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-1- PROCESS AND PLANT FOR INCINERATING WASTE WITH
PREHEATING OF THE LATTER The invention relates to a method for
incinerating 5 household or industrial waste in a reactor with preheating of
the waste by a steam circuit the steam for-which comes from the steam
expansion turbine (TRV). The object of the invention is to obtain within the
10 incine RROCESE p B cOmAN T ORI tINCINERATING t WASER, WiLFdaut

any troublesome residugrwiiRauirieleasingrgas {{e4ha atmosphere, in

order to protect the environment from any pollution. 15 Another object of
the invention is to recuperate the thermal energy released, to convert it
intBretectricubanergy, and e tegse somenof thig ndrgy withini theiplema t ing

itsglf e ampuns of elegliigakenergy recipesated s approaching d5%, with
excluding ihe energy 3reinjected. inig he plat, These objects are, . ..,
achieved y the ifvention which considts ih a process for incinerating
hotiREhBl6HinEaERal WhSE iRecsrhbasticikratdroharacerived GBI -
that: the combustion is carried out under pressure and with the addition of

Purg oxygen todhe,reactor, _aﬁlﬂ%ﬂg?i%%se%e Qi e iﬁhew%t?:fﬁ%_ the

from the expansion turbine is tapped off 30to preheat the waste before it

enmteiRerahepr complete combustion without any unburnt
matter, without any troublesome residue, without
releasing gas into the atmosphere, in order to protect

the environment from any pollution.

Another object of the invention 1s to recuperate the
thermal energy released, to convert it into electrical
energy, and to reuse some of this ehergy within the
plant itself. The amount of electrical energy
recuperated 1s approaching 75%, excluding the energy

reinjected into the plant.

These objects are achieved by the invention which

consists 1in a process for incinerating household or

industrial waste in a combustion reactor, characterized
in that:

- the combustion 1is carried out under pressure and
with the addition of pure oxygen to the reactor,
and in the absence of nitrogen, \

- the steam from the expansion turbine is tapped off
to preheat the waste before it enters the reactor,

- then the remaining gases are condensed in order to

recuperate them.

Furthermore, the method is characterized 1in that the
oxygen needed for combustion is produced by separating
the nitrogen and oxygen from the air, the nitrogen thus
produced being used in particular to cool the gases

resulting from the combustion of the waste, and the
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then the remaining gases are condensed in order to recuperate them.
Furthermore, the method is characterized in that the 35 oxygen needed

for combustion is produced by separating the nitrogen and oxygen from

the air, the nitrogen thus produced being used in particular to cool the

gases resulting from the combustion of the waste, and the - 2 - oxygen
bengigectetkinte thenrpactardt ahleastore peinttoThetnethod&sst one
defined allows better destruction of 5 dioxins,unburnt matter,compoundsof
nitrates, carbonates and phosphates which give rise to oxides A plant
according to the invention, in order to implement the process, is
chérecterizadiircthat it 10ledmpridesa hlfeed hdpperdTA)dmyingattiison  of
in'@tiﬁﬁﬁiﬁftsi,ts ﬁ%'ﬁbéﬁh@tterrﬁé‘gt@mpris@@;ﬁﬁ%@'ﬂ(ﬂ@ fett%ﬂfscrefv\it_rates,
capable of preheating the waste using steam tapped from the expansion
o TR A2 A HIGTEARE PoRDer Ible 1 Colleating e oc s
reheated in the feed hopper and introduce it into the top of the reactor,

ang apeaector eguipped with theee bumers,thesebetly, in order to

implement the process, 1is characterized in that it

comprises:

- a feed hopper (TA) having at its inlet and at its
outlet a shutter and comprising means;

- a feed screw capable of preheating the waste using
steam tapped from the expansion turbine (TRV);

- an intermediate hopper able to collect the waste
reheated in the feed hopper and introduce it into
the top of the reactor, and

- a reactor equipped with three burners, these being
a main burner (BP), an auxiliary burner (BA) and a
catalytic burner (BC) positioned near the
combustion gases outlet, each of these three
burners being fed with fuel by the fuel line (3)
and with pure oxygen by an oxygen production
circuit (5), the core of the reactor comprises a
cathode wall based on metals of the tungsten or

tantalum type, chosen for their refractory nature.

As a preference, the oxygen is produced by separating

air into nitrogen and oxygen.

The invention will be better understood with the aid of
the description which follows, given with reference to

the following attached figures:

- figure 1: an overview of a waste incineration

‘plant according to the invention,

- figure 2: a diagram of the water vaporization

circuit of the plant,




a main burner (BP), an auxiliary burner (BA) and a 20 catalytic burner

(BC) positioned near the combustion gases outlet, each of these three
burners being fed with fuel by the fuel line (3) and with pure oxygen by an
oxygen production circuit (5), the core of the reactor comprises a

25cathode wall based on metals of the tungsten or tantalum type, chosen

for their refractory nature. As a preference, the oxygen is produced by
separating aiy into nitrogen oxyoen. 30 The invention,will tt
understoogdla\zi%l}latﬁgthre13 aiidg%f tﬁg%ﬁiels}c\!ggtioﬁlw |(]§ﬁ ollg%s.,tgkllveenl?:ve\e;i'(?h8 eﬂ_Opper
reference®@dhe folfdifing erAched FiursS B5AGIRE Elart BFeriBifdFacn -
waste incineration plant according to the invention, figure 2: a diagram of
the;water yaporizatiop.circuft of the plant ) 3- figptg 3.8 detajigden  snows
diagram of the feed hopper and of the feed screw according to the

inventi&h. B RefetBneetismadd irst 5F & to figuire 1 WHigh Shofts SeMEAE LY

in itowBRtirety.this plant essentially comprising: an incineration line 1,

- an incineration line 1,
- a steam circuit 2,

- a fuel feed line 3,

- a nitrogen circuit 4,

- an oxygen circuit.

Incineration line (1).

Trucks containing the waste that is to be destroyed are

unlcaded under gravity into a feed hopper (TA) the §
outlet of which is equipped with a shutter (OF1l).

A feed screw (VA) receives the waste from the feed E
hopper (TA) and conveys it and tips it into an
intermediate hopper (TI) via an inlet situated at the
top of said hopper (TI) and equipped with a shutter
(0F2) .

The feed screw (VA) also allows the waste to be
preheated as will be explained later on. The
intermediate hopper (TI) has a central bottom outlet
equipped with a shutter (0F3) and via which it loads
the waste under gravity into an inlet chute opening
onto an opening shutter (0F4) of a combustion reactor

(RC) and at the top thereof.

For preference, the hopper (TI) 1s pressurized at a
temperature close to 900°C to accelerate the reforming
of and removal of halides from the POPs in order to
facilitate the expulsion of waste to the combustion

reactor. Advantageously, the pressurizing will Dbe
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10 -a steam circuit 2, a fuel feed line 3, a nitrogen circuit 4, an oxygen
circuit. 15 Incineration line (1). Trucks containing the waste that is to be
destroyed are unloaded under gravity into a feed hopper (TA) the outlet of
which is equipped with a shutter (OF1).4220-A feed screw (VA) receives the
waste from the feed hopper (TA) and conveys it and tips it into an

inteemediaiehopper (THhviasuiisletsituatednatstie top of saiskhopper (Th)i gh

and eipned with a,shufter 2(0F 2. The feed serew (VA alsq gllows the, .
waste to be pr(-i:-ﬂheateoll S Wi Fgl explained later on.The intermediate

hobper PPRESa drttal BoRorm outiePSt eqQiifpePRItR RIS tRr (F3)1ce -
andhia whichs it doads theswastetunder gitavityriate andnlet:¢hute apening the

onie; a0,opening shutier (0F4), of,g cormbustionseactor (RC) and,at e top 5

thereof. 35 For preference, the hopper (Tl) is pressurized at a temperature

cldgEto0 9PBRh ableldrite e réforrfimg St ald ré6vADS hblides$iom  ©°
the PGRs in ‘ordep tofacilitatecthecexpulsiobobwaste tateccombusiicon . In
Fe@@@éﬂd%ﬂtéﬂ?@ﬁéh’t thgrpyﬁ_s%@ngd@i" %%ds'ﬁ‘_b%[@erfﬁ)é@@ @f_om the
introducing a mass of steam at pressure.and high temperature in .

ex%:gdsfs? Bfr%gd@ ?nto}fﬁéj ﬂ%ﬁper ) v}ﬁ at Iegglpgﬁegapgﬁ%priﬁébﬁr[ ice.Sa%d
This'gasessimiass &AFgR PressurbwilBaveitheed, the orifice via

which the gaseous mass is introduced will be associated
with a remote-controlled valve. This valve will be in
the position of closing off the orifice when the hopper
loading hatch is in the open position and will be in
the position in which the orifice is open when the
loading hatch of the intermediate hopper 1is 1in the

closed position.

It will be possible to use several hoppers each in turn
communicating with the feed hopper and each in turn
communicating with the reactor RC. This arrangement
will allow one intermediate hopper to be filled from
the feed hopper when the other or one of the other
hopper(s) is 1in the process of unloading into the

reactor (RC).

It will be possible to incorporate, after the feed
hopper, a tank that will allow the waste to be mixed
with an additive based on sodium hydroxide or on
potassium hydroxide in order, at temperatures close to
200°C, to neutralize acids in a first phase and the

halides bound up in the inorganic molecules.

Halides present in the POPs (persistent organic
pollutants) will be eliminated or fixed using alkali
metal  hydroxides in the intermediate hopper at

temperatures close to 1000°C.
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5 advantage of fluidizing the mass of waste present in the hopper Tl and

as a result of making it easier to cause it to flow to the combustion reactor
(RC). In order to prevent any leak of gaseous mass from the intermediate
hopper to the hopper TA while said 10 intermediate hopper is being filled,
the orifice via which the gaseous mass is introduced will be associated
withha rerantaseariteelledfvalees ddipvalue adk be iry thespositien gkelesingThe
offthe otifige wher the hoppgrloading hatehy is in the openpositionand 4
will bé in 15 the position in which the orifice is open when the loadin

hatdEar the e it Wb ppEris P ERECosed postid #wil pender the
possibtg toruséRseveral happers each indain 20cgmmuricatimy witltbiee £ly
feedhopper ﬁ@d £agh i{b@mﬁ@m%l{ﬁ%i@t\@%h tb}@d}_’é’?CtQEBCa Thisutter
arr gwenlt will allow one |gterme |Eate hoggeccr}? befglled fr?lm th%ﬁee%te
hogggr henk{ﬁe ot et dF th otﬁlelr%opper(es) s ih the prgcless of*t et
unfgedling iitoithe 2Sreactor t(REN St Wilk be oissibié fo ircoipsrate after the
therfeedrhappet; artank thiat milk alloyy thexwaste. to besmaixea Méth 8Rsoluble
additive based.on spdium hydroxide or on_30 potassium hydroxide i
orden) it et Hoe o D00C o Ho Rzt S 13 pret e
anélRe halides bound up in the inorganic molecules. Halides present in
the EOPs(persister_lt organic 35 poIIuta_nts) will be eliminated or fixed using
aligalhmetgal hydroxides, in the inigimedjate hopper, at temperatyres close o1
to 1000C. -5 - The combustion of waste produces fly ash and gases. The
flyehrdrops td e Bottonf bt the RactoP IREY 3R8the* ftd'd bottdhfash 2t
hoppep ¢FE ) siteatecbtindee thee reacP (RENT hisWdttom ash hopperoutlet
conyeys thedly 2 ashigan agh coplingresuparaten (RGE) via a shultery  to

(OE5). The rec%ugerator RCE mixes the fly ash with we%tgtr)and initlilqcte% n o of
olu [

regck:)tlc‘)anlsnbetwee%eihe %?(f%‘%%ra%%”tﬁeeswat%??oaflosr% sofuble h%rom es.

Néxt kehblinssluble fiyxaste s tigpeakiptd a1tk which takes it away 10(1c).

away

A vprocessing circuit enables soluble waste to be
separated from insoluble waste, the insoluble waste
being sent for sedimentation and some of the soluble
content will crystallize and be able to be reused. The
soluble part will be reintroduced into the feed hopper
following the separation of the salts of the halides,

and of the sulfates of potassium and of sodium.

The combustion reactor (RC) is equipped with refractory
bricks for good thermal insulation and a cathode wall
based on tungsten ’or tantalum at the heart of the
reactor ensures that the waste is burnt at very high
temperatures ranging between 1500-3000°C, and is so
using three burners (BP, BA, BC) fed with fuel and with

oxygen and respectively:

- a main burner (BP) positioned at the base of the
combustion reactor (RC),
- an auxiliary burner (BA) positioned in the middle

part of the combustion reactor (RC),
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All the fly ash, except for the air pollution control residue (APCR) will be
processed using water at temperatures of between 200 and 400C, at the
outlet 15 from the reactor. No additional energy is needed to obtain these
temperatures because the dilution of-alkal-rmetal oxides is exothermal. A
processing circuit enables soluble waste to be 20 separated from
insolubleavaste; #heyinsolublenmaste heiog serifor sedisientatiortard upper

some of he,soluble coptent will crystallize;and.he abje fo be teyised. Jhe 1
soluble part will be reintroduced into the feed hopper following the

separatic?oifie salts oRHEiRfes, 28 aR8%f the sulf&ie®f Botagium and
and of sogdiummihe combusticomeacton (RC) is equipped with refractory
bricks for good thermal insulation and a cathode wall based on tungsten
or%%ntalum at the heart i§>f the 30 Je'eactor egsures that the waste is burrg at
very ﬁighpt%ﬁwmpaerrgturélé1 an@ﬁléﬂo twden 1 B6%6%C,oa%%ﬁ§%8 us"iﬁdt an
theedshest(BPE BReBG) fechwitle firel aifd Withadxygen Bdto 20 times
respegtvely: 8oratRaindinern P )spesiioned aithehasenf theactions.
combustion reactor (RC), an auxiliary burner (BA) positioned in the

middle part of the combustion reactor (RC), - 6 - a catalytic burner (BC)
poSitoné@ attHeruppfpartict thésrehgt? And AePR5E dliflet Bftheonstant
gaseshcombusiiongasesib cornpleting and gptimiziagdhe cambustiond its

inlets and outlets therefore consist of hatches that

constitute heat shields and provide sealing.

The combustion reactor will preferably be a thermal

oxidation reactor (TOR).

The hoppers also operate under pressure and consist of

air locks with their inlet and outlet shutters.

Safety valves CEl and CE2 are also provided 1in the

reactor and in the intermediate hopper.

The shutters OF1 to OF5 can be actuated by motors
external to the elements to which they are fitted. The
motors will be of any known type. Without implying any
limitation, they could consist of remote-controlled

electric, hydraulic or pneumatic cylinder actuators.

The combustion gases are capped from the outlet (la) at
the top of the reactor (RC) and sent through a pipe
(SGC) to a particulate filter (PF) and then into heat
exchangers ECT1, ECT2 toward an expansion turbine
(TRGC) .

The expansion turbine (TRGC) is advantageously
associated with an electric energy generator (GE3) and
so some of the heat energy of the combustion gases 1is

thus converted into electricity.
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5 The primary and auxiliary burners operate with an excess of oxygen at a
rate of reaction 10 to 20 times higher than the habitual speed of
combustion reactions. 10 The reactor (RC) is designed to operate at
constant high pressure and constant-high temperature, and its inlets and
outlets therefore consist of hatches that constitute heat shields and
provide sealing. 15 The combustion reactor will preferably be a thermal

oxigatiop reagtor, (FQR).; The.hoppers alsa, aperale ugderpressyiesand, 5 o

consist of air locks with their inlet and outlet shutters.20 Safety valves

CELERITE2(dR) aldPpréfiged in theteaddr ditfin i ffterietiatd V2 1s
hoppen thhedsiugttersi@ED to k5 cannfyeractsated By motons 25 extemmas sed

to the-elements te which theysare fifted. The motors will be of any known
type. Without implying any limitation, they could consist of

remote-controlled electric, hydraulic or pneumatic cylinder actuators. 30
Theteambgstsiddsetare capped from the outlet (la) at the top of the
reactor (RC) and sent through a pipe (SGC) to a particulate filter (PF) and
theén into heat eé%tlangers ECT1, ECTZEtoward an expa sigvrg1 gjergine
(TRG

v@)?%%gﬁwoeexp%hsiosn%nr%iné) RG g " be

801’1 .
%Sa van ageously associlate

witfPa eI iCenerRyeneraor (GES) afd 58 soieof theHeat @herdyicH -
the ceprbustiongasesisdhus enpeeried ido electricityeant - The watern the

Vaﬂf?&i?—%oz%dsegﬁﬁg and,the.gaseous oxides arg remonedtp) 10(GGC)- the

Somé of the water fromCV2 is
intermediate hopper. Thus, upon leaving the condenser
(CV1) the water will be bled to a heat exchanger 6
where it 1is vaporized into the form of high-pressure
dry steam. Advantageously, the heat exchanger may
consist of a tube bundle in thermal contact with the
reactor (RC) to recuperate some of the heat given off
by the latter, thereby stabilizing the temperature
inside the reactor, this heat being used to vaporize
the water and most of the steam being directed to an
expansion turbine (TRV), another proportion of it being

injected into a pipe (TI).

The steam leaving the TRV is introduced into a
preheating device (SP) incorporated into an endless
feed screw (VA) provided between the feed hopper (TA)
and the intermediate hopper (TI). This feed screw (TA)
comprises a longitudinal shaft (2d) on which a screw
thread (2c¢) 1is mounted. A drive member of any known

type will be coupled to the shaft of the screw.

The preheating device (SP) is preferably, but
nonlimitingly, that of figure 3 which consists of a
screw thread (2c) in the form of a box with a gas inlet
downstream to the screw and a gas outlet upstream to
the screw, the gas outlet being between the screw
thread and the inlet shutter (OOFl). The upstream and

downstream inlets are each formed of a blind axial
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reintroduced into the compressor (7), having passed 5 through an osmotic
filter. Steam circuit (2) Advantageously, some of the condensed water can

be 10 recuperated and vaporized into the form of h ghpressure and '
high-temperature dry steam to form thethigh-pressure gaseous mass
introduced into the intermediate hopper. Thus, upon leaving the
coadensem(§ \fjdlee waterivill badbfed tocalheatrexehangerss ponvhiatg itend

Is yaporized into the, forqy of Q{g@ﬂgﬁﬂ;rer@g@teaﬂg. Adyantagegusly, ang

the heat exchanger may consist of a tube bundle in thermal contact with

thEPEALIBAR S 0 IBEUEIte SOME of th Heht Bilefroffty theliatiérg and
thereby statsliZzing:thEdempehattiret2@ insidecthe reaetad, tHiddheatbeingits.

US@HéO_ \é%@%ﬁi@_e the water @Bgcﬁn0§k%tﬂ§y3teﬁ_% Q?WQQ”%%%%%O M the
ex ansmnttHrbln%(TR\A),}?no{[:herL&ro %rtlon ofét being |,n¢ecged mtg a pipe
(T ©25%he stedm I%gvmg?ﬁe TRVis 'nt?o&'lfcseaein?osa:b ehe%?i%% evice”?
(SPYéncopgsratedhintrdn ehbiRss feal sereWh& A) provided betieendhé to
feed hepper(TA)@nkthedntermediate hopperi(ld). Thisstesd screwdlibd)  a
co(r:nOoI{iseg aSIolngj}udinal shaft (2d) on which a screw 30 thread (2c) is
mounted. A drive ember of any known type will be coupled to the shaft

of the screw. Thepreheating device(SP)ispreferably,but nonlimitingly, that

of figure 3 whicheconsists of a 3xsanensthsead (2¢) indhe foem egda@shead oned

with,a gasplet dowpstrean,ig the screw and, agas quilel upgltegmida the, 4

screw, the gas outlet being between the screw thread and the inlet shutter
(0BETY Sheipstreath &t BowAstRemY iMetS S8 Bach formear e BT the

axaflux of steam to the condenser (CV1).
It may be pointed out that the circulation of steam
through the screw is countercurrent with respect to the

progress of the waste carried by this screw.

The condensers (CV1l, CV2, CGC) are of the conventional
type with tube-type heat exchangers through which a
refrigerant from an evaporator-type refrigeration

device (EFF) passes.

The tapped-off combustion gases are gases which are
oxidized and stabilized without dioxin and without
unburnt matter in the duct SGC. Some of their heat
energy 1is converted into electrical energy in a
generator associated with the turbine (TRGC) and most

of the energy is used to heat up the nitrogen.

Following cocling using nitrogen, the combustion gases
are conveyed to ECT1 and ECT2. These gases are
condensed and then introduced into the turbine TRGC
which converts the energy of the combustion gases back
into electrical energy. Following expansion, the gases
are separated from the steam, because the latter

condenses.
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-8 drilling made in the shaft (2d) at a corresponding end and of a radial
drilling made in said shaft and opening, at one end, into the blind axial
drilling and into the box form that the screw thread (2c) exhibits. 5 The

steam is injected axially into the start-ofthe screw thread and heats up the -
waste as it travels along the screw thread, then leaves the thread to be
semhtosa firstteondenser (CV 1) ( hayingspassed-thiougma ceroprassos7. one

105 gpreference, 3 campressor, ( may bepasitigned upsiream otie ¢

exchanger 6 to pressurize the water and create at this point a back
preSEurE 1R preVent’ fHeSrefluk it stedfto tRETONEPRERRSPE). 15t the
maybd pofted oY fhat the circulation of steam through the screw is
countercurrent with respect to the progress of the waste carried by this

chﬁz\% T & cangensers (CV1, CV2, CGC) are of the conventional 20 type
wi tuJbe- yp€e heat exchangers through which a refrigerant from an

evaporator-type refrigeration device (EFF) passes. The tapped-off
combustien; gaseslare Desgs which aee 23 pxidiged-angistabilizednthouts o r
dioin and,withaut upburgt mattern the duct.SGE Same of telr heat ... o
energy is converted into el%ctrlcal energy in a generator associated with
thé’ﬁﬁ%ﬁ]e FFRECP AR THES of theen&dyhs wfed tdRedtipifie Purners,
nitreger. 30tFell omdng: caolingeusinge@ifrogehcdhe erinbistion gasesare (BA)

convgyedh o ECT1and EGI2-Jhesegases are condensed and then

introduced into the turbine TRGC which converts the energy of the
combustion gases back 35 into electrical energy. Following expansion, the
gatbtrpgerpaiated flonf 4le steam, because the latter condenses. -9 -
This water circuit (1d) also contains at least one means (for example using

cooss gation) o inerting e water et has hegy condersedin e,

atmospheric air from one bar to about 300 bar, this air
being cooled after each compression stage in heat
exchangers using the refrigerant conveyed along a pipe
(4a) from the refrigeration device (EFE) already

mentioned.

A turbocompressor (TCA) expands the air from 300 bar to
about 50 bar, this expansion being accompanied by a
cooling of the air from -43° (approximately, on leaving
the heat exchanger of the final compression stage) down
to -134° approximately, thus allowing the gaseous
nitrogen to be separated from the 1liquefied oxygen

inside an air expansion vessel (BDA).

The same turbocompressor (TCA) recompresses the gaseous
nitrogen from about 50 bar to about 280 bar, liquefies
some of it in RAL and sends the remainder of the

gaseous nitrogen to a nitrogen tank RAG.

The nitrogen is then sent from the tank (RAG) to a heat
exchanger (CFF2) where it 1s heated back up to about
61°C then sent into the tube-type heat exchangers ECTI,
ECT2 in order to cool the combustion gases to 200°C.
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Fuel line (3) To feed fuel along a line (3), provision is made for the fuel to

be taken from a tank (RCA) and injected 10 under high pressure into each

of the three burners, namely the main burner (BP), the auxiliary burner

(BA) and the catalytic burner (BC). Nitrbgen circuit (4) 15 A bank of air
compressors (BOA) compresses the atmospheric air from one bar to
aboute30Mhary thisair being conled aftereach compression stage tn heato °c
exchapgers using.the refrigatant conveved along.a pipe %%(éla‘)ﬁ%%%n is
refrlgeratlon device (EFF) already mentioned. A'turbocompressor (TCA

expafids e o 30 ar'td BbSEEE0 baF thsEhantiohbeigie  (TRA)
aceompanietedy a P5hcaoling bf the- air frpemed (@pproXimatély, ahis way,

leaving thedesd exchanggs ahthe dinalcompression siage) dawWRdo -13¢h i ch
apgroximatekl}é thus allowirrllg ethe jaseous nitr?gen tq be se%arate from

§gen inside Bnd /eSSl (BOA). 309 sdnfe The

the ﬂ&ljféqf?/ed oxygen insid& an air exparh%%n
turhRREIPESISHPFHTCA) recompresses the gaseous nitrogen from about
50 bar to about 280 bar, liquefies some of it in RAL and sends the

regajnder.qf th seQus nitrogen to a nitrogen tank RAG. 35 The
nit?oﬁgéen?él?ﬁé%%sgeﬁt frso(%rl‘ﬁ the %gln(f(n(R&éf%ga%eg%%ﬁ(Eh%agr (élL—J'EE) been
WITET 8 fhs PRAtRYhaVUPh dbut BIEheH sBrRIMEG theltibd hysa1HEg: to
exeshangerstb€T1e ECTZoinzorder taaceael tha combustion gases 10@80C. the

atmospheric air content of which is 78%, and associated

with the production of unwanted NOx.
Oxygen circuit (5)

A paramagnetic separator separates the liquid oxygen
from the gaseous nitrogen leaving the expansion vessel
BDA.

The 1liquid oxygen 1s sent to a liquid oxygen tank
(ROL). Following storage, it 1s preheated in an
exchanger CFF2 from -134' to approximately 0° at which
it turns into a gas and is directed to the reactor RC
to feed each of the three burners (BP, BA, BC).

The oxygen feed to the burners encourages complete

combustion of the waste.

An additional catalytic burner (not depicted), also fed
with oxygen, also allows dioxin molecules to be broken

down and the elimination of any unburnt matter.

The means just described for separating the air into
oxygen and nitrogen is used in preference for high-

capacity incinerators according to the invention.

For incinerators according to the invention, but which

are of low capacity, it may be preferable to use air




10

15

20

25

30

35

- 10 - The nitrogen is heated back up to about 900C countercurrent to the
combustion gases. The nitrogen is then sent into the nitrogen recuperation
turbine (TRA) associated with an electric generator GE3. In this way, 5 the
nitrogen is used to recuperate heat enériyy;which energy becomes
converted into electrical energy by the generator GE3. The nitrogen
sepataiipatcircslit shatrhasi just heam 0 @eserbedtby Wayafnonmitinga rate
ex le i i ded tq avqid the. an SSOGi with nitr

e Aimasbher aif Sontortof Wich 19 7546, A ssspuitedt unth the - 2-°"
pr8GUCHA of tihwatRES NGE 15 6xygitGitcuit (B paanihetignd  the
sepatatopseparatescthediguid grygenisoficthe gaseous nitrogen leaving

the expansion vessel BDA. 20 The liquid oxygen is sent to a liquid oxygen

tank (ROL). Following storage, it is preheated in an exchanger CFF2 from
-1%%(_) aé&r%%’%ﬁ&t% "0 ata\%ﬁigﬁ%eﬁ{ms Hto a%%%sand i g%icteot@t%e of
readtoi REX 2% o featkeach 6Pthecthece burners (BP, BA, BC). The oxygen
feed to the burners encourages complete combustion of the waste. 30 An

additional.catalylie, buer (gl deicled). alsq fed with, pxygen. alsa allows,
dioxin molecules to be broken down and the elimination of arfy unburnt
matter. CFhe‘hgads st 8Es&Medidr spdratiiy theCait intd Bsoxigert of
and nitrogee is usad #rpreference ferchighscapacitys cinerators according

to the invention. separators operating using membrane filters to separate
the oxygen and the nitrogen, this type of separator making it possible to

obitain th&'okydéhtand the HiF6GEh directl i 9asedhis oth. 5pAEces  the
advantageslaffordedliy thisknovieidype dfyncingrator dfas foflowsiitrogen

contained in atmospheric air. High-pressure
operation within the incinerator speeds up the
rate of combustion of waste 1in the presence of
oxygen, the absence of nitrogen allowing direct

contact with the oxidizer,

- the recuperation of the nitrogen from the
separation of air makes it possible 1in high-
capacity incinerators to produce energy using the
recuperation turbines coupled to an electric

generator,

- because the incinerator operates under pressure,
the combustion gases produce energy through the
use of recuperation turbines each coupled to an

electric generator,

- given the operating characteristics of this novel
type of incinerator, the investment required to
incinerate the same amount of waste is lower than

that required with present~day incinerators,

- the closed-circuit operation achieved thanks to
the recirculation of the oxidized gases avoids any

discharge of gas into the atmosphere,




to incinerate the same amount of waste, the volume 100f the incinerator is
markedly lower than that of the incinerators currently in use, the use of
oxygen in place of air reduces the volume of oxidizer by the 79% of
nitrogen 15 contained in atmospherie dig High-pressure operation within
the incinerator speeds up the rate of combustion of waste in the presence
of oxygen, the absence of nitrogen allowing direct contact with the

oxdizer, 20 he acuperatiofof g dyliager romhe sepaytion ofir qse

makes it possible in high-capacity incinerators to produce energy using

the recupEt&HioH tBinesSipied fo an®lectric¥5gehtrStor, Heiddse thdor
incinerater@parates under pressure, the combustion gases produce

energy through the use of recuperation turbines each coupled to an
30electric generator, given the operating characteristics of this novel type

of incinerator, the investment required to incinerate the same amount of
waste is lower than 35that required with present-day incinerators, the
closed-circuit operation achieved thanks to the recirculation of the

oxidized gases avoids any discharge of gas into the atmosphere, - 12 -
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the plant can incinerate all kinds of waste including asbestos and drilling
sludge for example. - 13 - CLAIMS 1. A process for incinerating
household or industrial waste in a reactor (RC), characterized in that: 5 -
the combustion is_carried out under préssure and with the addition of pure
oxygen to the reactor, and in the absence of nitrogen, the steam from the
expansion turbine is tapped off to prehrathe waste before it enters the
reactor, 10 -then the remaining gases are condensed in order to

recuperate them. 2. The method as claimed in the preceding claim, .
characteriz&iAREChE UxyBR Heedeld Iodcdirbstionth rRpréadesd byl
separatingithe anitregertand ORggen frioarthetair; the ditiogerhthius

praduced;heing.used to. ¢aal the,gases resuiting, from e combustion of 4nq

the waste, and the oxygen being injected into the reactor at at least one

point. 20 "3.'A' plaREfof itineraling HouRBR6Id F edUStria? whbfe, GFREECT
type comprisingra deete(RC)owitle t feasropeurner fed by a fuel feed

line (3), characierized intbat it cemMprisas: 2% 2 feeddianper sTALbadRg o £ £
atts inlet and gt s qutlat 2 shulter and comprising means capebleof
preheating the Waste using steam tapped Trom the expansior turbing

(TRV) artitermidfiateispper(91) Fbie edlecEfiedensed in order to

recuperate them.

2. The method as claimed in the preceding claim,
characterized in that the oxygen needed for combustion
is produced by separating the nitrogen and oxygen from
the air, the nitrogen thus produced being used to cool
the gases resulting from the combustion of the waste,
and the oxygen being injected into the reactor at at

least one point.

3. A plant for incinerating household or industrial
waste, of the type comprising a reactor (RC) with at
least one Dburner fed by a fuel feed 1line (3),
characterized in that it comprises:

- a feed hopper (TA) having at its inlet and at its
outlet a shutter and comprising means capable of
preheating the waste using steam tapped from the
expansion turbine (TRV)

- an intermediate hopper (TI) able to collect the
waste preheated in the feed hopper and introduce
it into the top of the reactor,

- a reactor equipped with three burners, these being
a main burner (BP), an auxiliary burner (BA) and a
catalytic burner (BC) positioned near the
combustion gases outlet, each of these three
burners being fed with fuel by the fuel line (3)
and with pure oxygen by an oxygen production

circuilt (5).
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30waste preheated in the feed hopper and introduce it into the top of the
reactor, a reactor equipped with three burners, these being a main burner
(BP), an auxiliary burner (BA) and a catalyticburner(BC)positionednearthe
35 combustion gases outlet, each of-theée-three burners being fed with

fuel by the fuel line (3) and with pure oxygen by an oxygen production

cirguit (5)Thel4 p2atbe plant asiclaieed inithe presedingetlaifing claim,
chafesiarast 108" e fesd borpel means sanaple otielieanalit e of
waste consists of a screw thread (2c) in the form of a box wit ?%%\/Sﬂ?@et

dobsEREaH b thRS dGelkfantcl§as btstfufdtrdantis thé 58 ) in
gastoutlépleing at the bther snd hetwvegnthel sdrew threadsandethe inlet the

shyttee (O 2. The plant as clajiped ingne etclaims Jand 4, 1@he gas

characieriz d in that it comprises a steam circuit (2) attached to the w

s
of e PéactdtS ¥ Th pralit a8 diGifmei s preteRling Gaiffc T v thread
charattétiged inldat teusteam re@bvery circuit 15 comprises at least one
condenser (CV1). 7. The plant as claimed in one of claims 3 to 6,
characteqzed in fnat,it comprises an air separator gperaing using, 4 4,
meémbrane fiters fo separate the oxygen 20 and the nitrogen.
characterized in that it comprises a steam circuit (2)

attached to the walls of the reactor.

6. The plant as c¢laimed in the preceding claim,
characterized in that the steam recovery circuit

comprises at least one condenser (CV1).

7. The plant as claimed in one of claims 3 to 6,
characterized in that 1t comprises an air separator
operating using membrane filters to separate the oxygen

and the nitrogen.

8. The plant as claimed in one of claims 3 to 6,
characterized in that 1t comprises an air separator
formed of a bank of air compressors (BCA) and of a
turbocompressor TCA able to separate gaseous nitrogen

from liquefied oxygen.

9. The plant as’claimed in claim 8, characterized in
that the oxygen production circuit (5) comprises, after
the air separator and the turbocompressor, an expansion
vessel (BDA), a liquid oxygen storage tank (ROL), an
exchanger (CFF2) in which the oxygen 1is gasified to be
fed to each of the three burners (BP, BA, BC).

10. The plant as claimed in claim 8, characterized in
that it comprises, after the air separator and the
turbocompressor, an expansion vessel (BDA), a nitrogen
tank (RAG), three heat exchangers (CFF2, ECT1, ECT2)




10

15

20

25

30

35

8. The plant as claimed in one of claims 3 to 6, characterized in that it
comprises an air separator formed of a bank of air compressors (BCA)

and of a 25 turbocompressor TCA able to separate gaseous nitrogen from
liguefied oxygen. 9. The plant as clained in claim 8, characterized in that
the oxygen production circuit (5) comprises, after 30 the air separator and
theturbocampresser -agexparsien vesset{B Ay @ liqaicdoxygen stotageyen

tank (RQL). AN exchangsy (&Fk2kin which the oxygen is gasified to be fed
to each of the three burners (BP, BA, BC) 35 10. The plant as claimed in

claim 8, characterized in that it comprises, after the air separator and the
turbbeonipresspt. artexpansidravasse| (BCA)ng nirbgenlaik{RAGRNd 6,

threeheatexehangers (CRAZs ECTAeECLRhndborthan.atubestypeheat i
exchan%er %nd a nlt{%gen recg% eration turbine TRA) 11. The plant as
claimed in one of 'Claims 5 ar éhargcférlze i that the expansion
turbine (TRV) is associated with an electric generator. 12. The plant as
claimed inrenyanmef claimsl3 imdd, charaaterized inthat the hepperdd )11,

is pressypzed 19 48 fagilitaje, the expulsian of Wﬁf% o, thﬁPQL%{?P?Qed to

reactor.. 13. The plant as claimed in claim 12, characterized in that the

pr %MS?th&ﬂﬁerrﬁ@Hﬂé@ hSBpePfTI)Wfﬂéepeﬁ&mEB%y rErBRLEhgen
a gasegusrmass under high pressure into said hopper (TI) via at least one
appropriate orifice. 14. The plant as claimed in claim 13, characterized in

at thq?onfl e via which the, %I ?eous mi Sis mgodu ed into the q
|nte tediaté hd SSF(ﬁ)SIS a fated Witft a°re 8ﬁéa§5§ﬁ/ﬁﬁ in
ortiépto pragent uag seakbgensf gaseousamasstieamabe aternteeiimer (TI)

hoppeptorthemerpen(TAlvileRaldng a gaseous mass under high
pressure into said hopper (TI) via at least one

appropriate orifice.

14. The plant as claimed in claim 13, characterized in
that the orifice wvia which the gaseous mass 1is
introduced into the intermediate hopper (TI) is
associated with a remote-controlled valve in order to
prevent any leakage of gaseous mass from the
intermediate hopper to the hopper (TA) while said

intermediate hopper is being filled.

15. The plant as claimed in claim 12 or claim 13,
characterized in that the gaseous mass is high-pressure

dry steam.

16. The plant as claimed in c¢laim 4, characterized in
that the gases 1leaving the screw thread of the screw
are sent to a first condenser (CV1) the purpose of
which is to condense the water vapor contained in the
combustion gases, having passed through a compressor
(7).

17. The plant as <claimed in claims 15 and 16

considered together, characterized in that some of the
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25 intermediate hopper is being filled. 15. The plant as claimed in claim

12 or claim 13, characterized in that the gaseous mass is high-pressure

dry steam. 30 16. The plant as claimed in claim 4, characterized in that

the gases leaving the screw thread of thé screw are sent to a first

condenser (CV1) the purpose of which is to condense the water vapor
contatired indhel3b combusongasesthavingopaksesdhroyghia) is bled
coppressgr () nz46 - watsrgondensgie legying the condenger (GM2)S +o
bled off o a heat exchanger (7) where it is vaporized to the form of
highEre=3he Gy Sbdf. BT RS SHpRAY as thifed in claim 17,
characterized in that the heat exchanger consists of a tube bundle in

thermal contach withthe seaqtan (RE) taresuperate someofthe heat gven:n
offhgteby s et bepausedlo vaporize e waler, 10, BT IRRATL in
as claimed in claim 18, ¢haractérizedin that a compressor (7)1s
poShivred-upstesdm of the BxBhahber t& pressutize (tRewater afgiperate
createat his point alpack pressdre wtieh prexentsthe teflux ohts stea@ing

towgreddthgoccg%ggﬁ%c_\é% 20..The plant as claimed in any one of

claims 3 to 19, ¢haracterized in that after cooling using nitrogen, the
combustion gases are conveyed to ECT1 and ECT2; these 20 combustion
gakes ar@lcendénsed thenditidductdiintactheiturbite TRGCE zafterrized in

expgasion, thegaseshecome separated rom the condepsed Waler o the
exchanger to pressurize the water and to create at this
point a back pressure which prevents the reflux of

steam toward the condenser (CV1).

20. The plant as claimed in any one of claims 3 to 19,
characterized in that after cooling using nitrogen, the
combustion gases are conveyed to ECT1 and ECT2; these
combustion gases are condensed then introduced into the
turbine TRGC; after expansion, the gases Dbecome

separated from the condensed water.




