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Systen1 ControllV!odes 

3. i S:vsten1 Control J\tlodes of Operation 

Tr:cc :1-E:, Liipment and sub-systems need to operate in a number df modes in ,•rcler t(• 

ll1i' - '·.rh instantaneous and stored cooling capacity to that required by the chilled \\ate; 
, :: 1 ' , 1T "ystc·ms in tllC gardens and buildings. The modes of operatiOn itre explained i 11 

nt,<~, ~-r:til in this next section. T:.pical sequences used to match the demand profile:· \\ill 
h<=', .<d><ed 111 a later section. 

P' or operation arc: 

B,tse Load Chiller (Operation Only) 

, hiller Priorit~ (Base Load Chiller' \hd Temp Glycol Chiller C\kding) 

kt' Priority (Base LL1ad Chiller' lee Cooling) 

Peak Load (Base Load Chiller- High Temp Glycol Chiller-+- Ice Cuuling) 

Build (Base Luad Chiller-+- lee Build only) 

Ice Build plus Cooling (Base Load Chiller- Lrnv Temp Cilycol Chiller) 

,_,.I Base Load (Base Load Operation Only) 

, 1.is ~L~etwrio could occur on many occasions during winter and mid seas,;ns. in 
!::irly llnv external ambient conditions. when the building load is less than the 
,_.c,pd..:Jty pf the bast.: load chiller. 

~n ::-,summer season. this might also occur during early mornings typically sa_v 
';;;;tv, e.:n (l A:'vl to 7 A\:L 



. ! .l.l Control sequence 

:~_ ,1nlv cbilkr wl1icb will be operational in this mock is the Base Lc1ad Chilkr. 
'· ,::c.h slwuld be suttic1ent to ensure a supply of chilled water at a temper~tture llf 

t"t C'. 

'-' ~.cctmdary and tertiary Cll\V distribution circuit pumps will be modubtcd by 
;,,·:·· re~;pective VSDs. The ditlerential pressr1re sensor reading and "ysten~ 
1.:'r~rential pressure set point as measured during commissioning. will be t~cl 1r:. i.(l 

"''' lut'P and output will be relayed to VSD controller via the net\Vllrk. if there 
TiLdnpJc cirCLuts 111 each scgmenL the mi11'max valttes of a matrix of indJ\ldUd] 

, '"silrc sensor readings will be used to control the VSD pump speed. The prim:li) 
'; \Y n,,,\ around the lead ITES module primary circuit \vill be contwlkd t,; 

·;;luly exceed the f1ov.· in the secondary distribution circuit. 

.. c-t: the CPCS deCldes tu enable a new rtES nwdule due tn an in(Te~t~ed 

::',>,nciJry load, it will first start by initiating the appropriate combination (\r 
T·1~:ry Ch \V pumps and then ramp up to the speed set pomt dc:tennined by the 
>C' :.tnd tr~tnsferrcd via the CPCS network to the appropriate Ch \Y pump VS D. 

·· w l\\ o primary pumps within an ITES will be operated to pruvide Ch \V through 
, :>r~'du-..:tion c1rcuit and maintain a slight surplus f1ow through the primary Ch \V 

p1pc. The pnmary circulatwn pumps can be operated, when required. in ~~ 
run one sunllby combination. Only a single pump will be enabled durir;_:.: l:Lse 

\lode when only the base load chiller system is operating. 

\\,' erimary circulation J)Ul11j)S \Vill be en~tblcd when tb: TTES system uplT:ncs in 
l. ., "- r -

.tc:' \ ~triOL~s modes that require the base load chiller plus _:.:lycol heat e\clungcr 
... "·lm,::.. The 3rcl pump in the sequence will operate only in the standby mode \vhen 

•1ury pump has biled. The lead, first lag and standby pumps slKluld be rutat<:'d 
L'll a wt.:ckly schedule. Once tl1c primary ChW flcl\\ has been proved. the bzlse 

chiller will initiate its own integral start-up sequence by bringing its dc'dicat<:'d 
:nt pump on line. The chiller will load up using its internal loaclin~ mecha!ii;;m 

un a set puint requirement ( 4..t4C). 

·h~1se load chiller only' mode, the CPCS \\ill command the Clyclll "uh 
. :'lelr: to be ~)tT line along with its associated peripherals {pumps, chillers and 
,., .. c~, L The Base Luad chiller wiil be started and stupped and euntrulled in 
.; ill::ethm \\Jth its assuciated individual shuut pump tu maintain tlJL' priman \\ 
. \'. :ctnperature sd point during varymg volume demands hom the seclnhbr\ 
;rn>~ttwn circuits. Once it is enabled b;,. the CPCS. the chiller perfon::c: ns 

nuuse keeping routine and communicates to the CPCS \\ hether chiller ts 

' to start. 



·· ::c chiller shunt pump tlow volume will be controlled within the m::t\.imum and 
· :1unum values IYhich are allowable bv the chilier chaLH.:t.:risrics. 

, , .c C !'CS also perti.>nns the ti:Jllo\ving operations: 

<> Run Ch\V primary pump to maintain slight surplus in Ch'v\' byp::~ss tltw; 
::;ens or. 

• If the lead primary pump fails to stan then start the next in sequence 
(Standby). 

,. Request chiller healthy st1tus (safety check procedure) ti·um ch1! k:· 
control moduk 

• lf tl1e Chiller has htult alam1s (auto reset or manual reset) which still arc 
cunent the CPCS marks the chiller as hulty and imtiates the appropnate 
ul vcol HX coolinu mode. See sections below. 
~ . '-

$ lf chiller healthy, stan-up chiller shunt pump ( VSD) \'ia local C<Jntrol 
and then ramp its speed to preset value 

., Prove the tlow through the chiller 
• Continn closed position of SV-L 2. 3 and SV--+ v::thes (Anti-freeze 

protection of the Heat exchanger) 
• Bring the base load chiller into operation by st::u1ing its o\vn dedicated 

pmnp 

PCS \Yillmonitor trends and log as fol!O\VS 

• Ch'v\' supply tluw temperature. measured after the main hy pass of ~tll 
the secondary Ch \V circuits 

• Flow measurement data for the secondary Ch \V system 
,. Ch W retum tlovv temperature. measured before the m~lin hy pas::; of ell l 

the secondarv Ch \V circuits 
• Dat1 ti:ll· power consumption within the chiller 
• Alam1s produced by the chiller control module. 

, ::c C PCS will continually monitor the chilled \Vater supply temperaTUre and note 
·~ :·~:Je of change. The CPCS will munitor the base chiller loading. 

" the chiller approaches full load 
"' tb:: supply Ch\V temperature is greater than 4.-+ ''C by mure than cl 

nt a degree h1r more than pre-programmed time pe1iocl ot time 

. :en the CPCS wdl enable the as:-::ociated lTES glycol sub-system. ln otheT \\i..lrl'c· 

-~'-· dcm:t11d has increased to a level where the base k1ctd chiller canntn meet 
.c'llt~ilhl alone and the glycol sub system will be enabled and primed. The CPCS 
· !i sekct the nwst appropriate mode of operation for the glycol suh system basecl 

:~:t' ~lvJtlable internal strategies. This \Vill enable the CPCS tu m~nch the 



,dh:rcd levels of the cooling demand pro±ile computed wnhin CPCS and the most 
·rii~._·ient use of the rest of the. See next sections for details. 

~ 1.2 ChiHer Priority (Base load Chiller--;- i'vfid Temp Glycol 
Chiller Cooling) 

" ~he Base load chiller does not have enough capacity to keep control of leaving 
i; \\' temperature ( 4.4"C) on its own the lTES can go into Chiller Priority or lee 
. :,lrity mode. 

,., ::ere the base load chiller is not available the ITES may operate in Chiller Priority 
alone with no base load chiller. The CPCS vvill calculate the most apprupri~1te 
_::J\C;1 the \arious data a\ailabk. Chiller Priurit) \\ill be '>L·k,_ \\h~,.·1: !Jl•h~ 

, II uprLlk. 

-,r ~xarnp1e: 

When luad increases above the base load chiller capacity during a summer 
morning but the CPCS calculates that stored ice must be retained t\1r peak 
lo:id coverage for later in the day. 
in the evening after completion of the ice burn cooling. 

:!, the scenario where glycol chillers are needed, the CPCS will switch the glyc(1l 
ndkrs on to ·Chiller Priurity' mode \Yith a supply temperature (3.3 ''Cl \\hich will 
;fiill th,: cooling load requirements of the system. This mccub the ice swr~t~:~..· J'. 

btnl and supplementary cooling is proYided directly by the glyc\)] chiller. 

tl_\lluwing schematic diagram (Figure 3.1) shows the proposed hydr~wlic thm 
· 1111111 the glycol c1rcuit. \Vhile controls operating on this mock of operation. rhc 

... ,ikd glycol media tlows through the piping system as inchcated in light brown 
, dnr line of the t1gure. 
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Figure 3.1 Glycol flow through the Circuit when Chiller Priority Mode 



.i.1.2.1 Control sequence 

T·:t:' Ba:::<::: lodd chiller \\ill be running at full capacity. The glvcnl :::ystem sh,•uld he 

>p-:-rated when the base load chiller approaches full capacity. The heat exchanger 
~~ivcnl circuit operatt-"S under a variable supply volume. constant supply temperature 
rr:1tegy to maintain the Ch W Sllpply temperature set point. The valve ctmtro]~, are 
'!·•eLJted to ensure a steady 3.3 C of supply temperature '1f glyc,)l into the heat 
~\..:·hanger. The CPCS will put the glycol chillers into medium temperature cuuling: 
·~,,,:....·.with rhe chiller supply set points adjusting to 3.3 "C. 

'd;;rt-up operation ofthe glycol chillers: 

V ~il vc V -l. V -1 a and V -2 will be fully opened 

I-Icat C.\.~hanger Iso1ati~Jn valve:::; S\/"-1., :: .. 3 .. and S\7-=f \\-ill be (lpened 

\·a] vt: V -:. \vill be fully dosed tL1 prevent tlow to the icc ta11ks 

Glycnl primary pumps are snft started to preset \Cilue 

Heat exchanger pumps will be modulated based on the Ch\V leaving 
tcTnper::nure ofCh\V side ofthe heat exchangers (set point tc.: 4.-+4C) 

VSDs of glycol primary pumps \vill be controlled up to slightly exceed {min 
5°o above) the speed of heat exchanger pumps and 0 u speed will be 
ca1cubted by the PID lnop as in the commanded hy CPCS 

Dedicated Glycol Chiller shunt pumps will be started and f1o\Y proven 

(Jiycul chillers will be started atter proving the tlcl\\ and all other internal 
safety routines 

Chiller will be sent its set point of3.3C from the CPCS 

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

1 ernp...:raturc variations of system measured by the supply temperature 
:;ensor and rerum temperature sensor \vill be monitored and recorded. 

~·quen.cing and staging of the chillers will be controlled to maintain a slight surplus 
:. rhc bypass line. When cuoling demand from the building blls the lag gly..::ul 
... :::ers are sequenced out until only •me chiller i::: :~dc·qu;ne tu med the co! 

•lm::: demand. 



.L ·-·~ St:quence of operation of Glycol Chillers on Chiller Priority Mode 

iri,-,n (lf Clycol Chillers 

\Vbcn the glycol system is enabled hom the CPCS the t1rst chiller in the 
sellUence will be started after first checking all the safeties interlocks. The 
next glycol chiller will be added based on maintaining the hypas:; n,)\\ 1n the 
main glycol chiller bypass. This will be calculated by using the \'<1riuus tlO\\ 

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

If the by pass t1mv reduces to less than the 5'?·o of pre-determined le\·d (if 

one glycol chiller flow then the priority chiller in the sequence will be added. 
This will prevent the system operating in negative tlow :md potentl<tll:v 
lnsing system temperature control. The same prncedure \\ill be repe<Hed 
until all the glycol chillers are enabled by the CPCS. 

">uhtr:tcting of C!lvcol Chiller 

If the sy::;km glycol supply temperature is satisfied and system bypasc: :low 
through the de~ coupler is greater than 110% of nominal fJow of one g1 ycul 
chiller the CPCS "subtract request" sottware tlag will becomes acti\ e. Thh 
ensures that glycol chiller is disabled as soon as fx1c:sible for efficienc,. 
while ensuring that the glycol system will continue to oper~tte \Yith a 
positive t1ow in the de-coupler 

The beat e_\.clwnger pump will ramp clown to minimum speed to matd1 the 
blling cooling demand. When the VSD has reached the minimum penninc:d 
frequency. the VSD speed will be limited at that value. Any furtl1er dc'-'rc~h'-' 
in cooling demand will be matched by adjusting: the base lllad chiller tl<l\\ 

temperature set point. 

\Vhen tl1c cl1iller loading (as monitored by the CPCS) has dropped low 
enough that there is sutticient spare base load chiller capacity to allmY shut 
,:;fl of the minimum residual glycol cooling. witlwut comprrnni:;i:1g the: 
primary Ch\\' t1o\v temperature. then the ITES wiil re\·en to Base Lo~:d 
\!lode operation. 



",!iut down of Chiller Priorit~' operation 

't;;~; \Vlli tmtlate the f(11lowing procc>dures within the control algonrhm 

I; the demand continues to hdls. smgle base load chiller operarion is the onlv 
''bsibility th::1t remains. 

last glycol chiller in operation will be s\vitchcd otf aJ-lcr clJ('cking its s~tli:t\ 
:\-~Ull~1CS 

chiller dedicated pump will be switched otf 

~ P:,tmdry Glycol pump VFD will be regulated to its min preset value and svvitch<:'d 
··tf 

:--::e~n Exchanger pump VFD will be regulated to its min preset value and S\\ itched 
I >Tf 

2Jlthe associ~1tecl vah es will be closed 



3.1.3 lee Priority (Base Load Chiller+ lee CoolingJ 

lftlh::: Base load chiller cannot keep control of leaving ChW temperature (4.-t''C) on 
;~', \)\\11 the ITES can go mto Chiller Priority or Ice Priority mode. \\:here the base 
i.'~:d <..?hiller is nut av:.1ilable the ITES may operate in Ice Priurity mode 'Xith no base 
.. ,!d ~_·l1iller. 

i:1e CPCS will calculate the most appropriate mode given the\ ari~_1us data available. 
t')" e~ample Ice Priority \Yill be selected as load increases above base load chiller 
,_.:,pacity during a \vinter or mid season morning. when stored ice need not b..: 
rc:uined for peak load coverage later in the day. lee Priority could he also is used to 

meet (\1oling demands greater than base load but smaller than can he met by Chiller 
?riurity \\·here the chiller is running at minimum volume. In lee Prioritv i\tode rl:e 

lllctd chiller will be running at full capacity. 

~hwd system should be operated when the base load chiller approache'> full 
,~'.J)ncny. The heat exchanger glycol circuit operates under a vanable t1ow volume. 
~ '!Etanr t1ow temperature strategy to maintain the Ch W f1ow temperature set point. 
l he valve controls are operated to ensure a steady 3.3 C of supply tlow temperature 

~ vc,-,l into the heat exchanger. 

·.s nwdc the CPCS will control the [TES to burn swrcd icc Lhing the ncar gctL!1 

rcc;_m1ed ti-om the heat exchangers. The glycol circulatwn pu:nped through the He~t: 
::::"-:hangers will cany this heat to the ice tanks via the glycol pnmar:-, clistrihuti,,n 
pumps. Glycol chiilers vvill not be permitted to operate in this mode of uperation. 

aim of the control strategy will be to ensure that as much icc as possible \\ill be 
L.:,cd hd~Jre the end of the day ami converted by the system in urder to pHl\JCk 

,:u:Ticient cooling to meet the demand. This process will be iniuatecl by c:;tarting: the 
~:iy-:ul system HX <md circulation pumps and switching to a preset value of speed. 
T !1,: cl1illcrs will be clisablccl by the CPCS. Enough stored icc must be retained fi1r J 

P• •"sihk subsequent peak load which might exceed the chiller capacity. 

Tb: schematic (Figure 3.2) overleaf shows the proposed hydraulics t1uw vvithin the 
,:!ycu] circuit \Vhile controls operating on tl1is mode of operation. the chilled glycol 
t1•edia tlow~ through the piping system as indicated in light amber color line' d the 
;1c.::ure. 
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Figure 3.2 Glycol flow through the Circuit when Ice Priority Mode 



u.J.l Control sequence 

~-lc Clyccll primary pumps (VFD) will be C(ll1trolled to m~11ntatn the posirin: tln'' 
~· ·nditin:l across the bypass of heat exchanger circuit. 

propurtions of glycol supplied ti·om the ice tanks and return \vann glycol tkm· 
'"m the heat exchanger must he controlled to reach the mixed tempe:·ature (3J'~Cl 
' :he entry of heat exchangers. 

,_,- :nnrk mostl) occurs during the winter smce the coolmg demand dr:nng the 
- ~n!lc;Ickrably lower and will not require peetk load within a specJt)ecltime penc,ci. 

; i 1C CPCS system will follow the start up procedure 

::x -1. :2. 3 :md 4 \'>ill be opened to tkm through the Heat Exchangers 

Valve V-l will modulate to maintain 3.3°C to the beat c\changcrs 

\'.:live V-2 initiJlly fully closed 

Valve V -3 is initially fully opened 

Glycol Heat exchanger pumps initiate operation and VFD will be ramped up 
based on the temperature set point ( -1-..f°C) and tlow temperature of lea>:mg 
ChW nfthe Ch\V side oftht: Heat exchanger 

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

lhe mt'~ed tlow temperature. after the rnixing point of glycol main line and 
H.:e circuit should be contrdled to 3.3"C. This \\ill be achie,eci lw 
modulating valves \' ~2 ( vvarm glycol returning from the Hear Exch,mge:·) 
nnd V-3 (cold glyc(1] received hom kc tanks) oppositely ~!l1d 

proportinnately. This \vill allow glycol to flow through the ice tanks to c~m:;~· 

ice burning and maintain the glycol loop temperature at the design value ,1f 
3.JC 

i1c> :,;lyct1l ch1lkrs and their dedicated pumps will be kept off during the· 
,. \1o..:le ,,f nperati\~111. Therefore l'.Cl chiller sequencing\\ Ill take place. 

l .. , 
h-..-'-

~ ~-,•ill ~~lvc,,J tluwing out from the ice tanks may als(1 ht\t' hl be ~_:pntrulJ 

. irhn :he he~iT ex.ch~mger circuit to its set point. This 1l be dl'Ile' b} l11lJdubti:1g 

.l "\-- 1 tc, maintain the glycol supply temperature at 3.::;c. 



pruccss will be stopped when the CPCS detects that all us:.:tblc ice is burned. 
'-uttlctent ice should be held in reserve to optimize ice build during the next cycle 

, 'licr~ttlon. 

3,1..+ Peak Load (Base Load Chiller + High.Ten1p Glvcol 
Chiller--:- Ice Cooling) 

\\'hen the day temperature reaches towards its peak summer values and the cooling 
i:o close to maximum. the base load chiller. ice stor:1ge and glycol chdk:·c, 
ne~.Cd to be utilized together to meet the needs of the building. \\here th:: 

'~"'e t()ud clnlkr is not ~tvailahle the !TES may operate in Peak Load mode with liu 
·,c1~c k•~td chiller but further ITES modules will be needed to meet peak demar:d. 

1 be peak demand will generally be a short period of the day. This should be met by 
>t:ming the ice stored in the tanks combined with the nperation of the glycol 
~hillers. During Peak Load mode the glycol circulation volume \\ill exceed the 
T:ximum value that can be cooled by the three glycol chillers :1lone. 

i ilc 'cllll1I1lS glycol volume will circulate through the bypass and mix with the !:!hcui 
_, ,, the chillers. The mixed glycol will then be passed thrcnJfd1 the ice ;;:,,re Js 

: c,juir.:d hl pro\·ide additional cooling to meet the load. 

diagram (Figure 3.3) overleaf shows the proposed hydraulics tlo\v \\ithin the 
:.:1 circuit. \Vhile controls operating on this mode of operation. the chilled glycl1l 
';cui:t ±1ows through the piping system as indicated in light purple color line of the 

n ~·urc. 
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outrol sequence 

i)urmf: Peak Load mode: the glycol circulation volume will exceed the maximum 
.due that can be cooled by the three glycol chillers alone. This aclditiPnal cuuling 

., dl achieved by warm glycol tlow circulating through the ice tanks. 

us glyc.:1l volume vvill circulate through the bypass ~mel 1nix with tlk· gl: 
,ddlc·d by the chillers and then be passed through the ice store in propurtion ~ts 

:·cquired to proVlde additional cooling to meet the load. The Glycol chillers set point 
will remain as 3.Y'C.The HX pumps will be ramp up to maintain the chilled wmer 
:1,)\\ temperature. Tbe primary glycol pumps will tc)llow l 05"o of the HX pump 
· •!limes. The glycol chillers will run at full capacity and Cllol the glyc.:>l rdnmmg 
:,nn the HX to the coolest temperature possible at full h>ad. 

chiller dedicated pumps will be run at full speed. Any r(·nnining w~trm glyclll 
,, Ill he diverted through the de-cuupler. The mixed condniun bet\1re the glycol 
;~,r;mary pumps will be at a higher temperature than the chiller supply temperature 
,

1ue tu warm bypass t1ow through the de-coupler. 

; he ice burn pmcess vvill be much bster with this wann glycol .::ir~.,.·Lilatiun. Thi--, 
" dl ~enerme additional cooling and an increased ice burn rate. This draw d\l\\ n l'r 
·uulin:;: from the ice bank will supplement the chiller capacity and allow the ITES 

T:cet the peak load ti·om the secondary ChW system. 

\..J;) col cooled by the ice tanks will be at a much lower temperature U cc) and this 
'' ;;; iJe mixed \Yith warm glycol f1ow f1owing through the direct line by modulating 
.. tlh·s V -2 and V -~ in proportion to acl1ievc cl resultant glyClll illl\\' tcnlplT~ttu,.~.,.· 
: ' C. The ('Polmg load demand reduces as the main he<-tt (Jf the 
.\ dl reduce ilcnv through the HX circuit. 

pa:=.~e~. r 111:---

:~c :-,urplus t1ow tllrough the glycol chiller bypass de-coupler will reduce ~llld 

i.eret\1re the mixed glycol temperature and need for further coc•ling through l>y the 
;..:·e stnre will decrease. Eventually as demand L1lls the chillers will be able to meet 
ti;.e demand on their own. 

\\ !1en demand h11ls further the chillers will he unloaded in petr:dld hen the pcmT'c: 
\\ill run at set point. \Vhen the t1ow through the de-coupler indicates that lhere is 
_-:-::,:·;;' than ll U0 n of une chiller volume spare and therefore an excessive CUll lin;; 
·'dl! i1: the productinn circuit the CPCS will subtract a chiller Ji·um tiJc systCJI! .. 

;;1e CPCS will anticipate peak demand based on internal prediction straregtes and 
. :m~:;:e the nwde to suut the fast burn of the stored ice in the tanks. This \\ill be 
·' !1ic\ d by i1~itiming the fiJllowing control procedures. 



~A. l.l Control procedures 

Hem e_\.changer isolation valves SV-L :.2. 3. and SV-·t will he opened 

V-la valve \vill be opened by its local controls_ V-la 1~ chJsccl to JSnlar\.: til\.: 

heat exchzmger circuit hom the rest of glycol circuiL This will pre' <:'lot 
glycol t1ow to the heat exchangers when the heat e;-,.changer co,-ding demand 
i::, not operational. 

V-I valve \\ill be modulated to maintain the entry glycol temperature m the 
heat exchangers to set point (3.3C) 

V __ ),will be initially open. 

\'-?''ill h.;: initia11v closed. 

Glycol heat exchanger pumps will run and the pump VFD will be modulated 
to maintain the temperature set point (-lA°C) for the Ch\V tlow temperature 
leaving the Ch\V side of the Heat exchanger. 

Glycol primary distribution pumps ramp up and run at l 05'~·o (lf the' ariabk· 
set puint of VSD of Heat exchanger pumps 

The pump u ,, speeds will be determined by the P ID luops within the CPCS 

Dedicated glycol chiller shunt pumps will run and ha,·e their tlow pnn-en 

Clycoi chillers \\ill run after proving the t1ow and checking :Jll saktv 
wutincs. 

Glycol chillers will be sent their set point fr~m1 CPCS (3.3 C) 

,. Flow through tbe main glycol bypass and ice circuit will be monitored and 
recorded 

~ The Valve V-2 and V-3 will be modulated to maintain the resultant J:l(m 
temperature to 3.3 °C. 

Temperature v~triati<Jns of syskm supply temperature S(TlS\ 'r and rdurll 
temperature sensor of the glycol secondary w!ll be monitored and recorded. 

Tl:e 1ce burn process will continue until all usable ice in the srorage r~mks 
been melted or Peak Load I\~1ode ends. Sufficient ice should be held in n-.::--cn c 
L"' calculated by the CPCS based on predicted vveather conditwns t<l opnmize 
:ce build during the ne,\.t cycle of operation. 



s,:...[Ucncing and staging of the chillers will be controlled w maintain a sli1..~l1t 
-;urplus in the bypass hne. 

3.1.5 Ice Build (Base Load+ Ice Build C)peration) 

\.1.5.1 Ice Build cycle 

c\ :·teTl th-: cGoling demand can be met by the base load chiller alone and the ice 
. ruragc- banks have been depleted. the glycol chillers vvill then run w recharge the 
\2C swre. The CPCS will initiate Ice Build Mode at the most ct11cient and 
·,:,nHnnical time durmg the night using historical and predictive data. Where the 
'che luad chiller is not available the lTES may operate 111 lee Build nKJCie \\ith iW 

·;:•-,,: luad chiiler but another ITES module will need to be enabled to meet an\· 

~·Hdin~' demand. 

\\.ith a full-storage contlguration. a building's entire cooling h1ad can be sbiil:ed tn 

,,:}-peak hours to make best use of any cheap rate electrical tariffs and reduce the 

•;rr:cin on the local electrical infrastructure . 

. e glycol chiller only runs during otT-peak ·night time· hours in order tc1 stnl·e i..::e 
'' use the following day. During peak daytime hours. the building's ClHlling b 

' ,,\ ickd by the ice ~W of rdiigeration-bours stored within the lee stor~1gc , 

,:t:nn.:; the night betc1re. 

T'-ie CPCS \vill switch the lTES equipment into ice build mode. The folluwin.:; 
,chcmatic (Figure 3.4) sl1ows the proposed hydraulic flows within the glycol circuit. 
\\ hile controls operating on this mode of operation. the chilled glycol media t]O\\S 

t:u\>ugh the piping system as indicated in light blue color line of the figure. 
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~.1.5.2 Control sequence 

\':1hc V-1. V-la and V-2 ''ill be fully ck1sed and V3 will he fully opened to alkl\\ 
:,1\\ temperature Glycol to t1ovv completely to the ice tanks bypassmg Hem 
"\ l: h ~m gers. 

(dycol chillers will be staged in based on the demand calcuLlted by glycol '-upply 
t.:mperature monitored at Glycol Main Header. In this scenario, the three glyc~1[ 
d;illers will be considered as the production loop and the Tee tanks will b~_: 

,_:,;nsidered as distribution loop. lfthe chillers are efficient in part ltlad operation. 1t 
:.'· mos1 economical to operate them with equal loading to build ice. The qaging 
uur ,Jf chillers will be primarily based on a temperature-based algorithm ( t.e. 

k~t\mg temperature of the icc tanks) in conjunction \Vith h-:•urlv c.;,tim;n-.:· (lf 

them1al c~torc m the Jce storage. 

The contwl strategy also measures the harvesting process via the ice meters tu 
~·'~'nfirm that sutTicicnt ice has been built oet(Jrc the CPCS stages out the glycc1l 
' "1' ·-~l~t ters. 

Th'-" glycol chiller system pumps will be enabled first by the CPCS to imtiate rhe 
t'-'~· build process. Tl1e CPCS will send set points to the VSDs and uperale ~' 
,Liltahle number of pumps based on glycol tlow to the ice tanks required. I-h•\vc\ er 
i1 slwuld not he less than the minimum flow requirement of the VSD. The number 
uf chillers operated and maximum t1ow requirement to build ice are determined by 

CPCS based on temperature of tbe glycol in the icc tank. Each glycol chiller 
xdl c~tart with its dedicated pump and be staged on line to load itselfbased nn the 
~et point (-5.6C) assigned in the Ice build mncle by the CPCS. The proce'-:' \\ill 
.... ·nminue loading the glycol chillers equally until the tee build is complete. The 
k\\ h t,f refrigeration stored as ice will be calculated by the CPCS which will ramp 
,_,ll\\11 the VSDs of the glyct1l pumps as per estimated k\Vh required tn dnnplete 

the ice build prnc~ss. 

lee build will continue until the leaving temperature of the icc tanks apprc1~lchcs the 
'-.idler leaving temperature long enough to en~ure all ice has been built. The Jll\lcec:c: 
\<. L, interrupted by Ice build meter ::t!anns. Once ice build is complete. the glyc·nl 
:·r::r .. Jry pumps vYill be ramped down to their minimum set point anJ chilkr pump 
,·,~·rT;binatiuns will be tumccl off Four (4) ice inventory meters will be installed t{Jr 

LLh ITES module. Two ice meters will be installed f(n· each ofthe tvvtl g-roup:; \virh 
.. c: in::talled at first ice tank of the group and (1ne installed in the last tank ,)f the 

,~wup as that shown in schematic diagram. The ice m~ter will automatically display 
;:1c tank icc inventory and will be electronically connected w the CPCS. 



].l.5.3 Start up Procedure 

SV-l. :::. 3 and SV--1- will be fully closed to isolate heat e.~changers frcn:1 the 
heat exchanger circuit. 

Valve V-1 and V-1a should he fully closed so isolating heat exchanger 
circuit 

Heat exchanger pumps arc switched off 

Vahe V-3 should be fully opened, V-2 should be fully closed 

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

Chillers set point vvill be set to -5.6 C by the CPCS 

Chiller shunt pump is started 

Chillers will be perform internal safety operational checks then stan 

All chillers will be equally loaded and will be staged un atter tlow IS proven 

Flow volumes will be recorded by CPCS for its use in predicti\ e 
calculations 

rhe abtwe stan-up functions, the chiliers that have been stane~_i \'-·ili iJe 
;,1aded and run continuously to perfonn the icc build operation. The ice build will 

__ , -:: liPted by the CPCS Yvhen it has reached any of the t(_1Jlowing cnnditions 

Return glycol temperature from the Ice tanks is below set point 

Ice harvesting meters register ice stores are full W capacity 

The refrigeration requirement estimated to build ice is more than the currcm 
spare reti·1geration capacity 

sonwarc will be capable of staging out tbc cl1illcrs based l•n the ~tbn\1..-' 

,~, aiso ramping down the glycol primary pumps VSD when the chdlcrs are 
~- ,_, 'l fl-, 



3.1.5.4 Shut down sequence 

:!11:> pr(JCedure will he stmied hy the CPCS initiating the t(1llo\ving steps 

Chiller:-. will be turned off 

,. Dc:dtcated shunt pumps disabled after associated chillers are off 

All the primary glycol distribution pumps will be shut clown 

3. 1.6 Ice Build plus Cool (Base Load Chiller---:-- Low Temp. 
Glycol Chiller) 

:n~ night operation the glycol chillers are busy on i..:e build mode. 1-I<)\\-t\ (T rhi~

",,<.:cc;s will be intcnuptecl by the CPCS if the primary ChW supply temperature 
:··~c" above-+..+ ''C due to a demand rise in the mam Ch\V distribution circun. 

1!es that base load chillers can no longer satisfy the cooling load alone. 

\ ht:rc the base load chiller is not available the ITES may operate in lee Build Pus 
( uul mode with no base load chiller if cooling demand is very small or being met 

another ITES module. This will be monitored by the CPCS and will acti\ ate it::: 
~In cumro l functions to provide acldition[tl cooling. 

t(,llo\Vl11f!: schematic diagram (Figure 3.5) shows the propcJc;cd hydraulic:- tltm 
'- :tllm the glycol circuit \Vhile controls ~)perating on this mode of operati,;n. the 
. ilillec! glycol media ±lows through the piping system as indicated in green c~1lur 
! m.: uf the figure. 
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, 1.6.1 Control sequence 

the night time ice build mode of operation if the primary Ch \V suppl: 
-~nq'erclture raises above 4.44:C this signifies that base load chiller can no longer 
,tusr'y th~ cooling demand alone. CPCS \\ill perfom1 follo\ving operation m order 
,,,. achieving 3.3 oc within the Heat Exchanger circuit and required ChVv' tlovv 
·;·dition based on the demand 

:, wllowing sequence will demonstrate th~ additional task that lw~ to be c~trncd 
CPCS while the glycol system is occupied -vvith lee hulld ,,perati,1n 

,d' c V -3 will be fully opened and V -2 will be fully closed continue to stay m the 
:me swtus (current status of n10de is lee build) 

Jh e V- L1. \\ill be opened and tl(nv \vill be build up in the main line. 

,;: he~1t exchanger pumps (VSD) will be controlled based on the Ch\V set ptllnt 

1. f ''C) and the Lea\ing ChW temperature ofthe Heat exchanger. 

ht.:ul primary pumps will be ramped to achieve 5°'o above the sp~ed of heat 
:\c:i<~mger pumps speed. 

glycol t1o\Y tempemture increases aboYe 3.3 "C in the he~1t exchanger ~c':rcuir 
1u1 rl1c valve V-1 will be modulated based on the glycol entry temperature at the 

-,L~lt e.\-..:hangers and its set point.(3.3 ''C) 

-l·;:e glycol supply temperature to heat exchangers will be maintained (n<Jrmally .~.3 
· ; by mixing th~ two glycol streams from the main distribution line l C(•ld glycul 

rr-n11 the ice tanks) and re-circulated wam1 glycol lea\ ing: hom the heat exchangers 
_, _:,_,u~ valve (V-l). This valve control will be used tel prevent the g:lyctll 
-~mpermure ,)mo the heat exchanger falling belovv 2C. 

Oj>eration of chillers will be done by the CPCS ba~ed on the tempeuture 
, :tang:es at the main glycol supply header. 

.'.1.6.2 Start up Procedures 

~ Chiller::. are running in ice build mode and continue tll run 

" S\--1. 2. 3 and 4 will he opened to t1ow through the heat exchangers 

"' \-2 wlll cllntinue t(J stay in off position and V-3 will contince tu std\ 111 

open position 



~ Vlodulatc V-1 to mix low temperature; glycol (approximately bcm.::cu I ~c 
t(J -2.2~C) leavme: from the ice tank with warm e:lvcol within the heat 

~ --
exchanger circuit to reach 3.3°C (Control Loop-A <1s shown m Diagram 5.1) 

., Glycol heat exchanger pumps VSDs \vill he ramped based un the 
temperature set point (4.-tC) and tlow temperature of ka\·ing Ch\\' uf 
Ch\V sick of the heat exchanger (Control Loop-Bas shown in Diagram 5 l l 

.. Glycol primary pumps ramp up w preset value and keep running 5",, higher 
speed than the sd point ofVSDs ofheat exchanger pumps 

• The (·nnput c1f PID loop controlled vmiable (VSD speed) of the U1op-B ha'; 
:-::luwer response 111 time compared to the- response of uu tput uf the P ID 
Luup-A controlled variable (Valve; position) .Tbis is called rcacti\c rc:-,punsc 
un gi~Ttll temperature ~mel will be tuned on site dunng comm1ssioning. 

J.l.6.3 Mode Exit Procedures 

~~llc- heat e-xchanger pump VSD will ramp do\Yll to match f~1lling cooling demand. 

\~\hen the VSD has reached minimum pennitted frequency the VSD speed "ill he 

· .:·11ted at that value . 

. 'lny further decrease in primary ChW cooling demand cannot be met by reducmg 
The \ olume of glycol supplied to the heat exchanger. A further decrease in cooling 
:enund will be met by adjusting the base load chiller tlow temperature set p(Jint so 
:.tr chiller cooling combined with the heat exchanger cooling rcsulrs :n the 

. ·, ,,-:t:....:t primary Ch W supply temperature. 

base lo~1d chiller loading \\ill be monitored by the CPCS. \\b:n tlll" 
irtJppcd low enough to provide sufficient spare base load chiller c~tpacity to rcpbcc 

tile rtTnaining minimum residual glycol cooling, then the heat exchanger couling 
'ill he shut off without compromising the primary Ch\V t1ow temperature. The 

:TES will reven to Ice Build Mode operation. 

CPCS will initiate shut down procedures: 

,. Base load chiller supply set point is reset to -L-1- "C 

• Heat exchanger Pumps will be turned off 

• V-! \Vill be fully closed 

• VS-l. 2. 3 and 4 will be closed isolating heat exchanger::-. 

- ~ 
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