INTEGRATION:

Reducing the Cost of
CFC Chiller Replacement

With careful planning, engineers
can help building owners find the
“Stlver lining’ in the ominous
cloud of CEC ceased production
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U pgrading a variety of building systems can
oprovide the savings needed Lo take The sting™
aut aof installing a new. non-CFC chiller.

* OPTIMIZE COOLING TOWER(S)

« RETROFIT LIGHTINGTO REDUCE
COOLING LOAD

RECONFIGURE, SIMPLIFY PLANT
OPTIMIZE PLANT CAPACITY
IMPROVE EQUIPMENT MiX
INSTALL DEDICATED SYSTEMS
SUBSTITUTE FUEL

—— .« CONVERT TO VARIABLE FLOW

ample, the added cost of a larger

tower was approximately $10,000
(for equip-ment only), while the
annual reduction in chiller operating
cost was nearly $20,000.

Change plant capacity

Another benefit of modern chillers
is their physical size. Many of today’s
chillers are much smaller than their
predecessors of equal capacity. In
addition, the newer chillers use less
energy per ton of cooling.

The implication of both these fac-
tors is the ability to install greater
epoling capacity in the same space
without increasing the connected
electrical load or electrical service
equipment. This can be beneficial if
the existing system is under capacity
or if plans exist for increased de-
mands on the cooling plant. Building
additional capacity into the central-
cooling plant may obviate the need
for installing peripheral, ancillary
cooling equipment as an afterthought
to meet future needs.

But what if the chilled-water plant
was adequately sized when it was ori-
ginally built...or even oversized? By

Containment, Retrofit or Replacement?

= I Chiller replacement is not
g the only option when it

= comes to the chlorofiuoro-
carbon (CFC)phase-out. In fact, in
many instanees, it may be the
least attractive option available.

For some building owners, using
CFCs after the production dead-
line may be a satisfactory option if
a supply of refrigerant can be
stockpiled and the equipment has
only very limited life left.

Problems arise, however, when
stockpiles run out, and they will
eventually, perhaps sooner than
many think. Purchasing CFCs
also is expensive because of excise
taxes.

In addition, the Environmental
Protection Agency (EPA) re-
quires extensive records for CFC
equipment; systems containing
more than 50 pounds of refriger-
ant are limited to 15 percent per
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year leakage, and this must be
documented.

If equipment is relatively new
and operating efficiently, retro-
fitting equipment to a non-CFC
refrigerant may be the way to go.
Some loss in capacity and a slight
drop in efficiency may result from
the refrigerant change, but this
can be compensated to an extent
by installing high-efficiency
motors and new heat exchangers.

In some cases, equipment is too
old to be cost-effectively convert-
ed, leaving replacement as a bet-
ter alternative. However,
replacing equipment tends to be
expensive when done by itself. But
combining other building-retrofit
efforts that improve efficiency and
operation with equipment replace-
ment can offset costs and turn an
otherwise disagreeable prospect
into a positive change.



RETROFIT OPPORTUNITIES
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A new central chiller and an optimally sized cooling tower will
use only about half the energy of an older system

combining retrofit efforts in make-up
air evaporative precooling, air-to-air
heat recovery, pumping operations or
lighting with the chilled-water-plant
replacement, refrigeration equip-
ment ¢an be downgized, thereby de-
creaging the total cost of retrofit and
potentially providing even more effi-
cient plant cperation.

For example, a significant redue-
tion in peak cooling loads can be
achieved by installing direct or indi-
rect evaporative-cooling systems on
the outside-air intakes of air-han-
dling systems. Peak load of a 100 per-
cent outside-air system in a hot, dry

climate, for example, could be re-
duced by 35 to 40 percent in this way.

Similarly, installing water-to-air
heat exchangers in exhaust- and out-
side-air ducts along with a circulation
pump, piping and controls {a “run-
around” system) can reduce peak
cooling loads by 20 to 30 percent—
and save energy during cold weather,
too. Also, reducing the condenser-
water flow in an existing piping sys-
tem by 10 percent reduces the power
required for pumping condenser
water in the neighborhood of 30 per-
cent—or more, if condenser selection
is optimized for water-pressure drop.

I
One Step Further: Improving System Efficiency

== CFC replacement
g offers the opportuni-
==ty to explore improv-
ing the efficiency of other
heating, ventilating and
air-conditioning compo-
nents. For example, con-
verting to a variable-
flow, chilled-water
system may offer significant
energy savings—especially in
facilities with widely varying cool-
ing demands.

During periods when cooling
demand is less than the system’s
total capacity, less chilled water is
needed. Slowing the centrifugal
pump’s operating speed in
response to this lessened demand
provides dramatic energy savings.

While variable flow is common
in new construction, few older sys-
tems are so configured. In order
to implement a variable-flow
scheme, a few things are needed:

» First, create a dual-loop system
to allow constant flow through the
chiller while varying flow through
cooling coils in air-handling units,
Alternatively, a single-loop system
may be maintained if provisions
for minimum flow through the
lead chiller are provided, either by
leaving some three-way control
valves or by installing an automat-

ed bypass valve that is
shut off onece total sys-
tem flow demand has
i exceeded minimum flow
needs.
« Second, convert the
control valves on the cool-
ing devices (such as air-
handling-unit cooling
coils) to two-way control
by closing the bypass balanc-
ing valve and installing a larger
actuator, if required to give the
valve sufficient close-off capabili-
ty. (Beware, large valves
frequently have close-off eapabili-
ties as low as 10-pounds-per-
square-inch differential and will
be pushed open by the head of the
circulating pump). Alternatively,
replace the valve or abandon the
control valve and convert a butter-
fly shut-off valve to control use by
installing an actuator and
positioner.
» Third, install differential
pressure controls by installing a
sensor at the most “distant” eon-
trol valve (multiple sensor loca-
tions may be required) and adjust-
ing pump speed to maintain 2 con-
stant differential pressure (or re-
set the set point based on the load
or a pseudo-load indicator, such as
outside air temperature). O
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While some of the above options
are better suited to facilities with
large outside-air loads, such as labo-
ratories, manufacturing plants and
hospitals (office buildings generally
use a moderate amount of ventilation
air), or to areas with extreme weath-
er, retrofitting lighting systems is
something from which all buildings
can benefit. That is because every
watt of lighting energy emitted con-
tributes to the ceoling load—some-
times as much as 40 to 60 pereent.

However, by having energy-effi-
cient luminaires that supply ade-
quate amounts of light and less heat,
fewer watts need to be removed by
the ecoling system. Combined with
the fact that new lighting technolo-
gies are relatively inexpensive to
install as the systems are readily
accessible, unlike mechanical sys-
tems, integrating a buildingwide
lighting retrofit into a CFC abate-
ment project can further improve the
economic attractiveness of the overall
building-retrofit program.

Improve equipment “mix”

In most cases, new-construction
design is rightly focused on peak de-
sign conditions and operations. How-
ever, light-load conditions occur with
much greater frequency. The result,
at times, is a cooling-equipment mix
where a very large machine is actual-
ly the smallest machine available. As
a result, on light load days, the unit'’s
auxiliaries (chilled-water pump, con-
denser-water pump, cooling tower)
also may exceed the refrigeration
machine itself in terms of total power
draw, thereby causing considerable
energy waste,

A poor mix of primary equipment,
specifically chillers, may not only
waste energy but also may provide
less reliability and redundancy than
needed. For example, a 500-ton plant
with two 250-ton centrifugal chillers
is vulnerable should one machine be
lost. Increasing the total number to
three machines of perhaps 125-, 225-
and 225-tons would provide addition-
al capacity, allow the facility to oper-
ate normally on all but the hottest
days if the smallest chiller were lost
and allow 70 percent operation on the



RETROFIT OPPORTUNITIES
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Combining retrofit efforts with chilled-water-plant replacement
can decrease total costs and, provide more efficient operation

hottest day if the largest chiller were
lost to service. Depending upon the
nature of the operation, having a
“spare” chiller may be of great value
and could potentially be incorporated
into a CFC-retrofit project quite eas-
ily (albeit at increased cost).

Furthermore, depending upon the
variety of loads being supported {per-
haps a computer center as well as
general office gpace), it may make
sense to select one or more of the re-
frigeration machines so they are well
suited for the critical load, particu-
larly with regard to turn-down and
cycle-time eapabilities. For example,
a 250-ton centrifugal chiller carrying
a 25-ton (minimum) computer-room
load in cold weather might cycle off
and ot be restartable for 20 minutes,
which might allow the computer room
to overheat. A smaller rotary-screw
or reciprocating machine, on the
other hand, could carry a smaller load
continuously and be able to cycle off
and on more quickly,

Reconfigure plants

Another issue to consider when
performing a CFC retrofit is the
ever-changing plant layout. As build-
ing additions and reconfigurations
oceur, the plant often evolves into a
cramped, complex multiplicity of
pumps, chillers, cooling towers and
piping. Because central systems are
complex, the size of an individual
reconfiguration does not always Justi-
fy the time expenditure to fuily ana-
lyze its effect on the entire gystem.

This practice can result in short-
sighted approaches to solving critical,
immediate problems. For example, in
one hospital, the need for air-condi-
tioning a CAT-scan computer room in
a former basement area of the build-
ing was met by installing a small fan-
coil unit and interconnecting it to the
central chilled-water piping.

Because of the room’s location, it
was not physieally feasible to provide
an outside-air economizer, and as a
result, the central plant, consisting of
one large chiller, was forced into 24-
hour operation 365 days per year.
While this solved an immediate prob-
iem, the wear and tear on the chiller
resulted in its premature demise.

With a little extra effort, the engi-
neers could have developed a hetter
solution: in this case, installing a
small, dedicated chiller with an adja-
cent dry cooler to provide a water-
side economizer during cold weather
(in this cold elimate). Eventually, this
path was chosen, and not only did the
equipment allow the central plant to
be shut down for a major overhaul,
but the economizer worked success.
fully at ambient temperatures much
higher than expected (up to 60°F).

CFC retrofits offer the oppor-
tunity to correct these “quick fixes”;
they provide the chance to step
back and reevaluate how systems are
designed. For example, sometimes
entire plants are added on to a
building—ereating not only an op-
erations and maintenance head-
ache but a waste of energy, as two
sets of plant auxiliaries are started
up at a point where only a small
total load exists. Increased equip-

ment wear and tear also oceurs.

These problems may be eliminated,
however, by tying the plants together
with an interconnecting chilled-
water pipeline (see Figure) and oper-
ating them with a building-automa-
tion system as though they were one.
(Note: A variable-flow conversion
generally would need to be part of
suich a retrofit if the systems were not.
already configured as one. See side-
bar, “One Step Further.”)

With the largest portion of energy
savings coming from single-auxili-
ary operation at light loads, the in-
terconnecting pipeline need not be
gized to handle the full capacity of
either plant. Rather, it could handle
the equivalent of one chiller's capac-
ity should the pipeline need to be
pressed into service if a chiller were
lost during peak-load conditions.

In addition, depending upon plant-
operation implications, it may make
sense to interconnect small, dedicat-
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Schematic diagram of a F70,000-square-foot hospital in Northern California shows
the integration of two chilled-water plants by means of an tnierconnecting pipeline,
the addition of a transfer pump to atlow sharing of plant capacity between the build-
mys, even during peak-load conditions, and conversion to variahlie-flow.
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A poor equipment mix wastes energy and provides less reliability

ed systems to central plants. This
allows the central-cooling plant to
supply its low-kw-per-ton cooling
when it is in operation, as opposed to
the likely high-cost cooling of the
dedicated equipment (most likely
air-cooled, reciprocating equipment).
Many secondary pumps and chillers
also can be eliminated in a newly
designed, properly sized and effi-
cienily piped system.

Fuel substitution

As a final consideration, engineers
can specify equipment that does not
use vapor compression, such as gas-
fired and steam/hot-water-fired ab-
sorption units. While electric chillers
have a coeffieient of performance
(COP) roughly six times that of gas-
fired absorbers, in many markets the
cost of electricity is 10 times that of
natural gas on a per-Btu basis—
meaning the cost of absorber opera-
tion will be 30 to 40 percent less.

And, given the likelihood that de-
mand charges will continue to rise as
free energy markets (brought about
through natural-gas deregulation
and upcoming retail wheeling of elec-
tricity in some areas) cause the real

cost of electrical capacity to be
passed on to the end user, nonelectrie
cooling plants may be an excellent
long-term strategy.

Keep in mind, theugh, that absorp-
tion machines take up a lot of real es-
tate and cannot be broken down into
pieces that squeeze into a basement
or penthouse equipment room. This
may be offset, to some extent, by the
fact that absorption units may elimi-
nate the need for boilers, depending
on the application, for domestic hot-
water and space heating.

Absorption units are also two to
three times the cost of equal-capacity
electric machines (although utility
rebates often are available to help off-
set the units’ higher first costs), and
the cooling towers required for
absorption machines are also much
larger than those required for an
alectric machine. (Remember, the
absorber uses heat to cool.)

Conclusion
A great many possibilities exist for
improving the efficiency and opera-
tion of a central-cooling plant while
on the way to CFC abatement, and
engineers can help their customers

take advantage of these opportuni-
ties. All that is needed is a thought-
ful, integrated approach and a re-
thinking of cooling operations to
develop a blend of system upgrades
and modifications that are mutually
complementary and beneficial.

Some engineers have already taken
advantage of this marketing ap-
proach and successfully incorporated
into their projects a majority of the
concepts deseribed herein, indicat-
ing that the ominous cloud of ceased
CFC production does indeed have
a “silver lining.” |
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« Integrated IAQ-CFC Retrofit Saves
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Energy Star: An Integrated Approach to Retrofit I K5y [ = (@

The Environmental Protection
Agency’s (EPA’s) Energy Star
Buildings Program is designed to
assist in coordinating a wide range
of energy-efficiency measures with
CFC-abatement regulations. It

consists of five stages to reduce a
building’s net cooling require-
ments and the size and cost of
replacement cooling equipment
(see Table).

To encourage participation, EPA

TABLE: ENERGY STAR BUILDING PROGRAM I
Stage | Description Actlon
4 Green Lights tnstall enargy-efficient lighting technologies to save energy
and reduce the building's cooling load.
2 Building Check for optimal operation of existing building systems
Tune-Up for further energy savings.
3 HVAC Load Improve window and roof systems. Use Energy Star
Reductions Computers when replacing personal computers.
4 Fan-System Upgrade variable-air-volume (VAV) systems with variable-
Upgrades frequency drives. Convert constant-volume systems (o VAV,
Reduce air-side system oversizing, and replace standard
motors with high-efficiency motors.
5 HVAC Plant Replace or upgrade chillers. Retrofit chillers and pumps with
improvements | variable-frequency drives. Replace electric resistance heating.
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provides a variety of support and

assistance, including:

» Public recognition of program

participation.

+ The “Building Retrofit Manual.”

+ Savings-analysis software.

» Financing data base.

+ Case-study documentation of spe-

cific technologies.

+ Technical specifications for ener-

gy-efficient technologies.

« Information and guidance on

indoor-air-quality issues.

+ Technical assistance in using the

CFC phase-out to increase efficien-

¢y and reduce the cost of transition

to alternative refrigerants.
Buildings participating in the

program’s first phase have the

opportunity to become showcase

buildings and receive additional

recognition and support. ]




