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WD 2007/ 131281 PCT/ AU2007/ 000646 -1 A METHOD AND
SYSTEM FOR GENERATI NG PONER FROM A HEAT SOURCE FI ELD
WOR0THE28NVENTI ON The present invention rel at eBCT/AU2007/000646
nmet hod and system for generating power froma 5 heat
source, and in particular t-d-a method and system for
generating power froma geothermal heat source. The
i nventi on has been devel oped primarily for use in
gener atA METPHOD ANDBYSTEM ROR CGENERATING ROWERd
wi Il be described hereinafter %%iﬂ reference to this
appl i cation. Howe &tOM A REAL gﬁfﬁeci ated that the
invention is not limted to this particular field of
10 use. BACKGROUND OF THE | NVENTI ON Any di scussi on of

the prior art throughout the specification should in
FIERLD OF\YTHE INVENTdONed as an admi ssion that such prior
art is widely known or fornms part of comon general

k qu%d Cp%j&ﬁt i ehiith ;élﬁ«lzsdt-o_ alﬁleﬂfélﬁrﬁﬁ tefD PSS efaBl peiwes from a

t onsunption of fossil fuels and reduction of
heatgseecd) cusle iy pssvuhngo | e thethpdr exkayghmafin gragetiogrpger from a

ocusing on maxinmising the efficiency in power
geo%@%aﬁé?gtoﬁ‘?%d on renewabl e energy resources. One
renewabl e energy resource is geothermal energy, which
i s Therinverdichr ks tder detedppal pemerilyyfostuse éu géveplingvippivien from a

he rth. Wil st .incregasing,the efficien of Wer .. ..
ool SRR JEPI T 210 CHIIHE (Eaa1 R0 eI M T rekerp 4f T hpplication.
HoWw &3P UF 688 beldppietiald th@f the ¢aledfion I Rstahitédlo dreeum® field of
power plants. The production of power from geothernal

use.ener gy basically involves extracting geothermal fluid
froma reservoir and converting the thermal energy
stored in the a%:ot hermal fluid into nechanical work

BAGKGROUND QI THEENYENTION convent i onal geot her nal

power cycles can generally be classified into

No NGO BeMEIongotihe @elor sitaBiBush@liahe speitaunidarsabuld in no way be
di rect steam cycles (single flash_or double flash)
consiflerad ps ep ededssigndthatovash paier aryis Padely knpwa o fermsieats phgommon
di rec e s use a working fluid to exchange
gen?%glfnowlﬁ#eai?ﬁ@ygée@t hermal heat source and drive the
turbine to generate power. Condensing direct WO ,
20(da¢reasedgqoreeyy ipg (o) Ggasumpgion of fossil fuels and reduction of

greenhouse gases has led to research and development focusing on maximising the
efficiency in power generation and on renewable energy resources. One renewable energy
resource is geothermal energy, which is derived from the thermal energy stored deep
within the Earth. Whilst increasing the efficiency of power generation is a common

concern for all energy resources, it is of particular interest for geothermal power plants.

The production of power from geothermal energy basically involves extracting
geothermal fluid from a reservoir and converting the thermal energy stored in the
geothermal fluid into mechanical work and then into electricity. Conventional geothermal
power cycles can generally be classified into non-condensing direct steam cycles,
condensing direct steam cycles (single flash or double flash), binary cycles and combined
cycles. All but condensing direct steam cycles use a working fluid to exchange heat with

the geothermal heat source and drive the turbine to generate power. Condensing direct
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steamcycles are limted to dry-steam geot her nal
reservoirs, which are nuch rarer than other

w@ewrhanerl reservoirs, such as hot-water and PCT/AU2007/000646
hot -dry-rock reservoirs. However, these conventiona
power cycles were originally2designed for |arge scale
power production fromfossil fuels, where higher
tenperature sources are available for heat 5

steaBX CYAEdre 1ANEE e @RE-bt¥am | gBothBASE EVER 'v@fﬂéﬁ aﬂaoi@ﬁEh rarer than
cycles, the evaporation and condensation of

othergerthaanal Ireseay g $nch@e hﬁt-mtetmdshc&mfmsmwss I n
the context of geothermal sources, this results in

| angsyéveRREsR Ceh PerfioR AR wWee Syd16d %&%ﬁ%} nfmééig%gd%ﬂb&e scale

and t he geothernal heat” sourtce durin
povgaaTadueiooiromtessilefielss Wiame brgb@le@msrame lShlﬁ‘CeS are avallable for heat

F
ety o SRR ER . G il B BB o et gesiiarion and
congswativar dﬂmﬂhefvlrorkﬂjg fid b6t §UcuiTRY Yor3eat te@lﬁfeﬁ‘ﬁﬁﬂ%f IR W Ebntext of

E%E as high as 80C to 100C. In terns

geo %F%BVH%@% respilis g)elargp é@mmfﬁllmlﬁlsmaml@s belawesn ithe ww@ng fluid
and M@ \Ag?oﬂgéﬂggg ’ﬁg?chsgﬁl&% gﬁgé ﬁ@a?t %ﬁle ecﬂz:tilg ﬁg ec':t?ont processes in the
therpmdyma:tmb aytly. ttoe exmpila dnla&nnaﬁffcycl'b ethe Itﬁﬁpér@duiié idfetédice between

the iekirklat ¥etinetinl Bl in e purars bon exshonaer SoUPe o high as 80°C
to KBPET alih GBrmsl >f TReAGHYRRSick h'la?gcﬂr el ﬁlfﬁéﬁc‘ég in the heat

cycle enploys a nulti-conponent zeotropic mXxtu
exching® progessritciaatedthe antrontysine kower dyclg, merdndredukdng thenﬁﬁcwncy,

oo FHBPSPHECHORE o, S 6 S o ERR) 1 B o
exchbige prokéds-a0 MRONETHin \WobKénaeyf lebbvéri fst p%vx)éﬁ%é&%tfonp h ase
change tenperature during evaporation so that the

d?élog .of Hg mﬁ@h ng fluid occurs over a rang

S b Rk, (i eRPliss s B amapRIE afottopic

mlxﬂtﬁw &f C‘dn%‘ﬁ@in‘ﬁ sl Ghtdrhgs HRMMEHAGL rfﬁu(@f an(f réﬁdﬂi%ﬁﬁlh E‘SS%%UOH and
fluid to increase the amount of thermal energ

distiflation equériner do renomsnwm thg ntiki@reatt tho [btywnanpmtuw e:hde of the cycle.
t ncy of,.th hea exchan

The pI?Holzleésog% o?ﬁéﬁtln gzotr]%lﬁ%ﬂp eurlg t ? 3(/ Biﬂ?lg erraS?]Sc ange. (e rature during

evapgemiohesdrathath el evaptratish o&iSthQ pﬁ@ﬂ@ﬂ’g tfuid f o&wid cfvbhela range of

based %eneratlon 25 A di sadvant age of the
tempeLAtyIes %F% he mixyte iemperaBEe £t more elaselyingateh thettpoperature of
t t r
tho BUMPRRD i Eflrbieel B8 UGS o AR StEa et s aneqygred anc
minifthging ¢1msentufpyplnahb ciycis} thinb ahpmvmgoﬂiﬁadfﬁdem}t bf tHelt@ht exchange
power Ianﬁ Furthernmore, the Kalina cycle

Pmcﬁ%sfe hl%’Y SRS $RPTigtiongyitich S erethprradl s saiiers, 2s opposed to

fossiq;afép%eaE@ﬁrepgeﬂe%oﬁmmm a- water mixture, which
I|n1ts the opération of the cycle over the whol e range

bl e 30.geot hermal reservoir tenperatures and
G R b M - Aok A A -

addeﬁ %rﬂfer Al Gedtbs ﬂﬂ'ﬂh@f‘c&nﬂ@ﬁ% 248t b dR! and SE@¥icalY ififteases the

be "commerci al | sed
cost of plant installation compared with other types of power plants. Furthermore, the

Kalina cycle has a high sensitivity towards the pressure and composition of the ammonia-
water mixture, which limits the operation of the cycle over the whole range of possible
geothermal reservoir temperatures and effectively sets a lower limit to the minimum

temperature at which a deep geothermal energy source may be commercialised.
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WD 2007/ 131281 PCT/ AU2007/ 000646 -3- SUWMARY COF THE
I NVENTI ON According to one aspect of the invention,
W b@ra3i281 provi ded a nmet hod of generating poweCT/ADR097/800646
heat source, said nethod including: conpressing a
working fluid to increase itk tenperature; 5
exchangi ng heat between said working fluid and said
heat source to superheat said working fluid;

SUMMARY OF FREINSMHNTION ed working fluid to drive a
turbine, thereby reducing its tenperature; condensing

o A P M g AP b RAA i

POWRP RBHESBdaN gouitd Raidinh@hd®inbdidgtir t her incl uding the
step of regenerating .the heat of said working fluid,
whefoBimEesiela werkme fyd s insrease Helehwsit@si d conpr essi ng

ste . i . j .

ot TRBAA A eslse KELNALEG 024 81 B RSB A8 e s
working fhad;d condensing step, 15 wherein said steps are

perfornmed in.a thernodynam c cycle within, a ..

SupaPeRding a3 SuP%ng%ng isuns El Lo grive. tghihgo fhergly reducing its
temg@pag,ré_@or king fluid, and wherein said heat regenerating

tep i's performed under isenthal pic conditions to
i ndwadersorg sanbiwokingfuiddx firtheyreduge o tetinstptess; abt her

aspect .of t.he invention, there is.provided a system

forre&é%lﬁﬁ F%Ei“f?éﬂ'ﬁg\r/b&t??‘?\%rS&H{]%’I?Pé?ﬂm%osg?pce, sai d system

I Nchydidihd BRhe iBETRIne $EOstef Of ref&IEPAtREIhOBed ofediliwigking fluid,

fluid to increase its tenperature; a first heat )
whessin (veerlime fividinassing baivessn spidecaneprewing #epngneé $aigr hogh gxchanging

S t .Ge C i .ai .
s, Bl Gy, TSP 093%n IBLERIER hp an i
condiskigngepf | ui d; a turbine fluidly connectable to said

first heat exchanger for expanding.said 2 s iy
suptheieaBl Hersih g"#frPH’P?_ff I e ysie o oj%igun a supercritical

regibfi @P@J&hg Ez?chra?oﬁ QERR LA L RKRB INGUE anfl WhebIN IS0 HeMTegenerating
said working fluid to further reduce its tenperature,

stepsia ipefrfermudnuhdbisia¢ntbalpicanogditiohsforigdideigontinpuasis hrnatetahinge.
to said turbine and said conpressor, and a heat

irﬁ?%%%%hgLtgaéﬁgﬁ%;et%%gﬂ;?igglfé{jiﬁ@ﬁ%, fthé‘ljedisyprovided a system for
generating power from a heat source, said system including:

a compressor for compressing a working fluid to increase its temperature;

a first heat exchanger fluidly connectable to said compressor and said heat source
for exchanging heat between said working fluid and said heat source to superheat said
working fluid;

a turbine fluidly connectable to said first heat exchanger for expanding said
superheated working fluid, thereby reducing its temperature;

a second heat exchanger for condensing said working fluid to further reduce its
temperature, said second heat exchanger being fluidly connectable to said turbine and said
compressor, and

a heat regenerator, said regenerator being fluidly interconnectable between said

compressor and said first heat exchanger to pre-heat said working fluid prior to entering

said first heat exchanger, and fluidly interconnectable between said turbine and said second
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30 conpressor and said first heat exchanger to
pre-heat said working fluid prior to entering said
wo peogti3nzent exchanger, and fluidly interconnece@iyAB2007/000646
bet ween said turbine and said second WD 2007/ 131281
PCT/ AU2007/ 000646 -4 heat efchanger to cool said
working fluid after exiting said turbine, wherein
working fluid passing between said conpressor and

heag akchahgerstd chebdaieworkanganidexeharigag shidatrbid, khevd KoRdng fluid
bet ween sai d turbi ne and said condenser,

| ass n
Paséeﬁg :r‘g‘? e%:s SSRPRIRTSP gt #4d i frsta heat conebanges raxchenges dreat with
womﬁgﬂﬂldﬁ, Givbdd & turl?igé d fRRiGdche saturation

dome of wor ki ng flui erein said
r egé’helreat @ald syp@nabp@at@n dera |th;<amoki§ﬂ14m1e oebdivtithdng &iupercritical

reglo} O R0 SR BRRE 0B KGN BRcng HBLCI 8 Whaerolt said regenerator

ope€Aey tir@lel Benthal ﬁi@doﬁﬂﬁbﬁs tosiabifcd Rk sHeGt é%&ﬁ%{ge' ons.
Preferably, e heat regenerating step inclu

conﬁ2 |1ng r% era ure of at |east one of the
fefyy it ARG Botidicat Taseneseigs s i epmitolise do anaintain
salcﬂﬁeﬁthﬂpm@ﬁndﬁ?éﬁb aPQz‘féiﬂbl%t 1 &Qﬁre%%?egﬁ\g{%%g@ irdchid gcontrollmg the

passi ng between the expandi ng st con ensi
temperagire pf af lepsilong of thtrevqumge(ﬂtad tpassmgwbestweeh ﬂne&bmpressmg step and

o PR ALIAS '8 0 5y Dl B S e s

conflasiigngemePreferblyl ik RRFL6% iNGsakd B@ateifegentefh%nges?ép is such that
exchangi ng step and the working fluid passi ng betwee

Ahy th e

205, SHR BT ST SR Aty v
fluids. Preferably, the nephod further includes the

the SeTBprosTngBiep by F}H’ghe@h exabangiag stepraadithe wodliing Heik passing between

e S e TR -

betvase thé wollenganids.ng fl ui d passing between the
conpressing step and the heat exchanging step and the

}NﬁrGIkrl %9 bféqlg#é% gf’ ﬂa;sc’ll gre fq\eﬁ\%gg %‘}ﬁiﬁgﬁ( ?’g %ﬂgnﬁé (’Ehe t%pn%erature in
saldt@ﬁpﬂg&ﬂéiﬁtﬁlgr@%ﬁ tprfefdi*ﬂal 1@e he&tﬁ%ﬁ&ﬁi/atﬁl%r&{p%kfgﬁgs EdMrolling the

nperature of said at ‘east one-wor kK
pr eSFirféfOé ehlsest, oneted ther wedkingefliid neasivg hemeen dgmmmmessmg step and the

heat S Riding €5 Bl BT b AGE (RLE e, ey el g stop and e

condensingdesp, G0 RispOskitd Gaidn€mppiaOFs %ﬁcﬁnt@ﬁngtstelpeﬁx%reb‘?f%n%lhng the
the working fluid passing between the conpressing step

tem%ﬁ%tuf soil 3 degst enecrerkEredtridt ep and the working fluid
passi ng between the expandi ng step and the condensing

st @pefelAbey, elieqﬁg%uret ineatdeiat fRORRIRL été}%s%ﬁﬁoﬂ&ﬂo%ﬁﬁtam said

ftrollln pressure of "the working fluid passi
isen &Andifans: o Apeiewblyh ghe thept sagenerntingatep imxhidan gomtgollmg the

presSr€Bf at least one of the working fluid passing between the compressing step and the
heat exchanging step and the working fluid passing between the expanding step and the
condensing step. Preferably, the heat regenerating step includes controlling the laressure of
the working fluid passing between the compressing step and the heat exchanging step.
Preferably, the heat regenerating step includes controlling the upstream pressure of said at

least one working fluid to induce a change in the downstream temperature.
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Preferably, the heat regenerating step includes
controlling the upstream pressure of said at | east
woe@7menki ng fluid to i nduce a change in the dPURAUR®AN0646
tenperature. WD 2007/131281 PCT/ AU2007/ 000646 -5
Preferably, the heat regenerlator includes neans for
controlling the tenperature wthin said heat
regenerator to nmaintain said isenthal pic conditions.
Pr efrefepdlly,, theMgsat t@FREERE UhSuSNkahd Fit0cdBd g the temperature
..controls the tenperature of at |east one of the
withip s1d, geat| tregnerpias 4p geipeinsaid tsAethalpie comdiGensanPrefaebly, the

' ' uj assi-ng. 5, . .
e oL AR S0 th Bl b 0B R iyipe muia
paSSﬁr@TﬂszWV\;HuﬂE ACiompmischhdnd alhe% ?fseh@tl ekctapper ﬁldlﬁh@ hfgﬂhﬁg {14l passing
# 0, re. Ali s the differepce in enthal py between
betwesn t%}e‘ﬁgw P‘F‘Lithe ngggmgr- be?’(ﬁg%ﬁblb’h dhe Jeperalie iansaid heat
the first heat gychanger and the working fluid
regeperatirny dvehvibeatn g{!hé 0t uvhere dbhaisd thehéi fecoande ris esntlaibsly Adtween the
is the differen in tenperature between the worKking
workihBi @igid ﬂ&siﬁgeﬁ%@g Yhe E&BpR¥SeMd BR WoGSHhdE %Qailafnggl‘ and the
nmonitoring the tenperature wthin sard Tregenerator.
worlgng ffbxid phssing bedweamnibe rtatbineeandothic tcohdeigenBan ATi iB ehdidi€Srence in
one or. nore thernocquples |ocated within the
temperaiutedhey et themorldpg Aiids.  he regenerat or i ncl udes
means for controlling the pressure of at |east one of
t h@reforabiyyghd bysteath patsicnmdans ¥@eRokibdingCABRERFE M uréWithin said
the fir tﬁgea eﬁ%hanger and the working fluid passing
TegepERiften HRIETAOLY, hihge tentperatire; moniteHaS nwerns inqledsgopre or more

therthBcctR) [ h&Bfdy N ’ ‘
R L T -
for quatdolling fHeupssuls ef ext dbdsy ont hef thy swerking) €luidd @assiab&ween the

conp ook A8 I sEles PEuRbertpi G ek B pastiad Brised e urbine
and tHe€copA@EeH e re&HEHsE 9 ki demPEAATe FRBIHRLS niclfs, RhETeBy béntrolling

of at least one of the working fluid passing
the teperare ohysikaidenst enrawetking fluidt heat exchanger and the
wor ki ng fluid passing between the turbine and the

copegassly, th 8l&LathYiudid heRhe ey ﬁ&ltfo?@{l% %&J EH@QS&? Whithin said
controls the pressure of the working [ assi ng
regenssRipe ém manelawosapt evsibalpan dorditéorfsi r Biefdratsly, theciragsges controlling

el SLFEAP 5 TR o LD TERDR S0 ) Sen e

compressiof] abd tHe FivCiReaexdRanEe ahd tHe Qo kMWL $ABing between the turbine
tenperature. Preferably, the pressure 2 con% rolling

and the sAadengen Jyeferably, |thapieswine contraliingmeans/emtbby the pressure of the

: al li sai t ] east .one in
wor ARG b b Y ARl ho By LR R B,
pressire tentediliyg nidags opErdls iRgupstiRanUpRsdise df ishidt dteleRtodne dvorking
. and.o({ the systemis npre
fluid "to” induce a change in the downstream temperature. Preferably, the pressure
controlling means includes at least one or more valves for controlling the pressure of said

at least one working fluid. Preferably, the valves are throttle valves.

Preferably, the operating pressure used in the method and of the system is more
than the critical point of the working fluid. Preferably, the operating pressure is less than

30 MPa. It is preferred that the operating pressure is less than 15 MPa. Preferably, the
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than the critical point of the working fluid.

Preferably, the operating pressure is less than 30
wORw7/13128i s preferred that the operating pressPCEAU007/000646

| ess than 15 MPa. Preferably, the WO 2007/131281

PCT/ AU2007/ 000646 -6 opera‘t‘i;hg pressure i s between 8

and 12 MPa. Preferably, the operating tenperature used

in the method and the systemis between 100C and
opeli@Cprdeswt ey ditvgen 8 hed Wb Mdtan Préferablly, iasoperatinigt temaérature used in

ressure of between 3.3 an o MPa. Preferably,
the g‘l’?ﬁwaﬁpg thesyeiem ’G%ﬁ%eeﬁ 12{5?9‘ F‘Bﬁ?gq grrper ature of
between 30C to 200C. 5 It is preferred that the
wo riefegatily, thd wakingnfiod dds afcriticsli prgtsare ofipetnesad 3.3 MPa and 7.5

Alrernatively, a multj-component working_ fluid can be
WP BReti i B Hioaling st dies i Lo HempRRIH gL betfegh SO°C (0 200°C.

i ncl udes carbon di oxi de, n-Pentane (C5H12), HFC- 245ca

( % lF:is éCIf:rgf@%HlZ )}%at HRE- \ﬁéﬁ{ir%z 5(fﬁiEB gﬁwf Fﬂ : ofHECshiﬁﬁé acomponent.

- ... refrigerant, .an ent af | uor oet hane

Alt‘%%%@?@?? .IgL‘.E@‘CPP’QPEgné Byopking Iﬂé‘l%%b%% Helesiied udes a

geot hernmal heat source or a waste heat source.

Pr effrefeadblly,, the heor@ingt fieid matlubieatarban divgide) Gl Rid@sead(CsH, ), HFC-
hot -e(%rock reservoir or a hot- water _reservoir.

2458pt 1 GiHpn e HisE&MedClsddxelithe | fids184m| (GHF-CFs),
refrid@taff 12 an P-lﬁaéﬁlg?&mang g}]%@}fth_onventl onal power

tation, 1nc Ing a co eat, oil, gas or other
fossil fuel fired power station. 15 BRI EF DESCRI PTI ON

OF Preferabbavibrdsapseitep iedudasho deptbameal oieat seuicavasa ivaste heat
soutfh! h’r&&‘@fbﬂﬁ tﬁée%e%'fﬂeprﬁgl’ hé%V stidde %%lu%éa |0Edﬂ9%%¥ ’rﬁsWori]r or a hot-
npanyi ng draw ngs, | I'Ch:

reference’fo the acco
watdrirgeereil ABeraatiesipehatvagte heasowpy inehaize coblag wareiodr waste steam

working fluid; Figure .2 is a tenperature-entropy phase
ﬁo%?&@?‘éﬁ%ﬁPP#WéF\%H@ndn‘ﬂH 8 R0l Prdl; 080838 g gt $ossdl fyel fired
powkESRESAL Ur e- ent r opy phase diagramillustrating a

nmet hod according a first enbodi nent of the invention;

Figure 4 is a schematic drawing of a system accordi ng

BRIEF DES CRIPIUONOFTAEHRAWINGSE S is a graph

illustrating the change in enthal py against the _
| REERLYC S0 e BULE OG0, 22 RS, L rampl
only2 G5 EeRdhct & heBERhnyBFRRA#Btin Qfnidhie i nvention;
Fi %r e 7 is a tenperature-entropy phase di agr am
i | |Figire dtis agerapareititeoehttopy phalierdgagram of a working fluid;
Figure 2 is a temperature-entropy phase diagram illustrating a Rankine cycle;
Figure 3 is a temperature-entropy phase diagram illustrating a method according a
first embodiment of the invention;
Figure 4 is a schematic drawing of a system according to the first embodiment;
Figure 5 is a graph illustrating the change in enthalpy against the temperature for a
pure working fluid;
Figure 6 is a schematic drawing of a regenerator for a system according to a second
embodiment of the invention;

Figure 7 is a temperature-entropy phase diagram illustrating a method according to

the second embodiment;
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t he second enbodi nent; WO 2007/ 131281
PCT/ AU2007/ 000646 -7 Figure 8 is a graph illustrating
w@eovpasi2ey t he thermal conversion efficiency oPCT/AB2007/000646

second enbodi mrent with a conventional power cycle;

Figure 9 is a graph illustfdating conparing the

exergetic efficiency of the second enbodinent with a

conventional power cycle; and 5 Figure 10 is graph.

|| Bietd @id DgrapRMRalEe thapSRACihtitterital korbkidomefficieyicy of the

t he "'second “embodi nrent "W th a conventional power
secomd/ethbodiBRERERRECOENBODIAVBNTS OFLETHE | NVENTI ON Figure 1

i s_a phase diagr f.a [ [ i, O e

¢ oFgeFed o & et Ahishe B Sl Mctdelh S dalRor e second
embSHiinbRCvith §eSnRnabfl ps@eBE]ld; @pd esent i ng const ant

pressure. The 10 saturation donme A defines_the

boBiee 10 istgroph BsEMIGIIARGS AU Workphiamer by th second
embd 'ﬁ)tﬁgfwi%p%%?rﬁ%ﬂﬁgﬁgl'ﬁ%*:cﬁ?é@er cycles, such as the

I'mecycl'e shown“in Figure 2, operate in or around
the saturation phase of the working fluid as defined

PRMﬁﬁED%ﬁ%{ﬁ(ﬂSﬁME FrAE INVENTPOX phase change
assocl at e W t t

e cycle takes place under constant
pressure and tenperatyre. This, ns. t hat ener om
t h&igveal issophase diagranp gt 2 B%FPingﬁ’ﬁﬁg@’é‘? il éﬁgp%?‘%{%&:) REMTOPY
(S) Ma@ nﬂ} fub 'a%'réﬁ‘ht &H&fédtlﬁﬁs palélfBbiRNeptdtRitifly cBistant pressure. The
contrast, t enbo f the

I'ments of i nvention avoid
satufaties dotneat défires élse byurgipsyr attwiigh disowerkingefluidtis imeisamrated state.

MoshPorRalorty BRFPLUIS. Pt PR aning clp S D RRAES operate in

or afouBUIR sBurdtd JHRbdehefwarng fRid A0ddmee byfthesataratie@tome A so
source includes the step 10 of conpressing a workin

that fthyiiptiasecchengsr esseeiatet swithe iseeygtaitokey Blagg ugdescogpt nfal?ifagsufe and

the 20 . step 11 of exc ' t i
temapg. o P Ba, SEEHF Be e BER 5o REE A€ R bt AL Bllunges of
the Hhikish figidedRRinShe-saRiratiolt dehe @ 12By tdoatrastpthehamiatiments of the
~ working fluid is expanded to driye a turbine, thereby
inveptouevondthesashea nsagsdinnerativg sbeve %9 sagrationdapie)- st ep

13, the working fluid is condensed to further reduce

i t RdrGARE LA FRes $bad a5 ofsemBddinteaf of thebiavagionristilmstmted. As
to the conpressing step 10. The nethod further .
bestishownde &ligur dather mglied ofteeneyaineBowe TamyihBralispurce includes the

N

exc sta

stepelﬁccfmm(ghg&teav\béme&h thewoorkingoflfill und thedssi soprbetosperheat the
t he expandi ng_ s

ke o B8 PA5P, 2 A1 IS SOIERR g ShePol  gopad
driv8ls ﬁgﬁglé,ﬁgleﬁefggffe\c}wﬁétiﬁg GRRABESHRE (StheP SEOSHNA TRE QF sted 13, jche
working fluid is condensed to further reduce its temperature (states S3°-S4) before being
returned to the compressing step 10. The method further includes a heat regenerating step
14 wherein working fluid passing between the compressing step 10 and the heat
exchanging step 11 (states S1-S1°) exchanges heat with the working fluid passing between
the expanding step 12 and the condensing step 13 (states S3-S3°). Thus, in effect the
working fluid is pre-heated after the compressing step 10 and prior to exchanging heat with
the heat source at step 11, and the working fluid is cooled after the expansion step 12 prior

to the condensing step 13. These steps 10 to 14 are performed in a thermodynamic cycle
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t he heat source at step 11, and the working fluid is
cool ed after the expansion step 12 prior 30 to the
w@onndaesi8ng step 13. These steps 10 to 14 are PET/AURIOR/00646

in a thernodynam c cycle WD 2007/ 131281

PCT/ AU2007/ 000646 -8 (S1---S2-S3-S3'-S4) within the

supercritical region SC above the saturation done A of

the working fluid, and the heat regenerating step 14
(s1-S1S-s?9§§-§§ '@ﬁ WA hé SERGRICRI fegioh08T abb@NBe Isaturatdiaidme A of

continuous heat exchange. The method illystrated in .
the vroringe f1Bidc and bibe i lmat aegamersdingnstep dysisepsriognyegy undgr isenthalpic

enerati.n ower fraom a he source 16, as best shown

Cm“ﬁaﬁnﬁFﬁﬁﬁggﬁgnﬁﬁ%nﬁ%@%%%?ﬂ%%%udes a conpressor 17 in

the formof a feed punp for conpressing a working

f | Thel nhathochdlhestratedi s Figueensercan ree implarentedl isp fistgmn 15 for

exchanger (18 in the fo 0 iLgh. t :
cenc e Tadr el SIS FIBELR, KhE i ntude
comyjrEdEBf ?@ﬁpfhe KR Be a bl haap feongRestihgfaoworkieh Bnigli tognerease its

heat et ween t he morklng_fIU|d and the heat sougce 1
tempemtgeredhdst heatexabrngend fin theformof & highrigmpeyaqige heat exchanger

flu.dly con t.abl e i Ieak 1o heat
T
betwbéitihe w&nﬁ% elajd 4rRidbe heg sbinse t 6 tpaupathenethe Avoglsing fbhidheAtturbine
exchanger 20 in the formof a | ow tenEer at

heat ..
19 is o gemmeclbla & teybieh iFBBrabKe DY FRBME 1P for Fgpanding the
supef}l(r)égtfeg Bﬁ%ﬁlﬁ@ﬁu? ljggérlelgyré‘d%in§9ﬁqgﬁﬁérﬂﬁlré. hg daBédd Ment EkeHadger 20

er-re S terrp ratU(e -u3|ng a cool er .
in th ! fuinl ofhatlaivnetptratre hestusxchimgsr ¢ofhidiy conmeeteblertpdhe turbine 19

21. A heat yegenerator 15 j.s f] uidl .
A e R T —
usind bS8 8RN BERABGH alBithle chslEmbe adseivider 210T K hegt rhbetiethtor 22

rior to entering the high tenperature heat exchanger,
is fluidly inferednabgtablebetveesnribe camprestst et thedirsihes! sEchgeer 18 to

and the | aw tenperatuyre t 0
pre 53F e yoriite ARG PEPt o i, e A Hehpdrfiyrd BefORchbir, and
fluidl P ARAESHeOhbI Detivh thé1furbinbaD andutikowgefbeiatirp heatienghanger 20
bet ween the turbine 19 and the condenser 20 strfa ’ th
to caod)the evoplong flichafier exiting dhsoturbipe LR Srgl“ef hegt aeg%ag@ A 5‘3 uses the
w Hetween th ' RISRKE P0UsReam 24) t
hmhé”é&@%o%%%&é&%ﬁ stgéneg\l% I.lé '?’ﬁgﬁgyg/’lgbi %Jm 15 ope:r)(gslt g%m )_ °
pre-hdut ahé h‘@bd_ﬂl? dwmlaamgc fludd/ qjgssh@%beﬁﬁeeﬁsbe s&m*esssn)ldammithe high
a supercritical region e the saturation .
tempswatufeeheqh PXGHAREH | 1§ foea&’ﬁ §3?h$ﬁ? Sy A3 et l&pae?l;éﬁ‘ééaynamw
2511 §8REhaAl 1 b GGt cRl TeRHMOST alsdRithe Hatisition dome A
cydﬁggfgéxgﬁggggaE%gvﬁﬁ@g?ﬁggﬁodynaégc cyc?e ) _.lon )
of tHeSitorSiig-fHRd, 3Rd §8: regaerator 2bparatas Hader jsesthaipiapondifiops to induce
Ranki ne cygle, although it is elevated into the
cont§yons 8eate 8%egi on SC above the saturation dome A

of the working fluid and the states S1-S1' and S3-S3',
ar ghenthermodenamitalcpele (S1-S1°-S2-S3-S3°-84) is substantially similar to a

Rankine cycle, although it is elevated into the supercritical region SC above the saturation

dome A of the working fluid and the states S1-S1° and S3-S3’ are under isenthalpic

conditions.

By conducting the entire thermodynamic cycle (S1-S1°-S2-S3-S3°-S4) within the
supercritical region SC above the saturation dome A, this fully supercritical process

reduces efficiency losses associated with the high temperature heat exchanger 18 and the
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conditions. By conducting the entire thernodynam c
cycle (S1-S1'-S2-S3-S3'-S4) within the 30
waeepensnsti cal regi on SC above the saturati on BORBUZ207/000646
this fully supercritical process reduces efficiency
| osses associated with the hPgh tenperature heat
exchanger 18 and the WO 2007/131281 PCT/ AU2007/ 000646
-9 | ow tenperature heat exchanger 20. That is, in
lomtmmﬁatﬁer geat -edSZhaalgelrd 98- dS:Bhat54, it ts%ltesv\@r-tsilnszfdmi 93.S3°-S4, the
uper.heat ed and condensed. at vari abl e tenperatures
workilen G i sungghcgted feiflensednple Vatiahle ,terangeraqures rather than at a

conStahY RRtgetitdtle, ROWEEof¥ali&S pbies 02315‘4. TRESH
_tenperature "~ m smat ch eh@%nth geot her'ia
mispriggchyienti pergthi| ggbthenmal fhed wed thet WwerkdmpHuidl aﬂdd)e'ﬁweéiﬂth_te @ol fluid

and\éigé Fﬂ)é)ﬁ%g{i l_ﬂ'éic{j | @s&%eéﬂ%pi% {hggt}{?%&g%gg?}cgq%@%i []Salr’TISCZ—SS-S3 -

S4)ef fedabenand D cEMBERY oFCANEY ShidRrdisn is"iﬁér‘é‘?sg&d - In
addition, the heat regenerator 22 thus reduces the

a nt..Qf ener required r the heat addition )

o e P B2 e bl 5 i bbpmny requive o
e (19 M e B 0 S B e
efficienfivopf de sssnedytaanic alyolealS loBl "e82r8383014) heithinrtké ngpercritical

. ' ,.becau t he, heat .regenerating step
reg1§ g@bggg%%%gatoﬁdigpﬁ[gé’ﬁﬁﬁé’i’?}?({flgafi‘ﬂardi tions, there
is always a tenperature gradient to act as a driving
f oFeetheirore.drachsgdhe hedieagenerating stpp bleisvieeformb® under isenthalpic

I 3 _and 24 of. the rking. flujds .
condibfy i I SFANE A Ll taich A% e e i for continuous
heatpechaigsi etwdea the gentERitdaths AR MAPHRr the foHhAL B ithi

conditions is better illustrated in Figure 5@%1?(%:%%%11 the
TOZCRAGHE 28 pl ot of the enthal py difference of the "col d"
and "hot" working fluid streans (Onh) as a function of

t eTpefi@poitehce bf pb@brnaing Were g%%ﬁ%%? p Grief iééﬁ{hllﬁgg(? conditions is

: (5]
l.uid, such as carbon di oxi nder “supercrit

fl ( )
better dHustrateshin KeureThevhigleshaws mglot of viee eritbaipy diffasnioaon the “cold”
erature 20

Bm.» ' AT = 0, ere.there s no te
ot B S b B ob ) B bt
as aCoogens emtillysuchhgs exbsh ansadef wRic g é?éﬂﬁcd?oéog&lhiefons'sc. The

for Ah is a detrinent to the 'ther namc cy
cnt i nu at exchange

£ £ ci ' iy event.s | h
resu el T Honra AR hl B Ml S ~Wh oy Cio & B apfiberatue
By contrast, in the preferred enbodi nent, the
gradicahinefyq the hest exnhangs prodesso Gdnsequently, thatelistquye iofi atheximum

. at ener at.i.n ep i s ke constant; | .e. under
POIHF gg nﬁoﬁ 2?‘;,%5 & %tﬁg%pf i)ongl’e tﬁ%%n APCYG fﬁcaqngy,esmge 1t prevents
contiuglhebbéichirlgeind tn@1e&ided theldFibiefcyt @Hﬁ@fg@t&ﬁ@ergi%ﬁq I ent

exi sts

e.
1mT1 %eﬁ it%e ’éeﬁn&)erawre

By contrast, in the preferred embodiment, the temperature is controlled so that the

enthalpy in the heat regenerating step is kept constant; i.e. under isenthalpic conditions,
. Ah
and the temperature is such that T #0, ensuring that a temperature gradient exists

throughout the whole heat regenerating step 14, resulting in the continuation of the heat
exchange process between the “cold” and “hot” working fluid streams 23 and 24 passing

through the heat regenerator 22.
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t hroughout the whol e heat regenerating step 14,

resulting in the continuation of the heat exchange
w@e@casrsbet ween the "col d* and "hot" wor ki ng PECTIAU2007/000646

streans 23 and 24 passing through the heat

regenerator 22. WO 2007/ 131:281- PCT/ AU2007/ 000646 -10

Mor eover, the inproved efficiency derived from nethod

and system 15 is optimsed by operating at pressures

aboMprédver, Cthiet iplove®i éfficiehcyt lierived Kidie fbthol: and system 15 is

Consequently, by selecting the appropriate type of
optifyped %@f PPURIRE t3h eprsspytasnpbioyecthe cified apaintpiof hihm working fluid.

eor nee nats.in

ColeRiniy oL FSEAlfe G0 9goiRrdR by B, GORE Hull Yt vgiom 15 can
opetmtvathin at desire eressivegrapge s treet Mgye donsiraihe imdbh@bdo@ tosts or

f%he syst e{sn iﬁ’n referably |l ess than 15 MPa, even

safeiy, SEARORISE ot i PRI the QPEIBE MigsSWis wud inhe maghod and the
oA fsiprdie ' f iR | u

o583t el s o Lo ou0F el opRIAL PRASRECRALAS o 30

MPat Igertidilas, wohasi bepnf foundi shat \Wpetating presstifes detweeaf $anéd2 MPa

er at | pressure rmts pl Lcati f. the
RSB SN ALRSRAN 57 BRI e BREL DAL, Pofli e ctesoroteea
opeiatiOPA LIRS, peBRite aPplicitiBr LA eI imRAR A0BE invention to greater
| es of high tenperature heat exchangers include

Exa
ranggs of isppeaipres.graerally hetveeent 80°C argl200361 e | ow

tenperature heat exchangers air-cool ed or water-cool ed

COMBX@ABRISS of | Righ SteRipRAiTe| Al deldhdhodd BeRER ol tanll vapour

the invention s applicable to nost” heat 15 sources,
gengral9rs. n  Puiteble uloar tempersbire shedt sexohmigens air-¢dvdedt ami mgter-cooled
con&éﬁg%:rg. utilising the waste heat froma conventi onal

coal fired power station, or other fossil fuel based

power stations, such as peat, oil and gas based power

st atis sastemplased that this empodimenicof thd imventidh heaiplioble e most heat

.oV s r,geot hermal. heat sources .is,illustrated
soutol 8 1 Dk B R4 8E Bia. 830 wd B oo RIS ovclf BUlifag e waste
heattfesn agoxesntibhsl alBred Powee 518G G otheFSsail $uel bR4ed power stations,

enbodi nent takes into account that for geothermal heat

suchsgs peale 611 apf gag based ppIVEStaHANY. of t he constant pressure
lines Pin the supercritical region SC may result in

sl barfiehlafloWRéfcAbl REbSdinRRl of R iHRIHTHNE %&%tﬁe%l%afl] heat sources

. .tenperatures are relatively | ow conpared
is illygiggted gy Ficases ¢ angdy whets! corresnamidingt featueesemyo dieam givehahe same

g . th t 15 in Fi 4,
o JEARN R ST ST ! Bt e
the @bsesymikamity RGtths kondidnt préseurceliiee Mkl (R W&&Mchpﬂagiondsc may

EySt em.includes a plurality of thernocouples | ocatec
resulfin Smafl BEEPOBE QYIRS apriths Maxiam cydln drrapesatups, arquglatively low

compdred %@tﬁrcﬁﬁér\fl%bﬁ/ sources. In particular, whilst the embodiment has all the features
of the system 15 shown in Figure 4, the heat regenerator 22 has a temperature monitoring
system (not shown). The temperature monitoring system includes a plurality of
thermocouples located at various positions within the regenerator 22, which are operatively
connected to a central processing unit (CPU). The regenerator 22 also includes a plurality
of throttle valves 26 provided on the piping 27 of the “hot” working fluid stream 24
between the turbine 19 and the condenser 20, as best shown in Figure 6. The throttle

valves are operatively connected to the CPU.
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connected to a central processing unit (CPU). The
regenerator 22 also includes a plurality of throttle
wQ 2007231286 provi ded on the piping 27 of the "hpPtT/AU2007/000646
working fluid stream 24 between the turbine 19 and
the condenser 20, as best shidwn in Figure 6. The
throttle 30 valves are operatively connected to the
CPU. WD 2007/131281 PCT/ AU2007/ 000646 -11 As shown in
Fi gAs ehdwn tith Eiguine 7yreicbythaii atlyayalcecy@ i adcbidiflg t@ tHidhiethod can be
d ne%%gd cané)?z@ described in ternms,  of the transition
CSHARSHER e Epnsition bebyeansptes) afitee werkieg fleides followss
Si-Si' Heat recovery at constant enthal py in the heat
r egRiRes 8131’ 22 té gdlit 4
const ant ﬁles su r]&eﬁa??@t%‘h“é%y%lt %ﬁ%%a?n%g}rl%?g ;Ig'h% 21 g?{ regenerator 22
exc¥aing8t -8 St dleat additiss'at Eoustans peassira ih ke highbien®erbfire heat
for work output States '-S3 Heat recovery at
constant ent hal 55 FHEPHES heat regenerator 22 States

S3-States SBAB° I eC Bihisioh iR REBNE 19TMRbRouit he heat
regnerator 22 States S3"-34 Heat rejection at
co

tigh3 pPE s s ukteat Fecovrsy labsonstanpenthalpy @ the aeat régenerator 22
H St - |i.ft. h
oSS aor ki RSt ot (AR S 5o G reipgrator 2

condensed wor k! n _ _
puriiatésSTpe4 at i dleaptejédipnsl shavtant praseRridi the 16W tbRbsrature heat
enbodi nent will now be described in detail with

reference to Fi Gif&&ea 2hd 6. The working fluid, in

t heyidigy g Qi CO2 pi [ e e. feed
punp 17S[3<:;1tS ! st at (1; k%éslﬁljgslﬁg g% g}eat e %%P ‘ﬁl&?{g{giﬂﬁﬁ m ﬁ(?md form by

conpr essed) | i qéhedfeadhpuinp 1@onpr essed to the operating
pressure of the high tenperature heat exchanger 18.

TheRARE ALY gysﬁrll Y 5ol g% i mbbdhlal %ﬁl@ g?\%ebsé described in

sonmewhat durin S corrprél s on process
detagl| Wigh refeteac tos Figurést 4 anp 6ci Thecworkingrluid] e tKeOBoriOsKCOY in this

oxangpfe Pipyihe 565G §eotarie B SE e gt pradlhscarmmessed) liquid

and h¢ 86mpRERAtBLtHE dpB&ah BB hd B r
l'i qui %I at state g 1 a% g%él“seavg)g tgéﬁlaghha%g@)g%%\%plg%? gQChanger 18.
The gpaperatyre of thee CO, workifg Buiid sneretves tsomewhwiedyring tie esmpression

f I Gf requi rred thermal energy is supplied by
procte%redu\r%g%g%%%n o Iy qufgﬁv{gz%?'ng the turbine at

state S3', slightly above the m ni mum cycle pressure,
andhetF@h woskingufijidc thed erders athi alidab nsgéneraiere 23 ehidl0 generally

Lnfain_isenthal pic. conditions in the regenerator 22.
operfEb B B VR B rais e f PP hed exCiPRgE fise o compressed
liquidenpriceS Vi aaés £X&HanaVapblr pilse at state S1°. This is a heat recovery
process for which the required thermal energy is supplied by the hot CO, working fluid
leaving the turbine at state S3°, slightly above the minimum cycle pressure, and which is

subjected to variations in pressure to maintain isenthalpic conditions in the regenerator 22.

Next, the vapour at state S1° enters the high temperature heat exchanger 18 in
which its temperature is further increased or superheated such that the CO, working fluid
becomes a superheated vapour upon exit at state S2. The necessary heat for raising the
temperature of the working fluid between states S1° and S2 is supplied by a hot geothermal

fluid from a suitable geothermal heat source 16.
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which its tenperature is further increased or

super heated such that the CO2 working fluid becones a
wGaupensiesat ed vapour upon exit at state S2. ThePCT/AU2007/000646

necessary heat for raising the tenperature of the

working fluid between stat-d2-Si' and S2 is supplied by

a hot geothermal fluid froma suitable geothernal

heat source 16. WD 2007/131281 PCT/ AU2007/ 000646 -12

hﬁ%)éy)g@fh*é%& S HRRO WatedS2 SeAlefteSAnt haBinerigewsert icexpands and
turbine 19 wher'e it expands and produces electr|C|t

prodmes retecticitydyt fotatioghe shaft efraneelecitie igendgaine (npt SPOYRbt Dﬁnng the

Dur,i ng the o
v i e L ERBL 3y BB R o
reacHel stafESENBSthed sdte, th COzlvarkiﬁg&hﬁd gtilehast dmm@@ﬁblﬂihklm&g energy,

wmchslls“ffgﬁﬁéxlee)gp@r;%ﬁ(hcy{)ggsg;rggllgrgp% %;Eetnﬁqqﬁ g&%}%yaﬁi(ém%ﬁleat up the
col(i E@Sn ®o gl{.lﬁé U % H}%{he%a{ ener&®t 97 aERteN91 KiAjG Iresult of the

| trd regenerator 22 at state S |I.
heat Aﬁct&ngeﬁutﬁe lefat tdpencraat22ehetheamgthe irelativeehoteatd cold CO, working

e oLt P2 e e EEL L L, 6P
temp\é@artlﬁje g fd dé!ldj(g@'t; %ﬁﬂh? ﬂhﬂﬁhcr‘éﬁsé et SStata8d’.t he

tenperature o vvorki ng fluid increases to

that of state S§' ener.
{ il TSP ﬁleat%@t?l‘ﬁv{l e SR aid oo hot €O
%% RXS@0eH t3Wiwhed {he t&ap&tati&®monitorin
Streag’Féﬁlam gés\}ﬁen tﬁe ten%erafsﬁgﬁr%om%rl ng i)st em s
systdnayr foe seample using wge onecve thepmecauplasnidestifigsdbat the temperature of a
identifies that the tenperature of a particul aj; area
parti V\Elaf BRa fﬁ%&g&i&mﬁ@z ii$ R PAchRREhihe 3atdeeat wetlicle «a@ 0, the CPU
0, the CPU sends a signal to the cldEest

pstre mthr ttIevIve le v n
sends @S%@H’i éo tIT ?qﬁ'@t Qmﬁg@rpltléro&!ﬁ \/,aévez or exa?iJ gere F%l C2|6£1 Ilaresponse
the tﬁfbtﬁ@%lvé b@a fs%?a%'dl;t LIRS dPELHELhE rébhﬁﬁlgtﬂiés&htd &sp tt]lilettles the “hot”
l'uid stream 24 into a | ower pressu

wor]t.lhg dlvish sovarm @2 fnfata lower pesssure.cgun ensrige that the bR, Tggerefptor 22
constant enthal py (states S3'-S3 and S3-S3"),g0 that
rem4ills #n Qonsiifl dnfiRlfieattatee 881N GAd BBEFYssol that opt #yaind the heat
the regenerator 22. This adjustnment of the 1%%al i sed
essure Wt gge t localised
e oS o plelci ERCRERRE Rl 25 TR ARLERAR! b localis

pres§@8 divithiange ﬂég&ndratblh Q2' imay ‘benpapkatad) selerald tmtes,ednp@dhng on the
| eaves the regenerator 22 at _the mn

opergting senditions, tpidl the ghet” georking flyid stream gﬁ‘ip%vr% (‘Hi“f FgoREalor 22 at
the {%%rgﬁlgpisgyclesgfeswg in BRUkMe 5B, Oﬂuﬁﬁ% hiG9 SRALIALR Frod? state0S3’, at the

at the exit fromthe regenerat or 22,
entry tigto merrkgd’n@raftémlj tpabs etate SBduqhthstemtefr@a th¥ regapepator 22, the

rking fl ui he hot side of the heat
WOT}{’@@ E%Sé?s"g? h éfeg% is 25 then condensed at a
constant pressure in the Iow t enper at ure heat )
ex gma @y waQidyfluid exiting the hot side of the heat regenerator 22 in state S3” is

then condensed at a constant pressure in the low temperature heat exchanger 20 by

rejecting heat to a cooling medium from the cool medium reservoir 21. The condensed
CO, working fluid finally leaves the low temperature heat exchanger 20 and enters the feed
pump 17 to complete the cycle.
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rejecting heat to a cooling nediumfromthe coo
medi um reservoir 21. The condensed CO2 working fluid

w0 pevalisesl eaves the | ow tenperature heat exchaP@EAU2D7/000646
and enters the feed punp 17 to conplete the cycle. WO
2007/ 131281 PCT/ AU2007/ 0006186 -13 Al t hough this
enbodi nent has been descri bed as being particularly
applicable to geothernmal heat sources, it may al so be
usghéd L 0 &apdditiehtylidsetieen Wostribeti s Hweg pationlady iapplicable to
the working fluid of the main power, cIe

geothsrmapbhest sewfees Bunayelisebeatsaf dordioigring Sy lssh &’iﬁwethﬁﬁ?% source is
the &%r%n&n‘glﬁgp bf ﬁ%ésﬂlgﬁlo {% whi E@ge P%fexglﬁm She %N\vﬂafnﬁﬁrahﬁe steam

e I nvention bon di oxi de” has
exitibe iz msiadyels tirbime imoodt fingl pdwergplandd.her wor ki ng f 1 ui ds
can be sel ected, including, n-Pentane (C5H12), HFC

%?&g%ﬁoﬁgﬁg of C%n%gr?cgcﬁlf Q%é qi'%u@: 24 been used as the

Worlﬁﬁg‘ﬂ&fd Witicp el draihg ﬂlﬁdﬁ:ﬂi:be sélbﬁed;aﬂpiadmg; udeptanpdCtlilpy HFC-

245y ok B o T4 o Rkl g D Sl iy e (CHE-CE:),

o G110 RTINS, ot of

workingfnideare s&.c3¥inVRHld DBel6®. FI anmabl e 0 (C5H12)
HFC- 245ca 3.86 MPa 178.5C Non-fl amrable 0 (CF2H- CF2

CELD) LIEr‘ ')/H:Fn ') oA ANDo. . 12
T

7 (28 O IvVila L o7 . Ub I\IUII | | clllllblUI [S] OZOIIG
(CF3- CH2- CFZH) Critical Critical .
Working Fluid Safety Depletion
Pressure Temperature i
Potential
Dioxid:
Carbon Dioxide 7.38 MPa 30.9°C Non-flammable ~0
(COy)
n-Pentane
3.37 MPa 196.6°C Flammable ~0
(CsHiz)
HFC-245
c 3.86 MPa 178.5°C Non-flammable ~0
(CF,H-CF, CFHy)
HEC-245f:
2 3.64 MPa 157.6°C Non-flammable ~0
(CF5-CH,-CF,H)
HFC-134
: 4.1 MPa 101.2°C Non-flammable ~0
(CH,F-CF3)
Refrigerant-125 or
Pentafluoroethane 3.7 MPa 66.8°C Non-flammable ~0
(FsH-CH,F)

Table 1. Properties of Working Fluids suitable for the invention.

It has been found that other suitable working fluids can be used with critical
pressures of between 3.3 MPa and 7.5 MPa, and a critical temperatures of between 30°C to

200°C. Moreover, in other embodiments of the invention a multi-component working fluid
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HFC- 134a 4.1 MPa 101. 2C Non-fl amrable 0 (CH2F- CF3)
Refrigerant-125 or Pentafl uoroethane 3.7 MPa 66. 8C
wokwsfibasmabl e 0 (F4H CH2F) Table 1. Propert i BGT/ai2007/000646
Wrking Fluids suitable for the invention. 10 It has
been found that other suitadfe worki ng fluids can be
used with critical pressures of between 3.3 MPa and
7.5 MPa, and a critical tenperatures of between 30C to
is egPbeFed Nbriboweathod mdosyistem, endterdi ofen workihg tihed icomposedarf a single
a nulti-conmponent working fluid WO 2007/ 131281
compeR 007/ 000646 -14 is enployed in the method and
system instead of a working fluid conposed of a
si nijhee thernmd opemversiolth eeffidiemayaland oexmgaticorefdibnai exficthe second

and exergetic efficiency. of the second odi ment of..
R E A § AU & RLFRCH P as I Hon A PR g differonce
betw&NPRlcafdbierafl fREEAE he ProdféiReBnd h}ﬁeae%n@rmle f ITtHedthermal
at the production and reject wells, ATgeO The Ther nal

congerpipa resfiiei anasf dridegxergsiic affviange of e preferfed cimbedimett wageompared

apreferred enbodigent was cq r?f.vvith her mal
wit U BPL S SR By R ARIRRE St PRl Epoppt power cyoles

TheO@sYk !l @hode@ VY the ¥&oS embdditnenbivisé Bgbbh iostidehosen
for the second enbodi nent was carbon di oxi de. As best

sho in FE qure . the,t herpmal conversi.on f.icien
of Sh R chilih SacFightton HEn Eeralor sty sHicisShagiie sccond
emBRASM Gt JHS gldbeinast ©B,-RESOy®as GaitéLthah AR fikfrhall @Agtsioffefficiency

conventional power cycles. For the second enbodi nent, )
of ¢qweRnakdowssipElesi oFor &t seqoad cgmbedigesnt, fthe hamal t genversion

890 W e e, of 9 Y rastyz £0Qr
e GG ONCHAA° L 1A, P AL TR, By gy, o
contvéigiohhilepovdr elespinsludingethé iKalian eyclefthesthamial changsioarticiency
pl at eaus aroqund a nom nal val ue tfetgeen 1]I°/g and 1296 _. )
doep pRleGliange 216 PlaieAug FEFGE A RoTaingl WlumByWGFn fh¢ and 12%. Likewise,

the t@%@gg&ié@ﬁkie%f of Pgrkﬁ{bohﬂﬂéht bhe F 946k he %f(érg&iiceéﬁ)ﬁeﬁgy of the

conventional power cycles as Algeo Incré&ases, as
conbagionslhpyweri aycles g r\d .8 .incFbasss, abibgstr dowa indfigur® 9. Thus, Figures 8

indi.cate, that .t he thermal conversion and exergetic, ..
and SRS AEfEe CREHSOBHETER o P aRee YAFeatpurt G cpodiment are
far §updtioPlo thREs MRkt QY BFepdiONamNek RicAFtitien@éd bdBREAtRMal power

of conventional power cycles.
cycles.

These improved thermal conversion and exergetic efficiencies imply that more

power can be generated from this embodiment per unit of input energy than from a
conventional power cycle. This is illustrated in Figure 10, which shows a graph of the
specific power (W) against AT,e,. The amount of work extracted from the geothermal

fluid, and hence the amount of power generated, was substantially higher for the

embodiment than the conventional power cycles, especially as AT, increases.

Thus, the embodiments of the invention provide a method and system of generating
power from a heat source, including a geothermal heat source, with improved efficiency
over conventional power cycles and without requiring additional equipment that would add
to the complexity of the system or cost of installation. Alternatively or additionally, the

invention provides a method to extract more heat economically at a lower temperature than
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20 These inproved thermal conversion and exergetic
efficiencies inply that nore power can be generated
wo ewmis28s enbodi ment per unit of. input ener gRCT/AEZN07/000646
froma conventional power cycle. This is illustrated
in Figure 10, which shows aléraph of the specific
power (Wc) agai nst ATgeO The anount of work
extracted fromthe geothermal fluid, and hence the
for eseiionafl tqebneloggenbng ershndisgsths uinsttentoif glokential beet rsources that
for the 25 enbaqdinment than the conventional power
mayeqeploited spwmesgiply- s ATgeo i ncreases. Thus, the
enbodi ments of the invention provide a method and

syghesthef castvdiraéntng thep tameperdtoemim theategsmerniieg step is directly
i ncludi ng_a geothermal heat soyrce, w.th_inproved .
conteqliede sHrég ofS0BROUBE B Prestas o SeWoryRs Suidn 434 Fbediment,

the {e lé*a%r@ Sr %qgsisﬁJ%?OJHhe %ﬂhﬁg?ﬂid #%ﬁg%‘dvge@ﬂil@_exb&ﬂiﬁge step and
co exity “of the systemor cost of “installation. )
the Abfidensiagistel Yorotheawdiking fmid petweer BO tirbienandthe condenser) is
provi des.a nethod . t.o extract nore heat economcally at
conolfedhig an’tllétﬁ]ﬁ'é?%’ﬁlﬁﬁl@ct‘}ﬂ%‘hﬁ%- 2007/ 131281
PCT/ AU2007/ 000646 -15 for conventional technol ogies,

t husltteughnbié iiyehtien hastxen de$cribed evith wdferhnet tosspecifiesxamples, it

that may be explai.ted. c rcially. I.n othe o
will oER IRy ke RuliGEinaRaRE i t v puffunTRE b Sgbefigd in many
othdr Sortls €Ct 1y controlled, instead of controlling the

pressure of the working fluid. In one enbodinent, 5
the tenperature or pressure of the working fluid
passi ng between the expandi ng step and the condensi ng
step (or the working fluid between the turbine and the
condenser) is controlled to maintain isenthalpic
condi tions. Although the invention has been descri bed
with reference to specific exanples, it wll be
appreci ated by those skilled in the art that the

i nvention may be enbodied in many 10 other forns. WO
2007/ 131281 PCT/ AU2007/ 000646 -16- CLAIMS: 1. A

nmet hod of generating power froma heat source, said
met hod including: conpressing a working fluid to
increase its tenperature; exchangi ng heat between said
working fluid and said heat source to superheat 5
said working fluid; expanding said superheated working
fluid to drive a turbine, thereby reducing
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its tenperature; condensing said working fluid to
further reduce its tenperature; and returning said

wowrRisgsf |l uid to said conpressing step, 10 theCTBUR®A000646

further including the step of regenerating the heat of
said working fluid wherei-déworking fluid passing

bet ween sai d conpressing step and said heat

exchangi ng step exchanges heat with working fluid

CLAIRESL Ng between said expanding step and said

condensing step; wherein said steps are performed in a

t hernodynami c gycle within.a 15 supercrl.ti.cal jon

aboraad el EeReTaiE PORCIEHE Arare, i s i pOdn o

wher eéo?nspr§§;n%| NGkl LORAES Rlctdase 74 RMpefatipef f or med
I'senth

under pic conditions to induce caontinuous

heat exchavmmehead betiresnaidnwerkire Juidiand saidfral spusce fpesuperheat

tenperature in said heat regenerating step is
C%ﬁ¥?ﬁﬁ?@%ﬁwg’naintain sai d isenthal pic conditions. 20
3. Th&pakdihg daiafsupbbate®wovikieg @ufil tohdriveeaturbine, thereby reducing

regenerating step includes controlling the
t ¥higaparaiire; of at | east one of the working fluid

D b ShBEP s LA SO0 Tt ki E0i@ Wi ol Bk

exchahgl ng ep an e wor ki ng ulrd passing between

the expaindisaid wdrkingdhdd theidcomigassingste.ep. 4. The

nmet hod accordi.ng any, ope of the precedin | ai . .
wher efhg m¢tBod @H%’@? gtcmxﬂng ﬁw sHp arlegenr?éaé][n%rtga gﬁ%fdaftslalﬁigworkmg
s ' C 1451@% AP HaQino ek Benhill Totrp@esdinkf #ELAEE said heat
i ﬂﬁﬁe%ﬁﬁgiﬂpgotet en ?aﬁel?\%or King fluid passi %g bpeet_vveen )

t bechangipg step ienchasigepheat ovithhworkingafiuid apwang beiy cer spd sxpanding
t he mq&kL@gﬂ%%uLd _@ssing bet ween the expandi ng step
afigP 2R FP#E Bt ep and AT is the difference in

t enpeqALALE AR WRSH hdee pw@bitiddd in f4 WheiSnoddamic cycle within a
2007/ 131281 PCT/ AU2007/ 000646 -17 5. .The E!Elt

i : i hod )
asusrditicgl regicangbaysdhe saturpsiop demsdphspid [vgrking il gt wherein

i ncl udi h £ i i -t _
cag ebredafaRf Syerh iy BRRRY DSl IR, Eklihrto induce

t Qorinaibi Beat Whbeesd) t he heat regenerating step

includes controlling the pressure of at |east one of

t wor Ki fluid passi.n i Gho sten i
g 5 BE ol BRARNGR R PR £lg R EERA g step i

f LohtebIRESS hiaghtkiatuaasentgpie sxpatidomsg st ep and t he
condensing step, in response to said tenperature

The method of claim 2, wherein the heat regenerating step includes controlling the

temperature of at least one of the working fluid passing between the compressing
step and the heat exchanging step and the working fluid passing between the

expanding step and the condensing step.
The method according any one of the preceding claims, wherein the temperature in

Ah . . .
said heat regenerating step is such that xT # 0, where Ah is the difference in

enthalpy between the working fluid passing between the compressing step and the
heat exchanging step and the working fluid passing between the expanding step and
the condensing step and AT is the difference in temperature between the working

fluids.
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nonitoring step, thereby controlling the tenperature
of said at |east one working fluid. 7. The nethod of

waey7asiesof clains 1 to 4, wherein the pressurBCI/AURIIZ000646

10.

11.

12.

13.

14.

15.

heat regenerating 10 step is controlled to nmaintain
sai d isenthal pic conditiond7-8. The nethod of claim?7,
wherein the heat regenerating step includes
controlling the pressure of at |east one of the

! labld oSl hilg oRe bR PrédegingVaife SAirthgr Bickpling the step
:ﬁgﬁ?ﬁng§§¥Q%§§%Zﬁg?ng stepqgnd E%e moriing fluid
pafasonitpring theetempetagire ipsaidi hers regenensting 8cP-he condensi ng
step . 15 9. The nethod of any one of clainms 6 to 8,
WRG! ?ﬁe{ﬁ?&dq Gcddfdhe M6 9QReK & | WeréinChel R li@%@erating step includes
controlling the pressure of the working fluid passing
betneilingt he presspreessanlpasit ee ohfie waking JpidRessmgghsiyeen the

step. 10. The t Qod. of any_one of t ' - .
e B D, S0 Sl B PR RIADA, P s
theweéd %ﬁ#alﬂﬁ{g"gteﬁﬁnd e conddnsing stdpyirdres@dhsd 1o saithéemperature
nmet hod of claim10, wherein the operati ngﬁiﬁr essure is

| mositetizgnste fprby coptroliing the tteperafure PAFA1AL legi Ang; working
t Qe .operating pressure is |less than 15 MPa. 13. The

‘t“ﬁod of claim 12, wherein the operating pressure is
between 8 and 12 MPa. 14. The nethod according to any .
o mieitioHef precufafinisd t9et, WiREITb e PReREUS B iR gy Feeenerating
tenperature js _between. neD 15. The
ool S e B BB Rl bnt s nerei n the
working fluid has a critical pressure of between 3.3 .
MPhe arthod. & ¢ltm 7)\W@haeyihedeaBreepeTAMPE ey tydistsa sonirqlng the

16. The t hod of one .of 4h ' [ :

wRer bR TR0 O s Sl T PR L B

ofnd el RaneaAtndife 4R Gnd ke whiieng®luidpassingdreywemethefexpanding

the preceding clainms, wherein the working fluid is

c oigp e thebngensing§le® -conponent . 5 18. The met hod of

claim17, wherein the working fluid is selected from

t e MR of R Tns ol RLhiMAE 681D MherbirotiedRat iRgéisamatarestep includes

(C5H12), HFC "245ca (CF2H CF2- CFH2), HFC-245fa .

( chgraliie GRAMpssuterg. the svorkiogftuidpagsing betieg thengompressing step

and nt af | uor oet hane (F4CH2F). 19. The nethod of any

oﬁ’édg'%%’fﬁtaqxﬁ‘ﬁm’flq%“%g, wherein the working fluid is a

mul ti - )
The method of any one of the preceding claims, wherein the operating pressure 1s

(M=

oE=s

more than the critical point of the working fluid.

The method of claim 10, wherein the operating pressure is less than 30 MPa.

The method of claim 11, wherein the operating pressure is less than 15 MPa.

The method of claim 12, wherein the operating pressure is between 8 and 12 MPa.

The method according to any one of the preceding claims, wherein the operating

temperature is between 100°C and 200°C.

The method of any one of the preceding claims, wherein the working fluid has a

critical pressure of between 3.3 MPa and 7.5 MPa.
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10 conponent working fluid. 20. The nethod of any one
of the preceding clains, wherein the heat source

WO p@asiest a geot hernmal heat source or a wast eP¢IBAU2007/000646

16.

17.

18.

19.

20.

21.

22.

23.

24.

source. 21. The nmethod of claim 20, wherein the

geot hermal heat source inctl®es a hot-dry-rock
reservoir or a hot-water reservoir. 15 22. The net hod
of claim 20, wherein the waste heat source incl udes

CThE infghoBbE inyP bne WA $iee piebeding foloifs awheeie el Woking fluid has a
power station. 23. The nmethod of claim 22, wherein the

c oieah tqnanesatuisofdetveenB0dn 19 209°Gdes a coal, peat,

oil, gas or other fossil fuel fired power station. 24.

ATEY ShEHbd OF AGNEEALE MBe PRRAInk SBings, NeRreif Oe CRorks Huid is
systemincluding: 20 a conpressor for conpressing a
weRpofgd of aswgleomperetse its tenperature; a first

heat exchanger fluidly connectable to said conpressor

afMHe SR4tAOd @R c1aiROW, CRERI MECRBAGAY IR sBIBEMESTorRahE group
working fluid and said heat source to superheat said

weRtsistige f afueagborn dioxidsi mePéntaried (Gsthon A8RE-adflSea (O F&iG@F,-CFHy),

f t c or di [ 25 ..

S AT LSO R o MR DR mgrefigerant 125 and
t pemeihiirodiBined FAEIEMMd heat exchanger for condensing

said working fluid to further reduce its tenperature,

saj d_second.heat exchanger. being fl uid connect.abl e .
¢ O1E AL AG S Al LAY T B P o LB i pone MO 5 a muls
2880 pIndh PR ke il2007/ 000646 -19 a heat regenerator,

sai d regenerator being fluidly interconnectable

bet wee ai conpressor and said first. at exchanger

© Sh REEER e RO RO RS Riyorfine AP oPhEtn Banest say cedngudes a
f bdotherhPheat ¥XOREN @S waddHedt ssir@b.y | nt erconnect abl e

bet ween said turbine and said second heat exchanger

ta coo ai.d working flujid after iting sai ur bi ne

o etoR S a0y Rl o Eadl et ot udescp hot dry-rock
CRERYER 9Ph haWaRfldedvbirSt heat exchanger exchanges

heat with said working fluid passing between said

turbi ne and. said condenser, wherein said system _

o’g@? method, of ¢laiy, 20, gvﬁg}ﬁh@ Va5t Beatjsouics 1eludes cooling water or
SHRSE Sleinhi il o 5 RYLABNABBNE: iliforpat urat | on dome of

said working flurd, and rein said regenerator to

operates under, isenthal pic conditions to induce,
cbig sthndsolhelaim @4 hsigEn the conventional power station includes a coal,

peat, oil, gas or other fossil fuel fired power station.

A system for generating power from a heat source, said system including:

a compressor for compressing a working fluid to increase its temperature;

a first heat exchanger fluidly connectable to said compressor and said heat
source for exchanging heat between said working fluid and said heat source to
superheat said working fluid;

a turbine fluidly connectable to said first heat exchanger for expanding said
superheated working fluid, thereby reducing its temperature;

a second heat exchanger for condensing said working fluid to further reduce its
temperature, said second heat exchanger being fluidly connectable to said turbine

and said compressor, and
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25. The system of claim 24, wherein the heat
regenerator includes neans for controlling the

wao esopesasure within said heat regenerator to NMBCTIAHRI07/000646

25.

26.

217.

28.

29.

30.

said isenthal pic conditions. 26. The systemof claim

25, wherein the tenperature Ebontrol | | ng nmeans controls

the tenperature of at |east one of the working fluid

passi ng between the conpressor and 15 the first heat
exchanghbeat aegtntiawrymaidieneneiator beipafaidhgintetyeestablidetween said
turbi ne and ahe. gon&}eﬁnser 27. The é%stem of any one .

of COTHBIPFRRT 8d SgidoBrst Jygat echangk toprsdieat said Workig Huid prior to
hegtierid e gRD EFAtheht dx@ idly i el Saj i
t he di fg?er ence in éen%lha %;hgguggﬁﬁfﬁgn%b?% FF%?%}d turbine
padisli saifl srsone beet eehapgero@wsbsaidmarking fluid sfierheaiting said turbine,

e er, Q.wor ki n | ui d ssing between th

© OB Laif Worke e A Bl e R R epy B gei st e

t eaxpharieti eecHangevaRat Wik swarbleng fiil assitSbetha6n S48 t&Mne and
f a gne of clainms 24 to 27, furthér including neans
f&@d%&%@%*ﬁng the tenperature within said

regen ] i,m 28 erei.n the ..

tonpor o sakbevsL RO i Byhang YR Wishn frpercritica

t reginn @boyx ths shtociba dowmietotfis#id tweaking FRAE Al @herdd said R€generator
erein the regenerator

syst em of cl ai 8. or 29, wh

e fRedndEn Rtk pic Sondin Priatuce renimoss b caphames.

| east one of the working fluid passing between the

c drhersystenr ofaniaim 24) eviferdis thdleat repeadiang aichald ndags f%ontrolling

king fluid .passing between the turbine and the N
\é\%@/ﬁ}g’f%&re P\G%PAEE@ g%t GeRsBaRior to magdpnspddsentlinlpic conditions.
response to said tenperature nonitoring neans, thereby

C Aitter Qisteinn @f telegm 233 npkdraihUihe t@xﬁq%)gﬁhﬁie Fonh€ERE RORs controls the
wor Ki ng flu,d. 31. The system of any one of clainms 24

t deBReralfFfepldtleash angebihe ogleing Ml dbpassimg| betieeen the aerapressor and
f ' et Dy Al eat .
5 SERYES LR RSB BB e b nd e
cepadansens. 32. The system of claim 31, wherein the
pressure controlling nmeans controls the pressure of
a f K | yi d_passi bet ween t.he .
cgrr]%l%r ssgfggn tohg%ff :Q?an%ls %a{o H%’x‘é’ﬁ%rﬁ]&eﬁj%&fﬁﬂp?ﬁgm in said heat
wor ki ng, fl.ui d_passiang between the turbine and the
c GrRgRfHEtar 1s augh tgﬁeﬁ;ﬁ%?e?fh@ﬁe Mnip theydiffsrenck an gnthaipythstween the
32, wherein the pressure controlling neans 10
c sorkiog dlufid pagsingsisiweenothe tdompr@kdsd a1l b Uirst Ras ekdMdnger and the
bet ween the conpressor and the first heat exchanger.

working fluid passing between the turbine and the condenser and AT is the difference

in temperature between the working fluids.

The system of any one of claims 24 to 27, further including means for monitoring the

temperature within said regenerator.

The system of claim 28, wherein the temperature monitoring means includes one or

more thermocouples located within the regenerator.

The system of claim 28 or 29, wherein the regenerator includes means for controlling
the pressure of at least one of the working fluid passing between the compressor and

the first heat exchanger and the working fluid passing between the turbine and the
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34. The system of any one of clains 30 to 33, wherein
the pressure controlling nmeans controls the upstream

w@e®@3asmel of said at | east one working fluid tPCT/AUADZ000646

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

a change in the downstreamtenperature. 15 35. The
system of any one of clains280 to 34, wherein the

pressure controlling neans includes at |east one or

nore val ves for controlling the pressure of said at

| edatemsaein teepdtseit $didiicthpedfure Bisnityiag @8aak, thé@bicafrolling the
wherein the valves are throttle valves. 37. The system
ofteIQHVaB‘ﬁ%ofﬁal‘Ef‘féF?ﬁéO@Qlwf’ﬂﬂ%ﬂ igher ei n the operating
pressure is nore 20 than the critical point of the

WOTHel $1gteind WF Any 3Be ofntaifiy el DF, Whatim Bé, he‘éh%g@hé}afo? 8ncludes
operati ng pressure is less than 30 MPa. 39. The

syRtmiei coptielingghe ressererwithia i hant rRgeperaios ip enpigtain said

| essiutd 40. The system of claim 39, wherein
t he B%QQQF?”E‘B pressure is between 8 and 12 MPa. 41.

The system of any one of clains 24 to 40, wherein the
opdeatsteg efchpay mrensthez’sesmem@ﬁolim@mecm thpgressure

h
T
h &xolaangen dridcthé wopltiag fluidepasding bétween ths. tdrbMReand e dorklenser.
MPa. 43. The system of any one of claims 24 to 42,

S R B BAPSGEAES A3, S o SR e rcs

Clcanﬂﬂ(sls e bresdide offiiey Rbrkihd Quitopdsking Hetwideih the c@ﬂ?@@?}&dand the
a single conponent. 45. The system of claim

vWﬁé?t&eﬁt?WBa%Fkl ng fluid is selecting fromthe group
consi sting of carbon dioxide, n-Pentane (C5H12), HFC

24he asykten2bE Woﬁ%ﬁ&lmms"ﬁﬁ@éﬁ@hér@'ﬁ&h@ﬂ?es@ﬁ% Hontrolling means
HFC- 134a (CH2F- CF3), refrigerant 125 and

p&RRGEQLS @%ﬁr Wam@r@asweméepld ajdeastrpae Wdﬂ@grﬂ@fd tanipdueeea change
of1 ﬁle%o%s&émﬁ?m%\%r} té\itéer ein the working fluid is a
Tl

onent hg fluid. 47. The system of any
one of clainse 24 to 46, wherein the heat source
| Aép soeismaof @Wo@ﬂﬁe@ﬁ@lﬂ%eﬂl tosirelesrein the weastwge h:eatrolhng means

e 47. wherein
ge lﬁers rarl% ? a% on Sronl}?%/ A a‘fvegl q d%cgl%é% rIS;?SFB{?k(’fI satd at least one
working fluid.

The system of claim 35, wherein the valves are throttle valves.

The system of any one of claims 24 to 36, wherein the operating pressure is more

than the critical point of the working fluid.

The system of claim 37, wherein the operating pressure is less than 30 MPa.

The system of claim 38, wherein the operating pressure is less than 15 MPa.

The system of claim 39, wherein the operating pressure is between 8 and 12 MPa.

The system of any one of claims 24 to 40, wherein the operating temperature is
between 100°C and 200°C.
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reservoir or a hot-water reservoir. 49. The system of
claim47, wherein the waste heat source includes

weowliisgswat er or waste steam from a convent i BGIEAU2007/000646

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

power station 50. The system of claim49, wherein the
conventional power station-2heludes a coal, 20 peat,
oil, gas or other fossil fuel fired power station. 51.
A net hod of generating power froma heat source,

S Uihstsgiteinadt shyddnd\6ff @iithsdRISEI 4 1) &herdth tthe HRHAREMREA] hak a critical
any one of the enbodinents of the invention '

i Prassure f betwesn 8cMPagedidadPang drawi ngs and/ or

exanpl es. 52. A system for generating power from a
hahb s§QMCEE arfUbiR! sndldias| N @42 &FiRkdIn 48RS GoHBRE flukbhas a critical
with reference to any one of the enbodi nents of the
i tRrepRratyre ofi petikeansi08d t A0Q%e  acconpanyi ng dr awi ngs
and/ or exanpl es.
The system of any one of claims 24 to 43, wherein the working fluid is composed of

a single component.

The system of claim 44, wherein the working fluid is selecting from the group
consisting of carbon dioxide, n-Pentane (CsHi,), HFC- 245ca (CF,H-CF,-CFH,),
HFC-245fa (CF3.CH,-CF;H), HFC-134a (CH,F-CF;), refrigerant 125 and
pentafluoroethane (F4CH,F).

The system of any one of claims 24 to 43, wherein the working fluid is a multi-

component working fluid.

The system of any one of claims 24 to 46, wherein the heat source includes a

geothermal heat source or a waste heat source.

The system of claim 47, wherein the geothermal heat source includes a hot-dry-rock

reservoir or a hot-water reservoir.

The system of claim 47, wherein the waste heat source includes cooling water or

waste steam from a conventional power station

The system of claim 49, wherein the conventional power station includes a coal,

peat, oil, gas or other fossil fuel fired power station.

A method of generating power from a heat source, substantially as herein described
with reference to any one of the embodiments of the invention illustrated in the

accompanying drawings and/or examples.

A system for generating power from a heat source, substantially as herein described
with reference to any one of the embodiments of the invention illustrated in the

accompanying drawings and/or examples.



