; University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations

&2 www.lib.mrt.ac.lk

DEVELOPMENT OF ENERGY CENTRE
COOLING PLANT

A dissertation submitted to the
Department of Electrical Engineering, University of Moratuwa
in partial fulfilment of the requirements for the

Degree of Master of Science

by
MAHINDA GALLAGE

Supervised by: Professor Lanka Udawatta

Department of Electrical Engineering
University of Moratuwa, Sri Lanka

2009

93946



; University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations

&2 www.lib.mrt.ac.lk

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.



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.

UOM Verified Signature

3

Mahﬁinda Gallage

| endorse the declaration by the candidate.

UOM Verified Signature

Professor Lanka Udawatta



edgement

first to my supervisor., Protessor Lanka Udawatta for

tives. guidance and sense of humor. [ have been battling with my

woprior to the final date of submission of this assignment. | strongly §

for his arcat support on Iiterature collection and putting  them 1in the m:h track and

continuous supervision of my work, [ would not have made this possible and my heartfelt
ks goes to his sincere thoughts towards me and of understanding my actual situation

speciul thanks go to both Dr. J.P. Karunadasa. Head of the Department. Elcenncal
wermg  and  Dr. Chandima  Pathirana,  Coordinator  Department ot Industrial

3

Automation. who helped me in numerous ways at the stage of submitting this proje

sincere thanks po to the officers 1 the Post Graduate Office. Faculty of Engimncering.
and University ot Moratuwa, Sri Lanka for helping in various ways to clarify the thin gk
to my academic work in time with excellent cooperation and guidance. S;x

‘ ctended to the people who serve in the Department of Fl\um

»«f'b

xtend my sincere gratitude to my wife. who encouraged me to o«
p witho ption of difticulties, which we have gone through during the last
Also, cqually, sincere thanks go to my mother in law Dr. Mrs. S. Samuarasckara.

e hospitality tow axdx me during my short stay in Sri Lanka.

[t o fair if 1 do not write tew words about Mrs. Himali Wanigasekara. who took her
v terest of pu»o. “reading and editing the fanguage at the last minute, before this report

. 1 should thanks to her for completing it timely manner without any

v b oshould thank many ndividuals, friends and collcagucs who have not been
mentioned here personally in making this educational process a success. 1 could not have
nuade 1t without their support.




ct teams Assigniment and their functions z
1 A meh Objccetives 7
3 Control Procedure and Researc h Objective I2
ST al Load Contour of the Selected Environment (Garden) i3
? I Water Plant Simplified Schematic on the Selected Project 22
+ through the Circuit when Chiller Priority Mode 32
“through the Circuit when Ice Priority Mode 37
s through the Cireutt when Peak Load Mode 40
v through the Circuit when Ice Build \/Iod' 44
through the Circuit when Ice Build Plus Cooling Mode b
< ouiveol Sub system Interface with the main Chw System 52
4 i1 Chiller Plant Control with Different Sub Systems 54
PSS Architecture 56

© el Load Contour of the Building and its Distribution from Pr
croduction Cyele 62

Load Matching with Ice Produced
i Load Sharing in the Winter Season Y



List of Tables

r

Tabie

2.1 Chuller Performance Data for Difterent Glycol Leaving Temperature and Ditferent

Anmbient Ceonditions TS
iiter Performance for Different Ambient Conditions for the same Chilled Water

Leaving and Same Delta T 26

6.1 neal Control Procedure 74

1¢ Contro! Procedure




15 and Symbols

wml

Definition
BMs Building Management System

Transmission Control P1 otoco’xv’lmemet Protocol

TE~ Thermal Energy Storage

The Chilled Water Plant .Chilled water

Building Automation Control Network protocol over
the Internet protocole

lce Thermal Energy Storage

Co-efficient of Performance

S Chilled plant Control System

Glveol Chiller plant Control System

N Heat Exchanger Control System

Variable Frequency Drive . Variable Speed Drive

Master — Slave/ Token — Passing

Artiticial Neural Network

Ambient temperature in °C (Alr in emperatuwre of cond.)

Coeflicient of Performance: 1'E

T ) Glycol supply temperature °C (Evaporator to the system)

Chilled water temperature of the system "C

S N Polynomial functional constants (Curve)

Chiller part load ration (PLR)

Ty T ThClJ]Jl(LO() ing) capacity by the Chiller operation with
¥ COP. 0 ambient and the trefrigerant temperature

AR Thermal(cooling) capacity by the lce storage \\'ith ya
7 ) | efficiency. § ambient and the 1 refrigerant tempera
B [hermal{cooling) capacity of the Base load clulled wuater
a4 o) Objective tunction of Total Cooling ot the Energy Ce

1 P rotoeol Standard Convention for Communicai

all to develop compliant devices that can talk w cach
other consistently and coherently




it

[

Contents

Declaration
Abstract
Dedication
Acknowiedgement

List of Figures

List of Tables

List of Abbrevianons and Symbols
Chapters
1. Intraduction

1.1 Background of the Project

2 Obgecnveq of the Research
I

f—

The objectives of encrgy optimized control

[.1 Objective No.1

.1.2 Objective No.2

1.2.1.2.1 Energy Objective function for Optimization

1.3 Chapter Summary
E S N

,_
S

1.4 Loud Profile and Thermal Contour ot the Garden
.5 Thermal Energy h ages (TES)

1.0 Glycol and Chw Chiller Operation

17 Challer Plant © omml System

R Tactical and Strategic Controls

.9 Mathematical modeling of Energy Equation

fa—

oncept Development for Cooling System

2.1 %ummavv 0 f Concept Development
> Ge em Descrt puon
m Desert 1! HLi01

{'\
Base Load Chi 'Hers
Gl\/u)l Heat Exchanger
ce %tum"e
34 U!\ col Chiller
Sequ wneing the ITES Modules
4.1 Adding the ITES Modules
4 2 Subtracting the ITES Modules

i Controi Modes

Modes of Operation
le Chiller (Operation Only)
I Control Sequence




3.1.2 Chiller Priority (Base Load Chiller — Mid Temp Glycol Chiler
Cooli
3.1.2.1 Control Sequence
3.1.2.2 Sequence ot operation ot Glveol chillers
Mode
2.1.2.3 Shut down ot Chiller Priority operation
3.1.3 [cePr 1011ty (Base Load Chiller + Ice Cooling)
3.1.3.1 Control Sequence
3.1.4 Peak Load (Base Load Chiiler + High Temp Glycol Chiller — lee
i’“‘ooling)
3.1.4.1 Control Sequenc
30401 C ontml Procedures
3.1.5 Tee Build (Base Load Chiller + lce Build only)
3.1.5.1 Ice Build Cycle
3.1.5.2 Control Sequence
3.1.5.3 Start Up Procedure
3.1.5.4 Shut down Procedure
3.1.6 [ce Build Plus Cooling (Base Load Chiller - Low Temp Glveoi
Chiller)
3.1.6.1 Control Sequence
3.1.0.2 Start Up Procedure
3.1.6.3 Mode Exit Procedure

agies for Sub System

~

ontrol Strategies for Sub Systems

l Control of Heat Exchanger Mixing Valve

.2 Control of Heat Exchanger Circulation Pumps
3 Glyeol and Chilled water heat exchanger freeze
ontrol of [ce Storage tlow and h\pa\a valves
5 L ontml of Glycol Chillers and Shunt Pumps
.6 CPCS Architecture and Subroutines

My

vsis of Scasonal Demand Profile

Demand Profilc
mmer Profile:

\’pxcal Winter Profile

5 4 Load Profile Prediction Methodologies
5 Load profile prediction using software

Typical Scason

Typical S
VT

1

1]
LA

©.0 Datly operations with some of the potential optimum conditions
So.b Co 1 ing Load exceeds Maximum Chiller Capacity
6.2 Extreme Peak Load

al\ Load Operation

[

LA

S
P
3
ot
Pulin ]
LY
3D

L L
(I




6. He

"

sults and Analysis
6.1 Analvsis and Conclusion

6.2 Additional System Design Considerations

Appendix A ITES Mechanical Schematies




-~
0
Pt

]
ﬂwmﬂm
P
- *1
h

Introductiox

1.1 Background of the project

-

thty and Intelligent Controls:

ation. Green Building, Sustamability. Adaptat

se are the 'pm'adwm% which have to be addressed and prioritize among the many t
m and development of any kind of human installation in the present world.
shere ot the globe 1s very specifie to the human being where thcy‘ arc alwavs in
ot control. The conceptual design of the proposed project has also been
by the atorementioned paradigm.

o that has been carried out initially within the role of control aspects i this project

iuates viability ot proposed contemporary cooling control concept on a massive

However. atter the introduction of proposed intelligent controi architecture, it is

| to be functioned with improved controllability and adaptability. Moreover. after
] 8

3

ot rclevant commissioning  procedures, the  predicted  behavior  of

nmental control dynamics of the bio-sphere should converge progressively o t
et points on realization of selt autonomous behavior.
uk which has been proposed here is a massive Gardening complex (whi
s “Garden” hereatter m this report) which will be completed with different !
)mms birds and butterflies etc. The environment is artificially created within the
1e out door conditions. There will be massive building complex (Dome) and

‘ ujdil”i‘\ s should be controlled to the living conditions of the bio sphere. In
eir 11\1;1: conditions are largely deviated from the out door environmental
5. The changes are monitored by the instantaneous variations of environmenta

s 111(:(;.,ch1 and integrated in to the building control system. The proposed proact
1 ;;y>tcm should control the indoor environmental variables temperature and
to relevant set pomts without exceeding their *hrcsho‘li hmits thereby not
g its bio sphere. The design rule of control structure on this nature of installation is
u,mlmll\' considered to be highest life safe priority level in the building automation
Ty, The ;’achiv\'umcm of the Jatter task with mimimum resource (optinuzation)
nvment will be the next challenge tor the engineers, who were i the designing team.

4

he m:x‘iur design and

specific task and

e assigned (see the figure 1.1) to ¢
15 project and cach team or personnel was g
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cooling plant is designed to deliver chilled water to the secondary chilled wat

on system at a constant supply temperature of 4.44°C (40°F). The \‘ccor;dari"

water cooling system is designed to achieve a return temperature rise of 10°C (18°F)
1

syt

1
i

under ideal design conditions. The secondary system will have variable speed pumps whicl
will debiver a variable flow through the distribution loops responding to changes i the
iy system cooling demand. The tertiary system load for cooling mn the International
s and building complex will be supplied by multiple variable volume circuits each

chilled water coils fitted with two port valves.

sure sensors will be used to measure the instantanecus load and the
s will be controlled by variable speed drives (VSD) to match that demand.
- ~ -5 "‘;

"7‘1 pressure measurement will generally be located at approximately 23" of
the distance to the longest or index branch of cach discrete circuit.

ITES modules will be added in sequence by the CPCS as the cooling load from the
ns and buildings increases.

ES System Description

11l be four ITES modules in the primary chilled water production circuit once the
1s complete. These act as parallel ChW generators as shown above in a simplified
awon Figure 201,

Each ITES module will consist principally of:

s Buasc load air cooled chilled water chiller

llel glveol to water heat exchangers

e

foe Storage tanks

Three Glyceol air cooled chillers

L

sociated pipe work, valves, sensors etc.

> foad chiller will cool the return primary chilled water first and will have sutticient
capacity to meet the building cooling load on its own during low demand situations. When
husc load chiller loading starts to increase toward full capacity; the glycol circuit will be
i and readied for operation. The glveol system will provide supplementary cooling
I glycol to water heat exchangers (see Appendix A).

T
1

the

WO Ut

¢ Load Air Cooled Water Chiller has a capacity of 1,120 kW (319 Tons) at an
crature ot 49°C. Each Baac Load chiller 1s piped in sertes with two number

chilled water heat exchangers. The 1TES c¢hi illed wate
»and retum chilled water headers of the c¢hil

circuits arc connected to the

.

r
led water production cireuit.




for these pumps wiil be used to soft start these pumps and then modulate them
i minimum and thelr maximum pumping capacity. They maintain the flow
oduction (primary ChW) circuit to exceed secondary demand.

ycol Heat Exchangers

ule will have two flat plate exchangers desi 120 1ed to help cool down

ater to the iinal dc="v ry temperature ot 4.44°C (40 "F). vl be
tions of ’wghcr demand whe herc 18 a greater Coolmg (lcm;—ma than can be
hase load chiller alone. The chilled water will be pumped through the heat
ter first being partially pre-cooled by the base load chiller.

(“g

(U

a set of de icat ed pmallel pumps (the Gl col Heat exchanger pu:n, s).Th
ot glveol circuit will i turn be cooled b\' a glycol svstem containing

storcoe unks and air cooled glyceol chillers. This glycol sub system will be cooled by

o

cooled glycol chillers each installed with its own dedicated shunt pump.
Hers will be pumped in a parallel configuration to the main Glycol header.

/‘ (;4

P nere alveol will be pumped to either the Tee storage banks or direet to the t
system by another set of system distribution pumps (P7-1 to P7-4 in

All of these pumps are driven by VSDs. These pumps will be respensi

Glvon ulation through the Iee Storage in the different modes of operations
G ystem c.g. Tee build, ice discharge or ice discharge plus glycol

7 nos. of Ice Thermal Storage Tanks including three b

ulated through the Ice storage tanks via sets of parallel pumps (C
ceted to main supply header of three Glyeol chillers, which arce a.hm“gd
i ol contiguration. The  three Glyeol Iee Chillers are capable of delivering 1.077

(207 Tons) cooling capacity at -5.6°C (22°F), with 30% ethylene Glycol

g
[at 353°C am
e to lce Tanks to store thermal energy in surrounding water, forming ice and
led water at -2.2°C (28°F).

be designed to charge full tanks of thermal ice storage cay

o Z1T W
(7.260 Ton-Hrs) in ten hours. excluding spare tank capacity.  With four
iT‘F"? systems in full operation. the total ice system storage capacity will be

o 0d AWHh (29,040 Ton-Hrs).




veol Chillers

ree glveol chiller cach ITES will be capable of delivering 1.077 kW (307 Tons)
at (22°F), with 30% ethylene glycol nux at a 35°C ambient

temperature. This will be pumped to the Ice Tanks to store as latent thermal energy 1n
¢ water by forming ice and returning chilled water at -2.2°C (28°F). The same
Chillers wili each deliver 1,107 kW (315 Tons) direct com ng to the heat
circuit with a 30% ethylene glycol mix and at 3.33°C (38"F) and returning at
yunder 49°C (120.2°F) ambient temperature Lt)ll(]ltl()llb.

e veol chillers™ capacity will not be sufficient to meet the peak-
and the leaving glycol solution from the gly ol chillers must be further wulul
ice storage tanks to the final delivery temperature of 3.33°C.This glycol mix will
used cool the chilled water via the two heat exchangers to produce a 4.44°C chilled

T

water supply tor distribution to the gardens secondary cooling



Th nwing table Justrates chiller rating changes with different outdoor ambicnt
tei aTures
Glhvoob Al d Chi iller r Operating Characteristics Comparison
T B N P
. \ nbien ! Efficiency
t Temp. | Medium | Capacity Fluid Temp - COP
Desot
1 C kW Tons | Entering | Leaving W
30%
T Ethylene 7.6 EER -
R Glyeol | 1077 307 | -222°C 1-5.6°C 0 | 9023 COP | 4831
T 30% ]
Eth\ﬂene
R~ 300 |23 Glyeol 12205 348 |-222C 1-5.0C o09200P | 4179
30%
Ethylene 59 EER -
19 Glycol | 1107 315 | 10°C 3.33°C | 171 COP | 646.3
30%,
Ethylene 1.4 EER
| 00 | 23 Glycol | 1661 174 |8.94°C 1 3.33°C | .335C0P | 1u83

{ :li HS Y
mitbient conditions,

performance d

rarure conditions as per above performance

e data]

wcity of the Chiller on lower ambient is higher with the same

leaving fluid

\]l Cooled (

Chi ]lcl Operating

Characteristics

Ambien
t Temp,

Medium

Capacity

Fluid Temp

C kW Tons | Entering | g ) kw
T 100% 4.4 °C | 56 "CIEER - 3.33
[oad 30 Water 1497.6 1427 | (538°F) | (42°F) | COP 4117
s 100% 14.4 °C| 3.6 "G EER -
U= 300§ 35 Water 1412 402 | (38°F) {(42°F) | 2.73C0P 136.0
o 100% 144 °C| 30 Clen EER -
LY SO0 A9 Water 1120 319.0 { (58°F) (42°F) 1.82COP | 6l6.d
- 2.2 Chitler performance for different ambient conditions for the same chilied

ng and same delta T
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ES equipment to operate in different modes during the course of tl e *\

HI O IV

2.4 Sequencing the I'TES Modules

ill be rotated based on a weckly schedule in order to cqualize operational
wnical wear and tear. Every week there will be a schedule within the system
h sequence numbers. The ITES circuit prioritized as lead will be started first
autsinarically, The supply and return headers will be monitored by the CPCS and employ
ore o1 u combination of control algorithms to ADD opceration of the ITES operation.

Marsed

241 ng the ITES Modules
At one ITES module will be :’11 vays be enabled by the CPCS to support the
Co wis operation of the cooling system. The ITES modules will be added 1n sequence

hased on the bypass flow 1 the main dnlled water plant bypass as measured by the tlow
the system and by the flow sensor in the bypass. If the bypass flow reduces to a
‘mined set polnt an ITES module will be added.

Fhe o 20 S will start an additional [TES module to prevent the whole system operating with

> flow in the bypass and therefore losing system temperature control. The same
rocedure will be repeated until all the ITES are enabled by the CPCS. The switching
Jevers for adding ITES modules will be determined during commissioning on site taking

mio account such factors as system thermal inertia and time lags for start up ¢ ‘r equipment,

v

ﬁ'_‘ r

Subtracting the I'TES Modules

[f e svstem x‘upplv temperature is ‘atisﬁed and s ‘y‘ em bvpass ﬂnw —through the b pass is
,,,,, nd

wermd. then the kPL\ “w; ract lTl:S \40dule reque .t”" hag will hewmes
"PCS will ensure that an ITES module is disabled as soon as possible tor

ake while ensuring that the cooling system will continue to operate with

4 ¢l .
w i the de-coupler.
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System Control Mo

3.1 System Control Modes of Operation

ipment and sub-systems need to operate in a number of modes in order to
soth mstantaneous and stored cooling capacity to that wqumd by the chilled water
and of systems in lhg L\llutn\ and buildings Thp modes of operation are exp

Typical sequences used to match the demand profile will

Base Load Chiller (Operation Only)

+

riority (Base Load Chiller = Mid Temp Glycol Chiller Cooling)

tv (Base Load Chiller = lee Cooling)

Load (Base Load Chiller + High Temp Glycol Chiller - Ice Cooling)

Build (Base Load Chiller + Ice Build only)

ice Build plus Cooling (Base Load Chiller + Low Temp Glycol Chiller)

Low e\temal ambient LOIldl'u( ns, w hen the bundmg lOuU s ICbb th
the base load chiller.

In a summer season, this might also occur during early mornings typicallv sav
veen 6 AM to 7 AM.




1.1 Control sequence

"o onlv chiller which will be operational in this mode is the Base Load Chiller,
it should be sufticient to ensure a supply of chilled water at a temperature of

- (

¢ secondury and tertiary ChW distribution circuit pumps will be modulated by
respective. VSDs. The differential pressure sensor reading and
rential pressure set point, as measured during commissioning, will be fed 1o
loop and output will be relayed to VSD controller via the network. If there
multiple circuits in each segment, the min/max values of a mam\' of individual

ystein

ssure sensor readings will be used to umtml the VSD pump speed. The pmlnu
flow around the lead ITES module primary circuit will be y
<iuhtly exceed the flow in the secondary distr ibution circuit.

the CPCS decides to enable a new ITES module due to an i

ndary load, it will first start by initiating the appropriate combination of
v ChW pumps and then ramp up to the speed set point determ mcd by the

and transferred via the CPCS network to the appropriate ChW pump VS A),

10 WO rmmal\ pumps within an ITES will be operated to provide ChW through
sroduction cireuit and maintain a slight surplus flow through the primary ChW
ws pipe. Thie 1?* mary circulation pumps can be UPlelLd. when required. i a

o run/one standby combination. Only a single pump will be e abled during t
Viode when only the base load chiller system 1s operating.

yary circulation pumps will be enabled wher

- various modes that require the base xoad chuller 1 147¢

iing. The 3rd pump in the sequence will operate o only in the standby mode when
;)un‘m has tailed. The lead, first lag and standby pumps should be rotatec
on « weekly schedule. Once the primary ChW flow has been proved, ‘(‘ﬂc basc
chiller will initiate its own integral start-up sequence by bringing its ded
pump on line. The chiller will load up using its internal loading 1‘13@01‘1@1*&;%‘;}

a set point requirement (4.44C).

LIt

=

the “base load chiller only’ mode, the CPCS will command
vstem to be off line along with its associated peripherals (pumps, chi lers and

ves). The Base Load chiller will be started and stopped and controlled 1n
1 with its associated individual shunt pump to maintain the primary ChW
emperature set point during varying volume den.tmdk from the secondary
tion circuits. Once it is enabled by the CPCS. the chiller performs 1ts
| house keeping routine and communicates to the CPCS whe ther chiller 1s

to start.

}ﬁ




1o CPCS also performs the tollowing operations:

£

4

<hunt pump flow volume will be controlled \\1thw thc maximum and
alues which are allowable by the chiller characteristics

Run ChW primary pump to maintain slight surplus in ChW bypass flow

S2NSOT.

If the lead primary pump fails to start then start the next in sequence
(Standby).
Request chiller healthy status (satety check procedure) from chiller
control module

If the Chiller has fault alarms (auto reset or manual reset) which sull are
current the CPCS marks the chiller as faulty and imitiates the appropriate
alvcol HX cooling mode. See sections below.

It chiller healthy, start-up chiller shunt pump (VSD) via local conuol
and then ramp its speed to preset value

Prove the flow through the chiller

Confirm closcd position of SV-1. 2. 3 and SV-4 valves (Anti-freeze
protection ot the Heat exchanger)

Bring the base load chiller into operation by starting its own dedicated
pump

- CPCS will monitor trends and log as tollows

&

B

ChW supply tlow tﬂmpe -ature, measured after the main by pass of all
the secondary ChW circuits

Flow measurement data for the secondary ChW system

ChW return tlow temperature, measured betore the main by pass of all
the secondary ChW cireuits

Data for power consumption within the chiller
Alarms produced by the chiller control module.

(e CPCS will continually monitor the chilled water supply temperature and note
~ = rate of change. The CPCS will monitor the base chiller loading.

the chiller approaches full load
the supply ChW temperature is greater than 4.4 °C by 1

of a degree tor more than pre-programmed time period ot ume

rl
Ll
noe d{} H

the CPCS will enable the associated ITES glyco

1

o Y L
and has increased to a level where the base load chiller cannot mect

demand alone and the glycol sub system will be enabled and primed. The CPCS

lect the most appropriate mode of operation for the glycol sub svstem based
available internal strategies. This will enable the CPCS to match the




cted fevels of the cooling demand profile computed within CPCS and the most
~Tficient use of the rest of the. See next sections for details.

1.2 {‘fﬂ%?iﬁ ?rlong (Base Load Chiller + Mid T

)ad chiller does not have enough capacity to keep control of leaving
iture (4.4°C) on its own the ITES can go into Chiller Priority or Ice

mm mode

‘here the base load chiller is not available the ITES may operate in Chiller Priority
te ¢ 1one with no base load chiller. The CPCS will calculate the most appropriate
on the vartous data available. Chiller Prionty will be sclected whoen

tor exampi

When load increases above the base load chiller capacity during a summer
morning but the CPCS calculates that stored ice must be retained for peal
load coverage for later in the day.

In the evening after completion of the ice burn cooling.

[y

it the scenario where glycol chillers are needed, the CPCS will qwitch the glycol
qublers on to "Chiller Priority” mode with a supply temperature (3.3 °C ‘

Pl the cooling load requirements of the 3} stem. This means the ice storape s
lated and supplementary cooling 1s provided directly by the glycol chiller,

he tollowing schematic diagram (Figure 3.1) shows the proposed hydraulic 1l
sarhun the glyeol circuit. While controls operating on this mode of operation. the

d glycol media tlows through the piping system as indicated in light brown
sofor line of the figure.
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3.1.2.1 Controi sequence

¢ Bass hiller will be running at full capacity. The glyeol system should be
sperated when thc base load chiller approaches tull capacity. Thu heat exchanger
givcn] cireuit operates under a variable supply volume, constant supply temperature
arategy to maintain the ChW supply temperature set point. Tl e valve controls are
.w;;x‘ed to ensure a steady 3.3 C of supply temperature of glveol into the heat
sxchanger. The CPCS will put the glycol chillers into medium temperature cooling

¢. with the cchr supply set points adjusting to 3.3 °C.

i

start-up operation of the giveol chillers:

Valve V-1. V-la and V-2 will be fully opened

Heat exchanger isolation valves SV-1. 2. 3. and SV-4 will
Valve V-3 will be fully closed to prevent flow to the ice tanks

Glycol primary pumps are soft started to preset value

Heat excha nger pumps will be modulated based on the ChW leaving
temperature of ChW side of the heat exchangers (set point 1s 4.44C)

VSDs of glycol primary pumps will be controlled up to slightly exceed (min
% above) the speed of heat exchanger pumps and % speed
calculated by the PID loop as in the commanded by CPCS

; Dedicated Glycol Chiller shunt pumps will be started and flow proven

1

Glycol chillers will be started atter proving the tlow and all other nternal
satety routines

VJI

Chiller will be sent its sct point of 3.3C from the CPC

Flow through the main glyvcol bypass pipe will be measured and recorded

sor and return temperature sensotr will be monitored and recorded.

. Temperature variations of system measured by the supply temperature

sequencing and staging of the chillers will be controlled to maintain a sli
vothe bypass e, When cooling demand from the building falls the
1 T

e sequenced out until only one chiller 18 adeqguate to meet th

oling demand.



uence of operation of Glycol Chillers on Chiller Priority Mode
Addition of Glycol Chillers

When the glycol system 1s enabled from the CPCS the first chiller in the
sequence will be started after first checking all the safeties interlocks. The
next glycol chiller will be added based on maintaining the bypass flow in the
main glveol chiller bypass. This will be calculated by using the various flow

measuring devices in the system, VFD drive values and a flow sensor in the
de-coupler

~

[t the by pass tlow reduces to less than the 3% of pre-determined level o
one glycol chiller flow then the priority chiller in the sulL,cmL will be added.
This will prevent the system operating in negative flow and potentially
losing system temperature control. The same pmn edure will be repeated
until all the glyeol chillers are enabled by the CPC

Subtructing ot Glyeol Chiller

If the system glycol supply temperature is satisfied and system by
through the de-coupler is greater than 110% of nominal flow of one ¢

pass

chiller the CPCS *subtract request” software flag will becomes active. This
ensures that glycol chiller is disabled as soon as possible for efficiency.

while ensuring that the glycol system will continue to operate with a
positive tflow in the de-coupler

The heat exchanger punip will ramp down to minimum Tpeed to m

1;1 g cooling demand. When the VSD has reached the minimu
jucncy. the VSD speed will be limited at that value. Any furt

in umlm" demand will be matched by adjusting the bﬂHL load chiller ﬂm\

temperature set point.

When the chiller loading (as monitored by the CPCS) has dropped low
enough that there 1s sufticient spare base load chiller capacity to allow shut
off of the minimum residual glycol cooling, without compromising the
primary ChW flow temperature, then the ITES will revert to Base Load
Maode operation.



“Chiller Priority operation

wntiate the following procedures within the control algorithim

mand continues to talls, single base load chiller operation is the only

v that remains.

st glyeol chiller in operation will be switched oftf after checking its safety

=

rpump VED will be regulated to its min preset v

&

nd switched

1l

g 2

he associated valves will be closed



f ot
o
[o—
.
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e
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Load Chiller + Ice Cooling)

C‘)

»

its own the ITES can go into Chiller Priority or Ice Priority mode. Where the base
toad chiller 1s not available the ITES may operate in Ice Priority mode with no base

oad ehiller.

[t the Base load chiller cannot keep control of leaving ChW temperature (4.4°C) on

> CPCS will caleulate the most appropriate mode given the various data available.
example Ice Priority will be selected as load increases above base load chiller
capacity during a winter or mid season morning, when stored ice need not be
retained for peak load coverage later in the day. lce Priority could be also 15 used to
meet cooling demands greater than base load but smaller than can b 3
riority where the unlle[ Is mvmmﬂ at minimum volume. In lce Priority Mode the
is¢ Joad chiller will be running at tull capacity.

o

glycol system should be operated when the base load chiller approaches full

ty. The heat exchanger glycol circuit operates under a variable flow volume,

stant flow temperature strategy to maintain the ChW flow temperature set point.
lec' controls are operated to ensure a steady 3.3 C of supply tlow temperature

! into the heat exchanger.

[

S will control the ITES to burn stored 1ce using the heat Lam
1e heat exchanwcr' The glveol circulation pumped through the

arry this heat to the 1ce tanks via the glveol primary distributios
Uiycd ‘l illers will not be permitted to operate in this mode of opers tlull
1 of the control strategy will be to ensure that as much ice as possible will be

aly col system HX and circulation pumps and switching to a preset value of speed.
fhe challers \wH l’m d)sab}u by thc CPCS. Enough stored ice must be retained for a
ihl eak load which might exceed the chiller capacity.

sutficient cooling to meet the demand. This pmuqu \\111 be mmmcd by startis 12 :hc

3.2) overleaf shows the proposed hydraulics flow within the
UIHIU]\ operating on this mode of operation. the chilled ¢
h the piping s

alyee
-

stem as indicated n light amber color linc thc
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3.1 Control sequence

¢ Glyeol primary pumps (VFD) will be controlled to maintain the positive flow

condition across the b}} ass of heat exchanger circuit.

W

"

e proportions of glveol supplied trom the ice tanks and return warm glycol tlow

rom the heat exchanger must be controlled to reach the mixed temperature (3.3°C)
¢ the entry of heat exchangers.

1

s mode mostly oceurs during the winter since the cooling dem-

o

bly lower and will not require peak load within a specified time period.

e CPCS system will follow the start up procedure

12
93]

Valve V-1 will modulate to maintain 3.3°C to the heat exchangers
Valve V-2 mitally fully closed
Valve V-3 1s initially tully opened

Glycol Heat exchanger pumps initiate operation and VFD will be ramped up

based on the tempemtmc set point (4.4°C) and tlow temperature of leaving
ChW of the ChW side of the Heat exchanger

Glycol primary distribution pumps ramp up to preset value and keep rui
5% higher speed than the set point of VSD of Heat exchanger pumps

Fhe mixed tlow teimperature, atter the mixing point of glycol main i

ice circutt should be controlled to 3.3°C. This will be achieved by
modulating valves V-2 (warm glycol returning trom the Heat Exchanger)
and V-3 (cold glycol received from  lee  tanks) oppositely  and
pn)portionﬂtely. This will allow glycol to flow through the ice tanks o cau
e burning and maintain the glycol loop temperature at the design value of
3.3°C

—

 during th

place.

he dlycol chillers f"ﬂd Their dedicated p’mrns
rrority Mode { I

ave o be cont
heut exchanger circutt to its set point, lm\ will be don
I to maintain the glveol supply temperature at 3.3

7‘\ Iﬂ()(it’lu 14

o




> process w il be stopped when the CPCS detects that all usable ice is burned.
should be held in reserve to optimize ice build during the next cyele

Peak Load (Base Load Chiller + High.Temp Glycol
Chiller + Ice Cooling)

e day temperature reaches towards its peak summer values and the cooling
| é:a close to maximum. the base load chiller, ice storage and glveol ¢ 'S
need to be utilized together to meet the needs of the building. Where
foad chiller is not available the [TES may operate in Peak Load mode with no

load chiller but further ITES modules will be needed to meet peak demand.

The pc&i\' demand will generally be a short period of the day. This should be met by
¢ the ice stored in the tanks combined with the operation of the ¢
. During Peak Load mode the glycol circulation volume will exceed the
<imum value that can be cooled by the three glycol chillers alone.

i v

- "1”6‘1\ The mL\ed g_wol w111 then be pamed through the
additional cooling to meet the load.

3.3) overleaf shows the proposed hydraulics flow within the

diagram (Figu
L1
i

[ circuit. Wh ‘1 controls operating on this mode of operation. the CthLd glveol

fia flows through the piping system as indicated in light purple color line of the
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o P d the maximum
value that can be co >‘ed bv hc thl ee gl yuol nllelq alom Tl‘i: additional cooling
I be achieved by warm givcol flow circulating through the ice tanks.

col volume will circulate through the bypass and mix wit

H b

cooled by the chillers and then be passed through the ice store in proportion as
uvired o monde additional cooling to meet the load. The Glvcol chillers set point
[ remain as 3.3°C.The HX pumps will be ramp up to maintain the chilled water

3y

req
wil
low Ium;ua ure. The primary glycol pumps will follow 105% of the HX p

vunies. The glyeol chillers will run at full capacity and cool the

rom the HX o the coolest temperature possible at full load.

mp
ulycol returning

%2
el

The chiller dedicated pumps will be run at full speed.

Any remaimnimg warm glveo
will be diverted through the de-coupler. The mixed condition before the glveo

primary pumps wiil be at a higher temperature than the chiller supply temperature
due to warm bypass flow through the de-coupler.

et

The 1ce burn process will be much faster with this w -"i‘“"larimm This
werate additional cooling and an increased ice burn rate. This draw down of
from the ice bank will supplement the chiller capacity and allow the ITES

cak load from the secondary ChW system.

xl cooled by the ice tanks will be at a much lower temperature (1°C) and this
be mixed with warm glycol tflow tlowing through the direct line by moduJa
¢s V-2 und V-3 1n proportion to achicve a resultant s_]yw! flow temperature of

The cooling load demand reduces as the main heat of
+1il reduce flow through the HX circuit.

1=

e surplus flow through the glyeol chiller bypass de-coupler will reduce and
Teretore the mixed glycol temperature and need for turther coolit ng through by the
e store will decrease. Eventually as demand falls the chillers will be able to meet
thie demand on their own.

when demand falls further the chillers will be unloaded in par"li ‘ ,
will run at set point. When the flow through the de-coupler indicates that there is
more than 110% of one chiller volume spare and thclcf( an excessive cooling
foad in the producton circuit the CPCS will subtract a chiller fi

i

i the systen.,

CS will anticipate peak demand based on internal prediction strategies and
Shange the mode to start the fast bum of the stored ice in the tanks. This \11} be
whicved by i:nzéti'—; g the following control procedures.

=



Yo

Al

Control procedures

Heat exchanger tsolation valves SV-1. 2. 3. and SV-4 will be opened.

V-1a valve will be opened by its local controls. V-la is closed to 1solate the
heat exchanger circuit from the rest of glycol circuit. This will prevent
glveol tflow to the heat exchangers when the heat exchanger cooling demand

is not operational.

V-1 valve will be modulated to maintain the entry glycol temperature at the
heat exchangers to set point (3.3C)

V-2 will be initially open.

V-3 will be mitially closed.

Glyceol heat exchanger pumps will run and the pump VED will be modulated
e

to maintain the temperature set point (4.4°C) for the ChW tlow
leaving the ChW side of the Heat exchanger.

cmperature

Glvyceol primary distribution pumps ramip up and run at 105% of the
set point of V5D of Heat exchanger pumps

[he pump % speeds will be determined by the PID loops within the CPCS

Dedicated glycol chiller shunt pumps will run and have their flow proven

g
S

Glyco!l chillers will run after proving the flow and checking ali
rOUtNCs.

Glveol chillers will be sent their set point from CPCS (3.3 °C)
Flow through the main glycol bypass and ice circuit will be monitored and
recorded

he Valve V-2 and V-3 will be modulated to maintain the resultant Hlow

L dl
- to 3.3 °C

]
()
”
~

cmperature  vartations  of s}at e supply  temperature  sensor and oreturn
aLlllpU"itu e sensot of the glycol secondary will be monitored and recorded.

The 1ce burn process will continue until all usable ice i the storage tanks
been melted or Peak Load Mode ends. Sufficient 1ce should be held i reserve
as calculated by the CPCS based on predicted weather conditions to optimize
e build during the next cycle of operation.




- Sequencing and staging of the chillers will be controlled to mantain a sk
surplus in the bypass line.

2.1.5 Ice Build (Base Load +Ice Build Operation)

4.0.5.0 Ice Build cycle

en the cooling demand can be met by the base load chiller alone and the ice
: ¢ banks have been depleted, the glycol chillers will tlien run to recharge th
e store. The CPCS will initiate Tce Build Mode at the most cfficient and
~conomical time during the night using historical and predictive data. Where the
o load chiller is not available the ITES may operate in Ice Build mode with no
» load chiller but another 1TES module will need to be enabled to meet any

ooling demand.

Vith a full-storage configuration. a building’s entire cooling load can be ql]i”ed 1o
seak hours to make best use of any cheap rate electrical tariffs and reduce the
strain on the local electrical infrastructure.

he glycol chiller only runs during off-peak “night time’ hours in order Lo store ice

' [l‘-e following day. During peak daytime hours. the b bullding’s umlmb 1$

d by the ice kW of refrigeration-hours stored withm the [ce storage tanks
1e night before.

CPCS will switch the ITES equipment into ice build mode. The tollowing
Zematic (Figure 3.4) shows the proposed hydraulic flows within the glycol circuit.
Vhile controls operating on this mode of operation, the chilled glycol media tlows
through the piping system as indicated in light biue color line of the figure.
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3.1.5.2 Control sequence

Valve V-1, V-1a and V-2 will be fully closed and V3 will be fully opened to allow
fow Tempuat ure Glycol to flow completely to the ice tanks bypassing Heat
cxchan

Glyeol chillers will be staged 1n based on the demand calcul alycol supply
%tc‘mpera ture monitored at Glycol Main Header. In tius sce n ario, the three ﬂl\wi
hill vill be considered as the production loop and the Tce tanks will be
considered as distribution loop. If the chillers are efficient m part load opera ‘
1= most economical to operate them with equal loading to build ice. The ¢
out of chillers will be primarily based on a temperature-based algorithim (t.e.
ng e of the ice tanks) in conjunction with hourly cstimate of

e 1ce storage,

L b

he ‘ontrol strategy also measures the harvesting process via the ice meters to

tl
sutficient ice has been luxlt before the CPCS stages out the glveol

The glveol chiller system pumps will be enabled first by the CPCS 1o initiate the
e build process. The CPCS will send sct pomts to the VSDs and o pL‘[ a
suttable number of pumps based on glycol flow to the ice tanks required. However
it should not be less than the minimum flow requirement ot the VSD. The nun*in
of chillers operated and maximum flow requirement to build ice are determined by
the CPCS based on temperature of the glycol in the ice tunk. Each glycol ch

il start with its dedicated pump and be staged on line to load itself based on Ihe
set point (-5.6C) assigned in the Ice build mode by the CPCS. The process will
continue loading the glveol chillers equally until the 1ce build 1s complete. The
kWh of refrigeration stored as ice will be caleulated by the CPCS which will ramp
Jdown the VSDs of the glycol pumps as per estimated KWh required to complete
e build process.

-
[g7)

»-..

{u. build will continuc until the Icaving temperature of the ice tanks approaches the
chiller leaving temperature long enough to ensure all ice has been ‘m’:i’!t The process
will be interrupted by Ice build meter alarms. Once ice build is complete, the glycol

1ary pumps will be ramped down to their minimum set point and chil 1 er pump
binations will be turned off., Four (4) ice inventory meters will be installed for

ITES module. Two ice meters will be installed for each of the two groups with
alled at first ice tank of the group and one installed in the last tank of the
croup as that shown in schematic diagram. The ice meter will automuUcally display

the tank ice inventory and will be electronically connected to the CPCS.

W




H

3.1.5.3 Start up Procedure

SV-1. 2. 3 and SV-4 will be fully closed to isolate heat exchangers trom the
1eat exchanger circuit.

W
UJ

J—

. Valve V-1 and V-la should be fully closed so isolating heat exchanger
cireutt

"

Hcat exchanger pumps are switched oft

-

. Valve V-3 should be fully opened, V-2 should be fully closed

. Primary glycol pumps VSD are sent the control specd set point and ramped
up

set pomt will be set to -5.6 C by the CPCS

: Chilier shunt pump is started

Chullers will be perform internal safety operational checks then start

- All chillers will be equally loaded and will be staged on atter flow is proven

. Flow volumes will be recorded by CPCS for its use in predictive
calculations

r the above start-up functions, the chillers that have been started will be
nd run continuously to perform the ice build operation. The ice build will
;;L':'z*:ug_\tc(:i by the CPCS when 1t has reached any of the tollowing conditions

Return glveol temperature from the Ice tanks is below sct point

lce harvesting meters register ice stores are full to capacity

&

G

seration u:qununu]t estimated to build 1ce 1s more than the current
TZeralion capucity

=

of staging out the chillers based on

t
glycol primary pumps VSD when the chil

Piacha




5.4 Shut down sequence

This procedure will be started by the CPCS initiating the following steps

Chitlers wiil be turned off

i,

Build plus Cool (Base Load Chiller + TLow Temp
Glycol Chiller)

ing night operation the glycol chillers are busy on ice build mode. However this
seess Will be interrupted by the CPCS 1f the primary ChW supply temperature
above 4.4 °C due to a demand rise in the main ChW distribution circuit. T his

iftes that base load chillers can no longer satisfy the cooling load alone

vVhere the base load chiller is not available the ITES may operate in lce Build Pus
Cool mode with no base load chiller it cooling demand is very small or being met
by another [TES module., This will be monitored by the CPCS and will activate its

ub control functions to provide additional cooling.

he following schematic diagram (Figure 3.5) shows the proposed hydraulics flow

aithin the glycol circuit. While controls opelatmg on this mode of operation
chilled elyeol media flows through the piping system as indicated in green color
lme of the figure.
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i.0.1 Control sequence

~atisty the cooling dc‘mand alone. CPC b \\'11} perform following opcration m ordcr
TOT ac ?16\1 ng 3.3 °C within the Heat Exchanger circuit and required ChW flow

5i based on the demand

Lllowing sequence will demonstrate the additional task that has to be carned
ij CPCS while the glyeol system is occupied with Iee build operation.

‘,:3‘
[¢¥

V-3 will be fully opened and V-2 will be tully closed continue to stay in t
nme status (current status of mode is Ice build)

ve V-la. will be opened and flow will be build up in the main line.

er pumps (VSD) will be controlled based on the ChW set point
caving ChW temperature of the Heat exchanger

col primary pumps will be ramped to achieve 5% uabove the speed of heat
hanger pumps speed.

veol flow temperature increases above 3.3 °C in the heat exchanger cireuit
the valve V-1 will be modulated based on thc glycol entry temperature at the
at exchangers and its set point.(3.3 °C)

¢ lyeol supply temperature to heat exchangers will be malntained (normally 3.3
mixing thc two glycol streams from the main distribution line (cold ».JyLuJ
he ice tanks) and re-circulated warm glycol leaving from the heat exchangers
ol

[AY
'
+1
L

4t 3-way valve (V-1). This valve control will be used to prevent the glvee
rature onto the heat exchanger falling below 2C.

i
|
L

ation "f chillers will be done by the CPCS based on the temperature
in

s at the main glycol supply header.

Chillers are running in ice build mode and continue to run

[

b

SV-1. 2.3 and 4 will be opened to flow through the heat exchangers

T L

e V-2 will continue to stay in off position and V-3 will continue to stay 1n
open position




Modul: tL V-1 to mix low temperature glycol (approximately between 1°C
) leaving from the ice tank with warm vlvml within the heat
e\;changer circuit to reach 3.3°C (Control Loop-A as sh 5

1w -2

own 1n Dagram 5.1)

»...

o Glycol heat exchanger pumps VSDs will be ramped based on the
temperature set point (4.4°C) and tlow temperature of leaving ChW of th
ChW sidc of the heat exchanger (Control Loop-B as shown in Diagram 5.1

Slyeol primary pumps ramp up to preset value and keep running 5%
speed than the sct point of VSDs of heat exchanger pumps

@
”/ oy

¢ The output of PID loop controlled variable (VSD speed) of the Loop-B has
sluwer response in time compared to the response of output of the PID

Loop-A controlled variable (Valve position) . This is called reactive responsc
on glyeol temperature and will be tuned on site during commissioning.

3.1.6.3 Mode Exit Procedures
The heat exchanger pump VSD will ramp down to match falling cooling demand.

When the VSD has reached minimum permitted frequency the VSD speed will be
fimited at that value.
ny further decrease in primary ChW cooling demand cannot be met by reducing
the volume of glycol supplied to the heat exchanger. A further decrease in cooling
{emand will be met by adjusting the base load chiller tlow temperature set point so
dhat the chiller cooling combined with the heat exchanger cooling results i the
corvect primary ChW supply temperature.

» base load chiller loading will be monitored by the CPCS. When thi
dropped low enough to provide sufticient spare basc load chiller capacity to replace

the remaining minimum residual glycol cooling, then the heat exchanger cooling
4

i1l be shut off without compromising the primary ChW flow temperature. The
S will revert to lee Build Mode operation.

fhen CPCS will initiate shut down procedures:

L

Base load chiller supply set point is reset to 4.4 °C

¢ Heat exchanger Pumps will be turned off

e VS-1.2. 3and 4 will be closed isolating heat exchangers



Chapter 4

Control Strategies for Sub Systems

o
h
[

System Control Strategies for Sub Systems

The various control elements of the sub systems are controlled independently to achieve
specific conditions as measured by sensors in the system. The principal elements are:

¢ (Control of heat exchanger mixing valve
¢ Control of heat exchanger circulation pumps
¢ Control of glycol and chilled water heat exchanger freeze protection (SV1 to 4)

» Control of ice Storage flow and bypass vales

L0

Control of glycol chillers and shunt pumps
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n
R

The CPCS will compute the best operational strategy to operate plant by
consulting its intelligent sub modules, such that computational algorithms.
recorded weather data, recorded previous operational conditions, models
derived based on latest weather updates and interactive operator inputs.

The Chilled water primary pump of the lead ITES module will be started
based on sequencer selection. Once the flow is established the ITES module
(base chiller) will be commanded to turn on by the CPCS.

The Base Load chiller set point will be communicated to the chiller controls
and to the Heat Exchanger controls by the CPCS.

The chiller will call for its shunt pump and once this and the primary pumps
establish tlow through the chiller, the base load chiller will be started.

If the Base Load chiller loading approaches maximum then the CPCS will
bring the glycol sub system on line to assist the base load chiller.

The base load chiller will be assisted by the heat exchangers to bring down
the cooling demand transferred to primary ChW from the secondary circuit.

The glycol sub system will be staged in with its relevant mode of operation
as commanded by the CPCS.

The ChW supply temperature for the primary circuit will be the major
control dynamic of the glycol sub system. The ChW temperature measured
at heat exchanger leaving leg (and its set point (4.44°C)) will control the
VSD of the heat exchanger pumps, thereby increasing flow in the heat

exchanger circuit. (Control LOOP B refer the diagram 5.1)

The varying of glycol flow through heat exchanger circuits might atfect the
glycol tempcrature at the entry of heat exchanger (3.3 °C). This will be
controlled by modulation of valve V-1 in the various different modes of

operations. The target is to keep the glycol temperature at a set point of 3.3
(')C.

The glycol chillers will be sequenced and started to maintain a small surplus
primary glycol flow compared with the secondary distribution based on the
glycol flow supply temperature and the return temperatures of the main
glycol headers and tlow sensor readings in the bypass pipe.

The automatic sequence routines also reside within the CPCS software.
Sequence order for the ITES modules will be computed on a weekly basis
and stored within the system. If there is any fault of either the base chiller or
heat exchanger system then the respective ITES module will be taken out of
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27.)

28.)

29.)

Theoretically if the system exactly satisfies the demand from the load then
there is no flow through the main by-pass line and it is recognized as
equilibrium stage of the system. In practical terms although his is the most
efficient state it 1s more ditficult to control in a real situation so the CPCS
will seek to maintain the smallest possible surplus flow through the by-pass
line consistent with good steady control.

If the system two-way valves close in the secondary circuit, and system is
operating more chillers than it is required, the excessive chilled water flow
will be diverted through the bypass to the primary system return line. This
causes the primary system return temperature to drop (T2 in the Diagram
2.1).

When the flow volume through the by pass is greater than 110% the flow
volume of one whole ITES module and the primary chilled water supply
temperature is achieving its set point (4.4°C) and the 1™ ITES is running
with minimum resources then CPCS will subtract the first lag ITES module
and the associated pumps. This threshold set point will be adjusted during
commissioning. The lag ITES module will be disabled from the CPCS. This
will ensure that the remaining ITES module(s) run with a small surplus flow
through de-coupler and chilled water supply temperature remains at its set
point.



Chapter 5

Analysis of Seasonal Load Demand Profile

5.1 Typical Seasonal Demand Profile
The graph below (Figure 5.1) shows the building load in a typical peak demand design day.

the estimated load profile is considered to be moderately consistent based on historical

duta recorded in this region of where the selected project located (Garden project in Middle
[

Cast).

However, in our design we require that the necessary adjustment and flexibility will be
mncluded in the specialist software to cope with the local impact of climate change.

In order to achieve this, the proposed system should include a load profile prediction
methodology. This will use multiple load estimate inputs, weather data records and the
actual load data from the previous day. This will require interactive operator input into the
control software.,

In order to optimize energy usage an ice storage system is proposed. The ice storage
strategy will ensure that the chillers and mechanical equipment are used in the most
etficient way and reduce the size of plant and electrical load to meet peak loads.
{he lce storage system proposed, provides the system with the principal method of dealing
with the peak load requirement of the building profile as illustrated in Figure 5.1
Figure 5.1 shows the distribution of loads in the primary production cycles.

e Light blue color (bottom) represents supply from base load chillers:

» Purple color (middle) the supply from glycol chillers

¢ Grey bars (top) cooling produced from stored ice

-0l -



University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt.ac.lk




Chapter 6

Results and Analysis

g
-
s
=

-u -
u—l

alysis and Conclus

;lj., primarily optimum operating strategy was proposed based on GA analvsis
fowing results were predicted based on load contour data analysis. By using
rs values predicted capacities Chiller operating COP were computed.

lyi

‘den and 1ts thermal load protile the following parameters estimated.

stal Chillers should be operated within the each ITES circuit =

» ot Base Chiller in each circuit to be operated =1
7 Glveol (low temperature chilled media) operated Chillers = 3

S i)

above parameters are being fixed with the mechanical system, the mechanical
could have completed its hydraulics piping and pumping system. The system
stmrcgwx that have to be implemented in order to control all above proposed
! omponent based on strategies defined is the next challenge in this project.

1o

ving 1 above optimization strategies based on the total capacity requirement of

voled Chiller Operating Characteristics Comparison

Amblen Efficiency
t Temp, | Medium | Capacity FFluid Temp. - COP Power
’ Leavin

- C kW Tons | Entering | g kW

30%

, Ethylene ) 5.9 EER -

a0 500 [ 49°C 0 Glyeol | 1107 315 [10C 333°C 1171 COP | 6463
, 100% 144 vC| 30 °C -
H9°C Twater [ 1120 319.0 | (58F) | (42 6161

o above optimization results and at the optimum level ot ambient condition 49°C
toral capacity by 5 nos of Glycol Chillers=3x1107
=3321 kW
Hed water chiller capacity (1 no.) 1120 kW
S Capacity oina 1 ITES cireuit = 4421 kW

&




ity required to malch the peak load =6958 kW (this is not possible wio 1ce)
almug 1ce bank capacity available capacity =25526 kWh
operation)

24 hour operation
co due to change of ambient condition)
city with 14 hour operation of Glycol
N s the pal't load %o ot the chiller

load based on sunulated load profile= 1.3x 8
hL Gmph k

0 hour mgl
capactty  with

of ChW. chiiler= 24x1309 kWh

= NxIx14x 1384k Wh {average)

3496 kWh (integral value)

3x83496 (30% deviation factor ot anticipated load)
= 10854

I glycol chillers are in operation.

a;@ﬂtml Jargon proposed will be limited to 2 in operation.

=0.89x2/3=0.59 (COP=1.7)

as per abo\-c table COP will be 1.71

cy)itall gl

3. and 1ts control procedures

1 following two table based on tactical and strate

total control structure suggested with above Chapter
imarized 11

euic controls,

BASE  LOAD CILYCOLE ICE TANKS PRIMARY  SECONDAR Vi-A VN
CHILERS & CHILLERS & GLYCOL PUMPS &
PLMPS PUMPS VEDS
(ICE
TANK)
PUMP
ifers ON. Parnal  N/A NA N/A N A NCA A A
foad, 344 C
chillers and  ON, Full Toad.  On, Partal Lead  Full OFF O (L3l o O
G440 chillers Maodubanng
edochillers. ONC Full load. Full load, lce Depleting  ON- ON- Modulating  OFF Vodulaung
344 C 330 Modulating  Moduluting
chillers and ON. Full load, OFF [ee Depleting ON- ON- Medulating  OFF  Moduluting
444 C Modulanng  Modulating
Sudlers and e OFF Full load. lce Depleting ON- ON- Modulating  OFF  MSodulating
PP Modulatimg  Modulanng
3.3C =
iy OFF OrtF lce Depleting ON- ON- Modulating  OFF Modulauny
Modualiong  Muodulatng
s only OFt Partial Load N'A OFF OFF ( ON
33C
whing with  OFF Full load. lee Making OXN- OFF Modulating Okt M
SaC Modulating
...... I OFF Full load. Tee Making ON OFF OFF FEOn
-36C

al Con

trol procedures



Provious

When (Strategy)

operating

Made

All chillers and ee tanks are OFF
niyow ity Base load chillers All umes, unless otherwise disabled for mamtenance or Major tuilure §
iy with Base load chillers and  If chiller base (Operating Mode 1) is unuble to provide enough cooling 1
s atter 10 Minutes (Adjustable). measured temperature 44 Con Ts
ool with Base doad ehillers. If eliller buse and Glyeol chillers (Operating Mexde 2y are unable w provide

enough cooling atler 10 Minutes { Adjustable). nhdsu\ed temperature 4.4 €
on Ts.

fne with Base load chillers and fee I Glveol chilfers are all faulty or disabled and  1E cluller hase (€
Made 111y unable

rovide enough cooling alter 16 Minutes (Ad
measured temperature 4.4 Con Ts,

with Glveol ehiflers, It chiiler base (Operating Mode 1) 1s disables or Jaulty . t

g with Glveot chillers and we It Base load chiller is faulty or disabled . 3

.z vooling with fee tanks only If ail Chillers are faulty or under maintenance. 0
ks and providing cooling with Glyeol It night time ( 10 Pm - 5 AM), and Glyeol chillers has spare capacity Sor2

Glveol ehillers It night time { 10 Pm - 5 AM),

e

3 Strategic Control Procedures

litional System Design Considerations

e CWP Dbasis of design was Trane Air-Cooled Chillers and Tracer Sumumit
“ul.‘l\’llell'[ of Energy Management System for the Chiller Plant Control Svsrem
(CPCS) but equal and approved offerings from other manufacturers may be usced to
eitver the same performance. Thermal Storage Tanks selection was based on
Imac ice tanks containing a spiral-wound. polyethyie lc -tube heat exchanger
urrounded with water which will store thermal energy by building for later use.

. vill operate automatically on a stand alone basis flow and
S erature measurements at the primary by-pass coupler to measure cooling

The CPCS will communicate full information on npemt'om modes
el !d 1g scnsor values, valve positions, ice store, chiller and pump data to the

BMS at system level,

CPCS will communicate with the Building Management System (BMS) via
vCnet/IP based on Ethernet CATS media networking or FT lwua I fibre optic

shared networks. This will reduce the costs that would otl*e wise be ncurred by
asing dedicated networks.

A the sub-system controls structures proposed are based on de-coupler svstem

mitecture, which will apply concurrent operations within the [TES and its

VArions



seaded Joops. The control software 1s alrcady available with many control
ware manutacturers. The supplier will need to configure them as per the
med svstem requirement and customize them with tailor made sub-routines and
e programs in order to achieve a fully ntegr ated functionality.

Che system hydraulics play a considerable role in the proposed arrangement of the

piping network and this will dictate any variation of control structure that has been
lined above. The different modes of operation within the CPCS and GCPCS
hould be elaborated by the specialist supplier in order to lay out the proposed
ontrol strategies in the appropriate sub routine modules.

VSD control of the heat exchangers pumps should be interlocked with the operation
isolagon valves SV-1 to SV-4

Jome complex processes will be controlled by nested P1D loops due to the multiple
ivnamies in the system. These PID loop controls will be prioritized and tuned based
W the relative reaction time of the controlled variable. The PID Toops wi il bhe
woperly tuned during commissioning based on the relative reaction times and
rocess delays of the various components and systems.
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