10

15

20

25

30

TI TLE: BI O RENEWABLE THERMAL ENERGY HEATI NG AND
COOLI NG SYSTEM AND METHOD CROSS- REFERENCE TO RELATED
WORRLI1GEBEDONS Thi s application clains prioritypomdsroo3n13397
U S.C. 119 of a provisional application Serial No.
60/ 804, 148 filed June 6, 2006, which application is
hereby incorporated by reference in its entirety.
BACKGROUND OF THE | NVENTION U. S. Patent 7,040, 108
(' 108) described a nethod of recovering thernmal energy
fromvarious environments and utilizing it in a
TITBEoc ess BIO-BENEWABLE DHERMAL ENERGYcHEZATENG AND
conf i guUCOORANIGSYSTEMOSNPaVIETHOD | | zed a single
evaporat or and water cool ed condenser with a
conpressor, expansion device, receiver, circulating
punp and hot storage tank. This patent enphasized the
CROMAREFERERE TO RLATID APPIIRHRIONS Process and
extended the use of refrigeration technol ogy towards
t h&hiseapphigation q:llairnapngntytﬁnden 85 A&8rG.gbt 1 pgn prgrdsiendlor
[
applichfon SEhibf Qo 0/E6.1+kch b Tt 62688, GREN BBl KlGrsty
1nco@o€z(tﬁqbby&s&fencbéﬂitsenﬁi’mylger (condenser) , €expansion
devi ce, and evaporator. Thermal energy was to be
collected in the evaporator fromair or fromliquids

BACKGROUNFOFTHRESVENTEIGRV! y to be placed into a
liquid stream or storage device where it could also be

us BleB-tRatens 7,049, KI898 degsribed sgnetirpdof regogeringsthemmal energy from

vari R Eh T ftnits Apd bR TER oo B of Sttt A HebWke, The pasic
conﬁgueattoaan hhenty 08 patantutilPaddentingle @48yl tud ivatdr edeled condenser

ormul a or net hodol o for l.ication of th )
with oSGt (R L0 SSUeiAr RS g RO ALt lfrage tank. This

pateﬁmnpﬂabizba fd KH&nﬁQ @afdbﬁ'ﬁt?r@f I ref@idrhti Slokesd ah@lextdnbed the use

transformation of thermal energy available in _one

of refiigaratinmicbnotesy W wasduihe mrimary pilizehen of thegichizertion cycle for
its h+ %t Qlffe &%ﬂ}lﬂ% aévérf u{cgfti?]ng'gxgl A raﬁ&%}‘;&? 2@t fined as a

ion to I on , nt transformtion
process ithalving) a emeprgysof leat exshangerdcondensar) eapmsmn dwl@, and

cvar§ R aESRRE g REoRISIOR P BlsERb Bom ! & i s
or slefibs At MeRtgherdAY k@b Placed 1o b iquid @feant deSoake Hedce where it

refrigerant and the capabilities of the conpressor. gf
could glsgheaised fp laeqﬁeapaqfr%zsgquﬁgThaéloﬂ.Swemcqﬂerf}tef w1 33iggle mode,
that%ésﬁa%la tgy ntai n workpl ace tenperatures that are

shi t e for safe processing of the neat and boilers

are used to heat

SUMMARY OF THE INVENTION
The present invention extends the teaching of U.S. Patent 7,040,108 to include a

formula or methodology for ai)plication of the refrigeration process to further enhance or
optimize the utilization and control of refrigeration for the transformation of thermal
energy available in one environment/media to another environment/media. This is not the
simple transfer of thermal energy from location to location but the efficient transformation
of thermal energy from one condition to one or more conditions desirable for a given
application. This is accomplished through the balancing of the environmental variables

with the properties of the refrigerant and the capabilities of the compressor.
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kill process water and wash water. The system of the
present invention will provide the chilling while al so
wonroidéosy a fixed tenperature of |iquid refri gerastooroi33g7
t he expansi on devi ce and generating heated water for
the kill process and the wash down. The fixed |liquid
refrigerant tenperature helps to optimze the
performance of the conpressor where nost chiller
condensers are currently exposed to the variability of
t he anblent air tenperature which will cause
cokpr exaspplepiarF wenameecssiv e fatilitys Fhillsrs arpuseshioimeintain workplace
tem;ﬁeﬁJ ets'tﬁ’:ﬂ ard. E\ﬁta% e?ﬁﬂr Qg'fe Q{Jceggm g@“ﬁ{e‘%ﬁéﬁfan boilers are used to heat
nriguration, rigerant, enser contigurati
kill mpenssvawr aixel\mm;/ wamf | Thi syisteom of thegpreseapimvantion w111 provide the

chﬂlgfgg\{v % é:ﬁ)(r)g\ﬁ ing *P\(gi[e tgpg heﬁrgﬁﬂgﬁrgggge% qsﬂt(%cf) tﬁehexpansmn

devie€hRF k& ratiPeh AR watkr P eh SYiBl 00 Bhd HY RAdhUbviS TRe fixed
achi eve the nost desirable balance of refrigerant and

liquidrefrigesant tempeyptire helns tca@pttm@e damperéorgncenf the compressor where

mosf a{ﬂl%ﬁﬁe éeré lu%'c]%grbfx 8 Ebeﬁl(l}@aﬁgtfﬂgyﬁgf %%ﬁrﬁ{?ﬁ{tgﬂj

energ S|n S aval Re appl
temﬂeeaufa wgwhmhllrmhkmcb}hmysdr Iperfdﬁnamie to ehryi gf€ ofithiearptifil condition.

| te h ‘
S RE G SR TG ST e BRHEYEr P BIrosgrsopfguration,
expARidh Mﬂdo%ﬂ%umow Juld éﬁﬁ@ra@&ﬂx’éhﬁkhiaﬁoh QrelisRInAseha

significant portion of the world s conbustion based
reqwqgma@g)fdhe peplication apd the Raturgiofthe yefiigqrantsglected. One goal of the

systéxﬁf E g%rghb{i’ﬂs 3 aﬂ"ﬁ&% ‘tﬁEgmBQc &eﬁga@g%‘rilaﬂé’%f &%#&&n ahl/ISbricant

tot ocation o
comhtlmpﬂ atrthel bempressmr\glyale oyitenallywetilippg theanhloenergyosduetgs and thermal
ate sndence on external fuel

ener%a ggva ée’é‘s 8&pP (f Phe present invention is the

ut iitR ik @hchin trhthEd 619 2 thedise of réffideratibh lfdiﬂ lﬁ:atmg and cooling
condensers tied to a S1 ng | e conpressor so as

is extendeddq @emq;pnﬁ PGPy WISY NG SIS ERBRES anﬂﬁe%%faﬁ@ﬂ system
conﬁ%.ﬁ'gﬁct)q ? S&Rbily Yﬁ&fsbﬁ&e a @ﬁﬁ&ﬁx{ ﬁ(ﬁk‘hoﬁ%?tthé world’s

e ‘uses exanpl e t can
combgstibrf lmerseg ﬁmae:t orrignlmt:qra,clty; \qmcipmwchng tafrigeration or coohng to the

hotter .t ha densin ure,of .t
samp GppIiatiofin A Re P R el Blshy P AL R AR BF comptimsptary
eneipifitehsivp bpplications kelp raluea ge eﬁﬁhlﬁdﬁedwdémr‘Gﬂﬁxt&ndEfuel
of the refrigeration process. Li another aspect of the
Somﬁ?'-‘ésent invention, a circulating loop with a water

1&%& dFife re%&ﬁqﬁ%?ﬁ%%ﬁfe RiEAAGY6E mmfgye eeaaaorators and
contro to the head pressure, SO as to provi ae contr ol

multipk condersges tidd tioi agwegletcempéﬁrsa@rmOeantp ineasg e piplization of waste
hea control t he sbcool i ngtenperature for the inprovenent
eat . .
of the evaporator heat collection capacity, and to
unilguabther aspect of the present invention, refrigerant heat is split for multiple uses.

For example, the heat can be used for generating water, liquid or steam that is hotter than
the condensing temperature of the refrigerant. Producing steam represents use of the hot
path to produce a phase change on the environment side of the refrigeration process.

In another aspect of the present invention, a circulating loop with a water tank,
pump and a condenser/heat exchanger provides control to the head pressure, so as to

provide control and storage of higher temperature fluid, and to control the subcooling -
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i nprove conpressor efficiency. Wile subcooling has
been used in the prior art, such use is provided by
woabdriagnsa portion of the systemrefrigerant tectwskoo7/013397
the remaining liquid refrigerant prior to introduction
into the expansion device to help i nprove heat
coll ection capacity in the evaporator. In conparison,
the present invention uses water or a process stream
to do this subcooling, rather than the refrigerant.
Thi s inproves performance by collecting additional
tempesainel foh ﬁwtimpm\temeqm b ﬁmapommeamcdlwgﬁom papacity, and to uniquely

. __subcoo hogsti n

impe g BB R TRt | VbR syome R el Fegmi df Bttt il Such use

is prévided! b?wﬂﬂng 2 pbrtivnoofitie §ystehﬁ réfRigeRnt @ covd id ﬁkna(ﬁfmg liquid
subcool i ng_ conditions to nmaintain highe conpress

refrigarantarigndy intqdyeHeR e Jasexpgnsion éeweg% FP IPERIE; hfﬁt collection
capa[:ﬁ{/ at %é e'i/%(ﬂ@t%r Pe{- 4\0n, 3 p?%eh@ln%@&%h hdds t\ﬁﬁ?{mr aQProcess

or the purpose of extracting the
stream/'al dlcatiilsemﬂucodnmg; eathempthan et relfrmgdrimi H'hgemmm‘npaqurmance by

r.ant, va at wat
contegfings gyt woRT hewdn 5 brrfesoatilbrobph & FEPORE b me
refripdraht, 28 wefl A6 bbodtinga heRabolletiipéffisichenbt e earaimawrdA
prior to allowing rejection or swtching to. a heati

cmﬂeﬂng I@ap ‘P&?]Vlﬂ‘i‘sth hagls érrronrrgl pf sabcpelns Sandatipnsdo maintiin higher

cmngﬂk peC|f|caIIy not in conjunction with a
culatlng nd storage | oop used for process control.
ThiAsoither aspe:CD of themrcsmts 1mhntl¢mtdlatbﬂatmt dqsalodrhwing, which is known

. riority iljzes the e

in 8 et ale iy Foriché Bk 0o FESHBRRD AR AP SSHBR Mot the superheat

in thelhiytetehtpRratardefifcpat tvaﬁmetbaiew watef, wiik: the frémgi@dendf the heat is
before all owi,ng rejection_or Iovveraﬁ.b orlt%ause

rejeatey]. The PrysEH é“Y‘f‘é‘FIPPg’é‘nhéFﬂ thedpll dpateafihiowpads bepting adiguid prior to
allox@ﬁ&tl{a)@cﬁoﬁ bOSLHEEAP ¥ h M%‘"ﬂrbgﬁc@cf&f S¥mU decbid@rl PRority, which is

beyond the prior art, cused on rejection of
umqtlh,eandsﬁpﬁc@ealéx nmnh-‘@atumtdml withtpegiregtingtangdfsterpge loop used for

procgﬁsego%lgt%o | 'g’é.l {) e%rtllon%tltlﬂgs ﬁl%lﬂlfl th'e&%a% %14 Qﬁn&qbﬂaﬂ%' &ﬁlzgg the

I 'ON pProcéss, in conj
desupethichtih g geghrient e plodincs hatdor Euap.oamt or fuidrat senperstuces above the
arall el provide cerfain challen such .as antro

condgsigiedemptiativs of 16 TelATHN BEToHS SUREINE RGN 8F fogyer priority use.

SplifMARBE AMESrafPRst IR Rl vEiiblises br EGHTRAS SkhitRandy fldvances energy
pressures. Evaporators in series are a challenge to

utlhz;zupm lgﬁyeoé Ferrpaatart, avhich focurason reinctian of ta qe&zﬂeéatqu»rheat

both Eﬁmf ol 13
t he contr o Hﬁﬁe p?éésrr%%@fl ggﬁ?ogwgftﬁ ¢ ?#e re F%ﬂércgn(?gl?%s the
refrigbtation ppaoesd, i sonjilii¢tion with syliﬂtiagwo:ﬁthetltm sp:dee damporators in series or

in p@aﬁ%&é‘p\gﬁp aﬁgr Al bgﬂg{%fs,&%g? El;ej g?ﬁatrnq ﬁ)é‘ ipmfﬁur&w §1§ﬁ suction line when
two parhle] éxipotatord lopetatiest, diffefeatehiiRrithRs Al pressures. Evaporatgrs in

series are a challenge to supply cooling at temperatures that are suitable for both

environments, since the outlet temperature drives the control of the temperature of the
refrigerant in all evaporators.

With the system of the present invention operating in the reclamation and
cogeneration mode, a significant thermal emission reduction is provided, since the thermal

energy that previously was goiﬂg to be wasted is now recycled back into the bio-renewable
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energy that previously was going to be wasted is now
recycl ed back into the bio-renewabl eprocess. The
woéanimakerso hat has been devel oped for control |l i RgTUS2007/013397

envi ronnent al bal ance is prem sed upon the first and

second | aws of thernodynam cs, so as to bal ance the

energy of the systemof the present invention from

both the refrigerant and environnmental perspectives,

t hereby achieving results and control of process

beyond traditional refrigeration processes. The system
prochsss Theefombinla thet has blqe:ade‘mhmdl for genteqlling thel envirpamieptal balance is

e ar the Ler f heat i n 0
prenggﬁlépo& tzlgiirst ysgi:(gl wlg, heétrr]xgrg cg %sl ng&%ahgé the energy of
the sy6Re bk ?réseﬁt mnanans@@mmﬂ»ﬂaﬂeaeﬁmﬁ aue efivigetirthértalnt
anount s of _ener.gy \Mﬂﬂiﬁconplet

th ta
perspetives thgreby arhiFting sesplis pud ﬁ%taolt‘% PEQ§eFE N W@?xﬁé’é‘ﬁ‘%’e

fh?ﬁ&EBH ﬁgkgg condenser and the external condenser
e along with a check valve draws the

r efThiegystemt hasuhe abilithte hert potable walen cpeldntesior spagelareas, use the

t t d f
o P 8 O o N e i
heatffgOy sétond @bda) gl saveaignificann dmeahirofleaergly Mulerwlpletmg these tasks.

abllltyto control the condensin e ture a e
orfbSHEE TR TER A TR YA ILH e AR VIR b EREFRG s it A Condenser
and ?15/ é}&@ﬂnbﬁccﬁld'éﬁéegu ?hfs"@l@&il@ﬁg Wﬂhca chERR ViR deAw¥\BieGEfrigerant out
control, while also using t heat for useful
of thﬂecattmgl canglenser qué badkhiate ﬁw;ﬁyﬁw@ lesep tthrerafgig@ant from pooling in
sets e
the $iEpP ARG, S RERAARE SHER 1Brdife MR g and water

heafif}e refrlgerant) The [imtation of the single
condense [

is overcome with a t .used
contheRalty tiroRErl B8 SoadivsinetapbrieiThar s EDRHIIE of the water
tanklinGhe SreiaicY B isdisiqad tiactédidtic ITHetuse ke ddr édntrol,
absorb all of the energy |t coul.d before the second

whilrealso usiog digesat §§g48ﬂ§11 eatings sy wnigvrer Gie temperaturerqiithg water in the
tanl{1 S th% %Q&g%%%w%y T thelc Inﬁ@x‘é@rﬁ ({1@ QoffRi TR RS BSidesing

heat” is Deing
tmnpaphueeﬂﬂhmeﬁhgxaﬁhond heat exchanger. As the system
rate. the wat er

co es 1o o in_the t

Ci r f"iltéﬂo? 8g§’ek§é’&%ﬁ§%m}?8f Tel® TIHEY ﬁ‘hve"ltfé Zdns L tﬁat used two
conE&E&ﬁJ 1ﬁtsﬁﬁes &l wiltleits otvil tael ﬁfd ciedilletiriguystehe Elds alidws the first

eat exchanger is now accepting.some superheated vapar .
conflamer (prabaEd St AEMeRABEE At Gl BERER B PO P s ihads begins o
abs?ﬁ)péﬁ%r%}h A § HROBREh Y ei&ﬁﬁgé@ygﬂ'eﬁl Rhcld3ghé ﬁfakirﬂ&hébﬁhdensmg

IS allows the systemto heat water to over 200F in a
tematatlltrenﬂn@enmp’etyan thehedt 33 being crpiutddbe seepdhept giphanger. As

the system contelnuessto 'orf)'é{a?eq lﬂ?ee\q'af%;‘ ik ﬁlx% i cq;cupefnornrlgop becomes hotter than

the condensing temperature and the refrigerant entering the second heat exchanger is now

accepting some superheated vapor refrigerant. The temperature of the first loop is above
the condensing temperature of the refrigerant. This allows the system to heat water to over
200F in a batch mode operation.

For continuous mode operation, cold water is introduced at the inlet of the
circulating pump of the second circulating loop to allow the system to operate at a

condensing temperature attributable to the mixture temperature of the hot water in the tank
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circulating punp of the second circulating loop to
allow the systemto operate at a condensi ng
woOeopganersure attri butable to the m xture tenperarwsenooni33or

the hot water in the tankand the cold water entering

the system This allows the systemto operate at | ower

head pressures while generating higher tenperatures. A

reci procating conpressor operating on R22 can operate

in continuous flow node at tenperatures as high as

130F wi t hout exceedi ng-acceptabl e head pressures. This
and the ubld wwatet éraerimsthetsysthat his abhews thetsystehet apeeatept lowsr head

condensers. pl.i.cants cal] th henonenon tenpering. ..
presshiS WA TGRS g P eare A GRS SPRHRGp! Otrating on
R22 ¥& SperfBlif chMeiniols flow sbdé hi @tpatdtings hohigh dsf130Reviftetut

water is introduced at the suction of the circulating
excegding acqeptablg head prevsyeass dhiswauldbaihg repull whstha the system had one
or two Bindbiseld Vﬁ%%ﬁ&g& Ja'ﬁech{e1 gﬂ&&%&ﬁrt%;géﬁng.-rh us the

system can apsorb nore at at a given condition in

t h®hé saraé floonstentaris dlse applied the bat water eniseing thy first circulating

diffecential . The first circul ati l.oop .control s, the
loopp KL S Bebuafr i roeeds s hElioR ot ik oS, tnd AR
condeRSR sE&ESmiahfd teinpBfature Tha iSbwe ThAttht eirkstehpliabire ViR the
the first condenser circulating_ |oop_is at or bel ow

systenh gathebePrRumOED hRRS A5 7 Bty cp SRpditian dp Srcofirst FRrdeasridye fo fite ereater
B, A RO B S S R e
comprebsitrj thetepy duarkasifgheorspressod effadendys r enovi ng

addi ti onal heat and. sub-cooli th e]VY] . .
Bt B 1P P b S o o oo
the th&{ifiua EitlenSinb ¢@apératire vhihehefigent ipthe\sostens £ mdiicnfy the
~of the conpressor. Subcool i ng’éé)r,ovi des ivvo _be,?fi ts:
given systera védssrawndyLd 35--aRd thesacond cicuiaitpg laog it stll frlafyply cool.
The 8&@hl ggo(fpi‘s r%%ﬁ@%éﬁﬁiﬁo%al N8 And BEL-CESA SBE MY uid Rfrigerant. The
expanded i n the valve there are fewer flash gas )
secohd sireslating bopt doatrels refiigerant sitberodingewhichalsmimprevessitficiency of
th in the mxture inside of the evaporator and the heat
€ COMIMETF i nto the evaporator can be increased). A
Subédvling pebvided ®id Bénefieep may be provided for controlling

desuper heati ng. Thus second use for t ual

coddens etherfyaEmbgErs egﬁa‘i %fo S(“gc‘gffclmﬁ gug‘gﬁlcg‘;ﬂ%pggf the water.

| nor eas ewhBe AR tqf et f38dsy & @RTH ValvBeRert abd oWer flash gas
that a third condenser can be used to provide both the

abi | i ty lpssenéar. therg iy morediquid refrigewmnpter bailindhe gHygture inside of the
subcool L hel di

ot oved SpLeEepE TSt kbl B AHGEF callbElftiBRed)

ev apdiiat drailaing loup maylbe provided $er@nimlljyg deshpsrheating.

circuits to provid . . .
us, a secong use %or?he dual condenser mode operation is to provide subcooling

to increase the capacity of the system. It then follows that a third condenser can be used to
provide both the ability to heat liquid to higher temperatures and subcool the refrigerant for
the same system, yielding improved system performance.

Use of multiple evaporators and multiple condensers in parallel circuits to provide
any combination of heating and/or cooling and the use of multiple condensers and
circulating loops in series within a circuit can be expanded for use of configurations in

whatever capacity is needed. Any number of circuits can be applied or any number of
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any conbi nati on of heating and/or cooling and the use
of multiple condensers and circulating | oops in series
woR0dTitacso ci rcuit can be expanded for use of  PCT/US2007/013397
configurations in whatever capacity is needed. Any
nunber of circuits can be applied or any nunber
of condensers or evaporators in series to not only
satisfy the requirenents of any application but to
optimze the utilization of the refrigeration system
and maxi m ze the cost benefit of the system
condenstrs bt av4poratéxsiin aerigswie moh ppllyisetisfiydine re‘q‘hirsm4mtsqurany lapplication

oot AT PR ot e SR et SIS % bnestof
thesyaemhhteﬂatl&hma@vérﬂéﬁ;ﬂ@eﬁ@ii on system has never been
ap lied in this manner, this fornmula_is unique and

Pﬁak?e@rmﬂka hestbger deyeloned which dasqribes thepagere\pfithesyptem in
termgfof 80 it dT&%ngﬂﬁWéI?ab@ ! aﬂlﬁ&fﬁ Fefbdaion Qﬁterﬁ has never
systemto e eva uated as a vi ab e alternative |
beent dpplind fin ddsen@;m@mﬂnaﬁnmda isrnmigfe andaleacnibey thdhature of the system

for a \bedrer{r%?l agg&ga{tg%my SI g I%gxtﬁ%%lb b Qeasis gﬂ% é]dl o r{.]tm h %ésfte?xrﬁ rtr(])

evalGaphas & y'wtbie dleendthierih gles ﬂ:ﬂfmﬂ%eﬁé@ﬁnﬁﬁﬁfﬁi@&%@f tllialworld
first applying the energy into the ,;angtsl i catign ﬁ
r ej @etheradypamiciarmplagnave by encsenindbe forn phamhtcst iy and

recyt128 eﬁ@t%?‘ﬂaia)ﬁc&ﬁ oft ﬁﬁ: Jaﬁfi&{}g@lf tHe E‘efﬁ%graﬁpm @R BMpk&ysdy by first
new | evels. As used in this application,
applyeg\the ersrey int thempplightiamandypeiecting des femadniag energy rim brder to
t t h
o35 et " SN BRI GBS L b "o
pr doased iBiliEhpddcaish, F“Eh@bﬁ?eﬁikl&h&%l\’eh%yﬁmﬁheﬂ ak shermal

i L e

exothd@Sichpdb&Rs.. Figure 2 is a schematic draw ng of
anot her enbodi mrent of a prior art basic heating,
cooling and hot water configuration according to the
E]fpﬁ ﬁ{h ' [ iﬁﬁ‘i@ tic drawi ng of an
Bmenbog’l%#en oll‘dzlgQ&{z;éﬂih‘;r:JE eati ng, ggol ing and hot water
CcoFigngurlak iacohanaiv diawing of 4 basi@peéeeart heatingnéoading and hot water

‘ggl%ure 4 is_a sc % vi ew of an enbodi nent of the
configutation agaeidipg fe, #8heati ng, cooling and hot
VatFggur i ik laZchénaad dmwh@%]@mioﬂsdr Rikfbodith&it'of s prdr afthabid heating,
S

are schematic draw ngs owi ng al ternative enbodi nents
coolytg andaqttwater conbigrratign aeeeTHing tadhe 108 patedin having a

VeI AR A Wra RPE L b itdaRt BF £BRHL heating, cooling and
hot water configuration according to the present invention.

Figure 4 is a schematic view of an embodiment of the present invention showing
heating, cooling and hot water utilizing multiple heat sinks.

Figures 5A and 5B are schematic drawings showing alternative embodiments of a
heating, cooling and hot water system having a warm water heat sink according to the
present invention.

Figure 6 is a schematic drawing of another embodiment of a heating, cooling and
hot water system having thermal loops and thermal storage according to the present

invention.
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Figure 6 is a schematic drawi ng of another enbodi nent
of a heating, cooling and hot water system having
woOhermaéosh oops and thermal storage accordi ng tecrus2007/013397
present invention.Figure 7 is a schematic draw ng of
yet anot her enbodi ment of a heating, cooling and hot
wat er system wi th m xed superheat cogeneration and
rejection according to the present invention. Figure 8
is a schematic drawi ng of still another enbodi nent of
a heating, cooling and hot water systemutili zing
suPipune 7 iea s¢hiomati¢ drewivgdifiygt anstharemhodiraent afipteatingreooling
Fi.qures 9 and.10 are s ' i : .
and Bt B itk s pAER shper R AAR sPlechl hiE{aipg tg e
preséfit ifiventibaool ed |iquid according to the present

b e S« e i o S AR oS0 8F o B0bti ooting
and mttvbatgyﬁsfe%ﬁﬁﬁgng Sabeediédiindd _%@ébra%%ﬁ{cg ?xﬁéégeeau invention.

accordi ng to t resent 1| nventil on. - .
DEBRIr&319 and UF afeHEhBREEERRRDngE\EdDrthenambediments df@rheating,

contr.Ql Ling environpental I 6 A . :
cootiiodies Wi RONGRI O Ryioo B RRRE allokhak 47 e prosent nvention
uniFygire all i 9schenmticaliawigrof ahothebanbodinmgt bfie heating, cooling and

hot Wgia & it Spereaied heed Hgpiid 4o %@F}cﬁgpg LA SEhE S B present
inveRfidp ronnents to be affected or controlled by the
refrigeration process. The vari abl es nust be bal anced
relative to the requirenents of a given application of
‘ . . . L . of a
oer Aft B ESORN i 1907 pAamA R EMBOIIEN
Forull0 forccomtesllih & environdmeatsd dadatdeorith the refpimenitionee .
that neet the demands of .the gpplication within the
contARbCEnshaYS PYFIch G ee) 1D RER per et dor PAlaclfe the co-
gendratidnd 8 hOR an@ tolaUaithiA RhSreGOFREERsS %‘c‘ie Wil the bPistiafs of two (or
oils. There are many materials and m xtures of
morphersitoalmentste bepifested qyepatiellechby terafrigeration pragess
br head | feQfiFertbts of a gi licati
or bl in pEPRL B LA Dt 833 g a v oplcsn
of ties syatent] The fisst cessidérhgoreisithe clevice efa vifrigerent that has physical

refrigerat.] cycle. Once a suitable refr f '
progghesfall Ao Srsireiand sondhres of Rams iRy tidtfoeet the
den2RA% 8PHe APl EAMDN PRI NBe frhprehibe Fatiotarsiad peeating tethpeaiage
. the refrigeration system conponents, th mnllngho%$rk¥ﬂ d
limigations ©€ availablesomprersers anfl cqraprasson @il {heteArg ey matertals an

mixﬂrgg {)fsmg{en{am% e ér%{i chdfetePidftC A4 Bradef @itaysY application
Wl en In a nunper o ormats. For arefrlgeratlon
conditions are considered, new refrigerants will be selected or created to harness the

efficiencies of the refrigeration cycle. Once a suitable refrigerant is selected, the formula
can be applied along with the appropriate engineering principles to select or design the
refrigeration system components that will properly balance the refrigeration cycle and
withstand the rigors of the application.
The basic formula can be written in a number of formats. For a refrigeration
process using direct expansion in terms of the application environments and electricity use:
(1) Desired change in environmental conditions at location of evaporators — Evaporator

side piping losses and heat gain + Electricity consumed — Compressor and motor

7



process using direct expansion in terns of the

application environnents and electricity use: (1)
woOrsi7rieéhsechange i n environnmental conditions at PCOM@ER00/013397

of evaporators-Evaporator side piping | osses and heat

gain + Electricity consuned - Conpressor and

not orl osses = Desired change in environnent al

conditions at |ocation of condensers- Condenser side

pi ping and heat |osses. This relationship can also be

represented in terns of the of the refrigeration cycle

i t kekés = Pesirakamnge in emuimninental conditibns ok locatéan efscondensers —

fol] ows: (2), Evaporatpr energy coll ected-Evaporator

si Eﬂ@nﬁg’b?%ﬂhﬂ?g’é mﬂﬁeﬁ’ig"asfe%ai n + Conpressor work
Coﬁﬂﬁsr&%ioﬁﬁﬁﬁ)_ﬁﬂn aRb Belrestesonsdicinteimsofthe pf fiengfrigetation cycle
heat | osses. These rel ationshi ps share the follow ng

itself JForrexample sgwtion 1 can beyrper as fleWsher gy col I ected =
' i I binbQbssed bnd REAhRN-
(gf ﬁg\%;g%gfogt% g?‘gy°?lzl§&§%n en %%lﬁiér? e e?g;gq r ejeecy ed .:_tgla
De Slongtessoangek =rCandensen enengy a¢j ectod e Gonslenseasidequiping@nd heat
of _condensers. (5) Conpressor work = Electricity
cor&Yiffed- Conpressor and notor | osses. The generic

t eriBsdidldtichSKipk Bhdrb ehd PIIBYMMAShEalAToneRipswi | | be
derived in the terns of the specific applicatio

or.. .
(32 Eviaperation snetgy epBecterd=Rgsired shangiein eBVirpramenigicapditions at
thq ‘%‘%%ﬁ%rf\é@ ﬂo‘?Qto?J mass and energy wi th consideration
of ‘THE Si gni ficant | osses. These equations are .
@) iCirdedsation decmyrejectet FeDpriredtcdhange inceniviroamgntal conditions at
corifi g.urati on.of refrigeration systemthat wll
madPFAUOR afeandgIsFiS, at i on of both heating and cool i ng

(55 CBHhFRSsotdrR =t Bikctieity icgtsumiddon Coypressosaridimotor losses.
operation and thus naximze the overall begnefit. of

f .t
i nSkhel sengrie jermemtiliza i Bedoiegaing cavptiens Wkbg,darived iy ?‘e" terms of
the g::egifﬂ:pig{ﬂi&%&y L B addRi1 BEbHE6:90 BB Heahws of the
ul

nts wth the refrigeration system
congesvationeofamass aad énenglyi witly eonspleratidnef the significapt/lopsss. These
si. mul t anegQus ilizi both t] ' p
cquiicsaronaire e A ool 8ie R R hichaP | Beration
syst@RthaOfilPiaRimiae thesytiiAlbn vaBothdreatiag kyd teolingpdesiuress while the

performance while satisfying either thehlgti r, the
refitpseitiongysieds in oparatienanst thug Maximpe the Averpll Peaclt of fhe iStalled
Sys'g;lere are three classes of refrigeration application

ased on the utilization and
The formulae provides the basis for designing the system to match the

environmental requirements with the refrigeration system requirements and optimize
operating efficiency for simultaneously utilizing both the heating and cooling sides of the
refrigeration cycle. In comparison, the goal of prior art systems was generally to maximize

performance while satisfying either the heating or the cooling side.

Classes of refrigeration application.

There are three classes of refrigeration application based on the utilization and

efficiency of the refrigeration process: Rejection, Reclamation, and Cogeneration.
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efficiency of the refrigeration process: Rejection,
Recl amati on, and Cogeneration. A Rejection
weéli2et7anéosal |y, the majority of refrigeration PCT/US2007/013397
applications fall into the rejection class. In
rejection, one side of the refrigeration process is
al ways wasted. For exanple, an air conditioner
transports heat frominside of a building to the
outdoors. The desired benefit is the cooling of the
space, while the heat (including the electricity used

toALﬂhﬂ£ﬂ@£nachine) is displaced or rejected to the
an 1%t8§gaﬁ§:, Jn?}orﬂ{l Q Te'ﬁqgéé'?tg&{ éé}ﬁﬁ;ﬁﬁé% a1 lﬁ!?;' t'h% géjéctign class.

In refeetib8Conegdé of theaefipetation WesmMWaymwedldEmamlﬂe an air

o ST SOnE L 0 0, G, L3800 e benet i

the dOW¥IRg boF 1R Qah@ Fyyhife t!h@ Abatl (nchRhS tHe WedtiEPud¥ditb @un the machine)
rejecting heat in the summer, and heats the space

is dnswia«t@ orggizctadity thoenvitonment Sinmiasly megtjrefrigegators, chillers, and

L A e

condR¥&is hedalied Withewttdoasidemtibe of theantdizatien of thedwat &ir Iang useful

t hey prqvide value ta a, that s _for sel f
PurRogE-o ALt BPEPJE ﬂn%ﬁfn H) %ﬁ SpgGe vﬁfé% rejecting heat in

ﬁﬁ’iﬁlnhlc ahil Pests MEH4RE wlﬁl@]r@@éﬁrﬁg'b(ﬂ& st eiEBwiniteeh Ragection refrigeration
chillérs and freezers exist along side of bojlers or

systéms aeectbs Least efficians sysiems pinee they dtlire eparey trgithar heptragol, but
nev bt TRY etch?H s¥s¥£}n§ RavdtBbir g)ﬁ{cb Gihte @l‘iélt seViledaiRStolarocess that

conver si mat 1 on cogener 1 on
pay$ firiisgitiatongh pr(ﬂuct:@colte]:tlan joo profuction.o ey eppliqations however,

rejegtg{er{,\%épp% g e&;ﬂgﬁﬂ al n]égy ed%}s%%gr di sg(ge {;r%]l?%ﬁgén%[%aces which

provi@é EhARTAHI RBceRY ﬁéa&ﬂfﬁg kel it bbmbusngms Orhesé apptications are candidates
recl’amati on hi reclamation, ngl portion of the

for ¢raviersion oy reglomation qrwageq?ﬁ%ﬂqﬁl §77di%r i cal |y been
rejﬁckgaa' g!b%ptured and reused for some useful

recting heat froma waste stream of an
appWiithavdlatilitgriol enengygrices, nod haeartaipty spgardipadls bypnagdpgween

ene?érgq%tg ! an esnsegé}é%g 4 %}?tag gl‘rl] %D éé Fegﬁ% ttlé)xi%ystems are utilizing some

forth»d¥48:13@8ti01201 R6labidgioh Sdimd partivh o€ tiedieatisg ootoaling that may have
ani mal confinenent to heat the confinenent

historicall beangeirstad i gaptarediang rapsed doxsoms Uil pirgse, Gylecting heat
ﬁ'orgwgéé s&gﬁ:ﬁ oraH Q.gf)lii'cahen Qﬁ@hsﬂ’@%ﬂo%ﬁﬁvaﬁf &pas O Ednﬁe other

reclamation, the refrjgeration system.i 10
Prooéslsestreamsngh@@mdwabm isrrpslamation, agdeseribediip - S{ besgas No. 7,040,108,

Coffclfieeat Bl 66 ek BRIFOF At Eonfichfent RPNk B cotiffiement or

as mJC as pOSS| t not necessaril
colﬁJcthhe:ithﬁlt of the Wasté wateher fitiéd eait exbaushof pwniiy te heat wash water

are specific examples. In reclamation, the refrigeration system is often designed or

optimized for utilization of one side of the refrigeration cycle while the other side is
utilized as much as possible, but not necessarily all of the time or to the fullest extent
possible.

The time dependent nature of many processes and the change of seasons is

accommodated by the present invention wherein the refrigeration process is designed with

9
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The tinme dependent nature of many processes and the
change of seasons is accommobdated by the present
wonvEnuesm wherein the refrigeration process i BCT/US2007/013397
designed withadditional flexibility to allowit to be
utilized nore efficiently and to a greater extent
wWithin a given application, including the need for
nmul ti pl e evaporators and nmultiple condensers to neet
the priorities and tinme dependent requirenents of the
application. A reclanation application nmay_include
addifienal dtesitititopelon ibto bnuatilizesimord effieisnili gid fea greater extent within

a gwrﬁaaé)pi & Sogg;}%élgaé%?& Vé)éeﬁg‘grﬁgﬁ% dep'a 40 fagxg[{ﬁﬁt'n% condensers to

meeSliRiRibrities bad st depeaddm reuiielrentspeithe epplrcatlon A reclamation
cogenerati on node when heatin ot abl.e water whil d ¢
applifabioR ARy RERAF gFtiodtel RFg endre pEoTet TP FY Ffectfon and may a

time Q)‘#%Ya‘? %Mgteﬁé}aﬁgn hﬁid%%is@ﬁks@&’gélowy ePfof &tanisleARbFlicants' system
wat er €

ated to its limts and nore confort cooling
instaucdriaqmmmmu ppératetinsogeneeatinpmodpyher heating potale water while
i ernal. evapor at t h
L

the FotlBleSIatéreiB hehted o ith Bnﬁ’gs&hdmlmlcbmfm cabkng is requlred If in the
recl amati on node duri nﬁ the heatin

sorm BRI pPHGHIAT: s e aB0EN 13 PRRUDR L IDR: 1 R e gadvantage

of tﬁ@dﬁé}l elthn?srt 268 Bh@rborh A8l loRen exdidgerahb then)ihé Sf@terﬁ will operate in
capabl operating in this varlety of nodes,

reclmpbylsntdde qsmns tee heatine seaRenar viilerligating water ﬁ%lpng the cooling
excee a f ot "

season g{( gthgxieai% ggl =ik Syogu?f&\he&togﬁgergé ce etf)i(% %%si&ﬁ hsoéhp‘aﬁﬁ operating

in thie ¥afemtdfanodesit egmyathecpmemraé oflaymal pedom@lmwﬂwt ekceeds that of

respect .to_ the draw u harac =r|
e GRt L SE e L HoRPE G Eoo P Sy St bramples of
reclrmgl%t HBARbARPIARES ark destrived BeRwl Witkorédpettie the afavﬁggSI Aemique

he reffigeration cycle. Mst reclamatjon systens 4
chagteristv o eaeh of PSSO SAS]P thah B IRB ot ORFEPLES PEPRRatian mode, it

lclQe! t&@amation systems onl
o PRERORCH RO R A EEm ALl 8] Mtk Mamation sy ol
utiliR) £fehdtion, ofrtb@heamigl aapacnty dohemerhgatin;andpialing system falls into the
better than urere i.on but not. as
B bR e % R OB SR Siepraion
whfch% Beddrithsh ﬁ&@&ej@&txéxhﬁuﬂrﬁftbs gesdad pure cygireration. f ul | y
utilized within a process, the application is called
cogeneration. As nentioned in the reclamation section

Co280) G tiof" exanpl e of cogeneration is when a
——ngrrgeratlon systemis used to provide confort
c00Wingn ivdth lthee éredimigragd the besitimpsidecaf thapafs gemptian cy¢le are fully
I t f t d
u s ﬁ@inlcﬁ(,)lg]rﬂg?s& & 6r8¥e>ﬁcalt qu gﬁpz-dbqﬁ)gg X0 AAL hédtioned in the

Icatl on sane SySt em can be
reclb&ﬁﬂtdncsebﬁéﬁ alam&y\mmamplp@xﬁ kogadtaiontis when . refitgeeation system is

due to daily and seaso vayi abi it
usqgk e PspYide icex}n/u&fﬁ ae9lingy ﬂﬁﬁggg\nﬁé)om? X/etﬁr]- gg%s eg‘?eectwe utilization of
the BLSlr¥e B4 Bt extended in a housing or hotel application if the same system can be

used to heat a swimming pool and/or hot tub. However, due to daily and seasonal
variability in outdoor atmospheric conditions, housing applications are rarely pure
cogeneration applications. Pure cogeneration applications will mostly be found in

agricultural, commercial and industrial applications where both cooling and heating are

10
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cogeneration applications. Pure cogeneration
applications will nostly be found in agricultural,
woammareisal and i ndustrial applications where POTHS2007/013397
cool ing and heating areused to produce a product. In
an ethanol plant for exanple, heat rejected fromthe
cooked nmash on its way to fernentation or fromthe
fermentation process itself nay be collected and used
to heat the cook water or to heat the condensate
returns for the boiler hi the future, advances in
usedrte prodyseanredecid In ad pﬂlgmlaxlwrfommrmiemeahwjemd Bom the cooked
refrigeration s e
mast 5 s 3y P s i 2R on PRIRBLAL 80y Bitoncated
and Weid|t6 heatRwebolp Iwaer or tdheat ﬂleeamldelpﬂa&nltea;ms Ferthe hbilerndn the

petr ol eum refl neries nrercial l.aundry/dry cle
futugy RN SIS S GET P DB e o Eeon
systeniétSs rﬂ erate aP &%ﬁe@&u@ Rt Nl lo@Srefider@ RS Bents 18 Mispldde the

a refrigeration system The conflguratlons shown in
boilerh @ oolveaplangs bm-éleesdaﬂmtwhﬁmwaéﬁn gﬂ@?ﬂ@ﬁeﬁy@t@n@mmemlal
he for
laun\ﬁg’%ﬁ’?ﬁ ieeantef?ea“r i c?asﬁ'g |tg’ﬁ} gneggggﬁéén%le :Rq Oy&ggngﬁted industries
proviipeppotuniti ot Cogenevapiph mde a mfngélfbtmorg sy.stems to
maxi m ze util.ization of_ a _bal.anced refrhggerat

e cOnFERAaES THOVT I tha IR R S el gt Beratibs sstems
wh YoRhh198 d@é&b@@%’\bmezﬁe ebdd © RGN ghe\radiation btk

application. The systens are able to utilize the
cogemtatrmlonpormnnm iman applicajiert i on, recl amation, and

COSRSHAL 9B AR Elod o PTGt

1rons | n‘pose e systens
configeration tHak evild iminimize 2hergy @bhsuniption aldassxdsnizd efficiency and value to
oper at.i on thin the nme installatio
the BRI URVADF BSIR RSO BTSSR ST e gion gfgsiection
recl§1|§1‘1§ﬁ&maﬂﬁ%@éﬂ&&ﬁdrb’as&ﬁ@eﬁ@fyﬁh@ﬁH ﬁirbﬁién@r&d&ﬁrﬁltehﬁﬁls h‘)mpﬁsed by

ght of as a sinple transferring_ of en
the applisatiom The ayriemaeprepepehie of uiilizing althree @fﬂﬁ%

conpressor. The present invention
thes£§%§%§?%ﬁﬁot to sinply transfer thermal energy, but
through controls and system design, to transform
_ r g JIV%IQIJS‘

co "Hfs&ﬁid%l@ tﬁéﬂﬁkfﬁg&albtbﬂ pilocess b bééretlmagmu afas amunple transferring of

ssor oi] and the e
enetgy%n@nieﬂoqqﬁ@nég BRetHEr ?ﬂg% g’é@“&%@%&?ﬁgﬁl% ?céwtgﬁtglt{,e GQIMpressor.
The¥teScht meﬁn?ﬁ eﬁ&’&%ﬂfsrrﬁ)tt 't(? Simpl{ ah S RBHA41 ABrayl Btethfough controls
requires I xed | e the cooked mash is held at
and 53916 dd@m&tntramsf@trm Qlemlgl arfersywelativado its anqsh desifable condition in a
spegi ng? @%ﬁilc %19 o198 the t?d Igtigqgh ca]%'zﬁ)?hﬁ'@%}‘ the rdFRESRAY, B&fpressor ol

S coI e system an

andtth& eqﬁxpmmd Thisds &ﬁﬂ&& fonemmsxmme@u:hauheppm:essgie@mbqﬁl@rekusly

as a?xeesxlagnplg fof ct:ohg%ngr?;lznll g% tfermentatlon process requires a fixed 95°F while the

on within

cooked mash is held at 180°F. Fermentation gives off heat as the bacteria metabolize sugar
into alcohol. The mash is maintained (excess heat is collected) by the system and
transformed into 130°F to 180°F water depending on the design of the refrigeration

process.
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process. The invention is capable of transformng

electricity fromany source into thermal "bio-energy"
woOhoarugénso euse of thermal energy that woul d PCT/US2007/013397

historically have been wasted to the environnent and

t hrough reduction of toxic em ssions associated with

conventi onal conbustion based heating systens. For

exanple, in a conventional ethanol plant, the cook

water is heated using a natural gas, coal, or bionmass

flred boil er. The excess heat in the cooked mash nust

Theripvetionds erpable Of;@msrﬁmrpn@ plecitity drom hay source into thermal

" t has,,i oI ved
oS 8 S S L) AL
the aﬁﬁﬁoanmfnt aethpongterdubtidn @ﬂ tBRicleiibdibmsSasasliélhfct aigd conventional

rn?) |S_lhe[ froma chiller or_ cooling tower to
co Pﬁr 3SRE bedBg sygtemso dics sxamplee in 3 sRnvieRtpnahgthanpbplant, the cook

wat&qs H@z{te& (&g MRl DAY cSh %ﬁorﬁfisstﬁl%d ®b{181 Ol he excess heat in the
producti on process This is also true for maintalning

cookeemagy msit bt teoroved defose itaan 98 Preprnesston thq@hnmtabm pextess. This

hlstér?ca[l]lﬁ/q)tas %\%ﬁgecde s% ostihegé &c gfersh{% cpaﬁv“i? he irgge 0,0t %rgatn%%f the

e envi ron

procexcBEldtemtuinsks @ddmﬁnal epelﬁa’@dtﬁea ﬁbhea ehitlef 6NE8)ing tdWesto finish
nogde of operatio reval ent, in_nost industries

the ¢ Teesnange the B73Sh Fpush e Fogenyihap gost pther slageyyof the ethanol

prodil¢fABh pfsceba VEhiglid A6 @'ubtfoﬁﬁgm%hk tﬁ@ﬁrﬁn@ﬁlraﬁoﬂ i?od%ﬁg at 95°F.
been an economical way to utilize w grade

Thus gfaelds bume to heatin pepessstipam 'and ylsq hfmt mﬁ}m sgiectedhto the
envirOhSY I)p%{noé@e%*:ag é:ggce%?;eggs %%ébsg gg{tﬁﬁljg@%glg%{cged to the

provi co0

envsomnbxtta Mddsislode ofbperatias 1st;&e1mcle1’ntog ynast thdusfries g@d@'r’deeause
advance, it wll_be possible to reprecsely mat. c

histpi gaEEY pricepandenegy 3@% he¥esAIorvasd A RISy ﬁ’FFf‘ehaS not

beeh 8h Eé&ﬁﬁxﬁhblc\ﬂa)%bcdtﬁlzem&o%' glaaBrghsiet 86AS Whth a¢plibhdt®dystem
sources of heating and their associated eni ssions.

howger the insraiadhrbworkidheyyasierdicanded igckairmed toserolide the desired cooling
t t s
e LR O P LSS A M s i e
possxhleeu nore psecsdebymiaschiihe desmmdggperaunlgl uonénmng pnwﬁt gides of the
so. exi sts when the energy that is reclained is
reﬁ’(ﬁgﬁt\%d’yf; om | i ving organi sms (such as in ani mal

C onfhe“@@ﬁm dispRlc69Higdct Bir@Dstirdrg okfiheitﬁl% @ dotheirAgsdeadtéd @nissions.
The systemw || inherently displace_ carbon

Singg fgsz mestedanpzy 239k and mascoue el(rwonsamﬂﬁ heyogidgrvise been
emif&d fifo N qﬁ? tl%:lﬁggq (QJ&gﬁ%EiTi dl & WM@Q system is

processes an ace sul ner cury
bio-gnergys A blm@@rgms'swm) also ﬁklstsoda&n ths @hcngyMtlere@ialmed is derived
bi..onmass uerrb ti G ven the 3
frork Y oA G e i P R et B rria o
incubaifig bpgs)i Thbh?stémtwﬂﬁnh&eﬂﬁjaﬂisf)hce cajbefiidsoxXide (TOY, carbon

monoxide (CO), and nitrogen oxide (NOy) emissions from all carbon based combustion

processes and it will displace sulfur dioxide, mercury and ash emissions from oil, coal,
solid waste or biomass combustion. Given the system displacement or reduction of CO,,
SO, and other emissions, it may be possible in the future to qualify projects for the
production of emissions credits (currently SO,, NOy, Hg, and CO7) which have a

marketable value in the present U.S. cap and trade emissions reduction strategy. The
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production of em ssions credits (currently SO2, NOx,
Hg, and CQ2) which have a narketable value in the
wonrewsaasosl). S. cap and trade em ssions reducti ORCT/US2007/013397

strategy. Theextent of the displacenent of em ssions

and the ecol ogical inpact is neasured relative to the

renewabl e energy nature of the systemwthin an

application at a specific |location. The renewabl e

nature of this bio-energy can be derived by conparing

the efficiency of the systemw th the efficiency of
extentrafithe displasement cfiensissinns angbthe eaologichkinpagt isrnedsugedf rglative to

t he lication site. Thermal,.pl .1.ncl i} .

the Sy P i €0t iy i a8 B bfpn i e ocaion.
pl g Fendalbie ndthey dfahisfieRharagiedn be defiesdiny cqrhpaing the efficiency
AUof these types. of generation emt significant

of thgmystamswih thiaffisioney Pt thermak pawes Manto Hisk generaffi dhe dectricity for
the égg%&%ﬂ §te. bﬁ%&%aﬁ%ﬁﬁﬁ TRCIRIORIGE fl R 981 HldAR! htid16s pMnts, biomass
ucts t d t

ustion pro at contribute to air and water ]
firedoplbhtsf scdar. theteal pldnite amhggothdrmuhplants. Al ebthese hpepphgtreration

.1 S _chargcterized. by the heat, rate which i f] as
emit S B AR VAR et p it RSy nd s6 SRSt based
syst&h@?fddiu@é latpOghantitics b Cortyadtin pRoeucts thancomribute to air and water -

reclamatign_or rejection node can simlarly b
pollgties aEhesiiisisgoy of theamal gensratg TSR IS RErastarizedhy She heat rate
whi&Lﬁ‘EfeﬁhQ& Eytﬂe'mﬁtinéﬁtrb? fha\(6F BRrthRSnERly) per kWh of electricity output.

characteristic). It the system performance (Btu )

The systputopewtionrip medlamation ewteigctivh mpdetran sirallardebe elagracterized as the
rate (Btu.in k . ] r '

o GERG iy PP R, Bl DR BB S AL

systém[peefoanhscd (Biu betpewRiWieinpat)tis pleater dmnothe hheragy heatmate (Btu

. operation. Fo xanmp) e, if licants' system operat

inpeg e BB st o i B BioHP RN EFGLET) G P TRt e two

reprédtint EthE hen SIS BIntAERNESAL A BE sptsth @pedasioRr oduci ng

electricity at 9,000 Btu/kWwh, then the plicants’

sysﬁogwxiampéaiﬁﬁxmﬂiﬂahﬁgsxsm 0DpgREs eH 12,009 Biy heat-outpdper KkWh

enewabl e r i« ' . . .
clec S FRLEMIELTh Tl sph Y ol iy 00,00
Btw/kiVeh atien ageApslicahtsBiystdavs doaaibutinige(12/000/9009enBx* 400 RG3%

S emw || vary . as_ different generat units with .
rencf G IMSRAINET B (oo ] B0t T BOTERH TGO clst S PROT Sripfor a desired
purpdREE VB Sv 2R 18Yal IHIIWR WeatGatedflthe g@icyatiipysioniiwilkSary as

_the heat rate of the generating systemvaries. However
different geneprtingamits ttith d@%@@ﬁ%ﬁﬁ%%ﬁ ggad @ egjload. So the

(€

_ rendWHbEOLS élfg)é EGnt¥iBhffod QNRLES Vel MbddthsithEehdl S4t8RE _%e generating system

gener a system heat rate to lower values. T
varidentos/evert i¢ catnbe seepdbat thé systeto prongdestrendye sncenty etof werk towards

R T S R S

t heTé de@ensitatd thedmpacndl redating techeatitate for thamal germtating systems,
for %I;IESI:?? g tag@y;hﬁﬂbmg %’(le?gigg g%/nfg%g}nr llﬁtf)# };e{tgg’gﬁ{_s is in the range
of nbWvef Binbired cdclBlnanhl gas fired power plants, The renewable energy
contribution of Applicants' system becomes (12000/7000 -1) * 100 = 71.4% (i.e. 1 Btu of
energy provides 1.714 Btu of thermal energy). This implies that by shifting natural gas and

propane use from direct combustion in residential, commercial, and industrial applications

to use in combined cycle power generation systems while at the same time applying
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energy provides 1.714 Btu of thermal energy). This
inplies that by shifting natural gas and propane use
woénrwmidéosect conbustion in residential, comerecalusS2@amdi3397

industrial applications to use in conbined cycle power

generation systens while at the sane tine

appl yi ngAppl i cants' systemtechnol ogy, we can

significantly reduce the anmount of waste thernal

energy and the anobunt of conbustion products emtted

into the environnent. To further drive this point,
ApplaRatysystan 1@kasPEy, Wb ain ibrificanitymidies theangyunt of waste thermal

contribution fornmula that js an al erngéive.to

energypand the ameunt gE¢umbugtion PERsCLy amified ffgdhe pryipqnupeny, To further
drive cﬁlirsézﬁiﬁ% g%}%\ﬂfé for eRarthpRMhithBe fedbiwvable chbr tridttiod formula that is

ustion systemwoul d usual |y have a
an alcomatisresto Applichnts! systeyn will eprsatesih dB0%refEgmnex(igaspbifct b0 from

neans that an,additional 79 9
the o) Tnstip D eeBlEion st FPfotsubliPniRl ol
efficRALS $i mg&hngm sbo)fa ay ﬁ3%aelilich mzs thatrt] e addivionalr %6 ro 2?]% of the
conpared to use of the system Another t 0 say. & hij
N N T LT Tk CT L
to th% gngu&ﬁnﬁﬁttboﬁfpai@tﬁfobﬂsp ettt SYeteml NBAGhEF ®ay fDsaythi is diee one Btu

conparing alternatives, we subtract the efficienc

of naytiral Bes i prepancrrewidstQ. Bt & 93 Eswof Ptk hretiags Thpishery, f9r the sake
of c(%gg%ﬁ%p %llte%gaetvsés W g\mtﬂa%{ s aERY SYRLE DaiRsAbN Btem from

ermn e renewab energy contribution
the JFlbieiéeef therAppiRantsoaibingical/ combiaed oyl gergratirg sylem to

alternative a 93% efficjent. boiler the rene I (i e
: deteg@wprth%{ﬁqeyﬁ{a]s@n@g@/m @n_aé_]\bs%c{ 1%1853 cgrx}@tli)\é\?ﬁ?ﬁ}agve G.e.if

the z{l{épﬂfldnl‘%% it habos begichans beMRrthé terWaBlec@niibiBibnBs (12000/7000 -0.93)
user u

heating per Btu of useful heat that VVOLiJ dé& e ..
*10Qedi®. Pholhisianplies shg 3he sxstane Wil prefuce dt7 8k BUPIRSP 21\5?**“% per
| GANL$ | ' » SRERALHRSd Fed boiler.
B g e B e e R e oo o L Loc0
Bt W ppifeahis' k3D Bt aitdclipatimndrvogenetationcissnariewilk pwiqadly operate

. to increase the r.Lpmd,. the r e

it eppEaE S BBRE 1S a O A BERfelRb it o

mcréys%tltg%ﬂé ' éé'liri'/liE.\C;wf;\%QE@rd%ﬁB Rkt xiaﬁaﬁhbl_seas_eé, m? sverallbiomensyvable
at tu (W1 runni ng on e ectricit ram a -

impétrafdhe syatson adll dgerrescmeRoripRallyy 4 5)/%%% rgngg gt $3650 BrwkWh

0

SRR I i ' IR SYIR diSNENRDO T efficient
m%"%%??ii%h‘%ﬁ%(ﬁ%é% %8%%!“&383_ 100 = 102% (i . e.*e cen
gas Fir@Pb@lar will prediias a tvaawablg contributien gENSOAPE0P rdhd R * 100=

0 fired.in t ' ;
1028 87 BB PG Jedelle P U PEE-AUF Sl B oOPR fred e
confteidd B@lé plahtndsanplifftd bythe systemoelagive ko 823iBtufasefghheating if
efficient boiler). Since t all electricit
the saipe Big "3 dEGFFi‘é}‘?etddﬁ]%‘h%:{L%ﬁﬂfg%’Sﬁtr coé%,r)' s orreyc orrection
shogide h6t APERcAR Ly BRerafidre6dmed fro@théded Bahirces, some correction

el ectricity sources. Non-thernml renewabl e nergy 1 bl
sholsthecmadt fardhe pffeqtofnpnAhgrmal FSERIFHY SPUICHS  Hgp-thiermal renewable

ene:egrg Sk Q%1090 Hedd ¢ HY Girb &HB 3P iRGnGFemissions and include technologies

like wind, wave, hydro and solar photo-voltaic power. The impact of non-thermal

renewable generation on the Applicants' system renewable contribution will be
proportional to the fraction of the total mix of generation produced from non-thermal

sources. However, the contribution of the Applicants' reverse thermal process and system
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_operafing aka SGPLL3 o eratar: dibis lswel

i ke wi nd, wave, hydro and sol ar photo-voltaic power.
The i npact of non-thernmal renewabl e generation on the
wappl7ilgensv s’ system renewabl e contri bution wi | PCDAIS2007/013397

proportional to the fraction of the total m x of

generation produced from non-thermal sources. However,

the contribution of the Applicants' reverse thernal

process and systenrelative to a non-thernal

electricity source is better described based on the

coefficient of performance (COP) or Btu of heat output
relatirer toBt npmiﬂleehd@tlmtucltwsmsms thgttetdesppbid tasad on tbcg/gqeiﬁﬁlent of

The uni ti Ln re [ '
perr G BESRERE} bl BaFEb &Y AMAMGEARRATAE Appicars
systén 3 TOE udifte ap&atind i ﬁecla@r%ﬁion%d@@enﬁatﬁir&ﬁoﬂﬁam gmlnerally capable of

rej ection node, however _the teg& of t

1% F(apwsﬂﬁ% in H.'é?ftlon mode,
howH¥dr thY tdnfiferland & g Qt?%ﬁréé‘?sﬁ@h hdeurdyst @th ) vreiwsn&il& Qinter day

I'n rejection no egrade the COP to levels as |ow
during the Ifeatifig seasrn mhea the system is waningsn egiettioromede camdegrade the

CoR eVl i B3 R oriamplso 1L s oty fectamation

. modatat AHHP Biwena . Taitl 210. 4A CO6f £.3 RONESpdnds o 4 eerscheat rate of

heat t f 13650 Bt u/ kW 11262/ 41 = 3
11285 BowkSlirwhile 5 GPRREND SEaboridsitn 8 VRl stfe Cb AR BrAWh
(i.e09088 )galﬂﬁ% 8964 f¥9s54/84 83 = 4ONnele 331864 tHeCdonyerdidnl constant

provide 3413 Btu of thermal heating froma_resistant
betveenctuiandtkdth €-9. 1 YWheofebmtrgitysvil ptpmle@ﬁhlt?‘ Bty of thermal heating
recla n r r
s B Rt QFORB AR i, B bl v
gen&@ffiY ABu o'flﬂlx&maPsB@érgy &‘rtasprosgss tfmm 1 By o€ slectrigity consumed.

thermal capacity of eletr|C|t ra dfr
ThusoApplicanty' s gggtlgpe Fél?qrpjx @8%1 € %’CQ[K ge%ed from non-

thedhilff sbcad by £ RaNPRhvAeRb itkicoPn of Applicants' system

In a generatlon m x that includes non-thernal

genEhatotal rxemﬁsvabé@ eenseihuiden PHADPICanE FYSifR P & ggRgspiion mix that
inclpBCndilfh 1 T8k the 13562
mcl(‘:lgﬁso?% gfé “E%a\lﬂ{e? rm\pf opé1 rnté??e nfgmgw 0%%)113 88 the
Btu/lewh Rl&SERSDﬂlealamal- gdse&rmh combivedatle power glant Operatmg at 7000

contribution etin W|tha9°/ f S
Brugi W bdteat G o L B IS o8 FOr g ks O kA sopmpeting
witRa 9394 cfcdnt Mirebictired %ﬂ@ﬁ sn(d&ﬁéaame eﬁérggsan&mumbﬁ 418 system

the th t
thohbatomea @35€2/(ATTAN Sih k40 3 D430 1007 g S67%. ASthe thermal
gent%pﬂ'{o# ﬂ%&g@eﬁfslé Ud2Ba%6 thd ﬁBrﬁth@ﬁﬁMoﬂtﬁBdtionh@ ifcpEHdE® this

e system The m ni num possi bl e heat
formalaewﬂf be tedutérbiotht GHR pHthesystemnTHegmBymum pRssiblgfpeat rate of the

et U b UGS 0 Rl opermin o
a coRAsiOn piiciaitySf 199%8 @R dEViatE418 Btapgener at i on node,

then the renewabl e
When Applicants’ system operates in cogeneration mode, then the renewable

contribution arguably becomes equal to the COP, since the cooling affect would have been
required regardless of whether the thermal beating affect was utilized or not. In-other-
words if you produce and use the energy for the cooling affect of the system, then the

heating affect, if it is fully used, comes for free.
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contribution arguably beconmes equal to the COP, since

the cooling affect would have been required regardl ess
wohoohesdser the thernmal heating affect was uti PCTAS207/013397

not. In-otherwords if you produce and use the energy

for the cooling affect of the system then the heating

affect, if it is fully used, cones for free. The above

di scussi on denonstrates that the Applicants' system

allows thermal energy based electricity generation

systens to produce bio-renewabl e thermal energy when

t h@heehoee disoussishfdeppanstgtes thad the Appljcapts’ system allows thermal

el ect r.i Ci .gener at i t ' ' '
enerfy RisP sTestriar BEie sy e RO bk RSP Bt fe Tl cmery when
the copPEision fficieny:s (teeat ratd) ofdise elbatticity gemeraticat syistem is combined with
Applicantsg' system effectivel | tiplies the
the qopNeman ShicisAry (USRS FRtFbR (R ARRUPRE AR dt was also shown
that E{ee&fe)férl:ié‘d}&lisy sysBdth CaSctRely RRLHIRs the fdRewABIR|cofifiibution of non-thermal

syst so, Applicants' systemoperated in )
renepalteraectticity sonrdes thatbe COR of therdunlisaatst systemm| AlsreAgplicants’

contributio . . O e
v G ol SR Y Bienk PR By ot
equélne thd COProfithesysterge of nomi nal performance for

thermal systens ip operation today.. The, renewabl e .

¢ okl ASHBRORR At RegRId i ReR: Friet g “c’%&’:‘?&‘g}‘eﬁ 75 iihin the range of

nonfRATHe PR maN ! BFtRNHEEASteh0¥ 00 pERIY 26 day/\PIitle réAéW able contribution
system does not create energy, but rather transforns

mayt inarteat the effipjencyi af thassioebined ssteny epeeefn d0@y- glowever, Applicants'
exhaust ' ' ' f

R e R L L

wastgicbrexhhtistéd iito theeenyiraamentiatiesefuldchemidl esengly. The refrigeration

refrigerant, anplifies a [] 1nput of ener .
cycleettEeth RIPPH PY CAnFal Qfdpe Bl REEOropREFRAY * SriEgy™
ampMitsladdoh 4l pht SBhetdy @1ecBIdiB) Yntota 1aippt feaititpoftheihalrenergy

W || be additiaonal ecol_o%,l cal benefits of displacing
avaidable £or ysering veretyriiapREEAUMS systens with the

APPIY GBI | Q¥ @ishRRingikdRe fired thermal

ey TherB R ol AR ol W O RlspRRirg o fired therm
heafing sgstanpivithi the Alpplicads] systom tesidgs thegkduationiip thesergission of

for boilerg an ool i ng towers Qr evapo ' ar
themteﬁgligyi agatm’%(ﬂ}c (iolngEHJSFlﬂn.u € gf:arélg ael 1% %gén%:ﬁu&?ﬂ fn'ude of
mal&iu%' WaLE fr bORERIantl (cBIRAE weh onewpbtativercobless. bandtber is the

and the cooling towers. In considerat bon.o || thefe dth
redugtianga, use pé e PR bicknpical e ERRBREHIC oY Spf‘l’lf e fpler and the
coo?i%?%\;vﬁxfs.u% cihdiddrz@dd Ol BRsdfids _fliefdnﬁ}'ﬁlﬁhin)éntraﬁﬁh@@dﬂanomic

ough 1 nmplenentation of the Applicants' system As i
footparti o& fosgi Suelndilizetipmenn bessgnificrntlly sedueed theduahy implementation of
eati ng of onsi ' j i : 1 heating of
e 5 o A 3 b RBPRLE) B e el et o
onsitieSfduistridl, vorhmeAsl] agrivultstal syl residemizh applogpyionsrisy displaced with
Apglailct:ali|1[cs§1 Isys grg tgcrlll%o orggr,p %glee r\{\gtll.ulral ggs a%\aaﬁrl)ggrlneewflﬁge gxlafﬁgﬁ‘arfor cleaner,

more efficient combined cycle gas fired electricity generation. Since Applicants’ system

technology generates bio-renewable thermal energy it may also be classified according to
its bio-renewable nature to allow it to participate in the renewable energy incentives

programs and renewable energy credit markets with at least the following benefits:
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nore efficient conbined cycle gas fired electricity
generation. Since Applicants' systemtechnol ogy

wqgemgriaéoss bi o-renewabl e thernmal energy it nmayprParas2e013397

classified according to its bio-renewable nature to
allowit to participate in the renewabl e energy

i ncentives prograns and renewabl e energy credit
markets with at |east the follow ng benefits: (1)
capabl e of reducing the enissions of waste thernal
energy and the products of conbustion resulting from
@ ealabilseﬂreﬂucinghm emissivaa bl wgstplthmﬁmis esergy and thet e

defin renevvab con but i on
Re Ré%ﬁ*ﬁ S R ES REPlairoh Sl B b2 tdsRbhanting o
cfdehéee\m ﬂeaté defibiedPas the bR &ResEdorftghitidrbut i on %
RTHR / REFTH * THPHR - REFNTH * 3413{1 ConpEff) *
odkeppwplle anﬁr@m&;@#@yﬁdﬁ@ﬁwﬂ%@ ¢ follawige t he
sysf%ﬁ{% Btu heat output /  kWh electricity input THPHR
eat rate of thermal generating plants, Btu heat
i nput Rbnewale Eeertgyi Gintgibwticnp¥it= EFHR /< REEEH*GRHBHR — REFNTH

Lract T SAEDEERBEIB OR0: X orovi ded by non-t her mal

geneh&ei on systens 3413 = conversion fromBtu to kW

or the THPHR of a 100% effici ent thernal ratin

pl ant RESHHE erevebﬁmmaégeaéfrﬂea ébﬁcvsm,tg%%ﬁ oAt/ kWh
ener gyesftgTgdiat the system conpetes with Btu heat

out put / Btu of fuel fired. gZ) Ther mal energy at

ef f i cTHRER: 5 the heatanterofdhermpbgsnenating plantas Biudieahinpet/ kWh

of th@le?%%t?@uhiﬁl anation are considered in

conbi na the efficiency of thermal generating

pl ant REFTH =Gapaivheof@engration atik poovidet bptheenal gyntat a
maxi num eff i ci ency defi ned as the Cﬂﬁfg(fi ci ent. of

per f oREENCH rFTReRon glgcugratippntix pre gfn-thermal generation
el ect iyspdrhy is used that is derived froma non-thernal

source, when the efficiency of a thermal generation
sour c34Feachaversioodiom Btk Wiher the SHEHR 9épd08% ¢fficient thermal

CernEér?etrét?rfhﬁQgte The

CompEff = conversion efficiency of the thermal energy system that the system

competes with Btu heat output / Btu of fuel fired.

(2) Thermal energy at-efficiencies greater than 100% when the efficiencies of the
system reclamation are considered in combination with the efficiency of thermal
generating plants.

(3) Capable of generating thermal energy at a maximum efficiency defined as the
coefficient of performance of the system. This occurs when electricity is used that
is derived from a non-thermal source, when the efficiency of a thermal generation
source reaches 100% and when the system operates in cogeneration mode. The
Coefficient of Performance is defined as the Btu of energy output divided by the
Btu of electricity input.

(4) Operating in cogeneration mode produces both heating and cooling at the cost of
operating the cooling system plus the cost of operating any additional fans, pumps

_or controls required to manage the heating side of the process.
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Coefficient of Performance is defined as the Btu of
energy output divided by the Btu of electricity input.
wO4yo7@aersat i ng i n cogenerati on node produces beti/us2007/013397
heati ng and cooling at the cost of operating the
cooling system plus the cost of operating any
addi tional fans, punps or controls required to manage
the heating side of the process. Three comerci a
applications of the system There are a vast array of
appl i cations where the Applicants' system can be
applied to take advantage of its bio-renewabl e
Thghaagcterk i ¢ an oits ity to operate

f | exi bil
f@m@é’é&&!asses of refrigeration

appTheretar®a vadtratrdy b ApPIftaBiBAE Wh¥f tAE Applicants’ syst :
rcialization, t hglfle are three br gg&lc;;n dg%'si‘ ﬁl’gdcanbeapphed

C,0 Al | ¢ LS . e
to takg tagp of itgblq-rapewabletcharagtpristie ang ifs Srxibility devoperate efficiently
. | y . iy tif for each
SRS U SR A G 0 Epgte o
comnetdinlization,ghere aoniheechrahdlyelefinad narctc that Wily bersiftddin the

i LY. Multi.-fanmjly Hospitaljty & Dormtory COfices
syfefl uhfom P SPaagR T et % carGhine g iss e not
intended tf BEExlauBtgve)assenbl y, |aboratories, etc.) Aninal

confinements G eenhouses and plant nurseries b.

| no®dEPysing sbeomigersin) heating angl coodinger coating and
baked on h Okl operati ons Food processing
faciliti gs ﬁgg’aﬁydai ry, baking, frozen foods, etc.)
Foundre edhdti-famlilyne process Ethanol and bi odi esel

rocesse Power plants l[ications with both boiler
A Plospiiity &6 oot

and cHi | SoPPHY e
e Offices
e Retail

e Warehouses/storage
e Non-process facilities (manufacturing, assembly, laboratories, etc.)
® Animal confinements
e Greenhouses and plant nurseries
b. Industrial heating and cooling
s Powder coating and baked on painting operations
e Food processing facilities (meat, dairy, baking, frozen foods, etc.)
e Foundries
c. Inline process
e Fthanol and biodiesel processes
e Power plants
¢ Applications with both boiler and chilier or cooling tower
e Various chemical, petroleum, drug, and agricultural byproduct refining
processes
e Hatcheries/incubator climate control systems

e Hay, grain or product drying processes
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Vari ous chem cal, petroleum drug, and agricul tural

byproduct refining processes Hatcheries/incubator
wolnoraserseont r ol systens Hay, grain or producPCugRmg013397

processesThe new and uni que feature of the system

technology in these markets is its flexibility to take

advant age of reclamati on and cogeneration

opportunities in each application. Use of the

Applicants' systemin place of conbustion based

technol ogi es has al so been shown to provide residual

be ritel iesv amd syiqué featura pf thecysieantechialogeinathpdeemarkets is its
yndity c be better controlled to help reduce .
ﬂe%ﬁ% italfe adypniaee eﬁgeéimmaégﬁsco&n%%rb@@m&égn each
app BRI UseGFhdA: gliadaﬁé' sGdth Y plaRE W€ 86mBEtHdnAstd'R cHiSlogies has

of fresh water for cooling an incubator. The system

alsofjeen shown towravidaresignekhanclifstin spedifie appligagignef Forcxample,
. Qr I .

hon g B el RN BRAP DL hER e RS ol BeAFr vrions
proas$ eletnentsosandeasignlificaralyt reduqeid sect esthenge afifrestowhten for cooling an
. stemin a hotel . hospital, or ather commerci.al .
incubh, 1y Pl ee Rk i ene MBS e Bt anlptions,
rendWHBDS chdreP dlerhi§1bf ety ABRIsE GAdtéms t&ﬁ@ﬁzﬁm doaditid dr

operate between the boiler and the chiller to .
mulgipleativiecdfect yForeranmle e wodjine beasingivd coplieg axston g hotel,
hosé%p@% mdléxeéorfi’xﬁgrctlﬁ qa&ﬁﬁb&ﬁtﬂqutr%t ttohﬁclgeé jw‘%{etr gé_%%e heat pumps in

ITcants” system w use cogeneration to
eacke uoit asd Micants'tsyaemjbpt. wilboppgte petweendhé beailé¢rragd the chiller to

. tab) e ter or, the swinming.pool, and..hot b. |f the

sig ity Tedicetha Fuptin PRIEPPoRiET & LB BRill ppd HiconibushSh of the

boile£ CTRERDPABaritd syalad Wwillsise cogéderdtichfotthiee &QBSd Wa0iithe loop and
exhaust system waste water or_ other heat sources in

apphhié tq hedtingmptatle iateriod éha sreiniaiagaechard heigubTHghe loop needs

addfifiHal B! the sHUSLAPAPRRIERAR S WYaRY G bR HER HAURE Ebuous
I'n a broad range of applications, some of which are

exhdes cysthmg wiastetwer @i dther hregt soawtdsdn she fhbilidy torpnoividedhe seeded

st royides flexibility to.utilize. rej j
oo TR RS LBt St g IR, W ronaeof
appliextidtis7 Sorfe 6f Ghichaart dgscribed irthedsllowing ®dticis. ons for a
wi de array of applications. C _%i,[rs for, _s$)eci fic ] . d
applhentiRplisants syptem Rravies figgibaiy iy pijipy Wgphogpieclamation an
o ﬁé%;ibﬂﬁﬂ Aop?RR! AnaARkr o nikithB e chefkyRa s Gnd Bfisdionk reductions
enefits such as reduction in hum |t1y or reduction in
for waide arrey g applicatinms. a@lsime forispeeific applicatignp aredisted at the end of
.val.u e_as. the eray, ' . enl SSi ' .
et e R IR S8 00 A TR Bend UG Acaucion
in Humaiditgd @mpetiictiah én tviater ibagedn cbms spplicdtione that gan he apvaluable as the

applicati og and .the hio:r nev\gpl e energy nature of the
eneg&faé(mgs and emissions reduction benehts.

Specific applications and configurations that demonstrate the three classes of

refriceration application and the bio-renewable energy nature of the system

Multi-heat source / multi-heat sink configurations
To allow the Applicants' system to take advantage of reclamation and cogeneration
opportunities it has been necessary to extend the definition of the system described in U.S.

Patent 7,040,108 to allow utilization of one or more evaporators and one or more
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Mul ti-heat source / nmulti-heat sink configurations To
allow the Applicants' systemto take advantage of
woecl7aseisd on and cogenerati on opportunities itPoagsSk®ent33or
necessary to extend the definition of the system
described in U S. Patent 7,040,108 to all ow
utilization of one or nore evaporators and one or
nor econdensers for a given refrigeration cycle. In the
nost basic configuration this allows the Applicants’
systemto provide space heating, confort cooling and
condensab fer a\given réfdgenatign cyclanin fheandst bysic Thefiguration this allows the
onfiquration of..the eyaporator nd condenser.s can he . .
Applighi S S Brins PRasE HaRoaS Bt eap i agaiae Wil Keating in
any £aeflltl C Tt @BSfi FlH1i61€ B theQvAPditors SnEYrHIehSdrd tarfbéladiigted from
condenser. Some applications may require two or three
applisatipp ta epplicatioy SpEeRPPlications mAYTeawEe only Ong eipraraten and one
: I [
condefRE, Koot B2t Blemu ] n RS D AT RIRY | Qe AR AR o
condenserde Tha dufnber orahtyipe @f evappoatbisny dbermined bythé avaitabdity and type

The nunber and type of condensers is termned by,.th
of bt or et eat BsarRsdnh ok Sompnd it BERpARY coblibg Tor the
appliREBAI The uldher afRPtypeaificoident &8 i136ERHIned be URPOKMb&TaRd type of
and condensers associated wth ﬁﬁ%{ ven_unit is al so
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si qul taneous)| it oft.en c es 0 i der
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condibtehily ERGeds tHedl26finS HEhASE i WARA A/ t6Fa Elesﬁ&_itgcfmt 8an be

are evelopedein greater detail in the tollow ng i
reduted byiutidizingsa highert stongge tenmegatress Thesp cougsptsere gaugleped in greater

neat i n caol i,ns_and hot (=] i i ans Fi gures
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patent. Figure 2 is simlar to Figure 1, and adds the
concept of using a heat exghanger and circul ati ng punp
Basicheating, cooking.ani hot water CONREurdllons, (1 for a purpose
S UCH ofifes NeRldl @erforfRRESo Ric dRFiguidions SEARNI0SHiteRMFigure 2 is
Figures 1 and 2 are practical configurations for, .
simipptoi Kiguiedn endaddsthe isoneept 6f using adenigrxchanger agd sisyating pump to
remgVe Bgﬂtfré\ﬁi ltllnee&&% EMO a?u@%s@ s@&fﬁéseﬁgatiﬁg Hrsggceo(;r heating a second
Stream ese Cofffi gurati ons were however | nadequat e
stretum. (Higatiesi¢ and Qrare practicalaanfiggratinus fapplications whermipere is a need
or. exa e, . si.nce the_heat source. r [ NS
for Bing S B CRCT RO OB BB BaT S Py e

confighitidfs efe hdieevee aiddegudte &s provideyeatidiinddreatihiend cooling for a
cooling | qad, . .
home, for example, since the heat source changes from inside of the home during the

comfort cooling season to the outside for the heating season. In addition, the cooling load

in a comfort cooling application often exceeds the potable water heating requirements so a

method of rejecting the extra heat generated by the comfort cooling process is needed.
Figure 3 demonstrates the use of the three-way reclaim valve and the reclaim check

valve to switch between the water cooled condenser and the air cooled condenser. Also
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in a confort cooling application often exceeds the
pot abl e water heating requirenments so a nethod of
woepEauen3g t he extra heat generated by the conPorTius2007/013397
cool ing process is needed. Figure 3 denonstrates the
use of the three-way reclai mvalve and the reclaim
check valve to switch between the water cool ed
condenser and the air cool ed condenser.
Al soillustrated is the addition of 2 two-way sol enoid
val ves used to supply liquid refrigerant to two
illusemag & tie additioalud! ey o-wayeolendid aabrea used' toasugply liquid refrigerant to

two grppBRoRgbala el Rranostian i aparatarss MAIRRl tro-way valves
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mul t 1 pl e evaporator paths as the appl |ca i on requires.
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S
lmpattt@ﬁ tp ppoidthaning the aolyes fﬂﬂa@PWé anecaysing aglepdfigad )é}tﬁ%t&il for the
com$ DA< §AUS X fqgca? %§%a o i 3k5iR R ub Qo ShfocGPHMN § ih%we one port

Ne use O ve I'S ‘agal n superior sinc
opeﬁ\/ahdwélﬂmySpfhm&)rﬂmeanmlt open and will fail open to

onI .one ort Th| S. i.quration vi des _t .
6 St e e T T B R 88 AP esting ana
conﬁ'@xQ lcb&ng & ﬁﬁ'yfafnﬁ%’ {Holne, 6%@1}&/&%&1@6‘; fadt@iyeb.m)&ﬂnle also heating
factory, etc.) while also heating_the potable

the mfebletyvater. yThephibyen spaenstaly bMél&@'i"rﬁ’gP%‘Pla BYater s providing
com%lcﬁ?fgﬁg@ﬂo cﬁg aCs‘? % £ Q804 aeE. AF e HARGod* cYhfidtaior e@Mbe located

oor evaporator can be located
when éroan juse oaﬂmnﬁ&rr ﬁ@mdwat(%d strefme navingt the fapilityathen the overall

|t
perf#)ﬁg\z{é%g ftetﬁ? (%sﬁera é:laxi; ﬁ? Flh%lerll ntlg[lg ro&%é gilixgh# ﬂ?eeﬁ%ﬁg ég%gegs%n,o{nd while
heaﬁﬂ@ﬁ/@f&rvﬂféﬁim&bh@n&e&tliﬂgﬁm when t her e is no
cool i ng denand. Therge are so man Sggl i cat.lons

bey BRI srealpe mep cBPRSIHAPE PHiA P SRS SHBreEAMgigipng and potable

wat a'tlﬂg WIRSE thel 260 REEMNAEN SR (SR Ha lor fMrtH, Rid) dné Ithe two evaporators
urth,” etc) and the two_evaporators (or third

(or ﬂmﬁr errfoushcety.) cambeplagedinclgcatipnsde akesdyantass afgpecific heat
souft ¥a”& %9&11(% uf‘e‘f’@lcﬂefahﬁg R)eﬂJaces or processes. Applying multiple evaporators

and multiple condensers in this way allows the system to be configured to take maximum

advantage of reclamation and cogeneration opportunities in any application. The drive to
maximize performance must be tempered relative to the economic and residual cost/benefit

of the specific configuration in the specific application.
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sources and provide useful heating to spaces or
processes. Applying nmultiple evaporators and nultiple
woananesns in this way allows the systemto beCcT/UuS2007/013397

configured to take maxi num advant age of reclamati on
and cogeneration opportunities in any application. The
drive to maxi m ze performance nust be tenpered
relative to the econom c and residual cost/benefit of
the specific configuration in the specific
application.kbating, cooling and hot water with
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cirduldtionl fat aldpapsnp as shown in Figure 4 or a single punp.
may be used to supply circulation for all | oops.

Heat ins. _cool i ng _and_ hot water wt h_ warm wat er heat
HedbihX céol%gc o)) hb/ta&&xaﬁ b vrni domemk&ﬂ,_sﬁlu@ heat sink

concept aavance ure 4

A slight variation of the mu tiple heat smk concept advanced in Figure 4 is

demonstrated in Figure 5. In this configuration, warm water is supplied to the cold supply
of plumbing fixtures throughout a facility except possibly for water used for drinking, ice
making and food preparation purposes. The intent is to provide additional heating load
during the cooling season to help avoid the need for rejection mode operation as with an air

cooled condenser. The system would not be used during the heating season unless it
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denonstrated in Figure 5. In this configuration, warm

water is supplied to the cold supply of plunbing
woisd7aresot hr oughout a facility except possi bl pctms2007/013397

wat er used for drinking, ice making and food

preparation purposes. The intent is to provide

addi tional heating |oad during the cooling season to

hel p avoid the need for rejection node operation as

with an air cool ed condenser. The system woul d not be

used during the heating season unless itprovides val ue
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o) ons pres [ re. 5. copol wa
vanGls G Sl @ Aol S B0 G o drian k- BRtrt s Sedcrionsrey
consmdﬁﬁxﬁﬂﬁﬁfﬂdubia@khe Beddfop Bdjbatidvn thedbISFer@G @iring a cooling process
coni)gtrlrlg%pn by . reduci ng the need for rejecti.on node

and Gaa MAREFG aRPRERIOns Wherowans water is desitsblaisBee Hat Control
valvelis pénhdd MRt dA Tdneios viEEEcl éf‘%rﬁg en'tﬁe A6 4 ?Piaﬁ‘c is satisfied

The t Control valve is opene Contro
andithe %)fﬁ%’é@ Qﬁlﬂl% fﬁh@ﬁohflga Aesomsehe ﬂlahtankszaﬂafqrshbatatg the valves

willis 2l ichs @le 138G ave i Andihe Cool

Coﬂﬁb@wﬂvdewﬁnqmg)zed positions (the Hot Control valve
wi ] close and the Cool Control valve w || openz The
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approgeh ukeast needgukan thereds aisentinuansalepend fonenal mm§1nce there must be
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water to pr e conti nuéd suppor
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r rot and
for S8 L TR e GomiSR o i ot et FeEbmiodef e ater
watdreusegé endiarthd Suriods lo@ R whe theft i8otdolEwafer abmuad. eAn addltlonal
e 0 urlng eriods.of tine when there is no col
ben%ﬁﬁ%ﬁ“%{@ﬁ‘gﬁala“% o;thgmixiggayalve is that the water supply temperature to the
user will not suddenly switch from cold to cool or from cool to cold when the hot and cool

control valves actuate. If the temperature of the cool water tank reaches its set point, the
system will either shut off the cooling process or switch to a heat rejection mode if it is

available until water is used allowing the system to continue to generate hot or cool water.
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benefit of the tank relative to the mxing valve is
that the water supply tenperature to the user will not
weudiarnéngo swi t ch fromcold to cool or from coobCcrwsemidi3397

when the hot and cool control valves actuate. If the
tenperature of the cool water tank reaches its set

point, the systemw || either shut off the cooling

process or switch to a heat rejection node if it is
avai l able until water is used allowi ng the systemto
continue to generate hot or cool water.If a m xing
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cool 1 ng season the thernostat on the cool tank may be
tempertture tchithledvartnest asepptbleiieraperature orgephwater seprlpt abl e

tenperature for cool water supply. Heating, cooling

and hot water with thermal | oops and thermal storage
Healin®, AsiltrigCaid ot vyt ith Wiekial losps bed ildrmalonfaggur at i on
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tower or air coole . ) .
example, a second condenser may be used to reject heat to a cooling tower or air cooled
condenser when a facility’s heating demands are satisfied and there is still need for comfort
cooling. If the system is used only for cooling, the Heating Heat Exchanger, associated
piping and the Fluid Control valves may be omitted from the configuration. If the system

is used only for heating, it will take the configuration of the system depicted in Figure 4,
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condenser when a facility's heating demands are
satisfied and there is still need for confort cooling.
wohod7hessystem i s used only for cooling, the Heariusgo7/013397
Heat Exchanger, associated piping and the Fluid
Control valves may be omtted fromthe configuration.
If the systemis used only for heating, it will take
the configuration of the systemdepicted in Figure
4, except that now the hot water tank m ght involve a
phase change nmechanismto increase the storage
excepaﬁmt inby the hbtwatey stnkrmighb involvecapladst chargeapediahiveetod increase
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and it offers opportunity for a nunber of new
loop gyiteraa in Mgy facilities and it offers opportunity for a number of new applications

where thermal energy (heat or cool) can be efficiently stored for later use. Consider, for
example, the two pipe heating and cooling system example discussed above regarding the
commercial application of the Applicants' system in a hotel. The two pipe system is
represented by the thermal loop system either with or without the tank. The tank will often

be used in this application since it provides a dampening affect to the loop to help reduce
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where thermal energy (heat or cool) can be efficiently

stored for |ater use. Consider, for exanple, the two
woipE/1aeddbi ng and cool i ng system exanpl e di SCUBEEAS2007/013397

above regarding the comercial application of the

Applicants' systemin a hotel. The two pipe systemis

represented by the thermal | oop systemeither with or
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extremes. The | oop may be operated either in hot and

simplgifan poidén eaghgioseliraeming she logpanay mqratgd Wt & gtvepitempperature such
as 5%18 gcrv gfﬂéjédé ﬂea‘?ﬁ%@nﬁ%%?ﬁr%Q@U{ﬂér gow?c ﬁ)egg ptggé Eheeach hoteé room or

erature Such
temperature gortnulledapheasprviced baptierlospultoeould bt ppesible to also provide

h hotel .roomo rature controlled s
bacl§R Gsalidl g SDRENE oy Bouis Grinestrisetpine Sfogas poposed o a
boilB¥ & &ﬁll&ﬁ@hﬂﬂicﬁ&ﬁ@d&d%ﬁné&i@h'oﬁﬁa&i ﬁﬁl%e%@h@ﬁlcally obtained in
connect ed_heat punp system as opposed to a boiler and
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lmplmmnt@mmstsystem the scale of the ground connect ed

d t h ld d
v 0 BRerR Bl FaLE5Cn GnnE e MpPet B AR s b pgroseisna
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col | ect’ the excess heat during t day” and utilize it
matemal el be pred 4n thesstonaee tagkith dngagagh tthe fm:;gw flgnsity of thesworage tank

and %@ﬂga%e change material will be selected to allow storage at the normal condensing

temperature (hot water tank set point) of the Applicants' system. An advantage of
removing the excess heat from the greenhouse (beyond the obvious benefits to the plants)
is that the total amount of heat that might be collected will increase, since the cooler

temperature in the facility will reduce losses to the outdoors and more solar energy will be
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material will be used in the storage tank to increase
the energy density of the storage tank and the phase
woheTgecosat erial will be selected to all ow st oragasain7/ 013397
the normal condensing tenperature (hot water tank set
poi nt) of the Applicants' system An advantage of
renmovi ng the excess heat fromthe greenhouse (beyond
t he obvi ous benefits to the plants) is that the total
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diffetiential dolnidbe esgarsat meansaiffimsingumnits| oncandl offHt capslesidifgcudt to

ans of turning.unit n.apd _off, | he. o f £
o585 S0 T o e BB, g3 el b e
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and wll be controlled i ep,eniﬁie tly relative taq tho,%e
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ol B R Y Fl Bl S |0 iyl R0Eoa o
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a coiRpilcERbh Bid¥6ndifon that exceeds the recommendation for the compressor before

the hot water tank thermostat is satisfied, putting that unit in danger of failure or reduced

.

. operating life.

A disadvantage of using common circulating pumps and common tanks for a group

of units operating in parallel is that all of the units will be out of operation if the pump, the
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tenperature of the hot water tank. The unit operating

on the col der environnment may reach a conpression
woavi7a4esndi tion that exceeds the recommendat i @aTfUse007/013397

the conpressor before the hot water tank thernostat is

satisfied, putting that unit in danger of failure or

reduced operating life. A disadvantage of using common

circul ating punps and common tanks for a group of

units operating in parallel is that all of the units

will be out of operation if the punp, thetank or a

tankcm rnoonhen Hesdee xpperienoe & faldral THe eduhfigndyeshunad e yir@lating
ci,rcul at ng punp for each unit or supplying a
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an outage. Summary of benefits t1-heat source /
mul ti-heat sink configurations (1) The Applicants’

suniE SFLEA R AU LD LS PRROLAL QL il O

I'mze | th 1 on
(d1) Taxfca&mﬂtdaetshgatenseaﬂmﬂ&eanﬁ dﬂe@dr_e deaporatdreeCaictiriigore

tim.ng of .events within.a given application
| s deRsp N BlorREmigt Biklig A pBIABIE Bfat gprees and heat

ONQPeHiRNES ASRLdiag té th%Qirﬁfn%%ﬂ eVetts Rithhieh @ien ApBfilatidiBprocess. This
(2) The Applicants' systemcan be used to provide

he&xtangs thegsiejaf@ne gheparatar ard one eondepser ap glisclosed in U.S. Patent

app,ld‘ﬁ)a%ga (3) The Applicants” systemw Il utilize 1
fror é way or 2 or nore 2-way valves and controls

@) Thei Applidaetshestenevaplor atedrts pandddbeatimgncandinge msEhaated water
ordln Ei‘ the priorities of the application that
H@?l °fP°%he control system (4) The system can

(ﬁb HeURppIHARBNsEtRe Hill LALILN € 0PIoT®BSvALAL2 &f Mbfe ZJ\nﬁiy&falves and
dronic heating | oop. (5) The system can E ovi de both

ChicP P g6 SEAIch REVTRSR{SYEPAFBIoRs anicbete opry ERnivmeerh seacreige to the
.an n%?x‘?ﬂgk 39 theVap ﬁ@&t dr&hat'HE d f{xgédei'ﬁ‘ tﬁ@@ox‘?&&"%&’t&rﬁ. o

ered water {Gce o water as a
(aio ahe: surstennéarmromdra lwdmlnwheab tlemser mdue hiaat sinksriiara hydronic
g{|{1 season. Thi s reduces energy consunption by-
u%%‘??h operation, increases heat storage

@amafél dy¥tenfdith provide dotisyiaed AGter hAdhPatpe Svabdrdof 4 Kydiofic heating
(7) Units can be installed in parallel to utilize

corﬁ‘?ﬁﬁoep?%ﬁ}’%?mﬂg punps and storage tanks for
(6) CiRASsfth &aPRGIIAY tihpred WREkGh Pihck BELald htePAs £@3Y to avoid use

of an air cooled condenser during comfort cooling season. This reduces energy
consumption by avoiding fan operation, increases heat storage capacity, and reduces
sweating from pipes and fixture.

(7) Units can be installed in parallel to utilize common circulating pumps and storage
tanks for increasing capacity while reducing installation cost.

(8) The system can be used with phase change materials to efficiently store heat or cold
for later use in a process or facility.

(9) The Applicants' system can be used with solar thermal heat collection systems or
greenhouses to maximize the thermal energy capture because the collector is
continuously cooled which reduces losses to the surroundings and increases the

amount of thermal energy that can be collected.
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(8) The system can be used with phase change materials
to efficiently store heat or cold for later use in a
wonroragesor facility. (9) The Applicants' systedaraamobei3397
used with solar thermal heat collection systens or
greenhouses to maxim ze the thermal energy capture
because the collector is continuously cool ed which
reduces | osses to the surroundi ngs and i ncreases the
anmount of thernmal energy that can be
collected. Mul ti-stage heat dissipation configurations
Mulﬁhséag@hehtnﬁssriga@m homfiguragionsli ssi pation side of the
tbl’é %,g nC aﬂ? b ﬁgzﬁ dl?s%i %Blah% Q)tf?h %rant cycle, can be split
5 Rt °t he purpose ran
into ﬁﬁﬁﬁlr @ibﬁaﬂipﬁnéﬂts ﬁsn:the @arpbtds efmms&”asmrmg; anmdsmhmts or process

des red state. OSIb| tili
pEranesHAtp fo 2 ¢ Aesitrainiatar Eof iml?r&gf gl ipuiitze She portion
of tHeGHc L&i@&ﬁﬁt’i(ﬁ{‘pzﬁﬂ QIf the RENERItIch BIROB IRt pRRABYMhehfh while another

anot part of the dissipation path is producing
paItS)If &wrﬂlss‘fpailqnafath irepraducipasicas. {Thegefiigerant passspitypugh three

r/ | Qui d [
oy ERg L R M el ) Blig bl ibkiparion. The
reﬁ:x@&ﬁxgﬁh @kﬁﬁsszﬂstabsdtﬁléd phthactapleased Sﬁm@@upa‘ih_batngg $vapqm),g dondensing
condensi ng (vapor/| and .suhcool i n .qui d).
e AR LS8 st ot 0 (L S o
ran%e g& fAhfes Whilk @o&&‘i‘igﬁ@%ceﬁs QES n?leﬂ%mﬁbei:‘dt\ﬁl@kﬁ over a small
enperature or over a small range of tenperatures if

rangelnd temperatyaesifithe eefegerpnt s ﬂé!llésfufﬁ ef refjesraptss Eagh prpcess occurs at
appp X g&%?y e %#{n% g?ésag%o E}Q&%{@st ﬁ’féﬁté&l?y ﬁ%&@u@ [cﬁ‘ﬁ&bﬂhfﬂle piping and
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reqiifernSéiid, SB¥cARE tHCRfr gRart eﬂgmﬁg ﬂﬁﬁﬁ@a a Bﬁ@@uﬁﬁngehmd experiencing
refrigerant is going throu Fhase C

han
mgmﬁgmt vémmrglrxs@mty,| it il b aﬁsné@b feetbere Ffamig?fsmt best
I a h

e e L s i
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o p| ng that handl es super. heat
it B et R e RGP A Yot bn 6L Hgfla an v of
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these may be different than_a heat exchan

mixgigs AGhexHysIoa Hele o 456 SPRIPITY AGHPL TR ATiEat ey also pass

&{gx Sr42lin VaRbfis gltnasE@ﬁlcﬁ’ipﬁllf ik QRrSRaf&1 ©prodeatéam which will
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ﬁnﬂmchmpmnaqmmamatmmbm®0#§ék@@nto produce steam which
urthe r Q& of tﬂe "
i h o 11y fhe priox art hvg:gtele ?&5 d(}ﬁ @&g 8P (a;@t%ﬁﬁi? cOERInS of'the system was

ndenser or external
assG@ed &6 S€depObr idjt&:t all of ¢ enesgy associated with desuperheating and

condensing. With multiple water cooled condensers, two or more heated conditions can be

controlled at a desired temperature. Little attention has been given in the prior art to the
energy of subcooling, although subcooling is a critical factor in claims related to frost
formation on evaporators and will be an important consideration for process efficiency for
some refrigerants. When subcooling is applied, a second or third water cooled condenser

(technically called a subcooler) will be required, as described in the following sections.
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assuned to accept or reject all of the energy
associ ated wi th desuperheati ng and condensing. Wth
waoubd7iipéoso wat er cool ed condensers, two or nor ePOEAS2®7/013397
conditions can be controlled at a desired tenperature.
Little attention has been given in the prior art to
the energy of subcooling, although subcooling is a
critical factor in clains related to frost formation
on evaporators and will be an inportant consideration
for process efficiency for some refrigerants. \Wen
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mul ti pl e heat exchangers in a given heat dissipation
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therﬁ‘ﬂ? Eﬁ?{gp Gt & R R EuEBRE BXE ﬁﬁ%rﬁﬁ?cd]ﬂ%ﬁélﬁ% téiﬁlﬁ@fﬁlﬂre (hot water
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tanleset pgint semperewngle Thewponfigingtion ix illastrathd imBiewes 7. The configuration
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Val 1% BTG APESREgHLon it SRR a7y, e a0 Wy T Vb gopplis

con&ﬂeng& rSRBERAERI ths WiterQboldaR oRAEHRELESIOIthe Bftet¥0 S6ndenser. Valve
val ves are configured and controlled in a speci al way

C3Vhes shaway iy aeta3-wayredaim Vaks howieperds satbe, émqegcéﬁ%lwalve lis
reqiifed h@al%@blal]cﬁmv%ﬁ gg&@:ﬂsﬁ \Aggxraté 2 ddpatyhiek ﬂ@itln% mode or heat

condenser sho I's not a 3-way reclaim
rejectibn edde\(ifithe sécbnd aondensersis motussddoksora¢ seecifi¢ lseatlng application).

The:]%gﬂ%cﬁ i%qy\e@alﬁegg?égds %%gg%fdt (E owny t?éa?nmo{' &e%paﬁéraéo%lédwcondenser

and discharges either to the receiver or to the external condenser. Valve C3V2 must be a

3-way reclaim valve since it will be used to draw refrigerant out of the external condenser
when the water cooled condenser is béing used to heat the hot water tank to temperatures
below hot water tank set point (i.e. the refrigerant will be condensing in the water cooled

condenser). When both valves are energized the system will continue to heat the hot water
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rejection node (if the second condenser is not used
for sone specific heating application). The second
wG20mEy4sBbve C3V2 is positioned down stream of PCHAIS2007/013397

wat er cool ed condenser and di scharges either to the
receiver or to the external condenser. Valve C3V2 nust

be a 3-way reclaimvalve since it will be used to draw
refrigerant out of the external condenser when the

wat er cool ed condenser is being used to heat the hot

ter tank to tenperatures below hot water tank set
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o be condensed. It _is inportant at the hot .
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that 865lenB&s ©d BE18 prioP RIGR IR feril RohBGHEAN AL LarBBl BysBARty to the
the refrigerant fromcondensing in the lines before it
extegral comdenaer. thewithrraymeftigerapt efale theiseseivarishouldiherpegitioned below
condenser .S si,cal ly. | acat ed bel e
ol FAERSEP alFv iy i Rerat e AL BS PR o e B lenSp e
recelviegui d prior to the external condenser will be carried
by gravity to the external condenser. As with

¢ an

r et} Getenperats i thediof watsr jak BRwEr: e tmRFEfEh efthe

refrig€laf¥Waldr tE9BRSHREME ekl kONAdnRE: WaT :bRREANAs tResé tedlperatures
y gravity fromthe condensers to the receiver. As the

increasapibe amouat pHendngy paptured i fherwiafkr Wit deqagass, Fonmany refrigerants
the zgnelmroqlhlégteca {'urg&] ?n {h%fv['fitgr%ﬁﬂlané@ﬁﬁgn {(?1%\{8 bb‘%goiI tfle Eﬂl%unt that

external Condenser w1 T ncrease. ese
woul@&bp espthitadeshil operatigs the het eaten tinkadt oe belogytheapfirigesat

LN the water w || e . cFor ny refrigerants t o o
condgsti eBPeTEE (g0 2T of RO R o SHELY phFo% to 90%
rejedtii)! FotR¥ep thé B oanefthernlid en¥@y stbré®inCthp hot Kdteminkewill be

operating the hot water tank at or bel ow the

greatesithanycawnld hayedera ififhe susigrm esre pignRly switchasbiprrgiestion grode when

the B WRLE: Faﬂg eofchad i Qoﬁ-ﬂﬁasgf din ?W&cﬁlﬂu&og/&ndens'ing temperature of
rejection). wever, the anount of thermal energy

the efdgeranti rBechesethi tamk tempezankre s highbrethan et eomdemang temperature of

the fe%il !%%ﬂlgtg %rﬁ%g%%%wto fevert %(t) girrnnﬁlyg rw%tesflh%'gtlil)(g S‘lvgdg %pxﬁ fjthte Qémperature

in the tank is reduced to the condensing temperature of the refrigerant.

This configuration is ideal for any facility with a high cooling load that can use a
limited amount of higher temperature water. One example is a carwash that is co-located
with a restaurant. The cooling demand in a restaurant (particularly from the kitchen) will

coincide with meal times, while the heating demand for the car wash will coincide with the
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the hot water tank reached its normal set point or the
maxi mum condensi ng tenperature of the refrigerant.
weecmugersb he tank tenperature i s higher than tReT/US2007/013397
condensing tenperature of the refrigerant, the system
cannot revert to sinple water heating node until the
tenperature in the tank is reduced to the condensi ng
tenperature of the refrigerant. This configuration is
ideal for any facility with a high cooling |oad that
can use a limted anmount of higher tenperature water.
car wagh @cémwh@huvslllalsgaﬂmlas Breatest affer wark hovest qdww:kdayaand all day on
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kitchen vv|II be stored in the hot tank at the highest
temperniyee tt themopaalnict poivk tenfippratutes thegyste will mﬁﬁmnnal water

and t terontothe arvvahf t
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elimnate the rejection node operation of the ext er nal
dry eleaarsrdJamdan witheasmalk laundmtload peuld ase Hiis configuatiasy to provide
e I SRS o
com$O R T HRERY el R ok il et e o P RERISCF, and
18061€1nm*he1 325°P0\Qa1ms w@ukbbceggnefmed nsipg ohlyche whataer csnhxtmoadertser while

i natd Q er/I ndry w a sl |
the BRERanint Ao itk wpEa e aepgrafelt vigte bsh ThyRtRe caolid §ppdehser and
the eﬂehianeorfdehsérhﬁrhmn%@@asdmoaaq;éeﬁ@m&h water@ebRd&bhAéhser. Thus
wat er at 800F 1250F, and . 1800F. The 125F water
the giggmal pendgasmsveeuwld bgased)todigal incRmingeld vasen tegO°F, which is a
o 8

Lo SUSRIAL vl A&t pr SR AR okl Slot WAL REhon heating
wattnhmth xtfeeln Arhedwatismietion goks ttha hsefulﬂi@atingpmommhdt isoptional.

Contm e GGt R B rated e W S irEel Spmecayomal

cona&QsEag tefripethting a%d'théiiﬁﬁrobb@bfﬁiﬁéi&y‘éﬁﬁor&dttﬁrddgﬁ reduwsed r¥fection
rocess but is usually not affordable vvhggl heat i ng
ersratign given thedpreetplorage cppicitve Oneny the dallqwyng ceg"és'trﬁﬂons may
§/icfégi BbREGRR1VE 8b1utisn M doRAdpplibiforRf this
con I guration nust be wei ghed agai nst use of | arger
storage at nornmal condensing tenperature and the
HedtfR- 0358h 2 b hERGY, Uil LIV, T educed rej ecti on
T ge capacity. One
of Inhenfeddpptivhtichsdbisfafyahetto dmsorparitestivecornone wietewsor liquid cooled

re effecgtive lution for s appl i cat.i.on
condensers 1n sexgles to a i?eve one or more o‘gjectlv S as was 1dentlsﬁed in the dry

cleaner/laundry example described in the previous section. These condensers may provide
desuperheating, condensing dr subcooling to the refrigerant while heating the liquid to
desired conditions or providing stable, efficient refrigeration system operation.

A two water cooled condenser configuration shown in Figure 8 is similar to Figure

7 except it includes the second water cooled condenser WCC2 and its own circulating loop
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Heating, coolins. and hot water w th superheated
liquid Li sone applications it is of value to
wonewripersat e two or nore water or |iquid cool eBCT/US2007/013397
condensers in series to achieve one or nore objectives
as was identified in the dry cleaner/laundry exanple
described in the previous section. These condensers
may provi de desuperheating, condensing or subcooling
to the refrigerant while heating the liquid to desired
conditions or providing stable, efficient
and spragg tankt inaddgientte thopdemnl amdedsdr B, Bhie systemlig dapable of

ndenser._confjquration shown,in.Figure 8 (s sim.ar
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poﬁﬁbt‘iéh foggeznefatp SRl Gtrilbdphedd RES HRApredRRE @Sﬁcﬁﬁo%sl xgﬁﬁg R92. This
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roo Ve i€ g WE&@PW%W Priiqud in Y cirgeation logpupde dhe paximum

corfi¢RéiAE APREtukO6KME réfizefaat 8 SHRolRA BB ithOthelBoNéiGhn Wok2’s hot

di fferent heat exchanger and piping arrangenment would
watgs {ankp vis wetsy san be sulisd sither teeWEKdanriaplation wopfosito a hot water
. . e P
s R S LB ORC Wopr T L S0 Bl R, B B
for adhod linuidng theogelensing teroperatuee pwivided dydWICCGsand at a higher

cont,rol | ed. ,by,t erJmst in. 's hpt water,tank.
e o Y SECEl o PRy o bR i ™ sfsehendf® oad 66 22
systani, 80L4atd 90 dFahe A¥ailablechdapivillvabne osump&ugrﬁw@wme 10% to 20%

.the application, Wien using a systemlike this it is
wﬂg &yge Bgt thronugh WG] . These pelgcentag)e/s will vary with the refrigerant used in the

system,

Cold water is introduced into the WCC2 loop on the suction side of the circulating
pump to take advantage of tempering. If the system is controlled to produce a continuous
flow at a specific temperature, the cold water will mix with the heated water entering
WCC2. This can allow the tank in the WCC2 loop to operate at 5°F to 8°F higher than the
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for a hot Iiquid at the condensing tenperature
provi ded by WCC2 and at a hi gher tenperature provided
woyRowG@@oso When WCCl is in desuperheati ng noderPomuamo7/ 013397
R22 system 80%to 90% of the available heat will cone
out through WCC2 while 10%to 20% w || cone out
through WCCI . These percentages will vary with the
refrigerant used in the system Cold water is
i ntroduced into the WCC2 | oop on the suction side of
the circulating punp to take advantage of tenpering.
nor?lfalllyl'aecep]ahle mﬁc%amﬂgttémbbﬁmré of ﬂfeﬁ‘éﬂ‘@reﬁﬁ,@ﬂiﬁd the inllslpressor will
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desyperhedfing macessite sered laverdemperaturg alghe mr@%iﬁq to WCC1, which
) . o . . . b :
iR 0y g ity SRR P 08) Bt
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transfer that can be obtained for a given tenperature
Contiolyyatye cowdd plsaprovide themsamesifest oy fé*ﬁ/;hemﬁeﬂag W \eontigl valve for
weesd diffufABh185p. L e hlBeO bty W 10b A oAl dFHbv @ﬁntﬁﬁ%ﬁx’& will vary
o maintain a set point ténperature |eaving the tank.
withfthé reurem@atsmy dhportGoities vf 4n applicatien. Forexsygileif thediat Supply

on a once through hasis) then.th Su Fl.ow .
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bedt scatcdinghée Fiat BLpptyGan tH D Bupsll tiges. OAnYBeZetample is where a 3-way

circulation | oop. The nunber, style and_| ocation of
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BRI AL RS o o
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e Lo SHARL Y TR M RS
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tank and {he. tenperjng supply. The_3: val ye. wqul d .
Thefes A PG HabE (e CHOTARel DOV PEIE T CLD T BUiafdoop although it
cotl@MRRY RlitiRsé A tdhiferhfibk difRr&ifiaN8drdsd Bk Hdtet&lide of WCCI to promote

constant. The priority in any conbination of
better heat transfer.

Theoretical analysis shows that given the right evaporator conditions and proper
equipment selection while using existing refrigerants, the refrigerant condensing
temperature (WCC2) can be maintained as high as 150°F. The greatest limitation on the
use of this configuration is the temperature of the superheated refrigerant vapor, or more

importantly, the temperature of the oil in the superheated vapor entering WCCL. This
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flow control valves will be to ensure that the
conpressor head pressure is controlled to within
weaeeEpkeshbe linmts while neeting the tenperat uPeT/US2007/013397

requi renents of the application. There is no need to

limt the circulation flowrate in WO 's circul ation

| oop although it could help to inpose a tenperature

differential across the water side of WCC to pronote

better heat transfer. Theoretical analysis shows that

given the right evaporator conditions and proper
temmmtrupermst rwalagcbélow tha pbint wdhiergthe wildieiging tp @makgbwanmsi lose its
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I

o< et of Bk eSS, 16 phdafef BN b bk deiferature

higliea tikani the woirlinal e¢fitiparan® ccbmdehhiagltmpm'amre; rveilldfe uskfl in any
eturn relative to t eratu .of . t-he ks
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such 8 lahndRySierRAILRAN WoB8 ProRsding MEGhedid) kectbire Fo@teidérﬁple a

froma hydrom C heat | ng |l oop originating fromthe WC2

hatghgaphan astignificenticopling had\igksen ﬁwwggsrﬁr@numr ihgaling nlly hatchery
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. li.cati ere there J.s ed for cleaning or
n ‘@{)@P?W ? Byg HEITCR r,lggoﬁ e&titprent such as in
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has a significant
T=over heating. The

h at %@ﬁfey 9 ﬁl the s:ﬁﬁ@ g§ ng%r@g %fcééﬁt ¥ﬁ1tflﬁ%s ﬁﬁ%oﬁﬁ%ﬁiatx@ﬁ &@ny @ifferently.
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Thércrhjsctwmft@a méilizationcia o brovideheates liguid ehthe cendensing emperature in

: in}{d‘ \%g%%da\%/%tr é@'{ ﬁ{bcg eWCfbi hfh{gigﬁl%\%ﬁé l%op for WCC2 is

al ni ng I Ng
used QDiﬁanftamamChvbﬂigewhpéramrd% fn &Bbﬂrﬂﬂfo@ dubdogling. This is useful if the

water usage through the system is intermittent or the temperature of water returned from

hydronic heating loops is variable. The tank helps to keep the refrigeration system
operation more stable. If the conditions of the cool liquid entering WCC2 will be
consistent such as might be the case with a once through heating system, the circulating

loop and tank may not be necessary as depicted in Figure 10. In this case, the warmed
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Figure 9 is the same as Figure 8 except it utilizes
the configuration very differently. The objective of
WOhbE/uéasbi zation is to provide heated |iquid BCTHIS2007/013397

condensing tenperature in WCO and warned water from
subcooling in WCC2. The circulating |loop for WCC2 is

used to maintain an average tenperature in the tank

for subcooling. This is useful if the water usage

through the systemis intermttent or the tenperature

of water returned from hydronic heating |oops is

watey i infrpflaced dieccily imtorthe puctios sidecf the Ve el mrg@lpang 9D pump.
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moré H@A Kk & dvapblatorValRén thie dvapkbra’d)r cﬂ?ﬂuﬁes&ﬂ&@ﬂﬁbt [ 113 Mﬁhgeratmn
allow the fraction of vapor in the mxture tqo be |
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produced by the boiling of the remaining I'iquid
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40%ct0 5004 af thie. refiperatidnce fecadaring expansiph i s T\Krvel\hse sz usmg

th e rat fect, is in eased t he,
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Heating, cooling, and hot water with superheated liguid and subcoolin

Figure 11 illustrates a system configured to provide subcooling via WCC3,
condensing via WCC2 and superheating via WCC1. The configuration basically combines
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This utilization of this configuration can be applied
anywhere that the system can be used with

woanwidersat i on of the issues related to using BATAIS2007/013397
t hrough subcooling as in Figure 10 or using a tank and
circulating |l oop as depicted in Figure 9. To take
advant age of the subcooling, the systemis best
applied in situations where there will be a consistent
flow of water or liquid to be heated or in the case of

a hydronic heating systemto be reheated. Heating, .
the copenth gl themaeviows Quedtionsiq aroiye gt A Metof genergiing higer liquid

0 L " ) .
tomgHARGRE sl S il URIGEIT BBl BLE SO G Sfhe same
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to 2y qesaling ow PHESYP PO Whgreoiratad lawd F@yﬁaeggma mrong tgdoiling
whed 0 irfh A&ird61ed Tf SbifingHBAIF Thé Gyshéh Rill ibdl shbj?@f‘%"\ﬁl%§9focks and

power requirenments and maxim Ze capacity. The
cavifptiopdn mederamennsr essure drops on the water or liquid

si de should be controlled to avoid creating | ow

pressure points where heated |iquid my becone prone
Suningar @if Iviulg-Sthgs Heatt DissipatiordBshefithl e. |1 f boiling

cyrs, .the systemw ||l be subject to vapor |ocks.and
5 Sitebitin o RoG rraohens SROMRERH RS b i PHeSEOREs pRlensers
Di sgiceat adanwerrfih keries ihthe TeHRgahhd pdtly td ProviR Heding6Bivater or a

exchangers (referred to as a water cool ed condensers
WCdiquidhtp tempeyateres bisherthap the permal maximpmygondgpsing tpmperature of

r QY| . ' iquid t
R e etpRahe fidn Phodtrelonl ofin sibfl, PCCH BRI SP e
of refiizerait whilerWIC2acondenses daairegfriggantr e of t he system

des rheats fhe refrigerant .whil conde .
ietneatitGdp e b byt aihangf i e inufe 1TERBE AP RS pation
eXGiaan gLpdvide subtddihg of thé\feffigérantge imptoeasgstem refrigeration and
di ssi pation path to provi de subcool jn

) g of th
" efiranjae siect; ovarab PYRm STRACN MG RPPEIEHaR PEReHpRRance. WCC!

desuperheats and condenses the refrigerant and WCC2 subcools the refrigerant.

(3) The ability to use three heat exchangers in series in the refrigerant heat dissipation
path to provide both subcooling of the refrigerant and heating of water or a liquid to
temperatures greater than the normal maximum condensing temperature of the
refrigerant. This provides improved performance as well as improved system
flexibility and increased application opportunities. WCC1 desuperheats the
refrigerant, WCC2 condenses the refrigerant, WCC3 subcools the refrigerant.
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heati ng effect, overall system capacity and

coefficient of performance. WCCO desuperheats and
woaonianess t he refrigerant and WCC2 subcool s t ReT/US2007/013397

refrigerant. (3) The ability to use three heat

exchangers in series in the refrigerant heat

di ssi pation path to provide both subcooling of the

refrigerant and heating of water or a liquid to

tenperatures greater than the normal nmaxi num

condensi ng tenperature of the refrigerant. This

(P The alaility anyefigsrantrie thexclaimes of this seatiprowith allowance for

op Shienttbd I docBlitnd ¢ GRERNG PRREFLE B refrgersipp hat may
c onetiasve et pacifidally edemtified ks dedutiptiba. Foeexample, the

S ea i e nub e B B B e

e pFcBERB rdyBReE forl PpepftioARRGA L1 (30eci fic properties of

the refrigeration that nmay not have been specifically
(FXEhe abilityitd wsetany seasenahle pumbar offanat exchapiers in pesies in the

equi . A ' . R4 : .
B H3F bl pAASE 00 BRSSP o
usdegreBEoh@tiont5) The ability to -use any reasonable

upber. of "heat exchanger.s in.serjes in the refrigerant .
LIRS Gy fite s SRATES abfbgt ol & gaRrorsua st pRgegRgs in
Of séfdsan théhefdSerht m:asairsﬁgatﬁsmpﬁm k®BSil waber of BeheR Bighid Heing
to use any reasonabl e nunber of the appropriate heat
exbpieders in series in the refrigerant heat

(ﬁ 3e g‘ti’:lea %ﬁfli{%ﬂ) ?%[e J‘%]%f]‘fxméthcﬂ@tcgﬁueﬂe@faﬂﬁ bndl icﬂl:’lillgtliél?@ioﬁ}gp with each

Ity to"use a thernostaticall
cohtataxichahgen itksezivd t@ providedicatad lwig starade asdshnsistgnt or

exchanger, in series to provide heated |iquid storage
an&o&%i‘?dsﬂrgﬁ?ssé‘?mE%ﬁW%'l ed process tenperatures. (8)

(Ehenalbility Yo béncsts eabe wakatif BatsBios bniatobihtGbusbasisn For
conti nuous basis. For continuous flow the ability to,
apePytinigps flon theyabdity e eeply ppywademiol a‘rat?fef&%%ntf% regimes to

g{) ¥¢\g§e Wg@%@?{gﬁg ?f’é;sﬁé %ﬁlgﬁléleor%gﬁ&gdﬂn onﬁ-Hpg']gﬁé bBfining the

ng the desired quantities

waidesirdtequantitias of waterdbeatedbat the dpsiresh temperafirowF e corirels may
may i.n¢l e t owill .n bhe |jmt I .
C opp By Dot e i o Wl op el JHOMr aly of a variety of

valaugsnatpe vallveslopeated ity viryahé flow somsas niaintafi the diesirddhe
desired tenperature of g given cjircul ati | oop and

, [ n
st CFEREEEYS PEAEIYED)cirpRIZing 1997 370 TOBERFYHIDY ho
‘{?Zﬁfh%%h%% ebntrd1qHE rigk sthBesARfuid fsibaEnt legvina e last heat

exchanger in the refrigerant heat dissipation path through use of the
thermostatically controlled tank and circulating pump at a temperature which
improves the refrigeration system performance by helping to control ice on the
evaporator and allowing the compressor to operate at a more efficient operating
point.

(10) The ability to apply multiple sets or circuits of series heat exchangers in parallel
from the same compressor using 3-way or 2-way valves to take advantage of

different operational opportunities in an application.
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exchanger in the refrigerant heat dissipation path
t hrough use of the thernostatically controlled tank

wanw7ciesul ati ng punp at a tenperature which i FRPT@$2®7/013397

the refrigeration system performance by helping to

control ice on the evaporator and allow ng the

conpressor to operate at a nore efficient operating

point. (10) The ability to apply nultiple sets or

circuits of series heat exchangers in parallel from

the sane conpressor using 3-way or 2-way valves to

(1alx e Thd whilitp treapyily dicbfidensert foo pee imttieipatihg bpasdn parallel tosa series of

in_an application. 1) T AR ply a
coﬂ@éﬁ?@’ﬁqgﬁs %@9&?ﬁgéfaggﬁ?aﬁglﬁ§g’§¥°§%a%gr allel to a

g2y ahebilftp & hex ahrp@eicSteinpetdigres Bighegthaatic heaial refrigerant
di Ssi pation path. (12) The abilit to_%rt a l iolui dto th
t erqeadensingtempertate uskgr BRGNP ayaifabicjuat phile rejecting the

Coq%gt@fgggéamaﬁggwlﬁ MSBnA Headhg pbritesy the

avai eat whitTe rejecting the rest of the heat or
(1s8) N hetability 40 define Drefigération sptem dhn yises {Wpgr mpge 3-way or 2-way

abilit o defjne frigeratiaon

o B etebYaitS? to Sosftel e RiicrSdab B2k i pitbtis

r ef k@R A1RH vath ViRE StitatRdpeiatiggntodes ©f an application. For example,
associ ated with various states or ,?pera%n‘_? m)degs of bulated
an thgdl qontrollahle cpmpoasainpf the sysenyillugtratpd fif Bygpge 8 are tabulate

co i ! [iAt8E gheldn AtIE bRtk ihebit drawing.
tagﬁﬁg?%ﬁé\(R,?%ﬁtngﬁgmg%%ggwgtspﬂgﬁ)mdesg{)f the systemin ®
t heOgemting traddes irmhnderiseof o idiffeteal gviagoratyss fuEqllqgt heat to heat

modes incl.u S I+ i di
cor P el el R P AR LR Y APROFARIGEE Al inctuded i
hi Oh nicdeeY AxddganitaGHCE the hidise nipecitudank m@wﬂk en via the
or m xed cogeneration to the hi t enmperature t.ank .
andeReBL oSO O BRI AT PR B BT IRk SRAAUT REg te
for PURRI PSRent&IEEL | ON operation using the external
condenser EC. (14) The ability to apply. multinpl

(d4pr Ebsabilitietectppiy mpltinke eorppresyEn eacheih ﬁg)éﬁglei?ﬁat exchangers in
series i.n the refriger . (Sl j kiR with th
par SFe in g Fefigra t%%ﬁé@mg?lﬁﬁ%ﬁtﬁ ?I%:g?gﬁlgln And tank e
SYSRBulation Aidenkwostes. Thetlsrreorda thesirqulation puamk tapkgand
associ at ed, hydroni c heati ng syst maybe sh :
2T GSCIA RYSIRNIRASHRRE TSI TAY RO SPERT FGrT Tpiyple RASERS units
evag%tﬁmshapgwh%%pmmm hdat #&yrcdshe ability to

conduct refrigerant subcooling vig a direct wa

r ter.. .
((1i5yuTHE abidity mecqndupteqeﬁigggarft,sghqoglmd?%ﬁ Eeﬁevgqt‘mh%lqmd) source or
systemwhes e tieSHii¥ hilegWysat Ghere!th@iiiur ot Whiendiquid) entering

the subcooler will be relatively consistent in volume and temperature, (Figure 10).

(16) The ability to conduct refrigerant subcooling via a circulating system with a tank
to help stabilize the operation of the refrigeration system when the supply and
return water are variable (Figure).

(17) The ability to heat water, glycol, oils, ethanol, or any liquid in the liquid cooled
heat exchangers provided the heat exchangers are selected with respect to the
properties of the liquid.

(18) The ability to heat air or any gas or vapor in the heat exchangers provided the

heat exchangers are selected with respect to the properties of the gas or vapor.
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t he subcooler will be relatively consistent in vol unme
and tenperature, (Figure 10). (16) The ability to
woaoniuasoso ef ri ger ant subcool i ng via a circul at PaGUS2007/013397

systemwith a tank to help stabilize the operation of

the refrigeration systemwhen the supply and return

water are variable (Figure). (17) The ability to heat

wat er, glycol, oils, ethanol, or any liquid in the

liquid cool ed heat exchangers provided the heat

exchangers are selected with respect to the properties
M“'cﬂ's‘iaﬂé%eP&ERIH"C“PEG?nﬁWﬁiﬂHSl ty to heat air or any gas

t he .
Theqﬁ( %ﬁgfesr %}&’{]eﬁlsg%ﬁilfg %&%ﬁ?a@gﬁ&erc&ag&% Eg%rgpﬂl that satisfies
the mquirhmegtswfdﬂne sefipgaratién ¢yclstvhie sé’reﬁig the Hbﬁ’l@hcﬁ:ﬂ@f the application.
Th&% tgh{ratlgsdTh licants' stemmay utili ze, any
% Drb PEPusy 8%@ No) ﬁ?‘i’rﬁ % ?’%FrF‘{aﬁa’Eat%"a‘%ché‘ft tagllow

therbla€ efi@ gy td BEBON et frérh i frerehi E)%ﬁtﬁﬂs%&¥ %hﬁy M év‘ﬁporator circuit

serving the demands of the application. Thi's pate
was fised alog img. da dif sestienireexpsad he mﬁmuom efia gireuit to mclude use of

one %Y ﬁﬁﬁ‘é @@%Jog&tbfsq A 1tc9ut%lt 'tlfé a}l{l‘. -1 ns ﬂ:‘?gtgé/ b}t' thes Jequirements or

 ecte rom erent ere on

Oppel\mlpbﬁ%lof.)the@ppﬁcationmmﬁsaﬂ)hathmstmmﬁreqhhe tﬂulﬁpE&@hﬂJdrﬁtors in
a cictcuit_to.include u

and the defini n of .
seri BRI iy Foshs lnfip@pp s b el Yot = gvenguie of operation
In gbméfel ae slapbrit@diiMit s Heﬁﬂﬂ'ﬂt RRERAGrE (dn SRRKabsRitdr visen the

of the application, Some ap B catlons may require

appmtlopmrevgs%lwtmlﬁ heatisquzses thas aserfanal nﬁlempe negpinal gapacity of the
r
AL RS 8 ARy B R o
spl The basiaparaliel cohﬁulranen Hwhph:s theowsewtfan expansion configuration at

t i d ti heat t hat ar
cactf RihreEio. TRl SRR fii iSSP P ARE BaasP ety pass through
a sebyBlaRss@-wey 663y &) eddet thd\@esirde eVEor 0L ERVIEBARAdS
of the Eppll atlon The basic parallel configuration

envirpRIngRiak vaTEableps AT the valyp §ag tofrigesptiis sPlikhehmsaatices or a
distE¥RIRH advike to RBpl Abh B&:%ﬁépé\%pb ﬁﬁﬁ ﬁﬂhb%ﬁ‘é tn is important

leaving the re elver hay pass't a set o val ves
that(the splitting parogeshe designetisotas th evcdé sxp@ﬁum@be ae:fugerant until it
ALt er

i it baedo enVLron nt .al ri abl es
reacfl 618 e RRSY PP fRYAdn, "WRCLGe st P Dot robadcGporiol pass trouen
the 6Xpaﬁsﬂh8iohﬁ§ﬂﬁaﬁ0ﬂ (’ﬂx\lfat,\e: bﬁﬁse;métyibem hat@;ibﬁ lits e-lvay to the
evapora t Int e circuit nt th
eval?%&gw 45-3?1'&)@ SYPRRIALLS the S&B%‘Pﬁ??@%l gargn ‘HﬂL ®Fegom ined into the
SuctPrPBAS feRBir@ the B&np&fsgdrgﬁrr%%ew dther rheahﬁ% Q@ﬁeétgﬁulgple refrigerant

expansi on configuration ter the split the |
streqrgs ity @nanWith parajelseyaperataug it mpebenengasary fp utilize a pressure control

devfc% %fe Bt 80a ;(o% ots¥Un¥Ghe Qéfngfe%%x ! leﬁ%\%rla Bl Pl oli;x%%s‘hré leaving the
way to ‘the evaporator t e evap
evapdretosm p;ehb eahe.dAmefb{mn@lH where\piatdlleb evappeatolsi cmadbelused)ls in ahog
bamn. h'Fwo or more evaporators may be placed in front of separate exhaust fans to aliow -
thermal energy capture sufficient to allow the unit to operate at nominal capacity.
The basic series configuration uses only one expansion configuration but splits the
evaporator into two or more parts to provide the cooling effect to two or more

environments while satisfying the superheating requirements of the refrigeration cycle.

The multiple evaporators will usually be reasonably close to each other and the pipe
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suction |ine feeding the conpressor using tees or

other nmeans to collect nmultiple refrigerant streans
wonova/ieenso0 Wth parallel evaporators it may bePCT/US2007/013397

necessary to utilize a pressure control device between

the evaporators and the conpressor to ensure that the

pressure | eaving the evaporators is the sane. An

exanpl e where parallel evaporators can be used is in a

hog barn. Two or nore evaporators may be placed in

front of separate exhaust fans to allow thermal energy
congggfing the sudraratosnwilt wsually bemtdiisnsulated tto a@qndrlaslﬁg #ie refrigeration
effJ&PPémt:n ﬁ?e[)&%hgyat -sl,-h b? %3’%}@”??%% ggg r‘iﬂ dert ?@Qagégt%rs through

y one expansi o

a smglaweabmt maytpass ﬂ@oﬁgh HORRlPFEpES of @nﬂl@sﬁb&qnmeg device. An
co effect to_two_ or nore_environnents whil

ex efySeriss cenfaration }Sﬁ@e@éhﬁj‘i"h@’ﬁ@ﬁt@vﬁf)ﬂmn@t may require a
m&rdo&%ﬁé& BFhoBHE |

o usual ly be r egsongpcw?ngéés}g&%éoﬁégg E&glto er g cgp%tg The

evapeakED ik be |srzgdtt¢| eummaphhc gbutralled ddolinguativiyy hed mal be made from

I th t ffect
sy B 1S s PO Hnand e by B eoRESpace
bet mmmﬂmtexeaﬁuhammgemcnuﬁig évapbragbf (P1i§€idPrapbt mixture) will
be(&,é%ﬁagass thro mul tiple pipes or a nulti-port mxin

or IR agg %ﬁ?‘"’é"‘ \‘mé‘”ée azwgéfrarsé‘gy 2 swellgmaennt yihileghe refrigerant is

boilisEeithinl the\WapSTafdoR (B Yt ‘Pi'ﬁ@ Bter BoNis e S YR IEE eht%teﬁﬂiﬁ atfospheric
controll ed anount of Cooling relative to t tota

pressyes)i Adtes aadithg refiiperantia horled, dissemperatire will beglntto rise as more

theﬁllﬁﬁ %ﬁ%r:ggtlggﬁ;@%ﬁttg)er %&p%?a?%ﬂ @?a?scé lgd se{%erﬂgﬁm% Cperature rise

(degle?wefbdpy:ﬂtebg islispted as only thé emb&ﬂml caisaf}etd ovoliditroducing liquid
refri urin apor at.i on i quj d/ vapor
refifgern ol W pomBisShn S, B Alsoenr atiaLior Rt R ARAVD! of superheat
bechiiselthé Gapa‘bitﬂf lof WY dbniressop B8rbase B fHe aktun€ of E‘&i)erheat increases due

refrigerant is boiling within the evaporator (i.
to thegadugtigneingdansity pbthesuperhpated papqr agwrtgmpgramrmmczz cThe

f t Qi

thel%aﬁ%gyﬁf%(?neﬁvakﬁalgée J’é?u%h?’%poﬁlé% d{;l @gﬁﬁos?tg d%x?ét B‘l Jegeeers é)% Superheat,
The expapsibn edd eeagdrgtoe vafiguadtiom t(ﬂlktihﬁ sielchMl tb Qﬁiowde the best possible

su erhe The.te ature rees of

sys@F ARGy WIS SFYSTRBALS Sobienrrats R s or Bonuens jorsd.

av OTHe éﬁHﬂoﬁhiblfsl ikt lbeGlliettet @ hé@RNAIYr différénédiln the environmental

npressor. It is also beneficial to limt the anpunt

conéﬁl%lap EpRexampledbiveacyaperators Qeptaing in pories syapenss different

e SEEERIG¢ AR IR B ShpHBR 0kr HIGHERRC BN o
depending emhomamuck of ﬂmmpmtioﬁpmcemmlevepmam isoimtei@dg to handle.
In c\égl:rX& t\%%%%l {)(yra ﬁé) ¥l qu n%a n&%@ Ee& Ugﬂégtjyslf o§Jzed g‘ %gren?ly if they are

superhea

exposetf ﬂogiiffatehot’enip&ﬁtuf&rﬁ'ﬁ’oﬁﬁ)bﬁﬁ tb Gelprraxticl €hd feengeestlire and pressure
go bl e system capacit vvhlle tigfylngthe cool i ng
of the FriFgerapt fepyine gach ¢ prs Reagal Fé1iesRYAPYAtAr Spafigurations are

mo%ﬁ%ﬁ:ﬁp@%ﬁi& RdtipR ARAAUNvirbRelis| iSeHeRESHoato Bfigurations can

be more easily applied to multiple environments with different operating conditions or

multiple environments with similar operating conditions.
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conditions. For exanple if two evaporators operating

in series experience different environnental
woOeoganelsur es then the evaporators may or may ROT/US2007/013397

the sane size depending on how nmuch of the evaporation

process each evaporator is intended to handle. In

contrast two evaporators operating in parallel wll

likely be sized differently if they are exposed to

different tenperature environnents to help match the

t enpe [e. an ressure of the refrigerant |eaving
S“m@é’gﬁ %Sg}gg%gzx@gpﬁpp@n Glémseri es evapor at or
1C0AbiIAY iethidhe cﬁ*’xﬁo:’é%ép&%ﬁir& ¥h APB ﬁﬁt&oclﬁlrﬁlhtt i pl &

sim|ar environnents. Series evapor tor gur ati ons
2¢ aAbBHY fw cennegbinultipde pVap@datw imgetti¢spdran gavdllebome simgle circuit.

Wi e t] ndj tions, or i
3 n%‘ﬂlrlgk i S (%e &% Fg?r%%)f;e 1R mﬁﬁieggﬁlalph ‘Efﬁ%mgﬁﬁﬁﬁ?lgﬂg
of adﬂyhﬂi¢s=15t ag,ewbleatglﬁrﬂl htigturex) ofl, tidhol or A} liddidl, ¥or, or gas to
use onci(? more evaporators in an evaporator circuit.
TFty to connect nultiple evaporators in series

40r Abilitp a6 abd BlltPle Sleftienif thd &Ghbion %onﬁ*gﬁxja%ﬁf stiéh #ﬁﬁe TX

one or nore evagorators to provide nultiple contro
cdﬁﬁVﬁgﬂéBﬁrvﬁtlégﬁm@H air, mater glycol m xt ures,
50i h§ S, Lo be .
Sool xelg? rt@ﬁﬁ% a?{wa%}% nlnéixggalcmj s e %n[alS EcioHp?rh gtamless steel,
exgansihum, eto)fas gmtstbd by tlmmiwmﬂrrieheSéF%d/W ihe, evaporhios €o protect

angd distri putor I|t t 0, use eyapqrato
eGP OFAEd f'f%ifﬁlhm QrERSiqR, i, dispmelfegigue, or other
st fidnonddngl num etc. ) as di ctated by the environnent
served by the evaporator to protect the evaporator
6f r Ohilityite gize evanoraterstomnash dferentemvisanmentet periditions while
f Efigh ility to size
e\?é\ﬂggylg? gém?:gl? %ﬁgﬁgyer ent %n@?‘r onment al
conditions while obtalnlng desired refrigeration
ste er of Exenplary Uses of the
S"mgé Mﬂﬁ%%s f’z%—éffﬂﬂr omat, the system heats
Lawid@siatialres 1dofdromatadhs systexhelewalﬂe@h ma@w fdt AvaeR {€E while
cooling for the workers/custoners, by coll|ecting waste

providing cqrpfit eanlingfprtheavarkersfcugtopmess, bdrcosswr&waﬂg hogidtamn the
drier WRhush VO G%alfe rrgyw@gts heatFfdm FhEFRAE Afagundr ot

i nati on - stem heat s wat er or terrpered
Dry mpreqer/LaundmxyawmhmatwueJr Thegsysten beatsficsle wptepor thimpered water

ﬁom cpea.ﬁ # n%ﬁtﬁm v\&éﬁ{ek er%%l/ rg%’tsc? Nort ?oogign:g: Ct ! Ag rs/customers,
collemmg Wakledieaﬁ frodnthé ﬂnmﬂﬁusts, or collectmg waste heat from the waste

water.

District heating — The system utilizes the excess thermal energy from a laundromat, dry
cleaner, or other energy intensive business located in a commercial or residential area to
heat water that can be piped and metered to neighboring businesses or residents for direct
use as heated water and for use in space or process-heating,.

Meat Processing (kill and products) — The meat processing process generally requires a
significant amount of heated water 'for washing and sterilization. The system has the
ability to heat water from several sources: waste heat from the singe process, excess

ambient heat from the sterilization or cooking processes (comfort cooling), waste heat from
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water. District heating-The systemutilizes the excess
thermal energy froma |aundromat, dry cleaner, or
wobRhEri4enser gy i ntensive business |ocated in a PCT/US2007/013397

commercial or residential area to heat water that can
be pi ped and netered to nei ghboring busi nesses or
residents for direct use as heated water and for use
i n space or process-heating. Meat Processing (kill and
products)-The neat processing process generally
requires a significant anmount of heated water for

the casmbs wgshaamtl faciity cleantp wasteWhier,sapdthent ¢xpelicd froabtheirtfrigeration

to heat.water, from several sources: ste heat frqQm ,...
procied Behirkd ¢ hlBe RS uRor IS PR on ARE: oneiding "W ability to
providesdonhfoZaddoling PhroGgR kke6f Pfopciste a(rquﬁ_fﬂ& wiflp2kbid grovided the

Wwaste heat fronthe carcass wash and facility cleanup
envirgaamenfdpay notpresenba highdouling poteptish tirlesservapgeaters msy be used to

recoerdiste fidat rﬂg?:'ti' ('g{rn%g ah@ v&gt!el\irat&l_llﬁ éﬁglgrl‘r‘rf’zs%sfoﬁﬁﬁé’ ind Qllcavg ease of

cutting or processi ng. Ity to provi
cleamumf Bldre ¢oalko e dbilityitg leollisnt hedt expeldedledtherefrigesdtion process using

handl er with a-coi rovided the environment e ot
an epRtuRt atfhhienRmebr R pESR: e SR BECREoRRr S Btony
providyreB@sdiaish il Ware Vedtingashelthealslyl ARisisnBen8tleddasdintcal heat
water to mnimze fouling and all ow ease of_ cleanup.

recoyeryaOdessigea bothigstixities preyperiorpgd peing thesamek ool Ray ¢ fhat was

i | fanakd 108561 bvR TS ARPYAL RBatdd. t he
goinB1F bETsEd ficehlRhhidiide R eTheﬂg)yst L RO Beat. ty

Car{Wash r-&idtel systerohdageweslf watge faxtai aan veashl and ireflogrdegatadgvater loops

i mul.t aneously. . This i.s the nost e om.cal t
usedp o SEACORRRE Yo SRtriadi R ORpr St BIBoEBepJ Bine wash bays.
The heat{kriviee fivairsevierM dkatouses:t wastewasr, gRéasg heat ih¢haisffide or
for refrigeration regardl ess .of how {he water was
mechaniedl Joora FXRES ggaﬂf&’f%%? THRS CANVFRGROGSIOLT OF Fitayrans, warm

humt\g@aﬂ_eﬁﬂ&étéa frbR0he WRRH 8oy GIRE ohidBBSaBRE: dipr of fi ce

eating and elimnates i'ce fornmation at the approaches

Restanrpht—vasdstavaarg beméfats fiat bethhegling md)m@m@&tsr@éhe system.
ouy ces: s{ ewat er cess. heat | . Of f 1 0 .

ek o T S TR e PPl SRR lehfpetina for usoin

heatafthe retagant t THerestaurantéambicadtioled\during high dcaipancy and during the

exhausted _from the wash bays or, .t he_ out door anbien
coolghg Scomes PAHICHTEOE WEGT IAi: WEUHER S8% Hfag 1664 usually

excRR ' GaRP HetR detthrl§ dnhit Sodddd édiRlcAds ! W aRm W&%r%hﬁﬁb,edit district
I's cool ed year-tound while water is heated for dis

wateyheating sysiemivoill hesueefed during thg sup@drest aur ant . The
Ny t L i .
swiphR PRl TRt 00 A St bt REURAIENCA By the ambient
air ovefedih legcesSiheatintthe offineb, shgwenhah sesn mdchasixdlaedm (chmfort cooling).
wat er heati ng demand,,an air cool ed caondenser. . m .
ComagErunil Tyt Rea G DR R TPl it TR sisze using
heat'@6QHe dbibidi alrt® oM eRIess heat and humidity in the shower house or

mechanical room (comfort cooling). Comfort cooling in the shower house may help to

extend the life of equipment and parts that are subject to the high humidity usually found

within the shower house.
Animal Confinement — (Animals and foul including but not limited to: hogs, dairy cattle,
beef cattle, chickens, turkeys, etc.) The system has the ability to heat the living space using

the waste heat that is exhausted via the ventilation system or from comfort cooling in
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Swi mm ng pool -The system can heat sw nmmi ng pool water
using heat fromthe anbient air or fromexcess heat in
woOher7afiédseces, shower house or nechani cal room pcomSert/013397

cool i ng). Canpground shower house- Shower house wat er
can be heated with the system using heat fromthe
anbient air or fromexcess heat and humdity in the
shower house or nechani cal room (confort cooling).
Confort cooling in the shower house may help to extend
the life of equipnent and parts that are subject to
critiqah areas gechtasrthe brspdingrapmyorthegnstudiares: fHeatiagsnayiks in the form of

heat B8 VR ofr ol U b LRRRE st Mot G fter Bty ey ol o

smald: hhiededa for theifikse foy deyscor)wél'éke afigstheynateawedried axthiatdhty. Some

at th t he stehat that is
it A5 P RIn de e P i CORTORE ACE oL S heat from an
exhaﬁ@lod)ﬂ Het Edpriired iR can st c&uﬁig procdsba. tso%e@stagesrmxﬁm
boar stud area. Heating may be in the formof heatin
husbapdryawvill hepefihextersvely (Weighhgainewrvivak porception stesh aef;uced

stres?)sg& ?bﬁlt%gar (glg%ﬂrsg M%rawtﬁfenf@hilor% Wé%uf'lgﬁ grbpﬁumld summer

ey are weane
daysh ambmheaSﬁam comnfoet cohing 1agcmcrzﬂlamsbd tforf heating lveash water or

b|||t tqQ hea r|nk|n ste .heat. from
arinie vt frds BFoetisdin B it B piieshe 1 ARinal o g et can be
propEﬂ? ¢696&ted, Wﬁysﬁdrﬁﬂ%t}ﬁfabﬁﬁy iR UkeBa Hbay g¥drated by larger
benefit extensivel (wei ght gain, survival, conception

animaly tosheat sppgesfprsmatles pimalse Jleatingispgees siieshBRlisant's hydronic
r

ne i A e RO P10 B B o L S s i

compaed agemmsmmct figedwrohanveoregas bicatdrsi. ridiernysteat laas the abkhty to use

r... I f an

enes SR e Ao A S e MRSl o B P gt to b
anaddé@isic digestd Yeaktolirdd. USIe §s0RS Sadlsd pReidy tht ability td @ugdorm the
animals to heat spaces for spal| animal s..  Heati .
wastgfhergaal @Wﬁy g tha Fisidsagg, aPon ﬁ‘{%&gﬂ? REPVgR feahy et input for
lowtt qulré i gﬂﬁr?jéi%r R HeDih ¥r BTl prodéss Jx@ﬁﬁlhﬁﬁﬁpnate

e sp conpar ed agai nst direct fired
d1stqm'tdpah3g systagas Ihsamne s;secwrﬂzed syigad nescarshitheilitips, the Wsm has the

sy G590 57 APl SR b

ethdisgeﬁdseé Beay &amer\@astmbvataii;l and; ysdessthe in ﬂiesroomsmrhede tltel’werilization

ablllt o,ddra sfor?nt}}e@astetherrral energy to heat
qu“F ides feamiozteaolinedprthegyorkersk oyi de sone heat

Dali'f‘p bl"hefdﬁ{ |f9‘{¥1 bRIVEGSs A Wi §uddbpiiobtudity. The 8ydt&x@providédeoling for
Binorina ;all ngogrocess via_an approi)m{ate di strl ct
the mélktandgas psused to ¢pod ghaoffises pad milkingpanan A eeesd parlor may
con{rﬁ%ke% Jhtdo fPle YW Hnd 35 e e Atk Voluthd %gm%& fi€at can be
eril1zation processes using waste from
used/grihdak aneanrlnébltm(QIP) wagt endw'é'atdnnkmmamas%m‘t dninkingwater may

ess at, in the r.oons erlllzat
also% ?p 1Sncrease e amount of water cows n 1inch can con ute to increased

milk production. Since dairy manure is well suited for digesters, the excess heat from the
various value added cooling activities can also be used to support an onsite digester.
In-Line Processes (General) — The in-line process involves the integration of the system
into a process to utilize the simultaneous cooling and heating affects. Most in-line

processes will use cogeneration on a continuous basis when the process is operating. The
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equi pnent resides (confort cooling for the workers).
Dairy -The dairy farm provides a uni que opportunity.
woheo7sigersem provi des cooling for the mlk and eamwuseo07/013397
used to cool the offices, and m | king parlor. A cool ed
parl or may contribute to confort for the cows and
i ncrease ml k volune. The captured heat can be used to
heat Cean In Place (CIP) water and the drinking
water. Warmdrinking water may al so hel p increase the
. mount of water the . cows drink ich can_contribute to
introgygtionafdhe fystem Ml@d&ﬁ%{fﬁtm pasfipg & npkithe erirg 3 of sengiate eat
sourcdiah§ SobBis SHAES! XSy mhRSaBERS HrétRad thht A%ds %%aﬁ’?%dtiﬂg%nd

val ue added cooling  activities can al so be use
cooligg ppesentszan apportueity taapply the systefri. ne Pr ocesses

Ceneral ) -The Jinsline process . involves the ..
statchr o rohe et oo Bed BE BT Y otled Beat ot oting ytgposed to con
the ifdidatoriiahd SOROVETAHIN dkBaddtd The aédlgighed Heat 4 bdviset for space
dn-line processes wll use, cogeneration on_a

heatipg and (o beat Vel veatgiand humeidpicatien spray e dtherpbility to recycle the
coouiﬁgw&mﬁvﬁﬁdvm é?éniii@aﬁltf%é@ih Mvhier P RLQERafer a&ggm Rosts. The

. not the entire use of se arate heat sources a
abilitydolintegratethesystempimgo theindubetars mild pprvidebeththisatingiamtieooling

o ti 0] 1 n resents an opportunity to
lnSIdgg%%]?/&?ﬁng%sﬁgl?ne%#% grs gSt?mﬁ'he system al so has the
Anaétvbli¢ Digdseers ol Asadrotie digebtetymeqivt cloge nRinttbring o tdnfperature to
cool the incubators and frogl :ﬁent il ation e ha(ﬁst . Th%
ensuplackFrib geREEY: ERAMBRUTGIRYS PG ACUS a8 AT Hiy URtPiegnd the
temp2BRhir VB as bAGhSht-ARNd BEsTgfbht hakhARobiR rc_@?iYéﬁfoﬁrp_roJQﬂﬁ Our system

ability to recycle the cooling water wi provi de )
provigleg ithe abilitit tosellesigheat fromeathe manyee lragins ke digesipranskuge it to
e ablLity to jnte : S '
oren S35 I b s B A0 S YR i and e
conviefsiotigystdins bften adsociatzld withhdigesthysdirodice exygedsdreat which can be

Anger qgbi c. Digesters - Anagrobi ¢ digesters requjre .
captie §@_8 N6 B R g Iyaian the @H’é,’ﬁ‘faé“’tﬁ’d%tdé‘? fgpure in the
digef6t. 1 Wakté heANBoRPRYALSY) Ml SshiRAlAHL A% dldo BNEHhsred BRd used as

nglh%gster and the tenperature nust be maintained
w¢E

adireoratthe pabiesbeirobi ¢ conversi on process. Qur
. t Qvd_de he. i . . .
o AR bl 50 P T it
the viRious prasetestidaghst bechediegamtievoledrat gadous mointshdongahe way. Most

treat men stens and..ener onyer si.on St often
ProcGEBETGT ERIGh PIHeD BECHANE POITEL BT CBLeH Gl o sream.
Man$3ofBsésaRidtifRth illerkt @dm%?oﬁ{teﬂ &8 proBérd @haktliller can be replaced
mai ntain the tenperature of the manure in the

withyhppliceats’ stymsp@ravdde bethgihilliagangd Prrertheatings iip addifipn, the heat
reng;ﬁ'r.rﬁgq}l e 91%—&%%2 iégl eg@ﬂ@g?%ﬁlﬂlg?ﬁe WRirhctéd f&%ﬁ{)cJSE Q88 1118t in the

plrent alr. i on- Bi o-di ese
cooljirgoelatet paingrte the canding ltewert dan alsowbeisedite hhatanalceupreg condensate

watetr 01t the boiler or for heating a process stream. Excess heat in the boiler/mechanical

room (includes waste heat generated by compressors) and waste heat from the boiler
exhaust can also be captured and introduced into the process. Before the bio-diesel
process, the oil is usually generated in an extrusion process. Extrusion generates a good
deal of heat which might also be captured and reintroduced into the process at an

appropriate location.
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the various process streans be heated and cool ed at
various points along the way. Mst processes use a
woaid7aneisoe heat the oil and a cooling tower toPOEUS2007/013397
cool the process stream Many processes al so use a
chiller at sonme point in the process. The chiller can
be replaced with Applicants' stemto provide both
chilling and process heating. In addition, the heat
remaining in the bio-diesel after conversion may be
extracted for process use. Heat in the cooling water
Ethapnl Xyodyction— ol predygdien bansamegnplariics tp bie-diesel processing.
f i, b
The BRASHAROBNEL B 1ENEAL L Biching 1Bhrel AR ol Lller. The process
stredmad dre heated laadicoalled fatite (Variohssiages\od shicepriveess. Fonsar ahamh]

by commressors n te heat fromthe, boil er exhaust
procgihsS HHBES b2 aEL A L AMEan & ot Cs AL RS G CHSh P SRAkEOp water for
boilde Al 8f Hiewhied nilise5€ heAEACERSprebéift iVentioh chift Weat the water used for

generated in an extrusion process. Extrusion generates

the gpokguerese and prebratdhe gpndansaty gpd makewp wates for the deilet deat may be

col LTS ANEEIN Ol ol 857t Ay TREBE Ry, ma
retrafd mpplcationathetsystent cantlietp th esgenpate fasai wglersibel cooling tower.
rocess involves,a hoiler and a, capling tower .and 1
Exofis PorRon T pya meatmmcs) RBs ey bt s faisd dralflayaable for
heatfifp0 | 1efhal, leotﬁé%déﬁbhm&@&e&naénﬂ? syRE €5 800l B Bxhaust from the
et hanol processes utilize a_great deal of fresh water

distiflerg,grain Aeienso dr addisionde Fecypking R Agpt: e wndersedyptergan also be
trcatéh lan@ ﬁ'cﬂsgﬂ th HRUSFHcNS ge%n&%&ﬁgﬁio}lg %u&L QSS%ﬁkﬁ heating or comfort
sSe or the coo

I nvention can Heat the water process
coolangimpy alse de in¢reporataficntathe plant hawkwergheptyrack on atseason

boi.l er.. Heat..may be collected fromthe coaling water
epPIfo] i PR R fus R BRek ol R aT RS casses . 1 n
Canhell@ir'fpézen wvigRtablé bl phepdroa food pLsbessing heflit dadned food process

conpensate for an undersized cooling tower._ Excess
usugllyFeqyiresRookingand devateisamwrraiipres KbYAcHHeR 58] puptainers. The excess

and %@éﬂﬁﬁt fbfn tglé ?Poc%gﬂzlxﬂm Roydléd Mesthidied {nl(;ceﬁaa\hda\l’&ﬁ WMier using

possible to I gn a condensing systemto cool the _
the systeausTh¢ frorent feoddiretdsk bewally rgquires chilling end maydndlve eepking or
to. recycling the heat he condense t
blantcﬁ.lélgt g%ne zf'r)f gsrs é)ﬁ sv%a&?e?l?]eaf ﬁrgmpt‘rfxgge rg?es%ees\é\gdgﬁ% &s%ﬁ tgilg'c& p?gcess or
wash aitérC aVithoar Systdm alse SiHinhg pieddss ogh perfannbathtchiltiog and water

may al so pe inco rated into the plant however the .. .
heatipg, HkagSohcas CER Als beised fockaF pfer Bgf%ﬁ\f;‘QF B i distri
hemﬁg%ggﬁhhfron1supporting t he process. Canned or frozen

_veget abl e orlﬁrggared food processing -The canned food )
Painfiing processed a1 Powies gont angd haked prigt aragessea ytitiggiovens to cure the paint

{ i 3 .
R e YIRS SR SR BT 2080
therinmh emalgy ook svash tvabers heatather parss ofjtht mearsifsttenng Fodity or heat

frozen.fo gﬁg.oces usual ly requires chilling and may
water {96 F SiFtReA MR e pytem
Extrusion and molding processes — Extrusion processes generate a great deal of excess
heat which can be utilized to heat other parts of the facility or to heat process and wash
water. Some molding processes such as foam pallet forming utilize a great deal of heated

water/steam and generate a large sensible and latent heat load in the facility. This system
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. prel g%t

bl anchi ng. The excess or waste heat fromthese
processes can be used to heat process or wash water.
wo20d7/1ee050 syst em t he chil i ng process can perf ecmusaiono13397
chilling and water heating. Excess heat can al so be
used to heat other parts of the facility or for a
district heating system Painting processes -Powder
coat and baked paint processes utilize ovens to cure
t he paint and produce a great deal of excess and waste
heat . systemcan utilize this excess thernal
can GaQl the f @tlhe%q thg.copling pater vhiler eenerting prgheategiwateregoing into the
boileganufacturing facility or heat water for a district
heati ng system Extrusion and nol di ng processes
Boilersand MeghapicotBeems —(Boitar ané nmeechamiadl rdems podvida opmstunity to

condhEBloclb HpE el Sat ke S e iR oo enerte

apprwhlﬁib AthdvhBCEIRacarkldiledsShdveanmtiant rﬁ&aﬁ@x‘i ﬁil(l‘ Bonbeclibi Bosses as
great deal of heated wat er / steam and generate a

well pg P@@@é nOthsr &renaf paipmentidlar sensafe hgat Hurrsystem will benefit
comﬂi%bs%@ﬂ? EETRA thE AR an%il'iﬁe ERldrinieht 3RFnl e Eﬂkﬁg&rv@o%ier air will

generating preheated water golng I nt
mcrw tb@rdenséy bEthe amrhdNpave the lcapiritymf Bod ¢aenpresshr and cooler

ors L 0 PR BRSPS o

excessivmhms ot boidis, the exedsp be tiast heattush betreclafmdibisy therslystem to
b0| s have anbi ent radi ati on and convecti on | osses
'a%qupz% candenge reterwrier PpEsprsheat GombRetian air.s dhe scale of such

syst&ﬂ‘%ﬁ‘taﬁ%@ﬁ*@h a & rUSIHRINBMH to RERE Ilifiy SR AR %R pRarky/

coolin he air and the environnent around the
Extr@@mgr@g&ﬁpm Thoilesexhayst will requikerspacial Qmommomﬁgetanons and use

of mta&%flg duch '39 aﬂ:ﬁés% ?eei B}%t Gan %gl Hfab‘fe CPrqﬁe gl??r ?%rroswe boiler

opera Sondr T Ons Wi uce
exhagstui pment and Iubrlcatlng oils resulting from
e ceSS|ve hea For bail ers, g%?e excess or waste heﬁt
ay. Even on

Greguhpuse —4 PESCRFOYINES 8 SienifiRaphsqyr ehdteahERR 16,
n@%@@@%ﬁbﬁda’%ﬁtﬂ RrfRlfiredh thOgREARAL cErPBfﬁ’rH‘étahQ réduce warmer

he scal e of such systens can rangg froma few
temperaiuees oarBiasined. D@lrmarsgeumrumcmt&ls demperewaes vl aagneenhouse

beco'r:ﬁ(é ('éfp(}f:ésﬂ% hﬂﬁ§ &[t%mn% %gﬁ lbg Emﬁéélﬁ*ﬁs %ﬁéréf%géﬂitngg Ix1 an actual

evap ora cont gurations and use
ﬁmcaunftl geerﬂbasenheexcesk aeht gelnatateﬂ ddndgahe day edol ke éapmxteﬂ by the

s TR SO LE R B Ty HNRU B STARYSEA ring

sum#fhef When leR6esd A¥at PrYIEIBILS Plant! BilYure Gh oo 1edat ﬂﬂm Hehi%ed to heat
tenperature in the greenhouse can clinb and produce

watedpragarkiepioseset r ERe gueaphoyss canglso ba upetinamaerciad effice
bu1l&1ﬂ§s, %S%%ﬁ{syﬁ&éls,' Ebriiréle ﬁ%&? H&pitals or any building requiring heat that

doesn’t have a waste heat source. The greenhouse can be used to collect ventilation
exhaust and solar heat gain (not necessarily used for growing plants). The heat captured '
from the greenhouse by the system can be used to heat water for showers, laundry,
swimming pools, concrete mix on cold days, etc. By cooling the space the amount of
thermal energy that can be captured will increase. The moisture in a building exhaust that
is captured in the greenhouse can be collected and reused for non-potable uses or treated

for potable use.
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beconme oppressive. This heat source can be utilized in
a nunber of settings. In an actual functional
wgnrewnhesse t he excess heat generated during thReTas07/013397

can be captured by the system and stored in heated
water and then distributed into the facility at night.
During the sumrer when excess heat prohibits plant
culture the excess heat m ght be used to heat water
for nearby processes. The greenhouse can al so be used
in comrercial office buildings, apartnments, hotels,

Higl Rigr Buddipgs,Apartowenss and Hasels an'?lemyslem cag tlieai;m targrgheating

heat .t hat hav wast.e heat .
coolfechnhpilce e Bses s dof e S bu e AR hvdrao too and
locaBiédl WwaleRhedt@ainpPfainfunits Qﬂéatit@uzeﬁls@bhhg cth$ Bel atcompilistied fipdifferent

pl ants). The heat captured_fromthe greenhouse by the |
part%y%tbe hpaawge@nugwopélmaaoﬂﬁemwse o geinsfromfhp gy side of
the ﬁiﬁdﬁﬂ%&ﬂ‘gi tﬁ&%ﬁ”&nng‘?ﬁﬁﬁﬁé Shddled sRIR oF Qllléjblﬂﬁﬁﬁ OLf syskdn is used to
coo e spac e anmount of thermal energy t hat
chll]dhﬂ ldmp dm'ptgjhe dumindr and thecexcess lﬂaaelsrns¢@ taheat potable water for

aust.that is cap tur e nho
showety bRl e BFI05: SHTHPS RALE AR 0tk Aprpfied I REB3 heat from
contifiat @entiation ekldtlsCantb@adtb @hteRioSifalkitipl batigso the hydronic heating
Apartnents and Hotels - The systemcan tie into |ar

looprangh tp hgalcefbrs Rgcemerchias dic prkingggrags smakeur aif ofGy .dg\egg the
€ buildings. Using a hydronic |oop and

hemﬂ%%%?%zed wat er heat punp/fan units heating and

Graboohi Hpyx Brying aﬂemﬁ»msmm mpistiaif exhastedfzem shodryingprocess

o B LRSS 8P R P ST BE g o

dﬁ&&@@ﬁferring it to the shaded S|de of the bui | di ng.

Qur systemis used to chill th %{ duri ng, t.he sur]'medf
Hydrggarhm toeibsystemms - Recopbeanyy Yelsmsire beige develgped for

con§{}ﬁ¥§§ et hgﬁﬁg%arbbﬁ WHENals &W‘mﬁﬁé BA tIXBALR a pBddess 1@6%§gﬂﬁlgh
be u to recoup heat from confinuous
presseret anldatempnraexh eﬁhwtrodmdnalmebmeetzatm)nﬂﬂ@lﬂysmmam berigtegrated

t he dronlc he oop. an t

into & Rr LSS 19 eprﬁlﬁ,ag hhe&%'é% %agbeon-g'a eg alp?rg ba%cf‘?rg h§% z?:Bﬁé'cted from the

dischBfel @l dndthea R ods. fréshaheprdbessHay Drying - Heat f r om
warm moi st air exhausted fromthe drying process can
be reclained by the systemto preheat incomng dry air
and inprove the drying process efficiency. Hydrocarbon
to oil systens-Recently a nunber of systens are being
devel oped for converting wet hydrocarbon materials to
crude oil through a process involving high pressure
and tenperature (hydrothermal depol ynerization). The
system can be integrated into the process to preheat

t he hydrocarbon-water slurry based on heat collected
fromthe
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di scharged oil and heat |osses fromthe process. Wat
is clained is: 1. A bio-renewabl e thermal energy

weyst7arssonpri sing: a refrigerati on system havePag/us2007/013397

first evaporator, a conpressor, and a first condenser
whi ch are operable in rejection, reclamation and
cogeneration nodes. 2. The thernal energy system of
claim1 further conprising a second evaporator
oper at ed i ndependently of the first evaporator. 3. The
thermal energy systemof claim?2 further conprising a

Whatds glaimedisdenser operat ed i ndependently of the first

1.

10.

11.

congenser . The t hermal ener systemof .claim1l .
s S ie Pl REph Sl oS5)er Bhibt SRE, SO pptsm having
heaf firsg evdpdraton lai cdgnpréssor| AGd biRE@hdenRt Ghidyatope@ble in
claim1 further conprising a hydronic heating | oop. 6.
TheiestpRdrclamatioy 2ad spganertiopimedes1 wherein t he
refrigeration systemcan provi de both heated and

chilled liquid or gas. 7. The thermal energy system of

cl altm qlemgreamytswetemﬁcugm hifither symIpiNingta $ecord evaporator
envj t fr one source to heat

ano q;eggr{g%%égb%@%ﬁlg}agﬂgeiﬁ%?erv"fapg? he-t hermal energy
systemof claim7 wherein the one source is a neat

B R N D e p——
t hegSRdte® NRIcPYnENEY OTURS fifst SbdBeAsather ei n the one

source is a restaurant. 11. The thermal energy system

of claim7 wherein the one source is an et hanol

p| . . i . in.:

Phoths Seunfl dnafih/ iR Qhot MRTUR M iedil Boflic operabe
sy sfoevotif heatiag amd cobléngei n t he one source is a dry

cleaner. 14. A thermal energy systemof claim?7

wherein the one source is a swinmrng pool. 15. A

t NeTARIheBRRY GrSYSERM 6f claindil Turthh@nRirRidgd ¥h@fienic heating loop.
source is a shower house. 16. A thermal energy system

of claim7 wherein the one source is an ani nal

con :
cl ar B BIEER bRt 07 clate 1 13K B (ERIHIECSA SR can provide
t hebothlheeted gy chilketldiguad ocgasi m 7 wherein the one

source is an in-line process. 19. A thermal energy

system of claim7 wherein the one source is a

hat The thermelenefzy Rt bS claih Jywissreinahe pifrigération ystem utilizes

wherein the gne source i s an anaer obij chdigrclasﬂt_ler. . .
environmental thermal energy from one source to heat dnother body of fluid or air.

The thermal energy system of claim 7 wherein the one source is a meat processing

plant.
The thermal energy system of claim 7 wherein the one source is a car wash.
The thermal energy system of claim 7 wherein the one source is a restaurant.

The thermal energy system of claim 7 wherein the one source is an ethanol plant.
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21. A thermal energy systemof claim7 wherein the one
source is a bio-diesel production facility. 22. A

wohermabosener gy system of claim 7 wherein the ®0®/US2007/013397

12.

13.

14.

15.

16.

17.

18.

19.j

20.

21.

22,

23.

24,

source is a food processing facility. 23. A therma
energy systemof claim7 wherein the one source is a
paint coating facility. 24. A thermal energy system of
claim7 wherein the one source is an extrusion
processing facility.25. A thermal energy system of
claim7 wherein the one source is a nolding process.
26.A therimel endrgye syt of gleine M wiereinaheoie sheceisn lahedronmt.
source is a boiler. 27. A thermal energy system of
claim7 wherein the one source is a greenhouse. 28. A

t hex g ey Sysidra BF efairfil7alheréinhe bat Borbe i @ry cleaner.
source is a human living facility. 29. A thernal

energy systemof claim7 wherein the one source is a

gr a4 'Ehé#ﬁ% %ﬁ%ﬁé&m cBfn ﬁﬁél‘éfn”iﬂk oﬁ@ SEi¥e N LGimA ng pool.
cl ai ere e one source is a hydrocarbon to o
processor. 31. An inproved thermal energy utilization

pro ss having a refri.get emwth a,hot

S sy Sy o RV eRARER R JPF SPHGE ICO TV Bguse
heat fromthe hot side for use in nultiple heating
appl i cations. The i pproved process of claim 31
fur Wn@bmgx FYﬁée@ﬂlf claimjgwherginthe gng separes &y an aumah,
nulgohﬁhgmggpﬂ,ﬁlmn%ppl ications. 33. The inproved
process of claim3 1 wherein the process utilizes a
refri ger ant having a condensing tenperature, and
whe eofth tin |on s h
a7 £l AP Bl R bR B4 00
tenperature of the refrlgerant 34. The inproved
process of claim 31l e of the heatin . e
app‘f‘iﬂ&%'fqaé gRergy syyigm [qnﬁ\ ergir) lﬁna soutee i in-line process.
i mproved process of cIa|n131 wherein the split heat is
directed through nultiple heat exchangers.36. The
i npAdhethap coergy sysemaifsiaing wheigin theronesapiceds ahatchery.
utilizing environnmental thermal energy from one source
to heat another body of fluid or air.

A thermal energy system of claim 7 wherein the one source is an anaerobic digester.

A thermal energy system of claim 7 wherein the one source is a bio-diesel

production facility.

A thermal energy system of claim 7 wherein the one source is a food processing

facility.

A thermal energy system of claim 7 wherein the one source is a paint coating

facility.

A thermal energy system of claim 7 wherein the one source is an extrusion

processing facility.
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37. The inproved process of claim 36 wherein the one
source is selected froma group consisting of a neat

wonroeorageismg pl ant, a car wash, a restaurant, aRCEUSa00/013397

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

plant, a |aundromat, a dry cleaner, a sw mmng pool, a
shower house, an ani mal confinenent building, a dairy,
an in-line process, a hatchery, an anaerobic digester,
a bio-diesel production facility, a food processing
facility, a paint coating facility, an extrusion
processing facility, a nmolding process, a boiler, a

gr écthrpnRlencrgysysigh of Qlainy 7 mdierqin the ong sguEgeris @myelding process.
facility and a hydrocarbon to oil processor. 38. An

i nproved thermal energy utilization process using a

r e thgamaltenergyssystesmofhadainng véheyein ¢hre ersrdource ip arpilen
heat exchanger, and a conpressor, the process
conprising: controlling head pressure of the

C ophesAsliendfy i stehiibfclhif 2 wWhekéih 116 ériaoatdd i al REMhEBse.
as to protect the conpressor and nai ntain acceptable
conpressor efficiency. 39. The inproved process of

U s B S P a0 e

as faddlifyncr ease conpressor efficiency and increase

cooling and heating capacity. 40. The inproved process

of claim38 further conprising a heat path which is

ut iA theatalteneligadysiend ofitlhith Dedtiien dyoteiurdesis agireintdeging
fr%nmthe process. 4 1. The inproved process of claim

s lGi®ei n t he process includes a desuperheating
segnent which is used to heat a fluid to a tenperature
above the condensing tenperature of the refrigerant.
42 A theemalmmergyerysisnoeesinof vdien¢imthie dne spurereis a hydrocarbon to oil
co kgﬁgg using a third circulating loop to contro
desuperheati ng. 43. An inproved thermal energy

utilization process using a refrigeration system

having a wafer tank, a . a heat exchanger., apd a .
cort Butared fam el ieedutlighiier orrgss RS bf siigraton System with
I efa ol §fdRAhd SWRIP AL, e HapRFehleHi Cbrhprising:| §litting heat from the hot
circulating loop so as to increase conpressor

ef fsidsi fonuse iamaultiple eeatiag epplisatigndnd heati ng capaci ty.
44, The inproved process of claim43 further
conprising controlling head pressure of the conpressor
usiThg ifrpudkbdi process ef claiin Gil rfarthert ongprisdgpspdidting theaold side for use
prqtect .the c ressor. and mai ntain acceptable
coﬁBPEQBB?CQPﬁ&EN@ﬁE?.°W%. The i nproved process of
claim43 further conprising a heat path which is

utilized to heat a liquid before any heat is rej

ect ed .
f r e iRWrYredgugeess of claim 31 wherein the process utilizes a reégerant having
a condensing temperature, and wherein one of the heating applications is heating

liquid to a temperature greater than the condensing temperature of the refrigerant.

The improved process of claim 31 wherein one of the heating applications is the

boiling of a liquid.

The improved process of claim 31 wherein the split heat is directed through

multiple heat exchangers.
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46. The inproved process of claim43 wherein the
process includes a desuperheating segnent which is

woger/wesheat a fluid to a tenperature above tReT/US2007/013397

36.

37.

38.

39.

40.

41.

42.

condensing tenperature of the refrigerant. 47. The

i nproved process of claim46 further conprising using

a third circulating loop to control desuperheating.

48. A nethod of bal ancing a thernmal energy recovery
system conprising: determning a desired |evel of
thermal energy change at a specific |ocation; choosing

a Mékingeevedtproeess stclaim 1 fufthérgongtrising wilisgenvironmental

de m._pi ng hew many evaponratprs.to.use i.n the system
oGl bl B B <A RE R AR5 o Ad L BLD o

sel ecting a conpressor for the refrigeration system
cal cul .ating energy | osses fromthe evaporators
cordsimpravedmioesshaf elairn 36 whereindhe ane sqwice Igelected from a group

R e e -
laundromat, a dry cleaner, a swimming pool, a shower house, an animal
confinement building, a dairy, an in-line process, a hatchery, an anaerobic digester,
a bio-diesel production facility, a food processing facility, a paint coating facility,
an extrusion processing facility, a molding process, a boiler, a greenhouse, a human

living facility, a grain drying facility and a hydrocarbon to oil processor.

An improved thermal energy utilization process using a refrigeration system having
a water tank, a pump, a heat exchanger, and a compressor, the process comprising:
controlling head pressure of the compressor using fluid in a first circulating loop so

as to protect the compressor and maintain acceptable compressor efficiency.

The improved process of claim 38 further comprising controlling refrigerant
subcooling using fluid in a second circulating loop so as to increase compressor

efficiency and increase cooling and heating capacity.

The improved process of claim 38 further comprising a heat path which is utilized

to heat a liquid before any heat is rejected from the process.
The improved process of claim 38 wherein the process includes a desuperheating
segment which is used to heat a fluid to a temperature above the condensing

temperature of the refrigerant.

The improved process of claim 41 further comprising using a third circulating loop

to control desuperheating.
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43.

44,

4S.

46.

47.

48.

An improved thermal energy utilization process using a refrigeration system having
a water tank, a pump, a heat exchanger, and a compressor, the process comprising:
controlling refrigerant subcooling using fluid in a first circulating loop so as to

increase compressor efficiency and increase cooling and heating capacity.

The improved process of claim 43 further comprising controlling head pressure of
the compressor using fluid in a second circulating loop so as to protect the

compressor and maintain acceptable compressor efficiency.

The improved process of claim 43 further comprising a heat path which is utilized

to heat a liquid before any heat is rejected from the process.

The improved process of claim 43 wherein the process includes a desuperheating
segment which is used to heat a fluid to a temperature above the condensing

temperature of the refrigerant.

The improved process of claim 46 further comprising using a third circulating loop

to control desuperheating.

A method of balancing a thermal energy recovery system, comprising: determining
a desired level of thermal energy change at a specific location; choosing a
refrigerant to use in a refrigeration system; determining how many evaporators to
use in the system; determining how many condensers to use in the system;

selecting a compressor for the refrigeration system; calculating energy losses from
the evaporators, condensers and compressor; and maximizing the utilization of both

heating and cooling resources during operation of the refrigeration system.
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