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" Throughout this report, the CO, sensing element is referred fo as the
sensor. A CO, transmitter is a device that consists of a sensor as well

as a fransducer that converts the sensor reading into an output signal.

Introduction

Carbon-dioxide (CO,)! transmitters are gaining popularity in
building HVAC sysfems to monitor indoor air CO,
concentration and to control the outdoor air intake rate.
Controlling ventilation air flow rates using CO,-based
Demand Controlled Ventilation (DCV) offers the possibility of
reducing the energy penalty associated with overventilation
during periods of low occupancy, while still ensuring
adequate levels of outdoor air ventilation (Emmerich and
Persily 2001). A report prepared for DOE (Roth ef al. 2005)
suggests that DCV can reduce both heating and cooling
energy by about 10% or about 0.3 quadrillion BTUs annually.

In CO,based DCV systems, the CO, level of indoor air is
monitored and the outdoor air flow rafe is adjusted based on
the transmitfer output to maintain acceptable CO,
concentration in the occupied space. The performance of
CO, transmitters is crucial in this control process. A general
guideline often used in DCV is that the CO,, concentration in
a space should not exceed 700 ppm above the ambient
CO, level. For occupants involved in sedentary activities
(such as in an office or classroom) this corresponds to
approximately 15 cfm of outdoor air per person. Transmitters
which read high will call for more outdoor air resulting in an
energy penalty. A transmitter which reads 100 ppm high
would result in approximately 17% more ventilation air flow.
Transmitters which read low could cause poor indoor air
quality. CO, transmitters are reported to have technology-
specific sensitivities, and unresolved issues including drift,
overall accuracy, temperature effect, water vapor, dust
buildup, and aging of the light sources efc. (Dougan and
Damiano 2004).

Because of their impact on energy usage and indoor air
quality, the National Building Controls Information Program
(NBCIP) tested and evaluated the performance of Non-
Dispersive Infrared (NDIR) wallmounted CO, transmitters used
in typical building HVAC applications. NBCIP developed an
experimental procedure for testing the CO, transmitters, and
used this procedure fo fest fifteen models of CO, transmitters.

This NBCIP Product Testing Report provides an overview of
factors to consider when purchasing a CO, transmitter,
presents manufacturer data for transmitters selected for testing,
describes the fest procedure and test apparatus used by
NBCIP to evaluate transmitter performance, and presents fest
results for accuracy, linearity, hysteresis, repeatability, humidity
sensitivity, femperature sensitivity, and pressure sensitivity for
each CO, transmitter model tested.
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Conclusions

The result from the tests conducted under accurate and

repeatable conditions showed a wide variation in transmitter

performance among the fifleen NDIR CO,, transmitter models.
In some cases, significant variations in fransmitter performance
exist between transmitters of the same model while in other

cases, all transmitters of the same model showed almost

identical behavior.

None of the transmitter models meet their manufacturer
specified accuracy statement for all three fransmitters of a given
model over the full range of test conditions. For some models,

none of the fransmitters meet the accuracy specifications over

the range. Table 12 summarizes the transmitter models and the

number of transmitters of the given model that meet the

manufacturer's accuracy sfatement for the model. It is important

fo nofe that there is a wide variation in accuracy statements

among the manufacturers, and the results presented in the table

are not an indication of the performance between the various

fransmitter models.

Given the test results and that the transmitters were tested under
“as received” conditions, it appears that fransmitter calibration

should be performed before putting a fransmitter info service.

Table 12. CO, Transmitter accuracy summary.

However, for transmitters with an automatic baseline adjustment
algorithm, it is impossible to predict the transmitter’s
performance over a prolonged time period during which the
transmitter baseline might make multiple adjustments. In fact, the
product data for several transmitter models that incorporate an
automatic baseline adjustment algorithm claim that the
transmitters do not require calibration. Given the fransmitter is
"self adjusting” using an arbitrary baseline reading of 400
ppm, it is unclear how the transmitter manufacturer can claim
an absolute accuracy for their transmitter. However, some of the
models that utilize automatic baseline adjustment algorithm do
appear fo be “accurate” if one accounts for the bias created
by the baseline adjustment. For example, all three AirTest
Technologies TR9290 transmitters (Figure Qa) would perform as
specified if the fransmitter readings were adjusted downward
by approximately 50 ppm. The same is frue for several other
non selfadjusting fransmitters that show a relatively constant
value of deviation as the CO, concentration is increased. For
fransmitters that show increasingly larger values of deviation as
the CO,, concentration increases (see Figure 9g), a simple bias
adjustment would not make the transmitter reading accurate
over the full range of CO,, concentrations.

All 3 transmitters | 2 transmitters 1 transmitter tl\rlc?::moitft::
meet the meet the meets the
Manufacturer fioac] manufacturer’s manufacturer’s | manufacturer’s | M the ,
Number accuracy accuracy accuracy mdnUFdCtUrer S
statement statement statement accuracy
statement
AirTest Technologies TRO290 |
AirTest Technologies EEBO-2CT3 [ |
Automation Components Inc. ACI/CO2-VDCR [ ]
Digital Control Systems Inc. AirSense™ M307 [ |
Greystone Energy Systems Inc.|  CDDTA2000 |
Honeywell C7232A1016 [ |
Intec Controls Inc. -310E |
Johnson Controls CD-WAO-00-0 [ |
Sensata (Texas Instruments) 4GS-1 |
Siemens QPA2000 |
Telaire (GE Sensing) Ventostat®800 1 [ |
Telaire (GE Sensing) Ventostat®8002 [ |
Vaisala GMW?21 |
Veris Industries CWE SC |
Vulcain QODM4SM-C-2000 [ |
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