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I nvention: The invention relates to the field of power generation, both
direct mechanical and 15 electrical, fromwaste heat sources, and nore
particularly to the generation of power froml|ow grade waste conbustion or
process heat and sol ar energy sources. The inventive power generation
systemand nethod is realized in the preferred enbodi nent as a nodul ar,

ski d-nmoun- ted system but nay al so be adapted for permanent installation
for stationary power generation in association with an industrial or
commegcial _installation. The inventive stem enpl oys, as a 20 non-limting
exanpl e, TF@EEV§Y§TEM éN@rWW%%Q&%@@N%&TIQ%%&g%Tm of circulation
of a working ANBIFbWEH FROS WASTE FFATARDASO] RREGURERS Wher ein drop in
pressure is through an expander unit having a power take-off to power an
el ectrical generator, either synchronous of inductive, or to function as a
di rect. mechani cal power take-off. The preferred expander is a gases
conpressor nodified to run in revgppfrdhripRot. pressurized working fluid.
The 25 refrigerant |oop includes a condenser cooled by a heat sink,

pr ef H ablCross-Rafepenat to Retated sApplication:cool i ng tower. By appropriate sel ection
of the gener I oluUl ti - o be
obtai ned.  Therl s B RBaRrUR R BET Sl n Pl O3 SR e

gr ade wa2$,20bz alie ppiovityoefayvhichiid clainmgdanda3t IUS, Cdded ldper at i ng power requi renent
of the inventive systemis a mnor percentage of power produced, typically
| ess t haRield8bthé Invertimower 30 produced. Background: Currently, enornous

anmount s of te. heat ar nera daily by a wi de varjety of .industrial
ana. Comer oi ateinugRon il 3o Jhb Efh Shbover en@atten ol it mihopicel A5, e o
heat15l - electrical-from waste heat s@ircedUgidShore @&€iculidyoid thd d&iRrafieR bf peved BRRALKONS,
process stﬁam boi |l er waste heat, nech njscﬁal and electrigal, system cooling,

and the B5aR% Wil fombpstipn - g Rrogess dheaty & eSTRYGTONERES. ¢ bR IVENtive{ POVET phe| ow

generation system and method is realized in the preferred embodiment as a modular, skid-moun-

ted system, but may aiso be adapted for permanent installation for stationary power generation
in association with an industrial or commercial installation. The inventive system employs, as a
20  non-limiting example, recovery of energy from waste heat sources by means of circulation of a
working fluid (refrigerant) in a closed loop system wherein drop in pressure is through an
expander unit having a power take-off to power an electrical generator, either synchronous of
inductive, or to function as a direct mechanical power take-off. The preferred expander is a

gases compressor modified to run in reverse with hot, pressurized working fluid. The

25  refrigerant loop includes a condenser cooled by a heat sink, preferably a liquid or air-cooled
cooling tower. By appropriate selection of the generator, both DC and AC (single or multi-
phase) power can be obtained. The system permits cost effective recovery of power from low-
grade waste heat sources, and, importantly, the operating power requirement of the inventive
system is a minor percentage of power produced, typically less than 10% of the power

30  produced.

Background:
Currently, enormous amounts of waste heat are generated daily by a wide variety of

industrial and commercial processes and operations. These range, typically, from waste heat
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- about 350 OF, and often bel ow about 250 OF, a val ue so |@mwmdghatzo06
conventional heat recovery systens do not operate with sufficient
efficiency to nake recovery of energy from such sources econom cal. The
net result is that vast quantities of waste heat are sinply dunped to

at nosphere, ground or water thereby contributing to the overall greenhouse
effect and effectively raising the cost of operations. Except for |ow
efficiency photovoltaic cells, solar energy systems produce hot gases or

fl ui ds of femdracerheptingrwentionseproopss stednebejigr aste heptgrechandichd and dectripabt i on as

POVEr  SOULLES: cddhBeind tROTRS Bp&L thesw&'i@gr%msrl@@téréﬂeuﬁﬁ&qsf@fs wRAce heating
and hot waler eneration, since those applications only require delivered

t enper at uPRPUy APASE. apd phen Belep abet 2590@ 5 valye scofow it eppvaRtionpl faget | ow
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ccordin |S a eSS n t ho
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ener gy Soglfe%ﬁﬁyusé é’f‘féct‘ﬁlldr@fe&ﬂélﬁ'r&snﬁr#ﬁééus@d}% Sl energy, which system can

be adapted to stationa ration, or be configured for
portability as a skxgp etﬁﬂaﬁr@nm&ptomﬂra@c cellpisolaRvEREY SemSPrafies) |

I ncl udi ngnéhaestos rRRE of\?dé_ﬁ]!iﬁuﬁgﬁﬁ; erhtnrea%n fb@ﬁaﬁtﬁe Yinbdnstdéd troactmoﬁ&pe@t of the
present i nvention,

é s rovj de i/st e ner ati q}r(}
el ect ri ci PPV FOHFRalY efh@ Sér ?m%fﬁ OTéIE?ﬁ% AP PG et WBlSEr at i ve
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wast e heat or “sol’ar Source sai‘d wor Ki n Grd Proma i qui d
pressuri zedtemebippiger ant to a heated gas refrigerant under pressure; ii) -an

expander driven bYAéﬁkd%éfsﬁﬂ{eEeq?aB{e%ﬁﬁ e!ed’-t%q)x&ﬁ‘éerzﬂ Qﬁ&ﬂ'ﬂﬁd Mehéd fcdst ui d to

produce power to an output s sal King f pressure being thereby
reduced, SHEUVEEFYCRHA) aﬁ\a%rﬁowd%ﬁ@é yagte beat se@mbjﬁﬁe@g thsreby HRRIOYIRE or i ent ed

to run i ntHbQV&élS&ﬁthc?%fﬁbweﬁ d‘ns:uﬂldnm&la%y séuddes] inicRidine GREiBMAELs W'sklang 1 ui d

drives said out shaft op t enper at ur erein said
~ expander Fr?r%’el” %Fteﬂfiarﬁv@ W?({WU%TQI%%BO‘%“ 308y A cogggr“\é%% bnpressor;
ii11) a gepetdiigrasdrskidenolnyedsacdbls@nigw conpr essor out put shaft to produce
electricity, said generator is selected froman induction-type generator

and a synchronous- type generator; iv) a condenser for reducing said
| ower ed pressure refrigerant WolHEBRVENTION 2 25 August 2006 gas

_ Eggﬁg;g;??@ﬁﬁlﬂﬁ; ﬁﬂﬁdﬁ’&'ﬁlﬁ@&éﬂl&d@ﬁm@@é.}d ng fluid gas to a liquid at the
- Imaccordance with a first aspect of the present invention, there is provided a

system for generation of electricity from waste heat and solar sources,” comprising in
.- operative combination: a) a closed loop, refrigerant working fluid circuit comprising: i) at
least one heat exchanger providing heat energy from a waste heat or solar source to convert
said working fluid from a liguid pressurized refrigerant to a heated gas refrigerant under

. pressure; ii) an expander driven by said heated, pressurized refrigerant working fluid to
.produce power to an output-shaft, said working fluid pressure being thereby reduced, and
said expander comprises a screw com-pressor that is oriented to run in reverse in said
circuit so that said refrigerant working fluid drives said output shaft while dropping in

- temperature, and wherein said expander is selected from a continuous and a multi-stage
screw compressor; iii) a generator driven by said screw compressor output shaft to produce

- electricity, said generator is selected from an induction-type generator and a synchronous-

. type generator; iv) a condenser for reducing said lowered pressure refrigerant working fluid




tenperature or bel ow of said working fluid; v) a punp fofsAgas006 zi ng and
circulating said refrigerant working fluid in said circuit, said punp is
driven by a variable frequency drive; and vi) conduits interconnecting
sai d heat exchanger, said expander, said condenser and said punp in a
closed loop refrigerant circuit, said working fluid is selected from R123,
245FA, Rl@dsﬁten%ﬁtum’ tjerabyCeahedriing) the azﬂirhng ﬂﬁﬂ @aitala diguid i theicofdesheisn an

emer gency i i i . RASS around ald pander ; and
b) a cont rteo ?Sh?e%&rvo#l)s %r@glm i g ‘3 t orrpr%sﬁ SE fmdll at?mz’rsbaér atures
and press mféger@ﬂt workangr fhfig mgseld@m:mt \md Ipmmg lsfdrmemby qumblsmquezxesddm‘reqm d or

gas form iy $§'cgncﬁ1h§ %r&om@cﬁﬁg §08 ned Qubihgle NG der, %!ug RBhdindeP afPNL T Ol
ncy dri ve, Screw conpressor and enerator. In a

said punp variab ‘%elg g
second asﬁ@étpu’é‘P ) ﬁé?l %feﬁilg?&?é‘ﬁﬂr%’ﬁ S*t“h@?@“‘lgsﬂ‘hﬁ’ svselseiad FomyR1%m f or
gener at i Ol24:m‘A eReRA, | R2X Yrdahicdiefi@@fanthahd @RMRECUi amu\aessraﬂ é’iﬁs’i\éenagﬂd sol ar

i ve conbi,nat,ion: rtabl e i on whi ch

sour ces, era kid,

are nount &¢ rrgmq%osocetllg r}}sullcflgﬁse&’w FEPRiAY FPaR c?"rdc £ w5 elrsﬁ%ﬁg: i)

i nput and meoitging pud gengratareahdr glacied eempdratoes dud tigesboes oﬁdiwnma&ﬁg’emnt to at

| east one I . ste heat
or sol ar ggg?%eﬁ%ﬁgh% \%?%ag}aﬁ:ugl ma{élrlgl%tgird%?&l{ %Hh??rd)?%%ﬁ% iquid to
a heated §&gals @rawrol pridrw wriable ffe%n%@@laﬁd@ﬁwﬁpmﬂféﬁowdgaﬁeﬁﬁtﬁeat ed,
pressurized refri gﬁar@wcoﬁaoarsisécwf iﬂetﬂr&enttlﬁveaﬁ&gm RPRAdell @ FReMUbPUt shaft,
sai d wor Ki ng fl u%}&de&%ressur t hereby re nd said exgander

uc
conpri ses’ %P?&‘P’é 1 RIS th#‘? vesg I P’G‘W%W%F‘ﬂ@%w SBIGEF OBPHIRE rcuit so
that saith m&fatnvgeusmbihatiomrdglan}garn‘ablalsldm oht il agh Mpuriteil a)bleﬁ‘eﬁufeﬁigbi‘unf e passing
t hrough s o drlve t shaft ut shaft
"i's coupl e? ﬁ%ng t(gc())nm orea mpun?unuc?t( O pE)elssuglzeﬁic]ﬁlrrn 1) t°° gud‘es gner at or
- to pr oduceofl@l‘-'té@tl ) @11 lmst amgheat eichanger pmwémgtha%@ncrgf fromhato“cgnddowa&t@upl ed to
a | oad tonde MRiidf soara/e)to%omﬂqgm%g&% M&&hﬁ&g 198 £ig &ngea&ﬁgﬁéur e

refrlgerant wor Ki ng €rature thereby convertin

refri ger ah® WRSPWgH)f %ﬁxaanggﬁwﬁlggasqld brated. messwed E@Fﬂf@%ﬂf’?‘% fuéihper at ure
or- bel ow @f prédiicélpovadt kd Gufdutiétdt, suid vorBHERuid pRlssudd hdrédytehRed] afd rcul ating

said refrigerant. working fluid in said, circuit, sai driven by a
var i abl e FRGCENBAMS, CORTIE 2 SR COMPrevFAAbied 1§ TP RTdb PR GrR L8 T ot
- exchanger said npfiigeramdwordiinguflyid s dinthge dpanithe presshad evhilondesigerhrauptl &id d punp in

a cl d 245FA,
glg 4zsemlé&§p?es§$nl{ gﬁ'v;eg aid %ﬁtﬁu }%{{ iﬁ %ch (I.m!}irjlq sﬁa?’c ig%o?p(fedetg I I gsrsp o% %g anne r gency
refriger amluwmn ler sﬁglclﬂrpmuertsgwagemmstg pmdgemdeoymtd ae&pdmma powerdnit dff a

cont rol | efnaf @h bERRipletd NBaPRI dd L Rt $ a@eﬁlleer @a}decﬁahg %@thel%ma%&w res and

pressures of the refrigerant wor Ki ng or gas formin said

circuit affffigegnt BP@Wg&}%gaSGWWG éh%éﬁlcgn‘ﬁﬁlnéd?ﬁ ?eé‘lge%aﬂ’i vorkingdwdr i abl e

f r equencygairtb viqaiddit tebmleysatiitedgbitite &fbeml & sai&haa‘rmg hﬂldamﬂ@ﬁce with a

t hird as PES precs)guntzgg agd[ girsc% %mg Sal(.F re%ﬂgerant WOr ng duld 1% sald c1rcu1t sa1d pump is

driven by a variable frequency drive; and vi) conduits interconnecting said heat exchanger
input and output, said expander, said condenser and said pump in a closed loop circuit, said
working fluid is selected from R123, 245FA, R134A, R22 organic refrigerants, and said
circuit includes an emergency refrigerant working fluid gas bypass around said expander;
and b) a controller for monitoring said output shaft and selected temperatures and pressures
of the refrigerant working fluid in liquid or gas form in said circuit and for providing
control signals to control said pump variable frequency drive and thereby the output of said
shaft.

In accordance with a third aspect of the present invention, there is provided a

- method of generation of direct shaft power or electricity from waste heat or solar sources, .
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met hod of generation of direct shaft power or electricitasAigsnoest e heat
or sol ar sources, 2a 25 August 2006 conprising the steps in operative
sequence of. a) providing a waste heat source to a pressurized liquid
refrigerant working fluid to heat said working fluid to a higher
tenperature, pressurized gas, said working fluid is selected from R123,
245FA, R18dnfyrising2tBe (stegsam opargive| sggreactt of; ;a) ipjovplingh ngpswalicelt s@feci iger ant in a
cl osed reéfe s%‘ééanﬁ @&aﬁt' Hg&m\gl AOR &' h&Hishi S@b&hnguﬁﬁdbt%'nyo Gidlled VEN Wi th

a vari abl requen i ng _an expander ving a E put shaft

wi th sai dioH@sEaEe P}.’ﬁ‘s%%’étﬂr gase pridy srorkingefle js_salasied ifrn RASS, é‘%uﬁdé%f sai d

gas, sai drexpaARse FefiSQmMMS,; Y) @ﬁn@né%&vxéﬁ@gé%f RSS@6sed Bl e'rz§1t QbikaRtme to run in
rever se |§10Psald circuit so .that ﬁ“n"p fr| erant Wo f|UId drives said

out put shiep S sad pesg bripg dripen wi Ef)e"é??l?d\?’f ng at

| east onehafinggarsyunain slefiowish exid hmhdg:pneﬁsnngﬁrgef ﬂieﬁ:by ﬁ'@lumﬁg ﬁdupmsueé eftricity
or a power th said output shaft condensd.n al d retrigerant
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‘recycl i ngsadfiguit se fha @&@ﬁtgemirwrhlggﬂmm diived gid atpwh steft whiledgppiegin sai d

wast e hea&em%@ﬂd{&@addfﬁm%s&é Qy &@wﬁ@ét'iéa@tgonefoi‘ykﬂc&bﬁdﬁy b md&’é‘t‘ign génema? kyoring and
controlling the flo pressures and tenperatures of said fluid

i qui d anBOges eieﬁmgléx oF agiopeifake off Wik ﬁ%‘? qptent shafls e} qopslenging Fal‘élf‘?ﬁ&?fanb ower from
sai dt ex paaﬂkﬁrgdﬂnﬂ Rkt to hiafulid atlsiﬁl dtﬁndéﬂhtﬁutib@ ltdnﬂtﬁraaﬁd oecbelbwpb 12& Ry éa?mlt Ede
nmonitorin | S Se cte e er.at ur ressur.es .0 e
rorki o' TR i rR o RGeS R TG Fodl B Freel 6P St i g
control sflgdaireit md(g)mtqnubnmnd couurling sl fiisl, erefsueg uadieynperiuves of il d

d t
condenser wmggﬁd@ll&?&ﬁﬁ%%fsa dggglglaﬁ%%é?aégaggﬁ&goJr dhE& PB&&% sakdr‘ve ntion,

there is provi
el ectri ci ?’gpallickbﬁhltmﬁé‘b@ H@émOBﬂOWI agd ceniol stens, indstepninitprieg QarﬂeShsﬂié@% in

oper ati VesshRad SgRr ﬁﬁpﬁ%éﬁl’és@fﬂﬁgw%rl&\@gsﬂtﬁdEQthd%?'gﬁ%nﬁﬁlsﬁldldrﬁﬂi d wor ki ng
fluid to hea working fluid to a her tej ture, ressurlzed gas;

b) drivi ng% fé&%/éfﬁ%ﬁom.%”éﬁ caferf%lfﬁldswgfptv SGERCH litvegsald
pressuri zeshdgser sl edi€neragguci ng the pressure of sal d gas, and said

expander co SBSSr SW con sor _oriented. ald circuit
peasaibedlibedlls xR R T T PR S S R
condensi n@rwasmﬁ\mwkn qugplectricity drogesastohat br sglar dowaes, dospcisingl émsaftps on

tenper at upe, QL séa%!a&%fgﬁb Ssﬁdaxgé)a 08l ﬂl?a\‘i‘ eﬁgmoragh uld %&1& lflegt sai d

wast e heat” source In a Cl rcu Sal rec
conpr i sessaslivrpikiag fuid te adnal@ﬁterrrppua@m erewrlzedtgae br)ldwaén@yxmndev avgRg d l'i quid

wor ki ng f hdkbuiput WIRGSHitHNaREIRHICE, ﬁ;&mﬁgdngﬁtﬂ@@fiyrsa&eﬁsgtﬂ&egrests&e@bkﬁdgasheat from
sai d waste he&t@gg@grce and e) nonitoring and controll |(£C the pressures

and t enpe?r%QtS& CILQPHIHS AP PBTSEEOT PETHSE B AYSSE HSHN I ° B cuit to
gener at e glicwbikingi fluid @fis @hivee Giid RoMPressbr oM ashalt; &) RaAdALing sdid wiorkstpaf t |

fluid gas to a liquid at its condensation temperature, or below; d) recycling said working

fluid liquid to said waste heat source in a closed working fluid circuit, said recycling -
comprises pumping with a controllable variable frequency drive said liquid working fluid
under pressure through a heat exchanger to obtain heat from said waste heat source; and e)
monitoring and controlling the pressures and temperatures of said working fluid liquid and
gas in said circuit to generate electricity or direct power from said expander output shafi,
said monitoring and controlling include monitoring said expander output shaft and selected
temperatures and pressures of the working fluid in liquid or gas form in said eircuit and

providing control signals to control said pump, expander and generator, including providing
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said nmonitoring and controlling include nonitoring sai d #aasdeooout put
shaft and selected tenperatures and pressures of the working fluid in
liquid or gas formin said circuit and providing control signals to

control said punp, expander and generator, including providing 2b 25
August 2006 a PLC having at |east one control |oop, tenperature and
pressure i nput BLE bprimse idastngne reasll icepeahserafireacd pabsu&)dp@.ltﬂiepreiempng pressure
and tenpe t. r ander

Ut put  onapptieeD oo SRRArEean il btk ook ERP Sh s HE UG AhBna ORI e
out put gatsmperatre, jggreraior guexparder guipy] @aﬁvapma@ld@wewmmgd?qnw ofa  program

i ncl udi Ngcdlifig 5@%a§§é:@§n&%9@ﬁﬂ%s toneph'ciu;d Uipal ﬁtﬁfd%anwl@ﬁﬂﬁ%&y&ﬁi@e AT, and
on/of f, control of valves control of

outputs for caontr nd

gener at or PO#PBfIRCE 11‘10%1’1?'13513%% e"E?HS‘BTd’i“H‘Eﬁ?‘%PGWF HRECSSYG antt %5 IS es

syst ens afud comiohefdampion®Fiicinergt of@ﬂﬂ@&h@éoﬂ&bb@g&ﬁat&ﬁﬁoﬁ-lmemgmper ating

al gorithns (such d trol ori.thms recovery of power
from| ow grade was mbquq E“"a':El)tJdt%so Ve&lon nere nseg PR agAfnS%Odgi uﬁ $8d is a
syst em coeqmiutsi nigog@asd ooedingyc bleeratmgpaimnﬂmeé r(sqbr antPLCerpalpjed qontrqll ally as a
fluid undggoRhBSSHF RoAR A potke HonATPLAR wis aéégdfaﬁenug{{%&@s a heat
exchanger to which the was heat or "so VI ce out I's connected. The
refrigerant fluid Alémdrsa@ﬁ%i ﬁé‘afYS@We‘FQj%P“ﬁ’r“érﬁ flReedrryste lg%Pfc@ﬁ}aﬁraflhe heat

exchanger purhped tifi€ally’20 @erfifid Bflen firessGRNIME ﬁﬁr Elﬁb@nthbrﬁﬁbrd&iref&ﬁrwgﬁ agast The

heat ed, pre surize fr| ant S |s.inlet .into der 0, power an
out put . SHEFTP SOeDe WS Ao grdepine Oy i inean el o By it

gas/ f | ui dextaots abateqnmggﬁmmﬂwl feal) sqasdeginathe thedtoanchanjpa, ﬁnmquﬂoogasm
refriger ot altad O @

i QUI d at %O%I{I&Srtgss pregsgl% régr’f‘l{%éﬁa@@ rbq&%d r%%@?&t i‘éqﬁlgtsl fo

refri ger apipandsety Peves @RRatbul sm@rdugn&ﬁmﬁxea@mkoftthtr BuidHo @tv@ollqéa@s oexchanger
to repeat oI HRICHH & ap &%x%ﬁte@v‘@?ﬁg of B86w. mm&@&%@g@oﬁsheﬁqgeranmp@lmmed and

pl unmbed |nt t.he inventiv emin reyerse. conpressor is
pl unbed t@oi;éd%ﬁtwa eﬁﬁ%sgfﬁwhfeaveﬁétﬂ toct %lﬂlgéraaﬂﬂw aaeésua% a%nfiah P@Pwn& hat is
normal |y wﬁ@&m@ﬁnﬁmesmﬁmxeﬂgaﬁﬁtﬁﬁdmpﬁﬂ@mﬂﬁ&ﬁﬂhzﬁ&k&hdﬂ&nm@eﬂQQﬁpwessor
bei ng reverﬁed Hn ? i n entlve system becones the gaseous refrigerant
outlet entNaFRY UFBETMS ¥ Pessure and tenperature of the refrigerant gas
spins the conpressor shaft, which thereby can be enployed as a direct
mechani cal power take off, or coupled to a synchronous or inductive
generator to produce electr|C|ty A preferred type of conpressor adapted
and nodi fi ed to function as an
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expander in the inventive systemis a continuous type COm¥easeoos rat her
than a conpressor having discreet nulti-stages. The preferred expander is
an oil-free type, although the current best nbde expander enployed in the
exanpl es belowis a screw conpressor having an oil loop to lubricate the
conpressor screws. It is preferred that the conpressor bearings be fully
seal ed, t hampressor thites bedified gsl slhodinfothe byenpe sydan itheversd. Fhstpker e in
order to

ot mospher e FRAGR Geck dpris LM AectBPyR ASh M el PRGN,

refri ger afe compressenputpy ends Thepwoemal iplst ef Hheccompressero belnawwgseénn é‘tq | oop for

bearing | yRehteat Jydeml Secorts the §£&)u§¥@ﬁ§§ﬁﬂ ol chdlamatopda pRis@&hitd NY the
expander can b%ﬁgised through an oil ar at Oé‘aﬁ f"’é’F [rove t he expander

| ubri cant tgpFrat Gt SATPPIRS t]i‘ertéo RISEPT drerhyntfnsRfppl yi ng
oil ‘lubri aﬁpibyddcastahﬁreﬁmmmal heas itakg 9ffacceonpledtosa syh¢hr@@dd 64 iductitene

sel ection S X der oil nust be conpatible with the refrigerant,
so as to %gt%g%ﬁ% %CP 8 CQ%cﬁyt her modynam cal |y affect the refrigerant

properties or systfémrcfpmda@pe)nf cemprsssat hdapisd cand fragdifged tpofuRitiog dslam ds
(refriger ahfder 1@%@%&3&%&%2 stefft 2 % cﬁltm?fcﬂia" tygg?com Rsot, h?atﬂér Kian hhe

preferred oil for the expander includes synthetic, mnrkln | ui d-conpati bl e
oi |'s, suctPrEgesspaying dé%‘Ff‘é?F myjtj-staggs. dBg Preferrerbexnapdraris ap Oﬁa@eertmet ion as a

heat[j exchatngﬁgh ltl@(hﬁrgéh‘t lbeg HeR! exdphniet Ellﬂﬁloyd’detﬁ{theg@iaﬁiﬁles Gaisw ifldrsciRg Whi CB it
conaenses O a | 1.gul r erature nma e
ool ed_ by" i b e B9P Iy MR s cEPEGE1 fogrs e Pt SRt

appr opr i atenpnesadr sdanikgs behfllyi saled, zthel isp ther bearioks thheld At he epers & yhef or t he
full Cond&%%&gn OBrde} B’e 1855 1840 ?E thteht% gt V%asTL{LEt 919{%95}%%% fol Qui d
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or nore control orit stemstart-u st'ea state ope ation,
shut downer the;gloépﬂtg@{calgb#fqemhe refrigerant properties or system operatlon Presently pre-

ferred working fluids (refrigerants) include R123, 245FA, R134A, R22, and the like. The
preferred oil for the expander includes synthetic, working fluid-compatible oils, such as

polyol ester oil (RL 68H).
‘The condenser may function as a heat exchanger, extracting heat from the

refrigerant gas, during which it condenses to a liquid at near ambient temperature. The

condenser may be cooled by a water-cooled or an air-cooled cooling tower, or other

appropriate heat sink, that is sized to provide the AT necessary for the full condensation of

the mass flow of the gases. The condenser liquid refrigerant outlet may be connected to a

receiver that.functions a holding tank or sump to provide a gravity head for the refrigerant
" loop pumyp (the Working Fluid Pump, or WFP).

The refrigerant WFP pump may be located on the high pressures side of the
system loop, preferably between the receiver and the inlet side of the heat exchanger. The
pump, in that location, raises the pressure of the liquid refrigerant to the design parameter
for inlet into the heat exchanger while maintaining it near ambient temperature.
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The system power output may be controlled by the flow raisaugiistbbes Wor ki ng
Fluid Pump (WFP). The speed of the WFP nay be controlled by a Variable
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T the condenser, the cooling tower is not running or is inefficient (such as due to conditions

~of ambient temperature, pressure or humidity in the area where the example unit is
installed), the expander experiences bearing problems, and the like.

It is preferred to employ a gases bypass, including a solenoid valve that
connects between the heat exchanger output (the high pressure side upstream of the
expander) to upstream of the condenser (low pressure side of the expander), to assist in

-start-up, in modulation of expander or/and generator output {e.g., to match grid load
requirements), in shutdown, or during emergency stoppage or upset condition prevention

+ or solution. The solenoid valve in the bypass loop is an N.O. valve so that it opens for
emergency shut-off or upon loss of power. A process modulator solenoid valve is located in
the line between the heat exchanger outlet and the expander inlet, preferably downstream of
the bypass line connection. A second, counter-acting emergency shut off valve is located
downstream of the modulator valve (upstream of the expander inlet). This valve is N.C. so

that it closes during the emergency shut
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25 August 2006 down or upon power |oss at the sane tinezd Agubypess | oop
energency val ve opens. For exanple, in start-up the outlet side of the heat
exchanger and the expander are under negative pressure. The exanple system
nmonitors the heat and mass flow of both the refrigerant in the | oop and
the heat source inlet to the heat exchanger and may include appropriate
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The system is a non-Rankin Cycle system, in that it operates at lower pressure,

typically 100-150 psig on the input side of the expander and 4 - 5" vacuum on the output
- side of the expander. The example system can be sized to the heat source, and is
conveniently skid-mountable so that the system can be provided as a factory-made, modular,
shippable unit for simple installation and hook up at a customer site. In such a modular
unit form, a unit of the inventive system includes: a PLC or other type of controller,
sensors, piping, valves, pumps, expander, generator, oil separator (if required for an oil loop
lubricated expander), condenser, bypass and receiver, flanges for connection of the
- refrigerant pressurized inlet to the heat exchanger and outlet to the expander and flanges for
connection to a heat sink for the condenser. The condenser heat sink is preferably a cooling

tower that is provided as part of the inventive




connection to a heat sink for the condenser. The condensgradsagteoss nk is
preferably a cooling tower that is provided as part of the inventive 5 25
August 2006 systemon a separate skid, or nay be a |ocal, pre-existing
cooling tower or other heat sink. Likew se, a heat exchanger can be
supplied on a separate skid with flanges for connection of the waste or
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fluid andottr}gﬁ;%ergﬁt,ﬁ{hgg)@temlbg,p be selected to match the work out put of the
expander to the requirenents of g selected induction, asynchr onous,

'generator havi ng aA??&YdEI} M EhS eXRRIE PRETFESBRTRHON ST 1Y PW? FidiclsEner at or,
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notor) if 1t ri‘ven rrec an external neans at above
.- synchr onotgslerstood that the mass flow of the reﬁlgerant ﬂu1d and type of fluid will be selected to

match the work output of the expander to the requirements of a selected induction, or
asynchronous, generator having a particular winding factor. For an inductive generator,
typically operating in the 1750 - 1850 rpm range, the field winding is established by the
grid, so that the output electrical power can be "pushed” onto the grid (supplied to the grid).

- An induction machine, connected to a polyphase exciting source on its stator
side, can be made to generate (i.e., the power flow would be reversed compared to that of
a motor) if its rotor is driven mechanically by an external means at above synchronous
speed and the motor slip becomes negative. That is, an induction motor, if driven above its
synchronous speed when connected to an AC power source (external grid or circuit),
will deliver power back to the external circuit. The polyphase exciting source will be
what produces the field at which the induction motor will generate its power. That is, the
induction generator must be operated in parallel with an electric power system, or
independently with a load supplemented by capacitors. For mdependent operation, the
speed of the generator must be increased with load to
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speed and the notor slip becones negative. That is, an ingdagust@oogotor, if
driven above its synchronous speed when connected to an AC power source
(external grid or circuit), wll deliver power back to the external
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Lo tike  dnawi RER rbibr Wakkltliog0 Fig. | is an exenplary b lock diagram of the
system cohponents show ng the phases, flow rates, tenperatures, and

pressures in the closed refrigerant loop; Fig. 2 is an isonetric of a

ski d- noupi. e i i.nventive systemfromthe fluid inlet/outlet
ﬁ{-:g@%gf@:dﬂt{thégf)ﬁevpﬁgﬁ.

side, inc a contr sensors, piping, valves, punps, expander,
gener at or, oiThe igeptiemtiodsscabaddiande sgvelay pgssts dmdnare cletaileby, raferedreftbahges f or
connecti gn_of refrigerant 25 pressurized inlet to the heat exchanger
and out| %?w{ngs tn{;{gh]ceh%pander, and flanges for connection to

20 Fig. 1 is an exemplary block diagram of the system components showing the phases,

flow rates, temperatures, and pressures in the closed refrigerant loop;

Fig. 2 is an isometric of a skid-mounted core unit of the inventive system from the fluid
inlet/outlet side, including a controller, sensors, piping, valves, pumps, expander, generator, oil
separator, condenser; bypass and receiver, with flanges for connection of the refrigerant

25  pressurized inlet to the heat exchanger and outlet to the expander, and flanges for connection to
a heat sink for the condenser;

Fig. 3 is an isometric of the skid-mounted core unit of Fig. 2 from the generator side;

Fig. 4 is an isometric of a skid-mounted primary heat exchanger unit having inlet/outlet
flanges for the waste or solar heat source, and inlet/outlet flanges for the refrigerant loop;

30 Fig. 5 is an isometric of a skid-mounted cooling tower with flanges for inlet/outlet to the
condenser;

Fig. 6 is a block diagram of a second alternative system configuration employing staged,
serial heat exchangers that increases the efficiency of power production;

Fig. 7 is a block diagram of the inventive system showing the integration of a PLC con-
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i nterrel ati onSHiipeEntigh i BﬁS’a@SI’I‘b SEVCE LEPRR A ’IS °§ N P‘?“fccgﬁ’mﬂ“%@aﬁ“b?l y

i 11 ustrahggly ﬁm tdrtelofshiR! ARt subyBMbMaEoMs rmeredi'%fm;ﬁ& RhrnbY b NMy GRREhIBENESS,
several of the draw ngs show in 15 schematic, omt, {)arts %’ hat are not

essenti ai® # ﬁnglﬁﬁteﬂrﬁvﬁ ﬂ’ijwﬂ"tg Foy sty i ‘i?ﬁm@ﬁm% prverl efiths draviegsshew in aspect
or pfsl ncigpb@adf of Bﬁ‘ut' PatRNthitoRe ARG dgbndhiSE QS Qfhwids ag%sa ddsBiptRETr s PHRular

embodi ment of one feature may be shown in one draw ng t he best node
of anot hé&eture atpgstconpirinriplscof dhy insentiop heing dlseln@@héﬁhuelrtmqsgmowquméct to

mat eri al E cﬁlr%qeartlﬁéfna?%E &ho ﬁoﬁ%@lat E%d%‘é’s \l. &toﬂﬂc&hﬁ"}ﬁmﬁ? RAFhe &i CI{:(I eature

may be shown I n one” exanple f'erent "aspe wil |
20 be cabitad amlherldmmng W¥ithmespectdo hmtenslsemp Itanata,etho: Best sipdeiahbndésent of

}cﬁr {nﬁ: gs nﬁeaé?egl or feath r?%g beﬁéévg? Hlbc!nle%%}nll ahd Rlatb%&tmsodg% agi?ll%renf: aasi[Jtlac? Wil cited
20 be called out in one or more other examples, tests, structures, formulas, or discussions.
All publications, patents and applications cited in this specification are herein
incorporated by reference as if each individual publication, patent or application is expressly
(- stated to be incorporated by reference.
| Fig. 1 is an exemplary block diagram of the components of the inventive system and
- 25 method, showing the phases, flow rates, temperatures, and pressures in the closed refrigerant
loop, the bypass loop and the oil separation loop, where an oil-requiring compressor is used as
the expander. The overall system 10 is a plumbed, closed loop to which a source 12 provides
waste or solar heat to a heat exchanger 14, into which the pressurized, low temperature (e.g.,
substantially ambient) liquid refrigerant flows via line 16 and out of which heated, pressurized
30  gaseous refrigerant flows via line 18 to an expander 20. As a working example, waste heat
input from source 12, e.g., as exhaust steam, hot water, hot flue gas, solar energy or geothermal
energy, 1s input to the heat exchanger 14 at 220 °F, and exits at 220 °F, while the pressurized
working fluid (e.g., R 123) in line 16 is input into the heat exchanger at 80 °F, 125 psig, and
exits at 220 °F at 125 psig from whence it is fed to an oil free expander 20. In this example the
g _




i ncorporated by reference as if each individual publi-catisugupabent or
application is expressly stated to be incorporated by reference. Fig. 1 is
an exenplary bl ock diagram of the conponents of the inventive system and
25 net hod, showi ng the phases, flow rates, tenperatures, and pressures in

t he cl osed W@P?"?"Bgﬁ‘ant | oop, the bypass | oop and the oi PCEERE058% 0N | oop,

where an oil-requir i s used as, e, expander. The overall
syst em 10'9#4 %o %}r@n@ﬂ@ out %EH F SO WhAL % &igo@’f‘%‘gmi e[j;i}?é’(?ﬁtﬂé‘s?a ste or
'sol ar hea:tzorklag dulefdw eelEaNEEheal dechhipePinbufiter- 160, WHEMS lébldlvﬂﬁkmF qMYid at

t enper at substantially anbient) liquid refrigerant flows via

line 16 Fdi&lfe%&s t%‘?%wmh%féb%hea¥ﬁ¥%@w pad gxitne i dhe 198 3 AMAXYBYIE YEPYT| ows
via line flﬁsdr@oﬁm%@mfiﬁax%ﬁum@&n&rd@% koif 9o ex PR Waste¥Rat Buill @Akers thoRpt from
source 1 ., as exhaust steam hot water, hot flue gas, solar energy or
geot h%rrré?lftheé‘ﬁﬁregﬁfhang%'3F%ﬁ9ledtfbl491’ém¢é’att°féxchanger 14 at 220 OF, and exits
at 220 OF, whiy get § z I 16 is
Tput it o the RSH el (RA e B ol s s s R Mbricali et R MG o

125 psi g afanied spitbatdlee mm&is)uﬂetctn@@ the inddt 22 fforgthe mfﬁanwrhombfngemnt Eass ?Eh)zarrpl e

Lo P G T B PO
wor ki ng fithdrd pbwgwakmoﬁugh(etmuﬁaatgemyhan@ethemkepnol:rshewn fdr @wenexhtbh2g, he
oxi t10g SeReiek bty seldeilen Ay Ap s 230 S5t B Rephr 50888, “and mai rmam.
t enper at ure o Qnﬁ(bxﬁand?mﬂleVMtgas bdnd tHel bladks ejiitsexresfsthesmg)ﬁner@ ofa ddop iheat
eXchanger and |, £oo out the bottom .In the preserﬁ st node, the
expander PE&%™ “eé’é |pé{§a“ tFmP%Wec?QP@Hm?E‘?J%WeéWF%%F € ‘8@5&?@&‘%‘8% hat
the nor madd aibiet Fhecpaitially keoled khtis AdchaRged L 1ipE 83 Sdbil:EqArbat34! Bofd @er ant
of. the expander is _the normal inlet end, The

gas. The dis h}?.glﬁgl?end 2%

expander SBR put ™ Sepsgpieg il ig Bumpsd 9 ia ofl jogndine 33 hack by the grpandqrdlg The

pul 18y, eE@gersy i bW Hiltkld@ of biKPasses VR i OWD theXonden9& A2 ideRin 7S cooieq t& rom
whi ch power. i s selectlvely supplied to the grid 30 or used |ocally,

desi r ed. 2piertpmd condensrdrio gL essariiallyiOrsig exdting the eendeysex vip ding 44 a“bm ng

energy VichdehsePmhyibe BRI iy b QtaBRHealQifS g&hadeq \Ja%mﬁal%wéa SRR WWERL el y
medi an bet ween the inlet tergi)erature and anbi ent arti al co ed gas

is di sch#t gwew@m th‘h@(’ﬂgﬂnsﬁ 2otiz owlgh linadd m@mletflmeﬁv @M@mﬁ% Blfe oapledéh t he
, t 20.
Tho 1. rigad wobGnPHRRgGa Bl Ine (BRfbotcr N8 PR paste M ERBEASHe)

cond@nsetd WB!OMT@I‘V@#? ms itite teseroumiuent afcthe igbi mnstsuxannlmmoiﬁ}amq)ressumek jagdii d at
gzzfgé" %d“ﬁ’ﬁghés) ﬁélﬁ% g‘%ﬂéé crsl](ﬁ% &%nrg%n Er%nt 1‘6'31531 inlet él%e 8§1th§-geaet e())(gl*ll g rglglg r@ Ey be
t ower decddnnected to t he condenser 42 via outlet line 45, and inlet |ine
_ 417 and punp 4/3? bygagg lg(% ij% connected between the refrigerant loop -eufdetsside of the heat
’ exchanger and the outlet side of the oil separator to assist in startsup,supset condition
25  amelioration and emergency control. Emergency shut-down solenoidswalves 54 A, 54 B,
modulator valve 56 and check valve 57 assist in operation. The valves;-appsopriately located
sensors (shown as a short line with the letter “S” at the end) in the lines,.the.heat exchanger, the
expander, the oil separator, the condenser, the cooling tower and the receiversare.connected to a
controller 58. The letters S, F, L and R represent, respectively, pressure:and temperature Sensor
30 inputs, Flow Meter inputs, Liquid Level sensor inputs, shaft Rotational-speed sensor inputs, and
the like other appropriate controlier inputs. The controller 58 contains appropriate circuitry and
control algorithms for outputs to the system, such as to the Valves, V, the Pumps, P, the Bypass
modulating and control valves, B, and the like. The generator unit 28 includes conventional
specd control and antomatic gateway controller system (not shown) fo match the load
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liquid working fluid/refrigerant exiting the condenser 4 aligasthose 44
passes to a receiver vessel 20 48 which serves as the reservoir/sunp of the
hi gh pressure punp 50 which pressurizes and punps the liquid refrigerant
back to the refrigerant |l oop inlet side of the.beat exchanger 14 via 1line
16. ) A bypeae/738p 52 is connected between the refrigerper/usoaogsovut | et
side of the,heat ?xchan er and the outlet side of the oil separator to
assi st i ABHIERRID Of theSeteEBh APV FTo#nd, Jehetlive fhab ekt iih fpcal desionst geiids #emt r ol .
Ener gencyapphiptiate @uetk Salves) Qhdlulbdhy eﬁvé‘lanﬁ“’saflé@ BivelRRUATIOed ba bie Fé@tmd

check valve 57 assist in operation. The val ves; apppropriately [ocated
sensors @GR theciguidort line with the letter "S" at the end) in the

lines; the heghe RXCRRAAIRAudet A1 %mgggegggtﬁﬁggrm 'TO pahéh of thetspﬁe[ﬁqnaienser,

the cooling tower and the recelver ( te control Fer 58. The
| ett €r s Soemponents fhel, Fpawsder, gsratttor, puvpe oil ifited, yondonsss digatexchmdgar endercdingr e
Sensor 30Q, & doPihSeatidds AW Y nsSof:.J . t
Rot at i ongcf‘)"ég)gglg s‘éﬁlr?(s)\gf’éyﬁloglﬁtdg : an§Htl%éﬁaﬁ%esgoﬁ%aﬁﬁg%pgugtlﬁ [ g%d gmégts)r%ﬁr ol l er
i nput s. Tépertmgnproodshing, B8 Wding.aiThs sygpn ofrthainyentionoesint reylidkad by damit b

to the Val ve Punps,

algorith o) to e Syst. h. as V, the
B She BYNIR ol B Bl RUPHEDD 5l Bborot o Rl for 4 flfoe
- gener at owhu Maﬁfis IZ& unit; bnetifes anchividghrﬁf iﬂtﬁ@ktem&paedorcﬁﬂttlhebca\aﬂcgbrm;tﬁ:mﬂaﬁd 2006
- gate control ler..system shown) to match the | oad,. ugus

%0 Gy 750k P R PRt e Y RS e o s B BORA B,
whet her tria@initgrecelve, archive adearch €800 ddtridke sydtéle opdr@ebn, sudBRIt@PEthtaE Srdieeek

val ves, n‘jﬁdul ating val ves and safety valves are enpl oyed as best practices
dictate fA®the circuits. The invention includes a full conputer system for

t he managenentheQfrodeli@s Sudek9imzandsiteopeANBR teMiin{cBtidhs, LAKDANIQ br AGAA! at or ,
punps, oil filter, condenser, heat exchanger and coolin tower) status and

oper at | ofiPleTsRiAdn ManieemERt anthaEbice B bt TRnentads it SOIware casi FRIMRN-

repofst | NeweckbE Gitbidtdns AE ubbd kkddbtion' Pafor She Tp@htiddd Gl MRALH A 6RBaPE

| i nked bg land Iine, wreless or satellite to a renpte host site to

faci | i t afigreypddescaned baaping Samai(s)fod thednvantvosysiem mpybe sppleentddeas @r¢ 61 and

- for archjvj h : ' I ' d 10
ol et o o RyBligle Euih B OREREH LARRER, s BN o TGS AP 4 2t on

t ool s t ogaperally anfermatipnad Weh pages.candito geneaate nd egrve dymanhic fWeb papds slewingve

SysLem OB S SNSRI 01 AR TOIPL B8 Rl SPBREBS
i pl28me npreductiem aigistiwtibution dnaaagenienedeseribgd bereinnithe dpmingid weh psges tuectpitorads
ggg}?;t f(r)t_ﬁ s}%‘ﬁ]"ﬁﬁ gﬁs;%elﬁseﬁqﬁ%;#e%b%%‘%? E)Q ﬁ]te fHHg ?esgér%g cE ndividia lfeccl)lgegt]s tfr%r%
customers via their Internet linked access devices (desktop and laptop computers, network

' } computers, etc.). _
The computer(s) of the invention can be configured in a system architecture, for
25  example, as one or more PLC controllers, client computers, server computer(s), database (both
relational and hierarchical) computer(s), storage computer(s), routers, interfaces, and peripheral
mput and output devices, that together implement the system and the reporting and management
network. A computer used in the inventive system typically includes at least one processor and
memory coupled to a bus. The bus may be any one or more of any suitable bus structures,
30  including a memory bus or memory controller, peripheral bus, and a processor or local bus
using any of a variety of bus architectures and protocols. The memory typically includes
volatile memory (e.g., RAM) and fixed and/or removable non-volatile memory. The non-
volatile memory can include, but is not limited to, ROM, Flash cards, hard disk drives including
 drives in RAID arrays, floppy discs, mini-drives, Zip drives, Memory sticks, PCMCIA cards,
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figures and described herein. Server(s) of the inventivesagt&reny be

I npl emented as one or nore conputers, configured with server software to
host a site on the Internet, to serve static, generally informational Wb
pages, and to generate and serve -dynam ¢ Wb pages showi ng selected

per f or mancéV@P3/EE3fé us of the system and may be easily taPCODSME/05399
facilitate the po:(/%eer 20 production and distribution managenent descri bed

herein. T#&s@Ph VeRetch ayeR-ROM driyes, SYQRM driyes, deiVoGIoR@M ¢rives. siterRVRAnd may

be gener akiosh, BAghetLofticl diives SR MSIfke! Th Fediots daHhory %gk@ﬁsomé FR BrorfgdJrONer S
via their Internet |inked access devices (desktop and | aptop conputers,

net wor k ikfpmpstieraad ipages) inciydingcenmnutcerqadable fingyetiang,y 434t sBrrtees) Fyegram
fi ' iLeg - ; PLC
conf i gur eghairs, %pé‘)ft%ﬁ%t@ﬁl@,mtptsn’%ﬁﬁéﬁlgontﬁlﬂsr and%%e?????ée b F?ﬁeaégg]‘f)tu%%(s)mr e

controllers, client conputers, server conputer t'h
rel atd onal an8 netwpdy eMeréase) iscenupled ep(Bip, bust tr pgwideoap uinterfiss) to tteudates,
i nterfacegmmin ri i t Vi ,

i npl emrent’ the gaﬂ}@'?en% aﬁ%ﬁf%’ repdF@%gﬂghﬁﬁggﬂ%ﬁé%@%tﬁﬁﬁgmﬁﬁgR coélrsrput er
used i n sive compeas reuterys tcestorngrp caagutivg | devicas] eBeant sobrastupplives pndcpseor and

. 1h : f itable b
St et ur Saonis. A sl a8 ity TEheel S REnI QbR soBpoF BL AR MERR) b,

and a pr poesls comownicaial with sndividiahgeriphgtalodevives,antie bykaybodidss kewpads, ta@ch ur es
and otgcpls. The neno ically includes volatjle nenor e.g., RAM
e R R S R RS RN T G Y T i
can i ncl wdders, mtiting Sabdat, damietat,aodemhs, BEMrk thids RIC dvdSoptidahitl W SdnsEbivelseS

i ncl udi n%} Erf.ﬁ/es in RAID arrays, floppy discs, mni-drives, Zip drives,

Mermory sEICREIEPOMD A cards, 1 10 25 August 2006 WD 03/ 072384

PCT/ HS03/ 05899 virapest pr@%ainqaddu_:éa e stredindBe fBNRYMnebMe ©S, WekMsphdny €S,
RW CDROM drives, etc., DVD drives, magneto-optical drives, and the |ike.
The var i B8 aRENTFy™ QRSERING PEREraes, rRRlication, piggrams. andrgther aegran madyles gades,

i nclgdi Ngatg OMPY tRfwdRRNSRAB L ER,! tht GrdgPRE mddRfed nidy’ %g&ik't'ﬁﬁ&ed BMORE &dleral

~nodul es, operating systens, operating algorithnms “and other data used by the
conput er §Eputing devines weunted fotthe peiwerki andasedrereeted. t Waeha pragmnpisoxeeiéedan

interfacget,p Mo r-1] %mm}; | d ;l\é\% l"ﬁl}li - - et)
for exch_a?nlbe g%?fﬁat aeasét ng wg&g&a{rﬂ ?)glﬁéslg [ tégn((:orrp ta\e[l\@sly?nt?lgg{ngtrhsc!u%sﬁfé?oner
conput i nign ntiegs , the) eepterational c sompaypfidnel; sarchivhlpsoring, ccerstromer classifieatiopy st em
al so inc | Jnterface coupled to the bus to

ot ovi de_ e e GBR) pileRRE LN Al RRGHAR R BtErS8 doRuhineld

keyl20ar ds, kdhpadsoméeroodnativd hixly, userud ethdestich @ata dre stoleb @l b, or an ey s,

AR O S P TN TR RS
the |i ketype of database as well) in which data records are organized in tables. ~Such records may be
} selectively associated with one another pursuant to predetermined and selectable relationships,
so that, for example, data records in one table are correlated to corresponding records for the
25 poWer customers and/or heat source suppliers in another table, and the correlation or individual
 datum is callable for rendering on screen, printout or other activity pursuant to the inventive

method aspects of the power generation system described herein.

Figs, 2 and 3 are isometric views of a skid-mounted core subsystem 60 of the inventive
system 10, as outlined with dash-dot lines in Fig. 1. Fig. 2 is seen frdm the fluid inlet/outlet
30  side, including a controller, sensors, piping, valves, pumps, expander, generator, oil separator,
condenser, bypass and receiver, with flanges for connection of the refrigerant pressurized inlet
to the heat exchanger and outlet to the expander, and flanges for connection to a heat sink for
the condenser, while Fig. 3 is a rotated isometric view of the skid-mounted core unit of Fig. 2 as

seen from the generator side.
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A variety of program nodul es can be stored in the nmenorys Augedt ugieng OGS,
server system prograns, system operating prograns, application prograns,
and ot her program nodul es and 15 data. In a networked environnent, the
program nodul es nmay be distributed anong several conputing devices coupl ed
to the net W87 used as needed. WWen a programis exBCTU$d/05899 he
programis at_Jeast partially |loaded into the conputer nenory, and contains
instructions fbgnuphesngakiie PAPINTRts SRRV @ﬁ%?,aﬂggﬁﬁ)ﬁﬁém%?ﬁalp,m&rlc Hibgal |
sorting, sEare@antiidts aCekedP girder FakeQ2 on WRICHE bRfed 16RAENEH aldf dpptdpRaeand
communi cation functions and processes described herei'n. 20 The custoner,
oper at i offaMing & Hr mouniing frgomperantss fdhough the beab exchangst14 is nehiwesnt anghie set s
of data | f | AL :

Chi er ar chaoy oo b b g e B8 (NP e & B L o B 812
recofds 8aparasy dirhiseedtie.i4). or atvuesd osaehd pighbolodatiomalthp avasts bba seureee| y
associated w - I t er m t

rel ati onshi ps’,hl;h ‘g%ﬁltnggltﬂ Fdﬂfo&&g{ggbn%[les?&g% %gr?(&sdlrl g rb?élln%ﬁl(e{h€§}t§%gl Igé)ﬂeps’

corr el at 32 40p44.d6y ndpobgssdospeibardkinftir lubtienP&il wopBB. T sdditiver Kig.ahshows heat

source s | | ot her table, and the corr ion or individual datum

is call agllgg)lu#pgg §t;ﬁé:ﬁ g{éln g‘“‘ r?tss%(:) }n(getﬂ,qhep?olo %E’f"’e’iﬁé' g'fl}?erfn%?ﬁ! Vﬁi Vatﬁrﬁ%ant to

> ':1 he i nvethticoalingmetvlroth iasrimdhtes47<ﬁndtﬂiﬁ1pp4ﬁ/\ﬁrth?&nﬂé?‘eﬂ 4m T&y&bgmgcte@err%ged

= herepn. Figs. 2 3.8 i sopretri¢c.views of a skid-pouynt core subsystem
50 aP" e Bl RSt L B Pk 48 i PR il Rt By RRLSIGERE Y T
Fig. 2| : shosp by fwaynoft Bamiple) ihdvihlgﬂtBﬁn' Miothled witBQpﬁiogﬁate'4$Miﬁms N@r the inlet

controll er,.sepsqrs, ping, Vvalves unps, expander, generataqr, Qi

separ at o¥o ﬂ'é’ﬁé'é’f“? R@fb%g‘g’ﬂﬁﬂ%i ﬂr“éi:%‘?p’@éﬁlsf“fevﬁok“%‘)f l‘%ﬁﬁg’%”*"of'&:cﬁm@@té’%n of

the ref ricgan@ihtePipasine FEhd Kot Qta_terbetpbhﬁmbaﬁtseérggéﬁgﬁﬁmaﬁ&i@b&éﬁﬁe& o the

expander, and flanges for connection to a heat sink for the condenser,

whi | e Fign held the heal grchangar |4 wikihe reolipizdoyaror sibough eithaeenth sy berouiiad t of
Figys2 ag geﬁﬁ@i&nﬁﬂa@%ﬂ-ﬂ& GEERUAIRY urtibdRod kbt fre diltgisbn 2RAR colbhitats Q42384
PCT/ US03/ 05899 The nunbering of the conponents shown in Figs. 2 and 3 is

t he samPeaid gny rpmger of corfiguratiopp gnds skifly of theeantive system| cagibefloor moumfed 892 on
which i o 0t at priate framng 66 for nounting
‘the cOn?o%ﬁ%A{%%%%@@@%@g?@%g% %ﬁgz(é)r 14 is not present on this

skid, it can Hig disamisenietdn vieeofansaceplaydicararchanggheaneh osif4 indFighle ot A  of
the skid H4r: OS¢, O r ' e E.g. .4 Ol DU . pad at
t he | ocat ?%)%“2#1%%gal\%a%l?%gﬁggfqégﬁ?@ggseﬁgO&Er'%r %é%glﬁui%‘g‘gqlgév?gffé&: tonis
sho@f bymanifoblsdor disttieingithei g fluid (ghes sy Equidh fromo the HBat.soBRe- 12 Qpot ddowr) @y i n

Shows. " CRCTRRRE AR o b AaDcl it el tegienmiy et Pl omar 4

The ret dhid of the ba swvateor i§ dowped (08 the MeindGideVfTig, 46tht Snidtidihed atEménifoddnd punp

49 to the .condenser, 42. The coqling tower_46 is ) )
) p‘in'pmg qg ﬂJQm the h%gh pressure ﬁqmggworﬁmg fluid feed pump 50 issshown entering the

bottom of the plate heat exchanger units 15a-15d, and outlet gaseous working:fluid lines 18 exit

25  at the top. Note that the respective fluid flow lines are arranged to be thermally counter-flow.
The heat exchanger assembly is mounted on skit 68 which may be a separate:skid, or an integral
part of the main skid 62, as best shown in Fig. 2. _

Fig. 5 is an illustration of a suitable conventional cooling tower 46;:in.this example, an
air ¢cooled tower containing an interal fan (not shown) with air inlet 70 at-the bottom, and the

30  hot air 72 exhausting out the top cone 74. Flanges are shown at the bottom. for inlet 45 of water
from the condenser 42 (Figs. 1 — 4 and 6) and the cooled return water outlet at 47. Viewing port |
76 permits inspection during operation. The pump 49 is on skid 62 (Fig. 2).

Fig. 6 is a block diagram of a second alternative configuration of‘the inventive system
employing staged, serial heat exchangers that increases the efficiency of power production. Note
12




10 seen in Fig..5. Note that the condenser 42 is shown ag gugibéds nodul e
pl at e heat exchanger, as shown, by way of exanple, having Pour nodul es
with appropriate 'manifolds for the inlet working fluid |ines 40, the

wor ki ng fluid condensate (outlet) lines 44 (see Fig. 3), and the cooling
wat er inquQ?W@SM and hot water out put i nes 45 (see PCTHUS@BYPS89%I i | ar
skid ass I es n hol d the . heat ger 14 and the .coqling tower 46,
21t hougrii® baay o6 Efe fto skPaaneiic Eurivset §¢ pepmeninte phnuich e tPshrBr shoul o
be under sdapdubhiction: Mpcﬂt&hf 343t 38nin EFlig. t1) @reCelipRIfRIN ot € i FighPthe Rowiiat- nuber
of confi ura{tlons and ski or tﬂﬁ entire systemcan be flogﬁr erunted as a

per manent®iA the; wastesheat fluid; Han’t“ 185! Dchpat xhanger 19 A % fxdts dpp

i sonmetriga Fgél ﬁ\a&l@fen@& s eRdhander Beat 2examngeno @uehtsasmgélzlaﬂd Rh@rs Heat OF 14A
- 14C in and may_al so be the condenser 42 OOF} ,H?e 1 and 6. Inlet
ot 1€

pi pes11 qxp,l@,qnggegtagezé Hﬁrﬁ::f ¥ HY TFyand exity Stagei hat 150 GNYersgy Hsedn or

li qui d) tg&ﬁﬁéthﬁ%frt%pw&ﬁg:h%td(tﬁ%e$@Wmt89 °Fhe1 7508 ?@amej Rl 2 S 15a,
15b, 15c 5d. The outl et “pi g)e 13 returns the coole at” source fluid
to the e myumue tonpiraturs ardda> pipmekauRIEsYress devagting-fluid (ges) feeinpriet

| anes a iping 16 fromthe high pressure liquid working fluid

f eed puggw%xi’%cﬁgzv% entering the bottomof the plate heat exchanger
units | 5a- 15Refeanriiz:oawl tot Fw@masarxﬂoﬂktw fréletied| figurasssho®, asdpectivelyatthe he .
top, s s, ar : ermal |y
coufer - Fattn bhE SIRSBARMIEE 1 ' i osh i B, BT RE S
maybe a syg@mcaitml,dkéladingsofeward aﬂégndza/lare qompbnemts, ariidogie ami ggratifleGR paths best

shown in Fig .. Fi Q. i.s an ill rat of sui t.abl e cg ntion

ol gt gt s xlnofy e Hpadr iR Sbrths SRl oo BTVERE R,

i Nt er nalcofnpresdon BdveSedivperatelds af expahddrcind TiE labe dihdrchivirdctudes @netal ffiers 330 hot
air 72 exhausti n(g Byt t he topﬂﬁgjne 74. F% S ar gﬁl\é\c/{t at .the .bottom for
inlet 4%0%A SenepLeaR A A Sapardier 8@6 "i°f ipg BT BCEEE ool ed
retgsn \mbvﬁgltr;emtdf&he déndérser Mag\ﬁadgelg in@iéht gZ@gzel)Oﬁr Tht SontibHPESS lslcmPIiD luhilg f
oper ati on e D on ski gram o
o eoondoaPRa AP Ly AF Geipa e aof v shpin tieli 1 bbehe? e MA GG
staged, 1mey teplestitdhe OxidbaNGRES Hinbato th@%ﬁéﬁ%n%hﬁen%f ds suo@ﬂ%d)me%w
producti on. te 12 25 AU%;JS'[ 2006 WO 03/ 072384 PCT/ US03/ 05899 al so t hat

an oi | - feads ogd helinesdganifyr Whethepppuisyeputaer hobdpaad dontideslinhd and thee oi |
separ at Qésgec'ﬁ'og dolHfpohtfed. | Bakdd?ﬁbn' ﬁﬁpda(shécﬁfi’ﬁes'”%re %ele&‘&o' taex'fd th&)coﬂ{r&

elimnate te in Fig. counter- flow of the wast luird, is

inlef |rfur$t19!yiéltﬂaltl€b35t$@dt, a&@dmdmg@ppablb tAtlwtaerect@E amélagt@fﬁ*‘:gaﬂt St age | and

ent er s- - heat ﬂ‘gﬁ @‘ ] K nters
heat 5 exchangeg agep@lte m% g‘ﬁﬁo%gd—'g%gﬁ% éxﬁ%gg?r%gggn&t@%ggga? The
converseonwestmnatﬁmet\(alwparwugﬂs,es“mthdsmmpa,rfam and fittersgref dsuydltbwsn [ ine 16 is from
80 IF at 125 psig (liquid) is to 220 OF

SYMBOLS: SHUT OFF VALVE

25. Q PRESSURE GAUGE SOLENGID VALVE

NORMALLY CLOSED
®  TEMPERATURE GAUGE

) o (cg ¥z ¥

PUMPS
<> FILTER
FAN
a PRESSURE RELIEF
30 o ¥V CHECK VALVE MOTOR

MO SQLENOID VALVE
NORMALLY OPEN

With reference to both Figures 7 and 8, the PLC program 80 includes an algorithm that-
controls the output power of the system. It uses floating-point binary representations of the
13




as the maxi num tenperature and 125 psi g ‘maxi num pressur exsgugastwodeki ng fluid
(gas) for input into the expander 20. Referring. nowto Figures 7 and 8,
these related figures show, respectively, the 10 integration of a PLC
controller in the inventive system and the overall architecture of the
syst em contW@P307238¢| udi ng soft ware and hardware conponenP€l/USMEs49®gi ¢ and
signal flow paths. In this exanple, the systemenploys a |ubricated
expander Pressuge andtemperature signalsyy Thesg signals yrg samplod anddhe 2lgorithya ispompyted on a
expander peadi hils. U esdlédied® ivhrabd ﬁleﬂtmﬁé@&%}res@r&fea'baédd'Jnethé systom Fefird
reservoir 35 downstream of the separator 34. The working fluid circuit

recei ver 15gts] agelunthe raxgandgr ovtput werkdesauised trayirive dleushistem gengratorgandgthes1.
The contr ] | bSi : J.put s
and ot perer ey foferblsiof i byjent BEhatega Inirbeyile uf 1n MAIGEAORY 2
vari dus dohfollsiws] iwnetartt with hemisys toeiderddyrpenteim blockss ast them theagodtrohleggrandw

heads o n. .t 1i i | et her i t.s ut s or both to and from
the PLC 1gggglr?3' ‘?’ﬁi’e f@@%gyFh\\{?wehmgg%s@rﬂ{ebﬁrssk.ey?(ﬁoS}Eeélfgture(g'n t he dashed |ines
are | abel ed te iTthentdfay Ekpde dnut Tempattufelniyt), 8aahkdsired aNth’aén Figch (thar e |
clearly mappable to thﬁ' ar Eﬁi‘?te%%3 re and{ gic of Fi % 8. ‘{he Fig. 7
conponent nunbe®PhEHey W&ég s the Svanogator; 14)is qubtrigted Foma Selealedddimandss,r ¢ he
conventional | i meuy TevPdatu@pRE) GSorns MelefBLSenadpbIyPS, fans and filters are as
fol l ows: SYMBOLS: p>Q SHUT OFF VALVE 25 T PRESSURE GAUGE NC VALVE y
SOLENO D NORMAL [Tre @t Bxpangpy Input Tieppeime i (i 8dHs subtmerd from thpesT FAN

(CPEN W 1o or SREBC P ORRH Ry A Eri 88 pR BB IE ke i o W o o

al gorithmt hat upsiream@i thetchedenser ptto fomeshe AttualiEemppmtueaDiffetenos Aeross the

fl oating-point bingry r ntations of the 13 25 August 2006 WO
03/ 072384 PCTI Ug8§%§868%f§’sure and tenperature signals. These signals

are sanpl ed andThéAcalahDemgperuure Diffarspetatos theExpander, Actual AT, is subtracted

15 from the Selected Expander AT, 90, and the error signal ¢, to form the error signal
c2; |

e The error signal ¢2 optionally is applied to digital representations of thermodynamic
equations, lookup tables, or graphs, 92, as needed for compensation, the output of
which is ¢3;

20 e The Actual Expander Input Pressure, P(u), 106, is applied to digital representations
of thermodynamic equations, lookup tables, or graphs, 108, the output of which is
pl. )

o pl is then subtracted from the Selected Expander Pressure, 94, and the error signal
c3 to form the error signal ¢4. ¢4 is applied to an optional PID (proportional integral

25 derivative) signal conditioning and compensation algorithm, 96, to form ¢5.

e c5is applied to an integrator algorithm, 98, to form the signal c6.

e ¢6 is a floating-point, binary number representation of the control signal to the VFD,
100. This control signal to the VFD may be a voI.tage, a current, or a serial bit
stream, In the diagram shown, it is a voltage. The control signal in binary form is

30 applied to a Digital-to-Analog module on the PLC bus. This modules’ output _
voltage signal, ¢, is connected to the input of the VFD 100.

In turn, the VFD 100 drives the motor 102 of pump 50 (see Fig. 7) by modulating the

pump motors’ power input. The pump motors’ speed is modulated by the VFD output, which

14




periodi c basis. The "Sel ected" val ues nentioned are pre-zedgaitedodased on
the systemrequire- nents, nanely the expander output work required to
drive the system generator and the thernodynam c properties of the system
as a whole and the working fluid. In the description 5 that follows, we
start withWRHEEB4t 0 identify certain blocks, and then PEEUSeSS®l | ogic

and signal .flow can be followed by e.function synbols keyed to_the

fi gures. SUPPHEs tKEPEFBP “%%ui’a‘é{?qsﬂ‘ffﬁt Fippitand for g liscugsion sthatin Eig- 8¢ " A"
on Fig. output || 18 from vapor. r .14 I s sub cted
from g Sé’le((a‘%:oﬁl g%e ﬁéncdésfconlvﬁt?gﬁo ‘?é’r‘r‘f)né’r%’te%cﬁg',)’lz@%&et E)Fﬁ?%ﬁﬁeéug?tpﬂ’r Vgignal

cl; 10 Hggg{ : Ratur ' ed
fromt hefﬁ%{lﬁ\gfr&l@gﬁmﬂ ﬂélglﬁ}?& rg er (31)? lj’}rJ em¥§?h&l%géﬂﬁgggﬂ%%&ﬂgﬁlw in

Fig. 7 (the flowwratedor agygiven wasking &uih Blow 14te ie tatrtesiio diic pt®)p speed oy the tramsfoxct ual

Tenperatuyre Difference Across the Expander, Actual AT, The Actual
Tenper at HREtes: 14'( @WeH¥eThe F%aé’é’n’i%bﬂﬁ‘gfhﬁé pvorkipg fluid flew rafesand the preswesat 15

fromthe C , t error signal cl, to f t he
error si Efﬁgt]l R %%?p%ﬂ%gg)s{%?—&g? Sg%aﬁ”g@%"bgf 1|') bl’llgé?| 3}% i gogi%llp’e]c)i’ {Soreg’ﬁeg]i Pal
r epr esenthatramiysamic etpirgionoligrsndted atequaboimplsing thisoRtif CabrbElkgopor gr aphs, 92,
as needed for....co nsation, the output of, .which is. . c3; 20 The Actual
Expander | npuTheﬁgggg?fﬁlé’? %E}F’ﬁ?n E’T(%’fﬁf’% ﬂgbipﬁl?"ééa(i"t ?)“dtsfpﬁ Presfury %tpﬁoé‘étg"rt i ons
of t her mhey&aaparauegy pboints and ®xiel eprekdne,b yahe Gandiersfund R8s Piige TophRMl  of

I s then subtracted fromthe Sel ected Expander Pressure,

which is I

64, Wna T 0Bt Srdiphartspeciivan A Bpweh BE Piseive paruie g s nstea Hrnstipghsined  t o
(@an opti opRkuild BorhplePRAd bfiaéar ioVEE A NRge r&%eg% iRt dsVAL 1SneRA e QR 4k ONI NY
and conpensation algorithm 96, to formc5. c¢5 i's applied to an i1 ntegrator
al gor i t hptfeeasse-lingar iy the copirol ragaa | the precisg gaturs of the Haasfeiduprsions nedi noaby

nunber rgp&esentation of the control signal to the VFD, 100. This control
signal to the VFD nay be a voltage, a current, or a serial bit stream In
t he di agr am sH&viintj A tgmpegature |apd geessuTheandche point Bitgnpdratire & sensyd fusingn i s 30

Vol tage Shplafkol ey & AREAH G D1 sl s U b B BRE N Hhor”™ P
VFD 100 diti¢nieg cirdwimnwot o self-Oshtaifed pranpduSer. (‘Brecouliug of theseygnsvodmnsdiicary ciine
| gﬂtrrgu{rf)tl%rﬁs g%lpa%%%ﬁ' ﬁgr@%géaogglqgaag g%errr?lte%&%d 2 ge?a iesm' raraos%HLIalgite g:reg% ;[egree- VFD
sentation of temperature. In the Figs. 7 and 8 shown, this signal is a voltage. The signals 71,
72, and P are converted to floating-point binary representations using an Analog-to-Digital
20  module on the PLC bus section of PLC CPU 78.
As shown in Fig, 8, the PLC program also performs logic operations 110 for
startup/shutdown s equencing, monitoring, and p rotective processing for t he c omplete sy stem,
using the signals mentioned, along with o ther digital or analog i nputs for control 112 ofthe

various pumps, valves, motors and the generator.

25  Industrial Applicability:

It is evident that the power generation system of the invention can be easily realized by
those skilled in the art using conventional equipment and has wide applicability in industry and
in commercial establishments that have waste heat, particularly low grade heat of temperatures
on the order of as low as 200 ~ 250 °F, and for solar systems or geothermal sources generating a

30 fluid of similar thermal value. Since almost all industrial processes, and many commercial
establishments generate heat for their processes or operations and for space heating, there are
readily available heat sources that the inventive system can serve, particularly in the-skid-

" mounted form factor disclosed herein.
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WO 03/ 072384 PCTI US03/ 05899 supplies the punp notors' powetugaszoe | . What
is inportant for this discussionis that in Fig. 8 the voltage signal, c,
is converted to a punp speed, (U, by the VFD s transfer function, V(c).
The flow rate of the working fluid is represented by u. Mass fl ow can
easily be O¥P@W7aBed from the flowrate for any given weckivsegssui d. Fl ow
rate is related to the punp speed by the transfer 5 function, UM, 104.
The rel ati onsAhpinyentive systenhis npbinkanded folapply t6 pusometiveerchialgs thVGNplebsngm at
p0|ntA| I P ey ge in,
b s 1ol AP DR ERERSH ohd Cushl R0RT i SRl Yoait otlicl P pob ekl
thi s Thi sgst@arihe oﬂverl_tty'epystéfmgmm @Bllba@htcps%rb%ma frome nwxbmkloffggaﬁdsmodlef | ow

rate and enper 0| nts A.,and B
are repr éte}%t @éﬁ%glg% S%ICQ p Ié‘? éfrﬁn(I{:%fq'lc('%érlléaf‘fi Orfﬁlé’th sfﬁm?%(sﬁﬁh 106,
84 ard 86h1prsEmpdooﬂerv,enlrrymeébdlingm@:lpsbhmcﬁnaemaa@rWhatemea of these transfer
functi ons can-pe. U|te C | ex and. non-|inear _over range, as |ong
as the transf ZE Wuﬂ’é‘?’? ﬁﬁggg%%eﬁ?%@éﬁcgg’ iz the Waﬁeﬁ%%@g}ﬂ 8*"5’?@@? t he
|tor eci set mgiewfeg{géndrilﬁntaﬂﬁ-!ﬁﬁfigf e)fallﬂip]é lmnﬁgggedow%}a{deeeatmnm\e filiteoBRi J1t A15
enperature an ure n n enperature are sensed using
t enper at ﬁ?ai’ &A% [gre agW?fdg*}"& Tﬁ{“é’o ling waer{gmpa Busle pewenpla; p e

t her mocoupl esByiviad of Jiﬁiﬂtratiiintdf(?tﬁé HﬁuﬁhﬁlodbeﬁJaMnh £PSF e %ﬁleﬁﬁ%éhan%@ actual
transducer. The_ output of these sensors/transducers can bé a voltage or
cur rdnt  prampls of Baaperationiof a skidmeunted sve@m@f Bigti? & o ronrpcgled pnshopintin Eigr bam
repre- senfatdieRs ¥in tlc?cﬂﬁ’cﬁ{s%fé[' & P{IQ h@mf):érﬂﬁres fn alagfoi3 aﬁh@}’\/ﬁ]{ bricdled sglgnal 1's
a voltage. The signals Ti, 2, are converte fT oatl ng-poi n

bi nary r epRedss poueics by Rigp rsgnaf:ramam@ge wotapilai utility ipductivetwioandyn8% pravePLC bus
section P o or ns

| ogi c opg‘lfrctz(a)'ItP|ng?1és;g%&Jr é%{ @t@g}rﬂ{t’lﬁﬁ?ég Fﬂd%\%fs] :I'sogagn@éégh%g’ Q?r(gmﬁaiodrs?%%%

prot ect i ¥&5pizokessi ng for the conplete system using the signals

nentjisoned, a |ong S‘%}cgvvpatt%%m ![@ t(atl Oj‘ anal ozé uts for control 1 12 of
[

the “various punp the ge 25 Industrial
Applicability: | t%gzchWa AL @%‘H’% §stem of the

i nvention can be R e sk i_n the art u5| ng
conventional equi % ?}’ i I%O i’R |§§cﬁ§’§t@y1 dnitE in
at20 PR/t SAREi8 v | ow grade heat
f%i; EI"?J'\'/(f"i 200 - 250 |F, and for solar

co rci al establ

gg ‘E
of tenperatures &‘? b??f
systens or geot he r’r}a i ng a 30 p?tﬁ d QPsigi ni | ar t her mal

val ue. Since al no cesses 13yd3 RRY commerci al

est abl i shnents ge P”&F‘@nﬂé’éf‘i?ﬁ‘r‘“’tf Gbroces$ésFor operations and for
spa&g heati ng, thgP%’eracFeé‘eraPegéﬂl3pyFlévH| I abl e héat KWhrat 83 peigfat 18B12) i nventi ve
system can serve, PpuFiGeagiater (3 30nFign ski d- nddadelHias PRpsiacatds, 2 scl osed

)h_er ei N. The power generated is actual test data, and reflects losses of KW through typical factors (e.g.,

| loss of refrigerant through seals, contamination, and the like). Clearly, output of around 25

KWH of 480 V/30 Amp power from 200 - 220 °F waste heat, a typical industrial or retail

operation waste heat or power plant waste heat value, is significant, particularly considering the

30  number of such sources. 25 KWH will power some 8 — 10 homes or substantial retail or
industrial operations.

It should be understood that various modifications within the scope of this invention can
be made by one of ordinary skill in the art without departing from the spirit thereof. We
therefore wish this invention to be defined by the scope of the appended claims as broadly as the

35 . prior art will permit, and in view of the specification if need be, including equivalents thereof

that are or will be well recognized in this art.
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15 25 August 2006 WO 03/072384 PCTI US03/ 05899 The i nvents mguswstem i s not
intended to apply to autonotive vehicles. However, being in nodular unit
~construction and easily retrofit into existing retail, industrial or power
generation system the inventive systemcan be easily adapted for waste
heat from turbine off gases, sone power plant flue gas sources, nuclear
reactor cool ant | oops, or ship-based heat sources, such as 5 ship steam
boil ers, turbine cooling |oops or nuclear reactor waste heat. The inventive
system ggpRppeasily sized to utilize the waste heat from power plants, as
a type of co-generation add-on, for exa utilizing the | ow grade heat
fromthe flud. gas&ystem fotgfabratlglagf@%tlw r}}i?omwstpb@EIanqudmsgurcgﬁ, t he heated
cool ing wer plant. By way of illustration of the
|ndustr|\§@b§%ﬁl§| c e??tﬁé%!)%?&fiﬁ(g ‘inventive system an actual 10 exanple of
t he operation) m’cloae(‘slloopi-r@lgﬁfaﬂﬁv&kﬁxtg&lﬁudaélrdﬁltgﬁn@nsm@ connected as shown in
Fig. 1 is as follows aII lLocations refer, t eratures in OF,

for an oi | I|ubrict &ty heghasehangsr pioviding he %P@Z:fr gg""‘ﬁf@ &%t o drive

a standard utility igdofGhbinée 1ovebmer saﬁﬁw@ﬁéi\ﬁ‘g’ ﬂufdaﬁélﬁra 1@ﬁﬂ'@§'p&@§@{zeao provide
power out of generator 28, 30 anp, 3 phase, 480 V t 5 Hz ):

15 Source Water Temgelriagrant iga hoatg gmsﬁaer@éun@pmam, Return (at 12b) 201

F.@26 psig Evap Qﬁ@gt ,_ff,g]@ (Heat
Exchanger) (at 13?5% éx'g d %gn&ﬁ{@%li# squés)su%]eﬁ“ geérée{m?%(ogﬁgg'

Expander (at 18, 22)ihi#d& Erodiab pov&x? tqos.m Qutalt dﬁeﬂ,réagiawarknng@md“pmmrer
Separator (at 40) U stre mg dat OrBIFSS\*/‘\g Refri erant flow
in WE Loop 16 12 -1 Y riF F aﬂfgeﬂpéﬁ GutOoBrrsRER %Cﬁe%f B Power
Generated (at 30, Fi essdl) thdRiskoMengdd t%%uﬁihge&e@ée h8said gikcuittSo fawedid Cener at ed
(at 30, Fig. 1) 27. 5 KWH at 92, psig. (at 18, 22) The power generat ed is

actual test data, aﬁﬂﬁ%ﬁ%@@ﬁ@%%@s%ﬁsmwtﬁ\ﬁgﬂhaﬂy‘ﬁm@a OpRiBgdRs (e.g.

e ot b L R, SO AR a0 KO Lo,

a typical industri alandramldtlatalgesarpenampmssomste heat or power plant waste

neat vl eI b L BB Bl e BTRE o "

i.ndustrial operati OIBectrlmty, said generator is selected from an induction-type generator

‘ and a synchronous-type generator;
iv) a condenser for reducing said lowered pressure refrigerant working
fluid gas temperature thereby converting the working fluid gas to a
liquid at the condensation temperature or below of said working fluid;
v) a pump for pressurizing and circulating said refrigerant working fluid
in said circuit, said pump is driven by a variable frequency drive; and
vi) conduits interconnecting said heat exchanger, said expander, said
- condenser and said pump in a closed loop refrigerant circuit, said
working fluid is selected from R123, 245FA, R134A, R22 organic
refrigerants, and said circuit includes an emergency refrigerant
working fluid gas bypass around said expander; and
b) a controller for monitoring said generator and selected temperatures and
pressures of the refrigerant working fluid in pressurized liquid or.gas form in said circuit,
and for providing control signals to control said pump variable frequency drive, screw

compressor and generator.
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It should be understood that "various nodifications w thizs Alestzoepe of this
i nvention can be nmade by one of ordinary skill in the art wthout
departing fromthe spirit thereof. W therefore wish this invention to be
defined by the scope of the appended clains as broadly as the 35 prior art
will permt, and in view of the specification if need be, including
equi val ents thereof that are or will be well recognized in this art. 16 25
August 2006 We claim 1. Systemfor generation of electricity fromwaste
heat and sol ar sources, conprising in operative conbination: a) a closed
l'oop, refrigerant working fluid circuit conprising: i% at | east one heat
exchanger pr dvi dystam hedn clemed gyhdreinspid sgeest eorthprassopincludes oil lelwieatsd t o
convert . rKi fLyi r i quid pre ' refri to a

heat ed g%gﬁ'?%}/@iﬂgée%g%f) kgn e%créég]ggg #eg%ér’i?@ aa%&%((%é’ngger °ar %ﬂvagaﬁfo 3“&' (siai d

heat ed, mpeyedsloop indtle et vt gesibhibrivmedkeongpredsbisceevi.0 produce power to an

out put shaft, said working fluid pressure being thereby reduced, and said
expander conprises a screw com pressor that is oriented to run in reverse
in said circu tsyeRnf dah chdhd whetdif ka8 wtin¥Rudd deuk idhiesh inresSoSMkd out put
shaft while dropping in tenperature, and wherein said expander is selected
froma éhﬁPVWﬁUﬂSMdéﬁﬂmﬂﬂhulti-stage screw conpressor; iii) a generator
driven by said screw conpressor output shaft to produce electricity, said
generator is selected froman induction-type generator and a

- synchr onous- tdy (systgmres imtlom 1 wherean xahlaheehariger ismadtistagg sai d | ower ed
pressure refrigerant working fluid gas tenperature thereby converting the
working fluid gas to a |liquid at the condensation tenperature or bel ow of
sai d wor Ki ng 5 | $iisékm ¥9 infcliithP whefeiD kA8 SHEiZ indBhdaNsl rékiverd@lishgas aifd
refrigerant working fluid in said circuit, said punp is driven by a

vari abl éarcogdasento provide a rpgvoiy for saigrrealed Jluidhreligeamm aed p hgadstor aaléeat
exchanggf ks aiai 1der, said condenser and said punp in a closed | oop
refrigerant Circuit, said working fluid is selected fromR123, 245FA,
R134A, R22 organic refrigerants, and said circuit includes an emergency

refrigerant 6\!\£§y§£eglgasfi}1 lf':laﬁjm%a\%hetl2 iR 3h elﬂrs]éjr _isS gcl)oqe(falg(yp 2 Qvg eE‘-;coglgéj heat

-exchanger comprising at least one of a cooling tower and a cooling water sump system.

7. System as in claim 1 wherein said controller includes a PLC having at least
one control loop, temperature and pressure inputs representing measurements of actual
expander input pressure and temperature and expander outlet temperature, generator rpm
and power monitoring, condenser control, output to said variable frequency drive, a
program including pre-selected expander input temperature, pressure and AT, and
outputs for control of pump on/off, bypass valve control, and generator on/off-line

control,

8. System for generation of electricity or direct shaft power from waste heat and
. solar sources, comprising in operative combination:
a) a portable skid, on which are mounted a closed, refrigerant working fluid
circuit comprising:
1) input and output pressurized refrigerant conduits for connection to at

least one heat exchanger providing heat energy from a low grade waste
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b) a controller for nonitoring said generator and sel ect ggladqasmpesat ures and
pressures of the refrigerant working fluid in pressurized |iquid or. gas
formin said circuit, and for providing control signals to control said
punp variable frequency drive, screw conpressor and generator. 17 25
August 2006 2. Systemas in claim1 wherein said screw conpressor includes
oil lubricated bearings in the case of a dry screw conpressor, and a
secondary | ube oil separation and recycle loop in the case of an oi

| ubricated conpressof.,s6f ?‘?Yf“t gbm@l%t(ﬁg{,é?Szjj?é%ﬂig‘%rggglgwﬂg{g:%ﬂd%ngamr ki ng

fluid circuit includes a er ont out expander. 4.

System as in clai m lligundtos Ircatedigds hedet pessianger is nulti-stage. 5. System

as in claiml whergin said,cifcuit inci_lﬂggts a receiver dovvn%tre m of said
[

condenser to providdmaPaRdss dfven by, sa & reRurrS Pl Ju and a

head for said workimgdfd grcdupsipdverGo aSyalpaMRMAR, sdid Godlting Huidirsses sai d
condenser is cooled by a water-cqol ed heat . _exchanger conprising at |east
one of a cooling tovsingarfaersPy osrvesd: vilife paid ypFPABJE T SAOPISES SPSPERT as i n

claim1l wherein sai ddrOls® bRnted ¢ Y89 Fetdrle NAAIA%iRLIt &%kt s@ge control

| oop, tenperature and pressure Inputs representing nmeasurenents of actual
expander input pressiefitgesantl wentipgr Sudy alusing drepaindpressyne |vdtilet paspimgat ur e, |

generator rpm and %@h%ﬂ%@@%&% &g@éﬂsﬁagqs(ﬁ{grpl%%ﬂéﬁ_ol, output to said

~variabl e frequency ramnc re-Sel ect ed expander i nput
tenperature, pressiiy eaidnehtphif, shafidis ostipfadt ®© tolegpRhe df ad ipdugHowrfrof f,

. bypass val ve control, allr}d enerator on/off-]ine c_ontroé.éj& System for
generation of el ect rfYBFFORQS-tERG goeralafdp pr Fleptrisiy Rad e L‘i‘?&%ﬁo"%ﬁd sol ar

sources, conprising thk: SPRfapédnR LaPIRE RAL Iofio & wakpor t abl e skid, on which

are nounted a closed, refrigerant working fluid circuit conprising: i)

i nput ‘and out put et semdent fpefedugiag said lowntedi presstsy refégamst tioking o at
et one heat e IS hea SRECH LETMALLRLBRMEQORST o 10
fluid froma |iqui ceasaoaa Hgaidedt gascandesatigir essparanre or below of said
working fluid;
v) a pump for pressurizing and circulating said refrigerant working fluid in
said circuit, said pump is driven by a variable frequency drive; and
-vi) conduits interconnecting said heat exchanger input and output, said
expander, said condenser and said pump in a closed loop circuit, said
working fluid is selected from R123, 245FA, R134A, R22 organic
refrigerants, and said circuit includes an emergency refrigerant working
fluid gas bypass around said expander; and
b) a controller for monitoring said output shaft and selected temperatures and
pressures of the refrigerant working fluid in liquid or gas form in said circuit and for

providing control signals to control said pump variable frequency drive and thereby the
output of said shaft.

- 9. Method of generation of direct shaft power or electricity from waste heat or
- solar sources, comprising the steps in operative sequence of:
a) providing a waste heat source to a pressurized liquid refrigerant working fluid

to heat said working fluid to a higher temperature, pressurized gas, said working fluid is

19




ii) an expander driven by said heated, pressurized refrigougod 206y Ki ng
fluid to produce power to an output shaft, said working fluid pressure
bei ng thereby reduced, and sai d expander conprises a screw conpressor
oriented to run in reverse in said circuit so that said refrigerant
working fluid, during drop in pressure while passing through said
conpressor, drives said output shaft; iii) said output shaft is coupled to
at | east one of an induction or synchronous-type generator to produce

el ect ri Ghfe¥od m?R 30 SHEF D RIBEA, R PGt rdiidat@n be coupled to a load to

do work; 1v) a condenser for reducing said rowered pressure refrigerant
wor ki ng  f | uibd pyaping smdartigarant inreetledsd refoigerent werdpinghitnid &fopicgrevitisaid wor ki ng

fluid as t.o. i qui (A ondensati on tenperature or bel ow of said
wor Ki ng%flfn ibg%n%\/‘%nvanﬁvgtr?%v%%%ﬁg uset}}‘r’\@ri“ﬁeg and circulating said refrigerant

wor ki ng fl ui @) driving @inckxpasder hiving an duipuinghaliswitli saié heltyd, prowiiiallgas f r equency
drive; and vi) .condyits intercannecti Eg sai d heat , exchanger inrgut and

out put, APl 3@69&5%_ PressuiF §F 6y @8h S XRPISEPPINIHE 3 FFraY CPBEEEf oop
Ci rcui t tha3al drieNed b R6h il Wversk Sn SEHESGIER bR Bid RofrigdaftAvorkdhg 4fhia R22

organic refrigerants, and said circuit includes an energency refrigerant
wor ki ng driveg sail epiputishafhwbiladioppivg dufetpenpanatpressad; b) a control ler for

o 0 18S90 P uSheble BFS MERGFAS bLTRRRIbN SRR o BEGRRY! 3, O

the refriger urdin or gas rorm rrcurt and for
provi di ripctrmity oobh pswenakesoff orith e4itl botpusshiaft; punp vari abl e frequency drive and

thereby the outpyt of sajd.shaft. 9.. Mathod of gegneration of di.rect shaft
pover ot ol oh ricBilenstie S| (B spkipg Tushgas oD iTEREl 1S BHIEFEHAG ¢ he
steps i RepReitaled Yeeiepuence of a) providing a waste heat source to a
pressurized liquid [efri(gera_mt working fluid to heat said working fluid to

a hi gher tenfer scyelng swidsdugaron gvoskiag hud Havwdruadergpressyragto) sgid westes August
2006  sgl.ag %eiﬂ@%@h%?arkﬁé%ﬁ@ci&%%d R22 organic refrigerants,; b)
c

punpi ng said refrigerant 1n-a osed refrigerant working fluid loop circuit
said punp beg} ngordtoriugmamndi tdnt@mllingr thebflewf pegsieesc yndi terupsratodes dofi wdichg an

expander, NAv) M8 PRq R4 Ry S HolEa Yl S %eHerB S et G RN Z8Ner IR
- said expander output shaft, said monitoring and control steps include monitoring said

shaft and selected temperatures and pressures of the working fluid in liquid or gas form in

said circuit and for providing control signals to control said pump variable frequency

drive, said condenser and said generator.

10. Method as in claim 9 wherein said circuit includes an emergency refrigerant
working fluid gas bypass around said expander, and said recycle step comprises pumping
said liquid refrigerant working fluid under pressure through a heat exchanger to obtain

heat from said waste heat sowrce,

11. Method as in claim 9 wherein said monitoring and control steps include
providing a PLC having at least one control loop, temperature and pressure inputs
‘representing measurements of actual expander input pressure and temperature and
expander outlet temperature, generator or expander output shaft rpm and power
monitoring, control of cooling of said expander output gas to a liquid, output to said

variable frequency drive, a program including pre-selected expander input temperature,
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thereby reducing the pressure of said gas, said expander2scugnsti2soe1g a screw
conpressor that is oriented to run in reverse in said circuit so that said
refrigerant working fluid drives said output shaft while dropping in
tenperature and pressure; d) driving at | east one of a synchronous or

i nduction generator to produce electricity or a power take off with said
out put shaft; condensing said refrigerant working fluid gas to a liquid at
its condensation tenperature, or below, recycling said refrigerant working
Fluid | igdstreURACAT,RIE SRBLE biconftbPofMRRd on/ St RbnP QS ¢Blved arld Bh@SIE# Wor Ki ng
fluid circurt; and nonitoring and controlling the flow, pressures and

t enper atgenerstonpr/oftline stedeski ng fluid liquid and gas in said circuit to
~generate electricity or direct power from said expander output shaft, said
nmoni toring and control steps include nonitoring said shaft and sel ected

t enper at ur es 12n¥eatiodse Persratddn dindirasd slafingpwer wir @lectiiclity drondwaste §ast drorm i n
said ci rcrit and for rodei ngs.control si&;nal s.to control said punp

var i abl €3 EftiETc P F\gé_,e%t‘?ff dn_{?ﬁ‘ﬁa‘é‘f?ss@ﬂ Bfg°5ai d gener at or. 10. Method as
in claim9 whgpaividigghdvaie kddt Sour@iCloUsl GquidivdRiME IRML Yo h&k kil &idRing WOr Ki ng
fluid gas bypass around said expander, and said recycle step conprises
punpi ng fhudfan highdaitempesatpiegpressitizedogaki ng f | ui d under pressure through a
heat exchang Q. ' . ' t r t hod as
inclaim9 \Aﬁﬁrdtle’ﬁglr?%ts%lﬁéﬁ %Jr%l?g %?‘f‘%émgﬁ‘g’hggﬁ?f%ﬁh%g&g&?ﬁc@ g‘ii%&g"gr viding a
PLC havithgelay redmslz teepressute of dagbgas,t andesidt expanden ceoppesedl mesireput s
representing neasurenents of .act.yal expander .inpui. pressure.and t.enperature
B o FAIRERSSG (1B Ml FES i TG Pa L Sl VARG BER SUES SHAT T r prm
and powebmprsdricatpuighaftcont rol of cooling of said expander output gas to a
liquid, output to said _variable frequency drive, a_programincluding

pre- sel ect ed cesprdsadng paich orkingrfuidagas e a liquihatsits capdapsatiopdomperdfssur e and
AT, and Qutyts for control of punp on/off, control of valves and control

of generator’on/off-line status. 12. Method of generation of direct shaft
power or el echrmegictipg fsaidnwokstgeiliidaliqud to ssaldawaste leatesqurezonpri dosed t he

t i i.ve. . f i di ng, te h t
Tt RPN R S Vel o Goin: YR 5 oY NeBAREr at ur e,
pr essur iffder@Sdrivie) safdl lidhiid Gvodking ¥Rad Geder jR¥isE tBoughltaPhidat sRafahgopitbh sai d

heat ed, %ressuri zed gas
. obtain heat from said waste heat source; and .

¢) moniforing and controlling the pressures and temperatures of said working
fluid liquid and gas in said circuit to generate electricity or direct power from said
expander output shaft, said monitoring and controlling include monitoring said expander
output shaft and selected temperatures and pressures of the working fluid in liquid or gas
form in said circuit and providing control signals to control said pump, expander and
generator, including providing a PL.C having at least one control loop, temperature and
pressure inputs representing measurements of actual expander input pressure and
temperature and expander outlet temperature, generator or expander output shaft rpm and
power monitoring, control of cooling of said expander output gas to a liquid, output to
said variable frequency drive, a program including pre-selected expander input
temperature, pressure and AT, and outputs for control of pump on/off, control of valves

and control of gencrator on/off-line status,

- 13. System as in claim 1 wherein said expander, generator, condenser, pump and
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t hereby reducing the pressure of said gas, and said expargleigust@o® i ses a
screw conpressor oriented in reverse in said circuit so that said working
fluid gas drives said conpressor output shaft; c¢) condensing said working
fluid gas to a liquid at its condensation tenperature, or below d)
recycling said working fluid liquid to said waste heat source in a closed
working fluid circuit, said recycling conprises punping with a controll able
variable frequency drive said liquid working fluid under pressure through
a heat  g¥ghenaefiuill Lirc Al BsaorhQBeSabthides! £odiedle kUM ce; and e)
nonitoring and controlling the pressures and tenperatures of said working
fluid liquid and gas in said circuit to generate electricity or direct
power from sai,d a p A, [ ' ' a n ' 1ing

i ncl ude nnni?g?ﬁxgégagg%%fggﬁhg%‘ﬁ%%%%J?ﬁghg§¥ngﬁ%q%%@ggtgﬂEggh%%gatures
and pr esxuitaagerds lavhgradowhstabeat.l uid in [iquid or gas formin said circuit
and providing control signals to control said punp, expander and
generator, including providing a PLC having at | east one control |oop,
temper at ure gRASysRIESSHIBaimNPWhéreinQRE REGEHAn BrIRRS HipaMRRd Sidéxpasderal
expander input pressure and tenperature and expander outlet tenperature,
gener at d¢ belpwesbguh Hk Pt andtthe Fefrigeram gag pepssyse Wbt oheid expandey is @Brer ol  of
cool i ng BfuSivdafxpander output gas to a liquid, output to said variable
frequency Jrive, a programincluding pre-sel ected expander i nput
tenperature, pressure and AT, and outputs for control of punp on/off,
control of valves and control of generator on/off-line status. 13. System
as in claim1 wherein said expander, generator, condenser, punp and 19b
e 25 August 2006 refrigerant fluid circuit conduit conponents
are nmounted on a portable skid. 14. Systemas in claim 13 wherein said
wast e heat supplied by said heat exchanger is |ow grade waste heat. 15.
Systemas in claim1 wherein the refrigerant pressure input into said
expander is below about 150 psig, and the refrigerant gas pressure out of
said expander is up to about 5" vacuum 19c :
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