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multiple-zone VAV systems

During operation, the system controller
gathers data about the damper position,
Over time, this data can be plotted to help
the building operator identify any potential
rogue zones. For example, consider the
damper positions (shown in Figure 4)
plotted as a function of time for a system
serving an office building. The damper
position for VAV 2-15 shows that it is open
more often and spends much of the
occupied hours nearly fully open.

Identifying such a zone notifies the
building operator that inspection for
malfunction or placement of the zone
sensor might be in order. It's likely that
this VAV box has prevented fan pressure
optimization from realizing its expected
energy savings, so the operator can
remove this rogue zone from the
optimization calculation until the problem
has been resolved.

Supply-air-temperature reset

The supply-air temperature in a VAV
system has historically been controlled to
a constant temperature, such as 55°F
Supply-airtemperature reset raises the SA
temperature setpoint of the system at
part-load conditions. This strategy is used
to save compressor or reheat energy and
increases the benefit of an airside
economizer.

When the outdoor air is cooler than the
SA setpoint, the compressors are shut off
and the outdoor and return-air dampers
modulate to deliver the desired SA
temperature to satisfy the cooling load. A
warmer SA temperature setpoint allows
the compressors to operate at reduced
capacity (or shut off) and increases the
number of hours when the economizer
provides "free cooling.”

When it's warm outside, the outdoor air
provides little or no cooling benefit for

CON'T |

Finding the Right Balance for VAV Energy Savings

Figure 4. VAV damper position as a function of time
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economizing. In this case, the cooling load
in maost zones is likely high encugh that
reheat is not required to prevent over
cooling. Keeping the air cold (no reset)
allows the fan to turn down which results in
energy savings from reducing the airflow.
Additionally, the colder SA temperature
allows the system to provide sufficiently dry
air to the zones, improving part-load
dehumidification.

When the outdoor temperature is cooler,
the controls begin to reset the SA
temperature setpoint upward. At mild or
cold outdoor temperatures, reset enhances
the benefit of the economizer. At these
cooler temperatures, the supply fan has
most likely unloaded significantly, so the
incremental energy use of having to deliver
a little more air is lessened.

For zones with very low cooling loads,
where the supply airflow has been reduced
to the minimum setting of the VAV box,

12 16 20
time (hr)

raising the SA temperature also decreases
the use of reheat energy.

But, when the SA temperature is reset
upward, zones with large cooling loads will
require more airflow compared to the
design SA temperature. And, warmer
discharge air temperatures reduce the
amount of dehumidification done by the
cooling coil and the resulting space
humidity levels may increase, If
dehumidification is a concern, this
strategy should be used with caution in
climates with humid seasaons.

There are several different methods used
to reset SA temperature. This reset
strategy should attempt to minimize
overall system energy use which requires

mreancirdAarina tho tradaasfF hatoarman

compressor, reheat, and fan energy, and
the impact on space humidity levels.
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Engineers Update

Reset based upon outdoor air
temperature. Perhaps the simplest
method is to reset the 5A temperature
based upon the current outdoor air dry-
bulb temperature. When the outdoor
temperature is high, the SA temperature
is at design. As the outdoor air
temperature decreases, the SA
temperature is slowly reset upward.

Using the example in Figure 5,

when the outdoor air temperature drops
below 65°F the SA temperature is
gradually reset upward from a design
temperature of 55°F to 60°F When the
outdoor air temperature starts to
increase—above bb°F in this case—the
SA temperature is gradually reset back
downward until it reaches the design SA
temperature of 55°F. No reset takes place
when the outdoor air dry-bulb
temperature I1s higher than 65°F

If an economizer with dry-bulb
temperature control I1s used, the upper
limits for SA temperature reset and the
high-limit shutoff temperature are often
the same.

In this example the amount of reset is
capped at 60°F. Limiting the amount of
reset allows the system to satisfy cooling
loads in interior zones without needing to
substantially oversize VAV terminal units
and ductwork.

While this strategy is easy for the building
operator to understand, it doesn't account
for the cooling demands of individual
zones or space humidity levels. Some
Zones may require a large amount of
cooling, regardless of the outdoor air
temperature, Designers should consider
sizing the duct and VAV boxes serving
those zones for higher SA temperatures
and volumes to ensure proper comfort.

Reset based upon VAV damper
position. Anotheroption uses the VAY
damper position, just like fan pressure
optimization. The system identifies the
farthest-open VAV damper and resets

Figure 5. Supply-air- temperature reset based upon outdoor air dry-bulb
temperature
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both the SA temperature and the duct
static pressure setpoints. Typically, this
strateqy will reduce the duct static
pressure setpoint first, in an effort to
save fan energy, then reset the SA
temperature upward to save
compressor or reheat energy.

As the zone cooling loads decrease, the
VAV dampers begin to close, causing
the system controller to reset the duct
static pressure setpoint downward.
Once the static pressure setpoint is at
Its minimum, the system controller
begins to increase the SA temperature
setpoint. As the cooling load increases
and the VAV box dampers open, the
systern controller first lowers the SA
temperature back to its design value,
and then increases the duct pressure
setpoint.

This strategy maximizes fan energy
savings because the duct static pressure
setpoint is reset before the SA
temperature. However, the SA
temperature may rarely be reset upward.
This is because all zone cooling loads
must be low enough such that all VAV
dampers are partially closed when the
duct static pressure setpoint is at its
minimum before the SA temperature
setpoint is reset at all.

60
outdoor dry-bulb temperature, °F

E HHHHHH

70 75

Reset based upon outdoor air
temperature and VAV damper
position. The third method combines
the previous two strategies to reset SA
temperature as a function of both
outdoor air temperature and VAV damper
position. The SA temperature setpoint
reset is based upon outdoor air dry-bulb
temperature, as previously described.

However, the VAV damper positions are
monitored to ensure that no zones are
overheating. This is especially useful
when it's cool outside and warm SA
temperatures cannot provide sufficient
cooling to an interior zone, like a
conference room. A wide-open damper
indicates that additional cooling is
needed and the SA temperature may not
be cool enough. When a wide-open

damper is reported, the system can
determine if it has reset too much and

respond by again lowering the SA
ternperature setpoint,

This strateqgy is illustrated in Figure 6.
The design SA temperature setpoint is
B5°F but can be reset upward by as
much as 5 degrees to 60°F during cooler
outdoor temperatures. When the
outdoor air temperature is above 65°F no
reset occurs and the system delivers
H5°F air. The temperature at which reset
begins (below 65°F) can be adjusted to
suit the climate and installation.

to be continued...
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