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1. Air Conditioning, Heating, and Refrigeration Institute. AHRI 550/590 (2003), Standard for Water Chilling Packages

Using the Vapor Compression Cycle, Appendix D, D2.1.

McGraw-Hill Construction Network,
Trane Service and Crder Records,
Trane Chiller Selection Data
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Geister, R. and Thompson, M. 2009, "A Closer Look at Chiller Ratings”™ ASHRAE Journal, December 2009 : p.22-32.
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The Impact of VSDs on Chiller Plant Performance
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Alternative 1. The first altemative (Figure 2) applies
vanable-speed control to the cooling-tower fan, agan
with a cooling- tower leaving-water temperature setpoint
of 85°F.

Observations:

+ Adding V5Ds to the cooling-tower fans improves plant
efficiency by 8 to 13 percent. As might be expected,
the 3 chillers 1 chiller 2 chillers 3 least improvement is
on the three-chiller Miami plant and the greatest
percentage improvement is on the single-chiller
Chicago plant.

« Cycling operation of a single fan on a cooling tower is a
very inefficient method of tower capacity control.

« [aking advantage of the affinity laws on a free discharge
variable-speed device, even without optimized setpoint
control, results in substantial savings.

« While not obvious from the data, the stable temperature
control enabled by the tower variable-speed capacity
control also enhances system efficiency.
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The Impacts of VSDs on Chiller Plant Performance

Figure 3. Alternative 2 with optimized variable-speed-drive (VSD) control on cooling tower fan
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Alternative 2. Figure 3 compares performance results of
the system with optimized control of the cooling tower
fan speed, properly balancing the fan energy investment
relative to the chiller(s) loading.

Observations.

« Optimizing the variable-speed cooling tower fan operation
significantly improves plant annualized efficiency.

« Compared to the base case, the plant efficiency
improves by 11 to 24 percent for the optimally
controlled variable speed cooling tower alternative.
Again, the least improvement is on the three chiller
Miami plant. However, this time the greatest percentage
improvement is on the single-chiller Memphis plant with
the single-chiller Chicago plant not far behind.

« Relative to installed cost, and often on an absolute
basis, the application of a VSD with optimized control
on a cooling-tower fan results in a greater increase
in plant efficiency than any other single optimized
application of a VSD in a chiller plant. As we compare
more alternatives this will become evident.

Conclusion. Every chiller plant should utilize optimized
variable-speed control on all cooling-tower fans. There
is not a better chiller plant energy-saving investment
available.
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The Impacts of VSDs on Chiller Plant Performance

Figure 4. Alternatives 3 and 4 comparison with the addition of variable-speed drives on the

chillers and optimized tower control
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Alternatives 3 and 4. Figure 4 adds two additional
alternatives, each with variable speed centrifugal chillers.
Alternative 3 illustrates optimized variable-speed tower
fan control. Aiternative 4 illustrates the same system with
a tower controlled to a design setpoint temperature of
B5°F.

As stated earlier, the full-load efficiency of the constant-
speed chiller is modeled at 0.567 kW/ton (ASHRAE 90.1-
2010 Path A compliant). These alternatives’ variable-
speed chillers are modeled at 0.585 kw/ton (ASHRAE
00.1-2010 Path B compliant). This degree of difference is
common because the VSD introduces an additional
glectric eficiency loss. Additionally the increased cost of
the VED may be partially offset by removing chiller
condenser or evaporator heat transfer tubes, which
negatively impact chiller full- and part-load efficiency.

Observations.

» For alternative 3, adding variable speed to the chillers
with optimized VSD cooling-tower fan control results in
plant energy savings in all building types and locations.

* In hotter and more humid climates the savings is less,
so the retumn on investment would likely be less attractive.

» Alternative 4 reveals that incorrect tower control can
negate the benefit of the variable-speed chillers and
make the system work less efficiently than one with
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The Impacts of VSDs on Chiller Plant Performance

constant-speed chillers (e.g., an operator ovemding
the tower setpoint to 850F). While this type of operation
may seem ludicrous, the author has withessed similar
operation in more than one chiller plant via remote
monitoring as well as during personal visits.

» The variable-speed affinity laws can work against the
system efficiency too.
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Figure 5. Alternative 5 comparison with constant near-optimized condenser flow water (2 gpm/ton)
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Alternative 5. Figure 5 represents the same system
configuration and control as alternative 3 but with the
chillers, cooling towers and condenser pumps selected
for constant flow operation at a near” optimal 2 gpm/ton
(15°F delta T).This flow selection is based on the recom-
mendation from a number of industry chiller plant design
studies, the latest of which was published in the ASHRAE
Journal (December 2011).

“Condenser water.. life cycle costs were minimized at the
largest of the three delta Ts analyzed, about 15°F. This
was true for office buildings and datacenters and for both
single-stage centrifugal chillers and two-stage centrifugal
chillers.”
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