| THE NON- I 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, this invention relates to nethods
utilizing water reservoirs in buil d| ngs to augnent 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 thermal storage to save
costs may also be implemented using warm air in colder climates or
seasons.
[0006] 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



storage, separate ice-nmaking machines will have to be installed but these
are typically less energy efficient than those used for air conditioning
pur pose. Wth phase-change materials, conventional air conditioning
chillers can still be used to nake for better energy efficiency. [0007]

Al ternatively, water nmay be used as a st orage medi um wi thout causing it to
undergo a phase change. The anount of €nergy stored in a chilled water
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[0009] The cool water (typically, 6°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 limits the temperature differential (At) 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 result 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




(0011] Therefore, a need clearly exists for a heating, ventilation and air
condi tioning systemthat can reduce its cost of operation by shifting the 3
energy demands to take advantage of off-peak power rates while not
requiring the installation of new storage and costly ice-maki ng equi pnment
or phase-change materials. In additi og, use of existing water storage to
achieve this shift without the need to“install additional structures wll

| so be desi f d . be. inth
that the wor kPG eidntis REtab ERUARIAGR ot Pea haubn s BRI BBl oae o0 °
typically onl yeduiingiré inBefilatib® of h&Waderagedindneosdly ivehedkirf equipheineBF

tenperatures is usually kept separated for inventions of the prior art to
wor k. Sunmar y PB@se-rBangs ertedais( dvadditivneuss ekexistinthwataristeragedes to

Teans to 1 oduReRag s s PR ind nee 3t d apdmBhalifclEs Wil Rt o°

condi ti oni ng dgsitable toigtlermetiiee edstl east one thermal storage neans
conpri sing at Ieas} one exi stin water in at | east _one building,

body of ) )

the nethod cof8i#sitAgay hﬁ&erepim&q A thatibe warkingteanergfurpdifferantighper ;
linking the a ISkl [ LA eni ng
system changalld g thseﬂﬂgnngfgrogt%dérjg@%’%@%ﬂwﬁ?%{]ﬁ%%ﬂ;ﬁgt@ ?rggggﬁ%dr{gﬁgxi sting
body of wat eor watdrafidifferehttensgeratures ishasially lkeps separateikios invemtions wf of
water to noderate.the load in the at |east one air conditioning system
whereby the RARY 3htP WRtkegrity 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.

Summary of the Invention

[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;



[0014] In another aspect, the present invention provides a system of using
thermal storage to reduce the |load and el ectrical power costs in an air
conditioning system the systemconprising: at |east one thermal storage; 4
at |east one air conditioning system wherein the at |east one thernmal
storage is connected indirectly to the,at | east one air conditioning
systemt hrough at | east one heat exchaﬁger, whereby the thermal storage
contributes tQ @he noderatiaﬁ.of a | gad connected to the at |east one air
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exi sting wat ewhesdlyr age bodies in a building may be linked with the
existing air conditioning systemin accordance with the present invention;
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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. 1 illustrates 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] 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] FIG6 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.




[0020] FIG 5 shows how the thermal storage is charged. [0021] FIG 6 shows
the first stage of the nethod of the present invention in discharging the
thermal storage; and [0022] FIG 7 illustrates the second stage of the

nmet hod of the present invention. 5 Detailed Description of the Draw ngs
[0023] This invention seeks to addresssthe i nadequaci es in known
technologies to provide a cost-effectiVe solution to inplenent a thermal

storage system for space i - i il.ding. [0024] The present
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preserved, to[ooesiuTais ineentitsi seksapaidaresipthelinaiéqiddies in Rrwird | ati on and
air conditioning (HVAC) system of a buil ding. I n accordance with a
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[0026] 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 thermal
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.




make use of ice storage or other thermal storage nedia such as phase

change materials in the preferred enbodi nent. The present invention is

that of chilled or warmed water in a closed loop circuit system (0029]
Wil e the preferred enbodi nents of the present invention are described are
directed towards cooling a building, ajgperson skilled in the art of HVAC
systens will appreciate that the present invention can also be readily
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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.

[0035] 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



reduced substantially. (0034 In the present invention, the tenperature of
the water in the thermal storage is changed and this water is then used to
noderate the load in the air conditioning system (0035] In the charging
node, the circuitry nmay be arranged either to allow the chiller(s) (20) or
anot her tenperature changi ng neans such as a heater, to perform charging
or changing the tenperature of the storage nedium (1) while neeting the
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t he storage nedi um beyond ’j[ he tenperature range of 10C. The present
i nventi on maycirgt but-dagsssalingireptheviatbe heabaxchanget(fp- st age di schar gi ng of
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A and (16) B gfordge 19). Inetiheadess ed dasstsr tReinfalatérage medium of the
present invention circulates in a closed circuit and does not mix with the
water or thermal 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.
[0040] 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



cooling arrangenent such that it reduces the |oad on heat exchangers (22)
A. [0039] As an illustration, consider the ventilation conponent of the
cooling load. Fresh air is typically introduced into a building to neet
the ventilation requirenents of the occupants. The intake of fresh air
into a building may be pre-cooled or derated at its entry |ocation by
the heat exchangers (16) B. This reduCes the | oad on heat exchangers A
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second st age, exfendedr 8incg thaterapefataie dflthe wederin the thernisd staragensirdw Si nce
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chilled water céél[rfgb'lbbd(il'fb%ec&d S@g(go “be done manual Iy (guided by a
t enper at ure readi n% by time of day for That season of the year). However,
t he best way [0842]o I'hisisedosdisfage 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




el ectromechani cal nmeans well known in the art, wherein the valves are
operated automatically when the water reaches a selected tenperature such
as 15C. [0043] This second chilled water circuit will feed the heat
exchanger (16) to noderate or pre-cool the selected conponents of the
cooling load. In the exanple, inconing fresh air is pre-cooled by the heat
exchanger (16) which is nowfed with water in a closed |oop. The residual
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must not be c m sed, and t he ter supply.it nee mis e jmde

Tval 1 oo o i n SRR BoRnidiRatB Rise VR intéarly Bhihe Waler HodiB R an,

present i nvenbhiigéhE0 EXAMbIAEDf apldrAbRBINeS irﬂfI\SHéngé’tﬁPgéﬁﬁ? oPalkgserve the
anmples o

integrity of the water bodies in an energency. ] an_ener gency
i ncl ude the t Alagefemperefuras drepping taifeezingrase wdyetien af vplpmeginttbes r eezi ng

Cherat fonc of el ik TRah AErtBh ey i, WEBoaRBER PFREHBRTAED ., L1
by el ect r omechadioe akat exchzhges (M)esHatithd switeaRoss by BléctivaiecHanicalot or i zed
val ves (6) mayme%%s 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 é 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 suctioh 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.

[0049] 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



cl osed by el ectronechanical, hydraulic or pneumatic neans. These neasures
serve to disrupt the operations of the circuit to preserve the volune of
water in the thernmal storage tank. The volunme 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 depl oy

el ectronmechani cal or electronic sensors, the nethod of the present

invention to preserve.the integrity.a vol une of water,{n.the. thernal
Storage 1's tolPRRECIPr 14 M5 iR pipd i Reidip e ie-Goy VENE 7hoitd BHEEEn T
manner that i sofiitid R¥eed UShs artHeck ivalviel 67 a oot vMRN a reduction in the
volunme of the water in the storage tank is nmechanically detected, this

net hod of t held9p@sdhis branehsuetiompipe (Shaball bagosiiivped precisely at the pri e,

t her eby di sruptj I [ at, 0 . FI.G . ; ) [ age
tanks, 1i nkedﬂébrﬂgln\’v%%{ 2%6%@0&%%&8&%@3 #ﬁ% '%ﬁﬁ@%?&g?'?gﬁggﬁ%!:h t hat
a suction |ifthdtshe@edesf,water thpeugh R s insiyrifidaet caimpatdbtorthiedargerom one t ank
to another but shall be in no case cause the volune of water to be

reduced. [0048¥ctQHpigeB suction pipe (2), a branch pipe (8) is created.

This b h g ' : ' j d
s 10 connect HRB VTS BEIC e e dok i) R0 IR SRMALS RiShh SR PE
latter is soirethenat nilf epprediatethat the tHeenlal strage of the freséntialertion( 0050]

Thi s branch suction pj 8) shall be positioned precisely at the nornal
wnt or | evel . - ¥ COMARSBROdAS Ghivatep it 37S confamehln Ghior T8 zed <o omml |
that the fl ; I

a e T1ow, %n_p h?ént%,'HMbﬂ ﬁqorétdrﬂké'tﬁé‘t'érE%Réd“bgg@%?f‘cgwgg%tnﬁ e targer

suction pipe ? 0051 I one or two tanks are an

illustrated, pipesrson skilled in the art will appreciate that the thernal

storage of th esept invention can conprise bodigs,of .water that are
contained in E’rqg";]ofn ﬂﬁ(éasec\g %Wﬂ@ﬁf%?ton&' gln%sg\g? 5qrérﬁ§s that are

l'inked by i nt gspaRaEnt 8 a tRhIPBEt 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 optimally 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.
[0056] In 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.




[0052] In the case where water is stored in a single tank or in a
conpartnent of a tank but not linked to other conpartnents, the piping
arrangenment is shown in FIG 4. [0053] Simlarly, the punp (3) is arranged
such that a suction lift is required. Water is then noved to a heat
exchanger (4) for the charging or dlscpﬁrglng of the thermal storage. The
delivery pipe (5) is positioned in the same tank such that water

br anch pi pe( Bpels VR e Kol (7 tre EOKE ST O AR PRATRE "Ll on

in the vol unespredvahéthé watdreleteinkill eﬁ&eéd!@the\/mrmm Vet THeBranehlsiction
mai ntai ned is |inpartant, sone explanation of the volunes involved is

necessary as PiPedBtbeslacrd Bl thedismal wiater Igvelrie plready sHpmeqstiushin
el enent of thbéloW%%ét%fsuH99§5] The tank(s) had been sized to store a

certain vol une serve a purpose other than for the air
condi tioni ng fpstleirhe \temetehnio therbram:hrsumbmpma)@)mwsmesl thabfiexd i n a

tank, the wat Ievel i s.de d as e normal Level, [005 n cases
where the tanﬁ'(’%‘gtéfd? {i‘iq Iytha\gsp at Peyoriex fprmagion %9&15]? F‘QW’F@’%Ct ual

vater |evel cQhRitHEvabt IQvéIhI%Ilﬁ%Eﬂraﬁ&V &ﬂmﬁ%?é B@coﬂ%&@?@sé’& td KirS

invention, it is necessary to then top-u er vol une t he | evel of
the overfl ow Ehpemllﬂnewtaﬂalntmﬂ’sammtaon hpemd(@)usesthelmmp tlosertgqtinieist

bel ow t he water _surface. 1 the wa had been, over

o zed. o 6 wiiPeh PugpTaen KL ayfle At siLonEreERts BB laesR etk St pe
normal | evel . th@&e@éﬁﬂﬁbeﬁﬂtﬁ{ bﬁdﬂndé@m (r%s%%eﬂio@l@qg exterid@en@edl Wat er
| evel is already subnmerged just below the water surface. [0058] The

di aneter of tR¥stinghedies.fwaler ivi lpaldirgs asstheomsl stecagenter ain Qﬂmdltmﬂ&lgh it
e oo 00T LB b LR RSB OB AR B e B
This will draexistitig redepvéifcotwater analbulldingrwherauhe integrilyudfihé avdterse its
pri e 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.



[ 0059] A person skilled in the art will appreciate that above description
of the present invention provides non-intrusive nethods to extend the use
of existing bodies of water in buildings as thernal storage for air

condi tioning. (0060] While one advantage of the present invention is to
make use of existing reservoirs of w@* r in a building where the integrity
of the water contained nust be maintaled, the present invention also

f f th dyant . . il in th i | i ate that
Che other - adiftiageasspn sKUBT TS B8t wil 8ol dhprera@ihahine mesioet i
range of the té{%w{héér@%@ﬁﬁn@mf%gfg]wd&féﬁﬂdﬁiﬁ hblikdhes BRIdiAG @aAde nedi a

such as phase- nge materi al s. f auser Is not restricted to

utilizing exi eisorike Bppliasstogirovidespaice heatingia biiildig white redutitsenengyht i n

take advant agouF: AhieL SRr ok Apb b Pbols Ve Bl BRI noce’ '
reservoirs ne@rmodr inErePke 3ied t@ﬁp@@@r@!am@mtemqortmm efpage mivgialt i on (eg
control nechanisns, piping, etc) to naintain volune need not be install ed.

L (6]
(0062] The neimEmperpte rRIIPsdWg thecalderonoaihse The thermaksteragegpaygt or age

capacity of i.cal ge in
air conditi o\rll\?%g’&as@ﬁogwh%ﬁ@ﬁ %@'ﬁ@@&yéggﬁtéébﬁ%ag%?%r cfﬁg?ggé%%?{é;}ghge of
the water bodr by waste heatyérendied by the BEings pantingdthaserg5C to 28C. [ 0063]
The met hods of the_present jnvention also maintain and secur

e_the,
integrity of {996Slednelemgenis:Qfithe presant iandoraRayBe | 'Ufrefrﬁﬁﬁ?‘f P educe

the | oat < . ; o .
e load on EQEtIﬁ? g—ia\éft'i‘g}/%ﬂ %%W@hg&%ﬁtﬁﬁa&f&% t@éﬁﬁféﬁ%oh”é(@fﬁé on

overcones, or at evi at es, ens and limtations of the
prior art. 12uf&odeéms fiperidisimekes ltleel present aventionicbst-effediivedpiirnstalhit e t hat

e e o0s A b B Pk AIOE eh Oyl i, Conc i on g (cool )
reduci ng ener gee)C A8 E8mmary NAEFREsSHtIh AliftioASeHEI%6 4 PRtha8 @Y fh ifge readily
nodi fied to warmor increase the t e_né)_er ature of the water (or thermal
st or age nedi agxisting 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.




in tenperate regions during the colder nonths. The thermal storage may be
war med by heating neans such as dedicated electrical or gas heaters, or by
wast e heat generated by the building s plant machi nery. [0065] The el enents
of the present invention nay be readily retrofitted into existing HVAC
systens at mnimal cost to practiceiﬂf§invention, as the wuser deens fit.
This nakes the present invention cost-effective to install, and is |likely
to result in considerable energy savings. (0066] In sunmmary, the present

i nvention teaches a nethod of nodifying existing bodies of water in a

buil ding for thernmal storage by |inkClkagmshem to the HVAC system The

tenperatyre, of .th her nal ) th n _chan (either chilled or
heared) 4t A BiRthOTPbUEPAaL 1S3 PR fihednal STROR TSI SeHER 1997 & v er i
al | oned to dpétfEatiRDWEICIsRaAR flleddtoneySt éﬁ‘xdlﬂoﬁlﬁg%%te%‘%ﬁbfeﬁptﬁbsat This is
achi eved while the volunme of the water in the thérimal storage is preserved

and the usde¢ast aneriferroal storagehmeans compriaing atdeasttanedexisting /oedy of\water [ 0067]

It wll ew preferred enbodi mrents have
been descn'ﬁ%ﬁ eea%'tgéég lg%aﬁi g%ﬁ%gﬂﬁpéns and i nprovenents can be
made by a prodifiingttd least bre BRigting bodl bhaaterdeparting fromthe scope of

the present invention. 13 Cains 1. A nethod of using at |east one thermal

st or age nedwg'ﬂgdh?é’d&%stIodi‘&cﬁ)%ﬁ’ft!ﬂgeb%’t?ﬂ%%iﬁfBbth@ralﬁﬁg@@tmmnﬁtsyﬁféﬁbt one air
condi ti oni %aﬁ%ﬁﬁ@etﬁk t@f‘?ﬁ)re?étﬂ é Qmeth t\AéatleFﬁlsﬁe%ffeéﬁg X ng@&ﬁle ans

conpri sing at one eX|s ter "1n bui | di ng,
t he net hwdterprrprl si ng: nodi fyl ng the | east one exi stl ng body of water;

| i nki ng the at st one_existing body of vvatert the air conditioning
system ch’"éﬁ@" ‘@aieér'ﬂ)ﬁ'!% SSTd?” eastipg Bedy ﬁ vRterde m‘é&‘s’? eot}'@ exi sting
body of —wat efoad%'tﬁé"a?%a%i‘@né"%ireéonbﬂlohh% §stéast one existing body of
water to noderate
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.

2. The method of Claim 1, wherein the modifying further comprising:
installing plumbing fixtures and machinery to the at least one existing body of
water,
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 least one existing body of
water to the air conditioning system further comprising at least one heat
exchanger, 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.



load in the at | east one air conditioning system whereby the volune 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
wat er beyond 10C. 2. The nethod of Caim1, wherein the nodifying further
conprising: installing plunbing fixtures and nmachinery to the at |east one
exi sting body of water, and extendi nb4the vol unetric capacity of the at

| east one exjstin of wa inking it to oth bodi es of water.
3. The nfth 66?61%93021 %e&’&‘?ﬁ QP ﬁbﬁﬂ@"lpﬁéafblfeP SWRIRE INtke At ng
body of at | east
one heat \Ag%%ﬂaé]%e%)a&"ﬂdes?l nE?Wété\?MQhﬁﬂe'Séﬁheat !('@ag ger IFé{uﬁ?osed
circuit, whhasiging meansdo éhe ahleabeore ekistisg body oéwiatdri ng body of water does

not mx wth that of the at |east one air conditioning system 14 4. The
met hod of Claim1l, the changing of the tenperature of the water in the at

| east ong, efekrightod’ 80T aith 4\8h& ChhRgihG &F tﬁ@f&?ﬁ,bérbﬂgeldf% Water tenperature
changi ng neans to the at | east one existing body of water. 5. The nethod of

d ai m 4, thmrnmm depreasing éhe tarmpeeratureeofdhe waéervmobihe teoperattie® decr easi ng
t he terrper n t enperature changi ng neans conpri ses
a chiller. a%'%n% Wg@ﬁg\é\t%h}ep E%ganﬁgmﬁethe changing of the tenperature of the
water conprises increasing the tenperature of the water and the

t enper ature changi ng neans conpri ses a heating nmeans. 7. The net hod of

O ai m 1, 6t hEhamesiechef GlRrimif thachanging el dae arepeRIPSaNS Walsle at | east
i d t
ome B O A S BB G S BPAR  pbhend, L1 2

noder at e t hehangird) meah8eonatprises 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 two

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.

11. 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;
at least one air conditioning system;




| east one air conditioning systemfurther conprises noderating the load in
two stages. 9. The nethod of daimb5, the noderating of the load in at

| east one stage further conprises noderating the load indirectly through a
tenperature changing neans. 10. The nethod of Claimb5, the noderating of
the load of the load in at |east one age further conprises noderating
the load directly, not through a throuﬁ a tenperature changi ng neans.
11. A system ﬁf using thermal storage to reduce the |oad and el ectri cal
power cost¥¥%%"™hn air conditioni ng system the system conprising: at |east

one t her nmalthglR IR onalthe@Aslisteageas EosRested iil_ﬁd’lié&ﬂ}(%dﬂieeﬁﬂ ledSt oeeaigi . the
at least one thermal storage is connected indirectly to the at |east one

air condi tGNitining sysem hregihatdeastens hepfeexebangeichanger, whereby the
t her mal st%ﬁ&%bﬁontri butes to the noderation of a | oad connected to the at
| east one arr conditioning system and the volunme and integrity of the at

| east one tthethaimaitstorage dontributestorihed; modadhtiohefaslobdiconragted ab theeat
differential of the thermal storage is extended beyond 10C. 12.A system
accor di ng t'8a%yeqit gondifeningsystem.<3ngt age conpri sing at | east one

existing b X : [ (aqF Whed£by the
noder at i onq§¥ @iqﬁgggﬁ&}nﬁ@ ?@%%}@%? gpg&ggﬁréﬁg(%@ggé%%eys 1 nKi ng the
thermal staarabe to at | east one tenperature changing neans in series with

the load. 14. A di.ng to [ 1 by .th derat i f
s oo ndferealas e oA et P Bl ObR grval gt BRRRR R, o™
directly tojgepe | oad,

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, whereby 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 arranging 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.

16. A system according to Claim 15, the prevention of any reduction of water is
achieved by electromechanical means.




bypassing the at | east one tenperature changi ng neans. 15. A system
according to Claim1ll, wherein the thermal storage conprises one existing
body of water, the volune and integrity of water in the one existing body
of water preserved by mechanically arranging and at | east one punp and a
system of pipes to circulate water wthjn the one existing body of water,
wher eby any reduction of water beyond predeterm ned volune is prevented.

16. A syst according to {mi1l he prevention of any reduction of water
o Pach: dickSig o el iRedn A5 e B SR o B B SR BRI ro Gai m
15, the pr iy ' f Iifs ;seeved by making the at

| east one acmg Iég;bfhagﬂ?r@%e%q%%g%ngﬁl{@mf%gégsr%r;ﬁﬂg to daim1ll, wherein
the thermal storage conprises nore than one existing bodies of water, the

I i nt it f. wat ' h i gt bodi f t db
rechani P SksiPeregtind T St g owngiaih s fitaa] vBladk coBp kel tgre Vo >
circul at e wahgonamexidingodi®s 6f WAk, PReyol@k Hndnatelpie) eswaferWaitry Wwher eby
any reduction of water beyond a predeterm ned volune is Frevent ed. 19. A

syst em accddsting hasies af wates preserved bydnechaniedllyaijangieg et legst ofe water i s

achi eved by i Gal: n i aim 18, the
prevention %ﬁ%g%bag;%g%ooﬁié?%té?c#age%%%fée@'ghag@g%wlagg&?ﬁge at | east
one punp | aséstingsbaaliesref 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 its prime.




