2 9 SEP 2006 WO 03/083370 PCT/EP03/03495 1 Method and device for
controlling injection of primary and secondary air in an incineration
system Field of the invention 5 The invention relates to a dew geSERr2)05

i nci nerating waste conprising rows of secondary air nozzles divided into
segnents. The invention relates to a nmethod for controlling several
paraneters of secondary air injection including at |east one of the

par amet er s WO 3983376 peed, turbul ence, vol une, conposit iRCT/ERBIMBNPer at ur e,
for optimzing the incinerating process in an incineration system The

i nvention relates to a nethod for controlling primary air injection. to The
invention also relates to an incineration equiprment, functioning in
accordance with said methods enabling the control of primary and secondary
air injection. Background of the invention The conmbustion process of waste
I's a rather conpl ex one because honbgeneous 15 and het erogeneous reactions
take place; metholizni devics fop coMAlINGY infectivh Gfpiinfary ddisedbiidarpdioiaan t he grate.
The furnace-boiler part conprisjng a combystion chanber and a

post - conbustion chanber is a CV*&MEQPH #? Mof an incineration installation
and needs to be de5|gned wWith great care. The nobst inportant properties
for this type l'er are good performance, high flexibility,
good avai | abi Il%k:I %%‘Zﬁnlﬂg ility with an acceptable lifetime of the
different pr es'Bl?r"éVeEl‘Pﬂﬁ@!ﬁ*P%fO gexice Fr lincingrafing wste pompEIing reape plsgpidarydue to

the vari abj |nbiz)ésQi§v:c¥eB%t&‘@@nﬁnﬁﬂ@ﬁ&&%@@ﬁté&m a%%od'f&r%oﬁl@cm?@%b@érﬂn and
calorific val ue. under . these

ace-boile st be a to perf
O ot PUAIHEIS T SETEY A TiSoR I A1 536 Gher e HRBIoters: Jouy SPatd. o1 el 6 as
JeéSI bl e tusayenc&i volume] dvenposiydnesmd néraparaiare pfor bdﬁmu’ﬂg ivéintinerhtingipresesd inon

directive fu‘ F’ngﬂgrla{?o% %Sterlh 'qu\)eﬁ@gééél]egtoraerﬁétﬂgd%P?oHr g;t'lm%{y alr?rﬁécttgrﬁ With the

seconds a nperat res ove uni ci pa
i nt ensliov e The iavetion alse tﬁﬂateﬁeto e dicihawliomegipmenh duinbiiogihg @aaqundanoe withrsaildl emat i ¢

and heter %&B&@&%ﬁ%ﬁﬁ@cow&bﬁprmfa%dtsbéﬁ?ﬁar@QFir mﬁ%t'wnev' ng a conpl ete
conbusti on have beconme nore denendi ng today. A | arge nunmber of existing

instal [ations are not designed to operate under these conditions and
needed pri mar \Batkgiouhd of the rvenfiori he conbustion system 30 in order to

conply with t wreure nt s ese ewre uirements
Cover a1 e t ol rofEkiRE Biebs S Waite i BRERtaieIFk one AR e AitedeRtitene T o ent
year s.15| nami biderogapedusoeations tekeepladel neti tmtycqm toéd intiheration grate, but also above

the grate. The furnace-boiler part comprising a combustion chamber and a post-combustion
chamber is a critical part of an incineration installation and needs to be designed with great
care. The most imporiant properties for this type of furnace-boiler are good performance, high
flexibility, good availability and reliability with an acceptable lifetime of the different pressure
20 parts, Flexibility is of utmost importance, due to the variability of the waste characterized by
e.g. its composition and calorific value. The furnace-boiler must be able to perform under
these permanent changing conditions and produce steam or heat, in an as stable as possible

way. | '
Since the implementation of the EU Waste Incineration directive (2000/076), requiring
25  a residence time of at least two seconds at temperatures above 850°C for municipal waste,
‘combined with the intensive use of selective residual waste and high calorific “problematic”
and heterogeneous waste fuels, conditions for achieving a complete combustion have
become more demanding today. A large number of existing installations are not designed to
| operate under these conditions and needed primary modifications of the combustion system

30 in order to comply with these new requirements. |

| To comply with these new requirements several new technologies have been
developed and implemented during recent years. In order to increase the efficiency of the
combustion and reduce the discharge of pollutants into the atmosphere, secondary air




conbustion and reduce the discharge of pollutants into the atnosphere,
secondary air 2 9 SEP-2006 WO 03/083370 PCT/ EP03/03495 2 prav@%'c%m:g 2006
addi ti onal oxygen for the conbustion process is delivered to th
furnace-boiler to inprove burning of the conbustible waste gases. For
exanpl e, DE4401821 describes a nethod and device for inproving the
conmbusti on consisting of a displacenent body with a secondary air supply
system WWRO03B¥0new secondary air injection system t RETEBHI¥Ei on 5 and
post - conbustion process can be strongly inproved and can result in a nuch
shorter and clearly defined burnout of the flue gases. As used herein, the
terns displacenent body, bluff body and prism body are used

i nt erchangeably. However, one of the nain problens of obtaining an
efficient conbustion is the good m xing of the secondary air. The

i ntroduction of secondary air is diffifcult to fine-tune. to Mreover, die

to the abaeiR QhafaaDodoPith SBusharbibess Badiphis il A0 fack Bt Bondar

air int nac equate mXxing o e secondary alr with the
conbust i bireprovgshusniph gbthe qogbugibleawamteogasgs. Fas LpmPIpgDFE4A0A8R Y dRSETRSE & o
conbust i Ofheto afd@ dbvidedBs infpRvirighd EsMbuSbn TORMXNIAG LY a dplacdntenPbddg with
properly conditioned j{o takeg},lgmadl at e‘IH% &art. L 0 éhe gost - conbbul{sﬁi.l on
process  WPROAJAY,PIE SYRRYY. Syptem With ihis, news segapdary air Riaglion systam )6 CobURian ¢ ke a
| onger st i aRd fodt-cdnitastvnProckss can b sBdriglyrimprovatiend caroreswiin la nauch shqsleedrel bur nout
of the fluy S, | 1] | f non- conditioned secondary air in the
Erd iRy DG LB baBkeS. ocess

f ur nace- b8 _ ow down t he post-conbustion process. Another
probl emi's thas used hetsin dheateumsedisniacement daty, Hluflkedy and ptisrip Rodyrare Heedyost -

Gobust i Orﬁt&égﬁaﬁﬁé%g.i FHowtQbr, 6RNSH R nain PRBISATsf Bbtaihing Gn SARRAt RBUSIBARL | NES

hotter or cooler 20 than the optinum tenperature causi, ndesirabl e side
D51 eot s HeIgoRtmioR ObEp SFEOTG g TG MIeEIPGt Fchisan; 1 5 A Bane binas
above-jgeniioroes, di}rec:&)iherais?entémef dgbﬁﬁﬂmbulémmbenfbymmﬁbﬂersihasdm_er«ltamvi ce
conpri si ng ,an._ i mr pve on 1. riary aifr.. e : i.piection
systems, 2! %F%gﬂg?"gggg%%f’porﬁg'f'ﬁ%é t%eg%gér{%c@wﬁg%gtﬂréﬁeec%&%ggﬁ’ﬁ@%gggéﬁdar y air,
i ncl udi ngisfricbaghiesgsk easultiabintan invompiatecombustionndn addiepdbe intreucethepcordeper at ur e,

and a net hpgdhay n&ﬁi?&p@ﬁg} drd@omdidieTkY inthddiaté b Eih it posiEdntlistioRipfocg@vi ce and
method leads to a highly efficient conbustjopn process characterized by
gener at | nBRELAeFRR e URASKPIRG GORRPIREIG | Wil Bk & JenoRr e ‘QEPRIPPSEct | ve
regul gki opsmbuglich fpbdes? @D feach a complete burnout of the flue gases, and injection of non-
conditioned secondary air in the furnace-boiler may even slow down the post-combustion
process.
Another problem is that the temperature throughout a cross-section of the post-
combustion chamber is not constant; pockets of flue gases are sometimes hotter or cooler
20  than the optimum temperature causing undesirable side effects such as corrosion, slagging
and fouling.
In order to solve above-mentioned problems, the present invention provides a new
device comprising an improvement on the primary air and secondary air injection systems, a
method for controlling several parameters of the secondary air, including flow, speed,
25 iurbulence, volume, composition and temperature, and a method for controlling primary air
| “injection. Using this device and method leads to a highly efficient combustion process
charactetized by generating low initial emissions and able to cope with the EU-directive

regulations.




WO 03/083370 PCT/EP03/03495 t 3 Summary of the invention One enbodi nent of
the present invention is a device for incineration of solid nejer BFPSZG%-
conprising: - a feeding systemable to introduce the solid materials In a
furnace, - a grate systemconprising several grate elenents, C - a
furnace able to incinerate said solid materials, - a post-conbustion
chanber able to burn out the produced flue gases resulting from io said

i nci ner at iwoo3/es3aropri mary air supply system capabl e of PEITEPESHE| al | y
distributing air across different grate elenents and across the w dth of

the grate, - a displacenent body placed at the conmbustion chanber exit and
entrance of the post- conbustion chanber able to split the produced flue
gas flowin tw separate flue gas 15 streans, - a bend in such shape of

the device inner front and rear walls, that together with the outline of
t he di spl acenent body creates two ven% uri-shaped flue gas passages at the
inlet of the post-conbustion chanber, - two pairs of rows of secondary air
i njection nozz| es Iocg‘bed i diately at the 20 conbustion chanmber exit
and entrance oTMMAYPH F-"E’Sﬁg“f&ti on chanber, one pair |ocated on furnace
inner front wall and the opposing displacenent body wall; another pair

| ocated on y@? gh%&]@;grﬁ r?lf E}%gr{re%gﬁihvm& is %%vfc@ for HRARREOY o ofi® hiafeRaENt  body

wal |, char se row of secondary alr 1njection nozzles is
di vi dedl i camprisig or 25 nore segnents, each segnent conprising two or nore

nozzl es, such ath?din tﬁpﬁ th WO PhirodRbd 1hé Bo1ia Wibkeriae Yh HfimasggmeNnt is capabl e of
bei ng different rg t%at of dlrecﬁérgtg%%hgcent segnents. Anot her

embodi ment of a&giee BYSISRESOMPFIBIISFRVER B%i ce as described above wherein
@each segnenifupidcd BrRIGTMBheaRRBaBisbR mAietalsi o f orm pairs of segnents on

825)8?3;? 0 pglcfr}saég@ﬁ?o%%\ﬁglgg fchésrﬁt?e? legrtcy blﬂ'lll but IRE Eljo&fbed }Iug ggsegl?é%ul%%)ﬁom WO

i0 said incineration,
- a primary air supply system capable of differentially distributing air across different
grate elements and across the width of the grate, _
. adisplacement body placed at the combustion chamber exit and entrance of the post- '
combustion chamber able 1o split the produced flue gas flow in two separate flue gas
15 streams, | |
- abend in such shape of the device inner front and rear walls, that together with the
outline of the displacement body creates two venturi-shaped flue gas passages at the
inlet of the post-combustion chamber,
- two pairs of rows of secondary air injection nozzles located immediately at the
_ 20 _ combustion chamber exit and entrance of the post-combustion chamber, one pair
} located on furnace inner front wall and the opposing displacement body wall; another
pair located on the furnace inner rear wall and the opposing displacement body wall,

_ characterised in that each row of secondary air injection :nozzles is divided into two or
25 _more segments, each segment comprising two or more nozzles, such that the flow of
air through any one segment is capable of being different from that of directly adjacent

segments.

Another embodiment of the present invention is a device as described above wherein
30 each segment and Segment opposite thereto form pairs of segments on opposite pairs of
rows of secondary air nozzles. ' ' '




4 Anot her enbodi nent of the present invention is a device as descri bed
above wherein the air flowto each segnent is controlled by ong .or r
val ves and/or by nodul ating one or nore air fans and/or accordfﬁbsﬁgpgﬁ@
sel ected dianeters of the secondary air injection nozzles within said
segnent. 5 Anot her enbodi nent of the present invention is a device as
descri bed above wherein - each segnent, and segnent | ocated opposite
thereto cowoedsss7a | arger and smaller dianeter of sai BCHEBAIUL . nozzles
havi ng the | arger dianeter are adjacent to the nozzles having a smaller
diameter 1o within said segnments - the nozzles are aligned in opposing
segnents such that those of the larger dianeter are placed directly
opposite nozzles having the snmaller dianmeter. Another enbodi nent of the
present invention is a device as descyibed above further 15 conprising any
array of four or nore tenperature sensors, each sensor |ocated above an
area defined %ﬁexl@&ib&dlm‘émem@pm&m indertibiisa devitma described Bbavhwhereds ent

invention is as escr ir is

or ovi ded 0 i ot iadaroRef Rapprigy BOTED miHRRR sdatBy FRAMAGRI R 15,
passi ng tdnbrelaglfanslaad/érraomrdmgammer salectedvgdirneters 0 faeaeqsré%%@f igigctigBl | as t hr ough
t he rrenbran V@Ilhmsa%sebrﬂgntd'sm acenent body. Anot her enbodi nent of the

present i %% on s evi ce as described above whereby, the secondary
air supply duct consists of two or nore concentric ducts, inside of the 25

di spl acement Qﬂ&“e&‘inb@énﬁu@ﬂ of {h8 pR%&M Fﬂv&ﬂlo@fs atdasicd a¢ deaciibebabivewhewinl s .

Anot her embodi nent of resen i nve S v ed above
ereby t BeEhi $RgEENY taB‘i’\tse t Jlocgied, 0 lﬁerg{,g c&ﬁ&aﬂ‘& é‘i&rg ,ﬂﬁ&félﬁ such
hgpe t hagiaméteras bAi@rozses,h the outI i ne of t he di spl acement body, two
venturi-sha d {,l He él%;a]?aw% %’?K&gﬁar@‘a chﬁ’lptoqmaﬁéﬁ@s:ﬁQV|ﬁd1QEﬁaifead/améie) bet ween
er fl

20 and 40 t 3 i Her ease 1 ue gas turbulence in the
vent und - skithreskidseginenys zone. 2 9 SEP 2006 WD 03/083370 PCT/ EP03/ 03495 5

Anot her enﬁg qg%ﬂ;e@taré)gl hgﬂammpﬁéﬁﬁ;t sebﬂt‘ﬁgbdxdhﬂha\t&htﬁe@emeaagasdlaimgraré)ed above

wherein ace r}/ 9 shape of a distorted
r horboi d aplaqgghdgqﬁtly opposite nozzies aving the smaller :ameter

Another embodiment of the present invention is a device as described above further
15 comprising any array of four or more temperature sensors, each sensor located above an
area defined by a pair of segments.

Another embodiment of the present invention is a device as described above whereby
the secondary air is provided via secondary air supply ducts ending in injection nozzles,
20  passing through the front- and rear- wall of said device as well as through the membrane-wall

W

of the displacement body.

Ancther embodiment of the present invention is a device as described above
whereby, the secondary air supply duct consists of two or more concentric ducts, inside of the
25 displacement body or along the exterior of the furnace-boiler walls.

Another embodiment of the present invention is a device as described above whereby
the inner front and rear walls of said device are bent in such shape that, together with the
outline of the displacement body, two venturi-shaped flue gas passages with an opening

30 angle (o / p) between 20° and 40° are created in qrder to increase the flue gas turbulgnce in .

the venturi-shaped mixing zone.




Anot her enbodi nent of the present invention is a nethod for incinerating
solid 5 materials conprising the use of a device as descri bedgagogg) ?tgms
Anot her enbodi ment of the present invention is a method as desc¢ribed above
further conprising the steps of a) nonitoring the oxygen content of the
flue gases, to b) determining fromstep a) the total air flow required by
said device, c) distributing air to the primary and spepisigipyo@i r supply
systens SIRMWBKIH the total air flow is maintained according to step b),
d) nonitoring the tenperature of each tenperature sensor, e) averaging the
tenperature of the tenperature sensors |ocated in each flue gas stream 15
f) conparing the averaged tenperatures of step e) to determne the hotter
of the two gas streams, g) increasing the flow of secondary air through

t he secondary air nozzles |located beJow the hotter of the two gas streans,
and decreasing the flow of secondary air._in the n X in bel ow of

" the cool er ofAnbther ambodigest of the Srosent invention js,3 dovige ﬁ%g%ﬁs\%/'{%b%glab&??gggg'ne total of
air flowi Q;s?@&{ﬁegﬁmﬁﬁfé%%@'ir%h@éﬂapﬁyﬁd disiortedhtiompoidebpristhangi ng the flow of
secondary arr | oth”gas streans have the sane tenperature according to
step f), so nmaintaining overall the sane total of air flow |n the secondary
air  system ad5indruidaaimeand) daiprsant inventiohds pmetbechior PEINRIANESAI% s a net hod as
descri bed above further LS - _of: i) decreasing the flow of
pri mafy @p\enﬁ%mlﬁlﬂgﬁ'gué€§’{g§{eg* e%e%é%g?%ﬁ'@éml to the feeder system when
the hotter of two gas streans determined in step f) is Iocat(;*?rthproxi mal to
the feeder [\ ifGrésal ihvatiohlivamethopas decribedabove fiurthRe ar ea
t}e.neath t he %ﬁ%?{%’%@g?dng‘g'the sgrate el enents, so maintaining the sanme
ta?\'gﬁal of camgrisihg hwstessthe primary air system j) increasing the flow of
Primary @ holR6iRahdolyhéh @hrhif Medioegdsss,proxi mal to the feeder system when

the hotter of two gas strea ' | ) is located proximal to
the ogt pmdeier'@‘“ﬁﬂlﬁ%mﬂ@iﬁ%ﬁ%@@@@pﬁ%ﬁ%&%@?ﬁ%ﬂ% 6 .. S ?aﬁ TUBELL
decr easi pgdidtitRtifd sintodie nmirﬁammnys@oﬂdafha'tmpﬁﬁﬁé?“ﬁeﬁﬂ'ﬁ%’ﬂ‘ﬂttp‘ﬁé. gl’f&l nder of the

grate elenents.,. | IL7Yyng the sane total of air flowin the primary
air syst@’rﬂ'a"a?m%do%%?:rﬁ@hgqsﬁé he flow of prinmary air if both gas streans

have t he dsmonitotingiibe remparedure of each temperature sensor,
e) averaging the temperature of the temperature sensors located in each flue gas stream,

d temperatures of step e) to determine the hotter of the two gas

15 f) comparing the average

sireams,
g) increasing the flow of secondary air through the secondary air nozzles located below the

hotter of the two gas streams, and decreasing the flow of secondary air in the nozzles located
below of the cooler of the two gas streams, S0 maintaining oyerall the same total of air flow In
. 20  the secondary air system, and t
. iri ure
} h) not changing the flow of secondary air if both gas streams have ﬂ‘.le same tempera -
according to step f), so maintaining overall the same total of air flow in the secondary air

system,
25 Another embodiment of the present invention is a method as described above further
comprising the steps of:
i) decreasing the flow of primary air beneath the grate elements proximal to the feeder

system, when the hotter of two gas streams determined in step f) is located proximal to the

feeder system, and increasing the flow of primary air in the area beneath the remainder of

30  the grate elements, s0 maintaining the same total of air flow in the primary _air system,
- j) increasing the flow of primary air beneath the grate elements proximal to the feeder system,
when the hotter of two gas streams determined in step flis Ioc_a_led proximal to the oulput




according to step f), so maintaining the sane total of air fl iﬁEﬁgﬁQ
primary air system 5 Another enbodi ment of the present inve o] b
nmet hod as descri bed above further conprising the steps of: A l) conparing
the tenperature of each tenperature sensor nonitored in step d) with the
average determned in step e), to n) increasing the flow of secondary air
in both segnents with secondary air nozzles |ocated beneath the sensor

det ecti ng WOaR§8Mat ure hotter than the average deter miffd@EPH*¥ep ), and
decreasing the flow of secondary air to the other segnents, so maintaining
the sane total of air flowin the secondary air system n) decreasing the
fl ow of secondary air in both segnents with secondary air nozzles | ocated
15 beneath the sensor detecting a tenperature |ower than the average
determined in step e), and increasing the flow of secondary air to the
other segnments, so nmamintaining the sanme total of air flowin the secondary
ai r syst esystam), and teardasing iha dlow bleprifatyairdh the ateahengalh the remainderd theialer at ur es

detected Q%mregtgt%% _@nﬁgs%{%?tap@gﬁflﬁintti;@p,ﬁ,yaw@%m@@;germ' ned in step e),

SO maintainin e sa a alr flowin the second?r% air system
e

Anot her aknst ehasging Rie fipw ol airitdolgas streams it W §aPe ePREYher mal

treat ment ,@drdhRy th Gtep ABoTRAirdifing Me 8diné BRI SiAirdibw in thepRimarg tingyserconbust i on
chanber and a post-conbustion chanber, said nethod essentially consisting

of : 253%- feeding the solid materials into the combustion chanber, stage
conbusti ng of Amirdr embadinthntet therprdsent inleatianhiea mbipopasdhscibed abivedurtigses  whi ch
are directed to sai t - conbustion chanber, dividing said flue gases into
two separ é?’%%“s?'PE’ge sgeijggét r eams b?/ means of a displacenent body present at
tthe ent r alcompdring e teroreratere alrash empertpernsor munitered imsteRgd il Meent ur i - shaped
flue gas Q@é&@%rmﬁg@mgﬁbgﬁi zed by injecting secondary air inmrediately at
t he conbusti on chanber exit and at . the ent [ance of . t hc—zr r@%géts-é%%[@ust I on
chanbel® afdiinseasiahihe dow phigcoodanyaig i bgiagepents Pt Feidalvsil 5006 WO
03/ 083370 béichinBRDneG4efctifg altsmptatire hstter Grae trefaverhge dasérmbnel] ingsterelanet er s:
fow, tur bl GRCising fle 6% of <385HBR b toifle ofiBERHmSHis, sb FARRIMAGhEsame

total of air flow in the secondary air system,

n} decreasing the flow of secondary air in both segments with secondary air nozzles located

15  beneath the sensor detecting a temperature lower than the average determined in step e),

and increasing the flow of secondary air to the other segments, so maintaining the same total

of air flow in the secondary air system,

o) not changing the flow of secondary air if the temperatures detected by the sensors are the

same as the average determined in step €), so maintaining the same total of air flow inthe

20 secondary air system.

Another aspect of the invention relates to a method for the thermal treatment of solid
materials in an incinerator comprising a combustion chamber and a post-combustion
‘chamber, said method essentially consisting of:

25 . feeding the solid materials into the combustion chamber,
| - slage combusting of said introduced materials thereby producing flue gases
which are directed to said post-combustion chamber,

- dividing said flue gases into two separated flue gas streams by means of a

_ displacement body present at the entrance of the post-combustion chamber
- 30 defining two venturi-shaped flue gas passages;
- characterized by injecting secondary air immediately at the combustion chamber exit and at
.-the entrance of the post-combustion chamber and by controfling said secondary air injection .




Present invention provides a nmethod for controlling several parameters of
the primary 5 air and secondary air injection and a device able to perform
said nethod, which will greatly inprove the efficiency of the i{gnggptingg
process, which will reduce em ssions and will conply with the re-severe
conbustion requirenments. Detailed description of the invention 10 Several
exanpl es of possible execution according to the present invention are

i |1 ustrat SHOOHHBHB fol l owing Figures. Fig. |la shows a EFHERBOYM% | onal view
of an incineration furnace-boiler or incineration device provided with a
di spl acenent body or prism[5] according to the invention. Fig. Ib
represents a partial cross-sectional view of nozzles [30], [31] for the
injection 15 of secondary air in the device shown in Figure 1 a. Fig. 2a
‘represents a detailed perspective view of an oscillating flap [20] of
Figure 1b. Fig. 2b to 2d represents schematically three positions in a top
vi ew of tijeatidagionk 20ihe ddllowiRi parametdss: fidw, (urbudmee, youmectampasitian, preed Sect i ve

vi ew of nozzJ e [30], [31] provided with a rotating 20 valve [20]. Fig.
3bis a 2@“@%3 [% cross-sectional view of a series of nozzles [30], [31]
whereby each nozzle [30], [31] is provided with a separate rotating val ve

ol ) % | . hriOfihg s6verdl pafantleSof tRspriviannoz zl e
(30]. [31 ] - Phese ysaftéﬁgﬁ%vfae&a Rf0S RF borRDiRhg mfa 0

d . | h | [1 14] i
e oy b il and secengiaiaiecion 948 § vjoe el 1 partony SBpdEnes FRE oty | o | °
i nci ner at ih;ag,vié){ﬁé femiﬁ&qcm dl'aéﬂmmmxsﬁbomeceie,sﬂémmugndumr;jniiﬁmngIa@sl vilbr med by
the inner walls_ of the post ¢ USt | er. Fig. shows a
AT e e PO SR HgBPeefcl ’

cr.oss- sectymh nozzl es both in-line, with alternate
ainjl opposite nozzles [42], [43] having a different cross-sectional

dirameter. Figp 880006 B1&) OGhRe fettionnal view of a di splacenent body [5]
provided with concentric tubes |47], %8% &,4%% bei nﬂ.su';ﬂiol yaré:luct s for
gui di mg t he s&evaraaexpmalep of Popside YpquiY BPROTIGN OSB\RIPSHTHEVRI'EE H'Df t he
i nci ner at jyQfaed fttRdollcviry Fgeres2006 WO 03/ 083370 PCT/ EP03/ 03495 8 Fig. 7
shows a three dinensional view of a furn - hai ) I Sl i Xanpl e.
of one pair &9 ABsHME ar‘59§§'sf’%¥ al NiRy #ﬁf"‘%ﬁaﬁﬁﬁﬁl ﬁ'ﬁ‘&geg@'(éﬁm&dﬁq@?@'ﬁ into
t hree secadvienpraviadd wit Fdi3placamentbddy oriprisralst ascdulingdo tipimvertiie i nvent i on.

Fig. 1b represents a partial cross-sectional view of nozzles [30], [31] for the injection

15 of secondary air in the device shown in Figure 1a.
' Fig. 2a represents a detailed perspective view of an oscillating flap {20] of Figure 1b.
Fig. 2b to 2d represents schematically three positions in a top view of the flap [20] of

Figure 2a.
Fig. 3a is a schematic perspeclive view of a nozzle [30], [31] provided with a rotating

. 20 valve [20].
} Fig. 3b is a schematic cross-sectional view of a series of nozzles [30], [31] whereby
each nozzle [30], [31] is provided with a separate rotating valve [20].
| Fig. 3¢ is a schematic cross-sectional view of a series of nozzle [30], [31] whereby the
secondary air supply channel [12], [13), [14] is provided with a rotating valve [201.
25 | Fig. 4 shows a fragment of an incinerating system according to above description, and
‘angles formed by the inner walls of the post combustion chamber.
Fig. 5 shows a cross-sectional view of two arrays of nozzies both in-line, with alternate
ahd opposite nozzles [42), [43] having a different cross-sectional diameter.
Fig. 6 shows a cross-sectional view of a displacement body [5] provided with
30 | concentric tubes [47], [48], [49] being supply ducts for gu_iding the second.ary air to the
| different zones over the width of the incineration system. . :




Fig. B shows a three dinensional view of a furnace-boiler conprising an

exanple of 5 an array of tenperature sensors [SAl], [SA2], [SAR ,SHPSRIG

[ SB2], [SB3], each | ocated above an area defined by the sectioned nozzles

[Al], [A2], [A3], [B1], [B2], and [B3]. Fig. 9a and 9b denonstrate a net hod

according to the invention for correcting tenperature inbalances due to

hi gh and | ow cal orific value waste and dependi ng on the heat release

profile. IWOPHEP33780 shows a cross-sectional view of anPSFERRAIPve

i ncineration furnace-boiler or incineration device provided with a

di spl acenent body or prism[5] according to the invention, having the sanme

features and | abels as that of Figure la. Fig 11 shows a three di nensional

view of a furnace-boiler conprising an exanple of an array of tenperature

sensors [SAl'], [SA2J, [SA3], [SB1], [B2], [SB3], and a grate 15 supplied

Wi th several primary air injection zones, dependent on the nunber of grate

el ements and tFe 7\ehévs @ fnrdeidiménsional viewhs ial femadertoier compiising gnrxample of RSRY

[ RIC. ... R5(C], .and 1L, . _ : tenl ' rel ates

to a combetHas P! B%%{gc'gw%m] %@ﬁ%yh@?ﬁ%ﬁ%@ﬁéﬁ@%@%@% Sggreaéig ilé??}econdary

ai r i nj ecanddrs] syatadanca withthedwention. of t he conbustion 20 zone, inmediately

at the combusdOR oFHAIDRfectinbnsRAs] e/ A Sufiietioléi torianl exaoplst | on
rolled at q

chanber, and ¢ east one t I i n araneters: flow,

t ur bul &ncan arwpﬁtﬁ@pera@@rﬁgégqrq ESAH: {%ﬁbbﬁf‘?ﬁiﬁmgmf{éﬁﬁe@gb l%ﬁ%e@@ dary air

L?asgpggi:ﬁﬂzgge{‘@l@iniédﬁstﬂéy%cﬂ&%ﬂﬁ?ﬂ?i%“% [AZL[ASjaEs], [BR], gam{BST.B" (see Fi guirc;I L?)S
[30] and [31] F?/%%Fr?é‘df@fﬁé@%“ﬁﬁﬁ?|%FL%“953_?1§4‘{'%§91§nH‘t‘9r'Sge?‘“ﬁfd’m‘ié’f}?&'gid on bot h
{i des of teRperatue intbaimcas duentighady lopSpiorifitivelus pgte Biddepending e the BeAknt

i nventi Onr§|e§set;§}ofﬁ:9t' m ze the conbustion process in an incineration system
and to assure 'a conpl ete conbustion of the flue gases, i.n order to fulfill

the reui r emefigs 16Shawsea Broswisactionsl iew phaodiernative IBGIRPTRtioR fWRRAE- g‘?{foér nmance

and 1 i f et j e gfon dHGSHOVIGRARMR ta FRORBSMMDbGIY of prishs]idocirting withoinvedtur, ce.  The

use of this_new, controll er‘gF Bbg segﬁpdﬂ:ﬁ a,Lr I njection systemleads to nore

ef f ect i vehainQithepamedeatiures angdabsisag et @ ﬂ)‘%‘ﬁ 8 by the secondary air and the

flue gases andighiil shoivs anieesdimenskimabtiévool spfermaes-brileiceemprigintharcepsénielof, sai d

devi ce and hod, r | h r c I ehhdreyriagr n-
SFhn0f oo sbiteR, (AT (SRR (se 30t ClBRY, (Hadlehh ety

out - zone Yt ggses I'nthe st-'conbusti on chanbey of @he
f ur nade- beipplied with sevsral primarEPinEolss 2OWS: SRS LPINPRYTHEPHHIZGECYS et er s
above t heaﬁ'tﬁﬁiﬁﬁﬁ'ﬂ%ﬁﬁrnﬁ’%ﬁiiefﬁ&%ﬂbﬂoﬁt{%.Q.ﬂsﬁmﬂ‘x.S.RsaparhIB[Ra.t:l.J..LBﬂLbd
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according to

One aspect of present invention relates to a combustion device and method,

characterized by a specific secondary air injection system in the center of the combustion

. 20 zone, immediately at the combustion chamber exit and before entering the post-combustion
-} chamber, and controlied by at least one of the following parameters: flow, turbulence, volume,

composition, speed, or temperature. The secondary air is supplied into the divided flue gas '

streams “A” and “B" (see Figure 1a), via a secondary air supply duct [12], [13], [14] to several

nozzle inlets [30] and [31] in the furnace-boiler front [6] and rear [7] wall and on both sides of
"25  the displacement bady [5]. ' | '
o The objective of the present invention is to optimize the combustion process in an
incineration system and to assure a complete combustion of the flue gases, in order 10 fulfill

the requirements of the EU-directive (2000/076) and increase performance and lifetime of

pressure part components of the incineration device. The use of this new, controlied

30 secondary air injection system leads to more effective mixing between the oxygen supplied

| by. the secondary air and the flue gases and will increase combustion performance.

_ Consequently, said device and method results in ar much shorter and clearly defined butn-
out-zone of the flue gases in the post-combustion chamber of the fumace-boiler, a few




requi renments of the incinerating process. In addition, a suitable
furnace-boil er geonetry can contribute to a nore unlfornlvelogity and Eas
flow distribution and avoid flue gas re- circulation or dead z Js SEP 2008
t hroughout the different sections of the furnace-boiler. Therefore, 5 the
furnace-boiler has a double venturi-like transition section between
conbusti on and post- conbustion chanber, which al so progﬁﬁgé[&ﬁg m xi ng of
the parti 3¥Y09¥¥87gas flows "A" and "B" with the i nj ect ¢ dary air.

| nproved m xing of the secondary air and the flue gases i ncreases the
efficiency of the conbustion process. In another enbodlnent the method is
characterized by the fact that the flow of the 1o secondary air is
continuously interrupted, in order to generate an additional pulsation with
the secondary airflow when released dn the furnace-boiler through the
secondary air injection nozzles. In a nore elaborated configuration, the
fl ow of tnhaeseamquismacemem bodynTherlisted parametersican beipdjesteddceqdipg fofha he

d ] 0], [31
2 rec:)g E‘Ltyrﬁa\'('{%@ gﬁ? giéﬁ,%%ﬂ@r&%% It éﬂtva% C?*ﬁlltabté)furda@e BB\H)@r @égﬂe:!rﬁ cirﬁol he£ ]
enbodi nentoptribute e Mo gkt andegasHiiowadistabytion ang AP JIUE 98 Bhat t he

secondar ycn%lél;o'n%‘f*’dba% z?iﬁ@é){h%&ﬁhdﬁl fhe MHerInE Sectiohé ion hedbex-IRitér. Thedefsresect i onal
di aneters an

secondary air er, tin control | ed
secondar y‘hafqmﬂcéﬂ"ébh%seﬁ/@%e Vel ke "@ﬁ?%‘%ﬁmg’{)@%ﬁ%c‘ﬁmdﬁ{ Jngzﬂ h&“of t he
sfz;ef:r*;ébggh?ﬁg@*ﬁiﬂfﬁ?@c@%ﬁs;gggg;:gg;g;gg@g‘;;%ﬁﬂ°ﬁ$ﬁ?; e b  er
are 20 al ‘Hﬁl"@?cfd FEoYIIpY e HFP" noa el el ts S h ot he
i”r’fj“iect i onincréasas the efiiaierdyyof thefcbmbustien pregggbndary airflow in the
post - combusti g, @%P‘B@Bed.mént ihé‘He{?lgd mhsab@mh bwdombiemane flovi bfahe

furnace-boiler. "Accor to anot aspect ven I'aﬁ '&’gﬁe secondary
air i 90 sugRePndety aw%conam@éﬂbinwgaﬁ%m%F%/geanP‘eaﬁ‘p"SFV"% g3l [13],
[ 14] conpgzsthaRnf aﬂiw whkn 'f@éé%e@ @ﬂme irhace-bollas nrsugdhdtfip segot8iry ajrdgictioni gure 6).

The supply of sSecondar nor e
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post - conmakatpteheitbbamtrersecdosam gir supplyaitieting £12], [A$h 140, or in th@)"‘ﬂﬁ‘e &0 1Bt her

allows th far fassecondary a| r via only one single
supply du t"ﬂr’\bgm%?ﬁguregh% 2?1%3\/%0 # ’heg %%

secondarg BLr 2 X &El red
depend$ng on ﬂm@nomeag@breq-m%éh%@ﬁwaém pathaY fe char ?Wzﬁ é‘g "ilclt " %ne.
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| nei nerat] on i \;%e " rol Wsd Qrﬁ{af'fl E WBlses@hidoHayi ce
suppl i es %eéeresﬁa'a?'gd%tr'g- il gé@% Igd, se§ % ho ff [14] "ending in
sever al nepgddaser 1B@lotal WaiH ofltm:aiseabmlhmﬁt@dlcmrebey @m!ﬁﬁé to ensrasaed PbHe charber
gé::,t 2%8]6 and et R BarGtd € b HEnd A cdridBotiRG Tk SEQMBAY bis NhE i boibfdre Wi th 2 9
20 altemately of different size (Figure 5). This results in the injection of ajternately different
: ; ~ secondary airflow in the post-combustion chamber, initiating additional turbulence in the -
furnace-boiler. According o another aspect of the invention, the secondary air is supplied via
a combined secondary air supply ducting [12}, [13}, (14] composed of two or more concentric
tubes [47], [48), [49] (Figure 6). The supply of secandary air via said concentric ducts permits
25 a more accurate control of secondary air o individual zones over the width of the post-
~ combustion chamber. Using concentnc tubes fitting In each other allows the supply of
ditferent flows of secondary air via only one single supply ducting. Different flows of the
secondary air may be required depending on the stage of the combustion process in a
specific zone. ’
30 Another aspect of the present invention relates to a device for waste incineration
(Figure 1a), characterized by the fact that said device supplies secondary air via a secondary
air duct [12], [13], [14] ending in several nozzles [30], [31] located immediately at the
combustion chamber exii [3] and before entering into the post-combustion chamber [4], with




WO 03/ 083370 PCTI EP03/03495 10 s control of the secondary air by at | east
one of the follow ng paraneters: flow, turbulence, voluneg, gpgsggpoml
speed, or tenperature. In another enbodi nent; the device provides secondary
air via secondary air ducting [12], [13], [14) to nozzles [30], [31],
passing through the front [6] and rear [7] wall of the 5 furnace boiler
and through the front and rear wall of the dlsplacenent bod *Flgure la).
An i mpor t ¥R 034E¥Bdht age of this design of secondary air PCL{F @ P3h i s the

i nprovenent of the flue gas m xing, thanks to the reductlon of the
necessary penetration depth of the secondary air jet to nearly'/ of the
-original furnace-boiler depth. Secondary air injection via a |arge nunber
of smaller nozzles with |Iower individual airflow allows a nuch quicker
heating of the to secondary air to tfe required reaction tenperature for
CO-oxidation (ca. 600C). In another enbodinent, the invention relates to
sai d devi gatroMoe telecorarysahcinnatdsagt omdtwwwnmwamﬁgrsa flovs durpHYER of at
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secondar y[eﬁll {13]%14? '&fihyfz%y#o] Z[§ﬂe|§as§1§g ﬂMﬁI htttliU%frquﬁ]i’anﬂfredrh'e} wallsdf fonbust i on
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chanber, espon
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500 pul sati ong, Mheﬁbw&cﬁmeﬂt hes vériom seiaséd do selidsdenicd whéreby theriserenddry ow i n

t he secondary alr supp efpulpmy airflow
with an 28" ey FH'CBP%SCB%P%%& Pfoaglieg%g‘fﬂ’ﬁ?%g oF gﬁtﬁ%‘ gl%glé{tﬁlgtr% m Xlﬁ . The
f r equencyspply toh eiffeant fldwa taf secondary b»ewam;ylme@wgwuaplwﬁwm e Wﬁe‘?fdmg on the

{1 aps’ canche 3 i Sary B intiEogi Fores t he
flaps can“&° nbr%ec#.rrég E&fo}jg\taébeﬂéenhy Eon%lﬁﬁ b Gf%@& ary indi

rm ned M ni mum t 42 = f
(500 psil saver te' wifthi g toe PRRIROMRHHIGN %"‘P%fnﬁtgh CWG{?F@@'“@%% di f‘gff"}fégatg
pul sati Onlaﬁésrﬂ:i'aurh 6).30 K = specific Flap-value = f (weight, gravity center)

In ancther embodiment, the invention relates to said device where unstable flaps [20] ‘
are situated inside the secondary air supply duct or injection nozzles or both, able to create a ’
pulsation of the secondary air when injected in the combustion chamber of the incineration

P 20 device (Figure 1b). In a typical set-up (Figure 2a) the flaps have a prismatic shape and are
) - hinged within the air supply duct or nozzle. Because of their unstable balance - as function of
their weight, length or shape - and design to oscillate within an frequency range of 210 9
pulsations/sec = ca. 120 to 500 pulsations per minute, these fiaps will disturb the taminar flow
in the secondary air supply duct or nozzles and provide the secondary airflow with an
25 -additional pulsation amplitude forcing & better mixing. The frequency of the oscillation can be
adjusted by a movable weight on the flaps, changing the position of the gravity center. The
"length of the flaps can be preferably determined as
Minimum fiap-length = 1K x B +2 = f (500 pulsation’s/min.)
Maximum flap-length = 3K x B ¥2 =1 (120 pulsation’s/min.)
| 30 - K = specific Flap-value = f (weight, gravity center)
“ . B=ductwidth at flap position

In another embodiment, the invention relates to said device with pairs of separate

secondary air supply ducts ending with nozzles of alternately differen; digmeter. The




= duct width at flap position In another enbodi nent, the invention

-relates to said device with pairs of separate secondary air s I [ '
ending with nozzles of alternately different dianmeter. The 2 95%3%@%%

03/083370 PCT/ EP0O3/03495 11 arrangenent is such that the secondary air
supply duct with nozzles [12] (Figure 1 a) located at the furnace-boiler
front wall [6] and the secondary air supply duct with nozzles situated in

t he front weloBosss7et he di spl acement body [14] form one F&TEPIIPSsecondary
air supply duct [13] wth nozzles |located at the furnace-boiler rear wall
[7] and the secondary air supply duct with 5 nozzles situated in the rear
wal | of the displacenent body [14] form another pair. In a nore el aborated
set-up, the device is characterized by the fact that two opposite nozzles
have a different outlet dianeter (FH~ure 5). This neans that two opposite,
but in-line nozzles have respectively a large [43] and a small [42] inside

di aneter. @ aer}@énﬁerdns‘ éuren At the k@weadanodi Ziupﬁly dudt adth ngzzies {112] (Figuesr 1|,a) tmatedt r ongl y

i nprove Xin a ases.
ety S itsgapien Fort pallef fiyEiRe BERARETAY sl gt Wb biBiel shfregtf ©

di spl acembatfrohtomh}l of i displadeiment oo #) femubnea)amuﬁmeqoedlary Homm!y da@ [13]1 Fi gures
4 and 6. Qg EXGED io@ah?:{ at%eqﬁPﬁh&eooﬁ&szfﬁﬁhgﬂcor QQé’MoﬁcfaYﬁéuaéupB@Hmtﬁr s for

secondary alr Injection are contro he i nvention is

i |1 ust ¥ at earzles sma@aﬁrethieaearmtbofstpg fliepipcementhng)y [%g’"% éﬁ%?ﬁ!&?y 183918t he

gﬁssages eldboraiéflsetip, By dé%%% cﬁ&radt@@fd %Sthbff?&} :hlaitaré]op&%lté homl?eslhavd:a gurte 1 b.
e secon air ecte C wast e

gase. - at it cubsstpotds oie b dPledsiere AihErorpiait it reitB osfe e

past - corrbuesnsecmucmﬂr@em] dridea smalt [4@meide diametes Thegee differdnti sized nozdesdi vi ded

flue gas A Y 13],

[14] | eadflg%a&?o soé@ércgﬁgmn@y@&\?égﬁ ﬁlﬁ(ﬁ@%felfdn&a%egéeléd#g%%%ﬂ]haeg%g]bm I[er] 20

front i&ndgasesr wal |l and on both sides of the displacement body [5].

According to S%Galjeﬁvbodl&bﬂtr\ﬁ&iﬁv&%ﬂ @fatédrdéﬂée ihéldea B @isprRedgmdnt bodygsybr ane

wal | and the of acenent body [5] are provided
with ref r‘&'&"c%ﬁ’@“ﬂﬁft%‘i"?t%eg "t“%'?%’%@ﬁ "\ﬁt‘ﬂ”&? %’l es of nozzles [30], [31]
pass. Accordi @ éamplef ianiesiod iand method of d:b\alsem@gananiewrs tmdwddéimab _
dot or m nelieBHE BTGl M il pDbeReY PRIl 1 S
i nt r odsic esbipplesdeeandarp atr fndhé passeges /E\'r@d "Bl W%anaﬁmﬁé‘%ﬁahfaﬂﬁwr@wnsyst ens
accor di ng, tl'-‘;t:gupéaﬁh(?ﬂé s&funﬁajﬂﬁaual%%ptm%@‘ﬂﬁé&éﬂgilrfe&lyﬁrﬁ@thbﬁlﬁﬁm wedle ghdes, at
distributio rimar
the combustlon chamber exit and at the entrance of the post-combustion chamber. The
secondary air is injected into the divided fiue gas streams “A” and “B, via a secondary air
supply duct [12], [13], [14] leading to several nozzles [30], [31] located in the furnace-boiler
) 20 front and rear wall and on both sides of the displacement body {5]. According to Figure 1a,
furnace-boiter front {6] and rear [7] membrane wall and the membrane wall [19] of the
| displacement body [5] are provided with refractory materials through which a series of
nozzles {30], [31] pass.
According to the invention, the total oxygen introduced info fumnace-boiler as disclosed
25 herein as primary and secondary air is determined by the oxygen content of the flue gases.
" The oxygen so introduced is distributed between the primary and secondary inlet systems
_ 'according to methods of the art. According to the invention, the distribution primary and
: secondary air is attenuated by monitoring the temperatures in gas flow sections A and B as
described below.
30 in one embodiment of the invention, a flue gas temperature measurement is instailed
| into a furnace-boiler as described herein, a few meters above the outlet of the two flue gas
* streams “A” and “B,” to measure the actual temperature for each flow section. in an aspect of

the invention, the purpose of this temperature measurement is to maintain, during the




secondary air is attenuated by nmonitoring the tenperatures in gas flow
sections A and B as described below. 30 In one enbodi nent of ?t@eSEP 2008
invention, a flue gas tenperature neasurenent is installed into
furnace-boil er as described herein, a few neters above the outl et of t he
two floue gas streans "A'" and "B," to neasure the actual tenperature for
each flow section. In an aspect of the invention, the pur%ose of this

t enper at urwOEeRSIMenent is to maintain, during the 2 9PEEMPEHN WO

03/ 083370 PCT/ EP03103495 12 conbustion process, nearly the same flue gas
tenperature (ca. 1.000C) in front section "A" as in the rear section "B",
by nmeans of a variable secondary air flow Consequently, when a flue gas
tenperature increase is observed in section "A", the secondary airflow for
section "A" is increased until the egual tenperature profile is
automatically re-established. At the Same 5 tinme, secondary airflow for

section " @bml?tﬁttdn%ﬂé@éﬂ néd! ?((iﬂec&metﬂ()e lgmﬂ)bmtutedbﬂi” 000 ircizomy sexitior 1ASw
constant, unless a gene e n sections
Wher eby | BRI e ST R gy ORI o el PR BN i fou EbiseRlorhf <R 3, SPR
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tenperature in se#tlon Wi ri se above the tenperature setpoint, so

fting $eFaNIRBLATIOW|SINGERaSet-of i | e t owards the feedi ng hopper. The set poi nt
be any tanmeeadspece oiahé medntioy, tHeetemperatureT measisemenbiis tinkednioethat ure may
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i mbal ances@ﬂ@nl* ‘éﬁ@ksth@ﬁlﬁﬁﬁé“c@ﬁbb(stlaﬁ ofi & Gialsiaad QBI‘DW? thefirsti élérheit opthecess, but
in the opposi direction wl

! orific
i nt r oduc egragANd é"(‘ﬁ’r’B*lfsQa? &E“R?F?“{’ﬁé" segp%%@ﬁglsag?ogﬁ te:?ﬂ?rgtu}'&as%gn nrfpsﬁol fied in
Fi gure 9aghifthg iRl Real réledsp qrdflil tovagisnthe rfeddiih] hopp&2]Thé sep@npmardd any each of

the flue %as %&1 g%ﬁgcf Ey? %E é:g?re}'t% <ot b&ﬁﬁgﬁﬁéra@%ﬁ?{a{y[b@a e: tma' @hge@! orific

val ue was nace ure o 7gas In flue
streams A S0CodQE'S, 95000 1050 “Si 929 to R0 Bnfydrta ﬁecc@Pé‘Z:iQ?Q Gy @ nsor [91]

pl aced oved gah i£ABY A BP0 160 %eﬁ'hé)ﬂ)si%h recofiRed tHE bﬁﬁé?npelf’attﬁrelmﬁ@mt ure and
the 1mbal %Ijn%gra(t:u?éj %%zlarchra?adsrga%?snaog{gr%nay as descrkllbed agéave LSImllar process, but in
the opposite direction will occur when low calorific waste is introduced and combustion on the
grate is delayed. This is exemplified in Figure 9a, wherein a temperature sensor [91}, [92]) is
o 20  placed in each of the flue gas streams above the displacement body {5]. When high calorific
) value waste [93] enters the furnace, the temperature of the gas in flue stream A increases, so
raising the temperature detected by the sensor [91] placed over stream A above the set point.
The increase in femperature and the imbalance causes more secondary air to be injected
from the nozzles below the hotter stream of air [94), and also less secondary air to be injected

25  from the nozzles below the cooler stream of air [95].

. In Figure 9b, when lower calorific value waste [96] enters a fumace as disclosed
_ herein, the heat release profile shifts slightly away from the hopper and towards the exit (0011,
There is a slight increase in temperature of the gas in flue stream B, so raising the
_ | temperature detected by the sensor [92] placed over stream B above the set point. The
" 30 “increase in temperature and the imbalance causes more secondary air to injected from the
: nozzles below the hotter siream of air [97], and also less secondary air to be injected from the

 nozzles below the cooler stream of air [98].




fromthe nozzles below the hotter streamof air [94], and al so | ess
secondary air to-be injected 25 fromthe nozzles bel ow the ccﬂ)QeSEBtm@gm
of air [95]. In Figure 9b, when lower calorific value waste [96] enters a
furnace as disclosed herein, the heat release profile shifts slightly away
fromthe hopper and towards the exit (901]. There is a slight increase in
tenperature of the gas in flue streamB, so raising the erature

det ect ed bWOtR@833®Wnsor [92] pl aced over stream B above P[QT@'PE%QM%OI nt. The
30 increase in tenperature and the inbal ance causes nore secondary air to
injected fromthe nozzles below the hotter streamof air [97], and al so

| ess secondary air to be injected fromthe nozzles below the cooler stream
of air [98]'. 2 9 SEP 2006 WD 03/083370 PCT/EP03/03495 13 1In anot her
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‘wal l's is feaseprolily intthedirection of the waste output [901] (Figure 9b).
As described above, the nozzles for injecting secondary air are positioned in two pairs
ﬁo of rows, each row on an opposite wall. One pair of walls is formed by the furnace-boiler inner
front wall and the opposing displacement body wall; another paif of walls is formed by the
furnace-boiler inner rear wall and the opposing displacement body wall. According to one

aspect of the invention, each row of secondary air nozzles is divic_led into two or more

segments, each segment comprising two or more nozzles, such that the flow of air through
25 any one segment can be the same or different from that of directly adjacent segments. An air
flow in one segment may be controlied by one or more valves, by modulating one or more air
fans, by controlling the nozzle diameters within a certain range, or a combination of these. It
is within the scope of the invention that the diameters of the nozzles belonging to a segment
are the same or are alternately of different sizes such as that shown in Figure 5. It is within
30 the scope of the invention that the diameters of the nozzles belonging to a segment are
placed opposite to nozzles of the same diameter on the corresponding opposing wall. It is
further within the scope of the invention that the diameters of the nozzles belonging o a
segment are placed opposite to nozzles of a different diameter on the corresponding




furnace-boiler inner rear wall and the opposing di spl acenent %§H§Eﬁa2mm
According to one aspect of the invention, each row of secondary air -
nozzles is divided into two or nore segnents, each segnent conprising two
or nore nozzles, such that the flow of air through 25 any one segnment can
be the sane or different fromthat of directly adjacent segnents. An air
flowin one segnent nay be controlled by one or nore valves, by nodul ati ng
one or norwoaBmsssmans, by controlling the nozzle di anetPETEPNBHN a certain
range, or a conbination of these. It is within the scope of the invention
that the dianmeters of the nozzles belonging to a segnent are the sane or
are alternately of different sizes such as that shown in Figure 5. It is
within 30 the scope of the invention that the dianeters of the nozzles

bel onging to a segnent are placed opposite to nozzles of the sanme dianeter
on the corresponding opposing wall. It is - further within the scope of the
'anenEj' ONopddaihg WE]ﬁWHeﬂﬁEE&:f & lte'f(l;bfﬂle@@iizHﬁgreﬁt&itanfegirngstr\ﬂhlathesse@emﬂt dare -
pl aced opposite. to nozzles of a di nt di e ndi ng
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_defined by noz l ong one wal |, the corresp qndl plo} segrrent
of nozzl egf @qz@mj thgxedymygqas(@ thdpcmt tltheearea defined by a segment of nozzl

along one wall, the corresponding segment of nozzles along the opposite wall and the
distance between the rows of nozzles is known as the "segment injection area". Figure 8
N 20 shows an example of a furace-boiler according to the present invention having an array of
temperature sensors {81] placed above the displacement body [5]). The segment injection
areas as described above are labeled [A1], [A2] and [A3], defined by the nozzle segments
[73), [74], [75). Temperature sensors [SA1], [SA2] and [SA3] are placed above and in the
_ vicinity of the respective segment injection areas [A1], [A2] and [A3]. A similar arrangement of
25 temperature sensors [SB1], [SB2] and [SB3} is placed above and in the vicinity of the
ségment injection areas of the other passage ("B"), said segment injection areas labeled by
[B1], [B2] and [B3]. The "vicinity" of the segment injection areas may be determined by
‘extrapolating the positions and sizes of the segment injection areas at the narrowed entrance
of the post-combustion chamber to the cross-section of the post-combustion chamber. This

30 extrapolatlon is performed using methods of the art,
A precise control of the temperature of the air in the post-combustion chamber is
important for minimizing the effects of corrosion, slagging and foufing. The inventors have
found that differences in temperature exisls within each section of the post-cornbustior_n
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di stance between the rows of nozzles is known as the "segnent injection
area". Figure 8 20 shows an exanple of a furnace-boiler according to the
present invention having an array of tenperature sensors [81] placed above
t he di splacenent body [5]. The segnent injection areas as described above
are labeled [AI], [A2] and [A3], defined by the nozzle segnents [73],

[74], [75]. Tenperature sensors [ SAl], [SA2] and [ SA3] are pl aced above and
in the viWDNB8P3Mf the respective segment injection aF@Q@T@ﬂpPS [ A2] and
[A3]. A simlar arrangenent of 25 tenperature sensors [SBl], [SB2] and
[SB3] is placed above and in the vicinity of the segnent injection ar eas
of the other passage ("B"), said segnent injection areas |abeled by [B1],
[B2] and [B3]. The "vicinity" of the segment injection areas nmay be

determ ned by extrapolating the p03|g|ons and sizes of the segnent
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unexpect ed findi i pyent ors
that | ocaMeadnihal HI%P@J"F I%c‘f‘ﬁa‘f"l"%ﬂ f“f"ﬁcﬁ ﬁ@ebd‘?ﬂ hgt | g?é r% E((:ih{:f}}rlrber coul d
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heterotogous loading across the grate lane caused, for example, by the presence of high
20 calorific value méterial at the edges of the grate, or by a greater mass of material in the
" center of the grate can be compensated for.

The inventors have further found that the differences in temperature within each
section of the post-combustion chamber as described above, can be partially or completely
“modulated by changing the primary air flow in the region below the local temperature

25 difference. This is illustrated in Figure 11, which illustrates a three-dimension view of a
~ furnace-boiler according o the present invention having a displacement body [5] and an array

' _ef temperature sensors [SA1], [SA2], [SA3], [SB1], [SB2] and [SB3]. The input of primary air

is controllable along the different grate elements [R1] to [R5] and across the width of the grate
[R_R], [R_C], and [R_L]. In one embodiment of the invention, the furnace comprises a two

30  dimensional matrix of primary air input zones, along the grate and across the width of the
grate. In another embodiment of the present invention, the temperature change detected by

* the array of temperature sensors in the post-combustion chamber influences the primary air
flow across the width of the grale. Ih another embodiment of the invention, a temperature




into the furnace-boiler (in other words the flow of secondary air). This
unexpected finding has neant that the effect of the cooled fygrqagER pgog er
wal | s may be conpensated for. Furthernore, any tenperature uhnevenness in
t he post-conbusti on chanber due to heterol ogous | oading across the grate
| ane caused, for exanple, by the presence of high 20 calorific val ue
material at the edges of the grate, or by a greater mass of material in the
center of WRMBH0e can be conpensated for. The invent SCIERBPAPurt her
found that the differences in tenperature within each section of the

post - conbusti on chanber as descri bed above, can be partially or conpletely
nodul at ed by changing the primary air flowin the region below the |ocal
tenperature 25 difference. This is illustrated in Figure 11, which
illustrates a three-dinension view of,,.a furnace-boiler according to the
present invention having a displacenment body [5] and an array of
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heating surfaces. As the fouling tendency of the furnace-boiler heating surfaces is much
jower, an important increased period between shutdowns for manual cleaning can be
20 achieved. Consequently, this results in a reduction of the maintenance and repair expenses
in general and simultaneously increase installation availability
| The refractory lining extent in the first pass can be reduced to the strict minimum, just
enough to comply with the two seconds/850°C rule. Furthermore, as the burnout is fully
completed a few meters above the displacement body, there is no further need to protect the
25 membrane walls of the post-combustion chamber and first pass above this level.
According o one embodiment of the present invention, the supply of secondary air is
~ continuously disturbed with the purpose of creating a pulsation of the secondary air before
entering the furnace-boiler. According to Figure 1b, this pulsation can be produced by means
of unstable fiap [20], placed in the secondary air supply ducts [12], [13], {14] as shown in
© 30 Figure 1b. A main secondary air duct [16] feeds said secondary air supply ducts [12], [13],
~[14]. The permanent movement of the flap 20 will create a pulsating secondary air flow in the

area of both restrictions of section “A” and “B”.




An addi tional advantage of the systemis that the conbustion process is
fully conpleted 2-3 m above the displacement body and no flane b%ﬁ§¥°Uts
occur in the upper section of the 15 post-conbustion chanber. aﬁﬂ@3
conpl ete burn-out above the displacenent body, the even flue gas
tenperature distribution and absence of hot gas | ayers together with the
reduced dust carry-over with the flue gases, leads to ul i ng of

t he furna@@“ﬁ@ﬁ¥@¥ heating surfaces. As the fouling téﬁ%@ﬁ%@s%f t he
furnace-boil er heating surfaces is nuch |ower, an inportant increased
peri od between shutdowns for manual cleaning can be 20 achieved.
Consequently, this results in a reduction of the nmaintenance and repair
expenses in general and sinultaneously increase installation availability
The refractory lining extent in the fjrst pass can be reduced to the strict
m ni mrum just enough to conply wth the two seconds/ 850C f
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| ength, the I n case of rot ating val ves,
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explained in Figure 3a, with an external driven (such as an eI ectric notor

M rotating circular valve [20 Ext er driven v be
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i nfl uence a%gs rt—xneeconducted in a combustion chamber [3] and a post-combustion chamber [4].
- 20 Hoppers [22] underneath the grate [25], are placed for collection of the siftings of the grate
) and serving at the same time as primary air supply channels. The primary air is supplied via
several air ducts [23]. At the end of the grate [25], the ashes fall via a shaft [21] into an ash
| extractor (not shown). The produced flue gases, not yet completely burned out, are divided in
two streams by a displacement body [5], installed at the entrance of the post-combustion
25 chamber [4]. By placing the displacement body [5] at the combustion chamber exit [3] and the
| entrance into the post-combustion' chamber [4], the flue gases passage is divided in two flow
channels “A” and “B". Secondary air is injected through four rows of nozzles located at the
entrance of the post-combustion chamber [4] where the displacement body [5] is located. The
'secondary air is conducted via nozzles [30] in the front {6] and rear wall [7] of the furnace-
30 boiler as well as via nozzles [31] of the displacement body [5]. The fiue gases are mixed with
secondary. air, resulting in an almost complete bumout of the flue gases a few meters above
. the displécement body [5] and also resulting in shorter flames and more uniform oxygen
concentrations, The secondary air is supplied by a secondary air fan [9] via secondary air




oscillation inpulse of the nozzles. It is within the scope of the present
invention that the neans to pulsate air as described above may be
installed in any furnace-boiler according to the present i n\rz@t gg@ 2@%
Figure | a shows the cross section of the furnace-boiler, st1on d
post- combustion chanber of a typical incinerator arrangenent, part| cuI arly
designed for .incineration of solid waste or biomass, consistin

furnace [ VOR8N incineration grate [25], receivi ng {8434 d materl al's
t hrough a feedi ng hopper with pusher [1]. The produced flue gases are
conducted in a conbustion chanber [3] and a post-conbustion chanber [4]. 20
Hoppers [22] underneath the grate [25], are placed for collection of the
siftings of the grate and serving at the sanme tine as prinmary air supply
channel's. The primary air is suppliedgvia several air ducts [23]. At the
end of the grate [25], the ashes fall via a shaft [21] into an ash

ext ract or demot 1 brovine)d wniﬁlmcmdadnmemglﬁlattm vgiieelI 51, trotheysscondemsiresupply bur ned

out, are i i gfl acenent body [5], installed at
t he ent raﬁ (gﬁch:ﬂgwﬂ mé ﬁ?%}ﬁ} on %gd [ﬁgrrber 4 | acin the

di spl acenent Bderativag ﬂl’!ﬂtmﬁme seivps ot the iventighaye ”%‘f@l“%d '[‘ guies @ BHe® - ent rance
into the PO '1‘20#@}!@5 Hi@éios‘é@ﬂm%%ﬁor{dﬂiy alrfshﬁ)lyfdut#l@ Fgedn paaiA and hexz@$ vi ded in

two fl ow annel . Seco % % I':lHyeCte h| g:jr% four rows
of nors | 45}, Behvenamela iere cloxietie. Do nvestg eedes Bt PERvalk 4]
wher e t hefagl £n8|aogneameidimed g4z ibdrdérsto Imma\teetde mitirg of A injedtad yse@ndary girconduct ed

vi a nozzle 3 in the fro 30
, ler as™ tE' 9'%593373 'ﬂ%’??l'@étr{t%ﬁhgnge éf%ﬁf’ér obcée[ggr]ﬁeo‘%{;t y?gi q&i'he flue
gades ar esupply eeconfianhair atvoniddlr Puerlorthe fa@tsﬂ)attthrﬁg cpneentric #ibap
bur nout 0{ tpl?cﬁmfeh%ﬁ %%?en@flgﬁyvoﬂ?éc%ﬁ&naEPEQ\ bb hﬁieﬁérﬁi@ht@%ﬁ@fed laﬁaiy [5] and
al so resul'titng I'n shorter flames and more uni form oxygen concentrations.
The sé@onibiget g\(efthpgot@wqfé@fggmage Rallfondary air fan [9] via secondary air
2 9 SEP 2006 WO 03/083370 PCT/ EP03/03495 18 ducts [11], provided with
secondary air regulating valves [15], to the secondary ai r supply ducts
[12], [13], [14] into the injection nozzles [30], [31]. Alternatives and
possi bl e set-ups of the invention are illustrated in Figures 5, 6, 7, 8,
11 and 12. Figure 5 discloses two secondary air supply ducts, aligned in
parallel, and nozzles 5 [42], [43] with alternate different dianmeter. Two
opposite nozzles have respectively a large [43] and a snall dianmeter [42]
in order to inprove the mxing of the injected secondary air wth the flue
gases. Figure 6 illustrates the use of different concentric ducts [47],
[48], [49], to supply secondary air to duct [14]. Due to the fact that
"three concentric tubes [47], [48], [49] :




are provided, three different flows of secondary air can be i qug?e?mjsy
controlled and to injected over the total width of the furnace-béiTer. 2 9
SEP 2006 CLAIMS 19 1. A nethod for incinerating solid materials in a

devi ce, which device conprises: 5 - a feeding hopper with pusher (1) able

to introduce the solid materials in a furnace, - a incinerator grate (25)
conprising several grate elenents, - a furnace (2) able to incinerate said
solid materials, - a post-conbustion charber (4) able to burn out the
produced fCLAIMSses 10 resulting fromsaid incineration, - a primary air
supply system (23) capable of differentially distributing air across
different grate elenents and across the width of the grate, - a

di spl acenent body (5) placed at the conbustion chanber exit and entrance of
t he post-c ' . ; : bt Ldle. gas flow in
two 15, sopay HPHCPToARaRdeing SR Pavee DcRYBANE mondl: D27 15 2
such shape of tadeetiing beppernwith pusher (Ahdblectarintraducs, thehsalid trogtetiglerin t h

the outline of hh_%? | spl acenment body creates the inlet of the

post - conbusti on ™ chahber, - two pairs of rows of secondary air injection
nozzl es (30, -313j inciresttenprater(2g) mnyriying 26vestl grite ebomdsdst | on chanber exit and
entrance of the - ' . | r located on furnace front
menbr ane wal I’ a%ﬁﬂﬁeﬁ]cgc(g poé}dnﬁéanﬁﬁgeprq%ﬁ%o#gﬁﬁeﬁ%% wal | ; anot her pair

| ocat ed on tRhe &wosheambusiion mbatnbané4) akle|toabuintdd bp prretiugpddflgpigasesrent
body |, wher .l r.Qw ;0f; cgndary air injection nozzles is divided
into }["fy\% or m%&a@ggﬁgﬁpsﬁ\(ﬂﬁé’m%@m, each 25 segnent conprising two or
nor e nozzl es -( 74 primaby, ais sepply siestenn (128) foapable fof differentitlivodigiibuling ajhacresgynent

“isicapabl e of bgj ' £, G I adj acent segnents and
wher'ei n each se‘é@%?pd{r%%,%%,&m%éﬁgg%rggéstggr\%% O?g%%gﬁete thereto formpairs
of segments on agisplererventdiody (Diplacedsat b combustitarghambier exibad errangagf an
array of tenper - SB1, Bwhil 8,

y np tﬂtetbrg -cz:f?l[]\:?.@ftén é%be{f%blest%%pilﬁlﬁé (g)rn?gé:ed:ﬁgfﬁﬁﬂow h o

11) neasures the nperature In a sectron c pon gto a pair of
segnenktss, sai d separalel fleoops stedams (A8 —Jtieph s, 64,:4D),

- abend in such shape of the device inner front and rear walls, that together with

the outline of the displacement body creates the inlet of the post-combustion
chamber,
- two pairs of rows of secondary air injection nozzles (30, 31) located immediately
20 at the combustion chamber exit and entrance of the post-combustion chamber,
one pair located on furmace front membrane wall and the opposing
displacement body wall; another pair located on the furnace rear membrane
wall and the opposing displacement body wall, wherein each row of secondary
air injection nozzles is divided into two or more segments (73, 74, 75), each
25 segment comprising two or more nozzles (71, 72), such that the flow of air
_through any one segment is capable of beirjg different from that of directly
adjacent segments and wherein each segment (73, 74, 75) and segment
opposite thereto form pairs of segments on opposite pairs of rows of secondary
~air nozzles, and an array of temperature sensors (SA1, SA2, SA3, SB1, SB2,
30 g SB3 — Figs. 8, 11) measures the temperature in a flow section corresponding to
R a pair of segments,
said method comprising the steps of: o
k) comparing the temperature of each flow section with the average temperature of
each flue gas stream (A, B — Figs. 1, 4a, 4b), |
35 ) increasing the flow of secondary air in a flow section located beneath the sensor
defecting a temperature hotter than the average determined in step k), and




k) conparing the tenperature of each flow section with the a&@rﬁé% 2838
tenperature of each flue gas stream (A, B - Figs. 1, 4a, 4b), 35 1)

i ncreasing the flow of secondary air in a flow section | ocated beneath the
sensor detecting a terrper ature hotter than the average determned in step
k), and 2 9 SEP 2023 'f 20 decreaging the flow of secondary air to the

ot her segnents, so nmaintaining the 'sane total of air flowin the secondary
air system n) decreasing the flow of secondary air in a flow section

| ocat ed beneatetreasing tenfiaw otieecsndanpinta thepethat seaméemaeso muntaining theer age

det erm ned i Nggh&Rtdfbor aifthisly lnsthéQ 50%3%%5%/ low of secondary air to the

ot her segnents, so naintalning t of air flowin the secondary
air system nl)1) ecreapina ghe glowhef sacondary %remadbzmysmtlonl Ibcatbe beseqibrtaeur es
detected by t ep k)
Se i ntaimn n%%tsﬁls&é}éakg ﬂeﬁg}e%r@ r}ﬁﬁaﬁ fie é%ﬁé?%g@esecon rg%d;?n%?% ki) af\&

2. A deVice fioereapiog therflow ofgeswiday rmabélne aﬂhsr s,egm]tﬂnt$|Sngna|ntamrigdbelsmgehopper

with pusher (g gp%gwmtnég%%&ytaﬂ id materials in a furnace, 15 - a

i nci nerator gr aq[! I SI ng eV ‘grate elements, - a furnace (2)
abl e to i nci nar avtechengitgstbe i fiywnet eecmldary air & tbnestempermwssldﬂheqtettarbbethe( 4)

able to burn Qiikelng, ;P/(HQ%HH'@daS( igg) ?aé%bﬁleetél‘grﬁl'f%)t an”&eé cfﬁ%ya%&%@@p'lﬁéat ' on,

- aprimry air supp system fer ating
air across 2@ fotab peaqit flayy attee ed¢condarny sirawsteacr oss t he WI dth of the grate,
- a di gpl acement body (5) placed at the conmbustion chanber exit and
entrance of the post-conbustion chanber (4) able to split the produced
flue gas flowin two separate flue gas streans (A B - Figs. 1, 4a, 4b), -

d_Pend in 2URRCSRERE RinciifigdBIN ek BRSEnbRORL, and rear valls, fhat

t oget her with e out acenent body creates the inlet of
t he post - combuseiferding thepberr with puskerpd) ra@!eoto intraducsf theesdiddmnaierialsrin a
i nj ection nozzl ﬁﬁna(c%(,) 31) located i medi ately

15 - aincinerator grate (25) comprising several grate elements,
- afurnace (2) able to incinerate said solid materials,
- a post-combustion chamber (4) able to burn out the produced flue gases
resulting from said incineration,
- a primary air supply system (23) capable of differentially distributing air across
20 different grate elements and across the width of the grate,

- - adisplacement body (5) placéd at the combustion chamber exit and entrance of
the post-combustion chamber (4) able to split the produced flue gas flow in two
separate flue gas streams (A, B — Figs. 1, 4a, 4b),

_ - a bend in such shape of the device inner front and rear walls, that together with
25 - the outline of the displacement body creates the inlet of the post-combustion
' chamber,

- - two pairs of rows of secondary air injection nozzles (30, 31) located immediately
at the combustion chamber exit and entrance of the post-combustion chamber,
one pair located on furnace inner front wall and the opposing displacement

30 body wall; another pair located on the furnace inner rear wall and the opposing
' displacement body wall, wherein each row of secondary air injection nozzles is
divided into two or more segments (73, 74, 75), each segment comprising two

. or more nozzles (71, 72), such that the flow of air thrdugh any one segment is

capable of being different from that of directly adjacent segments and wherein

35 each segment (73, 74, 75) and segment opposite thereto form pairs of
segments on opposite pairs of rows of secondary air nozzles, and an array of




at the conbustion chanber exit and entrance of the post-conbustz 8nSERa2&95r,
one pair |located on furnace inner front wall and the opposi ng displ acenent
30 body wal l; another pair |ocated on the furnace inner rear wall and the
opposi ng di spl acenent body wal |, wh&rein each row of secondary air
injection nozzles is divided into two or nore segnents (73, 74, 75), each
segnment conprising two or nore nozzles (71, 72), such that the flow of air
t hrough any one segnent is capable of being different fromthat of '

di rectly adj acetempsgfmentensem dSiheBAL, rBA, SBAc BB ePRERiFigs! B, 17Yis prégenand

segnent oppositg. t 0 f i of _seqgments on opposj.te pairs of rows.
of secondary ai f&r nrﬂgézﬁ%?a'g? ﬂgér’]? rﬁf]eréat?s"rreai/n 8ffﬁ%" §e‘§'@|5 %@ggonﬂng( gfrﬁep%['f BE e
sensors (SAl, Spaymé@ng, SB1, SB2, SB3 - Figs. 8, 11) is present for
measuring th ih.a flow section corresponding to a pair of
segnents, sai%ngﬁig&fc%géogﬁﬁh&gtgred to: 5 k) conpare the tenperature in each
fl ow setti on khicompatecthe tem@yaturef in @act flbl wectpmswitrsthe eaeragh,of Bach figgas 1, 4a,

4b), . 1) i n%ErggﬁﬁAPgg“t%és?ﬁln‘giégﬁcondary air in a flow section | ocated

beneat h t he sensor enperature hotter than the average
det erm ned i ) istrepsd the fiowd of skmondsagiairgntahiiovi kestioaflo@ted basah &g sérsot he

ot her segnen i i nJj the .10 sane total of air tlowin, the

secondary ai trdgtsefglt?%m t%%‘lgédgfgpeggggert H@"f %Naﬁ?rag%c%ﬁ?ﬂvvdam S}/gﬁ’ Kt iy

secti on | ocatedrebgingadhéd floweof sensmatary dirt tecthe nghea degmeatsatsor waintaving than t he
increasing the flow of secondary air to

aver agg det e%%%ﬁ(gt?i&a?rtfﬁﬂli@ﬂens%ﬁ NELSL SYRCMY ot al of air flow in the

the ot'’her segne SO mal n |
secondary ai mgiestease thesflow ofwscondeangie in hdlokvsevtianf lossed bdaeath #he sérfsot he

et B nen s (PRREE B el I T R e LRRT TR U TR, a0t ¢ e
secondary ai incesesirgrthe flow of secondary air to the other segments, so maintaining the same
total of air flow in the secondary air system,
15 n) not change the flow of secondary air if the temperatures detected by the sensors
are the same as the average determined in step k), so maintaining the same total of
air flow in the secondary air system.
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