FI ELD OF INVENTION This invention relates to the enhanced, dynam c,
efficient and econom ¢ production of high purity water in large quantity by
utilizing, the sensible heat and | atent heat present in waste flue gas /
exhaust gases being released / dissipated into the atnosphere. Further this
invention relates to the unique process of evaporation, saturation and

evaporatiFfELquﬁﬁ?ﬁWImﬁng brackish / sea water and fossil fuel fired
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BACKGROUND

Conventionally, good quality water from sea / brackish water is being
produced with known process of REVERSE OSMOSIS, MULTI STAGE
FLASH EVAPORATION or with the conventional EVAPORATION &
CONDENSATION method. All these above methods require huge quantity
of energy by way of electricity and / or thermal energy to evaporate /
separate water from brackish / sea water. The FGEPSC (FLARED, GAS
EXHAUST, PNEUMATIC, SATURATION AND CONDENSATION)

process and system envisages the effective utilization of the waste heat and



It is further object of the present invention to conceptualize /denonstrate
a process and a system by which high purity water can be obtained by using
the waste heat in flue gas / exhaust gas / flared hydrocarbon gas! furnace
exhaust gas in conbination with sea /2brackish water. It is still another
obj ect of the present invention to utilize the |atent heat released by the
vat er vapates papsignfpreserthin ftheef@sd fusli figedHositerc flarggas! 4nd sugbine t he
obj ect of the invention to extract / separate water already present in the
flue gasstiawst igaseedbahgre Heelngelibetatedidnto tthe oitnposphere; andotlshi beatpurity
water generated. 3 It is_alsq the object of the invention that durjing the
process awailpbhe intflargdhygrogarhary gasesebeingodispinated dnto theaataosphered

si mul t aneously scrub, cl.ean apd cool the flue gas / exhaust gas / furnace
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obj ecti v%go\&?{ege invention to mtigate corrosion (of heat exchanger tubes -
e

due to t ence of acidic nedia in the flue gas / exhaust gas) by
ensuring dilution of the acidic nedia itself through condensation of |arge

vol ure dPBHEHEET OBHENVENTIONjas / exhaust gas / furnace exhaust gases /

hydrocarbon flared gas before they are dissipated into the atnosphere It is
al so t hertgpiieserye e dbject BY BilkiiAvehBon 36 ikdptolt & BafmmiciResiarrs /

i
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i mmune to the corrosive and erosive nature of sea / brackish water. It is
al so t hepwitfyecwvates af véwy ilowendveralt grodketibhe cbktie Mamtaimngaastiowas!
flared hydrocarbon gas nore anmenabl e for sel ective separation of Carbon
di oxi de eperatingswmst aswell as lensufiagi ot atitinhirGesbment eqhiestesdhison.

The object of the present invention is to provide a method by which high
purity water in large quantity can be obtained using waste heat as the main

source of energy.

It is further object of the present invention to conceptualize /demonstrate a
process and a system by which high purity water can be obtained by using
the waste heat in flue gas / exhaust gas / flared hydrocarbon gas / furnace

exhaust gas in combination with sea / brackish water.

It is still another object of the present invention to utilize the latent heat

released by the water vapors present in the flue gas during phase change.

It is also the object of the invention to extract / separate water already
present in the flue gas thus increasing the overall quantity of production of

high purity water generated.



SUMVARY OF | NVENTI ON The FGEPSC ( FLARED, GAS EXHAUST, PNEUVATI C, SATURATI ON
AND CONDENSATI ON) process and system i ncorporates extraction of water from
sea / brackish water using the sensible and | atent heat present in 4
fossil fuel fired flue gas / exhaust gas, flared hydrocarbon gas and
furnace exhaust. The heat and water vapor present in these gases and which
are nor nittlibyaleo tthaselgect ofi thei mteationnthattdueriag the pheycesand geneating/
normal [y termed as" waste heat,"” shall be utilized as the main source of
energy flighapanty metenhran braskishet sea viiagrtat &nm]ngsjly?sm\ﬁb,eﬁleaNﬂ mal |y
the sea and atpospheric aiy are used as, a heat sink to cool the hot ue
gas |/ exqmﬂgt)ot;ab%ﬁuq rgaﬁréeéhwsgag&j JyEnace expaestogasase/ hydsoearhent "
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fromsea / brackish water before the gases are dissipated into the

at mosphdt és theiobjest ohilse pregeim te eleetivohymand dffictarly vadizzutechelad
particul ate matters and sul phur bearing chem cal conpounds present in the
fl ue gasstill présensin ghe dbued ghsv/ rabaustpaibeingaliberated yrtoter bmofplasred gas
are cleaned, trapped and settled before the gases dissipated into the

at nospheseWastee hebf sot thatt thei everaleefficiency ob ths fledtervAithemmal ppeverhe

sensi bl e heat and . |
plant is greatly improved.

It is also the objective of the invention to mitigate corrosion (of heat
exchanger tubes - due to the presence of acidic ﬁledia in the flue gas /
exhaust gas) by ensuring dilution of the acidic media itself through
condensation of large volume of water from the flue gas / exhaust gas /
furnace exhaust gases / hydrocarbon flared gas before they are dissipated

into the atmosphere

It is also the objective of the invention to use the flue gas / exhaust gas /
flared gas as a container to separate and hold water from sea / brackish
water, since the flue gas / exhaust gas / hydrocarbon flared gas are almost

immune to the corrosive and erosive nature of sea / brackish water.

It is also the objective of the invention to make the flue gas / exhaust gas /
flared hydrocarbon gas more amenable for selective separation of Carbon

dioxide gas present in it thus facilitating Carbon sequestration.
SUMMARY OF INVENTION

The FGEPSC (FLARED, GAS EXHAUST, PNEUMATIC, SATURATION
AND CONDENSATION) process and system incorporates extraction of

water from sea / brackish water using the sensible and latent heat present in



BRI EF DESCRIPTION 5 efficient utilization of the heat and water vapor
present in fossil fired flue gas / turbine exhaust gas! flared hydrocarbon
gases / furnace exhaust which are normally dissipated / liberated into the
at nosphere and are usually terned as 4waste heat,"” for desalination of seal
bracki sh water to generate high purity water in large quantity. In thernal
power plfnsH fiel fredofile fgased ekhatigr gas, efftmedolgdmoanbon yasf afd farmgse
(typicall.y around 800 Metric Tons per Hour - 210 MWcapacity power plant)

i s |iberatlemist. Thesheait eddi wiatert Wepar myegdmdr in théses ghkee vduchaates wat er
(typically, around 12% of the total quantity of flue gas) _and the f]lue gas
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System about ons per ur of high purity water can be generated from
seawat erpefore the gases are dissipated into the atmosphere. '

Further this process is environment friendly as suspended particulate matters
and sulphur bearing chemical compounds present in the flue gas / exhaust
gases / furnace exhaust gases / hydrocarbon flared gas are cleaned, trapped

and settled before the gases dissipated into the atmosphere.

The object of this invention is to effectively utilize the sensible heat and
latent heat present in flue gas / exhaust gases and which are normally
liberated / dissipated into the atmosphere, (like the exhaust gas generated by
a Natural gas fired turbine coupled to a Waste Heat Recovery Boiler, or flue
gas generated by a fossil fuel fired steam boiler / hot water generator, or
flared hydrocarbon gases or furnace exhaust gas) for the production of large
quantity of high purity water from brackish / sea water at very low
production cost, by maintaining a low operating cost and ensuring low initial

investment.
BRIEF DESCRIPTION

The FGEPSC (FLARED, GAS EXHAUST, PNEUMATIC, SATURATION
AND CONDENSATION) process and system envisages the effective and



In yet anot her enbodi ment of the present invention, hot waste gasses al so
termed as flared hydrocarbon gas (at around 1000 degree Centigrade) is nade
to pass through equipnent (E & S unit), evaporation and scrubbing 6 unit,
where brackish / sea water is sprayedsinto the stream of hot waste gasses.
The hot waste gasses are sucked fromthe vicinity of the flare, ensuring
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processing around 200 Tons per hour of waste gasses (flared hydrocarbon
gases) hi theronaldpoRed plegtsensiGencodr firkel boilets qrorseous Anentss odrinesy st em
about 900 Tons per Hour of hifvgg purity water can be generated from
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per Hour of hot flue gas at around 160 °c.

In another embodiment, typically a 50 MW Natural gas fired turbine,
generating electric power, around 200 Tons per hour of exhaust gas at
around 500 degree C will be generated. This extremely hot exhaust gas from
the gas turbine is routed to a waste heat recovery unit, to recover maximum
heat in the form of high-pressure steam or hot water. The hot exhaust gas at
around 115 degree Centigrade leaves the waste heat recovery unit and is
dissipated into the atmosphere as “waste heat” through a stack. It is
envisaged that by processing around 200 Tons per hour of this exhaust gas at
around 115 degree Centigrade in the present Process and System, about 400

Tons per hour of high purity water can be generated from seawater.

In yet another embodiment of the present invention, hot waste gasses also
termed as flared hydrocarbon gas (at around 1000 degree Centigrade) is

made to pass through equipment (E & S unit), evaporation and scrubbing



7 The figures indicated hereinabove are indicative and will vary dependi ng
upon | ocation, anbient conditions, quality and quantity of fossil fuel
being fired, quality & quantity of conmbustible hydrocarbon gasses being
flared, type and size of furnace. Theequality, quantity and tenperature of
flue gas /, exhaust gas ,as well as availability, quality and tenperature of
sea / braRit svhergt brackish 4] se water tisrdprayediintethe gstveami off Hotewapkr at i on
of the envisag process and apparatus. DETAI LED PROCESS DESCRI PTI ON:
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gases fromflare stack; and around 110C 8 to near 65C in the case of hot

exhaust hﬁas | i berated by Natural gas fired Conbined Cycle power Plant.

operated electrically, mechanical or hydraulically. It is envisaged that by
processing arouﬁd 200 Tons per hour of waste gasses (flared hydrocarbon
gases) at around 1200 degree Centigrade in the present Process and System,
about 900 Tons per Hour of high purity water can be generated from

seawater.

Higher the temperatures of HOT flue gas / exhaust gas more water can be
evaporated from seawater during direct scrubbing of the gases with
seawater. Coal fired thermal power plant flue gas will have higher
temperature (100 - 220 degree Centigrade) compared to Natural Gas fired
combined cycle thermal power plant (110 - 120 degree Centigrade), flared
hydro carbon gas and furnace exhaust temperature are very high (1000 -
1500 degree Centigrade).

Of the total quantity of high purity water that will be generated, more than
90% of the water will be of very high purity (typically water containing TDS
- Total Dissolved Solids of less than 5 ppm - Parts Per Million).



A3 is the evaporation zone where sone quantity of water fromthe sea /
bracki sh water evaporates using the sensible heat that is present in the
flue gas and conbines / mxes with the gas itself. A4 is the
neutralization zone where nost of the7acidic nedia present in the flue gas
/ exhaust gas is neutralized by the al kaline nmedia present in the sea /
bracki sh water. A5 is the saturation zone where it is ensured that the
flue gas! exhaust gas is now fully saturated with water at the requisite
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particul ate tters. The s [ bracki sh wat er now cont ai ni ng suspended
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Scrubbi ng unit through outlet No.: e noi sture laden flue gas passes

t hr ough egilistt gd¥as wield as kechitabilityg juahity iandueadbatnatte 6f sewer bBdckishent er
the Single Effect Evaporative - Condenser (SEEC unit). The nunber of

ef f ect s waten SienghlsoEfifrgmirtdiviagmarametersCguiensing (IbeE@paratipndeyferile upon
the tenperature and volume of saturated flue gas! exhaust gases, entering
i t. The engtyagedi progess Bad@pplamielsgas now enters the bank of tubes in the
Single Effect Evaporative - Condenser (SEEC unit), through inlet No.: 5.

Requi si ISETATLED PROCESS DESCRIPTION: (Refer Diagram: 1)
As per the present invention with the help of a blower B1, hot flue gas
(around 160°C) in the case of Coal fired thermal power plant, hot waste gas
(around 1000°C) in the case of flared hydrocarbon gases from flare stack
and hot exhaust gas (around 110°C) from a Natural gas fired Combined
Cycle Power Plant is made to pass through equipment (E & S unit),
evaporation and scrubbing unit, where sea / brackish water is sprayed into
the stream of hot flue gas / exhaust gas. Hot flue gas enters the unit through

inlet No. 2 and seawater is sprayed through several nozzles No. 1a.

Seven different unit operations sequentially, consecutively & simultaneously
take place inside this equipment (E & S unit)

o Al is the mixing zone where thorough mixing of sea / brackish water
and flue gas / exhaust gas is ensured by strategic placement of nozzles
and by fine atomized spraying of the sea / brackish water into the gas.

o A2 is the quenching zone where the temperature of the hot flue gas is
drastically lowered — from around 160°C to around 60°C in the case
of Coal fired thermal power plant; and from around 1200°C to around

70 °C in the case of waste gases from flare stack; and around 110°C



vacuumis maintained on the shell side of the Single Effect Evaporative -
Condenser (SEEC unit), while cold sea / brackish water is sprayed on to the
top of the tubes. The sea / brackish water enters the Single Effect
Evaporative - Condenser (SEEC unit) tBrough nozzles No.: 6a and after sone
water in the sea /. brgckish water evaporates due to the heat and vacuum

| eaves the Sitgheaepbet irEthe @aseiofchot edmirstsgas liBEEted by Nathralugs out | et
No.: 7. The eyaporated | ow_ pressure water vapor |eaves the Single Effect
Evaporative - 1&&@@%@6@@@%@%@@&&@% outlet No.: 8 onits way to the
Mechani cal VZR%L npressor ., (MVC unit), which is also maintaining the
vacuum i n t*hePrHsdac SVAROTaion zengrwhete swmpsfwnticy of weterdinerr theSrmacC
unit). The co)g fllug}é as _now | eaves the TBree Stage Single Effect
Evaporati ve - aleEEYaPQRAeS USRS IHR SUSIRE hent: that ds reasent inhe
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Mechani cal Vapater Gealpingsthieofiué MeExelativiedy iRy GRp#tRESSei Mafgrd. €S for each
stage of the Single Effect Evaporative - Condenser (SEEC unit). Hi gher the

t enper at ur e 2hd iptks separatiort hene onisresthiedmbownrs Geddi ﬁu\éa%’é%" B eRBAGst
quantity of high purity water will be generated by the MulTiple Effect
Di stillation gavEDs weparatethdramnphesseal 1 dwapkishs wwateyapoty neymtaiigss t he
bank of tubes in the first effect of the Multiple Effect Distillation (MED
uni t) througSuspended marticulste attersour ce of heat, wherein the | ow pressure
vapor cg@%ensef and.is renoved as high quality water. Requisite vacuumis
mai nt ai 37 { heackigh watpreopr continng sysipengetlquartibidateimattersleaWED
unit), %ile cold fg@éﬁmis water . is sprayed on to the top of the
tubes. TH& SGULPIRCH er byaperajiqmangiarupbingunécthronghiqutketi on
water in the sea /
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e

evaporate due to the heat vacuum whi ater coBndensi ng inside the tubes
as high quality water. 11 Al the condensed high quality water is

coll ected and renoved fromthe Miltiple Effect Distillation (MED unit)
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vacuum punp shall maintain the requisite vacuumin all the effectS of the
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| ow pressure vapors though inlet No.: 22. Cold seawater will enter the
condenser through inlet No.: 18 as cool ant and | eave through outlet No.: 19
to be returned to the sea. The condensed water vapor will |eave the

condenser through outlet No.: 21. Necessary instrunentation and control
system shal |l be provided for safe operation. The tenperature and vol une of
flue gas entering and | eaving the system the tenperature and quantity of
seawat er entering .and | eaving the system the pressure, tenperature and

vol ume of | ow pressure and conpressed | ow pressure water vapor will be
controll ed and nmeasured with appropriate neasuring and controlling
apparatus. The electrical energy consuned for nornmal operation of the
systemw || be neasured and recorded. Periodic chem cal analysis of the sea
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SALI ENT FEATURES OF THE I NVENTI ON The invention offers a high & efficient
utilization of waste heat, - (sensible heat and | atent heat which is
ot herwi se being dissipated into the atnosphere / sea), to generate |arge
gquantity of good quality water. 12 The overall thermal efficiency of the
(Coal / Natural gas fired) Thermal Power Plant is inproved. Due to the
addi t i onedcufimeisi maimtainéd oat then shélltdide avfaileaBliggleeBiffert iBvapaativeing i n
the flue - gas, and presently being dissipated into the atnosphere as waste
heat. Tekindgnsery(iERE: unit),twhile axld sehdtbriackishqwartds isysprbybéan tentregy in
the formof latent heat is available in the hot flue gas, presently being
di ssi pat €P ot chensubgsrodpgerséa Thbradkishawatsr duderso thiee £ngl=ﬁe eof | arge
gquantity_of water vapor .in th |l ue gas liberated by the Coal / Natural gas
fired t hEVARPIYBRer Gondeaser E&EE&E iUnibathrengbs noreles) Do.g$e prdeafter or
separating water from seawater, know ng very well that the flue gas js
al nost i tEPF g’ﬁaercélﬁ%et Ast Jﬁb@‘ﬁ@%r%’%@fee ABROLALeS q,éong}%:l!)@agfanci
seawat er [ t he 0§£€S e ation..of er from er wth the
hot fl uevﬁ%@? Hg?\é Se&}?‘%)y§ egfégﬁsecfiaﬁ%%pggﬂv& %ngﬂéﬁggﬁ%m ation,
the flu it t.S~C n d,. | i tLer c| eaner
envi ronﬁteh%?.ﬁgjlg’ar ?%u]gg)t 'e7'ma %eg‘gargqrg%é[’(fg%%e%r qsﬁﬁl&ng‘%&fﬁﬁggﬁ&%@&ﬁ@
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maintaining the vacuum in the Three Stage Single Effect Evaporative -

Condenser (SEEC unit). The cold flue gas now leaves the Three Stage

Single Effect Evaporative - Condenser (SEEC unit) through outlet No.: 9 to

enter the Stack S1 for dissipation into the atmosphere through outlet No.: 10.

At the bottom of the stack S1, condensed water droplets in the flue gas is

separated and removed as good quality water through outlet No.: 11.

The Mechanical Vapor Compressor (MVC unit) while maintaining the
vacuum in the Single Effect Evaporative - Condenser (SEEC unit) also sucks
the low-pressure vapor generated in it through inlet No.: 12. The Mechanical
Vapor Compressor (MVC unit) then compresses the low-pressure vapor to
raise its temperature before releasing the compressed vapor to the Multiple
Effect Distillation (MED unit) through outlet No.: 14. The Mechanical
Vapor Compressor (MVC unit) is operated with the help of an electric
motor. The Mechanical Vapor Compression (MVC) units are only to
increase / enhance the total quantity of high purity water generated.
FGEPSC (FLARED, GAS EXHAUST, PNEUMATIC, SATURATION
AND CONDENSATION) process and system can be operated without



13 Drastically drop the tenperature of the highly corrosive hot flue gas,
so that exotic material of construction (like Titanium/ Monel / |nconel
etc.) need not be recommended to withstand corrosion due to the presence of
oxi des of sul phur in the flue gas. Cawbon steel vessels lined with Rubber /
Plastics will suffice The condensation of |arge quantity of water fromthe
flue gasingtallinghMechanicaluVapar fomipeessian ¢MYIC)unnitsr Depeddang dinctheedi a
still present in the flue gas. (Traces of oxides of Sulphur that escaped
seawat er tegiiiachtemgperatyee pressusé afcthti eompuessdsl lowrpkasser: wapers i s so

hi gh that jt. makes the acj di di a_pr.actically non-corrosive. Therefore
thg Heat SEEEREN g gpkanﬁﬁgcﬁnéélsaﬁagpai AMED susd), on AuzAberunet

For t ho MAABNGIEVARBE GrEprPrsiondMUReL UOiS 6D b HeBeanB ETConni o
e roct  oFAt] PRBE N Pefer BBl ¢ PhelRieS oG hs o il biaheg o
A i nurteRaep e, B IR SRl P FAR colnbiifs & 16REPUGSHRE bl rlol
Ther mal Eoua op ant oty HHAIST SR AlIbbe B BARed” by e MR Bt e

ot her wi spig’fﬁqi@d@ngEpllﬁligpmmrci ally to the final consunmer. 14 1. A
process for the effective ‘utilization of sensible and | atent heat of waste

heat, for desalination of sea / brackish water to generate high purity
wat er, and characterized in that the waste heat sources are flue gas /

exhaust The compressed low-pressure vapor now enters the bank of tubes in the first
effect of the Multiple Effect Distillation (MED unit) through nozzle No.: 15,
as a source of heat, wherein the low-pressure vapor condenses and is
removed as high quality water. Requisite vacuum is maintained on the shell
side of the Multiple Effect Distillation (MED unit), while cold sea / brackish
water is sprayed on to the top of the tubes. The sea / brackish water enters
the Multiple Effect Distillation (MED unit) through nozzles No.: 16a and
after some water in the sea / brackish water evaporates due to the heat and
vacuum leaves the Multiple Effect Distillation (MED unit) for re-circulation
or disposal to sea through a common outlet No.: 17.
The evaporated low-pressure water vapor leaves the first effect of the
Multiple Effect Distillation (MED unit) to enter the tube side of the second
effect of the Multiple Effect Distillation (MED unit) as the source of heat.
The process is repeated in a series of effects, which are being maintained
under vacuum. In each effect sea / brackish water is sprayed on to the tubes
forcing some water to evaporate due to the heat & vacuum while later

condensing inside the tubes as high quality water.



5 gases from conbustion of fossil fuel, heat present in furnace exhaust gas
and flared hydrocarbon gases and burning of Sugarcane baggase conprising of
the follow ng steps of guiding the flue gas / exhaust gases fromthe
pl ant where it is generated to an Evaporating and Scrubbing E & S unit with
the help of io blowers (Bl) and insulated ducts (2), spraying the

scrubbi pd] Ithe :Jd;@hc%elrﬁ;fdsh'ag}é qmaﬁi(ty i whteraise collactedEagd Srampved rﬁ@@g theever al
sprayi ng. nozzl es a) and discharging the polluted scrubhing |liquid fro
the E &Multiple Effeotdpistliatien ((M)E%?m‘r)eﬂrygughgo etr la-hep- t%e"aﬁ%h‘é‘m "

m xi ng the hot flue gas./  exhaust gases mﬁ&ﬂ sea / brackish.water.,in 15
the E &8pparatps qushceonsisting riacondensesnand yasrumepyaishall B o
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trapping fhe SUSAeRAed ARbLLA! 68tLD N62 19 RbaBK! RhuMRiEe the sea. The

condensed water vapor will leave the condenser through outlet No.: 21.

Necessary instrumentation and control system shall be provided for safe
operation. The temperature and volume of flue gas entering and leaving the
system, the temperature and quantity of seawater entering and leaving the
system, the pressure, temperature and volume of low-pressure and
compressed low-pressure water vapor will be controlled and measured with
appropriate measuring and controlling apparatus. The electrical energy
consumed for normal operation of the system will be measured and
recorded. Periodic chemical analysis of the sea / brackish water and flue gas
/ exhaust gases entering and leaving the system will be carried out with

suitable measuring and analyzing apparatus.

SALIENT FEATURES OF THE INVENTION

e The invention offers a high & efficient utilization of waste heat, —
(sensible heat and latent heat which is otherwise being dissipated into

the atmosphere / sea), to generate large quantity of good quality water.



25separating the warm noi sture | aden flue gas / exhaust gases fromthe

pol luted sea / brackish water, all owi ng the warm noi sture | aden fl ue
gas to enter into a bank of tubes placed inside the Single Effect

Evapor ati ng Condensor (SEEC) unit, spreying Sea / brackish water through
several nozzles (6A) on top of the 30 tube bundles |eading to cooling of

the warm npi ﬁgg We?gﬁntﬂérﬁﬁalgéfﬁéi prhayst theagCoal nsiNenirbe gasbdiredpusi ng

condensati on e water vapor and rel ease of latent heat, 15

exchangi ng t hg\hflRaedenPMntlie igysRAedl Dwatethd additieralakemaaimiun

tenperature by maintaining required vacuumon the shell side of the SEEC

unit, thus geiationd of dhepaestable hedtestil aporainitig dhathyi flget Bas.ceedn and
cold flue gas / exhaust gases fromthe 5 SEEC unit through duct (9) and

di ssi pated i piresdritly bempsgissipated intogthesatruisphsrg as veastadicaly t he

concentrated sea | brackish water fromthe SEEC unit through outlet (7) for

[ﬁcy](c:! | n? o][ffurt h;ar Lreat ment , condensi ng the | ow pressure vapors in

e first effect of the Multiple Effect Distillation (MED) unit .

Vacuum Syse erfqlisg,cognizant of the fact, that huge quantity of (heat)energlgy 18’1%& he
form of latent heat is available in the hot flue gas, presently being
dissipated into the atmosphere. This is mainly due to the presence of
large quantity of water vapor in the flue gas liberated by the Coal /

Natural gas fired thermal power station.

e Apt utilization of the flue gas itself for separating water from
seawater, knowing very well that the flue gas is almost inert and can

withstand the erosive and corrosive nature of seawater.

e During the process of separation of water from seawater with the hot
flue gas liberated by the coal fired boiler of a thermal power station,
the flue gas itself gets cleaned & scrubbed, leading to a better &
cleaner environment. Particulate matters are trapped in the scrubbing
liquid (seawater); and the alkaline nature of seawater neutralizes the

corrosive oxides of Sulphur.

e Scrubbing, cleaning and quenching of the hot flue gas makes it more
amenable to selective separation of Carbon dioxide gas present in it,

thus facilitating Carbon sequestration.



it allowng said | ow pressure water vapors to enter into the tube banks

pl aced inside the first effect of the MED unit through inlet (14) as a heat
sour ce, sprayi ng sea / brackish water through several nozzles (16A)
over the tube bundles, to cool and corxdense the | ow pressure water vapors
15 inside the tubes, generating high purity water and forcing rel ease of

| at ent heae¢, Drasticalimi i thengnnperatsiet ef tiae highlyncotresisechot sliudegasyd

rel easing the heat to generate nore | ow pressure water vapors,

rel easi ng t heoctiate ekoticethaterial of ackistiuctionellike ofitansumeD Monel2d

t hrough outlet(s 20). for_recycling or further treatnent, creating
and mgai nt ai nilﬁéOI)ﬁﬂfeeWa):mﬁﬂ Bt %Eeereasmmend@d vepvithstandneempgionodyue gy e

non- condensabl e gases that n hav ntered the system.throu | eakages and
sea / bracki $he @%@%ﬁﬂce Qfox{@%wfg@ﬁﬁguagnéﬁﬁi g%th;, AEhoR iﬁe%i:ﬂéﬁ%qﬁﬁgt he
sour ces of ste heat are 2 ue. gas/,exhgust gas generated from heat energy
pl ants, fact egs‘,’m%o%i’gglf gH@E‘é}% @%lfﬂﬁ% ocess as claimed in claima1,
wherein the tenperature of flue gas in case of coal fired thermal station
is in the range of 100 - 220 degree C and water content of the flue gas is

the. t onpor &t dnie SPnARasaiglt o, 14408 SRERRTORTARF B b i, Bab whI°7 T
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recovery boiler,
in the flue gas. (Traces of oxides of Sulphur that escaped seawater

scrubbing). The dilution of acidic media by condensed water is so
high that it makes the acidic media practically non-corrosive.
Therefore the Heat Exchanger tubes can be made of Stainless steel or

Aluminum

¢ Ensuring that the temperature of the motive steam, the main energy
source for the Multiple Effect Distillation unit, is not raised above
70°C. This leads to low temperature evaporation and condensation in
the Multiple Effect Distillation unit. Tending towards drastic
reduction of scaling of heat exchanger tubes by salts present in the
corrosive seawater. Thus Aluminum tubes can be recommended

instead of expensive Titanium tubes.

e Taking full advantage of the fact that the cost of electric power for a
Thermal Power plant is far lower compared to the cost of electric

power otherwise made available commercially to the final consumer.



16 is in the range of 100 - 120 degree C and the exhaust gas having water
content in the range of 20 - 25% 5. The process as clainmed in claiml,
wherein the tenperature of flue gas in the case of hot waste gasses i.e.
flared hydrocarbon gas and gases 5emanating fromfurnaces is in the range
of 1000 - 1500 degree C. 6. The procegg as claimed in claim5, wherein the
hot waste gasses and fl ared hydrocarbon gases are sucked fromthe vicinity
of the flare with no physical contact with the flare stack, sufficient

at nospheric air to conplete the conbustion of partially / un-burnt organic

chemi cal cpnpRYREsesstfot thd effgstreatiization besevsible ayaslafdnt dieatlohywastecar bon
gases) is provided by an external bl ower and st al | ed,

, & S upit. [ S 1.
engu! fed wt Ph@ﬁ&f%%ﬁ@'tﬂ%@ﬁ@ﬁﬁa/ P@%W%teég%g???répee@ghfd‘:” cHPEn gases
and is insta t; C t/ € s flared
hydr ocar bon g%@cggﬁg%%%éélr}gdt'ﬁgh%tch%%?g#.ﬁ e H?%%:%grséqglge ‘glggi/?%d i%ﬁcl(ai mri
wher ei 5 uni t gassafrorarcobsbustion af fossil foelf heat priseelsis furmaceiexhspst gatal | y

ol vi dual 1y 10 FRrEOnBYEERGIN” §3SThea GOUBBen! cPUPHEAN P OVa T 1.
}M;\(Iavr ;aiagpg?:t lrJr eﬁ@gg%ggﬁ;ﬁtfgﬁ%\?pﬁg@éﬁgf tg evaporate water from jseavvai er at
SEEC unit, thus guiding the flue gas / gx%arlfst g\;/ai(;l;uf%r(r)lnthteh&a%? (\a/sl/l'lergli’fI (ias of the
generated to an Evaporating and Scrubbing E & S unit with the help of
10 blowers (B1) and insulated ducts (2), spraying the scrubbing liquid i.e. sea
/ brackish water into E & S unit through several spraying nozzles (1a) and
discharging the polluted scrubbing liquid from the E & S unit through
outlet (3) for recycling or further treatment,
mixing the hot flue gas / exhaust gases with sea / brackish water in
15 the E &S unit, quenching of heat and lowering of temperature of the flue
gas / exhaust gases leading to evaporation of a quantity of water from the
sea / brackish water due to the sensible heat present in the flue gas/
exhaust gases,
neutralizing the acidic media present in the flue gas/ exhaust
20 gases with alkaline media present in the sea / brackish water,
maintaining complete saturation of the flue gas / exhaust gases
with water vapor,
assisting in cleansing of the flue gas / exhaust gases by trapping
the suspended particles in sea / brackish water,
25 separating the warm moisture laden flue gas / exhaust gases from
the polluted sea / brackish water,
allowing the warm moisture laden flue gas to enter into a bank of
tubes placed inside the Single Effect Evaporating Condensor(SEEC) unit,
spraying Sea / brackish water through several nozzles (6A) on top of the
30 tube bundles leading to cooling of the warm moisture laden flue gas /
exhaust gases inside the tubes causing condensation of the water vapor

and release of latent heat,



generating | ow pressure water vapor. 9. The process as claimed in claiml,
wherein the | owpressure water vapors generated by the SEEC unit is routed
toa Miltiple Effect Distillation (MED) unit either directly or through
Mechani cal Vapor Conpression (MWC) 25unit(s) or through Thermal Vapor
Conpression (WC) unit(s). 10. The proggss as claimed in claim1l, wherein
the MWVC unit(s) and the TVC unit(s) rarse the tenperature and pressure of

e SRS PRI Y SRt o s oo

enhanci ng the quan pur e generated from sea

I bracki sh wapgrteiperb@rsé8iylhaintditingfréquiredvaduurh ani the gHefiBideinf the usi ng
the | ow pressure water vapors as the heat source. 17 11. The process as

claimed in clAFRCINLAYSINTANGIPNEBIESE R VB! ¥PeQsur e vapor |eaves first
effect through 0“@%4@@ A dibsn MRB U flub QeRNt BkhaRE QaSeerbAE thed! the

MED unit through ( heat source to evaporate watel from seawat er
under wacuum SEECConit¢msagh akictkd) and digsipated int6the ratmosphgrevidreygh
stack (S1), releasing the concentrated sea / brackish water from the
SEEC unit through outlet (7) for recycling or further treatment,
condensing the low-pressure vapors in the first effect of the
Multiple Effect Distillation (MED) unit and the Vacuum System (VS),

10 allowing said low-pressure water vapors to enter into the tube
banks placed inside the first effect of the MED unit through inlet (14) as a
heat source,

spraying sea / brackish water through several nozzles (16A) over
the tube bundles, to cool and condense the low-pressure water vapors

15 inside the tubes, generating high purity water and forcing release of latent
heat,

maintaining requisite vacuum on the shell side and releasing the

heat to generate more low-pressure water vapors,
releasing the concentrated sea / brackish water from the MED unit

20 through outlet(s) (20) for recycling or further treatment,

creating and maintaining the vacuum by the VS in the MED unit,
mainly to remove non-condensable gases that may have entered the

system through leakages and sea / brackish water.
2. The process as claimed in claim 1, wherein the sources of waste heat are

25 flue gas/exhaust gas generated from heat energy plants, factories, power
stations.

3. The process as claimed in claim 1, wherein the temperature of flue gas in
case of coal fired thermal station is in the range of 100 - 220 degree C
and water content of the flue gas is in the range of 10 — 15%.

30 4. The process as claimed in claim 1, wherein the temperature of the

exhaust gas, emanating in case of Natural gas fired Combined Cycle

Power plant consisting of a gas turbine, and a waste heat recovery boiler,



12. The process as claimed in claim1l, wherein the process of evaporative -
condensation is repeated in a series of stages in case of SEEC unit and in
a series of effects in MED unit. 13. The process as clainmed in claiml,
wherein the flue gas / exhaust gas is 10 sinultaneously scrubbed, cleaned
and cool ed while extraction of the sepgible heat and water vapor present in
It, before being dissipated into the a?nnsphere 14. The process as

clalnedlnclalml wher h as
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the fol | ovih-ngThmprocsse st Giimaskioidyes . Whemi ¢ el Ph1UHIRY Sbor at or
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unit, 20rrech vapor conpressor unit” and nultiple effect

di stillsation érﬂdEDéatlngﬁfnbm flfhacEbds th\EQan@esof:ﬂ@ﬁOre(JSDﬁ delgsgeC15, wherein the
E & S unit_conprises zone
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physical contact with the flare stack, sufficient atmospheric air to complete
the combustion of partially / un-burnt organic chemical compounds still

10 present in the waste gas (flared hydrocarbon gases) is provided by an
external blower and E & S unit is installed, engulfed within the duct
carrying the waste gas /flared hydrocarbon gases and is installed near the
top of the duct where the hot waste gases (flared hydrocarbon gases)
enters the duct.

15 7. The process as claimed in claim 1, wherein unit operation being carried
out in the E&S unit is optionally carried out in packed columns, absorption
columns spray chambers either individually or in combination.

8. The process as claimed in claim 1, wherein the released heat is
exchanged to evaporate water from seawater at low temperature by

20 maintaining required vacuum on the shell side of the SEEC unit, thus
generating low- pressure water vapor.

9. The process as claimed in claim 1, wherein the low-pressure water vapors
generated by the SEEC unit is routed to a Multiple Effect Distillation (MED)
unit either directly or through Mechanical Vapor Compression (MVC)

25 unit(s) or through Thermal Vapor Compression (TVC) unit(s).

10. The process as claimed in claim 1, wherein the MVC unit(s) and the TVC
unit(s) raise the temperature and pressure of the low-pressure vapors
generated by the SEEC unit, thus increasing / enhancing the quantity of
high purity water that can be generated from sea / brackish water by the

30 Multiple Effect Distillation (MED) unit, using the low-pressure water vapors

as the heat source.



17. The systemas clained in claim15, wherein SEEC unit conprises a bank
of tubes with inlet no 5 through which the noisture |aden flue gas/exhaust
gas enters the SEEC units, vacuumis maintained on the shell side of the

30 SEEC unit and seal/ bracki sh water

is sprayed on the top of the tubes, the

seal/ bracki sh water enters the unit thgeugh inlet no 6a and | eaves by outl et

no 7.

18 18. The systemas clainmed in claim15, wherein the MWC unit
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14.

15.

16.

17.

et no.

condensation is repeated in a series of stages in case of SEEC unit and
in a series of effects in MED unit.

The process as claimed in claim 1, wherein the flue gas / exhaust gas is
simultaneously scrubbed, cleaned and cooled while extraction of the
sensible heat and water vapor present in it, before being dissipated into
the atmosphere.

The process as claimed in claim 1, wherein the carbon dioxide present in
the flue gas becomes amenable to selective separation thus facilitating
carbon sequestration.

The system for the utilization of sensible and latent heat of waste heat
from various sources as claimed in claim 1 comprises of the following unit
operation packages: blower B1 along with an evaporator and scrubbing
(E & S) unit, single effect evaporative - condenser (SEEC) unit,
mechanical vapor compressor (MVC) unit and multiple effect distillation
(MED) unit.

The system as claimed in claim 15, wherein the E & S unit comprises zone
A1 for mixing the flue gas/exhaust gas and seawater, A2 zone is the
quenching zone, A3 is the evaporation zone, A4 is the neutralization zone
A5 is the saturation zone A6 is the scrubbing zone and A7 is the
separation zone.

The system as claimed in claim 15, wherein SEEC unit comprises a bank
of tubes with inlet no 5 through which the moisture laden flue gas/exhaust
gas enters the SEEC units, vacuum is maintained on the shell side of the
SEEC unit and sea/brackish water is sprayed on the top of the tubes, the
sea/brackish water enters the unit through inlet no 6a and leaves by outlet

no?7.

concentrated sea / brackish water fromthe

20.
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18.

19.

20.

18

The system as claimed in claim 15, wherein the MVC unit is operated with
the help of an electric motor and maintains the vacuum and also sucks the
low-pressure vapor through its inlet no 12, the low pressure vapor is then
released to the MED unit through outlet no 14.

The system as claimed in claim 15, wherein the MED unit comprises of
tubes and shell: inlets no 16a for seawater entry wherein vacuum is
maintained on the shell side, and outlet no 17 from where high quality
water is removed from MED; through outlet no. 20 the concentrated sea /
brackish water from the (MED) unit is released through for recycling or
further treatment.

The system as claimed in claim 19, wherein the MED has a series of
effects which are being maintained under vacuum by vacuum system
VS1.



