Study of carbon dioxide (CO2) sensor
performance for building ventilation control
W. Rengie Chan

wrchan@lbl.gov

William J. Fisk and Toshifumi Hotchi
Indoor Environment Group
November 6, 2015

Today’s Presentation
• Overview on ventilation in schools
• Overview on demand controlled
ventilation and CO2 sensors
• Status of an ongoing CO2 sensors
evaluation study at Thousand Oaks Elementary
• Other related work being conducted by
Indoor Environment Group
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Insufficient ventilation rates common
in classrooms
• Past research found ventilation rates often much less
than specified in standards, resulting in CO2 often well
above 1,000 ppm (parts per million) in concentration.
Ventilation rates
estimated from
CO2
concentrations
measured in
elementary
classrooms
(CRs).
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Associations between ventilation rates
and student school work performance
• Several studies found associations of reduced
student performance with lower ventilation rates or
with higher CO2 concentrations.
Danish study in four
classrooms found increase
in speed of school work
tasks with increase
ventilation rate (no
statistically significant
influence on accuracy).

Wargocki, P. and D.P. Wyon, "The effects of outdoor air supply
rate and supply air filter condition in
5
classrooms on the performance of schoolwork by children". HVAC&R Research, 2007. 13(2): 165-191.

Increased ventilation rates in
classrooms and student performance

UK study in 12
classrooms with
ventilation rates
increased from ~ 1
to ~8 L/s per
student.

Bako-Biro, Z., et al., ”Ventilation rates in schools and pupils’ performance".
6
Building and Environ., 2012. 48: 215-223.

Study found increase in student absence
associated with lower ventilation rates

Illness absence
decreases 1.6%
per each L/s per
person increase in
ventilation rate.

Mendell, M.J., et al., "Association of classroom ventilation with reduced illness absence: a
prospective study in California elementary schools". Indoor Air, 2013, 23(6): 515-528.
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HVAC challenges and concerns in
schools
• Many small, single-zone
mechanical ventilation
equipment
• Energy costs
• Maintenance costs
• High and variable occupancy
• Large internal gains
• Equipment noise and thermal comfort
• Use of natural ventilation (open windows)
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Demand Controlled Ventilation
• CO2 sensors are used to automatically modulate
rates of outdoor air supply
• Keep ventilation rates at or above design
requirements as occupancy changes
• Reduce energy penalty of over-ventilation during
periods of low occupancy
• Most often used in spaces with high and variable
occupancy
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Why CO2?

Courtesy Copy. © 2010 ASHRAE. For personal use only. In accordance with international copyright law, recipients
may not distribute this file in electronic nor in paper form without expressed written permission of ASHRAE.

ANSI/ASHRAE Standard 62.1-2010
(Supersedes ANSI/ASHRAE Standard 62.1-2007)
Includes ANSI/ASHRAE addenda listed in Appendix J

• People exhale CO2, causing
concentrations inside occupied
buildings to be higher than
outdoor air
• The indoor-outdoor CO2
concentration difference is
therefore a proxy for
ventilation rate per person
• E.g., ventilation rate is ~7.5
L/s per person if indoor CO2 is
700 ppm above the outdoor
concentration (400 ppm)
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ASHRAE STANDARD
Ventilation
for Acceptable
Indoor Air Quality

See Appendix J for approval dates by the ASHRAE Standards Committee the ASHRAE Board of Directors,
and the American National Standards Institute.
This standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which
the Standards Committee has established a documented program for regular publication of addenda or revisions, including procedures for timely, documented, consensus action on requests for change to any part of
the standard. The change submittal form, instructions, and deadlines may be obtained in electronic form from
the ASHRAE Web site (www.ashrae.org) or in paper form from the Manager of Standards. The latest edition of
an ASHRAE Standard may be purchased from the ASHRAE Web site (www.ashrae.org) or from ASHRAE
Customer Service, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305. E-mail: orders@ashrae.org. Fax: 404321-5478. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada).
For reprint permission, go to www.ashrae.org/permissions.
© Copyright 2010 American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
ISSN 1041-2336

American Society of Heating, Refrigerating
and Air-Conditioning Engineers, Inc.
1791 Tullie Circle NE, Atlanta, GA 30329
www.ashrae.org

Inaccurate CO2 sensors can affect
ventilation system performance
• California Building Standards Code “Title 24”
specifies that sensor error must be certified as no
greater than 75 ppm for a period of five years after
sensor installation.
Study of the
accuracy of 208 CO2
sensors located in 34
commercial buildings
in California.

Fisk, W.J., et al., “Demand-controlled ventilation and classroom ventilation. 2009.
California Energy Commission. Publication Number CEC-500-2013-057.
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Ongoing project at Thousand Oaks
Elementary (and two other LBNL spaces)

Classroom

Reference CO2 instrument
calibrated periodically
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Project VentCon
• This research will help California Energy Commission
determine if and
how to require
“dynamic
monitoring of
ventilation
airflows”, and
wider use of
demand
controlled
ventilation in
Title 24.
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Related work
• Our research
study the
relationships of
IAQ, outdoor air
quality,
occupant
activities, and
building features
affecting energy
efficiency,
human health &
performance.
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