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TRANE

HVAC Parts & Supplies

Trane HVAC P«
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Fire Safety ’ High cost-efficiency
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Longer Life Cycle
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Water Cooled Chiller
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A GREEN

approach

Low-flow/low-temperature, high-efficiency systems can deliver greener
HVAC solutions for commercial buildings.
BY EUGENE “SMITTY" L. SMITHART, PE, Trane, LaCrosse, Wi,

here's never been a better time
for HYAC products, systems, and
services that are environmen-
tally responsible to businesses
and their stakeholders.

The U.S. Environmental Protection
Agency' has always encouraged HVAC
technologies that maximize efficiency
with low emissions. Additionally, owners
are encouraged to sustain and document
the performance over the lifetime of the
application. In some circumstances, it can
be a challenge to meet the performance
requirements in a cost-effective manner.

The use of low-flow/low-temperature,
high-efficiency chilled water systems (LLH) is
one way for building owners and engineers
to deliver cost-effective, environmentally
responsible comfort and added value with-
out excessive added costs. When the systems
are integrated with the entire HVAC system,
an added benefit is improved IAQ and air-
side acoustic characteristics.

LLH systems are not a new concept. They
have been used by innovative system engi-
neers for more than 20 years in new con-
struction and renovation/retrofit projects.
The fundamentals of an LLH system are
similar to traditional systems design, with
several notable differences. LLH systems
use low supply temperatures and a larger
temperature differential. This results in
lower flow rates, which inherently can

reduce the size of the supply fans, duc-
twork, pumps, piping, and other HVAC
equipment. This provides an opportunity
to reduce the first-cost investment in the
system infrastructure with reduced oper-
ating costs.

LLH systems are not optimal for every
building application. It is highly recom-
mended that the system designer uses a
comprehensive computerized system simu-
lation program with lifecycle cost analysis to
evaluate economic and environmental alter-
natives. The computer model must include
all aspects of the building design to properly
evaluate the interaction of individual com-
ponent modifications.

Conventional VAV systems are typically
designed for 55 F supply air temperature. In
a larger system, this traditionally is accom-
plished using a water-cooled chiller with
standard design conditions of 44 F leaving
water temperature and a 10 F temperature
differential for both chilled water and con-
denser water.

The following discussion will compare
a traditional system design to an LLH sys-
tem. The LLH system will use 41 F leaving
chilled water temperature, and 16 F and
15 F, respectively, for the chilled water and
condenser water temperature difference.
A reduced supply air temperature also will
be evaluated in conjunction with the lower
chilled water temperatures. The lower air

temperature will reduce humidity levels,
helping to reduce IAQ by mitigating the
potential for mold.

Chillers

When the leaving water temperature
is reduced, the kW consumption on the
chiller(s) will increase. First, in this example,
two 400-ton chillers with screw compressors
are used to deliver 800 tons. At ARI Stan-
dard 550/590 conditions?, these chillers will
produce 44 F water, and will consume 464
kW at full load. When the leaving water
temperature is reduced to 41 F, the energy
consumption increases to 490 kW, a differ-
ence of 26 kW at full load. This is a single
component of the system and must be bal-
anced against other improvements in the
performance of other equipment. While the
chillers consumed 26 more kW at 16 F, the
increased temperature difference reduces
the water flow, which results in a smaller
pump and motor.

The LLH design leverages components
that will improve the most in overall system
efficiency over the efficiencies of individual
components. From a coefficient of perfor-
mance perspective, chiller efficiencies have
improved more than 70% in the past three
decades, which allows unlimited flexibility to
maximize the overall system performance.

Traditional building HVAC designs will
have at least two chillers for redundancy. If
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Parallel chillers

Series chillers

Figure 1 Series chillers can offset the efficiency impact of producing lower chilled water temperature.

Source: Trane

these chillers are piped in a series configu-
ration, there is an advantage from cascade
cooling (see Figure 1). In this case, the full 26
kKWW increase can be recovered using lower
leaving water temperatures. Cascade cool-
ing simply means the first chiller will have a
higher leaving water temperature and works
with a higher suction temperature combined
with the downstream machine. This configu-
ration will produce the design 41 F leaving
water temperature; this configuration can
deliver first cost savings of 2% to 4% and
energy savings typically in the range of 1%
to 4%. Series chiller configurations are well
suited for variable primary flow systems. The
extra pressure drop, and thus greater pump-
ing energy, of placing the two evaporators
in series can be offset with variable speed
pumps in a variable primary flow pumping
system. This configuration allows for signifi-
cant pump energy savings at partial loads.

Pumps

Often, the reason for reducing the water
temperature is not due to coil performance;
temperature might be lowered to reduce
chilled water pumping energy consumption
by reducing the water flow requirements.

In our example, a conventional 800-ton
design would require 1,920 gpm (2.4 gpm/

ton). Assume a system pressure drop of 110
ft with pump and motor efficiencies of 80%
and 95%, respectively. The energy consump-
tion of the motor would be 52 kW.

On this same system, if a variable frequen-
cy drive is applied to the pump, and the chill-
ers producing a supply water temperature
of 41 F, the required gpm would be reduced
from 1,920 to 1,200 gpm (1.5 gpm/ton). The
total pressure drop is reduced to 49 ft, which
can be calculated using the pump affinity
equation, which states that power varies
by the cube of flow reduction. The energy

requirement would have been reduced by
36 kW, representing a 70% reduction in
pump energy consumption.

In variable flow applications the design-
er should use a critical zone reset strat-
egy, which allows the system pressure be
driven by the most pressure-demanding
valve. Motor efficiency should be analyzed
over the range of modulation to optimize
efficiency and power factor performance
throughout the operating curve to meet
projected performance.

to be continued...
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