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Retrofitting a 30- Year-0ld Ghilled

By GREGORY KARALUS, PE,
Auburn, Wash..

fter 30 years of modifica-

tions, the central plant

chilled water distribution
system could no longer supply ad-
equate chilled water to all areas of
the plant that it served. A
planned office upgrade
with inereased loads would
create additional deficien-
cies. Something had to be
done to eliminate the past
problems of providing cool-
ing to various zones within
the system and avoid air
conditioning problems in a
newly upgraded office area
with new system furniture, car-
pets, and paint. The end result
was a retrofitted system that not
only eliminated the flow problems
but is saving energy.

Original system setup

The central plant serves the of-
fice areas of five buildings at the
Boeing Renton facility in Wash-
ington. System capacity is more
than adequate to serve the loads.
The system distribution system
was originally set up as a primary-
gecondary system as shown in Fig,
1. The original secondary zones,
Zones 1 through 3, were constant
flow with three-way valves
throughout the system. Zone 4
was added several years ago utiliz-
ing a three-way valve to use only
as much primary water as needed.
Zone 5 was added three years ago
utilizing variable volume pumps
in anticipation of modifying the
entire system to variable volume
in the future. The primary system

was set up to flow 50 to 100 per-
cent of total capacity with a chilled
water pump matched with a
chiller, At a 50 percent flow rate,
secondary Zones 1 through 3
would mix primary supply water
with return water to maintain full
flow to each zone. Balancing the
zones to average primary flow to

each zone was very difficult,

System problems occeurred pri-
marily when one chiller and one
primary pump served the loads.
The secondary zones would mix
primary water with return water,
thus raising the chilled water sup-
ply temperature to each zone. The
higher temperature was inade-
quate to satisfy all zones. To rec-
tify this problem, a second chiller
and primary pump were often
started; which was energy ineffi-
cient but provided greater com-
fort.

Systems problems also occurred
due to modifications that had been
done over the last 30 years. Some
of the zones served required
higher flows than could be pro-
vided by the secondary pumps.
Tertiary pumps had been installed
over time to take care of localized
problems without ever analyzing
the entire system. The result was
inadequate chilled water flow to
some parts of the zones. This

Water Distribution System

caused comfort problems, particu-
farly when the outside air temper-
ature approached design day.

System retrofit

A major office upgrade with in-
creased loading forced a serious
look at the chilled water system
problems. One of the primary ob-
jectives of the office up-
grade was to improve com-
fort. This could not be done
without modifying the
chilled water distribution
system to ensure there
would be adequate chilled
water flow at all times. The
chilled water system was
studied with the following
design characteristics in mind.

A Supply water temperature
stays constant as the load changes.

A Pumping power reduces with
load reduction (ideally as the cube
of the load).

A Must be simple or at least not
complex.

A Comparative first cost must
not be excessive.

A Both primary and auxiliary
power requirements must be min-
imized.

Design criteria

The result of the chilled water
system study indicated that a
variable volume pumping system
utilizing adjustable frequency
drives would satisfy the itemized
design characteristics identified
above. Not only would the pro-
posed system changes satisfy the
primary objective of providing
comfort at all times, but they
would also save energy.

The chilled water distribution




system was modified using the fol-
lowing design criteria and as
shown in Fig. 2.

A A chiller pump was provided
for each chiller, hydraulically de-
coupled from the primary distri-
bution pumps by means of a com-
mon pipe.

A Load compenents, including
coils and air handling units, were
equipped with modulating two-
way valves.

A The primary distribution
pumps were equipped with ad-
Jjustable frequency drives and con-
trolled by differential pressure

sensors located at the remote loca-
tions of the various zones. The
controller selected the zone with
the lowest differential pressure
from set point as the control point.

A The primary distribution sys-
tem was equipped with three
pumps, each sized for a third of
the total capacity.

A The secondary distribution
pumps, Zones 1 through 3, were
equipped with adjustable fre-
quency drives and controlled by
differential pressure sensors lo-
cated at the remote locations of

.the zones. These three zones had

experienced flow problems and
had the greatest opportunity for
energy savings.

A Secondary Zones 1 through 3
were equipped with two pumps,
each sized for 50 percent of the ca-
pacity.

A The primary distribution sys-
tem and each secondary zone were
provided with a controller to opti-
mize pump operation, Power input
to the pumps and flow and head
output from the pumps are mea-
sured, and efficiency is calculated.
The efficiency and flow are used to
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select when to start and stop the
pumps to minimize energy usage.

Sole source supplier

The system was constructed
and put into operation utilizing
a sole source supplier for the
pump packages, which included
pumps, variable speed drives,
controls, wiring, and related
hardware. With a sole source
supplier who factory tested the
variable volume system prior to
installation, we knew where to
go if anything was not working
to satisfaction. Previous experi-

ences with variable volume
pumping systems indicated that
a lot of things can go wrong to
keep the system from working
properly. In a typical system,
parties involved can include the
general contractor, mechanical
subcontractor, electrical subcon-
tractor, controls subcontractor,
pump supplier, and variable
speed drive supplier. If some-
thing is not working properly,
there is often a battle over
whose responsibility it is, With a
sole source supplier, the respon-
sibility was very clear.

Summary

After construction was com-
pleted and the chilled water sys-
tem was put into operation, it
was tested and data were com-
pared to the factory tests. The re-
sults compared favorably. After a
summer of operation, the system
met all expectations. There were
no indications of inadequate
chilled water flow to any zone,
Energy saved also met or ex-
ceeded expectations. Table 1 is
an example of energy savings on
a typical summer day with an
outside air temperature of 70 F.
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As can be seen from the ac-

tual measured energy, there is
a significant saving in pump
energy on a typical summer

day in the Seattle area. The
measured pump energy saving

is 56.85 ¥XwW or 83.75 Kw, de-
pending on if one or two pri-
mary chilled water pumps

were in operation under the old
system. As outside air temper-
atures grow cooler, the energy

savings increase, These sav-
ings are continuous over the

entire year,

Not factored into the energy sav-
ings calculation above is the chiller
energy savings on those days when
in the past a second chiller was
started to help rectify the chilled
water flow problem even though
the load did not demand the second
chiller, This amounts to 535 kw of
additional energy savings over
that time frame.

A 30-year-old chilled water
distribution system with numer-
ous modifications over the years
can be successfully retrofitted
not only to regain control but
also to provide substantial en-
ergy savings over the lifetime of
the system. The use of variable
speed drives, a good control sys-
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Conclusion tem, and two-way chilled water

control valves were the key ele-
ments of the system. A well
thoughtout design and the use of
a single source for the chilled wa-
ter pumping packages were also
key elements in assuring the sys-
tem would function well and
achieve the expected benefits.
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