1 METHOD AND PLANT FOR THE COMBINED PRODUCTION OF
ELECTRICITY, STEAM AND DESALINATED WATER The present

invention relates to the combined production of electricity, steam and
desalinated water. The invention relates to desalinated water production
facilities in which combined heat and/or power (CHP) technologies are
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For this purpose, the invention relates to & method for preducing electricity, steam and
desalinated water using 2 steam generation unit, a steam turbine and s seawater
desalination unit, wherein:

- the steam generation unit generates steam,

- the steam twrbine uses at least part of the steam -generated by the steam generation unit
and generates eiectricity and steam, and

- the seawater desalination unit produces desalinated water by vaporization of seawater
by heat exchange with at least part of the steam generated by the steam turbine,

and wherein the quantity of steam generated by the recovery unit to be suppiied to the steam
turbine is controlled according to the electricity demand, the desalinated water demand and the
steam demand.

The inventive method comprises the use of a steam generation unit or boiter, Such
a unit generally consists of a combustion device generating heat to convert water o sieam:

it comprises a series of heat exchangers, for example coiis, in which water flows



The inventive method comprises the use of a steam generation unit or
boiler. Such a unit generally consists of a combustion device generating
heat to convert water to steam: it comprises a series of heat exchangers,
for example coils, in which water flows 2 and is contacted with the heat
generated by combustion. The steam g%nerated by this steam generation
unit is at high pressure, that is, at a pressure suitable for supplying a
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which is not su&plied to the steam turbine is mixed with the steam
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generation unit and steam generated by the
decreases, a smailer guantity of steam is introduced into the steam turbine. The portion of

steam generated by the steam generation unit which is not supplied to the steam turbine is
mixed with the steam expanded in the steam furbine. Thus, the seawater desalination unit
produces desalinated water by vaporization of seawater by heat exchange with this portion of
the mixfure of steams generated by the steam generation unit and steam generated by the
steam turbine. Thus, the surpius steam is not iost, but utilized in the seawater desalination unit.

If electricly demand increases, a larger guantity of steam issuing from the steam
generation unit is introduced into the steam turbine.

In general, in order to optimize the energy recovery in the process, the following

aiternatives are empioyed;



steam turbine. Thus, the surplus steam is not lost, but utilized in the

seawater desalination unit. If electricity demand increases, a larger

guantity of steam issuing from the steam generation unit is introduced

into the steam turbine. In general, in order to optimize the energy recovery

in the process, the following alternatives are employed: 3 after having
vaporized the seawater, the steamzgenerated by the steam turbine

becomes a steam condensate which is used as an auxiliary water source

by the steam generation unit, - part of the desalinated water is used as an
auxiliary water source by the steam generation unit, - the method uses a
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sggqeg}g%grgg&pgmrollmg the quantity of steam supplied to the steam
turbine comprises a bypass placed on the means for supplying the steam
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- a seawater desalination unit,
-means for supplying the steam generated by the steam generation unit to the steam wrbing,
and
- means for supplying at ieast part of the steam generaied by the steam turbine fo the
seawater desalination unit,
wherein the means for supplying the sieam generaied by the steam generation unit to the steam
turbine is equipped with means for controliing the quantity of steam suppfied io the steam turbine.
The said means for controliing the quantity of steam supplied to the steam turbine
comprises a bypass placed on the means for supplying the steam generated by the steam
generation unit to the steam turbine suitable for diverting part of the steam generated by the
steam generation unit. This bypass is generally equipped with a valve for controlling the quantity
of steam supplied to the steam turbine. Preferably, this bypass diverts part of the steam
generated by the steam generation unit to the means for supplying at least part of the steam
generated by the steam iurbine {o the seawater desalination unit. According to a preferred

embodiment, this bypass is a butterfly valve with an isenthalpic expansion



generation unit to the steam turbine suitable for diverting part of the steam

generated by the steam generation unit. This bypass is generally

equipped with a valve for controlling the quantity of steam supplied to the

steam turbine. Preferably, this bypass diverts part of the steam generated

by the steam generation unit to the means for supplying at least part of the
steam generated by the steam turbine to the seawater desalination unit.

~ According to a preferred embodimgnt, this bypass is a butterfly valve with

an isenthalpic expansion 4 of the steam. An isenthalpic expansion

enables the gas to increase or decrease its temperature by allowing the
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5™ illustrates the plant and the inventive method. This plant
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ases 5 are Introduced Into a steam generation unit 2. This unit 2 is

supplied with water 13, 14; it burns the fuel 12 to convert the water to
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team turbine .3 enerate electricity 9. The steam .turbjne 3 discharges
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condensate 20 which is used as feedwater 14 for the steam generation
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steam generation unit 2 to offset the losses in the steam generation
ErELRPArR B St dds AL ILSERTTE R Totiiy ot Snfggawater 14 for
stup piys coldnvaten 28ita.thecotmdsrasen ofithesteamotindbirte Binfihe waikwe! 1 and/or

24, 5ervesiQdivert past Qftbe high. Pressirg sieamda Qﬁ&eﬁﬁ;egnnmagmer_ The

steam generation unit 2 before its introduction into the steam turbine 3. If
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the sieam generation cirguit, Part of the process water 19 is sent to the cooling tower 22 {o
supply cold water 23 to the condenser of the steam turbine 3. The valve 24 serves io divert part
of the high pressure steam 6 generated by the steam generation unit 2 before its introduction
into the steam turbine 3, If this valve 24 is closed, all the high preséure steam & generated is
intfroduced into the steam turbine 2, generaiing a large guantity of electricity ©. 1f the
vaive 24 is open, a smaller quantily of steam 6 is sent to the turbine 3; the turbine therefore
generates less electricity. On the other hand, the industrial facility preduces more sieam 10. In
the vaive 24, the high pressure steam undergoes an isenthalpic expansion: it is cooled with
waier 25 derived from the feedwater of the steam generation unit 2 so that the steam has the

same temperature as the low pressure steam 15 generated by the steam turbine 3.



introduced into the steam turbine 2, generating a large quantity of

electricity 9. If the valve 24 is open, a smaller quantity of steam 6 is sent

to the turbine 3; the turbine therefore generates less electricity. On the

other hand, the industrial facility produces more steam 10. In the valve

24, the high pressure steam undergoes an isenthalpic expansion: it is

cooled with water 25 derived from the feedwater of the steam generation

unit 2 so that the steam has the same temperature as the low pressure
steam 15 generated by the steam turbine 3. 5 The invention serves to
improve the thermal and electrical efficiency of a plant incorporating
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used as auxiliary feedwater for the steam generation unit. The invention
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tathe freausncy and,gradient of such variations. Whereas the usual
systems are difficult to adapt simultaneously to these variations in

demand " TRIRIBNIEBIRMS 6 KEHFRRIRRANR &Yy, steam and desalinated

water - generally display very different behaviours with regard to the frequency and
gradient of such variations. Whereas the usual systems are difficult to adapt
simuitaneously 1o these variations in demand, the invention serves to accomplish an effective,
economical, rapid and technically flexibie adjustment faced with such scenarios, because the
invention has elements which, by working in coordination, serve o absorb or to adjust the inertia

of the electricity, steam and water systems optimally.



economical, rapid and technically flexible adjustment faced with such
scenarios, because the invention has elements which, by working in
coordination, serve to absorb or to adjust the inertia of the electricity,
steam and water systems optimally. 6 CLAIMS 1. A method for producing
electricity, steam and desalinated water using a steam generation unit, a
steam turbine and a seawater désaliHdfion unit in, wherein: - the steam
generation unit generates steam, - the steam turbine uses at least part of
the steam generated by the steam generation unit and generates

e BHFERY ‘ArIStERh e tHe s cdrRRar HeLRNPIA M AIfiH HRgUTRAM generation uni, &
dlesalinbtedwateshpivapatzationof scawater by heat exchange with at
f%s&gﬂt%gggggogtgm eggrg?ersag%gr}gy the steam turbine, and wherein the

quantity of steam generated by the steam generation unit to be supplied to
tHeestieam HiBmesEs GbIFADIRA &L S TR P RE ERECMENg TRimaFRiIctpfion unit and
slesalisatediwaterndesand and the steam demand. 2. The method
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with part of the mixture o Steam generate byt e steam generation unit

At e RAT §eMErated by the steam turbine. 4. The method according to

one of the preceding claims, characterized in that after having vaporized

Ihe seawaler, the steam %?P,%%%tregté’#zéﬂ‘?n%ﬁ%?ﬁﬂe‘””?t' % RECOMES A rated by the
Steam. condensate which is used as an auxi ary Water sodree y%‘le

sy Erairation thaitsToThemrsthiodasiearingite orexsf thiéh prectedingenerated
clalnseshalagterized in that part of the desalinated water is used as an
auxiliary water source by the steam generation unit. 6. The method

according to one of the preceding claims, characterized in that the steam

sondensate preduaed tychemsteanatbthingds usediasanawdlaryayatestion unit

?Po%[?c%sp X tpa(?u%?e%n?vag%nt% %té%n QEC)%Z 'o;rrs]eearvvaetmon% %%%?E%rh%r;[ eon% %]:art of the
he preceglng claims, characterized in that it uses a gas turbine
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efthe flue gases from the gas turbine.

4. The method according to one of the preceding claims, characierized in that after having
vaporized the seawater, the steam generaied by the steam tfurbine becomes a steam

condensate which is used as an auxiliary water source by the steam generation unit,

5 The method according to one of the preceding claims, characterized in that part of the

desalinated water is used as an auxiliary water source by the steam generation unit.

6. The method according to one of the preceding claims, characterized in that the steam
condensate produced by the steam turbine is used as an auxiliary water source by the steam

generation unit.

7. The method according o one of the preceding claims, characterized in that it uses a gas
turbine generating part of the electricity, the steam generation unit using the heat of the flue

gases from the gas turbine.



7 8. The method according to one of the preceding claims, characterized

in that the seawater desalination unit produces desalinated water partly

by a reverse osmosis technology using the electricity generated by the
steam turbine. 9. A plant for producing electricity, steam and desalinated
water, the plant comprising: - a steam generation unit, - a steam turbine, -

a seawater desalination unit, - means for supplying the steam generated

by the steam generation unit to the st&am turbine, and - means for
supplying at least part of the steam generated by the steam turbine to the
seawater desalination unit, characterized in that the means for supplying
AR RIS d D) Tha' dhsarrPegERa slabT uRTP T HE B RrR Ryater
dequlipged withmmeans forsetmirsllingdhe=guaniity el steamnigppkeshtootiieusing
t§£%@éﬂrm5\%r§t9d gﬂgm%%gggdmg to the preceding claim,

characterized in that the means for controlling the quantity of steam
supplied to the steam turbine comprises a bypass placed on the means
derpisupplying:the stesintgsperatetiby-thersiears: gengEatiampmiito the
stggn;ntgégépa% c;:},]ulljtna-‘xtble for diverting part of the steam generated by the
steam generation unit. 11. The plant according to claim 10, characterized
it YRET tHEBYypass diverts part of the steam generated by the steam
genreriipnRddpihiadthaimeans for supplying at least part of the steam

enera ed b Ithe geartn turblne to ét}) eawater desallnatlon unlr;[ 12. The e
plant accordir Eﬂ% oné ot LISImE § FELIRTEPThUREP 08 REahEone

Q"Gﬁ controlling the quantity of steam supplled to the steam turbine

crriEses aipisanhalesielial yalve. sldnT Redelanlacrording 4 aBBRE © the

Claims 9to 12, characterlzed in that it comprises a gas turbine and
seawater desalination

means for supp ylng ‘flue gases from the gas turbine to the steam
Yensgwtigadumt.that the means for supplying the steam generated by the steam

generation unif to the steam turbine is equipped with means for controlling the guantity of steam

supplied 1o the steam turbine.

10. The plant according to the preceding claim, characterized in that the means for controliing the
quantity of steam suppiied to the steam turbine comprises a bypass placed on the means for
supplying the steam generated by the steam generation unit to the steam turbine suitabie for

diverting part of the steam generated by the steam generation unit.

11. The plant according to claim 10, characterized in that the bypass diveris part of the steam
generated by the steam generation unit to the means for supphlying at least part of the steam

generated by the steam turbine to the seawater desalination unit.

12. The piant accordirig to one of Claims 8 to 11, characterized in that the means for

controlling the quentity of steam supplied to the sieam turbine comprises an isenthalpic relief

valve.

13. The plant according to one of Claims 9 io 12, characterized in that it comprises & gas

turbine and means for supplying flue gases from the gas turbine to the steam generation unit.



