WO 2011/ 033113PCT/ EP2010/ 063822 1 WASTE TREATMENT APPARATUS AND METHOD
Field The present invention relates to waste treatnent apparatus and

nmet hods, wo 2b1p@siiscul ar apparatus and net hods for treapgemp20bovssste from
a range of sources, including conmmercial prem ses and donestic and

mul ti-occupancy residences, by a process conbi ning pyrolysis and conbustion
of waste. Background 10 A conbi ned pyrolysis and conbusti on process, and
rel ated apparatus, is known from WD 2007/ 104954. This efficiently destroys
waste, reducing it tWASIE TREADIENT ARPARATYSANDIMETHOD appar at us, the
inventors herein have devi sed devel opnents to nodify and i nprove upon the
waste treatnent achieved. 15 JP 2007-263534 descri bes a noving bed type
gasi fi catfFfgfurnace. Operation of the furnace includes continuously

bl owi ng gas rnto the conbustion zone directly fromthe gasifier side.

conbi nedgwct Horesentr inygntiami relades i tonwiastes diegtment wppeasaiestard upethedsi iy of

t enper at i I i j I L @ I Lt el wn 20
to Ti 15 arbarteuph abPalE b rheiRolR PRl b B Tiast: PonToctogt or 2B 1 o
pronot e evelndingnpenaiaicial picstised ahdatomedtid snd heulgloeteparcyolgiskiances, bye
invention to provide alternative, preferably inproved, process and

appar at us? PEPCEsE £OMPIRING RYFPI¥$ie @ngreombisitientaf wast®s or 1arge scale. It is 25
an object of specific enbodinments of the invention to do so for

mul ti-occupancy residences and al so individual donestic residences and
conmmer ci dBaekgraund ses such as supermarkets and restaurants. A further
objecL is,to ;eq%fe %ﬂdﬁor rennvg the need for the Erins or% of. waste and
prevell VASCERINGH RYrQlpsis andatPHeton, PIosRSHigad d5lated ARBRIHes!S TRt t he
requi r emapdd WO IEFHF0ATRY. diniLefickdtly d@Rtrlys Waste, fredtidiRg itaBiRgt of the
invention is to enable greater efficiency in collecting recyclable
materials, inproving public conpliance by facilitating the recycling
process.

In operation of the process and apparatus, the inventors herein have devised
developments to modify and improve upon the waste treatment achieved.
15
JP 2007-263534 describes a moving bed type gasification furnace. Operation of
the furnace includes continuously blowing gas into the combustion zone directly
from the gasifier side combined with stirring. This action is said to increase the
uniformity of temperature distribution in the combustion zone. Similarly, it is known
20 to fit an internal circulation fan into the chamber of WO 2007/104954 to promote

even temperature distribution.

It is therefore an object of the invention to provide alternative, preferably improved,
process and apparatus to treat waste on site on a domestic and/or large scale. It is
25 an object of specific embodiments of the invention to do so for multi-occupancy
residences and also individual domestic residences and commercial enterprises
such as supermarkets and restaurants. A further object is to reduce and/or
remove the need for the transport of waste and prevent waste ending up as
landfill, allowing local authorities to meet the requirements of recycling directives.
30 A still further object of the invention is to enable greater efficiency in collecting
recyclable materials, improving public compliance by facilitating the recycling

process.



WO 2011/ 033113PCT/ EP2010/ 063822 2 Accordingly, the invention provides a
process for waste treatnent and apparatus for carrying out waste treatnent
by a conbwoabiisal (i) pyrolysis and (ii) conbustion (2csxpe@betssedd to as
oxi dation or gasification) steps, the2zprocess and 5 apparatus incorporating
one or nore, in any and all conbinations, or all of the aspects of the
I nvention described herein. Sunmary of Inventions A first aspect of the
i nvention conprises a process for waste treatnent by 10 pyrolysis and
conbusti on, mherein maste is agitated during conbustion to reduce
conbustlo tine @ reduce the residual anount o un ed wast e

t

after thesRidiBely e byispicrinshY R SePrOAGHR At HESt r?ﬁ‘i Sl UL FPRRANS ses a

chamber h@yldéﬁryﬁg%t&it' QasfEansathih®! PPr ot &hmbinafbs 6f (INopgrolaid Sandl TiiA
second aspect of the invention conprises a process for waste treatnent by

pyr ol ysi scoamelistionti@ino micresde eisnoxidation or gasification) stepsc mbercasgrandy
P o 8 el FeBlobidt iR, hile SRR LR ahal A SRRt or PR fshe o

this aspe an alr I'ncorpor one or

more wal lsgpedtd df theiimeéntisneriscabed herdimventi on conprises a process for
waste treatnent by pyrolysis and conbustion, wherein waste is agitated with
wat er and/ or steam during and/or follow ng conbustion to dislodge ash so

that the sy dEnleApyRd froma lower portion of the chanber. Apparatus
of this aS'ng?lﬁ?Un'pn'S'es—a— hanmber having water / steam agitati on neans

i ncor por & disi mspeet of ther mvEbtioal ¢amplisesa af puotdssaspeetaste H&eatnreehtbwn

al so OVI d rocess for ste. treat nent ri.si ng int ci ng waste
Mto B Cibiitis? RebeeBus . e wode BasttafelBite Somblieion &S siduek
pyrol ysi %oﬂ{bdsli‘i@nvﬁﬁé Gnd/éit Fé?ﬁ!!é@' thg (SSKURN a'n%&t%f%r?ﬂ?@&@@ée@@:a%& gftéect
conbustion of the waste, and renoving conbusted waste fromthe chanber,
wher ei n [iye @n¢s¢fsthefcqrm®mgtm1@@nérmmae@tuequ thissaspeshcompsiees gachardber

having agitation means incorporated in one or more walls.

15 A second aspect of the invention comprises a process for waste treatment by
pyrolysis and combustion, wherein air is input into the chamber during pyrolysis to
drive off-gas through an off-gas treatment unit. Apparatus of this aspect comprises

a chamber having an air inlet incorporated in one or more walls.

20 A third aspect of the invention comprises a process for waste treatment by
pyrolysis and combustion, wherein waste is agitated with water and/or steam
during and/or following combustion to dislodge ash so that the ash can be
removed from a lower portion of the chamber. Apparatus of this aspect comprises
a chamber having water / steam agitation means incorporated in one or more

25 walls.

In a fourth aspect, the invention also provides a process for waste treatment,
comprising introducing waste into a chamber, heating the waste to an elevated
temperature to effect pyrolysis of the waste, introducing oxygen into the chamber
30 to effect combustion of the waste, and removing combusted waste from the
chamber, wherein pyrolysis of the waste generates off-gases which are passed

through a catalyst to remove one or more noxious components thereof, and



t hrough a catal yst to renove one or nore noxi ous conponents thereof, and
WO 2011/ 033113PCT/ EP2010/ 063822 3 wherein the off-gases are filtered using
an inertiwb2apasasor prior to contact of the off-gasesporigrélocssat al yst .
Apparatus of this aspect conprises a seal abl e chanber, a waste treatnent
zone in the chanber, a port for introducing waste into the chanber, a port
for the exit of treated waste, a heating elenent, and a catalyst 5 the
apparatus further conprising an inertial separator between the chanber and
t he cat al wbereibthepffgasestaie filtarmhussiog9n11‘hertiah$epafram piaviodentactafdss es
formaﬂe reat ment, conprisin odC|n 0 waste into a chanber eating
Lhe wast cOTGRaR oy dRBaCHENRE: a(RPrGe of 20 Bty SrBrlsds i Natatle

I ntroduci a@arﬁwrg@maétwééimeﬁhaa@@in fHey sharabéty ausrd eorantiod i@ Waeed into
conmbustion of the waste, and renoving conmbusted waste from the chanber.
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of pyrol yihlescatalgstbust i on and conbustion of that fraction of the waste that
remai ns as char after pyrolysis. The term conbustion as used herein refers
to the oxidative breakdown of waste materials using high tenmperatures and

control | egaff HWpvbntiepel ting in a 20 substantially flame-free process
phase. h‘l‘s—%—ﬁm—p‘m ess of the invention may al so be terned

gasi fi catTha iavetiton pxodaes grocassest éaf wastee tiemtment rcainprisings tinyoducieg ash,
al so contain erials.which renni,n untreate and

b
ol ass B uRrERen i B haTBheeRIng HEE YRR ARAT Coeo Py 2l it ‘o
the ash. dﬁo@@us%mﬁé'v@élé mftrobbemgrbs@,@bhqnto fhecHampdretyiésllyausdhg célrvé\»t

hol es t hrough whi ch ash can pass which retains |ar I tens suc
met al ancdefigaisembasten @f the wa@@e eadIrgmioy gt @mbu\steﬂwaﬁ%@ froet themhﬁm@era

shel f or th I e, g.
bags of mfg@'%’é’S% |ﬁactai|h§%§>%"ﬁr}ﬂe gru%@ﬁtt ?P%tg%gﬂe é}%bgﬁ rrrlleaﬁfn%n\%?‘gét?ce a
substantial absence of air. Typical operating temperatures are set out elsewhere
15 herein. Waste may be thus destroyed by a combination of pyrolysis, combustion

and combustion of that fraction of the waste that remains as char after pyrolysis.

The term combustion as used herein refers to the oxidative breakdown of waste
materials using high temperatures and controlled oxygen input resulting in a
20 substantially flame-free process phase. This phase of the process of the invention

may also be termed gasification and/or oxidation.

Treated waste is generally mostly fine ash, but may also contain materials which
remain untreated, such as metals and glass, which may be retained in the
25 chamber, optionally separated from the ash. In an embodiment of the invention,
the chamber has a grid with holes through which ash can pass but which retains
larger items such as metal and glass. A grid is preferably located in the chamber
forming a shelf or part of a shelf, and the method can comprise placing waste e.g.
bags of waste, on the grid prior to treatment.
30
It has been noted that in operation of a known machine some items such as

plastics decompose or evaporate during pyrolysis and are easily treated but other



WO 2011/ 033113PCT/ EP2010/ 063822 4 itens such as especially paper and
textiles tend to accunmulate in piles, with the mddle of the pile insulated
from t enpgoaviwrmsasd conbustion. At the end of the procegsErpéioebastor
practical purposes is generally tine kimted, there may be charred renuains
that have not been fully treated. In other words, the waste 5 treatnent may
be inconplete. In a first aspect of the invention, a nethod of the

i nvention conprises agitating waste during conbustion. This can assi st

reduci ng itdras tsathlast espeoaigdesbdrosnd kextitertamglt icoacaimplatd in pies, agith siie
increasing the ?rmunt of material conbusted, 10 Ieavi,n% a r@duceéd ﬁrmunt of
unt r eat edTigEde 8F the gfie ingiisted fhan dpmpsratyre,ang momRisignwart e erd chéhend of

t he proc r i §yrd : i Rp, IrSi rise
. seal abl BogRapar e, RrBRcies Haldaps 8ngeRtfy Qimt AL hicte Ty aoe
i nt r oduci ctpriess remaimsothed hdve obhrbeen, fully ploeatetior In lghexiwords, thee ataste
waste,_a ,hegting elenent, a qﬁan agitator. The invention accordingly

provi d®s téeag%@gg?we%‘? "W&E”tpge reat nent conprising:-introducing waste into a
chanber, heating the waste to an el evated 20 tenperature to effect
pyrolysis of the waste, introducing oxygen into the chanber to effect
conbust i dA affirsthaspeses 1of thardaverdieny ian etioed of tteel iInkNtioN ePRPLisRS eplaty g |

ti N it t . , i Si itati . t
combust i st Gmplsfor ninif AR NS HsAALhE bl told e B bA BE R
gas, in pntbustioar skey. i Intganduesisy igdeading hingh apicess usfeniatécalt bembhsteder so
as to agitate the waste during conbustion. In one nethod, a pile of
combulf i dgaviagt @ iredugad Aaavwel of supispaiede wastaginratesably o sHBstaptialo Mf e

cor nbust i g Qe LR Wit Bnd BeH F!)l%ceygast e is thus disrupted and for
p in a plfe

exanpl e sheets o aper or waste lying on top of 30 and obscuring
ot her unconbusted material is or are disrupted so that the hot, conbusting

at mspheng of (Lne QnanbEl IS domRr e AR Sopedt 'hay Ssial se ALASRD o
chamber, a waste treatment zone in the chamber, a port for introducing waste into
15 the chamber, a port for the exit of treated waste, a heating element, and an

agitator.

The invention accordingly provides a process for waste treatment comprising:-
introducing waste into a chamber, heating the waste to an elevated
20 temperature to effect pyrolysis of the waste, introducing oxygen into the
chamber to effect combustion of the waste, and removing combusted waste
from the chamber, optionally with water,

further comprising agitating the waste to promote combustion.

25 Preferably, the method comprises agitating the waste with gas, in particular by
introducing gas at high pressure into the chamber so as to agitate the waste
during combustion. In one method, a pile of combusting waste in the chamber is
repeatedly agitated so as to promote combustion of waste within the pile. Waste is
thus disrupted and for example sheets of paper in a pile or waste lying on top of

30 and obscuring other uncombusted material is or are disrupted so that the hot,
combusting atmosphere of the chamber has improved access to that otherwise

hidden or obscured material.



WO 2011/ 033113PCT/ EP2010/ 063822 5 Typically gas bl asts are used of
sufficient pressure and duration to disrupt an ash nenbrane fornmed on the
surface okotbe/sease pil e during conmbustion. |In enbodi mpatra&pediotobss22

i nvention the gas blasts are of suffisient pressure and duration 5 to

di srupt the waste pile. Preferably the disruption of the waste pile by gas
bl asts exposes unconbusted material fromthe interior of the waste pile to
air (oxygen) in the chanber, pronoting conpl ete breakdown of al
conbustible material. The waste nmay be agitated discontinuously. For

exanpl e, !933 bl ast of duration 10 | ess than 10 seconds or less than 5
seconds, y 855 \Plpgis are ssd Pl sufinient press@egng evrabiop to dgiphanash ess

may be f%érﬂgf’%uemfor'fhél?rdrp(ihé"' diifate RSthE! gv% gab%leaﬁuhﬁg‘séorﬁgusi%ondﬁ\ or at

| east 20 sec or at least 1 mnute, prefe st 2 mnutes. Gas
agitati orenniqumnentsddhasnm:owme gaedﬂmisaceof duﬁﬁglenbptessucqgemdiduratmn as
gover at a freguency

d trol 15, Th t d
of ' Fr o 40 S8t MEneete R, Yiprerdbbihe T beoT by e Shsié bt oY b hifee T n
use of t@gb%@ﬂhé&ﬂbu%dhﬁéﬂ‘énagfrér%ttﬁé |Hfé'rlﬂgopﬂfe3¢v§st@fp|@tb @N@ix){/g@ﬁ) §,econds
and every m nutes, both found effective. f)l cally, air is useé

t ypi cal | §he ghamber,ipfemeting samalete yealsdawr opall gombuatiriegpaterias ( 303. 975
kPa) or greater, preferably 5 atnospheres (506.625 kPa) or greater. Hence,
i n specific enbodi nents, the nethod conprises periodically agitating

conbust i Mhewasste may do aditated Riisvonsihsowdly gPsr, exdraple; abyas bragmofldiifatiopnt
directions, so as_to pronote corstt'ﬂl ete conbustion of the waste. 25 In

enboduqmm8§ #yan; @ serweﬁ{smnlega BN & secapgs. ureferably: legasibanse @gcagds,
. | h
ni trogeny, ﬂ@@ferQ@g Méérserﬁasl 5 d@ﬁa&we'&;tﬁ %3}%@% \Jtv@‘?cgtﬁ egﬂ%;@lﬁs{sat er

than air avo s1n |nput 0 Itron system
whi ch mayf 2¢ |eabl i egmmls arsattmaisugol seconelspaT @t least Wi rhimiute t preferpplgratt us 1 s

general |y controlled by comtr ol 100l Lod BRYnd" el 8eSRETBE st 10 Re
operator or as governed by control equipment.
15
The waste may be agitated at a frequency of from at least once every 20 seconds
to at least once every 5 minutes. In use of the invention, we have agitated using
bursts of air every 30 seconds and every 3 minutes, both found effective.
Typically, air is used. Also typically, air is introduced at a pressure of 3
20 atmospheres (303.975 kPa) or greater, preferably 5 atmospheres (506.625 kPa) or
greater. Hence, in specific embodiments, the method comprises periodically
agitating combusting waste material with bursts of gas, preferably from different

directions, so as to promote complete combustion of the waste.

25 In embodiments of the invention gas blasts may use inert gases such as nitrogen,
argon, helium or mixtures thereof. The use of inert gases rather than air avoids
intermittent input of additional oxygen to the system, which may be advantageous
as combustion temperature within the apparatus is generally controlied by
controlling air input to the chamber.

30
Gas bursts using air are typically used towards the end of the combustion phase of

waste treatment as bursts of air during the pyrolysis phase may disrupt pyrolysis



and probl enms of inconplete conbustion tend not to arise during the early
stages of conbustion. Gas bursts using inert gases may be initiated during
conbust i owoav1psabysi s phases of waste treatnent. 5 Thecirmresiioess22
provides, in this aspect, apparatus fer waste treatnent conprising:.- a
seal abl e chanber, a waste treatnent zone in the chanber, a port for

i ntroducing waste into the chanber, a port for the exit of treated waste,
and 10a heating el enent, t he apparatus further conprising one or
nore air @nd ptabléms @f weddmplete bembhbsiidye terghdoboteearise duorieg dom early stages

connect the air inlets tqQ a.,source.of. air at high.pressure. 15 There are

v ot or abld) GobustBho Gt B BV bt Safes A eREARA i fines SRR @ 1, e
form of npzRAEFsik phates of Waste@éatniitt i on, preferably a |ower wall portion

of the chanber, being at |east half way down the wall, or in the bottom of

the chanber. They are hence suitably adapted in use to direct air at high

/ . ) h
Chambe - TRTGEIGPBRYRIeh (S Sipdts SaRRLER PRSI Am R LR BIng" o1 on
fromthe sideg seaigblerohaothberpre inlets in the bottom of the chanber enable

agitation from bel ow. A conbi natigﬂn f disrupting bursts of air from
different di r &VRYRIreAieHt gane & bsul t . An apparatus of the

i nvention, de%cigé,lf)%} iRGb iﬁ%WE%{eein‘fj@H@ tharRB8pPri ses a high 25 pressure air
t the i ’

source. In enbodinments o invention, two or nore inlets are arranged in
the si de wal | & pdrt fdrdhe lexitiod treafadefvastebbpdt he i nl ets are arranged on
oppos{rpte wal | s of the Icha er so that bursts of gas can be input from
altermating siad'%%atﬁ‘lg%ﬁ@e@ anber. 30 In preferred enbodi nents of the

invention gasthé d 'a@&tbgdruhhép%huar%ﬂ@@h@yohﬂaﬂé,amhhlféts FPReAd|t dretHas
over a range of 65 to 180 degrees, preferably 90 to 120 degrees al ong a one

di mensi oshRMBles Bnd P Or dNerg eonstuitado eamect theaair islgtsijo a source of air at
high pressure.

15 There are preferably two or more air inlets. The one or more air inlets can be in the
form of nozzles located in a wall portion, preferably a lower wall portion of the
chamber, being at least half way down the wall, or in the bottom of the chamber.
They are hence suitably adapted in use to direct air at high pressure towards
combusting material located towards the bottom of the chamber. One or more

20 inlets in the sides of the chamber enable agitation from the sides, and one or more
inlets in the bottom of the chamber enable agitation from below. A combination of

disrupting bursts of air from different directions may produce a good result.

An apparatus of the invention, described below in more detail, comprises a high

25 pressure air source.

In embodiments of the invention, two or more inlets are arranged in the side walls
of the chamber. Preferably the inlets are arranged on opposite walls of the
chamber so that bursts of gas can be input from alternating sides of the chamber.
30 In preferred embodiments of the invention gas is injected through fan spray-heads,
which spread the gas over a range of 65 to 180 degrees, preferably 90 to 120

degrees along a one dimensional plane (providing a broad, very “flat” spray,



WO 2011/ 033113PCT/ EP2010/ 063822 7 shaped like a fan). The inlets typically
enter the chanber at a 90 degree angle in relation to the chanber wall and

are then wotatiadzabout their axis such that the "fan shapedkpapayis2pf gas
is orientated at about 45 degrees to the vertical. 5 A control unit is
suitably included, adapted to introduce air into the chanber periodically
via the one or nore air inlets during the conbustion phase of the process.
In an exanpl e machi ne, nmade and tested, air was input fromtwo jets |ocated

on opposighapstdiRe Pfarl) herHeAMRE typivdliNermbr tHeetembaPst a A0t ®&idraé &lnyld [rPm t he
two jets. Alr was input under seven atnospheres (709.275 kPa) of pressure
for a 10 rdiatianitethecha@nheswalh aad giethen spiated sl theis axisisaichdhatthgefase
pressure i ~eln _thi J i i1 f air was

i nj ect ed%h}é}fk}%hﬁ}@ﬁé}é%ﬁ%@ﬂ?ggﬁ %"s?eg@%@ﬂﬁr@%‘ﬁé’%ﬁ% lttJHseteV vv%% one burst every
30 seconds, though the nethod has worked satisfactorily with a frequency of
one burst every 3 mnutes. 15 This agitation nethod is_indepﬁgdent of how

the cohbustGORtRhUEN i shikakignBoluded, GpPIRd éhdntheduca Rl P thecsRamesl | y
USI NG € $erBRicANARa the Wid) ofGhéte birlihRHE URMgOHREEMDEStioN drdRECal tise. 2
npl oys

chanber fitte th such an air-blast system di scont I nuous,
hi gh- pr essocesshun sirs exhmpe maghise made anohiesited| iy veiss impot [femvdebgetseds

that h b t d in.ash d . t al h
o ral - RS SR B ey Hier s rebereiBuat bEmeoRPYESH NPT BRI <
i mpr oved twhhefdarAir (sAhputBsdér SBvERSatih Iphleﬁw@fogmmkﬁap&f PrRI8{iIredfo? gruch

more efficiéntly destroyed with the air blasts. 25 A physical disruption of
t he vidst slupelipr o @dgiecasds aar blast agiotaalsorthatanangmof pessies) willawdrkelre t he

sanme pur . but th l,asts ©of the.i.n t.] ages
oter al S e Sy R G S MPUER M R RRrIt R PTG R
sensi ti vifiggueAcy akdd Wdssoné buestiavelg 30Sseddntis! toughtthe méthoddslis workald
advantage of the 30 air agitation via jets rather than mechanically is
hence t haptisfastasingwith gofregieancyafaine; bitrst evary Sompuient s to the chanber -
these internal conponents being liable to failure. WO

2011/ 033113PCT/ EP2010/ 063822 8 In preferred enbodi nents of the invention a
sof t vidr e Thiagithtioremethos édirdepeadénidf how the asinsbustggineateliyl isatensoveet

peri od i?to t he con‘gusti on éohase of, V\@ste treatment the S%H‘t re copmences

checki ng o tieseharmbanwyhstiaer maebanicAlCYEINg®y9- R auger or with water flushing

or otherwise.

In typical use, a chamber fitted with such an air-blast system employs
20 discontinuous, high-pressure bursts whose purpose is to physically dismantle
waste beds that have become compacted and covered in ash, and so do not allow
the normal-pressure air flow to penetrate. Combustion of waste in general is
improved. In particular, waste mixes with large amounts of paper are much more
efficiently destroyed with the air blasts.
25
A physical disruption of the waste bed through mechanical agitation means may
partially achieve the same purpose, but the gas blasts of the invention have the
advantages, inter alia, of (1) simpler construction of the chamber and (2) reduced
sensitivity to hard bits of waste (cans, bottles, etc). An additional advantage of the
30 air agitation via jets rather than mechanically is hence that there are no additional
internal components to the chamber — these internal components being liable to

failure.



5 carried out from30 up to 120 mnutes into the conbustion phase and are
preferably carried out from60 up to 100 mnutes into the conbustion phase.
I n preferwedoamiedsnents of the invention conbustion checkapasi®eoesnii ed out
about 70 or about 90 m nutes into thesconbusti on phase. The software checks
that at | east one of the follow ng process paraneters is net; the chanber
is not hotter 10 than a pre-determ ned maxi num tenperature, the exit of the
catal yst reactor is not hotter than a predeterm ned tenperature and air

i nput during conbustion has reached its maxi num val ue. In enbodi nents of

the invention_at |east two of .these rameters nust be. satisfied and in

b e o1 edNGBEHeRLATBOGMENIS of HFS R eBRORA Sclprarh S ber s, 5 Bedis FHe! pe
sati sfi edhjr BRGtPATAIBAIRS at ROt HRBAUAR thBadonMustidhasHabelsf \iddte itRidihenn| Y
when conbustion is running under conditions which are not likely to be
excessi véhg stiferaie eanmenees: CAEEKIBY dypsessOpaamealessret lesehehackshaay seen
satisfge I Sty~Subrguty e. actjva . . e obl.em
wth o e daftn BoBE gy VBT B0 sl S e it BB OIS Bhdle
earlier forbfdalpgtentied it ifioat i6ONUPYo 11100 mdRes Pitbi therdonfinwstionbphizdeediras WO

2010/ 073008, is that during the pyrolysis phase there is a relatively small
vol une ofprﬁfﬁffﬂdygmogmefgés‘)fd@ﬂé"r‘\é&fﬁ'@ni GProestionaghRgks Rcartigd e a#ﬁyt
further : P i p h st in
bur st o, Lot B0 EE S P B R e B BB o L R R oY S e
duri ng pyeasdtysnes of 2% foltosvinggirotdss pgravheters ipnetetie charmbadamaot abttgr
endothermjc, int substanti.al absence,k of gxygep. problemis that fhe
ow i P gUiTerdsteTIngs TRk raBw atuls, T GebesMela Rt feectarts nebi s
There miyhd?tér'tﬂaﬁe&%ééetbhﬁﬁ{éﬁefémﬁé{rahﬂ% 8Ad aéiﬁﬁpt?csd@riﬁgf%mbushﬂnal% tion,
the | ow anmount of gas generated in the chanber can nean tThat tenperature

di st ri butreashedits haxihanbelues Imembodimentsof theinvention at least two of these

2011/ 033113PCT/ EP201Q/,063822. 9 i ntroduci ng,wast e,.i nt hanbe h i ng
the vast S8 RIS Vs Baor s 4R PEPIL B BB By R SR el b
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i nt roducing gas, Ica € ‘chanbe ring pyr

Pr ef er ablsatisfideetheeainblhse sulpousins cantbeoalitivategl. gas, especially air, into the
chanber during pyrolysis in an anount sufficient to provide a steady flow
of off-gas fromthe chanber but sufficiently small (e.g. with sufficiently
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100- 150 litres per mnute during the conbustion phase for that process.
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as a result. In addition, the low amount of gas generated in the chamber can
mean that temperature distribution in the chamber is not even.

30
Accordingly, a second aspect of the invention provides a process for waste

treatment, comprising:-



25 was input for an 8 Kg waste load, i.e. at 2 L/mnute/ kg of waste during
the pyrolysis phase. The solution in this second aspect is thus to

i nt roducewe 28Mmdzb11@ount of gas, conveniently air, intopthaped@mbsn2 during
the pyrolysis stage. Not enough is 309introduced to nean the phase is other
than endothermc. The air is introduced so as to provide sone flow of

pyrol ysis off-gas through the catalyst in a nore controlled way. In
addition, there is another advantage as the introduction of air WD

2011/ 033113PCTihkBa03i0g0638%2 idd enabhbeater reatiayi the afadtbetoc lentedevateat ent s

to provide a nore even te rature djstribution. . It . is a further option
to use a punp ?B"Rﬁfﬁﬁ’tﬁ%tt@?{ﬁ?to@y&%@ﬁs ahihe)MaR& f iPtreAECIBY JPYFRYsING §h¢ - gas.
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the ash is renove rom-t anber. 1 machi nes madé to date whic

i ncor por at e t hizsompythe yhambercevhsusini pyralysihiad, the basketgengratds ooff-giasesar i s
used t$ provi de ahshelf ontg t‘fw’hi crh vvast§ cz%n be | oaded in_the chamber and
to capture met‘%ﬂ“,c g?%?s?aﬁﬁﬁ ot h&9 e fE ‘Wﬁ ta éﬁ‘?’é’&eb@m? he H}%‘éegg)f'ob\fﬂ ch
items either agsmpendmsthakberangach cycle or which accunul ate and are
renoved after several cycles. The tiny particles of ash fall through the
grid but 15 t heheieiydhenpregesanaongpases pairedétiag gas.nbpicaly aire ipsx dheed. A

problemis th -r{;’e ced as a "ghost" of the conbusted waste and
can retain so?réeheﬁﬁ eergaj}'lr{ ,p\ﬁé&géit will not easily disintegrate into tiny

particles and fall through the grid; also, ash may accunulate on top of the
non-1 58 at Igpeferably, the method comprises introducing gas, especially air, into the chamber
during pyrolysis in an amount sufficient to provide a steady flow of off-gas from the
chamber but sufficiently small (e.g. with sufficiently low oxygen content) that the
pyrolysis remains endothermic. Introduction of air is not intended to effect
significant combustion or oxidation of the waste, but is enough to flow gas
15 smoothly out of the chamber. Air flow is related to chamber volume and waste
load, though generally air can be introduced at a rate of up to 10 litres per minute
per kg of waste, preferably at a rate of up to 7 litres per minute per kg of waste or
at a rate of up to 4 litres per minute per kg of waste. Generally air is introduced at
a rate of a least 0.5 litres per minute per kg of waste. In examples of operating this
20 method, air has been introduced at a rate of approximately 10-20 litres per minute
for a 8 Kg load of waste being processed in 3 hours. This compares with a typical
air input rate of 100-150 litres per minute during the combustion phase for that
process. Higher rates are used with bigger chambers and higher waste
throughput. In a specific example, described in more detail below, 16 L/minute
25 was input for an 8 Kg waste load, i.e. at 2 L/minute/kg of waste during the

pyrolysis phase.

The solution in this second aspect is thus to introduce a small amount of gas,
conveniently air, into the chamber during the pyrolysis stage. Not enough is
30 introduced to mean the phase is other than endothermic. The air is introduced so
as to provide some flow of pyrolysis off-gas through the catalyst in a more

controlled way. In addition, there is another advantage as the introduction of air



20 nmetal /glass or other material and so be prevented fromfalling through
to the bottom of the chanber and the ash collection point, for exanple an
auger or wehoh@ss113 A third aspect of the invention preuirdes/0assps ocess
for waste treatnent, 25 conprising:- 10i ntroduci ng waste into a chanber,
heating the waste to an el evated tenperature to effect pyrolysis of the
wast e, introducing oxygen into the chanber to effect conbustion of the
wast e, and renovi ng conbusted waste fromthe chanber, 30conpri sing

agi t at i ngerebtesTyiralletbrash thiy eHaewRdr Rynidnts ¢ phoisde anmoee @veh dethpelatdge t he
ash and urge it towards an exit of the chanmber. WO

2011/ 0331d1%tﬂéﬂ*¥'<EP2010/ 063822 11 In one such nethod, accunul ated ash is
agitated by injecting air into the chanber. This can be achi eved by
injecting air at high pressure fromone or nore outlets in a wall of the
chanber . Tl aakinthies aptionupt esk af ppmexianplacudte thatabgmbey arfd dréwtasthie i s

br oken_ up_an .arfél cles of ash can now pass through the grid. Ash particles
5 lyi % (ﬂ¥r°|¥§$ 39%%-ece of netal are blown away and no | onger prevented
fromfalling towards the bottom of the chanber. Air bursts suitable for

this aspect may have the sane characteristics of those used to pronote
conpl et e Agsibustroguction dieaic duteg the pywiysis phaseisnindapendsiy of dovothel@sipur st s

may achi qg?%@éy%%?fphb n@aﬁ!ge{ bursts for the third aspect, to dislodge ash,

may occur '"he combustion phase. Air bursts to pronote
conmbusti on may occur fromearlier on, generally fromthe hal fway point of
conbust i on towards the end of conbustl on, though in Eractl ce the tw phases

may olr| awﬂam"ﬁe%meﬂestqdﬁta|vml@mg"ecoa@,¢raﬁmweapyely§& sompughiongemrd.ivon has
15 finis r gﬁ@(rg r
cl eani ngkbggié%{.’ %Agﬁ%%ra@h%l ’ggj%g téi s{"é'gg% , 1IN @%’o‘}t&pr@ %ﬁ%?%@%&%@é? ﬂ‘e
i nvent i orthe bghdmb@rcahdgtomaamré nhetal,hglasbaaxe rothepitemsahby tieatadéyf trem of
st eam St eam bur ma ha%e additiona] force and be effective a}t | ower
frequency csrb\gﬁ,%@ £either ateramryed after each cycle or which accumulate and

are removed after several cycles. The tiny particles of ash fall through the grid but

15 the bigger metal and glass particles do not and are retained.

A problem is that ash may be produced as a “ghost” of the combusted waste and
can retain some integrity, hence it will not easily disintegrate into tiny particles and
fall through the grid; also, ash may accumulate on top of the non-treated
20 metal/glass or other material and so be prevented from falling through to the
bottom of the chamber and the ash collection point, for example an auger or ash

box.

A third aspect of the invention provides a process for waste treatment,
25 comprising:-
introducing waste into a chamber, heating the waste to an elevated
temperature to effect pyrolysis of the waste, introducing oxygen into the
chamber to effect combustion of the waste, and removing combusted waste
from the chamber,
30 comprising agitating accumulated ash produced by the combustion so as to

dislodge the ash and urge it towards an exit of the chamber.



20 may al so be used after conbustion has finished. The anount of water used
Is preferably sufficiently small that all is evaporated and exits the
chanber agoWeasB11Bone exiting as water. In this way, tlperapesionesspeed for
a water drain to the chanber. 25 Appanatus of the invention can conprise
air inlets for various purposes, cornbining nore than one or all of the
aspects of the invention. Accordingly, apparatus of the invention, for
waste treatnent in a first, second and/or third aspect or a conbination of
aspect s dh aneesuchveeathiodnacciemplated dsetiscagifated bpdpjectingsaialirdbltiee chamber., 30a

et LSRR ORI LSRR SR S BN ol '
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| ocated in a wall or oor of the chanber, said one or nore’inlets
connect eds tgolkgn alpramjpgr’qplae af @shtean newupmmrogghﬁhe rgiid. tAsh oar’c@éash of

chanber, P8 SR 7 B of BT B Biin v B o de HeGsRle O,

| east t wdaltihg tdveardeltheWorennoft@s charmfder. air is introduced into the chanber
during pyrolysis of waste in the chanber; (ii) air is
I ntroduced into the chanber in bursts during conbustion of waste

Air bursts suitable for this aspect may have the same characteristics of those used

to promote complete combustion as described elsewhere herein, and one set of
10 bursts may achieve both effects. Air bursts for the third aspect, to dislodge ash,
may occur towards the end of the combustion phase. Air bursts to promote
combustion may occur from earlier on, generally from the halfway point of
combustion towards the end of combustion, though in practice the two phases
may overlap. Air bursts to dislodge ash may also occur after combustion has

15 finished, for example as part of the chamber cycle or as part of a cleaning step.

Ash may also be dislodged, in another embodiment of the invention, by injecting
water into the chamber, optionally in the form of steam. Steam bursts may have
additional force and be effective at lower frequency than air bursts. Steam busts
20 may also be used after combustion has finished. The amount of water used is
preferably sufficiently small that all is evaporated and exits the chamber as steam,
none exiting as water. In this way, there is no need for a water drain to the

chamber.

25 Apparatus of the invention can comprise air inlets for various purposes, combining
more than one or all of the aspects of the invention. Accordingly, apparatus of the
invention, for waste treatment in a first, second and/or third aspect or a
combination of aspects of the invention, is provided comprising:-

a sealable chamber,

30 a waste treatment zone in the chamber,

a port for introduction of waste into the chamber,

a port for exit of treated waste,



10in the chanber to pronote conmbustion of the waste; and (iii) air is

I ntroduced into the chanber during and/or after conmbustion to disl odge
accurul atwd 2081033113 Preferred apparatus, already nade apdTiEp3s@@e3sgpnpri ses
two or nore of said 15 inlets. It is &l so preferred that the control

equi pnment is programred to operate in at |least three of nodes (i) to (iii).
In a further apparatus of the invention, air and water inputs are provided,
hence said one or nore inlets are connected to an air supply and to a water
supply via 20 4 heatirenélealeng@hdonment such that the or each of the one or
nore inlets can independentlﬁ/q be used to introduce air or water into the

chanber, and VW& 8f Margdniedhiocated duigpmaiton doqy afothsr eipmRaeFaid MePht e in
node (iv) whergj Skl ' ; ; ' fter
Combust i on't o 10t NS cchRckBLBLAF &R by Yol Tl AP [y
process of thergaehaithe puemrinooretirlets camirngiependertiyabd usatiite mtfdchmesaimi t hi n

t he chanmber and the concentration of. ash can, be i ncreased foll ow n

s Bl i srditol B ERAARET\ A Shedeis” Ty, SN pRUBLEM 15 A CaAEY th; ¢
ash can damageygddhsteGatdliomst nadef it follbwine baegbl y filtered out of the 30
gas exiting the chanber prior to contact "of the gas with the catalyst.
Met al or cer arfi)caifiibt introdueed Hetoudkel dhamhdreduringmyelysisaot wanie ihathebeen

unable to indecrl',\t bfby suitable netals or ceram cs which can withstand the
heat, tenperatlP8hanges WO 2011/ 033113PCT/ EP2010/ 063822 13

(i) air is introduced into the chamber in bursts during combustion of waste
10 in the chamber to promote combustion of the waste; and
(ii) air is introduced into the chamber during and/or after combustion to

dislodge accumulated ash.

Preferred apparatus, already made and tested, comprises two or more of said
15 inlets. It is also preferred that the control equipment is programmed to operate in

at least three of modes (i) to (iii).

In a further apparatus of the invention, air and water inputs are provided, hence
said one or more inlets are connected to an air supply and to a water supply via

20 the control equipment such that the or each of the one or more inlets can
independently be used to introduce air or water into the chamber, and wherein the
control equipment is also programmed to operate in mode (iv) wherein water is
introduced into the chamber during and/or after combustion fo dislodge
accumulated ash.

25
The combustion phase of the process of the present invention tends to generate
ash, which floats within the chamber and the concentration of ash can be
increased following physical disruption of the waste, e.g. by high pressure gas
bursts. This ash can damage the catalyst and is thus preferably filtered out of the

30 gas exiting the chamber prior to contact of the gas with the catalyst. Metal or
ceramic filters can be used but the inventors have thus far been unable to indentify

suitable metals or ceramics which can withstand the heat, temperature changes



and corrosive nature of the ash over repeated chanber cycles. A preferred
option of the invention is therefore to filter the ash using an inertial
separ at orweuofy/@ds11@ cyclone filter. 5 Accordingly, the ipovapbeonessan

provi de a process for waste treatnenti3 conprising:- introducing waste into
a chanber, heating the waste to an elevated tenperature to effect pyrolysis
of the waste, introducing oxygen into the chanber to effect conbustion of
the waste, and renovi ng conbusted waste fromthe chanber, wherein pyrolysis
of the mmtdeccgewmivemewrefofﬂgaaeeisowmmhtedefqmbeedyqlm ofghetereest apljart to
renove o nOXI us co nt,s th reof and n the off-gases
are fil te‘féﬁed@Y‘?{g'% grl‘,e[fergl O értﬁ? plﬁ'w apolng\éwe'jg%pa@tori ﬁlgcrbf"g -agases
wi th the ggalonle)fiifer. 15 The present i nvention al so provides an apparatus for
waste treatnent, conprising:- a seal able chanber, a waste treatnment zone in
t he chanber, a port for introducing waste into the chanber, 20a port for

the ext e ; ar at us
furth)eq ({f)gr?gﬁ(?@g&gﬁ]ae\rll\m?%@t} %}?gepar a?(g)‘r? E Esv{fe)gn ﬁ'%ltﬂ'{ erC&Hgn?ﬂ@'_
catal yst. 25 Thieoduuémd |whsteepﬁoaaochmhbehehpam@rthel wastd itonamagldvatetl
settling chanber baffliﬁ%génber r centrifugal c¢oll (ector referred

embodi ment s oftCRREHIR Ch PYEYSIS 1Al AR WEFedTlE? MO&W%’% 0 Bi%e
separator is Up@thberih bABEECSHEUSRSR of the waste, and removing combusted waste

from the chamber, wherein pyrolysis of the waste generates off-gases

10 which are passed through a catalyst to remove one or more noxious
components thereof, and

wherein the off-gases are filtered using an inertial separator prior to contact of the

off-gases with the catalyst.

15 The present invention also provides an apparatus for waste treatment,
comprising:-
a sealable chamber,
a waste treatment zone in the chamber,
a port for introducing waste into the chamber,
20 a port for the exit of treated waste,
a heating element, and
a catalyst
the apparatus further comprising an inertial separator between the chamber and
the catalyst.
25
The inertial separator of the present invention may be a settling chamber, baffle
chamber or centrifugal collector. In preferred embodiments of the invention a
centrifugal collector such as a cyclone separator is used. Suitable cyclone
separators for use in the present invention include single-cyclone separators,
30 multiple-cyclone separators and secondary air flow separators. In preferred
embodiments of the invention a single-cyclone separator is used. Centrifugal

separators such as cyclone separators have a particular advantage as they can be



separators for use in the present invention include single-cyclone
separators, 30 nultiple-cyclone separators and secondary air flow

separ at orwo 201v/psABerred enbodi ments of the invention apgirmypheooyskone
separator is used. Centrifugal separatsors such as cycl one separators have a
particul ar advantage as they can be WD 2011/033113PCT/ EP2010/ 063822 14
used both to renove ash fromthe off gas and and m x off-gas with air from
a separate air supply to go into the catal yst. Apparatus of a particular
enmbodi merusesf bothetd rersave @sh flemcinebel das ase drel ovx offegas Witbsaia frgralane

that recejves off gas fromthe cha r .apd receives an. ajr s v for

catal yeot Sare e S50k ORb B 6 2BREmoRoe B LR ARl THBHRhe Shas <o
t he cat altnstinvéntio @feetrisst /iM0edivErW Scohptites BNXRIBHeOthat irbtiaés off §ls

of f-gases using an inertial separator is carried out in conbination with
the use dfomithh chaewSl@adygseiyes frsail supalysfer catalysdminvand hag ameytpuhto

separ at or . IS8 | uced 10 into the chanber
duringgtﬁ% r@F@g?g%BﬁgggsgﬁﬁaégFéogﬁ%g?%@ﬁ?l This filtration method is

i ndependent of how the conbusted material is renoved fromthe chanber,

whet her chani cal ly usjng e. an, auger or with er flushing ar .
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General |y the process conprises 1 ntroduci ng waste 0 a chanper, ating
t he wast elascribed @bevey). eAntioatiel sepamicromeffadee bpyussidywhen @lir ishptroggteas

I ntroguci.n xygen ,into the chanmber. tp effect 20 conbustion of the waste,
and'  BhouiigRE S0 et g faS BB eRaRe AEUPSEIERTINML he el evat od
tenperature to effect pyrolysis can be from 200-700C or from 350-700C and

is typically from400-700C. QOperating at these tenperatures tends to avoid
for mat i onlhi$ fitatienomethasl isvindepend@ntsofciaew dhe eamkusied seateriabiswienpovadandar d
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or otherwise.

15
A process for waste treatment in accordance with the invention can incorporate
one or more or all of the recited aspects. Generally the process comprises
introducing waste into a chamber, heating the waste to an elevated temperature to
effect pyrolysis of the waste, introducing oxygen into the chamber to effect

20 combustion of the waste, and removing combusted waste from the chamber,
wherein the elevated temperature to effect pyrolysis can be from 200-700°C or
from 350-700°C and is typically from 400-700°C. Operating at these temperatures
tends to avoid formation of some of the more noxious contaminants associated
with standard pyrolysis units or form them to a lesser degree, whilst ensuring that

25 substantially all waste, other than recyclable components, can be treated. Hence
an advantage of the invention is that treatment of off gases can be carried out with
reduced on-site emissions. The pyrolysis temperature is preferably from 500-
700°C, more preferably from 500-600°C. In a specific embodiment of the process,
the system operates at about 550°C.

30
It is further preferred that combustion is carried out at elevated temperatures,

typically 300°C or higher, 400°C or higher, preferably at least 450°C more



25 substantially all waste, other than recycl able conponents, can be
treated. Hence an advantage of the invention is that treatnent of off gases
can be cawopi2et/@siizwi th reduced on-site em ssions. The pyrapPYEi0H63822
tenperature is preferably from500- 730C, nore preferably from 500-600C. In
a specific enbodi nent of the process, the system operates at about 550C. 30
WO 2011/ 033113PCT/ EP2010/ 063822 15 preferably at | east 500C. In typical
operation of an apparatus of the invention, the chanber is heated to the
pyr ol ysi prefengdy at least 50901 instygicakoperatioe df antappadatus ef the imvesntioonthes
carried out as the next, step wthout specjfic separate heating or, gooling
of ¢ he cRURBERT oERkioer & aifohy R RE e BURBRS IS At L s

el evat ed chaimRfieh Us eafiéd iout taietHeanbet s WRRGNDSsPELifitd @Bpaitae GRlatihhfdrc

cont ent nay_slgghtly i ncrease the tenperature so chanber heaters are
gener al | goplinthed thefchamberg Heatdrnaraied bigongkystion genrialy naipiainshan
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ecove ed R EReBLAETRRRY M WARE B UEeHRS (BoR R BRFREIRREAN, o,

be cont r ohdyeslightlydncrenst theterhperstnt s chaibémheattheachgedeerally tened affl y
chanber tenperature _duriblggbgo usti on does not rise above 8Q0C and

pr ef er ab/YriRgco gons an Ggcemayeddiieat the rheMRET P PRIRAING OF §A88Se can

vary acc%,% Hd Padé‘%éF Br ‘é.orlné’d’ff“exchﬁng&r é'nd"'réébv%lréd bkt ShiF bt Rdomr ohggrber

vol une. parat us the invention are generally 15 designed for use both
i n donestpucpases. Milambercteoenatyre esndascds aontrallesl by contrelling dlovpoérirses

but also.in |arger,, co I ci settjngs. WAste .enter ,the chanber .at
oribi 6t ingh b S Bl S hbe i 24 G "R Y kb aTaf dRERChot
acti vat edist @pbeatgobhPe a@wﬂ%fﬁrabl? Adtanepe78bP@&r 700tEper ature. Waste nay
enter the chanber at an el evated tenperature, for exanple if there is

little or no chanber cooling since its |ast operation. The chanber is then

eat ors. ahe efoA e Bttt AElal RS A e eni O EGo 1 8 e, 2
| n appar alitisa lNedtedisged e§tic@nitserdaligmet Abgai’a@@é oNthep maeatibn @ aeheeily
typically takes 2-20 mnutes, preferably 5-10 m nutes, being dependent on

the dper desigged dopaisst BPE iglamestic aRd PHEMRAUPABFY TESIdERESY ANGEMA! wast e
in the ngmﬁ?ércial premises but also in larger, commercial settings.

Waste may enter the chamber at ambient temperature. The chamber is then
sealed and the heaters are activated to heat the chamber to the operating
20 temperature. Waste may enter the chamber at an elevated temperature, for
example if there is little or no chamber cooling since its last operation. The
chamber is then sealed and may already be at operational temperature; if needed,

the heaters are activated to return the chamber to an operating temperature.

25 In apparatus made and tested to date, this heating phase from ambient typically
takes 2-20 minutes, preferably 5-10 minutes, being dependent on the operating
temperature required, the chamber volume, and volume of waste in the chamber.
In use, it is found that off-gases can evolve in fractions as the temperature
increases and this is believed to result in reduced production of certain toxic

30 components, notably dioxins and fluorins compared to industrial pyrolysis using
higher temperatures, following rapid heating. Processes carried out in apparatus of

the invention generally comprise holding the waste at the elevated temperature for



In use, it is found that off-gases can evolve in fractions as the
tenperature increases and this is believed to result in reduced production
of certaiwot201/3330 conmponents, notably dioxins and fl uecirnee0npeed to

i ndustrial pyrolysis using higher temgeratures, follow ng rapid heating.
Processes carried out in apparatus of the invention generally conprise

hol ding the waste at the el evated tenperature for WO

2011/ 033113PCT/ EP2010/ 063822 16 10-90 mi nutes, preferably for 20-60

m nut es. 1h9%Q mpeded,i preferablyi yn20-G0 nlikulpsodress spebific psmbbgisientppfatie has a
roughly 40 m nut,(e durzt i.onh Inhsorre enﬁoqli rrentz 8f t.he invention

intelli gém)c??sm' *h%%wsésrre AFegradoreny QO'H{W”‘F {‘F?é'olnength of the cycle.
These systens can nonitor the tenperature of the off-gases being produced
and adjust the cycle duration accordingly. Use of these systens inproves

t he powerinesamei @mbgdigrentsofpthsc dxention ipirlligemninieg aysemsr are Hpsdeln
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of the cygpec-sumeChas reBEhE 1% hRotheRidx@mpiideatsirir $RMMNhoRftodathe

| eavi ng the chanber; a sufficiently high | evel of oxygen indicates

conbust i dempagatyteoppée offogasesafroax dmpicbaatoer land whent thentespreeraturagasn

situ, th us i a, nre . Ql.ysi s&, hased
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whi ch wowebdlimptatbenfdkrg cadadbeantthenhinitibtective dred ektheacyatel Amstheeoptidn isgto Fr om
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oxygen indicates combustion has stopped.

20
In an example of the invention operating in situ, the apparatus is set up with a pre-
programmed pyrolysis phase, based on the chamber volume and anticipated
nature of the waste to be processed. The phase may be set up such that the
elevated temperature is held for the duration of the pyrolysis phase and such that

25 50% or more of the waste is degraded, preferably 70% or more, more preferably
80% or more. In practice it is problematic and energy inefficient to ensure 100%
treatment, especially when recyclable material is present such as metals and
glass, which would not be degraded and which can be extracted for recycling.
From expected waste volume and content the system may be set up for a given

30 property so that from 60% - 95% of waste by weight is pyrolysed.



WO 2011/ 033113PCT/ EP2010/ 063822 17 In a typical operation of the apparatus,
waste enters the destruction chanber and the |lid is sealed, the chanber is
t hen heatwo,20i3afagut 550C. The of f-gases produced duri pgTppreb)siss2 ar e
nonitored; as waste is destroyed the 17evel s of these gases reduce, once
they drop below a predeterm ned threshold the heaters are 5 switched off.
During pyrolysis air is introduced into the chanber at a | ow rate, about
5-10 litres per mnute to flow off-gas through the catal yst. After

pyr ol ysi dn astyipidahiobeedtion ofrthereppabstesceasfe entegethe déstruddionheanpzersard

th h t heat i i d admtted into, t this i t
oo e Pt R b U ikt B S H RSl P s o
the resi Qglhudapligring bgﬂdfysqg‘ﬁréj%frﬁtaféd; QR fAAENES HesthOytHRNEGEIBRIS the! 1S

applied at this stage but’ the heat fromthe py(olc?/5|s stage i s retained.
Regul ar agifiseatrieducef onte thayndiopt balgwiaspredeteradired direseldwhenheaiees areof air

compust i otcand T PUT0d RS Re SR FoanieRR MG AU o SCa kY 1S

input. Ogteen 500liees Fma e tbglomp Bt gisethrbagh thé Tapilystodéter Pyrolpgis,
conmbustion, waste 15 is agitated as described herein to pronote fu

|
conbust i Ghbairntiabyir the pbsencecef Rges. ar is Fencpassegnibroydietheskealingeail dr ops

bel ow, or e i i t=Ree i '

adopt edy 2 SEFMERARCIs fHar e B &, BPEIRIMAEH200-608 R &y Fotry
consi der ed tie airshiddtebaombhettionyof ltiee ofsidypa vedste withirhther destdicdibnwasheernow

| ar ge h can be agitated with air and/or ter to help dislodge ash 20
so Crifl o exfaradhesdtis B eaAton HadeiRuas Nedd o Aok PYERNTREEam S he
grid. AShetainddeRegRINVEIHAHbATBIIHE ohBiRing Wik i§2aried dut Wil graiust | on,
e.g. using an auger or arter conpustion e.g. y and auger or by ftlushing
wi t h wat exir. taveards diveusna df ntheecomabustion phaseebasyoutpat netradnitpred, durligs can

be renoved for . .recycling or left in the machine fo not her cle(s). Sone
vt o1y aBPatHEBR: 1 e aif it piberh dnd BrimPEs oBlpu aRbhets e il

conpl et elgxydeptdRPNEst cabsis 8 beanBhitdeaddE g BYrgdseo Dysihg coRtbustioh, @asfeusti on
are suitabl'y treated to renbve noxi ous conponents, dependi ng upon the

eni ssinds agiaiedras desefihack Hetan e priemoie fulhgomgbustiorappd ireduéa nntreetedno
2011/ 033 010/ 063822,.18 Cas d ueous
agitati o%ﬁggéfﬁ%t %’%\Sgﬁﬁ% i sggg uﬁ&tgﬁ?gj{ &gsa %ﬁﬁcﬁ}sgé‘g)@% %@t%bﬁﬁ%’d
t hrough Talbﬁvégﬁabérﬂﬂmg apbh ee onitofing aidoh i) safseetirdshsit ehie anflows sbhaal |y
containing additives to pronote dissolution of the i )
off as combustion is considered finished for that cycle of operation. The residual
waste, now largely ash can be agitated with air and/or water to help dislodge ash
20 so that it falls to the bottom of the chamber and is not retained on the grid. Ash is
then removed from the chamber. This can be during combustion, e.g. using an
auger or after combustion e.g. by and auger or by flushing with water. Non-
combusted material is retained by the metal grid, this can be removed for recycling
or left in the machine for another cycle(s). Some pyrolyzable material may require

25 two or three cycles before it is completely destroyed.

Waste gases produced by pyrolysis and / or combustion are suitably treated to
remove noxious components, depending upon the emissions standards required
to be met in any given application.

30
Gases can be passed through an oxidation catalyst, fed with air, preferably heated

air, to destroy noxious components by oxidation.



5 gases. Gases may al so be passed through a water scrubber. Not all gases
may be dissolved in the solution and it is preferred that gases are al so
filtered wbt2bhimsaiigas cl eani ng chanber. A catal yst can act/rr3018/06832
cl eani ng chanber, and may be pl aced ugstream or downstream of a scrubber.
The nethod al so may conprise di schargi ng undi ssol ved gases into the sewage
system Hence, in an enbodinent, 10 filtered exhaust gases that have not
been dissolved in solution or retained within the filter are discharged
into the sewer. These gases then pass up the soil pipe to vent through
venting acks The fl|tﬁ %d haust %roduc IS subst%ntlall colourless
J (o]

d
and odour?®Ee ¢ bﬁc’?%?a?le ap % 8Hs &9 BB?\” &V%@‘?mj ah! sééjrjm

nmonoxi de,pft @@wﬁﬂ Bab8s acdrine ibubbRE &RioaghS the fs@hﬁ@rnb%ptrmaqw@tﬁnsmmgent i's
15 generally very low. In enbodinments of the invention conprising

cat al yst softened pN%tﬁélﬁ"@dolﬂ’f@ﬁa”b’t@m@ﬂff\gga@@@V% T@Qramoﬁm@ﬂ&aowh%gfam or

prior 4o I 2 i

P iboti o etaeE s e T80 brdRRsaa hiduahhwaR Seker lof LRSS el e, o
the procefissoiver it thpaohdionf anditds prefesedtiiat dasebust edsovfitdredadithibe ddsushed
fromthe han |b r wwth water, wherein the water is |tp]tr duced into the

chanber aatosd & ealglyst gapsact %fhé‘ gae e55apf dRAY Rehe
chanber y @éﬂn t

conveni eg)?gcaécr?l d %kféarﬁﬁtdéﬁﬁse cha eér‘ s tfbfe iethgac '52?”2%?%%"&% nor e
accept abldisdharging emnslissthvedegdsesrigidube demiasie syfstermstuee iin anhembbdiniant, whi ch
is uns{g .I r has unpl egsa odou arr ut th u er can
be | it odlietes’ Priva s ReR dRaEPavs B0hPaeRTRao Nk I ston o Rttt U

wat er beithg fn?th Q@a@@(‘i‘hér@e&%ﬂ@ tﬁé%@m@avﬁését@g@@é #fer] pasAgp ¢se b1 ‘Bihlﬂ”'td he
piping. In this way the water is heated he desired tenperature by the

chamber Iveat .thmugh vengnghatacks. iThecditeertl exhagatliiptedycedrisasuestantialy e of

ai1) is SPRREERR 9 kiR BBrRaT shEToR e B RIAR Y St

in use oxygexids thomphi @dht8 fuhetied alysi thid &aphbdn Mgondédercoriténtsigpp!l i ed
to the chanber, can be supplied to the chamber via the same 5 piping. Flow

r at es15va|9?nﬁﬁ”bf Vea:1¥Y.s i ncl udi ng chanber size. Air input during pyrolysis
can be as lowas 5 litres per mnutes. Air input during conbustion of a

| arge | oad may be from50 to 1000 litres per mnute. W have operated
enbodi memt emivddimants bf the imvieatonfcohiprivirkb a-cat8l st ittis gséefarred tOfilkear off |

aspects of the jnventlon, t he chanber, vol var Sui | e anbers
vol umes SPES$ HSigean pgiial sppafaiorariar tg. C@OE{C‘% Og% ‘é’?‘&%‘ﬁ?s W‘%‘?}FG.C@%]YS 3. 00n8,
for donestic type units nore preferably in the range from0.02 - 0.30n8,

especially from0.03 - 0.20n8 or fromO0.04 - 0.10n8. Chanbers with vol unes
of al2dut 10.specBicaachbakdoentd. ddsignédifer beeresdiccard sfuschl ysessaledfttbedby-e.

products of the process are disposed of into the sewer.

Combusted waste can be flushed from the chamber with water, wherein the water
is introduced into the chamber as superheated steam. In use, the steam cools and
25 cleans the chamber and flushes away the ash residue of treated material. This is
convenient and efficient. The chamber is left looking clean and hence more
acceptable for users. There is reduced risk of residue in the chamber which is
unsightly or has unpleasant odour. To carry out the flushing, water can be
introduced into the chamber via piping in walls of the chamber, the water being
30 heated to form superheated steam as it passes through the piping. In this way the
water is heated to the desired temperature by the chamber heat. Also, the

chamber is cooled in readiness for a next cycle of use.



15 The invention is nowillustrated in the follow ng specific enbodi nent
with reference to the acconpanying drawing in which:- Fig. 1 shows a
schemat i cwOi2agr®pief apparatus of the invention 20 Exanple/eb2019hsise2 i s
processed by pyrolysis and conbustiongi n a seal abl e chanber shown
schematically in Fig. 1 having a |lid, heated using panel heaters and having
a gas exit port, a catalyst for off-gas treatnent, a heater to heat air for
the catal yst, a gas 25 scrubber and a heat exchanger to heat air entering

t he chanber with heat extracted from exhaust gas. Water input for cleaning

d ' he ch i ' |. The Lid of ' h i
openca i 2xyash SUBRRoshEral ash thiscRiserabl et M ErfaRBER: o
Is at anmtimenbrbfgeE At tBAt iANgsd &x;éﬂ;@;ﬁ@s@ﬁpl%dgtfoi thet ervaniolsr mbethé\%pm@ of

the chanmber. The |id is then closed and the chanber is seal ed.
2011/ 033 WaterTifepplied de dbe zhagbeecambepiirniigddp theghambelrda dbeispmed and

the inderi.Qr te .S, r.ai - A 1 SA nRUE .t 0 the
chanbes HEot nIRGl SAES vely 2 PAbR RANARE, ARG Bre Al bt hing,

of f - gasepyoigsichdan be @w loheas Malifoes pandnihotes. Airimpue darieg coerpastiah wfea
distribution within the chanber, th talyst bed.is heated with air from
the bl owdfrdo 10 M2k cBeE Ak 1o ha0dd: ey Rescindipe Was Dake t RPSIGAH ¢ he

cat al yst .empodiments with air flow rates of from 25 — 200 litres/min.

10 For all aspects of the invention, the chamber volume may vary; suitable chambers
volumes are in the range from 0.01 — 5.00m?, preferably from 0.01 — 3.00m>, for
domestic type units more preferably in the range from 0.02 - 0.30m?, especially
from 0.03 — 0.20m* or from 0.04 - 0.10m°>. Chambers with volumes of about
0.06m® and about 0.14m? have been successfully tested to date.

15
The invention is now illustrated in the following specific embodiment with reference
to the accompanying drawing in which:-

Fig. 1 shows a schematic diagram of apparatus of the invention

20 Example 1

Waste is processed by pyrolysis and combustion in a sealable chamber shown
schematically in Fig. 1 having a lid, heated using panel heaters and having a gas
exit port, a catalyst for off-gas treatment, a heater to heat air for the catalyst, a gas
25 scrubber and a heat exchanger to heat air entering the chamber with heat
extracted from exhaust gas. Water input for cleaning and emptying the chamber is

optional.

The lid of the processing chamber is opened and a waste load of approximately 8
30 Kg enters the chamber (which is at ambient temperature) and is placed on a grid
towards the bottom of the chamber. The lid is then closed and the chamber is

sealed.



Air input to the catalyst is initially about 200 L/m nute, rising to 800
L/m nute during 10 the process, and the pyrolysis phase lasts for

appr oxi mavelyi14B@3nsnut es. After the pyrolysis phase haspcomph@beessthe
external panel heaters are turned off20and air input to the chanber is
increased up to about 150 L/m nute for the oxidation / conbustion phase. 15
Wth the introduction of air, the waste begins to glow. The volune of the
wast e decreases further, typically reaching around 5% of its origina

vol une. The waste is converted to a very fine ash. Snoke and particul ate

| evel s in_the systemincrease duri he air injection phase. . All eous
exhaust s T CRAEBEEPRI GiEne SR Ralen 984 thenlieiiey BRPae& (U5 hiase,
the combusdtivBen"5eG-580°@aRiRid Snid {akee dhanbhfBREIRrQaR! 8616S &k 8f I,

alternately from opposite sides of the chanber, air being injected every

mnute i ][annraximt@maomﬁmyt@t torflpwrof(-gasemegwethy frqmr dbe Thamiwriang §o thﬁ
mmes s RiBaiRst bR fndaler PR ERL T e BREmBRte E3elel e Shase.

simlar agdied ivith bF fasradhbobigivet a6 gboas B500600°0adndithe tertilttedngades @rd d or
accunul ated on top of untreated netal or glass, so the ash drops to the
bot t om ofPasged dhvawebithe celglysbi1/ 033113PCT/ EP2010/ 063822 21 Wien t he
conmbusti on phase has conpleted the air injection is turned off, the gas
exhaust valve is closed and ash is renoved fromthe chanber whil st the
chanber iAr sipiut ko thet catalyepisanitialigaboufl2@0 Einsinate, irsingetad30d biminbte deritg

cycle, 5 Exanple 2 te i s processe S, per exa At the end of the
bl | JhE PRBesSs pR s QURY A Paee a9t GE apRraRIBRtsY ARAAMle: 1 ove
t hrough the sane tubes as the air, around the outside of the chanber and is

i njected as superheated steam The
After the pyrolysis phase has completed the external panel heaters are turned off

and air input to the chamber is increased up to about 150 L/minute for the
oxidation / combustion phase.
15
With the introduction of air, the waste begins to glow. The volume of the waste
decreases further, typically reaching around 5% of its original volume. The waste
is converted to a very fine ash. Smoke and particulate levels in the system
increase during the air injection phase. All gaseous exhausts are passed through
20 the catalyst.

During the combustion phase, the combusting mass of waste is agitated by high
pressure blasts of air, alternately from opposite sides of the chamber, air being
injected every minute in 0.4 second blasts at 7 bar (7 atmospheres (709.275

25 kPa)), the amount of air injected being approximately 3 L per blast. This agitates
the mass and promotes full combustion. Towards the end of the combustion
phase, similar agitation is used to dislodge ash that had piled up on the grid or
accumulated on top of untreated metal or glass, so the ash drops to the bottom of
the chamber.

30



10 steamis initially injected in a series of pulses, then as a constant
stream The pul ses are of duration 150 - 300 mlliseconds, then 500 - 1000
mllisecomd0evBsms30 seconds then continuously on for Pcmerdéesessehien the
water is injected at approximately 2 41/ min. 15 The initial steam bl asts

di sl odge ash, urging it towards the chanber exit. At this stage all steam
can exit the chanber as a gas, there being no water output. Subsequent
steam both flushes the ash out through to the exhaust, and cleans the

i nt er nal Wheaghefconttristibambhase hEsecahpletechte air dgettiorgiseiufreext ofinthichgas

Chanber " dPRYSt ¥E1ve PEBloBRA Fscashy: Bves (B AhE I cHPBIRer RVRLL R CRATBPEd | he

l'id opensgapg hbh@siﬁ%%heéﬂc?e?. TIeadystbRr isiré§d@%tthéh%k?eyd1’é‘.}’ i nconpatibl e
wast e that has not been deconposed by the tycle is held in a drawer, and

can be renoved and recycled. Exanple 3 25 Waste is processed by pyrolysis
and c i in a seal abl e chanber shown schematically in Fig. 1 having a
lid, heaﬂ%&hﬁgLﬁg panel heaters and having a gas exit port, a catalyst for
off-gas treatnent, a heater to heat air for the catal yst, a gas scrubber

and a heat exchanger to heat air entering the chanber with heat 30
ext r act edVepignisePaasteh 88 PaNEX@MBIE pLtA ihe end 2hithry canbushpr ahage: He

chanber i j [ %ﬁ.pd],ﬁ / B2 j he

pr ocessi r@“@ﬁ%ﬁ‘ er ngv})@ﬁgﬂ%&%gﬁ a é@éiﬁﬁégﬁ% appr oaﬁﬁ%g%%/égt%aght ers
t he chamzeoufdiine houtsidatofatiei emimbemnmpad at ungctethdsi suparbeatdd osteangrihe
towar,&?s t he bo.tt.o&n Ef .the chanber. The lid is then cl ose%agd t he Qﬂ%nber

i s sedl edleNTRINERANIRNECISINE aReties, @f Brlsescthepape @ SABSEAL SITRARY |

tenper at Y gsdsSaledbfcfiftatich 150 WLs00 RiifsaiMds, Nen 560 LMt MilliddienasanBry from
the start at a rate of approximately 16 L/mnutes to flow of f-gases

snoot hl y 30 secends trembentimuralisiyo opr torod eniautas, twingre the watediis tinjebied ah

wi thin the chanb [ tPe. catal yst bed is 10 heated with air fromthe bl ower
to about BBOEOGENUAL e enitted gases are passed through the catal yst.
Air input to the catalyst is initially about 200 L/ m nute, rising to 800
L/m nute during the process, and the pyrolysis phase |asts for

appr o) ndlthsl ipitied stgarnttiasts islndge rashnairging ot yawardprhschambaroel: ditedis he
exteral 0P oy BB o850t M S0l e BV S SRR,
Subsequent steam both flushes the ash out through to the exhaust, and cleans the
internal faces of the chamber. The steam has a cooling effect on the chamber, and
after approximately 1 minute the internal temperature of the chamber drops to
20 Dbelow 100°C. After the steam injection has completed the lid opens and the
system is ready for its next cycle. Any incompatible waste that has not been

decomposed by the cycle is held in a drawer, and can be removed and recycled.

Example 3
25

Waste is processed by pyrolysis and combustion in a sealable chamber shown
schematically in Fig. 1 having a lid, heated using panel heaters and having a gas
exit port, a catalyst for off-gas treatment, a heater to heat air for the catalyst, a gas
scrubber and a heat exchanger to heat air entering the chamber with heat
30 extracted from exhaust gas. Water input for cleaning and emptying the chamber is

optional.



20 Wth the introduction of air, the waste begins to glow The vol une of
the waste decreases further, typically reaching around 5% of its original
vol une. TWe 2e|sise118Ss converted to a very fine ash. Snokecamk2@aftiserl at e

| evel s in the systemincrease during 22he air injection phase. Al gaseous
exhausts pass through a cyclone where they are filtered and m xed with air
for the catal yst before being 25 passed through the catalyst. 70 m nutes
into the conbustion phase a software subroutine checks that the follow ng
process pelaliccbetie proeessing -chatibee isbpehed ang anaasteolobdroftappnoXiftéipes exi t
of the c ac is not hotter than 680C air in t he chagper IS

lyst re or ] ut to
at 150 L/NH ROtess theyenamber gwhichapet Artignbierssighirosa (‘,%Ptﬂcﬁdpﬂfbée%f
par anet engyards # baftb@dof gfe BhAmBEASThe WiEr@%bHeﬂb% GhiVikechathbet
foll owi ng steps are carried out 5air 1nput to the chanber is reduced by
two thirdsalel.r flowto the cyclone is increased to naxi num a conpressed
air p Is activated for 14 seconds, punping air into a 0.7L tank
connected to air injection points within the chanber, air pressure in the

tank reachrscidabér gaidihealéld atalactivarRanaed 8 inferfdt tahperMURETY @iksdRPiot s
opened for 400 mlliseconds then closed, after 4 seconds the valve is

opened ad@itweenrSUbOSHIC.| Adetsoiisit to the ahamarsfreepéag «darti ateat ratesofni th
t he sane tshe, Al | i ed, i i

recompr eee RSty 8L ANhisG A0 PbaSS B rgh™ Ms ieBelBElane to,
val ve. promote even temperature distribution within the chamber, the catalyst bed is

10 heated with air from the blower to about 550-600°C and the emitted gases are

passed through the catalyst.

Air input to the catalyst is initially about 200 L/minute, rising to 800 L/minute during
the process, and the pyrolysis phase lasts for approximately 40 minutes.

15
After the pyrolysis phase has completed the external panel heaters are turned off
and air input to the chamber is increased up to about 150 L/minute for the

oxidation / combustion phase.

20 With the introduction of air, the waste begins to glow. The volume of the waste
decreases further, typically reaching around 5% of its original volume. The waste
is converted to a very fine ash. Smoke and particulate levels in the system
increase during the air injection phase. All gaseous exhausts pass through a
cyclone where they are filtered and mixed with air for the catalyst before being

25 passed through the catalyst.

70 minutes into the combustion phase a software subroutine checks that the

following process parameters are met:-

30 the chamber is not hotter than 600°
the exit of the catalyst reactor is not hotter than 680°C

air input to the chamber is at 150 L/minute.



Air input to the chanber is gradually increased back up to 150L/m n. The
software agai n checks the process paraneters and once these are net the air
bl ast subwoubimgsiis agai n activated as above. 20 Towar decrh@®2@0@des3b2 t he
conbustion phase, air agitation is ussd to dislodge ash that has piled up
on the grid or accunul ated on top of untreated netal or glass, so the ash
drops to the bottom of the chanber. 25 When the conbusti on phase has
conpleted the air injection is turned off, the gas exhaust valve is cl osed
and ash is renoved fromthe chanber whilst the chanber is still hot using

.~Th t [ f t he_next cycle. le 4 30
o L I R
hei ght angielatbvinyRitenY arefcathidd olife grid was fornmed by a mesh basket which

was suspended within the chanber. The chanber of the apparatus used was
approximately 43cmin internal dianeter, and approximately 75cmin internal

depth..5 The eat .er software controll ed and
procee%ed in ﬁi}’f’&ff%@he%%%{gﬁé&%gi‘?fﬁgﬁrﬁﬁg the run, the catal yst
was first heatgigdflby tattid oy¢lohe Rahc@iased adtabithbm, chanber was heated up to a

maxi mrum of 120C as neasured by the air tenperature in the top section of
the chanber. MFeMpEgssediaiigeug-is Actiwited for Mﬁﬁﬁ@@isy PRORRIRG adntona Ocds al yst

e o St BT PERBICUANR FESIAfiR s o ensed 1o
appr oxi mat el y @bpressoarg intthe dank teacbks abaut 7 blaow) .
10 a valve connected to an air injection point is opened for 400 milliseconds
then closed,
after 4 seconds the valve is opened again for 400 milliseconds,
this is repeated five times with the same valve and the air tank is emptied,
the air tank is then recompressed as above and the process is repeated for

15 the opposite air valve.

Air input to the chamber is gradually increased back up to 150L/min. The software
again checks the process parameters and once these are met the air blast
subroutine is again activated as above.

20
Towards the end of the combustion phase, air agitation is used to dislodge ash
that has piled up on the grid or accumulated on top of untreated metal or glass, so

the ash drops to the bottom of the chamber.

25 When the combustion phase has completed the air injection is turned off, the gas
exhaust valve is closed and ash is removed from the chamber whilst the chamber

is still hot using an auger. The system is ready for the next cycle.

Example 4
30

Apparatus of the invention was loaded with catalogues having gloss paper sheets.

The catalogues were placed in the exact centre of the chamber grid and had A4



These conditions were maintained for 30mn 20 Gasification Stage The
tenperature set-point was increased to 480C, and the nain air punp was
swi t ched wo,2ogrgal |y increasing its air flow by 20% evenxp2é9/o6332 | its
25maxi mum of approxi mately 150L/m n was reached. This condition renai ned
unchanged for 70m n (during which there was constant air flow). After
70mn: (1) the tenperature set point of the chanber was increased to 550C
and (2) the air blasts sequence started. 30The air blasts sequence operated
as descr idiensionex&omlieg 3, pile dh9Ginen froheigivt agd ehatkptweaigist of 44g. The grid
2011/ 033113PCT/ EP2010/ 06382 5.1. the conpressiop time was, set to _18s
(havi ng afe% E‘Prrtm%ff%kfr%é‘% %Egkefb‘%(?'FRZ’."a‘f 9 SH%WPQWWWEP "REMBEE| i@?ﬁ ly
reduced tehaaRiatst tﬁe%&gagﬁaé USHAWAY aGhRRIiateRd Sdrh i Mt¥fMal AffneteR and

principle, increased 20% every 20s. \Whenever the air flow reached

maxi num adpproxmateldySet ingatetinalgeg®®o and the air bl ast sequence started.
That rgsulted in about one doubl e sequence (that is, once fromeach side)
approximately every 3 m nutes. 100 mn after the start of the air

bl asts (IHyivast Negnidit pFdbedds Whs Icbmpligasdffiarat domiroiiea e, probee@s®aess
automatically timed out and all the heaters and air punps (but not the air

bl ower i rthe fellpwiggmanngary were switched of f.

- Upon starting the run, the catalyst was first heated by a flow of hot air, and
10 the chamber was heated up to a maximum of 120°C as measured by the air

temperature in the top section of the chamber.
Pyrolysis Stage

15 - After approximately 30min, as the catalyst bed had reached 380°C, the
chamber temperature set point was increased to 350°C, and air was
injected from the chamber bottom to a flow of approximately 25L/min (the
air trickle air flow).

- These conditions were maintained for 30min.

20
Gasification Stage
- The temperature set-point was increased to 480°C, and the main air pump
was switched on, gradually increasing its air flow by 20% every 20s until its
25 maximum of approximately 150L/min was reached.
- This condition remained unchanged for 70min (during which there was
constant air flow).
- After 70min: (1) the temperature set point of the chamber was increased to
550°C and (2) the air blasts sequence started.
30 - The air blasts sequence operated as described in example 3, with the

following exceptions:



Cooling 15- Normally, as the chanber tenperature naturally reached 440C,
active cooling with water injection would have started but this was stopped
manual | y wo 2ailigwiighecki ng of the load. It took approxi retralrro1d@6ssen for
the tenperature to cool enough for ths chanber to be opened - in the 250 -
300C range. 20- The basket was then lifted out and the contents that
remained init - that is, load remains that did not sinply fall through the
bottom of the basked during the run - were wei ghed and conpar ed.

Fol | ow ng wast e fir dhémemprebsiondime ngaoret te 1Bagkavingaan anitigli giessofe 6f 69kg,
that 25 is, a redurr#ion in mass of 83% Also, the "catal ogue shape" of the
pile was significa ttﬁf) di sturbed with only a small charred core of each

sheet. Conparati ye tRxarpli® dir BOmpPPRAAtcyelicfilyt Redihdddend arums Jovadegd with
cat al ogues having gl oss paper sheets. The catal ogues were placed in the
exact centre of thenaxmuser(byrelesiaprhatl valvel aadsiroREncipl, nnagagedie of

96mMm i hei ght and gt e_grd : .

2011/ 033113PCT/ EPZC#P??E o‘%’?ﬁg?ﬁ%e %Eﬁ%rnté% %@ fJIaoq"’mefs Ched maximim. it yas
suspended wit hi n t hedatsrkefain Toe3e%hanherthef alrhielagppetathse utadedadhat
approximately 43cmin internal dianeter, and approxinmately 75cmin internal

depth. 5 The wast e repiadBmbt epedouhia seangnfcatthalds : QresireRRat $idd) and

proceeded as per e ; air conpressor was nechanically
di sabled for this ru %’ﬁ@éﬁﬂvgﬁxﬁ?%{'&;@&curred. The wei ght of the I oad

remai ni ng in t1® buskafterathieestart eftthe mir widasts edidOsdn fsinee 10e 4tditgoft thel. 1 kg
- a reduction in.mss of 73%, Al so, the, catal e pile essentjally retained
te e, wi GRSIRATOR StAS o EaPDCEsR GULTDARIAY WUBS 154 ARG TG RGABTe. el y
white on the qigsdilBumPY]bLONGE the 3% BIBXEF infd tRStatallR® wareadwitihedrift e had
additionally "swollen” (that is with spaces between i'ndividual sheets),

and, when opened, the core of each sheet consisted of black charred
material. The uC;tlsi de of each sheet 15 consisted of very fragile ash which
col | apsed upo 9 Aﬂgh.

15 - Normally, as the chamber temperature naturally reached 440°C, active
cooling with water injection would have started but this was stopped
manually to allow checking of the load.

- It took approximately 100min for the temperature to cool enough for the
chamber to be opened — in the 250 — 300°C range.

20 - The basket was then lifted out and the contents that remained in it — that is,
load remains that did not simply fall through the bottom of the basked

during the run — were weighed and compared.
Following waste treatment the remains on the basket had a weight of 0.69kg, that
25 is, a reduction in mass of 83%. Also, the “catalogue shape” of the pile was

significantly disturbed with only a small charred core of each sheet.

Comparative Example 1

30 Apparatus of the invention was loaded with catalogues having gloss paper sheets.
The catalogues were placed in the exact centre of the chamber grid and had A4

dimensions, forming a pile of 96mm in height and had a weight of 4kg. The grid



The invention hence provides treatnent of waste by pyrolysis and
conbustion, and apparatus for doing so. 20 WD 2011/033113PCT/ EP2010/ 063822
27 C ai mewo0 2011/033113A process for waste treatnent conpri $CHEP2010/063822

i ntroduci ng waste into a chanber, heali ng the waste to an el evated
tenperature to effect pyrolysis of the waste, introducing oxygen into the
chanber 5 to effect conbustion of the waste, and renovi ng conbusted waste
fromthe chanber, further conprising agitating the waste with gas to

pronot e ceashiarreshby a mesh. baskstoelisk weas sudpenpacdwithii thel chaopr.i sihey

i ntroducin as at, high pressure 10 into th h er sQ as,to agitate the
wast e durRYTHES AT PBRarAS U WS aRbroxieaRtal i Tl e iphel digmiter. and

conpri si RgppreReRtad7ScAlintiadrng depph.| € of combusting waste in the chanber
SO0 as to pronote conbustion of waste within the pile. 4. A process

according to any of clains 1-3, conprising agitating the waste at a

f
i nut o "THe SR e iR BRSESE Y R pRRE R e pEha R I RGBT o

conpri sepedigxample 4, Howdvep| treealr compredsogwas @eghpriiesliyodsablead for this
conprising introducing the gas into the chanber at a pressure of 3
at nospher'éd apf Qj’r@éplﬁsf‘s occurred.

The weight of the load remaining in the basket after treatment was reduced from
10 4.0kg to 1.1kg — a reduction in mass of 73%. Also, the catalogue pile essentially
retained its shape, with individual sheets recognizable, but having turn completely
white on the outside, due to a fine layer of ash. The catalogue pile had additionally
“swollen” (that is with spaces between individual sheets), and, when opened, the
core of each sheet consisted of black charred material. The outside of each sheet

15 consisted of very fragile ash which collapsed upon touch.

The invention hence provides treatment of waste by pyrolysis and combustion,

and apparatus for doing so.

20



7. A process according to claim®6, wherein the gas is at a pressure of 5 25
at nospheres or greater. 8. A process according to any previous claim
conpri si ngoperimgiigal | y di srupting conbusti ng wast e mat eciralp2yvotobsshar st s of
air so as to pronote conbustion of the waste. 30 9. Apparatus for waste
treatnment, conprising:- a seal able chanber, WO

2011/ 033113PCT/ EP2010/ 063822 28 a waste treatnent zone in the chanber, a
port for introducing waste into the chanber, a port for the exit of treated
wast e, arfelaimieating el enent, 5the apparatus further conprising one or nore
air inlet in/? wal | gf t he c,[harroer,t a hi.gh pressure air source and one or
nore conduit s /t B"EETH grtw?ﬁtg FFMENY EPOP3"Oe source of air at hi gh
pressure. 10.infodading UsasteC aitdl BY cha8mblel MeBting oY iwdshg foanOleldRited ai I
inlets. 10 11. Apparatus according to claim9 or 10, wherein the one or

more air terperatueg © plieetyrolysis of theorastes intaskicing Pxyaen Giethavehampsr t i on
of the ﬁggp&%ct B6nBEsfn 'PARE (Rkte, "8Nd TRMLVRY BMBustdd wastbfioRPthE™ Of

t he cha
chamber,

further comprising agitating the waste with gas to promote combustion.

2. A process according to claim 1, comprising introducing gas at high pressure

10 into the chamber so as to agitate the waste during combustion.

3. A process according to claim 1 or 2, comprising repeatedly agitating a pile
of combusting waste in the chamber so as to promote combustion of waste within
the pile.

15
4. A process according to any of claims 1-3, comprising agitating the waste at

a frequency from at least once every 20 seconds to at least once every 5 minutes.

5. A process according to any of claims 1-4, wherein the gas comprises air.
20
6. A process according to any previous claim, comprising introducing the gas
into the chamber at a pressure of 3 atmospheres or greater.
7. A process according to claim 6, wherein the gas is at a pressure of 5

25 atmospheres or greater.

8. A process according to any previous claim, comprising periodically
disrupting combusting waste material with bursts of air so as to promote
combustion of the waste.

30
9. Apparatus for waste treatment, comprising:-

a sealable chamber,



15 12. Apparatus according to any of clains 9-11, wherein the one or nore
air inlets are adapted in use to direct air at high pressure towards
conmbust i ngoreiassak | ocated towards the bottom of the clpam®ro10/063823.
Appar atus according to any of clains 8-12, conprising a control unit 20
adapted to introduce air into the chanber periodically via the one or nore
air inlets. 14. Apparatus according to any of clains 9-14, wherein in use
air is introduced into the chanber at a pressure of at |east 3 atnobspheres.
25 15. Appar & weskctreatdiend zboe amtheotharhbéns 9- 14, wherein in use air is

i ntroduced into the ch er. at a pressure of at |east 5 atnospheres. 16.
A process for %9@20&@@58%%9,W%‘grﬁﬁ?zfﬂ%ah@m%rmroduci ng waste into a
chamber, heatigoft sy thaex@ dftredfe B, @dt enperature to effect pyrolysis
of the waste, introducing oxygen into the WD 2011/033113PCT/EP2010/ 063822

29 chanber to @h¢aling elemamti on of the waste, and renoving conbusted waste

fromthe cha , in rol ysis. t gene of f - and
whereih the progead s e hdiTy B LE e bR Ip LT BE Bhe e
chanber dhaiitgerpsrtagly préssuve hir oUrte epsisoRe op htbracdnauits ab ohbectcipgpdir si ng
introducing air into the chanber during pyrolysis in an amount sufficient
to pronotidletsiedhs souse of aippt DighPressiet he chamber but sufficiently small
that the pyrolysis renmains endothermc.

10.  Apparatus according to claim 9, comprising two or more air inlets.

10
11.  Apparatus according to claim 9 or 10, wherein the one or more air inlets are
in the form of nozzles located in a lower wall portion of the chamber, being at least

half way down the wall, or in the bottom of the chamber.

15 12. Apparatus according to any of claims 9-11, wherein the one or more air
inlets are adapted in use to direct air at high pressure towards combusting material

located towards the bottom of the chamber.

13.  Apparatus according to any of claims 9-12, comprising a control unit
20 adapted to introduce air into the chamber periodically via the one or more air

inlets.

14.  Apparatus according to any of claims 9-14, wherein in use air is introduced

into the chamber at a pressure of at least 3 atmospheres.

25
15.  Apparatus according to any of claims 9-14, wherein in use air is introduced
into the chamber at a pressure of at least 5 atmospheres.
16. A process for waste treatment, comprising:-

30 introducing waste into a chamber, heating the waste to an elevated

temperature to effect pyrolysis of the waste, introducing oxygen into the



10 18. A process according to claim16 or 17, cornprising introducing air at
arate of upto 10 litres per mnute per kg of waste. 19. A process

accor di ngwbeoclldsims18, conprising introducing air at a patrapediowpssed 4
litres per mnute per kg of waste. 1%9 20. A process according to claim 18
or 19, conprising introducing air at a rate of a least 0.5 litres per

m nute per kg of waste. 21. A process for waste treatnent, conprising:-
20i ntroduci ng waste into a charnber, heating the waste to an el evated

t enper at ur e t chahftertto @ffiest gambustion bktheawasie, and removinggomiyusied waste t he
chanmber to effect conbustion of the ste nd renovi ng,conpust ed waste
rom the. chantir 116 hamber Wirel SR cer BB AsE BEIRthIGT B SrshopF Bluced
by the conbustyifsrefPtHs ptdtedd dbnip@stdeintioguamguansnadiednsiit @n Gillings thé
towards an exit of the chamber. 22. A process according to claim 21,
conpri si ng agiah@mhey duiegaEelsisat ed ash by injecting air into the chamber
at thej accunul ated ash. 30 23. A process according to claim22, conprising
injecting air at high pressure fromone or nore outlets in a wall of the
chanber. 1AN0 20100884 1s3eCFdiRG2 (bl WIAGBBE, 36mpaAdingAiniraaiuess) adic antdi tige t o

claim 21, conprising agitati.ng the ash dnjecting water .into the chanber
at the asor'i‘, ng{)ﬁritﬁwggﬁygplbfs&s%gaﬁﬁrﬁp%ty gﬁpﬂ to promote smooth How of off-gas

from the chamber but sufficiently small that the pyrolysis remains endothermic.

10 18. A process according to claim 16 or 17, comprising introducing air at a rate

of up to 10 litres per minute per kg of waste.

19. A process according to claim 18, comprising introducing air at a rate of up

to 4 litres per minute per kg of waste.

15
20. A process according to claim 18 or 19, comprising introducing air at a rate
of a least 0.5 litres per minute per kg of waste.
21. A process for waste treatment, comprising:-

20 introducing waste into a chamber, heating the waste to an elevated

temperature to effect pyrolysis of the waste, introducing oxygen into the chamber
to effect combustion of the waste, and removing combusted waste from the
chamber,

comprising agitating accumulated ash produced by the combustion so as to

25 dislodge the accumulated ash and urge it towards an exit of the chamber.

22. A process according to claim 21, comprising agitating the accumulated ash

by injecting air into the chamber at the accumulated ash.

30 23. A process according to claim 22, comprising injecting air at high pressure

from one or more outlets in a wall of the chamber.



25. A process according to claim 24, wherein the anmount of water is
sufficiently 5 small that all is evaporated and exits the chanber as steam
none exi twogoagswater. 26. A process according to any etraraiomess2t o 8 and
16 to 25, wherein the tenperature to ®ffect pyrolysis is from 400-700C. 10
27. A process according to any of clains 1 to 8 and 16 to 26, conprising
carrying out conbustion at a tenperature of at |east 400C 28. Apparatus for
waste treatnent, conprising:- a seal able chanber, 15a waste treatnment zone
in the clZdnbed peogesstadcordingtte eihiot Rbncanprisisgeaditatiogtthe asihaby énjectingoor t

| ocated Mt UEF RGeS nSERb. BRaRA T ane B8 5680 hore 1 i et s

connected to an air supply via control equiprment such that the or each of
the one or nore inlets can independently be used to introduce air into the

chanber, 28nd heroSERS BRECEHTHE foflabnddpMiereindhe egpuirhed water ispaifigientn at
| t | i . . . ) - it
the: ciansaflhdfal R ccbdelRaERets the chamber as'dtar hohd kb Bleatey. 072

exiting the chanber; (ii) air is introduced into the chanber in

bursts during conbustion of waste in_ the chanber to, prono conmbustjon of
Che wast 86 and PIOCESS GG6qT9Ing: 1o Py 101 HaHtR. at0 B &4 HE Eh2onaMaien K

conbust i g&mberdtid R RBGHIEISEFoRYb0-P0°C.

10 27. A process according to any of claims 1 to 8 and 16 to 26, comprising

carrying out combustion at a temperature of at least 400°C.

28.  Apparatus for waste treatment, comprising:-
a sealable chamber,
15 a waste treatment zone in the chamber,
a port for introduction of waste into the chamber,
a port for exit of treated waste,
a heating element, and
one or more inlets located in a wall or floor of the chamber, said one or
20 more inlets connected to an air supply via control equipment such that the or each
of the one or more inlets can independently be used to introduce air into the
chamber, and wherein the control equipment is programmed to operate in at least
two of the following modes:-
(i) air is introduced into the chamber during pyrolysis of waste in the
25 chamber to dilute off-gas exiting the chamber;
(ii) air is introduced into the chamber in bursts during combustion of waste
in the chamber to promote combustion of the waste; and
(iiiy air is introduced into the chamber during combustion to dislodge
accumulated ash.
30

29.  Apparatus according to claim 28, comprising two or more of said inlets.



WO 2011/ 033113PCT/ EP2010/ 063822 31 30. Apparatus according to claim 28 or
29, wherein the control equipnment is progranmed to operate in at |east

t hree of wodes/GGs)zto (iii). 31. Apparatus accordi ng tecamp2eb/o6isaz s 28
to 30, wherein said one or nore 5 inlats are connected to an air supply and
to a water supply via the control equi pnent such that the or each of the
one or nore inlets can independently be used to introduce air or water into
t he chanber, and wherein the control equipment is also programred to

oper at e i39. mdﬁoqaramsmoedlngw@t@alm 28 at 28dwdwdeinnthe corirgdreqiiementiis ng
nmbust di h f t
Croat rend bl %ﬁﬁ%gﬁsfﬁék‘q”ﬁg%eﬁﬂtﬁ%%pmogeg%am@f88ﬁiﬁst Lon according to

any of clalns 1 to 8, introducing air into the chamber during pyrolysis
accordi n%to any of clainms 16 to 20 and agitating accunul ated ash to
di sl odge 3Tt ad¥RedRiyg Q(‘&O&HQQ de QﬂYa@fnﬁlaQ‘iS 28 9530, 19hergin said,pae 5P

wast e 4 r abEehle tledd 897 an it s Bg&f ggg"‘ﬁs%e\n)a?éno s@PBIanQefhe RedAtbng the

waste to an el eva edterrperatureto pyrolysis o
i nt r oduciengiponggtesudhnthat tine ot leaicheof the @fd ecmareribleds can mcﬂepeheiamﬂyttm and

e R Ao VB AR an P B S0 S b one
Or NDre MO%IRUSIIEPIRRRRNC opSRIE R M SWWh%’rélnt\}@&tle@ ]r&%%%%eérlﬁﬂ tHé ered
usi ng an |nert|al separator prior to contact of the off-gases with th
cat al yst chambep4luring cappaustiondo tislodgesaecumglatateash. cornprising: - a
seal a]lﬂ e chanber,
32. A process for waste treatment comprising agitating the waste to promote
combustion according to any of claims 1 to 8, introducing air into the chamber
during pyrolysis according to any of claims 16 to 20 and agitating accumulated ash
to dislodge it according to any of claims 21 to 25.
15
33. A process for waste treatment, comprising:-
introducing waste into a chamber, heating the waste to an elevated
temperature to effect pyrolysis of the waste, introducing oxygen into the
chamber to effect combustion of the waste, and removing combusted waste
20 from the chamber, wherein pyrolysis of the waste generates off-gases
which are passed through a catalyst to remove one or more noxious
components thereof, and
wherein the off-gases are filtered using an inertial separator prior to contact of the
off-gases with the catalyst.
25
34.  An apparatus for waste treatment, comprising:-
a sealable chamber,
a waste treatment zone in the chamber,
a port for introducing waste into the chamber,
30 a port for the exit of treated waste,
a heating element, and

a catalyst



a waste treatnent zone in the chanber, a port for introducing waste into
the chanber, 30a port for the exit of treated waste, a heating el enent, and
a cat al yswo 202,383/ 033113PCT/ EP2010/ 063822 32 t he apparetrup2§19iosizes
conprising an inertial separator betwaen the chanber and the catal yst.
35. A process substantially as herei nbefore described with reference to 5
Exanples 1, 2, 3 and/or 4. 36. Apparatus substantially as herei nbefore
described with reference to Figure 1.

the apparatus further comprising an inertial separator between the chamber and

the catalyst.

35. A process substantially as hereinbefore described with reference to
5 Examples 1, 2, 3 and/or 4.

36.  Apparatus substantially as hereinbefore described with reference to Figure
1.



