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What determines chiller pl
Is it better to run one

0 connecten’piants need to use similar pu
tiple plants or multiple chillers in one plant? Draw on the autho

experience for answers. Then learn how to handle the hydraulics of interconnection and
enjoy the byproducts of a well-integrated system.

here are situations in commercial, institutional, and industrial

T facilities where it is advantageous to interconnect independent

chilled water plants. Examples include:

+ A facility expansion where the existing plant is land-locked and
additional capacity must be built elsewhere.

+ A campus environment where plants in several buildings are over-
sized or have redundant capacity that could be shared to improve
overall reliability.

* Multiple plants where some are more efficient, have a more favor-
able electric rate, or could be operated closer to their sweet spots to
achieve lower annual operating costs.

The goals of an interconnection project should be to operate the
system in a stable manner, to allow plants to start and stop without
detrimental impact on meeting the loads, and to achieve the desired
loading in each plant (e.g., minimum load, uniform load, preferential
load). We have found that multiple chilled water plants can be inter-
connected while meeting these goals.

This article describes what interconnection factors are important to
consider in order to achieve a happy customer. Our experiences were
developed from several projects including a hospital expansion project,
a pharmaceutical manufacturer with separate plants, and the addition
of a satellite plant to a large downtown district cooling system.

INTERCONNECTION METHODS
The interconnection can be done between two or more chilled
water plants serving one or more load groups. A load group is a
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collection of chilled water users (air handlers, fancoils, process equip-
ment, each with a two-way control valve) located in portions of a
building or multiple buildings. Several criteria must be met:

* The supply water temperature delivered to the load groups must
satisfy the lowest requirement. If one load group has a lower design
supply water temperature, all plants may need to operate at this
lower temperature.

« The static pressures imposed on the load groups and chiller plants
must be compatible. All parts of the systems must be rated for the
highest pressure that they will experience.

+ A networked control system must be provided that can pass infor-
mation between plants and load groups.

Figure 1 shows an interconnection among two plants (P1 and
P2) and two load groups (L1 and L2). The plants have variable-pri-
mary pumping. A bypass path in each plant is controlled to ensure
minimum flow through each chiller. Load-group demands are met by
satisfying some load-group criteria (e.g., remote differential pressure,
differential pressure furthest from setpoint, worst terminal-unit valve
position). Increasing the plant or load-group pump speed meets
more demand; decreasing the pump speed meets less demand.

Figure 2 shows an interconnection among two adjacent plants and
two remote load groups. Figure 3 shows an interconnection among
two plants and two load groups, each with local variable-speed
booster pumping. Other interconnection configurations are possible.
The best configuration may be decided by the facility layout, con-
structability issues, timing of growth, cost, or other factors.



CHILLED WATER SUPPLY
VARIABLE VARIABLE
PRIMARY b 2 PRIMARY
PUMP PUMP

AIRHANDLER
LOAD A
\) s
&
_——_———,—— e S M ——— I —
CHILLED WATER RETURN

FIGURE 1. Interconnection of two variable primary plants and two load groups between the plants.
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FIGURE 2.Interconnection of two variable primary plants between two load groups.

The biggest issue in a successful interconnection project is under-
standing the chilled water system hydraulics. Two plants may operate
properly when independent but fail to load as intended when inter-
connected. If the pressure drop between a plant and one load group
is much greater than another load group’s pressure drop, then some
terminal control valves will be called upon to throttle excessive pres-
sure (and energy will be wasted).

If the distribution pumps in one plant do not have sufficient head
to get the chilled water to hydraulically remote load groups, then that
plant may not be able to load to the desired level when operated in con-
junction with other plants or may fail to meet all loads when operated
alone. A hydraulic network model or other calculations should be per-
formed to gain understanding of the distribution system, the required
pump heads, and the required size of the interconnecting piping.

Perhaps surprisingly, the plants do not need to have the same
pumping scheme. Some plants can be variable primary while others
are primary-secondary, as shown in Figure 4. Each plant appears to
the load groups as a variable-flow source of chilled water. The inter-
nal-plant method of chiller flow control is not a factor with respect
to the load groups. It is a factor in how individual chillers are enabled
and disabled.

When plants are interconnected, the hydraulic analysis should be
used to determine the expansion tank size and connection point, the

makeup water connection location, relief valve locations, and system
static pressures. For simplicity and cost, the interconnecting piping
between plants is usually left open on both the supply and return
mains, no matter which plants are operating (no automatic isolation
valves). The distribution-pump check valves or chiller isolation valves
(if there are multiple chillers within a plant) are relied upon to prevent
short-circuiting of supply to return via the idle chillers. The open pipe
paths allow expansion tanks and makeup water valves to be located in
one spot, achieving economy of scale and easier maintenance.

A redundant makeup water source in another location may be
desirable. The chemical feed location should be located near the
primary makeup water connection so that the chemicals can better
treat the makeup water at its source. Relief valves should be located
wherever manual or automatic valves could isolate a section of pipe
or equipment.

BYPASS PATH LOCATION

In variable primary pumping schemes, a bypass path must be provid-
ed to allow adequate chiller flow when loads are low. In a single-plant
configuration, we prefer to locate the bypass as far from the chiller
plant is possible, usually at the point in the distribution system where
the pipe mains have reduced down to where they are the same size
as the bypass pipe. This location provides a larger reservoir of water
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FIGURE 4. Interconnection of variable primary and primary-secondary plants.

in the system that can help buffer changes
in the chiller load when flows change and
avoid shutdowns due to low evaporator
temperature.

(As a side note, the buffering effect is
dependent on the dynamics of the chiller
compressor control loop and the bypass
valve control loop, the shape of the distri-
bution-pump curve, and other factors. The
buffering effect of a distant bypass path is
not guaranteed, but intuition leads us to

think it is better than a nearby bypass.) As
in any variable primary system, the safest
strategy is to limit the rate of change of the
terminal control valves so the chillers do not
see a rapid flow change.

In a multiple-plant variable primary con-
figuration, more than one bypass may be
required — usually close to each plant. If
Plant P1 has low chilled water flow and its
bypass is distant and close to Plant P2, open-
ing the bypass may satisfy the flow needs of

FIGURE 3. Interconnection of two variable primary plants and two load groups which each have booster pumps.

Plant P1, but the load on Plant P2 will fall.

There is no way to increase the load on
Plant P2 (such as speeding up its distribu-
tion pump) without stealing flow from Plant
P1. As described later, this may violate the
control objective for the plants. Therefore,
each plant needs a bypass located close by,
to which it has easier hydraulic access than
any other plant. The location will depend on
the plant and load group configuration. The
bypasses can be located far from each plant
if the system configuration is like Figure 5.
The bypasses must be close to the plants if
the configuration is like Figure 1.

INTERCONNECTED PLANT OPER-
ATION

How should interconnected plants be oper-
ated? One strategy might be to have all active
chillers in all plants operate at the same per-
centage of full load (e.g., each active chiller is
loaded to 60% no matter what its size, if that
is what it takes to meet the campus load). A
different strategy might be to heavily load
the most efficient active plant as long as the
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FIGURE 5. Bypass paths distant from the chiller plants.
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other active plants stay above their minimum load. The best control
strategy depends on utility rates, equipment efficiencies, and other
factors, but any loading strategy (uniform or preferential loading) can
be implemented following similar principles.

What determines chiller plant loading? Chiller plant loading is
determined by the distribution pump speed: for a given return-water
temperature, increasing the plant’s pump speed increases the plant
loading; decreasing the pump speed decreases the plant loading.

Interconnected plants must satisfy both the plant-loading strategy
and the load-group demands. For example, assume there are two
active plants (P1 and P2) of equal capacity, a uniform plant loading
strategy, and two load groups (L1 and L2), each with a nearby differ-
ential pressure sensor. Plant P1 is arbitrarily designated as the primary
plant when both plants are running. Its distribution pump is operated
to satisfy the load group differential pressure sensor that is furthest
below setpoint.

If Plant P2 is initially at 60% load and Plant P1 is at 70% load, the
speed of P2’s distribution pump is increased slightly. This will over-
satisfy the load-group differential pressure sensors, which will cause
the speed of P1’s pump to decrease. Plant P1’s load may decrease to
68% while Plant P2’s load increases to 62%. Pump speed adjustments
continue to be made slowly (using a PID loop or trim-and-respond
algorithm) until both plants are at 65% loading. If the total load
changes, a new equilibrium point will be found, all the while meeting
the load-group differential pressure requirements. This is amazing
to watch when a system is started the first time — theory and reality
coming together!

If the strategy is to load Plant P1 as high as possible, then its dis-
tribution pump is still operated to satisfy the load group differential
pressure sensor that is furthest below setpoint. If Plant P1 is at 70%
load and Plant P2 is at 60% load, the speed of P2’s distribution pump
will decrease. This will undersatisfy the load group differential pres-
sure sensor, causing the speed of P1’s distribution pump to increase.
Plant P1’s load may increase to 72% while Plant P2’s load decreases
to 58%. This process continues until Plant P1 is loaded to 100% and
Plant P2 is loaded to 30%. If the minimum allowable load on Plant
P2 were 40%, the adjustment process would be stopped sooner (when
Plant P1 is loaded 90%).

To provide stable operation, the pump speed adjustments to satisfy
the load-group demands should happen more quickly than adjust-
ments to satisfy chiller plant loading. Chiller plant loading is a less
important criterion.

CHILLER PLANT START-UP ISSUES

When Plant P1 is serving all load groups and the plant sequencing
logic determines it is time to start another plant, Plant P2 must be
started in a way that does not cause Plant P1 to trip off-line (tripping
does not make for happy customers). The start-up procedure must
not cause low water temperature in Plant P1 (due to a sudden loss of
flow). It must also quickly place enough load on Plant P2 so it does
not shut down after a few minutes. A way to accomplish this in vari-
able primary plants is:

« Start Plant P2’s chilled water pump at a minimum speed (deter-
mined from field observation during commissioning). Plant P2’s
bypass valve will automatically open as necessary to maintain the
minimum flow through the Plant P2 chiller. The flow caused by the

With Goodway’s new, portable CTV-1500 TowerVac®, cooling tower debris is
easily removed without shutting down the unit. An optional filter allows
wastewater to be filtered and recycled back into the tower. That means no
system downtime and a significant operational cost savings. So lose the
hassle, time and environmental mess associated with cleaning your cooling

tower — clean it the good way.

To find out more, call Goodway
today at 800-333-7467, or visit
us online at www.goodway.com.

Innovative Maintenance Solutions

www.goodway.com
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Plant P2 distribution pump will be almost entirely short circuited
within Plant P2 and will have little effect on Plant P1 or the load
groups.

* Once the minimum chilled water flow has been achieved, start
the chiller in Plant P2 and initiate operation of the plant-load-
balancing algorithm. The speed of the Plant P2 pump will
increase to cause Plant P2 to pick up more load. Plant P2’s bypass
valve will close. Plant P1’s flow and load will decrease.

If any chiller plant has more than one chiller, each chiller should
be equipped with one modulating chilled water isolation valve. When
alag chiller is started, its isolation valve should be opened slowly (e.g.,
over a 2- to 4-min period) so the lead chillers can respond to changes
in flow rates without tripping on low water temperature.

We have found this to be a better solution than the practice
advocated by others of limiting the output of the active chillers on
start-up (sending the chiller a demand-limit signal, which commonly
cannot be less than 40% on most chillers). Why? If chillers A and B
are running at low load (say 50%) and chiller A fails, the output of
chiller B can’t be lowered much further by demand limiting. When
the valve opens on the back-up chiller C, the flow to chiller B will be
cut by a third, possibly causing it to trip on low water temperature.
This assumes the isolation valve stays open on chiller A for 2 to 3 min
to dissipate residual liquid refrigerant in the evaporator (for freeze
protection). By slowly opening the valve on chiller C and slowly clos-

ing the valve on chiller A, chiller B has time to adjust the compressor
output and avoid a trip.

In general, for efficiency reasons, if each chiller plant has more than
one chiller, it is better to run one chiller in multiple plants rather than
multiple chillers in one plant. This places more cooling tower surface
area and more pipe capacity in service, resulting in lower power for
cooling tower fans, condenser water pumps, and chilled water pumps.

SUMMARY

The concepts described here can be successfully applied to a variety of
chiller plants and load groups when interconnection is beneficial. Simi-
lar concepts can be applied to hot water plants, with adjustment for the
differences in equipment control. Happy interconnecting! ES

Davies is a principal and founder of ThermalTech
Engineering, a 45-person firm with offices in
Cincinnati and Kalamazoo, MI. He has 30 years
of experience in energy systems and controls.
For more information, contact him at gdavies@
ThermalTech.com.
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