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In the waste processing plants that have been used so far
10 domestic waste is processed by means of incineration. The

term domestic waste is not only understood to mean waste

from private individuals, but also waste from companies

which is similar to the waste produced by private

individuals as regards its composition, this in contrast to
15 industrial waste. |

When domestic waéte.is incinerated energy is released in
the form of heat. The energy that is released is used
either for generating electricity or for district heating.
20 The oxygen required for the incineration of domestic waste
is supplied with'ambient air. The principal residual
products of the incineration process are slag, fly ash,

flue gas scrubbing residue and flue gas.

25 In order to prevent the harmful substances that are-
released during the incineration process from fihding their
way into the environment via the flue gas, the waste
processing plants are provided with a flue gas scrubbing
plant. Said harmful substances include: hydrocarbons

30 (CxHy), cadmium (Cd), carbon monoxide (CO), chloric acid
(HCl), hydrogen fluoride (HF), mercury (Hg) (plus other
heavy metals), dioxin, sulphur dioxide (S0,), nitrogen
oxides (NO,) and . fly ash.

35 Generally the term dioxin is understood to mean
pelychlorodibenzoparadioxin (PCDD) and
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A method for removing dioxin from flue gas from a waste

15 processing plant is known from European patent No. 0 574
705 in the name of Sumitomo Heavy Industries Ltd. With this
known method the removing of dioxin takes place by carrying
the flue gas through a so-called “moving bed adsorber of
the cross-flow type” at a temperature of 90 - 120°C. Active

20 carbon or active coke is thereby supplied to the above
adsorber, which carbon or coke is to make contact with the
flue gas that is likewise supplied thereto. Then said
active carbon and the dioxin adsorbed therein is

regenerated by being heated and subsequently returned to
25 said adsorber.

One drawback of the known method is that it is unattractive
from an economic point of view because an additional
adsorption device (inclusive of regeneration agents) has to
30 be used besides the actual waste processing plant. In
addition to that the active carbon must be processed
separately after having been regenerated a number of times.
Because of this the known method is not only costly, but

also complex. In practice it has become apparent,
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5
The object of the invention is to provide an economical and
efficient method for removing harmful substances, in
particular dioxin, from flue gas, and in order to
accomplish that objective a method of the kind referred to

10 in the introduction is characterized in that after the flue
gas has been washed with a washing medium, the adsorption
agent is discharged together with said washing medium for
subsequent collection of the adsorption agent, whereby the
magnitude of at least one parameter which (partially)

15 governs the dioxin content of the flue gas/washing medium
is adapted to the (degree of) adsorption or desorption, as
the case may be, of dioxin by the apparatus used for
carrying out the method. More in particular said parameter
is selected from the group of amount of adsorption agent,

20 amount of waste incinerated per time unit, furnace
temperature and amount of air supplied for the incineration
of waste. As a result of this the method according to the
invention is extremely simple and elegant, because no
separate adsorber is required. The invention is in

25 particular based on the perception that a controlled low
dioxin emission is only achieved when the effect of
adsorption or desorption of dioxin by (the lining of) the
apparatus being used (which has not been recognized so far)
is taken into account. By increasing or decreasing the

30 amount of adsorption agent in the case of adsorption or
desorption respectively a condition of equilibrium is
created between the adsorption of dioxin and the release
thereof by the (lining) of the apparatus, and that in a

controlled manner. Preferably the adsorption agent is
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Extensive testing has surprisingly shown that in this
manner the bulk of the dioxin is removed from the flue gas.

10 It is noted in this connection that according to the
invention a limit value for the emission of dioxin of less
than 0.4 g TEQ/m?®*, in particular less than 0.1 ng TEQ/m?,
is achieved. . '

15 One preferred embodiment of a method according to the
invention is characterized in that the dioxin content of
the flue gas is measured before and after the removal of
dioxin therefrom {in particular before and after the
washing of the flue gas), as well as the dioxin content of

20 the washing medium being discharged, on the basis of which
measurements the dioxin content of the washing medium
resulting from the adsorption or desorption by the
apparatus used in carrying out the method is calculated,
whereby the magnitude of the parameter is controlled in

25 dependence on the (degree of) said adsorption or
desorption.

Another preferred embodiment of a method according to the
invention is characterized in that said adsorption agent is

30 injected after a first cooling down of the flue gas to a
temperature below 400°C, preferably below 300°C, in
particular a temperature of 250°C or below. Extensive
testing has shown that the formation of dioxin

predominantly takes place in the above temperature ranges.
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Another preferred embodiment of a method according to the
invention is characterized in that the adsorption agent is
injected during a first washing stage in an at least

15 substantially acidic environment. An important advantage‘of
this is that other harmful substances, such as heavy
metals, are adsorbed, and thus removed from the flue gas
(which is wet as a result of being washed; and isolated in
the washing medium (washing water)).

20 . _
Another pteferred embodiment according to the invention is
characterized in that the adsorption agent is injected
during a second washing stage (while adding a
neutralisation agent, preferably caustic soda) in an

25 environment which is at least substantially less acidic
than that of the first washing stage. It is preferred to
inject the adsorption agent also in a third washing stage,
whereby use is made of a venturi. In particular any heavy
metals and dioxin that remain (often in the rubber lining

30 of the washers used in the various washing stages) will

thereby adhere to the adsorption agent.

Another preferred'embodiment of a method according to the

invention is characterized in that at least one of the
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to a tenperature bel ow 400[err]C, preferably below 300[err]C, in :
Figure 1 diagrammatically shows a preferred embodiment of a

waste incinerator according to the invention;

Figure 2 shows a detail of Figure 1;
15 '
Figure 3 diagrammatically shows an active carbon injection

system according to the invention;

Figure 4 is a diagrammatic cross-section of a washing
20 device of a wasté incinerator according to Figure 1,
showing the adsorption and desorption of dioxin particles;

and

Figure 5 is a diagram showing the dioxin equilibrium

25 achieved with the waste incinerator of Figure 1.

Figure 1 shows a hopper 1, an incinerator 2, a steam boiler

3, an electrofilter 4, a flue gas washer 5 and a chimney 6.

30 Domestic waste 7 is dumped into hopper 1 by refuse
collectors 8. The domestic waste has already peen crushed
T during the transport in the refuse collector, as a result
of which a certain degree of mixing has already taken

place. Bulky waste, such as discarded furniture, is cut



part"i cular a tenperature of 250[err]C or below. Extensive testing has
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nmethod is, therefore, to renove the dioxin fromthe flue gas i mediately
after the formati-on t hereof by adsorbing it to the adsorption agent. 5
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conveyor 11 via a feed funnel 10, which conveyor transports

the waste to the incinerator 2.

10 Present within'incinerator 2 are six rolls 12, which form a
rotary grate 13. Rotary grate 13 constitutes a downwardly
sloping surface. Rolls 12 have a diameter of 1.50 m and a
width of 3.60 m. The rotational speed can be adjusted
between 0.5 and 11 revolutions per minute. Rolls 12 define

15 supply openings 14 for supplying heated ambient air 15 to
the furnace. Ambient air is also introduced via other

openings round the furnace.

Rolls 12 transport the domestic waste 7 slowly through the
20 furnace, thus enabling a uniform incineration. The
transport towards the centre 16 of the furnace serves to
heat and dry the domestic waste, whilst the transport away
from the centre 16 of the furnace serves to carry off the
incineration residue 17. The temperature in the centre 16

25 of the incinerator is‘approximately 1000°C.

The incineration process can.be controlled by varying the
speed of the rolls 12. This makes it possible to control
not only the amount of domestic waste that is supplied per
30 time unit, but also the humidity degree of the domestic
waste upon incineration, the furnace temperature and the
degree of incineration of ‘the residue. Another means of
controlling the incineration process is to vary the amount

of ambient air 15 which is blown through the supply
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group of actiyvgr§8iPoRonPEPVBACPRto nitrogen (N,) and water (H,0) at a
temperature of 850-1000°C aé a result of the injection of
ammonia (NH;) into the first part 19 of steam boiler 3. This
technique is known as Selective Non-Catalytic Reduction

10 (SNCR). The incineration ash 17 is discharged by means of a
conveyor 20. The scrap present in the incineration ash 17
is recovered by means of magnetic belts (not shown). The
remaining slag 21 is discharged by means of a coﬁveyor.
Said slag is inter alia used as a foundation material in

15 road construction. The flue gas 18 which is formed during
the incineration process is carried from furnace 22 to

steam boiler 3.

The fly ash particles carried along with the flue gas 18

20 can fully combust in steam boiler 3..Present within steam
boiler 3 are tube banks oi a heat exchanger 23, in which
water is converted into steam. The steam being generated is
used either for driving a turbine having a capacity of 15
Megawatt or for heating a heat exchanger connected to the

25 district heating system. The flow of the flue gas in the
steam boiler is highly turbulent. In the steam boiler the
flue gas cools down from a temperature of about 1000°C to a
temperature of 210 - 250°C.

30 Following its passage through the steam boiler 3 the flue
gas 18 is passed through a single-field electrofilter 4.
Said electrofilter 4 comprises a system of wires (not
shown) exhibiting a potential difference in relation to the

fly ash particles present in the flue gas. As a result of



coke, linme, lava rock and pum ce stone is used as the adsor pti on agent.
5- The invention also relates to a device for carrying out the nmet hod.

The invent woiors be explained in nore detail below with peghesfiees t O
Figures illustrated in a drawing, in which: 10 Figure 1

diagrammatically shows a preferred enbodi ngnt of a wast e i nci nerator
according to the invention; Figure 2 shows a detail of Figure 1; 15
Figure 3 di a@&ﬁmr@iduea:lﬂmlsmyﬁfmm inveex i 10N 978 asf itHe fly SY$Hem
according to th vent.i on; ure a di agrammat i cross sectlon
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ri

Figure 5is |agran1shomnng(§he di oxi n equili um 25 achleved with the
wast e i nci neiﬁl&g arsed gt &9 construction. It is advisable to operate

5 the electrofilter 4 at the lowest possible flue gas
temperatures, since no formation of dioxin takes place in
the cooling range of the flue gases below 250°C. The fact
of the matter is that the fly ash present in the
electrofilter enhances the formation of dioxin, with more

10 dioxin being formed when temperatures are higher. After the
flue gas has passed the electrofilter, it is carried to the

flue gas washer 4, which is illustrated as detail A in
Figure 2. '

15 Referring to Figure 2, the flue gas washer 5 comprises a
washing plant in one washing tower 26, in which the flue
gas 18 is washed in three washing stages by means of a
washing liquid 27. The washing liquid mainly consists of
water. The washing tower comprises a steel vessel, which is

20 1lined with rubber on the inside.

In the first washing stage 28 the intimate contact with the
washing liquid causes the flue gas to cool down to a
temperature of approximately 70°C. This first washing stage
25 1is called the quenching stage. During this stage part of
the washing liquid is evaporated and the acidic gases HCl
and HF are dissolved in the water of the washing liquid.
Also metals and the fly ash that remains in the flue gas
are dissolved in the water. Also the NH,; that is present in
30 the flue gas as a result of the injection of ammonia is
dissolved in the washing liquid. The washing liquid is
acidic (pH <1) as a result of the acidic gases being

dissolved. The acidic environment is conducive to the



Figure 1 shows a hopper 1, an incinerator 2, a steam boiler 3, an
electrofilter 4, a flue gas washer 5 and a chi mey 6. 30 Donestic waste 7

i s dunped | wm@oiMgT8er 1 by refuse collectors 8. The donuti/mLovweda has
al ready been crushed during the transport in the refuse collector, as
a result of -which a certain degree of gyxing has al ready taken

pl ace. Bul ky waste, such as discarded furnifure, is cut WO 97/ 49478
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nmeans of grabs 9. Said m Xi ng serves to honogeni ze the waste present in
the hopper 5 as regards hum dity degree, bulk and conmbustibility. Said
grabs 9 subsequantihe depmmid washimox st aden@$t iac sddsthe Ign axcidioc aroveysart dall

'noi nerator 2. S ongRee Lt B Oy AR Res R ns e, Y a0 |2eekiq adp
forma r ot afNa@H)atteo the RaEstring meterl.3 Thensasthiings pd acawivearfidl M ed
with a layer oi porcupine-shaped contact members 30, which
provide an intimate contact between the caustic soda and
the flue gas. As a result of said intimate contact the
10 sulphur dioxide (SO,} present in the flue gas is dissolved
in the washing liquid. The second washing stage is called

the “packed column washing stage”.

In the third washing stage 31 the flue gas is passed

15 through a ring jet 32,'which comprises a plate in which a
number of venturi-like channels are provided in side-by-
side relationship to form a venturi, in which washing
liquid is atomized. As a result of the alternating
compression and expansion upon passing the venturi residual

20 HC1l, HF, SO, dust'and salts condense from the flue gas in
the form of aerosols and are subsequently carried along by
washing water 27 being additionally supplied and atomized.
The substances that have deposited are washed away by means
of the washing liquid. The third washing stage is called

25 the “ring jet washing stage”. '

Droplet separators (not shown) are disposed between the
washing stages for extracting from the flue gas small fly
ash particles and aerosols which are dissolved in the

30 washing water. The washing liquid is caught separately for
the first, the second and the third washing stages at the
bottom of the washer (at the places indicated by numerals

33, 34, and 35 respectively). After having passed the third
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openi ngs round the furnace. Rolls 123 qtransport the donmestic waste 7
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the donestic waste, whilst the transport away romthe centre of the
furnace served2% 0"23M9Y ¥ff the i nci neration residue 17. The
tenperature in the centre 16 25 of the incinerator is approxi mately
1000[err] C The incineration process can be controlled by varying the
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not shown. In said waste water purification plant the
acidic washing liquid environment is made neutral/slightly

10 alkaline after the ammonia has been recovered by means of
steam strippers. A precipitate of metal hydroxides is
formed in said alkaline environment by the addition of
precipitation-forming substances (Na,S). Said precipitate is |
separated by flocculation. After dewatering in a filter

15 press a filter cake remains, which consists of 40% dry
matter. Said filter cake is discharged to an ICC (Isolate,
Control and Check) dumping site. After having passed a sand
filter the purified washing water is carried to a sewage
water purification plant.

20 _
Referring again to Figure 1, in the illustrated embodiment
of the waste processing plant according to the invention
the flue gas washer 4 constitutes the last step in the flue
gas scrubbing process.

25
After having passed the flue gas washer 5 the scrubbed flue
gas 36 passes an induced draught fan, which generates a
sub-atmospheric pressure, by means of which the flow
resistance of the furnace, the boiler and the flue gas

30 washer is overcome.

Finally the scrubbed flue gas exits via chimney 6. The
temperature of the flue gas upon exiting is approximately

60°C. Emission measuring apparatus is installed in chimney
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8: openi ngs 14 between rolls 12. The incineration process t akes about
1.5 hours. widhensapgcity of the waste processing plant is ﬁ?ﬂﬂts 0 kg
per hour. 5 The nitrogen oxides (NOJerr]) present in the f g 8 are
| argely converted into nitrogen (Nerr]) d water (Herr]O at a
tenperature of 850-1000[err]C as a result the injection of anmoni a
(NH err]) int he first art 19 of stean1 0|I Thi s t echni que is
known as Sel ectﬁ% TR %Yc’“%%l‘ﬂ’&ﬂ% %%l\ﬁé} Hebe i $imd¥ae i 6R ash

17 is di schargeil hy,nreonsent of theCQlﬂrﬁMBéd29lu§h§a§Cﬁ?@npéﬁiﬁﬂhgl n the

I nci neration ash 17 I's recovered by neans of magnetic belts (not
shown). The remai ning slag 21 . is discharged by neans of a conveyor

Said slag is Adésrdodg awsaﬁie abnPef OLOW A4 h Ofc EBF €T EabbbR 1&4 s€88lon
construction. The flue ﬁg %m ch is fornmed, during t he incineration
process u?txﬁX??ﬁFf+% ?%Y e E@m°V1%?é%h?%bWI€F°@ the flugnpgagjy ash

particles cargiich ad psigenti 18 dhegfamfagicalby 2011 680rdtddyigorbystei 5. st eam
boiler 3. Present within steam boiler 3 are tube banks of a heat

exchanger 23, ReIPEHIRG to FigHE? 35 RMRPEEASP NBRVERG o NqheCaPRGAT YePhg

generated i s about!S®E B tDEIpfOvidEdVESS Ehé U.J‘,@gaﬁﬁyh@f'é@tﬁv&a@&fbébf of 15
Megawatt or for heating a heat exchanger connected to the 25 district
heating syst ethe THPR¢OWIR PRefilled gareyRatieally from a lorry. A

10 pneumatic slide valve 40 is provided under the outlet of
the storage hopper, via which an intermediate storage
vessel 41 is filled. Each intermediate storage vessel is
provided with a screw dosaging device 42. The doSaging
takes place continuously via a rotary feeder 43. The amount

15 of active carbon to be transported can be regulated by
remote control between 1 - 20 kg per hour. In order to be
able to determine whether the plant is functioning properly
the amount of active carbon per time unit is recorded
confinuously.

20
From said rotating clearance valve 43 a measured amount of
active carbon is transported through a conveyor line to an
injection point 44 in the waste processing plant by means
of conveying air. At the injection point 44 the active

25 carbon is distributed into the flow of flue gas by means of
four injection lances (not shown). Referring to Figure 1,
in the preferred embodiment of the invention the injection
lances are positioned within the flue gas duct 45 after the
electrofilter 4 and approximately 1.5 m before the first

30 (gquenching) step 28 of the flue gas washer. Based on an
average velocity of the flue gas of approximately 5 m/s the
average residence time of the active carbon in the flue gas
flow is approximately 0.3 seconds. As a result of the

turbulence of the flue gas the pulverized carbon particles



steam boiler is highly turbulent. In the steam boiler the flue gas
cools down froma tenperature of about 1000[err]Cto a t enper at ure of
210 - 250W€ 9749478 30 Fol l owing its passage through the st cRET/NBPTMO6B t he
flue - gas 18 is passed through a single-field electrofilter 4. Sai d
el ectrofilter 4 conprises a systemof w tés (not shown) exhibiting a
potential difference in_relation to the fly ash particles present in
the fl ue ga§F3A§h&rPé§ﬁﬂH gaxed withintee fdaey'gas. Referring to Figure

PCT/NL97/ 00881 the required amount of conveying ait is ddppLixd eyl
difference maximally 97% of the fly ash particles is extracted fromthe

flue gas. TKemPresgel 24r ynit dgqtedheynn ahgan AP and subsequent |y
di scharged for bei ng used in road construction. It is advisable to
operate 5 the electrofilter 4 at the | owest possible flue gas o

t enper at §r eFurdhegmore RetiNe Grrdondiigkidesages 1 dde iwrshinmel £goidng
range of theqfldfe 92569 RElQW QRN 1o & dBde hopﬂ{]ef heZéTfit'f@rtlh?sthat

the fly ash present in the electrofilter enhances the formation o
di oxi n, wittentoee plandi dos PHUsdiLded orhvieth vitfePuidipatmitas etobkewsi gher .

After the p; filile RAS N2 Passghditg PRFUNOTId Ifacdd dsafarEisdage the
hopper 39. The active carbon can be dosaged to the mixing
10 vessel 47 by means of a worm scréw 48, after which it is
mixed with spring water by means of an agitator (not
shown). In the preferred embodiment of the invention the
mixture is introduced, by means of a peristaltic pump 49,
into the washing liquid of the flue gas washer in the first

15 washing stage 28 (quench).

Figure 4 shows a schematic, highly simplified cross-section
of the washing tower 26, in which the flue gas 18 is
scrubbed by means of washing water 27. As already said

20 before, washing tower 26 comprises a steel vessel 50, which
is lined with rubber or plastic material on the inside 51.
The washing tower and the apparatus and connecting piping,
channels, tubes and the like preceding and following said
washing tower are capable of.adsorbing harmful substances,

25 such as dioxin, in their respective inner linings and .
desorbing (release) said substances again, as shown in
Figure 4. Chemical exchange equilibriums between rubber (or
plastic) lining, washing water 27 and flue gas 18 are
concerned here. If the amount of dioxin contained in the

30 flue gas 18 increases, this will result in the adsorption
of dioxin by active carbon in the washing water 27 and
subsequently in adsorption by the rubber (or plastic)
lining 51. Said adsorption will stop once a new state of
equilibrium has been found between the dioxin contents of



flue gas washer 4, which is illustrated as detail Ain Fi gure 2. 15
Referring to Figure 2, the flue gas washer 5 conprises a washi ng pl ant
in one waW0AY49488er 26, in which the flue gas 18 i s waSCIuNLIv/00és1ce
washi ng stages by neans of a washing liquid 27. The washing |iquid

mai nly consi sts of wat er. The washi ngigower conprises a steel vessel,
which is 20 lined with rubber on the inside. In the first washing

stage 28 thehdtfImé eggonigct thet Wakheng waveghpngahiadehed qawsey tshe flue
gas to cool down_to a tenpgratare of aggroxinately 70[err]C. This first
washi ng st aggh®@PPRLIEGEPENRAIQUBACRIAL §PajePhERPMEGOM| whdchydhese of

the washing Lioiiédi sn e¥REOL 2t CHadB0nbReLAEhIRGaGRSRE HE far, s are
di ssolved in the water of the washing liquid. Al so netals and the fly

ash that renafteria few Rpuesgasreadya, Eugitbesmese il AR®LigSertheqeky t he

NH3that i5 pErs€Niei PhB9 hDGhfhusxEAScaALantesyl kthef fike igysegld on of
ammonia i s _dissolved in"the washing |liquid. The washing liquid is
acidic (pH <#3imsainedsfirr af LPRECHECPEFdCFaddaYBei Meeks Qﬂ:ﬂﬂﬂkhﬁir'ﬂh?

acidic envirgngpdh is ABIHELHCwL21lBE “store¥WP IW 4¥¢’&ubber (or
PCT/ NL97/ 00061

plastic) lining 51 in cumulative amounts. Conversely it
applies that if the amount of dioxin contained in the flue
10 gas 18 decreases, desorption effects will occur - again
caused by a disturbance of the equilibrium - because it is
attempted to achieve a new state of equilibrium. The dioxin
already stored will thereby desorb from lining 51 to (fixed
parts of the apparatus present in) the washing water 27 and
15 from there to the flue gas 18. This implies, therefore,
that in this situation dioxin “from the past” will find its
way to the flue gas 18, as a result of which a higher
dioxin emission level will be measured in the chimney 6 of
the waste incinerator of Figure 1 if no further adjustments
20 are made. It is possible to anticipate this situation by
adjusting or controlling one or more of the process
parameters that (partially) govern the dioxin content of
the flue gas/washing medium. Said process parameters are
preferably: amount, adsorption agent, amount of incinerated
25 waste per time unit, temperature at the furnace of the
waste incinerator and amount of air (oxygen) supplied for
the incineration of waste. The latter three parameters
govern the formation of dioxin in the flue gas/washing
medium. |
30
Figure 5 is another diagrammatic illustration of the
aforesaid state of equilibrium as regards the amounts of
dioxin entering and exiting the piant shown in Figure 1.

The dioxin entering the plant is for the larger part dioxin



10 separation of nercury (Hg) fromthe flue gas. The flue gas S
subsequently carried to the second washi ng stage 29. In the second
washi ng stWOSTANTE s|ightly acidic to neutral 5 environnment RGIANID7O006L | s
mai nt ai ned by addi ng caustic soda (NaOH) to the washing water. The
washing plant is filled with a |ayer ‘ifs por cupi ne- shaped cont act
menbers 30, mhich provi de an intinate contact between the caustic soda

and t he S t td act. t Q s

di oxi de (SO rr )g%resngﬁ-'t% ﬁ[%%,l qfﬁ gagog s@) dlrgs%%ob(\b%git o CQ%I%S %“ﬂﬁ
li qui d. The sdsondiwesim rxgssﬂatgeng imm |t afortersaldoaiele@d:ptmlmvmsdhmg
st age". he t S 3 flue s S 5
through ari ﬁéﬁjjgeeir gf’rh ﬁ\mﬁ%npq?ﬁ“ss%’ gf’lpljoétt g:%len " S 9t %@]) ‘of
venturi-li keTmhaldueIcSmaarge priowdiced. n rtaelqedaegiy&ce v1a5|tdm rfelhm |gansmqf) itro

forma vepturli, inh.wi hé/v%si S..atom q:[ areultofthe
al ternatifig thec reasion tgnt exwpaasr#sel n upos'nSli)}1 la% (%S’Verﬁl?'rsl resi dual

20 HA, HF, vS@: eﬁrdxidusiora:racﬁ.rsiaig yaaind@wn‘ermmnﬁﬁeap‘dmesgafhereby t he
Lormof 26T OSLR, AL SRIREN [ 6rt! ARG Do ot i ORI ST 7
deposi t ed ar ehenshed tapey dry smapﬂsus B (fhathe.syasgdswyrdtign ¢br The third
washing st ag%els%r% llloe 25 t ‘he rc':anaglajn%[y Vigies,hl kh s:;[ ag!:alculated by
10 measuring the dioxin contents of A, C and D simultaneously,
thus making it possible to determine the required setting
(adjustment or control) of one or more of the aforesaid
process parameters. By decreasing or increasing,_és the
case may be, in particﬁlar the amount of carbon being
15 injected into the plant (whilst leaving the other process
parameters unchanged) it becomes possible to realise a
correct, constant operation in an elegant yet inexpensive
manner whilst minimizing the desorption/adsorption effects.
All this makes it possible according to the invention to
20 keep the dioxin emission from the chimney below a level of
0.1 ng TEQ/m*. Also subsequent devices, which do not come
into direct contact with active carbon, for example the
rubber lining of chimneys, will attempt to reach a new
state of equilibrium and thus start to desorb as a result
25 of the low dioxin level of the flue gases effected by the
active dosaging of carbon. Here the active dosaging of
carbon indirectly contributes towards the reduction of the
dioxin level eventually to be achieved, therefore. An
important advantage is furthermore the fact that according
30 to the invention dioxin stored in the lining 51 will be
bound, via desorption, to active carbon present in the
washing water and be discharged simultaneously therewith
after having passed the subsequent physical-chemical water

purification plant. Another important advantage of the



Dropl et separators (not shown) are di sposed between the washi ng stages
for extracting fromthe flue gas small fly ash particles and aerosols
whi ch are dweoosri49478 i n t he 30 washi ng water. The washi ng | i qURCE/NES7H0@63ht
separately for, the first, the second and the third washi ng stages at
t he bottom of the washer (at the placeslé ndi cated by nunerals 33,

34, and 35 respectively). After having passed the third WO 97/ 49478
PCT/ NL97/ 0006linvention is the fact that the actitd carbemshakgssaage 31

t he scrubbed flLue, gas 36_gxi s havi ng
been recirculalf_\éﬁt Chuhidd rﬁﬁsFiﬁgsﬂéfghP% ?ﬁ%tﬁggﬁﬁée3B§ﬂ?hﬁgﬁf%§3¥ t he
washi ng |iqui dmegalsyraedat peault of owhichhybse calvenheal cahisasor wdt emid
purification plapt via ._discharge_pjipe, 37,.The_wasfe r e i.on
D't o " PoRbSRERASS) Anakie NALTE GBrRF BhrTerEarronLrEnpRE s atit
aci di ¢ washpngwhigubd emehr bowent Aftemddenatérahgsinght Eyltér pkkabi ae
after the ammoni,a has been recovered, by, neans_of steam strippe A
precipitate offﬁifﬁF ﬁ?gﬁofﬁﬂaénﬁs WthPoFﬂggafﬂssgPa 3F§¥I§%gkgﬁvﬁﬁgnnent
by the additionigb heavy metals and the like. Complex provisions

requiring intensive maintenance for discharging and

processing dioxin-containing active carbon will not be

10 needed, therefore.

In the above-described preferred embodiment of a method
according to the invention the amount of active-carbon is
adapted to the (degree of) adsorption or desorption of

15 dioxin by the lining 51 of the apparatus that is used. In
another preferred .variant the speed of the rolls 12, the
amount of ambient air 15 and/or the furnace temperature are
varied, that is, adapted to the (degree of) adsorption or
desorption, possibly in combination with the aforesaid

20 adaptation of the amount of active carbon. Generally it
will be necessary to anticipate the (knowledge acquired
from measurements of the) extent and the response time of
the aforesaid adsorption or desorption in standard waste
incinerators by adapting or controlling the aforesaid

25 process parameters which play a role in the incineration of
waste as regards the dioxin content, all this in order to
optimize the waste incineration process in the light of a

 targeted dioxin emission of less than 0.1 ng TEQ/m3.



pfeC|p|tat|on form ng substances (NaJerr]S) . Said precipitate is
separated by flocculation. After dewatering in a filter 15 press a filter
cake remai Rggoo¥ides consists of 40%dry matter. Said filtpgerai$Rodos

di scharged to an I CC (Isol ate, Control and Check) dunping site. After
havi ng passed a sand filter the purified washing water is carried to a

sewage wat er purification plant. 20 rF@ferring

the illustrated enbodi nent of the waste proce55| mmmmmmmwmg to
the inventi oncLAIMShe fl ue gas washer 4 constitutes;the Ifast stepsirt the
flue gas scrubbi ng process. 25 After having passed the flue gas
washer 5 the scrubbed fl ue gas 36 passes an induced draught fan, which

generates a 1. stm-rﬁétrfmd)lmﬁ Cr ALY exaximfuneasnﬂ:sm‘andésc,h itrhe flow

resi stance of the furnace boi |l er_ and e flue s 3 s.her
over cone. Fi Rt {g?ﬁﬁﬁﬂiﬁ §ﬁv1 wﬁﬁ%& %P The

tenperaturg of theeiém;el@aé wHIE @ﬁdnﬂtg:atmxa,pprsmgmetreladsorpﬁmferr] C.

EQT/SSN:_SQ/ gloagglljr | ng é)rfljar a&ﬁ’fch Ptéfalslaeldd Iﬁtfehlgrg's yhas been wags7t/1e4§4v28th

a washing medium, is discharged together with said
washing medium for subsequent collection of the
adsorption agent, whereby the magnitude of at least

10 one method parameter which (partially) géverns the
dioxin content of the flue gas/washing medium is
adapted to the (degree of) adsorption or desorption,
as the case may be, of dioxin by the apparatus used
for carrying out the method.

15

2. A method according to claim 1, wherein the dioxin

content of the flue gas is measured before and after
the removal of dioxin therefrom (in particular before
and after the washing of.the flue gas), as well as the

20 dioxin content of the washing medium being discharged,
on the basis of which measurements the dioxin content
of the washing medium resulting from the adsorption or
desorption by the apparatus used in carrying out the
method is calculated, whereby the magnitude of the

25 parameter is controlled in dependence on the (degree

of) said adsorption or desorption.

3. A method according to claim 1 or 2, wherein said
parameter ié selected from the group of amount of
30 adsorption agent, amount of waste incinerated per time
unit, furnace temperature and amount of air (oxygen)

supplied for the incineration of waste.
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12 ' 6 for continuous ' fly ash, HCO, SCe[rr], No[err], CO
and Cerr]Herr] contentlmlmmnmwmmmllfl ue gas upon exiting.
Accor di ng WO Y9478 vent i ofi ah acti®escarbon injection 5 syBEENLIH00061

provi ded for renoving dioxin fromthe flue gas, whi ch systemis
diagrammatically illustrated in Figure 3. 1 Referring to Figure 3, a
hopper "39 having ‘a net capacity of about 80 nferr] is provided for the

supply of act,ive ga . . fidl n [«cally. froma
lorry. A 10 4r5neurs}‘a |?B§Id| ggcya}l%vlre}%zgz%{ scclgdpggiqdec? uoﬁrgej?' the oéultq?egfé%{
t he storage hoppeedsvirgtilnnclagent rtserimgidicttes]l dredfraage washivepssef @ie i s

filled. Each inter I at t vessel is provided with a screw
dosagi ng devi ce 453%%h§a o?&%%%g%“@' ‘akes place continuously via a rotary

feeder 43. "The anmount 15 of active carbon to be transported can be

regul at ed by renote control_hetween -. 20, k er hour..ln ord f o be
able to dete 'nez\/\ﬁ&tﬁ‘é’rdotaﬁecc’pq%ﬂgisof et o |%"dpep eolp%rﬁillé a ?%’gé%lrr%rbnt
of active carbon pgent s Unijedted edftvaled firstontdoiiousldowr2lof thdrom
said rotating clearance valyve 43 a neasured .anpunt o active carban is
transport ed throu%“ﬁ SR 1P T EE Pekoy e‘gﬁ St ;?oﬁerﬁer 5lf)liynk% v
wast e processi ng @0, bimpanticulad a drenrpeanstaig .ofAI230F€ iay datlioon
point 44 the active 25 carbon is distributed into the flow of flue gas by
means of four injection | ances (not shown). Referring to Figure 1,

in the pref erg ed enheinehtacdording nuentiaimtheot np potherein sandcEbuare

posi tioned wi thin gtahse stl uienjgeacstéjéjcal.n 4;?ov?<§é§rf<§rhn?.'

7. A method according to'any one of the preceding claims
1 - 6, wherein said adsorption agent is injected while

15 the flue gas is being washed.

8. A method according to claim 7, wherein said adsorption
agent is injected during a first washing stage in an

at least substantially acidic environment.

20
9. A method according to claim 8, wherein said adsorption
agent is injected during a second washing stage in an
environment which is af least substantially less
acidic than that of the first washing stage.
25

10. A method according to claim 8 or 9, wherein said
adsorption agent is injected in a third washing stage,

whereby use is made of a venturi.

30 11. A method according to any one of the preceding claims
1 - 10, wherein at least one of the substances from
the group of active carbon, brown coal, coke, lime,

lava rock and pumice stone is used as the adsorption

: This Sheet Has Been Replaced THIS SHEET HAS BEEN
BN 1] 2

agent.




electrofilter 4 and appr n efore the first 30 (quenching)
st.ep 28 of the flue gas mllmll mﬁmm average velocity of the
flue gas owosIEP478i matel y*5 fisttHe % “*average residence tiPeEI/NLIWG0061

active carbon in the flue gas flowis approximtely 0.3 seconds. As a
result of the turbul ence of the flue 0gs t he pul verized carbon
particles WO 97/ 49478 ‘

PCT/ NL97/ 000 t hor oughl y m xed
wth the flub2gad SBYAF? | FoF( SREFYIPE ©Utsa PREAPEqAFFRASHREURD BRY
conveying air is @mapéfedhéypaecedtngpceaSnd ai - wni.t (not shown) and a fan
46. 5 Furthernore active carbon is dosaged to the washing liquid 27 of
the flue gas washer from storage hopper 29. To this end a plant is .
provi ded which is built up as follows. A m Xi ng vessel 47 (capacity 500
1) is placed under storage hopper 39. The active carbon can be dosaged
to the mxing 10 vessel 47 by neans of a worm screw 48, after which it is
m xed with spring water by nmeans of an agitator (not shown). In the
preferred enbodi nent of the invention the m xture i s introduced, by
means of a peristaltic punp 49, into the washing liquid of the flue gas
washer in the first '
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15 mhshing stage 28 (quench). ngUre 4 shows a schematic, highly

si.-nplified cross-section of the washing tower 26, in which the flue gas
18 is wovhheds by neans of washing water 27. As al ready BGTANLIT00061
before, washing tower 26 conprises a steel vessel 50, which is lined
wi-th rubber or plastic material on the inside 51. The washi ng tower and
t he apparatus and connecting piping, channel s, tubes and the |ike
precedi ng and foll ow ng said washi nd/b5ower are capabl e of adsorbing
har nful substances, 25 such as dioxin, in their respective inner |inings
and desorbing (rel ease) said substances again, as shown in Fi gure
4. Chem cal exchange equilibriuns between rubber (or pl asfyi ¢) |ining,
washi ng water 27 and flue gas 18 are concerned here. If the anmount of
dioxin contained in the 30 flue gas 18 increases, this will Hesult in the
adsor ption of dioxin by active carbon in the washing watef] 27 and
subsequent|ly i n adsorpfTom by theTubber—(or prastTT) gin ng 51. Said
adsorption will stop_ol i s {jeen found
bet ween the di oxi n cpnfents—of YO 97149478
PCT/ NL97/ 00061 - 34 1
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the flue gas 18, the washing water 27 and the lining 51. The Applicant
has found that this phenonenon, which those skilled in the art have not
been avar e yof o34of@l , Ooccurs after a few hours already. Fperhgofiodes:s it
appl i es thereb % that if this high dioxin content of the flue gas is
mai-nt ai ned for a | onger period (days, weeks or nonths), the dioxin in
question will be "stored" in the rubber Zsgr plastic) lining 51 in
curul ati ve anounts. Conversely it applies that if the anount of dioxin
contained in the flue 10 gas 18 decreases, desorption effects will occur -
again caused by a disturbance of the equilibrium- because it is
attenpted to achieve a new state of equilibrium The dioxin al r eady
stored will thereby desgrb fromlining 51 to (fixed parts of the
apparatus present in) tRe washing water 27 and 15 fromthere to the flue
gas 18. This inplies, th fore, that in this situgtion dioxin "from
the past” wll find its way to ghe flue gas 18, as®a result of which a
hi gher dioxin em ssion | evel w be neasured in thp hiymey 6 of

the waste incinerator of Figure 1 iff no furthdr adjustnbn s 2 are nade.
It is possible to_an X
one or nore oﬂ&rhe-grocess
di oxi n content of t he {f ljue ¢
are preferably: anmount]|, jadsaf -G of incinerated 25
waste per time unit, tenper. ur ¢ at thg fy : t he wast e

i nci nerator and anDunt al r F=gxygen) | i i neration of
waste. The latter thred] :
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aforesaid state of equilibriumas regards the anounts of di oxin
entering and exiting the plant shown in Figure 1. The di oxin entering
t he pl ant iwo9494a8e | arger part dioxin WO 97/ 49478

bet hLoT) 00ne; 15 pr esent I n R
flue gas (A) to.be scrubbed, of course, but al so dioxin resulting from
the af oresaid desorption via the rubber (or plastic) lining 51 of the
washi ng tower 26(B). The dlscharge<ﬁlﬁhtnar1takes pl ace via the flue
gas 18 in 5 the chimmey 6 of the waste processing plant (C), and al so
vi a di oxi n-contai ni ng washing water. It applies thereby that A plus B
equal s C plus_D. Acfkording to the invention the shortage or surplus B
(that. is, adsd ptioh or desorption), as the48ase may be, can be

cal cul ated by {10 asuring the dioxin contents of A Cand D

si mul t aneougl y! thus e
setting (adj 'SPR®Nt or
process paraé
parti cul ar

| eavi ng t he
realise a

&s%%ﬁd RLEJ O'fleternm ne the required

ghonenor Apre of the aforesaid

as fhe case nmay be, in
5 i it o the plant (whil st
pr ocess paraneters unchanged) it becones possible to
constant operation in an eleg%nt yet i nexpensive

other
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nanne} whil st mnimzing the desorption/adsorption effects. Al this
makes it possible according to the invention to 20 keep the dioxin

em ssi on freydiageghi mey bel ow a | evel of 0.1 ng TEQ n{ eiciNLo 08651
subsequent devi ces, which do not cone into direct contact with active
carbon, for exanple the rubber #fing of chimeys, will attenpt to
reach a new state of equilibriumand thus start to desorb as a result
25 of the low dioxin level of the flue gases effected by the active
dosagi ng of carbon. Here the active sagi ng of carbon indirectly
contributes towards the reduction off tNe dioxin level eventually to be
achi eved, therefore. An i npor t allvantage is furthernore the fact
that according 30 to the inventio iN stored inthe lining 51 will be
bound, via desorption, to active &arb resent in the ., washing water
and be di scharged sinultaneously therew fh after h wiég passed the
subsequent physical -chem cal water rification pfgnt. Anot her
i nportant advantage of the 97/ 49478
PCT/ NL97/ 00061 : 16 invention is the
fact that the activ anbon makes a urther confyr\pati on here by '
furthernore binding netal sy asfa result o fijch the eventua
em ssion of said S T i arged after
purificati.on
o 50
31 puBsER (R)

pt@j—-—:@a_ W | s

Washing water

(w)

GAS(6) 4~ outlet

F'G . Li' Residue



5 wll be even lower. After dewatering in a filter press a filter cake
remai ns, which contains not only dioxin but

requiring intensive maintenance pet/mNo%6ddei 9i N
and processi ng di oxi n-containing aective carbon will not be 10 needed,
t her ef ore. In the above-described preferred enbodi nent of a nethod
according to the invention the anount gzsactive carbon is adapted to

li-ke. Conplyge oRfaéusB Si ONs

the (degree of) adsorption or desorpti

al so heavy netals and the

of 15 dioxin by the lining 51 of

the apparatus that is used. In ~anot her preferred variant the speed of

the rolls 12, the anmount of anbient air

15 and/ or the furnace

tenperature are varied, that is, adapted to the (degree of) adsorption

or desorption, possi
of the anmpbunt of active c
antici pate the (know edge
the response tine of

wast e i nci nerators by
paranmeters which play ar
the dioxin content, aly t
i ncineration process int

than 0.1 ng TEQ’r’r{err]><
o
o

arbon. Generally it
acquired from

adapting or contro

y in conmbination Mth the aforesaid 20 adaptation

wi |l be necessary to
asurenents of the) extent and

he af oresai d adsorption or desorption in standard

ling the aforesaid 25 process

le in the incinerafion of wast e as regards

is in order to& optim ze tie waste

e light of a thrgeted dgoXin em ssion of |ess
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Annex to l-etter dated 27 April 1998 to t t Ofice
concerning international (PCT-) patent 4mmmmmmg NL97/ 00061 in the
nane of N.V. Avira Afvalverwerking et al * 1. A process
for renoving harnful substances, in particular dioxin, fromflue

gas whereip thecfl Yerter dateddd? Apriashedswibhtaenatbopeafedauanand the
washing S5n¢f3ce BBELEFhEBghiAYERPhatAbAagONPagt-)Wpkitefl aBHREPREABN No.
agent, Ch%@?ﬁt@ﬁVb@@G&”ih ghet Hamdi 8% N.¥QNRSAkaORfvalverwerklingf ktteadas is
nmeasured before and after the renoval of dioxin therefrom as well

as the di aueNpED craiMscontent of the washing nedi um being di scharged, on
10 the basis of which neasurenents the dioxin content of the

washi ng medi umresyl tin o] he. t] sotption by the
lining of the appagaPﬁggﬁ%édE$£ §?§Q§Q#§ %§?P§P%gsgﬁft%ﬁgg%fo%§ss S Y
cal cul at ed, wherebparticular dheximgnfronefdneagapenberehe procéiye

paraneter 15 veLni;ngntheydiaxgn : apt 1 he u 3 e
gas/ washi ng nediun??g gdjuggegaiﬁgggpgngg%g%ﬁgnmealhm ahilihe waShlngof)

sai d adsorption ormgedBMpifoRrought into ﬁOBFGEE;QEEECBPd?ﬂ§°¥SEg%§Fn11,
wherein the di oxi nagént, chatebtenize8 thethbuetpasdisximasonednbebsdre and
after the vashing gﬁet?fuélggsggg'measured before and after the

removal of dioxin therefrom, as well as the dioxin

content of the washing medium being discharged, on
10 the basis of which measurements the dioxin content

" of the washing medium resulting from the adsorption

or desorptidn by the lining of the apparatus used

in carrying out the process is calculated, whereby

the magnitude of at least one process parameter
15 - governing the dioxin content of the flue

gas/washing medium is adjusted in dependence on the

(degree of) said adsorption or desorption.

2. A process according to claim 1, wherein the dioxin
20 content of the flue gas is measured before and
after the washing of the flue gas.

3. A process according to claim 1 or 2, wherein said

_ parameter is selected from the group of amount of

25 _ adsorption agent, amount of waste incinerated per
time unit, furnace temperature and amount of air
(oxygen) supplied for the incineration of waste.

4. A process according to claim 1, 2 or 3, wherein
30 said adsorption agent is injected before washing of

the flue gas takes place.

5. A process according to claim 4, wherein said
_ adsorption agent is injected after a first cooling
35 down of..the flue gas to a temperature below 400°C,
REP!ACUENT SHET |

SR o
|12 "L SHEET




3: A'pr'océss according to claim 1umuﬂﬂllmﬂ”ﬂmu . par anet er
selected fromthe group of anpunt ﬁﬁptlon agent, anount of
wast e incinerated per time*unit," fdrndce*tenperature and anount of .

air

(oxy

agent is injected

5. A process accordlng to claimd4, mherein sai d

is injected

tenperature b

%‘Ffoé:‘HHly Qfélfdﬂ’ id’(ﬁ’d‘ nCirD%a?éﬂlC&thHr i einperaturet.
process accordi ng to cIa|n1 or

3, wherein 30 sai d adsorption
|qﬁ} the flue gas takes place.

particul as a terrpeffhlajrgas is lnjeqﬁe@mﬁ eoydenridEt ow.

process according to claim4 or 5, wherein said 5 flue gas |s
injected in powder form 7. . A process according to any_one of the
precedi ng 7. A process according to any one of the preceding

10

20

25

30

35

10.

11..

12.

claims 1 - 6, wherein said adsorption agent is
injected while the flue gas is being washed.

A proéess according to claim 7, wherein said
adsorption agent is injected during a first washing
stage in an at least substantially acidic
environment . .

A process accofding to claim 8, wherein said
adsorption agent is injected during a second
washing stage in an environment which is at least
substantially less acidic than that of the first
washing stage. o

A process according to claim 8 or 9, wherein said
adsorption agent is injected in a third washing
stage, whereby use is made of a venturi.

A process according'to any one of the preceding
claims 1 - 10, wherein at least one of the
substances from the group of active carbon, brown
coal, coke, lime, lava rock and pumice stone is
used as the adsorption agent.

A device for .carrying out a process according to

"any one of the preceding claims 1 - 11, having

means for measuring the dioxin content of the flue

gas before and after the removal of dioxin

therefrom, means for measurlng the dioxin content
of the washing medium belng discharged, means for

calculating the dioxin content of the washing

| REPLACEME N . :
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cl ai ms 1‘; 6, wherein said adsorption agent i d while the
fl.ue gas is being washed. 10 8. A proces Cyﬂgcum myi! mgl m 7,

wherein said adsorption agent is inje st mashlng
stage in an at |east substantially acidig envi ronnent . 9.
A process according to claim8, wherein said adsorptlon agent i's
i njected during ameddamdbeing dischasigedy steags iforacadauladaimentthshi ch is
at | east a I lLgs cidi g . AW 0
washi ng st age. dﬁ%&%& %kh%eoﬁesg Zg%bb%' IE@a%eFH%% %%ShﬁngﬁLE%E%h sai d

adsor ption agent itdej ﬁﬂ§@¢@@lpn @Itﬁﬁﬁ@rmasﬁmn@y the 1lleGaQ§ thiger eby use
is made of a Vent%bbar%@us us@é if B%Q%%&%ga%%ﬁrQhﬁgp&%c%%% 0%% e1the

pr ecedi ng 1 ,. Wherein at | east one of
subst ance? fronltﬁé @F&Hﬁ 5Pra69ﬂ9€té§ﬂb@ﬁ Lge&kn one Proces§oal, coke,

line, lava rock apdradetee gboeening3@he dlomwd:oaﬁ_ehlte o&dw‘eptfimré agent-
12. A device for carr

out a jprocess accor ny e
t he preceding claﬁﬁﬁ/ as%ifg W§9FH8 ia epenﬁ%gﬁ% QPthﬁeégﬁ?Fﬁ F%Q d|0X|n
content of the fl seidbadsorptdas bef descapdt iaht.er t he renoval of di oxin
therefrom neans for neasuring the dioxin content
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of' .t he washi ng nediun1being di scharged, neans for aléﬁﬁéﬁ
di oxi n content of the washing AT
medi um bei ng di scharged, nmeans for cal cul ating the dio~uhﬂ§-ntent

of* t he mashingfng;un1resulWmngnhmumchLmuwmu?bnnmd&ubmt|on or \GESIIT pti on
by.the lining of t

appar at BE€HEEFrM carrying out the process, as
wel | 5 INTERNATIONAINAPRLICA TN BUBLIGHED UNRER THE PATENTCOOPERATION TREAAWSPET)
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