 15 minutes between periods
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Why shouldn't | just
maintain CO, levels?
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Thank You!

Questions? More information?

Contact Technical Air Systems, Inc.
NY/NJ EBTRON Representative
pscheele@technicalair.com
NY: 212-946-4935
NJ:973-285-0333
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