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Tale of Two Ventilation StandardsTale of Two Ventilation Standards

Title 24 Energy Standards Section 121
First issued in 1991
Key elements

Includes building component (cfm/ft2) as well as people component 
(cfm/person) – take larger of the two
Allows transfer air to meet 100% of ventilation needs
Requires CO2 demand controlled ventilation for densely occupied 
spaces

Proposal to be eliminated from 2008 version squelched by 
Cal-OSHA

CMC Section 403
Based on Standard 62.1-2004

Now includes building component (cfm/ft2) as well as people component 
(cfm/person) – add the two
Includes “multiple spaces effects”

Covers all commercial occupancy types including those 
covered by Section 121



Title 24 Ventilation RatesTitle 24 Ventilation Rates

Larger of 
15 cfm/person * number of people (no less than 
half the CBC exiting requirement)
Table 121A cfm/ft2 * floor area



-38%-24%36%Bars 
-38%-76%-38%Barber shops
12%23%57%Schools

3%-2%
-7%Retail and Wholesale 

Stores

-16%7%76%Restaurants
-54%-51%-23%Religious facilities
-29%-29%-29%Office Buildings
-8%-40%-8%Hotels
3%-2%-7%Grocery Stores

-32%-32%-32%Financial Institutions
-64%-64%-64%Auditoriums

ASHRAETitle 24Each Code
Minimum occupancy from

% Difference in Ventilation Rate 
From ASHRAE 62.1 to Title 24

Occupancy Type

Title 24 vs. Standard 62.1 Ventilation Rates 



CMC vs. TCMC vs. T--24 24 –– which to use?which to use?

Use T-24 Section 121 for all commercial 
occupancies covered by Energy Standards
Use UMC Section 403 for all else, e.g. garages



COCO22 Demand Controlled Ventilation Demand Controlled Ventilation 
(DCV)(DCV)

Key assumptions: 
The per-person ventilation rates required by 
Standard 62.1 and Title 24 are based on a 
bioeffluent concentration “with which a substantial 
majority (80% or more) of the <occupants> 
exposed do not express dissatisfaction”
Bioeffluent generation rate is proportional to 
number of occupants and their activity level and 
that the relationship is predictable and fixed
CO2 generation rate is proportional to bioeffluent 
generation rate



2008 Title 24 CO2008 Title 24 CO22 Demand Controlled Demand Controlled 
Ventilation RequirementsVentilation Requirements



Title 24 DCV Device RequirementsTitle 24 DCV Device Requirements

Minimum rate = Table 121A cfm/ft2 * area
Setpoint = ambient + 600 ppm
Ambient can be either

400 ppm assumed
Ambient CO2 sensor

Sensor
Located in the space between 3 ft and 6 ft above the floor
±75 ppm accuracy at 1000 ppm
Factory or field calibrated
Require recalibration no more frequently than every 5 years
Continuous display and “recorded” on DDC systems



Types of COTypes of CO22 SensorsSensors

Non-dispersive infrared (NDIR) most common
Single Beam – single wavelength
Single Beam – dual wavelength
Dual Beam – single wavelength

Automatic Background Calibration (ABC)
Assumes diurnal swing to ambient (400 ppm)

    

1.25"

Custom Designed 
Infrared Filters

Reference   Target Gas

Patented Waveguide
Incandescent 

Infrared Source

Microprocessor

Diffusion Membranes
Dual Beam 

Micro-Machined
Thermopile Detec



LBNL Field Tests of COLBNL Field Tests of CO22 SensorsSensors

Results – Multipoint Calibration Checks
Multipoint Calibrations
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Results – Multipoint Calibration Checks
Error in Sensor Gain

Multipoint Calibrations
Slope (Sensor Gain) 
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129 sensors

23 buildings

8 “brands”



LBNL Field Tests of COLBNL Field Tests of CO22 SensorsSensors

Conclusions
Many very poorly performing 
sensors
No clear trend of brand or 
technology or age

Results – All Data 
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NBCIP CONBCIP CO22 Sensor StudySensor Study
sponsored by Iowa Energy Center, NSTAR, and CECsponsored by Iowa Energy Center, NSTAR, and CEC

15 sensor types
Tested for 

Accuracy
Linearity
Repeatability
Hysteresis
Sensitivity to humidity, temperature, pressure
Aging

Final Report this Spring



Accuracy TestsAccuracy Tests

No Clear advantage for 
one technology over 

another



Long Term TestsLong Term Tests



Single Zone COSingle Zone CO22 DCV Control SchematicDCV Control Schematic

Zone CO2 sensor 
in breathing 
zone

Controller 
set to 

1000 ppm

exhaust air

Outdoor
air



Controller ConfigurationController Configuration

Use Proportional-only (not PI or PID)
At minimum signal (e.g. 4 mA), balance minimum 
position to area-based rate only
At maximum signal (e.g. 20 mA), balance minimum 
position to design minimum outdoor air rate (15 
cfm/p)

Recommended
Wide proportional band to deliver 

Area-based rate at 400 ppm CO2
Design minimum rate at 1,000 ppm CO2

Conservative but prevents over-shoots
Logic matches Standard 62.1 DCV approach



COCO22 DCV with Multiple Zone SystemsDCV with Multiple Zone Systems

1) Increase zone 
airflow and reheat?

2) Increase minimum system OA 
and cooling (or heating) load?

on rise in space CO2

what do you change? CO2



Multiple Zone System COMultiple Zone System CO22 DCVDCV

One Approach (TBD by ASHRAE RP 1547)
First: Increase the zone damper up to 100% of zone 
maximum based on zone CO2 signal
Then: Increase the minimum OA setpoint from unoccupied 
minimum rate to design minimum rate based on maximum 
zone CO2 signal

CO2 Control Signal
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Minimum 
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Minimum 
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SummarySummary

Ventilation Codes
Use Title 24 ventilation rates for almost all commercial 
occupancies
CO2 DCV require in densely occupied spaces

CO2 Sensors
Significant range in quality – need to spec the right sensor

Control Strategies
Single zone – direct control of damper minimum position 
setpoint.  Recommend wide proportional 
Central VAV − first increase zone supply air minimum rate 
then cascade up to system minimum airflow rate


