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Abstract 

  

This work study reviews the conceptual development of optimization strategies of an 

Energy Centre based on operational task of daily thermal load contours and 

interaction of weather profiles of the environment in the selected area of the project. 

The weather profile analysis was primarily done by the interactive plotting of 

temperature/humidity sensor data against historical data. Gray Model was also 

employed in order to predict much accurate data patterns in the fuzzy areas of 

weather prediction process. However, by introduction of genetic algorithm on the 

historical samples would able to predict the anticipated weather profile more 

accurately and thereby the thermal load required for the future trend on the following 

day. The current thermal energy storage (TES) technologies and their applications 

using the traditionally available methods are the common practice of any ice storage 

design in the industry; however in this analysis dedicated low freezing media 

(Glycol) is used to chill the common chilled media (water) and also the chilled media 

is used as storage medium with phase change. Latent heat storage on the other hand, 

is a young and developing technology which has found considerable interest in 

recent times due to its operational advantages of smaller temperature swing, smaller 

size and lower weight per unit of storage capacity. Design methodology and its prime 

results of simulation show the effectiveness of the proposed solution for an Energy 

Centre for efficient operation. 



II 

DECLARATION 

The work submitted in this dissertation is the result of my own 
investigation, except where otherwise stated. 

It has not already been accepted for any degree, and is also not being 
concurrently submitted for any other degree. 

,, 
\ . 

. i )• i .,: ' 
' \., \\;\ 

' 
Mahinda Gallage 

I endorse the declaration by the candidate. 

;I 
,)1 .. 
I 

F 

Professor Lanka Udawatta 



Aci""nowledgenu•nt 

are due first to my supervisor. Professor Lanka l\:lawatta for hi" gre~tt :~hl~!hi-:. 

es. guidance and ::.ense of humor. I have been hattlmg with my health t~y- at 
~·: <='~'r pnur to the tina! date of submission of this assignment. 1 stronc;ly bdieve tha~ if n•Jt 

ln:-, ~~rcat c:upport on literature collection and putting them in the right rr~1d: anL! 

cuntmuuus supervision of my work, I vvould not have made this possible and my heartfelt 
gt"1e::. to hi:::. sincere thoughts towards me and of understanding my actual situati(c 

\l\ '.pcct~tl tkmks go to both Dr. J.P. Karunadas~t. Head of the Dcpartlllcnt. Ekcrn'-·~t1 

ti''..'illtc:rmg ;md Dr. Chandnna Pathirana. Conrdmator Department ut lndttstn~li 

A~!c<ll1l~lli\lll. \\ Jld helped me mnumerous ways at the stage of submitting thi:; pt't)iect. 

\ '.lJ1(LT<: tkmb go to the utl1cers in the Post Graduatl: Otlicc. F~H.:ult) uf E.ngul...:criJtg. 
and l niversity of lVloratuwa. Sri Lanka ten· helping in various ways to claritY the thmgs 

t<l my acJdemic work in time with excellent cooperation and guidm1ee. Smcere 
:.rr:::l:i;,k is alsu extended to the peupie who serve in the Department of Ele...:rric~d 

C:' ot'fice. 

cl[;;,-, .:xtend 111\ sincere gratitude to my wife. who encouraged me h> cnmplete the rele,a:1: 
-,, ,·;:;.; exception of difficulties, which we ha\·e gone tlEough lluri:1g the ::·"'.\ 
:,(·:::-~ -\ls,l, equally. sin..:cre thanks go to my mother in Ll\\ Dr. '.lrs. S. Sam~tr~1.<d~~~:~:. 

\\ ]:,,,e hospitality towards me during my short stay in Sri Lanka. 

lt 1:~ n,,t 1~1ir if I do not \\Tite few \vords about Mrs. Himali \Vanigasekar~L \\·ho wok b.:r 
.y;, ,, JJ\rcrc·sr c>f prO(lf reading and editing the language at the last minute. before thi:-. rcp,wt 
·' ,·" pnming. I should thanks to her t<.1r completing it timdy nunner \\ithout dll\ 

,-lC , 1 ~-lll(lll. 

~ :;-:,:il). I .:;blllld thank many individuals, fricnds and cullcaguc:-; \\ hu have nut lKcn 
:t,cmioncd here personally in making this educational process a success. I could not ha' e 
' " it witht)L:l their support. 



List of Figures 

Figures 

l.; Flow Chart tor Project teams Assignment and their functions 
1. k'r th.; Research ObJeCtives 

; ( Procedure and Research ObJective 
. T::;;:Tnal Luad Contour of the Sdected Em ironment (Garden) 

' ' ' '1:b.::d \\ ater Plallt Sllnpldicd Schematic (111 the Sckcreci Project 

'.: Clvcol Flow through the Circuit when Chiller Priority Mode 
.~: ,~;;\'cul Flo\\ through the Circuit \\hen lee Priority Mode 

Flow through the Circuit when Peak Luad :V1ode 
-;' ':ol Flo\\ through the Circuit when Ice Build l'vlocle 

... \._! i \ Fit)\\ through the Circuit when Ice Build Plus Cooling \1nde 

~T:\,'()1 Sub system]nt(T!~tcc \\itll the main Chw System 
~ = t):y>;t•l Chiller Plant Control \Vith Different Sub Systems 

· pt= S Architecture 

·::::dJ Loc~d Contour ofthc Building and its Distributi~.m frum Pnmary 
'r,"iuctiun Cycle 

_ . ~ .. , L·1acl \latching with Ice Produced 
· ·.ll Load Sh~1ring in the \\'inter Sea::,on 

Page 

-, 

I-, ,_ 

l:; 

''1 

32 

-!-() 

~4 

-t~; 

5) 

5-+ 
5() 

h2 
n-l 
n. 



List of Tables 

Tahie 

~.l (hlller Perl(mnance Data fen· Different Glycol Leaving Temperature and Ditleren1 
~·1:i'i"'nt Conditions 

lkr Perfonnance f\1r Different Ambient Conditions f(1r the san1e Chilled \V:1ter 
L::aqng and Same Delta T 

::~-:::,:a! Cuntrul Pruccdurc 

- y;·~::<:!:ic (\)ntr~)l Procedure 

I' age 

26 

i 
·-+ 



Lhr ~"'\bbreviations and Syntbols 

Acromm 

B:vlS 

T~·p ll-' 

\\ !_). ('h\\ 

S.-\' llc:t IP 

!' ;-- ..... , 

=;: -, 

.VSD 

Definition 

Building Management System 

Transmission Cuntrol Protocol Internet Protocol 

Thermal Energy Storage 

Tl11: Chilled \Vater Plant .Chilled water 

Building Amomation Control ~etw,··rk prOkH.::ol \)\ e:· 
the internet protocole 

lee Tl1ennal Energy Stnraue 

Co-efficient of Performance 
~~~--~~----~----------------~ 

Chilled plant Control System 

Clycol Chiller pbnt Control System 

Heat E xchangcr C'ntrul Systcn• 

Variable Frequency Drive. Variable Speed Dri\e 
I 

' u ll'vhstcr- Shvc; T11kcn- P·rssim> I • · C L JcC _ _ _ _ C. _ ;: I 
Aniticial :.Jeural :\etwork 

i ~ ~-;: I 

.H. T) 

,, (l) 

Ambient temperature in ''C tAir in temperature uf ct•nd.) 

CoeHic1ent of Performance: 1 EtTiciencv 

Glycol supply temperature "C (Evapurator to the system) 

Chi lied \Vater temperature of the system ''C 

Polynomial functional constants ( Cun·e J 

l 

I 
i 

l 
Chiller part load ratiun ( PLR) I 

Thermal( cooling) capacity by the Chi lit:· u;_)er~1tiun \\ ith 
z COP. 0 ambient and the r rt:frigcrant tcmpcratur(-

Thennal(cooling) capacity by the lee storage \\ith x 
etlicic-ncy. 8 ambtent and the r rdl.iger:mt remperarn<;:' 

!hermal(cooling) capacity ofthe Bac:e load chilled \\~:ter 
- -- - --

I 
Objective function ofTotal Cooling c•fthe Energy Cemre I 

Standard Convention for Commun:catHm:-; d\ ail 
all to develop compliant devices that can t:dl-.. h• eLJch 
other consistent! v and coherent! v . -

:~ \._ ' 



Contents 

Decbratli:H1 
:-\b~tract 

Dedication 
Acknow iecl!:-!ement 
Li.;;t of Fi!:-!ures 
List uf T jb ks 
Lht llf -\bhrL'\ wrwns <md Symbols 

Chapters 

l. Intrnduction 

i ! Background ofthe Project 
i.2 Objectives ofthe Research 

1.2. J Tl1c (Jbjcctivcs of energy optimized crnm'<Jl 
1.2.1.1 Objective '-Jo.l 
1.2.1.2 Objective No.2 

1.2.1.2.1 Energy Objective function for Optimiz~ttion 
.3 Chapter Summar) 

: ..l Lll~td Prnf}le ancl"l henna! Contour of the Garden 
; .5 Thermal Energy storages (TES) 
l.u Cilycol and Chw Chiller Operation 

-,Chiller Plant Control System 
, .:\ T:tctlcal and Strategic Controls 
1.9 :Vlathematicalmodeling of Energy Equation 

Concept Development for Cooling System 

.=:.! Summary of Concept Development 
~.2 General System Description 

~ iTES SystcJn Description 
2 .. ~.1 Base Load Chillers 
2.3 .2 Glycol Heat Exchanger 
2.3.3 lee Storage 
2.3.4 Glycol Chiller 

.::.~Sequencing the iTES Modules 
.2.~.1 Adding the ITES .\tlodules 
2.-+.2 Subtracting the lTES Modules 

"'"~"em Control :\lodes 

~y:--tem (pntrol :vlodes of Operation 
.\ l .I Rbl: Luad Cl1ilkr (Operation Only) 

.~.l.l.i Control Sequence 

11 

ill 

l \' 

\ 

\ 

':ll 

\ Ill 

h 

() 

n 

7 
s 
(_J 

]'. 

l I 
15 
I() 

l-

17 

211 

2li 
., 1 
-1 

1' 
• '- ~ "'! 

1-. 
--' 
2·+ 
1 1 
~""i" 

--,,;;;; 

,_ _, 
'}.7 
")! 

:!S 

::::x 
T'-' 

" 
_2l) 



-{ ( 

3.1.2 Chiller Priority (Base Load Chiller~ Mid Temp Glycul Cll1llcr 
('t-)l_llil1g) 

3.1.2.1 Control Sequence 
3. 1.2.2 Sequence of operation of Glycol chillers tlE Chiller Pnur:ry 

\l(ldC 
3. 1.2.3 Shut down of Chiller Priority operation 

3 .1.3 lee Priority ~Base Load Chiller+ lee Cooling) 
3. J .3 .1 Control Sequence 

3.1..+ Peak Lnad (Base Load Chiller+ High Temp Glyct1l Chiller~ lee 
Cool!ng) 

3.1.4.1 Control Sequence 
3 .l .-t.l .l Control Pwccdures 

"" 1.5 Ice Build (Base Load Chiller-,.- Ice Build UI<h) 

-~· i .5.1 Ice Budd Cycle 
3.1.5.2 Control Sequence 
3.1.5.3 Start Up Procedure 
3.1.5.~ Shut down Procedure 

3.!.() Ice Buiicl Plus Cooling (Base Load Chiller-,- LCl\\ Temp Glycol 
Chiller) 

_1.1.6. l Control Sequence 
.1.1.().:2 Start Lp Procedure 
3 .l.C!.3 :Mode Exit Procedure 

Strategies for Sub System 

·.l System Cc1nuol Strategies t\.1r Sub Systems 
-J..l.l Control of Heat Exchanger ~>fixing Valve 
-L 1.2 Control of Heat Exchanger Circulation Pumps 
4.1 _1 Ci1ycol and Chilled water heat exchanger t1-eeze pn'tc'dlun 

~t.l.~+ Control of lee Storage t1ow and bypass \alves 
-+.1.5 Control of Glycol Chillers and Shunt Pumps 
-f. 1.6 CPCS Architecture and Subroutines 

- \i, l\si-, of Seasonal Demand Profile 

Typical Seasonal Demand Profile 
~,.2 lypical Summer Profile: 
~~ -~ Typical ·wimer Profile 
:; .-i Lcwl Profile Prediction Methodologies 
- "' Lu~ttl pnd·ilc prcdictwn usmg software 

·'' L:Lih llJltT~ttion:c; \\ith stnne of the potential optimum t·nihlitic,ns 

:' (> l Cooling Load exceeds ~vlaximum Chiller Cq:u.:ity 
5 f;. i E.\trcme Peak Luad 
:; n ·~ Post-Peak Lnad Operatiun 

' ' 
~" ~"" 

~ ' 
~""'-r 

35 

-'6 
',) 
~·L) 

_\'! 

-+1 
,., 

-+. 

-L-; 

-i ~~ 

-Vi 
..j.() 

-17 

.-, 

1t] ,-, 
--f-t) 

__ ,,; 

51 

-, .... 
~' 1 

-~ 

:- ~j 

,;;;:~ 

~ ~"' 

5oi 
55 
)<-1 

()1 

DJ 

6~ 

()(J 

(J8 

()l) 

~-"-: -, 



XlilUJdd\-
7 

•{ 0 

U01S11IJUO,) pm; S1S \p::uy j 


