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ABSTRACT

This study employs genetic algorithm (GA) to sobmimal chiller loading (OCL) problem. GA overcomie
flaw that with the Lagrangian method the system malyconverge at low demand. This study uses thelpad ratios
(PLR) of chiller units to binary code chromosomasd executes reproduction, crossover and mutapenation. After
analysis and comparison of the two cases studiesares confident to say that this method not onlyesothe problem of
convergence, but also produces results with higluracy within a rapid timeframe. It can be perfeapplied to the

operation of air-conditioning systems.
KEYWORDS: Optimization and Application of Solar Absorption
INTRODUCTION

The designers of air-conditioning systems oftenettgy multiple-chiller systems because they prodgderational
flexibility, standby capacity and less disruptioaintenance. Such a system has a reduced startmghrcurrent, reduced
power cost under partial-load conditions and a&ehillers that can be operated at the best efficy [3]. Figure 1 depicts
the structure of a decoupled chilled water systealldd a decoupled system), which includes multighdlers [3].
A decoupled system offers constant flow on the primside (the chiller side), which prevents exoedgi low
temperatures from impairing the evaporator and gmes/the chillers from being frequently shut do@m the secondary
side (the load side), the two-way valves can regulae chilled water that flows into the coolinglsan accordance with

the load variation. Therefore, the decoupled systietds stable control and is applied in air-coiudiing systems.

The cooling load of an air-conditioned room carrdmoved to the chiller unit using the chilled watgstem; it is
then emitted to the atmosphere using the coolingemsystem. Therefore, the cooling load (in refragien tons) of a
chiller can be calculated from [4], where f is fl@v rate of chilled water (kg s—1), m the specffieat of chilled water (J
kg—1 K-1), TCHr = the return temperature of chiliedter (K), and TCHs = the supply temperature dfethwater (K).

The water flow in a chiller is constant, so its lbog load can be determined by measuring the segpli
temperature and the return temperature of theechillater. The input power (kW) can be measuredgusipower meter
and then the KW-PLR curve can be obtained by regnesThe variation in the demand can also be deted by

measuring the water flow and the temperature imthi pipe on the load side.
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OCL BY LAGRANGIAN METHOD
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In a system with all-electric cooling, the bestfpamance occurs when the kW of a chiller is miniedzvhile the
load demand is satisfied. In general, the cooloagllis expressed as a PLR which is the chillericgdbad divided by its
design capacity. The partial-load energy consumpdibcentrifugal chillers are higher at low loadsedo motor losses,
but the increased input powers at high load aretduthermal heat exchange inefficiencies [5]. Tisatthe kW of a

centrifugal chiller is a convex function of its P& a given wet-bulb temperature:
i
kW; = a; + b;PLR; + ¢;PLR? + d;PLR}

Where ai, bi, ci, di are coefficients of kW—PLR arof it chiller. The OCL problem is to find a gt chiller
output which does not violate the operating limitsle minimizing the objective function:

1
J = ka,-
=1

Simultaneously, the balance equation must be igatisf

1
Y PLR; x RT; = CL
i=1
Where RTi = capacity of ith chiller, CL = systemotiag load. The Lagrangian method [6] is adopteéind the

optimal solution of the convex function. For a gysts cooling load CL, the Lagrangian multipliecan be evaluated by:

~ bi +2¢;PLR; + 3d;PLR?
H = —
RT;

For a system cooling load CL, the Lagrangian miitip. and PLRi can be evaluated from Eqgs. [7]. The kW of
each chiller is finally calculated by above Eq Bhg lambda-iteration method will not convergeoat demand. This short

coming can be overcome by GA method
GENETIC ALGORITHMS

GA was proposed by John Holland in 1975 [8]. lai%search algorithm” based on Darwin’s theoriesatural
selection and natural genetics. GA digitalizes eganism’s genetic information or chromosome stmectoy coding the
information as combinations of binary digits. Thesult is strings of two numbers: 0s and 1s. Throtighprocess of
evolution, GA promises to produce better offsprngrandomly choosing the most favorable digits nagments from
the parents. The process continues until the nittestl thromosomes are obtained.
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Preparation

Before GA’s operators have been used to optimipeohlem, we must consider several things: the apdind
decoding of the strings, the size of the stringsl, size of the population, and decision in choosiffigness function. These

preparations are explained as follows.

The process of coding and decoding when using Géptanize the genetic information, the method ofling
has to be decided first. One widely regarded methatirough binary coding. During the process afaby coding, we
need to first understand the range of variablesifx< x < x max, where x min and x max represent the mininaunt
maximum values of the variable “x”, respectivelydao what extend do we need the accuracy to éeh@w many digits
of decimal places, d, do we need).Thus, the vagiarof variable ‘X’ is:

X = (.\'max o .‘i._m} et :I.{]'L’?I
And Xr is an integer between 2n and 2n-1

:n—l oy = g

X = 4

From above Eq we can decide that the binary cot@tydor variable ‘X’ will have ‘n’ number of digs. The
higher the number of “n”, the higher the accuratyariable ‘x’ will be. After the strings have ewad under GA, we must
determine how well the strings adapt to the sysieordo this we need to decode the strings intosetariable value. The
process of decoding can be understood as the eeeafsulation of coding. For example, to convertaby digit strings
into decimal (10 digit) integers,

n—1

Hbu—l t 'bf}}h = be o -"H. . -YS
1=0 10

Where “n” is the number of binary digit. Then cortweS to the actual variable “x”

g-Ymax — Ymin

X = Xmig + X 1

The longer the binary code, the higher the accuwitlybe. Long binary code increases the time tdeand

decode, and waste computer memory resource; sinarytcode, however, may produce less desirabldtres
Placing Fitness Function

In GA evolution, the most important valuation iratiar is the fitness function. Fitness function ésidned to
indicate how every string adapts each other. Thst midficult factor in designing the fitness furani is how we can put

penalty function into objective function to develihye whole fitness function,
Fitness function = objective function + penalty dtian

To evolve the optimized solution set, the desigfitnéss function, many constraints have to be ictemed. Also,
fithess function should eliminate unfavorable chosomes rapidly and produce new ones in order tedspg

convergence.
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OPERATORS

The operators in GA are the reproduction, crossoued mutation operators. Based on the calculatidribese
operators, we can change or exchange chromosofoatiation of the old generation in order to produsere favorable

off springs. The three operators are explainecetaits in the following.
Reproduction Operator

The number of chromosomes that will be reproducgekdds on the value of the fitness function. Matapéed
chromosomes will produce a higher proportion ofggifings, while less adapted chromosomes are eltedn The most
widely used reproduction method is the roulette elimethod. The size of each slot in the rouletteelttorresponds to
the chromosomes’ adaptive value, in other words, léinger the fitness function value, the larger énea size on the
roulette wheel, and the higher the chance of therabsome being reproduced. The probability ofithechromosome
being reproduced is where the numerator is theevafuhe ith chromosome’s fitness function. And demominator is the

sum of the value of the fitness function of all ti'Eomosomes in the population.
Crossover Operator

Strings in the crossover pool are selected accgritirthe pre-determined crossover rate, and thendifferent
genes are randomly selected from the strings. Bhaxging gene digits, the original chromosomes ycedwo new
chromosomes. The new chromosomes will be replicatethrge quantity back into the crossover poolthe next
replication process. When done repetitively, thisthond will generate more favorable digit informatid@here are three
crossover methods: one-point, two-point and unif@enossover. Because the method used to reprodutaffect the
result of GA reproduction, smaller population shibuise uniform crossover to obtain a better resatig a larger
population should utilize two-point crossover. Thisidy deals with two-point crossover method tonpote execution
results. In a two-point crossover, we randomly cetevo crossover points from two parent chromosgnaesl then

exchange all the digits between the two correspandoints, as illustrated in Figure 2.
Mutation Operator

Mutation operator will generate new chromosomesh@lgh reproduction and crossover can effectivebreh
from the population, they cannot produce enough mbéwmosomes, and would result in redundancy betwbe
populations. Mutation can eliminate this problend @nevent evolution process from premature converg¢hat results in
local optimum. In other words, mutation generates search direction in the whole population instefah just part of

the population.
APPLYING GENETIC ALGORITHMS TO OCL PROBLEM

The first step in solving OCL is the process ofating. Encoding is the process to code variablebibgry
system, and then link the binary codes into strifigs chromosomes).The variables that need torbeegsed are the PLR
of chiller unit and the number of units running parallel. After the variables are encoded into olwsomes, the
information built into the chromosomes is the t®®&aRs of the units running in parallel. For examplg in Figure 4, three
chiller units have been connected into a systeroh Eiait uses a 10 digit binary coding to repre#sriPLR. Three coding
from the three units will form a string (i.e. chrosome).Then through initialization, chromosomesobsx a population.

The number of chromosomes in a population is refeto as the population size.GA takes these binhrgmosomes
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through reproduction, crossover and mutation opesab exchange or relay digital information on tdiitomosomes. To
determine if every chromosome evolves towards cayeree, after exchanging or relaying informatioergvchromosome
is decoded to obtain the actual PLR of the unid #ren the PLR and constraints are substitutedti@mbjective function

to calculate the corresponding result.

The remaining chromosomes will go through the sdewmoding process. The PLRs for units 2 and 3 atg9Q.
and0.6264, respectively. After every chromosome een decoded to chiller unit PLR, use the objecfinction to
calculate the corresponding result of the chromasorio solve OCL in a HVAC system, minimizing powensumption
is always desirable. Eq. (3) can be modified ih following equation,

1—-0.3
PLER;1 =034 730 x —— | = 0.7995
1023
Because the total chiller output has to fulfill tbenditions of total system capacity in order taimize power

consumption, Eq. (4) can be modified into the faitog equation,

I
OBJ = Min) kW;(PLR;)
i=1
Where, ER represents discrepancy. When the resulEd. (16) is zero, then capacity requirement lbasn
fulfilled. The absolute value of Eq. (16) has aselgelationship with the evolution process. Thenenot be any negative
value in the absolute item, in other words, thaltohiller unit capacity output has to be greateegual to the system
capacity, and otherwise evolution does not futfi® capacity requirement. After defining objectfuaction and penalty
function, fitness function can be designed. Supmos@romosome has a minimum objective functionit®total power
consumption, and that penalty function is equatéwm, then the optimum fitness function for thatochosome can be
achieved. The degree of how well a chromosome admpknown by comparing other chromosomes in thmesa
population. Therefore, by normalizing the discrapabhetween objective function and penalty functiae, can find how

well each chromosome adapts. The process of naatiaih can be done as follows,

OBe< — OB,
%O0B — —> min
{ija:{ —_ {jBnuﬂ
And
FR< — ER
%ER = — > i
ER‘ﬂlf‘L“( - ERﬂ]lﬂ

where %0B is the percentage value of objectivetfanaafter the string has been normalized, OBSvtidae of
the objective function for that string, OB min thmallest value of objective function in that popigla, OB max the
largest value of objective function in that popigat %ER the discrepancy percentage value of theoofalized string,
ERS the discrepancy calculated of the constragrtshie string, ER min the smallest discrepancyhefdonstraints in the

population, ER max the largest discrepancy of thestraints in the population. After normalizatittecause minimized
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values of %0B and %ER are desirable, the valubefitness function is also best minimized,
Min Fit = Min[%O0B + %ER]

The quality of chromosomes is judged by valueshefrtfitness functions. In other words, if the sl@mathe Min
Fit from Eq. (19) gets, the lower the total systeower consumption is. Eq. (19), however, aims farimization, which
stands against the roulette wheels selection psotesghe roulette wheel method, the larger theealf fitness functions,
the larger the slot area the chromosome gets, lsréfore the more likely the chromosomes are toepéicated to the

offspring. Eq. (19), then, should be rearrangeadrder to obtain the largest fithess function, deves [9],
Max Fit = Max({sfi[(1 — %O0B)*1] + sf[(1 — %ER)*F2])

Where sfi is the scaling factor for emphasizingeghiye function or penalty function, and spi thalsg power
factor for emphasizing the quality of a particusiing compared with other strings during reprouctthis study uses
roulette wheel method, where probability of a chogome being reproduced is directly proportionathe value of its
fitness function. The larger the value of its féadunction, the higher the probability of bein¢esged. The roulette wheel

method that we use can be explained as follows [10]
Step 1 Calculate the value of fitness function(&ilt for each chromosome ci (i = 1. . . S) In tlopplation.

Step 2 Calculate the sum of the value of fithesstion for all the strings in the population.

5
=R ZFJ'I{L‘I"J
i=1

Step 3 Use Eq. (13) to calculate the probabilitpfeing selected for each string. Ci (i = 1S).
Step 4 Calculate the accumulated probability gqj=LPjfor each string ci(i=1, ..., S).
Step 5 randomly produce the numberrof [0 . .. 1]

Table 1: Chillers Data

Bystet Chller g By G i Capacatv(RT)
Cae | CH: 10095 RI8Al 07343 ThE.55 $00)

(K-l B 598 i, 14 = 180138 5w K0

CH3 130K M40 14377 .80 L]

View in the table above and the nominal capacityhef chiller kW-PLR curve is given. In this simidat, the
parameters of the PLR chillers should be chosemhab in addition to supply the required coolingdpdow power
consumption is required. To simulate, with ten bit®ach parameter will display. Therefore, eaclbetosome contains
genes will be thirty. To decode the binary PLRdwling formula is used.

PLR = 2 (4 Z B, x (27")
i=1
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RESUTS

N = number of bits selected in the above equatmnefich parameter. The proposed method is basdheon
genetic algorithm was applied before the optimalitszn according to the required capacity of thetegn were obtained.
The table below shows the percentage of time reduiith respect to the overall capacity chillessdd, and then PLR has

been optimized for each chiller. Below is listed tiequired cooling load.

And finally cooling load supplied through a chillgystem is given. As seen once funded by chill@ys|ing time

is almost required to endure.

Table 2: Measured Loads

Load PLRl PLRZ PLRS U needec U chillers
20% | 0.0181 | 0.145 0.437 480 480.0781
30% | 0.0562 | 0.2056 | 0.6361 720 719.1406
40% | 0.1587 | 0.3188 | 0.7222 960 959.7656
50% | 0.2661 | 0.3735| 0.8599 | 1200 1199.6
60% | 0.3813 | 0.4829 | 0.9351 | 1440 1439.5
70% | 0.4790 | 0.6216 | 0.9995| 1680 1680.1
80% | 0.4976 | 0.9009 | 0.9976 | 1920 1916.8

In this simulation 100 times the number of chronmses in each generation, and mutation rate is 5%tlaad
number of generations have been 100.The followhragts will be required to set the required coolihglers in terms of

number of generations in genetic algorithms is igives seen by the desire to provide a minimum.
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Figure 1: Chart of Production and Consumption 480kwChiller Load
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Figure 2: Chart of Production and Consumption 1680kv Chiller Load

CONCLUSIONS

after it. Results of load the building is as folkw

Table 3: Results of Load the Building

load

Sensible Cooling

Latent Cooling

Total Heat

Value

244437

54331

168220

200

In this paper, we first calculated the using heptind cooling load calculation and optimization goéng to go

Genetic algorithm is used to simulating With regandthe three units installed in the building dexgr of

kW-PLR and they are all characterized by nominglcity, PLR optimal values for each of the heating cooling loads

are calculated to obtain.
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Table 4: All Characterized by Nominal Capacity

Chiller a; b; G d; Capacity(RT)
CH-1 22209 180094.2 | -214154.6| 173481 150000
CH-2 | 14651.56| 133394.8| -83727.6 | 60709 150000
CH-3| 28619.8 66990 3162.94 21956 150000

Table 5: The Values of PLR in the Heating and Coatig Loads

Needed Load| PLR; PLR, PLR; U chiller
Heating 298768 0.4067 | 0.5884 | 0.9966 | 298750
Cooling 168220 0.144 | 0.2954 | 0.6812 | 168090

After applying the genetic algorithm, the value$@R in the heating and cooling loads are obtaastbllows.
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