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tended to maintain fixed design rates of
ventilation. They are not intended to
provide control-based on operational
variables.
Ventilation control using CO2 can become the operational strategy that complements and ensures that the design intent of a ventilation system is achieved
after initial installation and commissioning. In fact, by collecting trends of CO2
concentrations over time, the ventilation
FIGURE 2. Sensor placement for
VAV applications.
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• Ventilation is regulated based on actual demand and use of the space, rather
just on design assumptions made at the
beginning of the engineering process.
• The system can automatically react
when changes in initial occupancy design
assumptions occur, and if the changes exceed the design, the building control system can alert the building operator.
• Building owners and code officials
actually have a parameter they can use to
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system’s performance can be documented. Trend data can be used to indicate over- or underventilation. If concentrations significantly change from what is
typical, a building owner can further investigate the cause (e.g., change in occupancy or malfunctioning equipment).
This is much like how we control temperature in a building. The design determines the capacity of heating and cooling
required, and in-space temperature
measurements modulate the system to
maintain target comfort conditions.
Adding an operational strategy for ventilation control means that:
58

verify that the ventilation system is operating to design requirements at the zone
level. Previously, a building owner could
measure airflow at the air intake but have
no indication if outside air is properly delivered to all zones.
BEST PRACTICES FOR VENTILATION
CONTROL USING CO2

Zone ventilation control using CO2
builds upon what already has been established as best practice for ventilation design and CO2 control. This includes:
• Ventilation control using CO2 is an
operational strategy and does not affect
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the design capacity of the system. A
properly designed control strategy will
not allow the design ventilation rate for
the entire system to be exceeded.
• A base ventilation rate should be provided during all occupied periods to control potential contaminants not directly
related to occupancy. As a rule of thumb,
this base ventilation rate should be 20 to
30 percent of design, but can easily be adjusted by the building operator if more or
less base ventilation is required. The ventilation control strategy then modulates
the delivery of ventilation air between the
base ventilation rate and the design ventilation rate for the space with the objective
of maintaining the target cfm-per-person
ventilation rate in the space.
• The ventilation control algorithm is
developed based on inside/outside differential of CO2 concentrations and the target ventilation rates required in the space.
For most urban areas, an outside concentration of 400 ppm can be assumed.
However, if outside-air levels have been
found to vary more than 100 ppm over
the course of a day, outside-air sensing of
CO2 may be necessary. The target ventilation rate dictates the modulation band
of the control strategy. For example, a
ventilation rate of 20 cfm per person typically would result in a modulation band
of 500 to 900 ppm. A target rate of 15
cfm per person would result in a modulation band of 500 to 1,100 ppm.
• Other operational strategies, such as
economizer control and providing a preoccupancy purge, are highly complementary to CO2 control. Economizer
operation should in all cases override
CO2 control. The pre-occupancy purge
ensures a reservoir of new air is available
for building occupants when they enter
the building.
• The foundation for zone ventilation
control is to measure CO2 concentrations in each major occupancy zone.
Placement criteria is identical to that of a
thermostat, with the added provision
that the CO2 sensor should not be positioned in a location where people will
regularly breath on the sensor (e.g., at
standing level near the coffee machine).
In large open areas (e.g., up to 5,000 sq
ft), one sensor can be used to control a
number of ventilation delivery devices
(e.g., VAV boxes). This is due to the fact
that CO2 as a gas will readily diffuse and
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equalize in a large open area.
• The control strategy should be designed to modulate ventilation as CO2
levels increase, rather than waiting for a
specific CO2 setpoint to be achieved.
This is especially important in low-density spaces to ensure that adequate ventilation is provided as CO2 levels rise, not
just when they reach a specific level.

V E N T I L A T I O N

Standard proportional or proportional
integral control algorithms available with
most HVAC controls can be applied to
this type of ventilation control. Software
programs are also available from some
manufacturers that allow modeling of
the control strategy to make sure actual
target cfm-per-person ventilation rates
are provided within a reasonable lag time
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FIGURE 3. Estimated energy savings for three building types in different U.S. climate zones represented by selected cities. Occupancy
densities are different for each building type.
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tem is purely a retrofit to existing equipment for CO2 control or if CO2 is installed as part of an equipment upgrade.
The balance of this article will consider
three different application examples, the
issues involved in installation and estimated energy savings, and return on investment. The three examples include:
• An air-handling system where modulation of outside air can only occur at a
central point that serves a number of
zones, such as a rooftop air handler or a
floor-level fresh-air intake for a multistory building.
• A new VAV installation where the
CO2-ventilation-control capability has
been designed into the overall VAV control system by the manufacturer.
• A retrofit of an existing VAV system
that did not have built-in logic for ventilation control using CO2.
CENTRAL SYSTEM CONTROL

A simple application of the zone venti-
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lation control concept is when room
CO2 sensors are integrated to control
fresh air on a constant volume system
serving a number of spaces having different occupancy patterns or densities. A
good example of this would be an office
served by one central air handler with
several different occupancy zones, as depicted in Figure 1.
One CO2 sensor is placed in each major occupied zone. The output from each
of the CO2 sensors is then fed to a simple
transducer available from most control
companies. The transducer determines
which CO2 sensor is providing the highest concentration readings and passes this
signal on to the outside air damper actuator. The damper is then proportionally
modulated based on the CO2 concentration in the space that requires the most
ventilation. This approach requires no
special modification of the air handler or
its control sequence. The CO2 input
from the transducer can easily be wired
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into the actuator, which also provides
economizer control.
The estimated cost of this installation
would be approximately $225 for each
sensor (three sensors), $60 for the transducer, and $400 for wiring and installation, resulting in a total cost of just over
$1,100. Savings in this hypothetical example would be very dependent on how
frequently the meeting and training
rooms were used.
ZONED VENTILATION FOR NEW
CONSTRUCTION

Many control manufacturers have
now integrated CO2-ventilation-control
algorithms directly into VAV control systems. The result is that adding zone-level
CO2 control is no more complex than
wiring a thermostat (Figure 2). To reduce
system costs, some manufactures have integrated the temperature sensing and
CO2 sensing capabilities into one device.
Continued on Page 81
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Continued from Page 61

With these types of systems, the incremental cost of adding zone CO2 sensors
is a few hundred dollars per zone. When
integrated into a DDC-controlled system, the only adjustment necessary is to
establish a base ventilation rate and the
target ventilation rate (in cfm per person), which can be done through the
control system’s computer interface. For
larger open spaces served by a number of
VAV boxes, the system can be configured
so that one sensor can control the boxes
for an entire occupancy zone.
The sequence of operation for the system modulates individual VAV terminals
based on both CO2 and temperature
readings in the space. If the demand for
additional ventilation causes the space
temperature to drop below the temperature control setpoint, reheat is applied at
the terminal to ensure the space temperature is maintained. The rationale for using reheat is that it is cheaper to slightly
warm up air for a zone that it is to overventilate an entire building to ensure air
gets to just one or two zones.
Given the small incremental cost associated with this type of system of a few
hundred dollars per zone, the energy savings alone could provide a return on investment in less than two years based on
the occupancy patterns (density of people over time) in the space. Figure 3 provides an example of estimated energy savings for three different types of buildings
for different U.S. cities based on simulations of a proportional control strategy.

help determine if spaces are currently
over- or underventilated. This allows for
up-front assessment of potential energy
savings that can be compared to the proposed project cost, which, in turn, will
help the owner decide if the project fits
within return-on-investment expectations. After the project is completed, the
actual building energy performance can
be tracked for the life of the building, resulting in a profile of energy and ventilation system performance. This real life
data can then be used to assess whether
similar retrofits are worthwhile for other
buildings in the portfolio.
The ease of implementation and cost
of a CO2 retrofit is highly dependent on
the characteristics and capabilities of the
current system in place. This is true of
both pneumatic and DDC systems,
though energy savings resulting from integrating CO2 control can be used to
help justify an equipment upgrade from
pneumatic to DDC.

SUMMARY

The integration of CO2 ventilation
control strategies into mainstream building controls and equipment allows new
buildings to control for ventilation on a
zone basis with a small incremental cost
to the overall system. The use of CO2
does not impact system design, but does
allow for an effective operational strategy
that can save energy and ensure adequate
ventilation rates throughout the life of a
building based on actual usage.
This is the case for low-density static
occupancies or highly variable occupancies. Energy savings will increase in proportion to the occupant density and variability. In retrofit applications, it has been
shown that a pre-assessment of building
ventilation rates allows for realistic assessment of the potential energy savings to
be gained, and project feasibility can be
weighed against the cost of modifying
the existing system to incorporate ventilation control.

RETROFIT VAV VENTILATION CONTROL

A building owner may wish to upgrade an existing building control system
to include CO2 control, which often is
more involved than just adding sensors.
Building owners should be aware that extra costs may be incurred, such as:
• Adding additional input points into
the building automation system.
• Modifying or creating new BAS programs.
• Replacing equipment to ensure compatibility with the new system.
Prior to embarking upon a project, an
engineering services company can install
a temporary data logger to measure and
store CO2 concentrations for a minimum time period of one week in various
areas of the building. The resulting profile of the existing ventilation rates will
HPAC Engineering • April 2002

81

