1 THE NON- | NTRUSI VE AND EXTENDED USE OF WATER RESERVO RS | N BUI LDI NGS AS
THERMAL STORAGE FOR HEATI NG, VENTI LATI ON AND Al R CONDI TI ONI NG SYSTEMS
Field of the Invention [0001] The present invention relates to nethods and
systens to reduce cost in a heating, ventilation and air conditioning
(HVAC) system [0002] In particular, thifs invention relates to methods
utilizing water reservoirs in buildings to augment the heating and cooling
of a building thereby reducing energy costs. Background of the Invention
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Background of the Invention
[0003] It is a common practice for power supply companies to offer
economic incentives to users who can shift their energy needs from a peak
demand period to the off-peak period. The difference between peak and off-
peak period tariff rates for electricity is often considerable. This makes it
cost-effective for building management to implement systems that can take
advantage of operating at the lower tariff rates.
[0004] An example of such a system in the art are thermal storage systems
that run refrigeration equipment in the off-peak period to make ice, and then
at peak period discharging the ice storage to satisfy the cooling duty, either
in full or partially. The significant reduction of time-dependent energy costs
such as electric demand charges and peak time-of-use energy charges is a
major incentive for using of thermal storage system.
[0005] While the example of making ice is useful in cooling in the summer
season or in warmer climates, the idea of using thermatl storage to save
costs may aiso be implemented using warm air in colder climates or
seasons.
[oo06] Thermal energy can be stored in the latent heat of fusion of water
(ice) or other phase-change materials like the hydrated salts. With ice



(ice) or other phase-change materials Iike the hydrated salts. Wth ice 2
storage, separate ice-making machines will have to be installed but these
are typically less energy efficient than those used for air conditioning
purpose. Wth phase-change materials, conventional air conditioning
chillers can still be used to make for Better energy efficiency. [0007]
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[0009] The cool water (typically, 68°C) is piped into the chilled water circuit to
perform the intended cooling and warmer water (typically at 12°C) is
returned to the storage tank separated from the remaining stock of cool
water. Alternatively, the water warmed by an electrical or solar heater, or
from waste heat, may be piped into the system to warm incoming cold air.
Inherently, this technique iimits the temperature differential (A1) in air
conditioning systems to a conventional working range of about 10° C. The
chiller cools water in storage at 5°C and coils return water to storage at
15°C.

[0010] Furthermore, chilled water systems are associated with large
volumes. As a resuit many storage tanks are located outdoors or below
ground. The location and space required by the thermal storage system are
functions of the type of storage and the architecture of the building and site.
Building or site constraints often shift the selection from one option to
another. Architectural or structural considerations, sometimes, outweigh the
performance benefits that thermal system can achieve.

[0011] Therefore, a need clearly exists for a heating, ventilation and air
conditioning system that can reduce its cost of operation by shifting the



functions of the type of storage and the architecture of the building and
site. Building or site constraints often shift the selection fromone
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[0013] The present invention seeks to provide, in one aspect, a method of
using at least one thermal storage means to reduce load and electrical
power costs in at least one air conditioning system, wherein the at least one
thermal storage means comprising at least one existing body of water in at
least one building, the method comprising:

modifying the least one existing body of water;

linking the at least one existing body of water to the air conditioning system;
changing the temperature of the water in the at least one existing body of
water,;

allowing the water in the at least one existing body of water to moderate the
load in the at least one air conditioning system;

whereby

the volume and integrity of the water in the at least one existing body of
water is preserved,

and

thereby extending the useful temperature differential of the water beyond
10°C.

[0014] In another aspect, the present invention provides a system of using
thermal storage to reduce the load and electrical power costs in an air
conditioning system, the system comprising:

at least one thermal storage;



whereby the volume and integrity of the water in the at | east one existing
body of water is preserved, and thereby extending the useful tenperature
differential of the water beyond 10C [oola] In another aspect, the
present invention provides a systemof using thermal storage to reduce the
| oad and el ectrical power costs in an agr conditioning system the system
conprising: at l|least one thermal storage; 4 at |least one air conditioning

system wher ebhletbtond alrepstlitionthd syateral storage is connected indirectly
to the at | east one air conditioning systemthrough at |east one heat
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the volume and integrity of the at least one thermal storage is preserved;
and
the useful temperature differential of the thermal storage is extended
beyond 10°C.

Brief Description of the Drawings
[0015] The preferred embodiments of the present invention will now be
more fully described, by way of example, with reference to the drawings of
which:
[oo16} FIG. 1illustrates a schematic diagram showing how existing water
storage bodies in a building may be linked with the existing air conditioning
system in accordance with the present invention:
[0017]1 FIG. 2 shows how the existing water storage body may be used
under the present invention;
[0018] FIG. 3 shows how one method by which the water volume in multiple
water storage tanks may be used in the method of the present invention
without loss of total water volume;
[0019] FIG. 4 shows another method by which total water volume in one
tank may be preserved by the method of the present invention;
[0020] FIG. 5 shows how the thermal storage is charged.
[0021] FIG 6 shows the first stage of the method of the present invention in
discharging the thermal storage; and
[0022) FIG. 7 illustrates the second stage of the method of the present

invention.



systemin accordance with the present invention; [0017] FIG 2 shows how
the existing water storage body nay be used under the present invention;

[ Dol s] FIG 3 shows how one nmethod by which the water volunme in nultiple
wat er storage tanks may be used in the nmethod of the present invention

wi thout | oss of total water volume; [0089] FIG 4 shows another nethod by
which total water volunme in one tank may be preserved by the nethod of the

present invention; [0020] Detdiied Deeviptiopvof the DRaYiAGs St orage is charged.
[0021] FIG 6 shows the first stage of the nethod of the present invention
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i nvention. [O0R&Efemedembasimedt. ligshalrlke dpgargnttd one bkikled b thetart,of services
that require however, that the invention may be practiced without such details. Some of
these details may not be described at length so as not to obscure the
invention.

[00268] Modern buildings are designed with a variety of services that require
owners to store bodies of water separately for each service. For fire safety
purposes, buildings are required to be equipped with water-based fire
fighting systems such as an automatic sprinkler system and wet riser
system. In these systems, a prescribed volume of water must be stored in
reserve so that upon activation, the outbreak of a fire may be contained
and/or suppressed. In normal circumstances, the water in these reservoirs
is otherwise never used.

[0027] The present invention makes use of this otherwise untapped thermai
storage to reduce operating costs of a HVAC system.

[0028] Unlike technologies of the prior art, the present invention does not
make use of ice storage or other thermal storage media such as phase
change materials in the preferred embodiment. The present invention is
that of chilled or warmed water in a closed loop circuit system.

[0029] While the preferred embodiments of the present invention are
described are directed towards cooling a building, a person skilled in the art
of HVAC systems will appreciate that the present invention can also be

readily adapted to save energy costs for space heating in building.



owners to store bodies of water separately for each service. For fire
safety purposes, buildings are required to be equi pped with water-based
fire fighting systems such as an automatic sprinkler systemand wet riser
system In these systens, a prescribed volune of water must be stored in
reserve so that upon activation, the ougbreak of a fire may be contai ned
and/ or suppressed. In normal circunstances, the water in these reservoirs
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Wil e the preferred egpodi nents of the present invention are described are
direct ed t owar B€HEB ?H%S%FWWQ}T%@] '%dg%‘?»sl?}ﬂ ngtiimited tonwaisk sfered fof  Lvac

systens will a | K ' j : ; i1y
adapted to savfe?f%re ertg@epc%r t@%e%gr@/ogg@aé%ﬁ%g%ﬁﬁ@%ﬁ@gﬁ%?ﬂnﬁﬁo%@%% 30] There
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advant age of the preferred enbodi ts is the . nop-intrysive wuse of bodies
(reservoirs) ofo\ {l@itngtfgl!gg(}ﬁpﬁs%prpéﬂ?pgquﬁgqecugﬁgerisxqr@gged for services
other than t_hepwg AﬁaﬁlfetrIa@oaﬁ&tgwﬂr%ﬂth@gtratégli@aﬁatédmﬁma i These
reservoirs will include, but not" limted to, water stored for fire
fighting purposecuadheintegtityrof shesaid waler bediesatridomet toponesise Keii n a

swi nmi ng pool . This, reduces. (but not conpletely elimnates) the cost of
constructing hit n?%'ﬁ%'dt%gruéeﬁe purpose chilled water storage. [0031]
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the integrity of the said water bodies and not to conprom se their
may be increased beyond the commoniy-accepted air conditioning practice.
This involves extending the working range of chilled water beyond the
typical 10°C temperature differential (At).
[0033] FIG. 1 shows a schematic diagram to link these water bodies to the
HVAC system. The water in the storage medium is isolated from, and not
connected for flow, into any segment of the chilled water circuitry used for
air conditioning. Instead, heat transfer is achieved by the use of a suitable
heat exchanger (4) between the thermal storage medium (1) and the chilled
water circuitry. By using these existing water bodies, the cost of erecting
additional water storage tanks especially for thermal storage purpose is
reduced substantially.
[0034] In the present invention, the temperature of the water in the thermal
storage is changed and this water is then used to moderate the load in the
air conditioning system.
[oo3s} In the charging mode, the circuitry may be arranged either to allow
the chiller(s) (20) or another temperature changing means such as a heater,
to perform charging or changing the temperature of the storage medium (1)
while meeting the load. Alternatively, other dedicated chiller(s) (201) may

serve to solely charge the water storage (FIG. 2). This may be done at



original intended uses. [0032] Yet another advantage is that the energy
storage capacities of water nmay be increased beyond the conmonl y-accepted
air conditioning practice. This involves extending the working range of
chilled water beyond the typical 10C tenperature differential (At). [0033]
FIG 1 shows a schematic diagramto |linkR these water bodies to the HVAC
system The water in the storage nediumis isolated from and not
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differential (0 predctised hethcsitldratoneast twbongy€ischarging of the thermal
storage (1). In both cases, the water or thermal storage medium of the
present invention circulates in a closed circuit and does not mix with the
water or thermai storage medium of the airconditioning system. Heat
exchange takes place through the heat exchanger (4). This method of the
present invention preserves the integrity of the thermal storage and is novel
and inventive over current methods of the art.
[0038] The cooling duty shall be performed by two groups of heat
exchangers (22) A and (16) B (FIG. 1). The heat exchangers B is a pre-
cooling arrangement such that it reduces the load on heat exchangers (22)
A.
[0039] As an illustration, consider the ventilation component of the cooling
load. Fresh air is typically introduced into a building to meet the ventilation
requirements of the occupants. The intake of fresh air into a building may
be pre-cooled or moderated at its entry location by the heat exchangers
(16) B. This reduces the load on heat exchangers A (22). Thus, the present
invention is able to moderate the load of the air conditioning system.
[oo40] In stage | (FIG. 6), the water in thermal storage is piped downstream
to heat exchangers (22) extending the returning segment of the chilled
water circuitry. The cooling duty of the chiller is therefore partially removed
by the discharging of stored energy of the water tanks (1). The chiller will



unlike the prior art, the thermal storage nedi um does not enter into the
circuit but does so |nd| rectly via the heat exchange (4). [0037] The second
stage, another nmethod and objective of the present invention, is intended
to extend the tenperature differential of the storage nedium beyond the
tenperature range of 10C. The present igvention may be practised with
either a one- or two-stage discharging of the thermal storage (1). In both
cases, the watesngy thiaheig@imsdratiager mrdistomeld dHikd WERS e fowd?V @R then
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will 8 sense that the tenperature of the returned chilled water is |ower.
As t he cooling load in a second stage cooling.

[0042] This second stage cooling is performed by operating valves (13, 15)
to form a closed loop separated from the main chilled water circuit (FIG. 7).
This may be done manually (guided by a temperature reading by time of
day for that season of the year). However, the best way to do this is by
electromechanical means well known in the art, wherein the valves are
operated automatically when the water reaches a selected temperature
such as 15°C.

[0043] This second chilled water circuit will feed the heat exchanger (16) to
moderate or pre-cool the selected components of the cooling load. In the
example, incoming fresh air is pre-cooled by the heat exchanger (16) which
is now fed with water in a closed loop. The residual thermal capacity of the
water in storage remains suitable for the pre-cooling function and is thus
raised to a higher temperature.

[0044] In this two-stage discharging, the temperature (of water) in storage
could be raised from as low as 4°C to as high as the ambient temperature.
The temperature differential is therefore stretched beyond the typical 10°C
range by this novel and inventive method.

[0045] The advantage of the present invention in providing non-intrusive
use of bodies or reservoirs of water stored in a building that were originally



chiller has been progranmed to respond accordingly, it nmay operate at a
reduced capacity or be even cycled off to save energy. This is effective
when the tenperature of the water inside the thermal storage (1) falls
within the normal working ranges from5 to 15C. Beyond this range, the
thermal storage does not influence theSQoperations of the chillers in a
direct manner. [0041] In the second stage, the working range of chilled
water is to benotertenideidor Ssaas paneoftthetadr adngitenidg sh&emahef/_im\met he ther nal
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cooling load. Int exanpl e, incomng fresh air 1s pre-cooled by the heat
exchanger (16)eMBigsmcy; £xaompieeal anemelaessy insludectheddageringof Ffiee r esi dual

bre- cool i g { Ui ToishifesatEee Brodbit & A8e- BER aena G SR b ¥e 0040y 11
this two- st agewaties tarde. givingn drhemieegarayadiappensotheveicaliondobthermgeap (8poul d be
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means connected to sensors. Further, the motorized valves (6) may be
closed by electromechanical, hydraulic or pneumatic means. These
measures serve to disrupt the operations of the circuit to preserve the
volume of water in the thermal storage tank. The volume of water in the
tank may then be used for their original intended purpose such as to supply
the fire sprinkler system.
[0047] If the user chooses not to deploy electromechanical or electronic
sensors, the method of the present invention to preserve the integrity and
volume of water in the thermal storage is to install a pump (3) for the water
storage tank in such in a manner that it requires a suction lift (FIG. 3). When
a reduction in the volume of the water in the storage tank is mechanically
detected, this method of the present invention will cause the pump to lose
its prime, thereby disrupting its operations.
[0048] FIG. 3 shows two water storage tanks, linked by an interconnecting
pipe. The pump (3), arranged such that a suction lift is needed, is operated
to circulate the water from one tank to another but shall be in no case cause
the volume of water to be reduced.
[oo49] Along the suction pipe (2), a branch pipe (8) is created. This branch
pipe has a diameter markedly smaller than the suction pipe and is



range by this novel and inventive nethod. [0045] The advantage of the
present invention in providing non-intrusive use of bodies or reservoirs
of water stored in a building that were originally 9 not intended for use
as part of the air conditioning systemmy invite scrutiny fromthe

rel evant regulatory authorities. These@uthorities may be convinced, to
all ow the non-intrusive use of these water bodies as thermal storage

medi um if thecomteted tqtr@fsudnenwearusnaeldoeammes&ayedfvel(m)tﬂm@;ga@ﬁus of the
non-intrusive use of vva%er stored for fire fighting purpose, fire safety

nust not be co?&i?'@ﬁ'i"?é& SRl forRs agheek §ﬁb§l%rﬁf00ﬁé@hl§ nust be made
available in B.M¥nch 8@@%5%5 hsy G941 G ghglgéﬂ%ri? auesx?epgggﬁe the

present invent onTal 56 provi atégi es an preserve the
integrity of tmm‘thvaebMiebghierdianmetanﬁrﬂglermge isoritival esd of siaed eowngdncy

i nclude the tr] of. a fire eratures dropping to freezing
or a reduction h%?ﬁ\?o{] Wﬁt%rﬁém%g‘[ gtsnba [}Poé\ﬂ RorgRa t,ogtg 9%Appens, the
operations of {hficRYipe(d) and/or heat exchanger (4) shall be switched off

by el ectronmechani cal ~ means connected to sensors. Further, the notorized
val ves (6) maylodd] \Ghieameyr telodanks s tesdrieid, and dusindted, apepsmuskiied

nmeans. These . sures. serve .to upt the eratl of the circuit to
preserve the ‘536%@5? Wi qppreciat eﬁ?ﬁ@ t#?gm?ﬁi é)tgf"‘fﬂea% tﬂ?%ﬁse”rllﬁ'é\’%'loﬂne of
water in the éaﬁfﬂ@orﬁﬁbisé bedielefweasr that ak@@bﬁtaﬂfédqm}ﬂe dmhepded purpose
such as to supply e fire sprinkler system 47] If the user chooses

not to depl oy @remrm@ﬁmtﬁh@npaalormorglt@a thﬂt@re@é by intetpennectingl of t he
present invent 85' to preserve the integrity and volune of water in the
t her mal storagd 'S to install a punp (3) for the water storage tank in

such in a manress2 Hatthetcaeeqmerr@wmersau@mn@a ihid ¢ingleltenk 3F in ¥hen a

reduction in the volunme of the water in the storage tank is nechanically
compartment of a tank but not linked to other compartments, the piping
arrangement is shown in FIG. 4.
[0053] Similarly, the pump (3) is arranged such that a suction lift is required.
Water is then moved to a heat exchanger (4) for the charging or discharging
of the thermal storage. The delivery pipe (5) is positioned in the same tank
such that water circulation is optimaily achieved.
[0054] Along the suction pipe (2), a branch pipe (8) is created so that it can
detect any significant reduction in the volume of water in the tank. As the
volume that has to be maintained is important, some explanation of the
volumes involved is necessary as it dictates the placement of a branch
suction pipe, an element of this invention.
[0055] The tank(s) had been sized to store a certain volume of water to
serve a purpose other than for the air conditioning system. When this
minimum volume of water is stored in a tank, the water level is defined as
the normal level.
[0ose} [n cases where the tank(s) store exactly the required volume of
water, the actual water level coincides with the normal level. For the
purpose of this invention, it is necessary to then top-up the water volume to
the level of the overflow pipe. The branch suction pipe (8) is then
submerged just below the water surface.



detected, this nethod of the present invention will cause the punp to |ose
its prime, thereby disrupting its operations. [0048] FIG 3 shows two water
storage tanks, |inked by an interconnecting pipe. The punp (3), arranged
such that a suction lift is needed, is operated to circulate the water
fromone tank to another but shall be i1l no case cause the volune of water
to be reduced. [0049] Along the suction pipe (2), a branch pipe (8) is
created. This fooamctvhesi fhe \/ﬂmtermrﬂﬁ(a)ﬁmcébemokezcﬁig{ecxnabﬂeawatdnmy he suction

i pe and is 10 ted to the suction e just a one-way val ve
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smal | that theelbwoheofateaserfacehr ough it is insi gnlflcant corrpar ed to the
s ar ri bed and
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the punp (3) imosyrangesbrssikited hﬁtheaarwmtapmebiaié tHas abewdlideedriptiofbsfer i s
then noved to a heat exchanger (4) for the charging or discharging of the
thermal st or agb® PregerfdnyeRiion Fﬁipﬁ@eéﬁ)oﬂ'@trﬁéé’ﬁtm@ﬁhéﬁs|tfh exteaddthpaisetfk  such

that water cirgulatd 00qibs of UighdBh bRk aeferhIPadladt BPLirdaRdiininSn P pe
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(2), a branch Pipe 'S crea
[oo60] While one advantage of the present invention is to make use of

existing reservoirs of water in a building where the integrity of the water
contained must be maintained, the present invention also offers other
advantages. A person skilled in the art will appreciate that the other
advantages of the present invention of extending the useful range of the
thermal storage may be applied to other thermal storage media such as
phase-change materials.

[0061] If a user is not restricted to utilizing existing bodies of water in a
building, the methods taught in the present invention may be applied to new
thermal storage tanks built to take advantage of the present invention. In
such cases, water in these reservoirs need not be preserved and elements
of the present invention (eg control mechanisms, piping, etc) to maintain
volume need not be installed.

[0062] The methods of the present invention also allow the energy storage
capacity of water beyond the typical 10°C, the commonly accepted range in
air conditioning system. Under the present invention, the useful range of the
water bodies may be extended from 15°C to as high as 25°C to 28°C.

[0063} The methods of the present invention also maintain and secure the
integrity of the existing water bodies while making use of them to reduce the
load on the air conditioning system. Thus the present invention overcomes,

or at least alleviates, the problems and limitations of the prior art.



detect any significant reduction in the volunme of water in the tank. As the
volunme that has to be nmaintained is inportant, sone explanation of the

vol unes involved is necessary as it dictates the placenent of a branch
suction pipe, an elenent of this invention. [0055] The tank(s) had been
sized to store a certain volune of watet2to serve a purpose other than for
the air conditioning system Wen this mninumvolune of water is stored

in a tank, thejossdieA pergeh skiledéf threeart asll atsheapmesiate thavtHe meffe] | n cases
where the tankfa}ﬁza tore exactlx the required volune of water, the actual
wat er | evel hgé'b he RTRSEMdNYRAHAR for @lregonditigninchEooling ) Bullding cans

I nvention, it h%o&?&ﬁéﬁ? ﬁo@ﬁ@%p%ﬁ@ﬂé%ﬂh?%B\Iﬂfg‘ﬁi%%ﬂhé’ Jc‘?nggéﬂgrgldevel of

the overfl ow pI pe suctron
bel ow t he wat ecosfar fathermalistofaRsas dvbenbachabovat mlaytm‘ﬂeéslbly hadiifieeeto over
sized, nore wat may._be %Hred and, t he ter | evel, will exceeds the

normal |evel . %anqrd'ﬁ%rﬁ%% quﬁ{?ﬁﬁe@f W@FP&{P&B}%”‘&‘H StORROS BISHR) wat er
| evel is al reapitemipiiBiede Qtdn‘é%urm@%@vc‘z‘,o‘icf@ MBABE, Tt ?[I[ég%ébtbhﬁrqgggh .

di aneter of the branch suction pipe (8) Is so sized t
i s insignificab@Warmed kyoheating maanalsuelx asdamhaafWembwm or Hasveaters, when
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description of _the present invention provides non-intrusive nethods
extend the useedstingeiVEG systemgiadnivimakeast to prastice dhejveation has thel st or age

o e oL s F0OER e MEORRATHORRT S TUGERE R "
integrity of tded isdikely tocrestidimeshsitisiablieenaigytsivie@, the present invention
al so offers Ot{gt()ass] In summary, the present invention teaches a method of modifying
existing bodies of water in a building for thermal storage by linking them to
the HVAC system. The temperature of the thermal storage is then changed
(either chilled or heated) at lower electrical tariff rates at night and then this
water is allowed to moderate the load of the system to reduce energy costs.
This is achieved while the volume of the water in the thermal storage is
preserved and the useful range of the thermal storage is extended beyond
10°C.
[0067] It will be appreciated that although only a few preferred embodiments
have been described in detail, various modifications and improvements can
be made by a person skilled in the art without departing from the scope of

the present invention.



advant ages. A person skilled in the.art will appreciate that theciQ®i005/000118
advant ages of the present invention of extending the useful Rregagéadn Fébtf'x?aryzo%
thermal storage may. be applied to other thermal storage nedia such as
phase-change materials. [0061] If a user is not restricted to utilizing

exi sting bodies of water in a building, the nethods taught in the present

i nvention may be applied to new thernal storage tanks built to take

advant age of the present invention. In such cases, water in these

reservoirs need not be preserved and el é@ents of the present invention (eg
control nechanisns, piping, etc) to maintain volune need not be installed.
[0062] The nethods of the present.invention also allow the energy storage
capacity of water beyond the typical s the commonly accepted range in

air conditionifng. system. Under the present invention, the useful range of
the water gbﬁ%&%ﬁl%m@ggﬁ’%wq aztpmge awans ghrasicd Madtand28C. [ 0063]
The net hods ofelddicappr@f&dost ' i.nt ai n apd secure the
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the |oad on 575t aie thegnal steregp mpansstoamrisifigus Idseoms 8981Hg Bd&!?ﬁ‘wa
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OVer cones, Ofp atleh8 LV the problens and |imtations of the
prior art. 12 {0064?‘%{3%&#@ ’ﬁﬁéﬁ?w%éc]c?'ﬁprﬂ%-art will also appreciate that
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a buil ding capy, ied to provide space heating a building wile

reduci ng ener gng '%@%tés??e%?&ﬁ%?ﬂﬁqﬁngsgﬁg’aﬂév%f@é‘iﬁzair bentlitdningesystambe readily
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st orage neq,[,él( r in tenperate regions during he t her nal
storage may e warned by heating nmeans such as dedicated el ectrical or gas
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whereby the volume and integrity of the water in the at least one existing body |
of water is maintained at a predetermined level, wherein the water in the at
least one existing body of water is terminated from moderating the load in
the at least one air conditioning system when the volume of the water in the
at least one existing body of water falls below the predetermined léve!,
and ’

thereby extending the useful temperature differential of the water beyond 10°C.

2. The method of Claim 1, wherein the modifying further comprising:

installing plumbing fixtures and machinery fo the at least one existing body of
walter,

and

extending the volumetric capacity of the at least one existing body of water by
linking it to other bodies of water.

3. The method of Claim 1, wherein the linking the at ieast one existing body-of
water to the air conditioning system further comprising at least one heat
e)_(changer, the linking with the heat exchanger as a closed circuit, wherein the

water in the at least one existing body of water does not mix with that of the at
least one air conditioning system,



exi sting HVAC systens at mnimal cost to practice the inventionP o 00118
user deens fit. This makes the present invention cost-effecg%ve | t&ﬂ

and is likely to result in considerable energy savings. [O00BE¥IYSH apy 2006
t he present invention teaches a nmethod of nodifying existing bodies of

water in a building for thermal storage by linking themto the HVAC

system The tenperature of the thermal storage is then changed (either
chilled or heated) at |ower electrical tariff rates at night and then this
water is allowed to noderate the |oad of fhe systemto reduce energy costs.
This is achieved while the volunme of the water in the thermal storage is
preserved and the useful range of the thermal storage.is extended beyond

10C. [00673 4| t T eciated that although only a few preferred
enbodi nent s ha@ée eéﬁe%%' %&géw hgﬁ?eiqli'aﬁé'ﬂaiqf theiamp enaurentithisiveate f inise gnd

i nprovenents deast obe eriatiey BydPoRRASP b N the art wthout departing
fromthe scope,of . the resen)?oi nvenmrg]lr% EW)%@W@%FPP@W@%& ved 22

February 2006 “'139'¢§ HIeRS 19 theptieasi eteaiisting bodyasf weaast one thernal storage
means to reduce |load and electrical power costs in at |east one air
conditionin s%stem wherein the at least one thermal storage neans

conpri si ng %t 'Me&atheshel @lira i te decgingf ofwed RhpeldludtorhiGaghepne buil ding,

t he net hod Com@bﬁéég%ecmir{%{h%% the at |east one existing E)ody'of wat er ;
linking the at |east one existirg BERUEONNRE watet and the tanperaburdi t i oni ng

syst em changﬁla@imeamﬂﬁﬁwﬁ@ﬁﬂ@ﬂ]e water in the at |east one existing
body of water; allowing the water in the at | east one existing body of

water to noderate the
6. The method of Claim 4, 'the changing of the temperature of the water

comprises increasing the temperature of the water and the temperature
‘changing means comprises a heating means.

7. The method of Claim 1, the allowing of the water to moderate the load in the at

least one air conditioning system further comprises moderating the load in at
least one stage. '

8. The method of Claim 1, the allowing of the water to moderate the load in the at

least one air conditioning system further comprises moderating the load in fwo
stages. ‘ '

9. The method of Claim 5, the moderating of the load in at least one stage further

comprises moderating the load indirectly through a temperature changing
means.

10. The method of Claim 5, the moderating of the load of the load in at least one

stage further comprises moderating the load directly, not through a through a
temperature changing means.

T1.A system of using thermal storage fo reduce the load and electrical power
costs in an air conditioning system, the system comprising:
at least one thermal storage;



load in the at. |east one air conditioning system wiereby the ?@ﬂg@(ﬁ%oo”g

integrity of the water in the at | east one existing body of, wateér,.l
mai nt ai ned at a predeterm ned | evel, wherein the water in t&‘gceé‘fe% %Zéiagfua%ze()%

exi sting body of water is termnated fromnoderating the load in the at

| east one air conditioning systemwhen the volune of the water in the at
| east one existing body of water falls below the predeterm ned | evel, and
t hereby extending the useful tenperature differential of the water beyond
10C. 2. The nethod of Caim 1, whereintbhe nodifying further conprising:

installing pl ] i res.and machinery to the at | east one existing
SEREN St Ko e ol

body of water, a unetric capacity of the at |east one
exi sting bodywhkraimter by linking it to other bodies of water. 3. The

met hod of C a%“m ]t %erei n the linking the at |east one existing body of
water to the H52BHICH Sirmg! siptagers Connduted indimutiysh fte Rlcdeags apne heat

exchanger, theﬂﬁdiﬁﬂﬂirﬁqgs?@térﬁtﬁrﬂﬁ%ﬁgﬁ aﬁ)&g%%?éw%g%rcl osed circuit, wherein
| f

the water in %he at 1 east one €xIs does not mx with
that of the aWheled¥st one air conditioni ng system PCT/ SG2005/000118

Recei ved 22 F ., Ih thod of Caim1l1, the changing of the
t 2(r:r§|e\r/:t ure Oﬁ@[tﬁ?%% g)?g enééﬁ@“ﬁ‘?s % fggﬁommmféw@cmmﬁowg; a?
further conprliegq:tr;gwelainkind@tioaiﬁgegyggn@taﬂde changi ng neans to the at | east
one existing tbgqlﬁlu% vvacieg. %b The nethod of C aim4, the changing of the
temperature of the Watet " ipritaest kast enesthaynalistoragersanaintaimedadt ot he wat er
and' the t empapredeteaninedangl, WehoRBIA N GAPH H8%¢ BaSlbld Elisting body of

water is terminated from moderating the load in the at least one air conditioning

_system when the volume of the water in the at least ohe existing body of water
falls below the predstermined level;
and

the useful temperature differential of the thermal storage is extended beyond
10°C. -

12.A system according to Claim 11, the thermal storage comprising at least one
existing body of water.

13.A system according to Claim 11, whereby the moderation of a load by the
thermal storage is achieved by linking the thermal storage to at least one
temperature changing means in series with the load.

14. A system according to Claim 11, whéreby the moderation of a load by the

thermal storage is achieved by linking the thermal storage directly to the load,
bypassing the at least one temperature changing means.

15.A system according to Claim 11, wherein the thermal storage comprises one
existing body of water, the volume and integrity of water in the one existing
body of water preserved by mechanically arrang ing and at least one pump and
a system of pipes to circulate water within the one existing body of water,
whereby any reduction of water beyond a predetermined volume is prevented.



6. The nethod of Claim4, the changing of the tenperature of tpeTRGEI05/000118
conprises increasing the tenperature of the water and the tQEEOERLYFEHruary 2006
changi ng nmeans conprises a heating nmeans. 7. The nethod of Caim1l, the
allowing of the water to noderate the load in the at |east one air
conditioning systemfurther conprises noderating the load in at |[|east one
stage. 8. The nethod of Claim1l, the allowi ng of the water to noderate the-
load in the at ‘|east one air conditioning systemfurther conprises '
noderating the load in two stages. 9. Tie nmethod of aim5, the

noderating of the load in at |east one stage further conprises noderating
the load indirectly through a tenperature changing neans. 10. The net hod

of O ai m 5, 16.hesyaRAR BBEdAGERE b - > | in at. | east _one stage
further conprises noderat i ﬁg t(%&e‘ﬁ] t%gﬂ%?iegéﬁﬁmé}%g’yr?Wh%ﬂ?‘ﬁatﬁhFough a
tenperature cREMgvedbyislesiomethamicalyséaem of using thernal storage to reduce

the load and el ectrical power costs in an air conditioning system the
system conprising: at |east one thernmal storage; PCT/S02005/0001 1 8

Recei ved 221Féksyatenya@@déing 16 Cidin FR%he MQertidh FANGHd LN m
wherein the aEclﬁ%ﬁef# one Ihetémai st or aggr%i S cgnneg é%d@ﬂédfgfe@%t%gto t he at
| east one air by Biaking tag &t least onteoRignp kaseliteasimeone heat exchanger ,
whereby the thernmal storage contributes to the noderation of a | oad

connect ed t% hhe at least one air conditioning system and
-Asystem according to Claim 11, wherein the thermal storage comprises more

than one existing bodies of water, the volume and integrity of water in the
existing bodies of water preserved by mechanically arranging at feast one
pump and a system of pipes to circulate water among thé more than one
existing bodies of water whereby any reduction of water beyond a
predetermined volume is prevented.

19.A system according to Claim 18, the prevention of any reduction of water is
achieved by electromechanical means.

20.A system according to Claim 18, the prevention of any reduction of water is
achieved by making the at least one pump lose ifs prime.



the volune and integrity of the at |east one thermal storage is nmaintained
at a predetermned |evel, wherein the water in the at | east one existing
body of water is termnated fromnoderating the load in the at | east one
air conditioning systemwhen the volunme of the water in the at | east one
exi sting body of water falls beIom1tZ7?predeternined | evel ; and the
useful tenperature differential of th hermal storage is extended beyond
10C. 12. A system according to Claim11l, the thermal storage conprising at
| east one existing body of water. 13. A systemaccording to Caim11,
wher eby the noderation of a logd by the thermal, stordge is achieved by
linking the thermal storage to at |east one tenperature changi ng neans in
series with the |oad. 14. A tem according to C ai 1, whereby the
noderation of a |oad_b storage i s_adhieved by linking the
thermal storage directly to th 3 bypaSS| e at | east one

i VIS gto Cdaynm1ll, wherein the
thermal storage conpyi ISt i ;” G| wat er e vol une and
integrity of water { wat er | preserved by
mechani cal ly arr L BRST olrel L diid  a systemof pipes to
circul ate water ggth n the Dne e |st|ng body of wat er wher eby any
reducti on of wat b ygéd f prede &r i ned vol ume is pfevented.
PCT/ SG2005/000 1 1 8 ceived 22 _February 2006 16 1p. A system according
to Caim15, the pre y regqucdti on pf—water- is achieved by
el ectronechani cal neans. 17. A sys @&Eﬁ%@ﬁ&ding to Caim15, the prevention
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18. A system according to Claim1l, wherein the thermal storage conprises
nore than one existing bodies of water, the volune and integrity of water
in the existing bodies of water preserved by mechanically arranging at
| east one punp and a system of pipes to circulate water camng the nore
than one existing bodies of wat'er V\/ng?r?by any reduction, of water beyond a
predeterm ned volune is preve d 1 A system accordiér\dto Claim 18, the
prevention of any reduction water is g achieved b | ect r omechani cal
means. 20. A system acc i Cl ai 8, the prevB%m’ n of any reduction
of water is achieved by making f he /at | east ong punp ljose,igs prime. 1/7
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