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hiller automation is Figure 1 shows a typical
normally considered chiller plant. A substan-
for an unmanned chiller DR ey e tial amount of energy is
plant, However with some P b, B9 PR GONBENSOR used to drive compressors,
intelligence  ‘chiller WATER PUMPS puraps and fans. The cost
automation can provide of the energy consumption
substantial energy savings. MOTOR COOLING TOWER of chillers can be reduced
Eéfng?g’er describes the } comprEssoR | coNDENSER EVAPORATOR by: .
gy, benefits and « Reduction of energy
- case study-of an advanced D_ AN 2 f~’\/\N\/‘ consumption ie. kWh.
chiller optimal controt A S A A » Reduction of electrici-
system. Such a system Mo. 1 I ty demand ie. kW.
provides chiller plant No. 2 I « Load shifting from on
adtomation, reduces run " cOUPRESSOR l_GONDENGER EVAPORATOR peak te shoulder or off
hours of compressors, AN A A A ee] ‘peak. pcn‘cd.Load s[}:fmng
pumps and fans and []_ L AAAAN :@‘, AAANS e is primarily done with the
increases operational ener- , I st use of ice storage
gy efficiency of the chiller devices. Ice, produced at
plaat which can reduce ) off peak time, is burnt
energy cost by as high as I during periods of peak
30 per cent compared to electricity use and peak
conventional relay logic or I I P ST "R demand control,
marual control. Besides | secufoaRy T r kS Electricity demand can
energy savings it reduces CHILLED GHILLED be controlled by momen-
the operational cost of WATER TANKS waTER PUMPS %' 2l e ‘tatily increasing the
manaing the plant and %’ chilled water temperature
mainienance costs hrough Pﬂmﬁgg ff;:#;fn or limiting compressor
reduced run hours of load during peak demand
equipment. The sconomic ATR HANGLING UNITS periods.
incentive in implementing S The energy consump-
“Advanced chiller optimal tion of a chiller plant can
control” is high with a

possible simple payback
that can be as low as less than a year.

intreduction

Today computer based chiller automa-
tion and mositoring is very common,
They are normally justified on reduced
operational cost. However with all the
power and sophistication in todays com-
puter system, automation is stil primarily
based on old age relay logie stepping con-
trol system.In contrast an advanced chilter
optimal control system uses process mod-
elling to derive non-linear mathematical
optimal soluticns which take into consid-
eration process constraings. This technique
therefore controls the chiller plant at mini-
mum energy cost and provides full
automation that reduces the operation
cost. Although the technology is well
established it is not commonly used due to

Figure 1. Ghilier plant schematic

unfamiliarity, complexity, lack of avall-
able expertise and the additional cost in
implementing such a system.Recently an
integrated but modular energy mangement
control system has been developed.

The first moduie developed for the
above system was advanced chiller opti-
mal control, which is the subject of this
article. This module also incorporates
electrical demand control which reduces
the electrical demand of buildings or
industry.

Technology

Chillers are used to generate chilled
water or brire which is used either for air
conditioning or industrial process cooling.

be reduced by the follow-
ing methods: ..
Chilled water temperature
optimisation

Qperating chillers at a higher evapora-
tor leaving temperature improves refriger-
ation cycle efficiency, Figure 2 shows
pressure enthalpy diagram of a simple
refrigeration system. The efficiency of the
chiller or refrigeration compressar is mea-
sured by the coefficient of performance
(COP):

Cop Coofing load

Power Input
=  hi-hs
hy-h .
An increase in chilied water terapera-

ture increases evaporftion temperature
whoge COP;




38 AUSTRALIAN RERRIGERATION, AIR CONDITIONING AND HEATING, MARCH, 1994

s xpinsicn
liquid, | Y
T e‘(-a;?n?aﬁhg‘pr_es?u?é L/
/ : A evap At - :
[ H
hg By f hi'b} by ho

Finure 2. Pressure enthalpy diagram for simple
refrigeration cycle

COP'= B - he
he- B
Here b1 - he > by - he which meags more

cooling load and hu - hi > h: - h)ie less
power.

This means at an elevated evaporation
temperature the compressor provides
more cooling effect at a lower electrical
load ie. higher COP. For freon-12 refrig-
erant every [°C temperature rise results in
an energy reduction of about 1.9 per cent
[11.This car be represented by:

LkW
ATe =0.019

LKW = Reduction of power consump-
tion in percentage.

AA\Te = Increase in evaporative tempera-
ture °C.
Condenser water temperaiure

optimisation
Operating chitlers at redueed condenser
temperature increases compressor COP

f
COP"=h', -h"
huﬂ-hx
Qr
ﬁ‘g" =0.018

A\Te = Decrease in condensing
temperature °C

However as the condenser temperature
is reduced the fan power requirement
increases. Therefore allow the condenser
water temperature to float with the out-
door ambient wet. bulb temperature and
minimise the combined chiller and cool-
ing tower power consumption. Figure 3
shows the total effective coefficient of
performance COPre which is defined as:

COPre=kWR
K Wontee + KWea

kWR = Cooling Effect.
kW = Power Consumption.

Optimum chiller selection
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Figure 3. Optimam tower configuration

Chillers normally operate more effi-
ciently at higher load. The performance
curve can be represented by a second

_ order polynomial [4]: -

COST = Co=CiL+ G L
Co, O and C: are constant and L is cool-
ing load.

Under econventional control chiller
sequencing is performed manually by the
operator or by a PLC using a stepping
logic which does not always provide opti-
mum selection at different Joading condi-
tions. When multiple chillers of varving
size and performance characteristic are
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used it requires a mathematical operation
to determine the optimal selection of
chillers to meet cooling load at minimum

energy cost.

This is done by computing all possible
combination of chillers to meet the cool-
ing load at their optimal loading. The opti-
mal.selection is then computed by a gradi-
ent technique.Chiller partial load curves
are required both for optimal chiller sefec-
tion and optimal loading of chillers.
Figure 4 shows the partial load curve for a

cooling load at minimum energy cost,

typical centrifugal 150 and 350 kW capac-
ity compressors. Although the manufac-
turer provides a partial load curve for the
chiller, it is preferable to update the curve
by the computer. An on-line updated pes-
formance curve not only provides more
accurate selection loading of chillers but it
is also a good roeans of performance mon-
Horing,

Optimum lead aHocation

Optimum toad aflocation among chillers
is produced when all chillers on-line are
operating at the same incremental cost [1],

Traditional approaches to load manage-
ment inchude equal loading or one take the
base load operating at 100 per cent and the
others take the swinging load.

Additional energy savings are possible
by continuously monitoring and allocating
toads to achieve minimal cost. More sav-
ings can be achieved when different types
of chillers are operating in parallel, Bven
much greater savings can be reafised when
chillers are run with different fuel sources
such as steam turbine driven compressors
or zbsorption chillers.

Variable speed chilled water pumpA
variable speed pump can reduce pumping
cost by reducing by-pass flow or throt-
tling. Variable speed pumps can also be
used to provide optimal chilled water tem-
perature control. Resetting chilled water
temperature wpward during low cooling
lead conditions saves energy from reduced
compressor Joad.

Increasing chilled waser terperature
also means increased chilled water fiow.
A true chilled water temperature optimisa-
tion must account for interaction between
chiller and variable speed pump power
{2]. The optimal control strategy is to reset
chilted water temperature upwards only
until the suns of chiller plus variable speed
pump power consumption is minimised,

Optimisation and control package

The advanced chiller optimal control
package was developed [3] when a client
decided to instali a system under the State
Electricity Commission of Vietoria's
Industrial Energy Efficiency subsidy
scheme. Before the development of the
package extensive investigation was car-
ried out on the current technology avail-
able in the marker, Qff fine modelling was
carried out to sludy the benefit from the &,
propaséd system [4], As there was an ",
existing computer system for process™. -
monitoring, historical data was available
to develop & performance model of each |
chiller, the cooling demand of the plant
and actual plant operation. The computer :
simulation indicates that the major energy
saving areas are:

Optimal uait commitmentThis is the
optimal selection of chillers 1o meet the

This is the major energy saving fungtions.

The simulation model data is shown in
Table 1. This shows a saving of 4.6 10 6.6
per cent from this function when muliple
chillers were running. This provides ev









