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WASTE TREATMENT APPARATUS AND METHOD The present
invention relates to waste treatnent apparatus and
woreaohaatosi n particul ar apparatus and net hod f oPCT/GB2007/000853
treatment of waste froma range of sources, including
conmerci al prem ses and donestic and nul ti-occupancy
resi dences. Pyrolysis for t_h{e_di sposal of donestic
(sanitary) waste is known from WO 00/ 20801 . Snall
: e -‘o ' _rosssi ng

> : . =Ll use a
multi-step process, requiring a vacuum punp to
evacuate air before beginning pyrolysis and to

Theadaresenty inveatioat eelatesi ttuevdstentredienenti appatatasviargl method, in
men In.,addition to on ocessi ng snal
partiRF PbbERE Abit p8BY e rBRSnESt WeBlFaRT addade of sources,
incladingadopaimiroigll (18 migLamdTibihelsAc BRE rHEBLoccbERBY Yadidbrtes.
a toilet cubicle. Large scale industrial pyrolysis o
waste is known frominter alia, US 2004/0168621, EP

PyrIfERITe 4 B8] oF Aeulel TeaiivEinaiak dnpym, grom wo
00/20&01s poStrext pordlyssn unfise gred pAstalled oMt H6t Yorateddist) minor

tﬁg‘ger tures and due_t o instantaneous exgosure to N
quangies 9b spieBnpEsie.u f Besaitshese v sulistem Precassatrequiring a
f t.s. t
vacBlfh PP a8 Whoublear vBIdE todvitl rirdl eGSR Kl g acuate
residtie foermetheaunit tfplidwiabl wapies fredtrhenta In caddigdn @6 only processing
%Eanber.t Exthﬁust ases fromthis chanber are then )
SMEGhH ATGHAY PTs 18NS, St §2BIRIYt VaRl the Jitilssipfy Pieptack in close
proXiflityas ehé Qséh RFRhTRRRA S Biletugidy, be diverted to
supply heat within the unit. Snaller scale pyrolysis
is also knowmn frominter alia; JP 2005140346, JP

0 6 > 2 62437, JP 60105815, EP_1371713, US
Large 78085 RS 1s081e ks S st Rk S bephekter ale, US
200my01@spen s [ER a7290880EP | fosEt AL EFN (305 Eshhg BYEN510120.

for exanple in the self cleaning nechani smof US

Indusiria) size sBpralysisviianis penuiigswastai topdsafranspertest doi thgm. They
opeP4t8 UdPiihudtidi) dt High B MpLiatudt 4 Sudas!ifistantaneous exposure to

these high temperatures and the types of waste that are processed, these plants

tend to produce large quantities of noxious gases, including dioxins. These off
gases are typically passed to a combustion chamber. Exhaust gases from this
chamber are then optionally subjected to additional processing before release to
the atmosphere, or may be diverted to supply heat within the unit.

Smaller scale pyrolysis is also known from infer alia; JP 2005140346, JP
2002081623, JP 2001062437, JP 60105815, EP 1371713, US 3779182, WO
02/40618, GB 2289324, and GB 2310485.

Pyrolysis is also known in relation to domestic ovens, for example in the self
cleaning mechanism of US 2005/0145241.
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being buried in landfill sites. A need to reduce the
vol unme of waste for disposal is |eading to an
w0 pwraesed drive to recycle. In regard to donmeBCT/GB2007/000853
waste this requires a level of conpliance from
residents and has varying |l evels of success. Suitable
| ocations for new landfill sjtes are relatively
uncommon due to strict hydfggéological requirenents
avoi dance of water table contam nation and oth

Murigipiet ayastetdisPasshds de SERWIBESPIOPIES h ¥, thenaraioiity gfthis waste
belrﬁﬁﬁﬁgﬁ'lﬁ]%rﬁ‘ﬁg s?th.VAQ{ee%ufot r%?l'u%e"iﬁ%t\@ %'o"i“wzfété ¢S @Bfosal is

ur gent nee or alternative
leading posml inclessiedalrvei torrecyclenm régardj do moneesticdedste tbisdrequires

alternatives to | andfi res the
2 IoNpbR AMBIASE foUP GRS JeBiS AR VAo Vel SaoEse

consuni ng and expensive process. Additionally, public
opinion is often against the building of these plants,
Suifadle locatians joroewt laadblisites afe oiatively unsommcgadue to sticbhydro-

into the l.ocal area. .The uced
geclghials (aHifSnenEnaindaittes Snirehe de8E: soptapefon and other
envirbRRTEMRAIEEA AR atiGISTRh SShoBR The¥eOBEHS 'lﬁtgeaﬁﬁg HHa$¢y bPsuitable
renmove pol |l utants. V\aStQﬂdp rolysis is an alternative

waste biwiabisited anchaniungeniaread fon alt@matwecmth@ds of waste disposal.
conti nuously operating industrial pyrolysis plants.
Waste has to be collected and transported to these

Incipkfdtioh Redee of igd MGorer ARIRHS 6ded RitertativieBeto landfill, however this
het er ogenei ty of waste bei ng processed and the h|

reqpywtp@.woduﬁtw &f lege ﬁ@@decméﬁﬁ@@ﬂ hantgr @ Bmﬂwﬁﬂwmmg and
exp%%@%cﬁ%ce'sg %dﬁ%‘haﬁg bpﬁl?é Spifloh %e@ﬁseen %ﬁ%tttﬂetlli‘ﬁldmg of

nospher € and CI neration
thes@mtdres, gaﬁtlcprablglem rthi@ bapist ehebjeatiens to tgam tremsmrrm dloe local
into plants. agsg‘]%ect of .the invent

arepy §0p qungs ratiuees SPINStDR 2 AKEVAIERIS Bd gecessitate
thec?ﬁ‘ccﬁ’ Pdg@ﬁtdf%oiﬁitiﬂ%i gﬁ%gr&%‘é%ﬁ@ heeRahi8msl tb refo¥8 pollutants.

obje spec diments of the invention to do
so for nmulti-occupancy reS|dences and al so indivi dua

T habeb 3 8B SCT R, SRLCTRoRRor U8l Foaures
corftlﬁ%ﬁﬁlyadtfgrﬁﬁng o] f‘pﬁ/rﬁl%i@ plants. Waste has to be collected and
transported to these plants before being processed. Due to the heterogeneity of
waste being processed and the high pyrolytic temperatures toxic emissions are
commonly produced. It is not desirable to release these to the atmosphere and
thus, as for incineration plants, complex gas processing systems have to be
incorporated into plants.

It is an object of the invention to provide a process and apparatus to treat waste on
site on a domestic and large domestic scale. It is 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. A still further object of
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transport of waste and prevent waste ending up as
landfill, allowing |local authorities to neet the
wo egaiterent s of recycling directives. A stillPETIGBR®I/000853

object ofthe invention is to enable greater efficiency

in collecting recyclable materials, inproving public

conpliance by facilitating §Jhe recycling process.

Accordingly, the invention provides a process for

wast e treatnment and apparatus for carrying out waste , .
the inventioreis tbyel%ﬁhi@rﬂfeﬁ&{i giiciencyyinoroledingnecysiable imaigrials,

imorFE Pupli bR 7 AR e o BRfeBgpD 7

aspects of the invention described herein. A first

aspect of the invention c [ f t
AccordiBabiéit IMPRI9R AF9URES 1 AraassB St MEISiS REFBRR 2pd ZpBgratus
for c%'?fggi gﬁt w&%&,h%a{rﬂérg(’f‘gy h? Bl b?ﬁ)ryfc%)yl?s'aﬂ& @ombustion

par at us s aspect conprises a
stepgythe ysocesshant eapperatusg ircogpomrktingt arenorameset én any and all

treatment zo and an exit from.the chanber. A second
combjgptens. o I8 the,gehets 0t MsiswEaHan AsPamrel bersin vt o
at a tenperature of from 400-700 OC. A third aspect of

the invention conprises dissolving off-gases generated
A firsy aspeot \ofi theainvenbiohueomorises & Oress dar avepste treatment by

I Sposjn f the sol uti f a j -
oyl BBl TR PRSI IEN e BuRIF ot to e
recy@lable! heREABRINIASSHratUsOBf tAIB exspadiscoppriseboa pyolysisf chamber

gases fromthe pyrolysis chanber and a conduj t

having e aigdertiveepentypsigttreatmant gopa @ndzakexitiram thgichameber.
gases exiting the chanber are dissolved in the
sol ution, which can then be disposed of. A fourth

A se@ﬁﬁ@@%ﬁéﬁ sfitaeiimuationaconpniges swelyisig ofodastera averaperature of
into_the chanber as superheated steamso as both to

fromi40@sF0Qkay treated material and clean the chanber.

Apparatus for this aspect conprises pipework in walls
of the chanber via which in use water enters the
A thidambpect bheheatrwentien nmprprsasd dissoltieg heff-gerestagnerated by

pyrobSia sndggatistenina soivict AoA WoeeT RS i SSlBha R srmple
in a SEwkBCASpABLE YediLadpehcomprises a tank containing a gas treatment
solution, an exhaust port for exit of gases from the pyrolysis chamber and a
conduit arranged in combination with the tank such that the gases exiting the
chamber are dissolved in the solution, which can then be disposed of.

A fourth aspect of the invention comprises introducing water into the chamber as
superheated steam so as both to flush away treated material and clean the
chamber. Apparatus for this aspect comprises pipework in walls of the chamber
via which in use water enters the chamber, the water being heated by the hot

chamber walls and entering the chamber as superheated steam.

A fifth aspect of the invention provides for separation of recyclable waste from

non-recyclable waste in mixed waste comprising treating non-recyclable waste in
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non-recycl abl e waste in m xed waste conpri sing

treati ng non-recycl able waste in- Athe m xed waste by
w@yehy®ss and conmbustion, and fl ushing treat eBICT/GB2007/000853

non-recyci abl e waste away whil st retaining recyclable

waste. A sixth aspect of the invention is a nodul ar

pyrol ysis and conbusti on appar at us, which is

free-standi ng and conprises plugs for connection to an

O TR BN ACT NG KER p_—e

waste BWaQIWTIsS retamhifPretyslabrNwaBRrar at us havi ng a chanber
with a volune in the range from0.01 -0.5n8. In nore

detail, a first aspect of the invention provides a

DLOE f ar r.eqt t risjng_Latroduci.n
A sREEESEo o A B A Ree R ahd soENE] appgratus.
whidteispleeerstarelitig ant foeeiprizgs Plvgs foradorineetiv@mssd @n electricity supply,
i ntroduci ng oxygen into the chanmber to effect

to avAtBL PRI M fha spwerage sYrdem: ushi ng t he conbust ed
waste fromthe chanber with water, wherein the
combusted waste is flushed through a grid to trap
A sevexyit laapeet ofetherinadntiofrisat pyrolyasds and soministipnfapparatad having

and is easily washed throygh the grid;and away into
aCh@."g?era‘(‘"ﬁ'éﬁ/é’PY%‘ﬂeHi rapge ’E@lﬁ%@:s%ste i s thus

treated on site. The grid can be |ocated outside the

chanber, for exanple between an exit fromthe chanber

In raorg getaiht a dfirst aspeot tofietheairaentionr prvidast 2 prodess for waste
referably | ocated i.n the,chanber, canveni entl
troaf L ARbY oIS RS st MR el hg g dhe waste to an

elevadidragebuire! tsMest ngrdlpdis @A 4RE dvadié Ointldaueingd8hefNnto the
t he gél d. The net hod énabl es separation of recyclable

chamist do effast camhusiipsr o thecwgtea, sand flaskingr thengombusted waste

ron] SRJEARbEL TRHHAR, WEGIH Mo Sobbbtsd %0 Bibre tupuan =
grid e trayxescyolalylef matartaly Treatgd -wastsi is, mokty dineJash and is easily
| and- f use. The term "recycl abl e waste"

nnecessar I > %
WaSH%Q' Rug fté?élr'@oa AWEHIIgor@ 8y aISeres arather waterioparse. Waste
is thalk ere®dd badHeed to ash following a waste treatnent

cycle

The grid can be located outside the chamber, for example between an exit from
the chamber and an entrance into the water course. But, it is preferably located in
the chamber, conveniently forming a or part of a shelf, and the method can

comprise placing waste introduced into the chamber on the grid.

The method enables separation of recyclable waste, and can therefore comprise
transferring recyclable material from the grid to a receptacle outside the chamber.
Collected recyclable material can be taken away for recycling — again, avoiding
unnecessary land-fill use. The term “recyclable waste” herein refers to commonly
recyclable materials that are not reduced to ash following a waste treatment cycle

of the invention; typically these materials are metal and glass.
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of the invention; typically these materials are netal
and glass. The grid is hence preferably noveabl e, and

wo b@7ivedhod preferably conprises noving the grPdI/GB2007/000853
between a first position in which the grid traps the
recycl able material and a second position in which the
recyclable material can be tgansferred into a
receptacle. The grid can thus easily, and optionally

Thel ShBRohSTid breREuBl Ao i anis ShH lnsC Picio B B RBart Bl ggmorises

moiRg AL Ofric YRWOBEENE Eirstt hesiisn th ehicheahepgidtegpsving fecyclable
control system such as one associated wth automatic

maiepal ad Prpcand ResEion inowhish the seeysiahiatnateriphcan be transferred

. fur odi . h .CO i . i i .

e (BSRIRIBOSRERlg, L WK B SRRl iRty oo

emplieah s¥rethaf orieead pyrdlysis bgcleiatdfer sbveia cyelet of aadid treatment.

assi st nore conplete pyrolysis of al|] waste in the
For Opereier Pomrma%éhars@%da 3’9?%3%‘&%% gRNt! sysieg, such as
i ; i ; nt
OneTERREIat &P IR RASBNE A A o A ldmiien R RiFabat T
the chanber, a port for the exit of treated waste, a

in o P AR RS PRl e Sueibe R i g oty
of tHBWeiste ThighA saRP §aALleY of PBRAINS tife HidileRIFIROWdst and thus
of recyclable material, such as glass and netal, iIs

assishmyie canpleistpyrolysisead alwgstein thmehambeead be
recycled. Suitably, the grid forns a shelf across the
chanber to support the waste being treated. The grid

Pyrelgsisarricdrabastidreapgdratf ofthkpadmict iconigites asdasble Uhamber,
grid can thus be used to |ocate and/or hold waste in

a wasée tiesimaphizongnia ther chamber.ofyierd for intsedugipm masie into the

i.b [ t gi h ' f .
chafiftRf; B0 BBy TPECERE I o8 Wask Hedtnbt@indht e a orid
beMethmWSSL@UEﬁbﬁer?]ﬂ?afr@ﬂﬁne tem:p{oet Ihit] eﬁepnomml@aitgaj material,

, t es . r treatnen si s
which Qg5 rIl<FaTBRINRR B0t PERHRSLOR 186 TPEXTRDIErNaLliRl: ShasL g glass
andltrhéteﬁl,ri’s Ea08hCand Rof ﬂl@.é?{eldaéig?); BWC&PFH&R{?& hé r&ﬂ@[@b‘?r :

arge particles typically undegr aded nat erial,
bei ng trapped. The floor is generally angled down

Suitta%wartﬁg garidv%rvmesdaes)ﬂetlf ggr%'és V%ﬂS rc‘%a\'\rr'?lgeerr toe)s(tijyggo& t’E\%ee waste being
treated. The grid can also be or be part of a basket in the chamber. The grid can
thus be used to locate and/or hold waste in the treatment zone during pyrolysis. In
an apparatus described in more detail below, the grid forms a shelf towards the
bottom of the chamber and a little raised from the floor of the chamber. Waste lies
on and is supported by the shelf. After treatment by pyrolysis and combustion
water flushes the resultant ash through the grid onto the floor and then out of the
chamber, large patrticles typically of undegraded material, being trapped. The floor
is generally angled down towards a valved exit port where water exits the

chamber.

The grid is preferably moveable between a first position in which it traps
undegraded material during flushing of the chamber and a second position in
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chanber. The grid is preferably noveabl e between a

first position in which it traps undegraded nateri al
waleorngtos4 ushi ng of the chanber and a second pPST/GBRIV7/000853

i nwhi ch the undegraded material can be transferred to

a receptacle outside the chanber. This facilitates

enptying of the recycl abl es-rom the chanber. A

control apparatus for noving the grid betvveen t he

whichr e @HQeQ@@@Hdm@f@iél'c%?ﬁ @“f?aﬁsfgﬁ%fi:% c%PEacle outside the

agitation of the grid can e assocl at

chambeti: Jbisefagflitatae eg’rptyﬁngs',)flth:e tecyplgdes froo me$hmutmfrl al
and not allow this into the water course, whil st
all ow ng the ash residue to be easily flushed away. To

A cohirel emskratuzeios mcﬂ/m@thec?hfﬂs) béﬁ/@‘eéh et éﬁd’ s@f:ond p?smons and

apertures sized 15mm or s in dianeter, 10nm or

a ”?Q?héﬂ%f@rag'tﬁﬁﬁﬁ" 6f theegrid can earsogiated V\Eﬁhl’rhelgrlldess in
dianeter. In a particular enbodi ment, the grid
conprises a plurality of apertures sized about 3mmin

A pdlrpxrm @‘rthe@'nesab ltrapt peatiewate waesrist %ﬁd%t%ﬂlo@%lsﬁhﬁpﬁ}e water
g nd. or squar e apert ures are nore t i cal
COL@?? o"(a ewgsg becrshirefiduaio be emsily flushed away apdhis end, the

o PS5 4y 5L W e 07

or Iﬁssenmlaimelterbﬁynmtoﬂ MSthaiiame‘lelggalﬁ?mwor 'E?s% in diameter. In a
ar at o conprise.a conbination of two or

parflGBEF SiitiediiRof. G2.G wortises Rapluaity 4t ARertepsized about

3mihayi diiﬁrr%t@ﬂ Gendrhly fe ap ft&t‘érse& geaofgér{yﬁéeha}ez echot?g?w réund or

second grid between the |rst gri
SqUaFR| aRgHUrRP arqomsnraltymlyalofr hepgiid apestunds ahewd oot tm ge.fine that

they\?’% & %'kg;gf Ej mfl'é?af)y zllp S’rlegl Sqr)f ha\&p%%etg%%%? ”dé:S/EIZe and so
are pygfiecably at Rt OfmniOh6re Qfefé*éﬁhpét IEBEE2RRIN Bhmichahn

those of the first, and located closer to the exit of
t he chanber separ at es trapped material into two

Thediapsi ' r duce the
USRS B 128 LA, Pl N 7R orce. For
exammea,l thatd oy imraﬂfstrgﬂd leiviig a GlaRINtYO6T Asriures ®F @Mfifst size, and
é greferablKWrmor | ess, or first

a S%‘F?QF' orig Jigen) B8 first giighandythia exitybaihand hevieg a piurality of
apeﬁhﬁésebf@éécBHH‘s@ieJ\ﬁﬁér’eerfhe first size is bigger than the second size.
This second, smaller aperture grid, with apertures typically 2mm or more, or 3mm
or more smaller than those of the first, and located closer to the exit of the
chamber separates trapped material into two divisions by size and can prevent or
reduce the clogging when there is just one. Suitable aperture combinations are
first grid — 15mm or less, second grid — 10mm or less, preferably 7mm or less, or
first grid — 12mm or less, second grid — 10mm or less, preferably 7mm or less, or
first grid — 12mm or less, second grid — 7mm or less, preferably 5mm or less.

The grid may also be or form part of a basket within the chamber and preferably
removable from the chamber. In use, waste is conveniently placed in the basket
outside the chamber and the basket, now holding the waste, placed into the

chamber to be treated.
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first grid - 12mmor |less, second grid - 7mmor |ess,

preferably 5mmor less. The grid may al so be or form
w@any/ 100056 basket within the chanber and pref er@G$2007/000853

renovabl e fromthe chanber. In use, waste is

conveniently placed in the basket outside the chanber

and the basket, now hol ding #he waste, placed into the

chanber to be treated. A process for waste treatnent in

A pREESHTENGSs It oier P HEPRBNGE with 4 Rehrll Ay i inventon

conigtisesaiptreduoingnwasieviated thamden! hesting ted Wete to an elevated
rolysis of the waste, introducing oxygen into the

tem@%éﬁ%a tq gifestreelvesmiUbe waster intraslusiia exydamdinto the chamber
to et Pc"o%dsrﬁﬁpc hegtnale ALEAMY i EOARREd Wabte from the

erein the elevated tenp re’to e
chambeo|with svater, fwheEreihOihe7¢180atedCrenpdratuye &b dffees @yrolysis is from

ith i d lj f. th h d i
L i AR Al i SBhci e i
and’i&d Bbh{eplty ofﬁB@ﬁr‘ea%?ﬁt: ﬁgﬁ“isﬁé!& lfidl Ry ta\ef{léi'éti\[eﬁé1 %{(gﬁ‘%eatment

formation of some o more noxi ous: cont am
cyclgstimei tendd tai avoidtfarmatiah pf rsoinysiod thairmereo nokious daméaminants
subst anti a

asshBrlt SR Cafa Firaly B B oAbt SRR SRR wie
ensUfifgliRg: stibStaRtialy alvaNiagetRlr thBR reBy8ableOfompohdfts, can be
scrubbing of off "gases can be carried out wth reduced

treagpd. diercean advaniageaidhe ipmntiva s fatyscpuldiieg oéaff gases can be

odj 0 i nvent i o o) ate | t
canfiDPUET P [ reditis BHFRls CROTEHoRE. A G £ Bablchibry, prgrered
embiitnedt efthe inventidrheamppasidratad Witly subsi@aniaii Seriorerhli@ions on

. sewer system The pyrolysis tenperature is preferably
sitefy éﬁggées Pescyenisd awayvaremdbe 2anasaius 08-0s §E0CENts in fhe sewer
Sys%me_cifi c enbodi ment of the process, described in nore
etail below, the system operates at about 550C It is
further preferred that conbustion is carried out at

ot pEHERIES t5 RR Gl € Seelotlig . 5089507, BbShistorably from
500°68PC. 1hna tyRicHR! eﬁ%ﬁﬁﬁéﬂnof’fth@rbtrgé’fsh%ré eseriBbd tiRemore detail

i nvention, the chanber 1s heated
below, the system operates at about 550°C.

It is further preferred that combustion is carried out at elevated temperatures,
typically 400°C or higher, preferably at least 450°C more preferably at least 500°C.
In typical operation of an apparatus of the invention, the chamber is heated to the
pyrolysis temperature and then combustion is carried out as the next step without
specific separate heating or cooling of the chamber. Heat generated by
combustion generally maintains an elevated temperature within the waste and
depending upon its calorific content may slightly increase the temperature so
chamber heaters are generally turned off during combustion. Heat can be
removed from the chamber by passing off gases through a radiator or a heat
exchanger and recovered heat can be used for other purposes. Chamber

temperature can also be controlled by controlling flow of air into the chamber.
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pyrol ysis tenperature and then conbustion is carried

out as the next step wthout specific separate heating
w@eoocooddsng of the chanber. Heat generated by PCT/GB2007/000853

conbustion generally maintains an el evated tenperature

wi thin the waste and dependi ng upon its calorific

content may slightly increase.the tenperature so

chanber heaters are generally turned off during

Ge@%ﬁ?%ﬁé@?}gr g&;@% r“aﬂﬂe%r[qﬁ”&?)\fﬁgugt[owﬁ54%%&&?3@?60\@800% and

rou a radiator or a
prebrabigm@eebamel759%(0mer796°(heat can be used for other
pur poses. Chanber tenperature can al so be controlled
by controlling flow of air i nto the chanber. Generally

In £PAREEar CRITRRAALHL 67 tﬁ@rl bhélﬁg%@é&@ﬁa}rfdg%%volume an

above 8000C and prefera not above
air ¢ldeatmT dévice, avremblvuqmmnmm aHan, mvmludmhtmdispe'mi the warm

air Byt HpbgRERTToe Sratgbar falhe pbamber fub&Rediatéd i ppparation
for pﬁ@lyw Mie¢dn BE ¢RbYed HF fé}ﬂﬁ'&%ﬂ by Reatdhaipeie @ﬁcmé&ﬁ)n path. This

is being heated in preparation for pyrolysis.

enspyes dhat e heat del difeciechdafpethebyvastatlead meare leffectively — thus

speGlingu s edtBhition o BAHSTs, A peliehiEhyh conue during

pyrsipsie dintidorigdrbsstidegpiesiisl dn shidilierEhayibery she red%lc[ed waste load
circul ation may continue during pyrolysis and/o

tends,rigu3 %nh?ﬁiaébéoerﬁtra&raﬂu ehhipRkY Wb dheereed for air

C|rc‘0%?i$> |l oad tends to allow heat to penetrate

iciently rapidly without the need for air
circulation. The duration of the pyrol ysi s phase

ordin ste vol une, alim
Thefioeload 55e uavaS riBRGer R mepiig to MASE VPl witha limit
dlctéfe%l W@Iﬁ‘élﬂbéyv@iﬁﬁ'iél 'ﬂ&)‘ﬂ)af(é’ths‘éff%é fh\/@ﬂﬂ@ﬁtaﬁ*é géﬁgrally designed for

mul ti - 0ccupancy resi dences and smal comme
usephetansesiic 3k mulgroceupancy residences taéldcmaibeomermal premises.

WaSeial REFE A EnatoBer &' 8RNt Eririifluie ahS Ty Bther is then

sealRelanti e thRyRiesakil eactivatedd Bar idatstHerdnanibért @stigsl dperating
date, this heating phase tgepl cally takes 2-20 m nutes,

tenwﬁ@teieadn \ARnaratus magdesand tasted de siatactiis beating phase typically
tak&®P 9IRS [ Wiutes, 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
components, notably dioxins and fluorins compared to industrial pyrolysis.
Processes carried out in such apparatus generally comprise holding the waste at
the elevated temperature for 10-90 minutes, preferably for 20-60 minutes. In a
specific embodiment of the process, described in more detail below, the pyrolysis

phase has a roughly 30 minute duration.

In some embodiments of the invention intelligent timing systems are used to
control the length of the cycle. These systems can monitor the temperature of the
off-gases being produced and adjust the cycle duration accordingly. Use of these
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tenperature required, the chanber volune, and vol une

of waste in the chanber. In use, it is found that
wotdrgewses can evolve in fractions as the tenpPCEGBR@®7/000853

increases and this is believed to result in reduced

production of certain toxic conponents, notably

di oxins and fluorins conparegd.to industrial pyrolysis.

Processes carried out in such apparatus generally

L e T ECE e TR

sysmeohémntorsﬁhectenﬁmat@fe tdﬁeth@fdfﬁgé%s deFrtheadad nsm @s via a
detai|l bel ow, the pyrolysis phase has a roughly
thermerpuplel JPgatedn Prqvﬁrf@éné dhsowiagtnt iy methh@renandmtnggers
s Iy c
conpfEiadibf SoRAIBIBALSAE o pledBniisd BRhEatffcisay, about
450?@;&(&?61) us ereatheche lof fngthee eXaenplg, pr oohtesids@wtemanjomitbrs the

t he c ion a cordi ngl Use of thesesystens
tompAEHINALST {15 OJoderess 01T i 1 AEIbRY Fath WAEES e femibRature has
Y| 6 {
droWJf)fGa g@g-‘é}?ﬂ%ﬁrﬁb?é l%‘é/@l"&éﬁé{"ngC% 4‘3)?69? ‘?ﬁ‘iﬂﬁfe% Hef Bl of the
combustinocang| thel degirwingr afxicoaling oamdweclealsmg ph theechamber by

intrcg&?ﬁ'fgaé:{f g«?&ﬁ? é& ﬁq&%@?%?mncegeﬂkaﬁ% ustg}g@ q?r the rate

of écﬁﬂlﬁbedf tHe BB RYABREE . ths FOAHR)! oﬁwp%él%@ tﬁ& $atural
he tenperature of the off gases fromthe chanber and

Coomratﬁwétm%ﬁlwaeurtbemlaytlaiedm@@dtaf cenphustiont er ni ned
| evel (say 300C-400C) initiates the end of the
conmbustion and the begi nning of cooling and cl eaning
In anfexdmple fmﬁﬂ’mémvbmtmmbb@ﬁhtmgl iarsitof tpaeparadss is set up WIth a pre-
per heat ed steam . Another optlon is to nonitor
prograramg REBIYSISg pbﬁse.h@aé%n%rt e a¢harhek vehinae rm mﬁcnpated

nat@k GPHLAERRS 4 hfbg ggaé}éggéc.o n@% | fiadehf BetJé? L%%Ut’ﬁrthat the

then Initrate t an exa e of
elevtahed termpetaitene is feidfomihei duratiom of tl’tepwmiwisaphase andeduch that

B AR PG S Snb D L i
80% Or PhORE 3§ Practiteit B @?@ol@%tle %lﬁeéné#%yﬁHéﬁldé?ﬁtt? 'éﬁ%ure 100%

el evated tenperature is held for the duration o
treappeot, yespecigliswhandresyclabtenmaterial 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
property so that from 60% - 95% of waste by weight is pyrolysed. '

In a third aspect of the invention a process for waste treatment 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
combustion of the waste, flushing the combusted waste from the chamber with
water, dissolving gases generated by the pyrolysis and / or combustion in solution,
and disposing of the solution. Hence, rather than emit these gases or subject them
to treatment by combustion the gases are dissolved.
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50% or nore of the waste is degraded, preferably 70%
or nore, nore preferably 80% or nore. In practice it

w0 soopneddsemat i ¢ and energy inefficient to ensup€r/GBRMT/000853
treatnment, especially when recyclable material is
present such as netals and gl ass, which would not be
degraded and whi ch can be exgracted for recycling.
From expect ed waste vol une and content the system nay

[ 0 that from 60% - 95%,.
A a0 knfufl NS5 BRDIS. 478, BBeraib RIS 458 enydion of
dioxXife ahd fiedtihe bydnitiePpleased of waBt! ReiheRit e84t GRAIBY S6Rbustion
i ntroduci ng waste _into a chanber, heati ngl the waste to

of gffraapesausheralingeinieise RepterPlappingy obigelipes opnt gavironmental
arolft Bre FR IR BOUTRNGE T IhabalSork Lo il Bliase toxic
chefnicals timte thbaathersphetd Inather predeats mvention daisefound that levels of
o851 705 b UF B GPHERHR. 6 N i feprovor
the E%T?Sn@é'ﬂ taréd hﬁg%g%‘h?slow aptPES Clovt Ngm gatg{/gﬁtsgeaﬁvi@'nmental

ustion t ases are dissolved. A di ntage o
protdamsn opyt tdast fewer thansviaenl suck companents are ¢drabusted. Disposal

. eneration.of dioxins,and fluorins by initial phases .

in aJaIGE SR A8 s At R Aneiohity Bt st dblegRe sprtarinants into

the Fhhred@RteSviciaRy of &id PYrdIVei€ Binth ¥k sdiliRsHEAY be discharged into
obj ections on environnmental grounds are raised due to

the sewergasksystem. i nadequat e conmbustion will release toxic

chem cals into the atnosphere. In the present
invention it is found that | evels of dioxins, florins

In usedobiahspecific termbatimicnt of ahei iBdel@®Y fan féWier Wekiels gases are
flushed t hrough the chanber are acceptably |ow and so
produgrdathandvoyld ysyaky bavaxpssiashiodpwhichbyiehsis and 4orcegtustion.

, . - tied
Facl P APAR 1P i M ERBREN S8 308 RN o gt to e
indict cednhonaf thel ewvsste chotrmmmaarhbienidt izniperatureebeidw 100°C)

Lcinity. of th yrolysis plant. The sol ution can be
comfirae it 40 reieivaly lovs Il pinatturs qndgapisk capling phase.
speci fic enbodi nent of the invention far fewer noxious

gases are produced than woul d usually be expected
Waste| gasden groduasidy by spyialysis and combuestmioustion are suitably passed

through an aqueous agitation system, to assist dissolution of gases. Gases can be
bubbled through the solution, optionally containing softened water and optionally
containing additives to promote dissolution of the gases. '

Not all gases may be dissolved in the solution and it is preferred that gases are
subsequently filtered within a gas cleaning chamber. The method also may
comprise discharging undissolved gases into the sewage system. Hence, in an
embodiment, filtered exhaust gases that have not been dissolved in sofution or
retained within the filter are discharged into the sewer. These gases then pass up
the soil pipe to vent through venting stacks. The filtered exhaust produced is
substantially colourless and odourless, principally consisting of carbon dioxide and

carbon monoxide for example.
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Factors inplicated in this unexpected result are

believed to be related to the indirect heating of the
weRBra04sHOm an anbi ent tenperature (bel ow 1000&)T/GB2007/000853

conbined with the relatively | ow maxi mnum t enperature

and rapid cooling phase. Waste gases produced by

pyrolysis and / or conbustiom are suitably passed

t hrough an aqueous agitation system to assist

' td b lL.e h the

Y Ao Bindas a1 ob RS Py 8008 B Vbl 4R dickosea of
intefhe sewiet.y contai ning additives to pronote dissol ution

of the gases. Not all gases may be dissolved in the

solution and it is preferred that gases are
A farh8eaueabsacidtel! sroedsyVol Md iy BRienCifanadtd JF&EB‘{%%E in a cycle

The method al so nay conprise di schafgi ng undi sso ved® ’
corghyses praviding &resbwaligionyist dinsokimg gasésganeratdabbly myrilysis and

o B A G b d R PP SRS P phention,
inclualiry thssodmgroff-§RSsE iBaEeS sb@BnPASS dlngpéihgg SH theP bW used

to vent through venting stacks. The filtered exhaust
solytiopy riehirgreading Shewyrlgl Mpequoeess sy innlideduaniterirg generation

inci . isti i. OXi d b .
of WEe bBkY XSS! 4Ly, B9A PGSR BRBRY eSPERRRg, materia
fromnh ¢heo yehamolskere aftenfththgepeietiens ofrwastesgases! s iraldh below a

the sewer. A furfher but associated process of the
Preﬂﬁ&%ﬂ?ﬁ‘%dw,temerﬁ%‘?e Evaligioreref igasgscdimisishesmasi e process
S r \, s .
PO AR, O ShaRbrind) ofbeg io A B RCmeppp gy tracking
whentherevalitie wastateftta betreatssl according to the
i nvention, including dissolving off-gases in the.
sol ution and di sposi ng of the now used sol ution, and

A pywoRels BppaReus ot Bis E@?eé’tr e5fprisE8Ya ié?—)%\kzlﬂﬂgt%hgmber, a waste

moni toring generation of waste gases W
treaimanbaengna theiagenherg af pert iomintrooiubingt welstesinto it chamber, a

por P B TR B 9 R A el o855 e
conbpriding ieotan@ftogarrainds gabitrd2Rmens sbiiioR! 8A&SGaust port for exit of

approaches, conpl etion, so monitoring gases is an
gasgsfirqm éa@ chalper @ndia gerdwigarranged in combination with the tank and

the exhaust port such that the gases exiting the chamber are contacted with and
can be dissolved in the solution.

In an embodiment of the invention set out below, thé conduit bubbles the gases
through the solution. Another arrangement is for the gases to pass through an
atmosphere saturated with vapour from the solution or for gases to be combined
with droplets of the solution, for example by passing the gases through a spray of
the solution. Solution containing dissolved gases is returned to or retained within
the tank, which can be emptied as part of a cycle or separately.

A gas cleaning chamber comprising a filter for filtration of gases not dissolved in
the solution is optionally downstream of the conduit. The gas filter used in an

example comprises carbon granules, and the filter is suitably removable, for
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when there is little waste left to be treated. A

pyrol ysis apparatus of this aspect conprises a
wG@earadoss chanber, a waste treatnent zone in tPEI/GB2007/000853

chanber, a port for introducing waste into the

chanber, a port for the exit of treated waste, and a

heating el ement, the apparagys further conprising a

tank to contain a gas treatnment solution, an exhaust

ol 6 S AT, O RSB e 80E  SERbe

Typlvailly taeciitdrhiat cth @ﬁ@ﬂﬁuélﬁ{.tbﬁﬁd tiiers RARDBE @5Sosed of via a
| cted with and can be dissolved in the sol ution.

cont (
SpeP'ﬁ"%ﬁa@%&t%nt of the invention set out below, the
conduit bubbl es the gases through the sol ution.
Anot her arrangenent is for the gases to pass through
A foarthzdspespofihe ineenticrt pdvidesha peguaiss for wastehigesiglant icOmprising
.. or for sestoge onbi ned with droplets of the
'“"%C[Hcmq Wﬁ? &riBio @ cRARINSrpheNkihggvasie tg anlevaied dgmpgrature to
I ial Wk de@n. i il akning di
oo s O R 8 PR E SRR D b THhe RRfHbeF Yo effect
comihistion cdrihbevasipt iand Bisshing tthefcomimystéd waists epamathel ghamber

A gas cleani ng chanber conpri si a filter for
with S, Sy ERCl el VB s TR S fhen ewbit asnsverheated
stes@pt i onal |y downstream of the conduit. The gas filter

used in an exanpl e conprises carbon granules, and the
filter is suitably renovable, forexanple to enable

' ferably. £l ' ic .
In uf8 P o0R 30 pldfbth? Ehéirbet il fhiFhak e o Bmrgsiue
of treiatdck neaterdarl. Mgl iss pon@shioht and eHicORC T sharhbadfd Ieft looking

site, A fourth aspect of the invention provides a o
cleap ickbiaanaesmonp 3ceentabls o HEcwo TErs isngduaed sigkiof repidue in the

cha¥®el Ghidhie Lﬁs@@mf{}aswrgﬁ%”@%@f) ste to an el evated

tenperature t ‘he wast e,
I ntroduci ng oxygen into the chanber to effect

To R AT I e St i 50 et B SSBASE 58, i in
walls Sofi k" GHEEISEY, ithe QuaRe HERITPRAIERP t& YORh RRRbRkIEE MMeam 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.

The combustion phase jncludes a step of allowing access of oxygen to material in
the chamber, typically supplied as air. The process preferably comprises
introducing oxygen into the chamber via piping in walls of the chamber and
subsequently introducing water into the chamber via the same piping. This
efficiently uses common piping, simplifying system design. Piping can be in the
walls, outside the walls or in the chamber. The pipe work for the introduction of
oxygen (in air) and, later water, to the chamber generally has a diameter in the
range of 3-15mm, more preferably from 5-8mm.
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In use, the steam cools and cl eans the chanber and
flushes away the ash residue of treated material. This

w0 g00comeeni ent and efficient. The chanber is |BET/GB2007/000853
| ooki ng cl ean and hence nore acceptable for users.
There is reduced risk of residue in the chanber which
is unsightly or has unpleagagg odour. To carry out the
flushing, water can be introduced into the chamber via

A B Sl R, el d° Sl rom, 25 st ol B iser <o the
propies § r@eﬁldbrttrummdttbw@bﬁm&ér 8@9%#}'% IESnGCFhE Yhamber

erature by the chanber heat.
may dBP%QelfWShéﬁdvlﬂbééfoﬂﬂﬂe@f ester whulhescﬁ()%l@e lesghef the volume of

the AR BRRABR s Aor PR o BhEl e JnREhAReRL ol e

as air. The process preferably conprises introducing

oxye ntothe chanmber via piping in walls of the
IhERBEPIe A QuiReIge e prq)qﬁslso@mrpm@es/mr@ducmgdher&uperheated

r i ng &S C
i AR PR, 6 okden i ¥ koS et the
corbleustad twasteaT his, casuhsipderenkelovad tise structord be tiedh asdi@lie and aid

he for the introduction of oxygen (in air)
ﬂusgmlg 81!@19#1\04@1 to the chanber generally has a
di anet er |ntherange of 3-1 5mm nore preferably from

5~8nm A | arge vol une of steamis generated froma
Thes pipcesgocanealep watseparaielyt berrwrleeemh‘odacmgf the stﬁam into the

oneEHEE% 8854 e 85 i 41T AR R Ger. i

canhdlp leldam &%@érwwam atdﬂmsmhgme of the chanber,
preferably 35%or |ess of the volune of the chanber.

In an exanple set out below, the process conprises

in4d Etégléj’ﬁﬁ&??r%nﬁ qﬂﬂptﬂr Wﬁﬁﬁzgg? éé{?@wtshgtir& i réggtream into the

chacrdmmsa ed phuaslity .of o zzlesadirbetb, hiteaklisl Oéﬂnth*eh&)mbusted material

truc eof he. r iueandaldflushlngofte
(.0 hiiaits Worfastiob i 0e chamapcuhere e anierel  expstsdsts be) and

at th@ WaNEUs thE dHagntsdre AL SibAmtiB%referably introduced into the chamber
via a moveabile jet.

Apparatus of this aspect comprises a sealable chamber, a waste treatment zone in
the chamber, a port for introducing waste into the chamber, a port for the exit of
treated waste, a heating element, a water tank, and a conduit between the water
tank and the chamber passing via pipework in walls of the chamber so that in use
water entering the chamber is heated by the chamber walls and enters the
chamber as superheated steam.

One or more nozzles, preferably fixed, may be provided for direction of the steam

entering the chamber.

An oxygen supply (generally as air) is preferably linked by piping to the chamber
and arranged such that in use oxygen is supplied to the chamber via the piping,



10

15

20

25

30

chanber via a nozzle which directs the steam at the

wal | s of the chanber. This can hel p cl ean chanber
wodorgo@and aid flushing. In a preferred arrange@®EGB2007/000853

the process conprises introducing the steaminto the

chanber via a plurality of nozzles directed, inter

alia, at the conbusted mategja! (i.e. towards the

position in the chanber where the material is expected

to be) and at the.walls. of the chanper.., The steam. s
and, SuBEa e MatShiv st ictla e ERGHBEF Vin deaSapocaiBing. Flow
ratdsCtvarfPRAIAL 4Std?s  iidlSdiAg P RaNIRIIP AL Safd SHR! akhws operated

chanber, a waste treatnment zone in the chanber, a por
embagiiments wilh @irflpwieaies of froom 2he- 2Mhlitra/mim port for the

exit of treated waste, a heating el enent, a water

tank, and a conduit between the water tank and the

A figthaagissct pefsthienthvendoni grovidels & prodéss fef séparatibanderecyclable
so _that in use water entering the chanber i s heated by
Wasi, §OBh BRBERCYRADIS VRS éixed weste: AAMBESINgdniroducing the mixed

h / r )

eV S L R BRTE 5 BSEELE ptporstare o
effeenpyprolysis oh ]fhe: hgntreqlzycl:ﬁhﬂgomepir@mﬂprg(c%qrg@EaE%Q/ tHees clglamber

r)y 1s prefer I nke I pl N o0 t he chanmper an
to erch raRulisteR Fbb sar-tevcBibuRsrs LG b comaeied waste

" . r. |

or USSP e YDA e VST ohamser
andrtegnsfeviagtheiretairfieattesyslablecivasterig acseparate sortainend we

have operated enbodi ments with air flowrates of from
25 - 200 litres/mn. Afifth aspect of the invention

A spii9\agiret &IPhec ffention roprieat A omodlia espehal! an¥essMbustion
fromnon-recycl abl e waste in m xed waste€ conprising
apparaty® de@MAgsinge anisgatibigaschamipgro a wasiebdreatimeat i zane .in the

' , I . ff .
a8 B B S, SR, SRR L o ot o
treated/ gasts, Hnd 4 Ieatihg eimneinio wiidreint the aippasaiuens dlectdtanding and

non-recycl abl e waste, flushing the conbusted waste
comprises IS0k FEBRSGRAThtaBR EleCRiRISIURA 4 i waterepply, and to a

sev\,@%@@g)@s%ﬁ,_waste in the chanber,

An apparatus for domestic or small business use may comprise a plug for
connection to a mains electricity supply. Bigger apparatus may connect to a 3-
phase supply.

A water softening unit is generally part of the apparatus, as are retractable wheels

for ease of installation and removal.

A seventh aspect of the invention provides a pyrolysis apparatus comprising a
sealable chamber, a waste treatment zone in the chamber, a port for introducing
waste into the chamber, a port for the exit of treated waste, and a heating element,
wherein the chamber volume is in the range from 0.01 - 0.50m®.
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and transferring the retained recycl able waste to a

separate container. A sixth aspect of the invention
w@e@vila®ss a nodul ar pyrol ysis and conbusti on apEEHGERWS/000853

conprising a seal able chanber, a waste treatnent zone

~in the chanber, a port for introducing waste into the

chanmber, a port for the exifgof treated waste, and a

heati ng el enent, wherein the apparatus is

free- ' ar i.Se gs.far .con i o an
el FEETERE UOBGEIY FORALEC BDEO5R FRRASBY' S 5B mor
preferably &gt 6)08 or0.20m° AP FAMIIG4 £ @10 BHamiesrssugh olumes of
i ness use may conprise a plug for connection to a

bus
abojzh AEmS anct abeiitie, 74w ey baeggecessiuhatastetiis datennect
to a 3- phase supply. A water softening unit is
generally part of the apparatus, as are retractable
In erhbediments afatte dfiventonal et ioonmeans aspaotslof thes @éwentibn are

spect of the .invention provides yrol ysis apparatus
combifest InoF RATUCWREPEISeES i ARRAratus. et prafeass ramthosisrromprise

. h . i : : _
e o SRt of 1G] ybRor) BRI PRI BpbBldyt Komprise
apphesits abalbhepests of tesinwentiome chanber volune is in the

range from0.01 - 0.50n8. The chanber volune is
preferably in the range fromO0.02 - 0.30n8, nore

An %Egénrgt@bwﬁé HOSAOR for Q:séQH%G%i%%%SanQ%welﬂwgkg@%ses a

ers with vol umes of about and about

sealekige deslsrctinne cbasther] fha awllsdol whitk are Ifarmeed oafi heatt resistant

. the | i O r .of the invention
e o, YD S, BT FREBEL e REER Shmers,
gen¥rilly afraf ehmiel types; o asllantivonags (@ rbfsts efat ablvarBPERE Sore of

of the invention and very preferred a?par atus conprise
the ghampeapian drsulation layestanda waler jaskehtip seol e outside surface).

' ' in, f ' |t -
eSS el nd il SR o KR SEoldh O 2854806 ol
valvehgtovwaperateoin thiei everdioé tieintechabbrdssate besdacsiran predetermined

thregﬁ%lﬁ ng@le %ga%@{g{ ?sﬁ@%&laj%&@ndsetcﬁ iarr]\ldenswgy %teec(?rlcu%r}dor rcr)?/}a/l in shape.

The lid of the chamber is preferably heavily insulated and usually forms an airtight
boundary with the chamber. Typically this is achieved through the use of seals
which can be formed of a rubber material and the lid may contain a cooling system
for the protection of these seals.

The chamber of one embodiment has an approximately 500mm diameter with a
depth of approximately 650mm giving a capacity of approximately 130 litres
(0.13m?); this will accommodate 2 or 3 white rubbish sacks. As chamber size and /
or percent fill increases, effective transfer of heat to the core of the chamber
becomes compromised; optionally the contents are agitated to ensure effective
dissipation of heat.
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generally of an ohmc type; a reflective |layer (to
refl ect heat towards the core of the chanber); an

w0 p@olietoson | ayer; and a water jacket (to cool P€TI6B2007/000853
out side surface). The chanber itself normally contains
a safety system such as pressure rel ease valves, to
operate in the event of theqguternal pressure
breaching a predeternined threshold. The chanber is

Thlg)é? ‘é?étlr[ﬁ is ?liﬁgﬂﬁgf lﬁg%fh@é’%@%nﬁg r%i %léc&é;ég?@a %lggéﬁnqlly requires a

3 phaseleiecﬁdon&néum;aaln ) ér?ara]llar dﬁm%t:]d sgﬂnggttuﬁsmEv tcﬂhﬁfber uses
i c is is achieve rou e

lest, 88T 200 5P 3K hetiog pIemepts SeioRh ubber omt o1

An dfbbtheoml i‘Fne”éWarﬁB@tt fl Hoﬁn&lﬂﬁbbﬂﬂecﬁ%&ttsrfpfaoéev%}e typically via a

protection of these seals
valeaeh pifareprefarablyaof apbﬁ-dﬂomm edigmefamTire sakwteis ;Wat:bd at some

s SRR ST SR B REBEE L bl tmportrs
e.gagrs@ntianel 00°0. A3 subarate PHRPESMEAS Kise dBStrGOBPERamber via a

size and / or percent fill 'increases, effective
radiaterestkeat gxchangente a pembinationfof ine arrraataegasbemmbmg and gas

oS HRIRLS, PRSI T Sk I8 E iheg cvole
anctstyptcaby eefitgases toi theetmpapksre B I@Eﬁm&@ﬂﬁ;cgsﬁ edcﬂ,l/hétream of
i res agvghase electricity sup . I'n a snl

the gipfemariioge i¥g- d heraas @rubh@m\ammstyp@g&y pmabauw litres

o PAcP YAl OB S ILF bR, 2B BN . T
prlnnqmlfuad:ﬁqn of tblearadmuvreﬂ tplqmel off+gzises alpioy t@%cmbb'ﬁ'lglaﬁ@m’matlon
Thet Wgr% qu@%eg*e@x | S,r gdrpé\%tgﬁéo%rre&%d%ncgt ];hre&rgre cooled
b e e

Thehrediatecarahgerisetido aecynibiheat fovotiodr purposss, MUch #321® heat water

crubbi ng and s ¢l eani ng chanbers. These preferably
for fPFPté%Wg '?'Pgﬁgg‘etagﬂgwater in a closed cycle and
typically vent gases to the atnobsphere via a sewer

connecti on, downstream of the aforenenti oned val ve.
Thetgrs gervibbinauand ggs ctieaniey chapitess lcpntrekvaphasestof gas output.

Pre*eréﬁﬁsgas scrubbing is the first phase, comprising a water agitation system
which causes gas contaminants to dissolve into solution. Preferably gas cleaning
is the second phase, utilising a carbon filter containing carbon granulé“s. Generally
this filter is removable; it may be washed and reused at intervals. More preferably

a ceramic filter, with or without coating, is used. This can be changed annually.

The process works at elevated temperatures to enable pyrolysis, these typically
range from 400-700°C, more typically from 500-600°C, and in a specific
embodiment the invention operates at about 550°C. This temperature is found to
enable structural breakdown of the contents. Lower temperatures may result in
incomplete breakdown of certain waste products such as bone, while higher
temperatures may produce more noxious gases and lead to problems with
emissions or the materials used for the structure of the machine.
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of water and is usually refilled with clean water
bef ore each pyrolysis cycle. The primary function of

wo b@7nesat or is to cool off-gases prior to scrCiyGBaW7/000853
and filtration. The radiator facilitates heat |oss
fromthe passing gases such that they are cool ed from
approxi mately 600C to ZOOC1 nd are preferably cool ed
to bel ow 100C. The rad| ator can be used to recycl e
heat for ot uch as

An 5t perial wBh I8 8540 RES s aljdy Soh HER Shra Apnignt. is to

addcdrfeém@ thitfdl e bF mafithinig iH@loBHaa‘i%ste%péiaﬁJrélétt BYbut 100°C to
Preferably gas scrubbing 1s the first phase,

drive afbthes eneess watesr  Tlgus,athieoheatpss eam s mlrdau@@tsa@my, about

15087 et o h 4 (BT S  EnePlhprc B Eke the

temPe&ett@re pegihsitoi gk ebbb@mwan%cﬂﬁanr@mt&hbymbmt@re content is
ilter is renovable; it may be washed and reused at

redLiQﬂdeMaIC@nSW%bIMrl@Wéf laye), thecheaipisccan fthest bevinergaged e.g. to

thout coating, is used. This can be changed
annual | y. The process works at el evated tenperatures
to enabl e pyrolysis, these typically range from
400- 70 Cl e typicall y fr m 500- 600 0C, and
Waf@ﬁé%.'mreg@ iteive” ehambRydAle GWRIofher 59@@%%!0%%@\56 and is

pref%f‘ﬂf oftBhé tttsﬁgﬁéctghtjt@ﬁst E?e\feﬁ’l‘tg‘%é ‘Buﬁ&’?hg! Bf ﬁHe“EEéiéarﬁeposns

ovvn 0 Lower tenperatures
Therresultingi hotiwatenpiast lse Ui&eﬂmlae@nmtoothecseWan rdnxmtxatdemto a domestic
roducts such

neaflig ST ar CoRblp dreeptdbe et FE iR aniP ALY WPTST may be

dlveﬁ'édsfﬁdrﬁ e @Utér@@at@ﬁ}a%kéﬁﬂosthé%h{x@ﬁoﬁ Bﬁaﬁqbélﬂ Fdll%iﬂng)byrolysw
the nachi ne. An option, especially when t | o

relatively high noisture content, is to add an extra

in =L 0 B AP HE LA B B or anc

the tlildeishsedleds tisachamberi gt thieneHeatied, 36Vabc&h%50°l‘5@lﬁé -off-gases
2000C and the tenperature of the chamber nonjto
protyced UG RYFpLSIS tredMpBaipies: a8 wasie l%@sﬁ@yp@bf@@ levels of these

oast L8558 Ml pBUPI S AR ina LU TSEHAR s are
switchea @i&elkires dhen @as880CGhrough the heating coil and admitted into the
chamber, this is at approximately 500°C+ on entry. Entry of the air initiates
combustion of the residual waste within the destruction chamber. No external heat
is applied at this stage but the heat from the pyrolysis stage is retained. The
incoming airflow is maintained at approximately 100 litres/min, as higher flow rates
may cause the chamber temperature to rise unacceptably. Gas output is
monitored during combustion, and while waste is present the chamber output
exceeds the air input. When the gas output drops below a set threshold the airflow
is shut off and 6-7 litres of water are introduced through the pipe system. More
water may be required for larger loads. The water enters the chamber at

approximately 500°C+ as superheated steam and Inconel™

pipe work is used
within the machine in order to withstand the thermal shock of this process. Entry of
the superheated steam results in a rush of gas, so the sewer connection is opened

immediately prior to introduction of the steam. The steam cleans the inside of the
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Water is introduced into the chanber follow ng the

conbustion phase, and is preferably softened tap
wowrieno49shi s prevents the build up of |inme scaP@r/GB2007/000853

deposits. The resulting hot water may be di scharged to

the sewer, diverted into a donestic heating system or

used to preheat the next |0ad.. Further optionally

wat er nay be diverted fromthe outer water jacket to

ona i EhAE P O B R s8R M) Sl et

retaiis byidie Aietahaidahisatth bd fehbdled € i
i's thgn heat e to Iz?bout 52%%18?6#?%@%?}/-8133%@%@2%%2@& chine

for aneiheg Gygleésly Slame myrelratle maateriak maystasilire thes or diyree cycles

e t S n h dr,op. bel ow.
befdr3 KETpIeRoly (R PyERS R RN R B TGPl Bl iRl Odition of
the aftéamAine Intertnbe tempesstdre Bf @y idshechie®ichagnted hasitéduced to

adgngéd m%o the chanber, this is at approximately :
belayy 360" @ndrihe Jid aambs safelvt orenad andhthe apraratisnusast again.

of the residual waste within the destructi on chamber.

No external heat is applied at this stage but the heat
Unpyraysedewpgteol may sbet agteinesl riet thenedbstlicion nehaimbegr following

confiargmhS e aaernaye ERlfedormiore e or mavpandedy front of
the ERafmbaf oUtARC QH%Q} lasS3hdPMbPietdiSn 'ﬂ?é‘;\/\{@'i% %aﬁgt; dgé‘é:!royed by

conbustion, and wh pe waste I's presen
the puotsis and @dles theheharnber isflushediveth steanybwatartthbatglass and / or

p w a.set .thieshold the airflow i.s shut off
metd] B eGied R hrida iR Gid PR cisesifati o aflaw ash from
treapicp wasies i PasdBiR UGAt Hid 58 )ar8 ey 801eb_f 1hith 98 'diameter: in
| oads, The water enters the chanber "at approxi mately

morsodtailates apertties: ate geeaialliraparaxiomielyt squase per appioximately
circ?lag ﬁﬁt@%n@%@%lﬁg}&%ﬁ&? RoRGn ')J‘1_ %ﬁ}e {}ftqgﬁ}/% éﬂﬁé&‘.ﬂ& 4 88meter of

I'S process

10msnperdwrad, eor Essaprefesably being abous Ve ga@mnbortdut 7mm in
sewer jonnecti on is ened i medi ately prior

. t
diamefef. R |e$$: JROT Prefierablyeabrut-Biamst Seym or akaut 5%31 indirmeter or
oo Lt B R G A5rRs B RS S K G,

sewer. Non-conbust y
haveg biegn uskeds Saighgtids maydve terfioved frogrcthienmaohinkeadrt completien of a

Py PPl AR s s e et o, B epiatate Teceptacle, and this

removal may be carried out manually or as part of an automated process. .

The apparatus can suitably be adaptable to fit existing facilities in buildings and it
may prove desirable to limit (the size of) objects that can enter the system.
Accordingly the apparatus may include a feeding device to restrict the dimensions
of material that can be introduced to the system. Optionally, the invention may
include an apparatus to agitate the contents of the destruction chamber during
pyrolysis in order to aid effective heat distribution. Further optionally, the invention
may include a mechanism to prevent or mitigate the direct impact of waste into the
destruction chamber.
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before it is conpletely destroyed. Approximtely 1
m nute after the introduction of the steamthe

WO paognoab4 t enper ature of the destructi on chanbreT/B82007/000853
reduced to bel ow 1000C and the Iid can be safely
opened and the apparatus used again. Unpyrol ysed waste
may be retained in the destygicti on chanber follow ng
conpl etion of the pyrolysis cycle due to the |ocation

Waste, pducpTldspasdl 1o 6rone: 0 b WRENIEERa & Agerable for the
inveﬂﬁ(éné :t]é;gg\?adt?% 16 RPN Yr?dr%g%”ﬁug?’taﬁfd YortcirpebeAcddidingly the

steam / ter the glass and / or netal is,
inveatiph madinchudehan gppdratihiéo gontdolapastednpdt, preferidy griads in the

to_al l ow ash fromtreated ste t S and_s
fornk, 6 G dRAIERI 98 FUSer. 18R GPtananeiar: Ty Sefipre8‘a orage
hop@&té&i\d/or LHcARebENr es are general |y approxi mately
quare or approximately circular w th dimensions of

about 10mm x 10mmif square or having a di ameter of

10mm i f round. of. i
An et SR usioh T Panlidh STl O RO gfilgbpypancy
dwelfRy tThRMTRvENBEMremole the Bt ifor theatransporbof Weste from the site
specific enbodinment, grid apertures of dinensiq Z(geout
of medstionia R ob ciastiystien/dispogalyt 5&'}%@2@%&59 mand on
on: C : (0] I e
SRR B0 185 AUPLFHER S Loyl LY Shpohdre eopean
diretespdmalagte disgosdli s renoval may be carried out

manual |y or as part of an autonmated process. The
apparatus can suitably be adaptable to fit existing

fiRG&htidn &h | L Ly 3 i68 pyFaidie. bae to th
The iGAtdr Gén bibyite b theiod ¥l ol galBYLE ERIGSIOR PYTAPSS, Dae to the
graduai ofretheg| thanhinstapanecus) emgyosuiel efdéha ipaédionjedkvihge waste

oo e AR < Sa O BT e e L, a2t Ry R of s

wasteY fdist! hisi8o @ cRBRAEAIL Usiet Brodaitédtie domparistrett induistrial scale
t he destruction chanber during pyrolysis in order

to
pyrelysiseThesei diexingagndiifiorinpurhish. 2, Predicesh dugng) pyrolysis are
SRRy hingpldd ' V&R aP'acceptable
o, KA AT RFE 088 PRAG S ER acoeo
level€ forrdisds2in viehtaetspwatast e product i on/ di sposal is known
to be intermttent; it is desirable for the :
The pyrolysis system can be adapted according to the individual customer; the
type and amount of waste dictate the required size of the unit and the
temperatures needed. In an example described below the apparatus and process
are controlled by a programmable logic controller. Preferably, subsequent
embodiments of the invention will utilise a microprocessor for this action, as this

will reduce production costs.

The invention is now illustrated in the following specific embodiment with reference

to the accompanying drawings in which:-

Fig. 1 shows a schematic cross-sectional view of a pyrolysis apparatus; and

Fig. 2 shows schematic isometric view of the apparatus.
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invention to be able to effectively manage ' busy' and
"quiet' tinmes. Accordingly the invention may include

wa@eooappasat us to control waste input, preferabbPgr/GBR®7/000853

isin the formof a buffer storage system and
optionally this may conprise a storage hopper and/or
conveyor belt. An apparatu§2@t the invention is used
for destruction of waste in"a nulti-occupancy

dwel ling. This invention renoves the need for the
transport of waste fromthe site of production to

Ref é‘b@ﬁ% @@% e@]iggg,té spfocﬁybsﬁ@gﬁgégtﬁhé héé‘fﬁé‘ﬂlog\ﬁﬁf‘e%?u&g.@

111 Sites a ows | ocal orities
to conply with inpendi ng European directives on waste

i sal...The invention can provide a nethod of |ow
Parf SRR a0

¥ on pyrolysis. Due to the gradual (rather
1.h@foragstEmitaneous) exposure of the load to heat, the
waste content and the conparatively |ow tenperatures
2.cbopding Deper Meelanisins of this waste, fewer noxious

hem cal produced in conparison to industri al
$PERRARTAE

rolysis. Those di oxins and fluorins which are
Arofuiced during pyrolysis are relatively water sol uble
and thus, follow ng gas processing, are at acceptable
9.c0WalegtURESSposal via the sewer. The pyrol ysis

y adapt ed according to the individual
6:;c'us %ﬁehgﬁ? § type and anobunt of waste dictate the

7.edecessiDsawer of the unit and the tenperatures needed.
n_an exanpl e descriped bel ow t he apparatus and

%r M‘%{F%Wfa@” d by a programmble |ogic

@.Oﬁe{sqiikr%ustplo%ftr%!@_%lv)é’ subsequent enbodi nents of the

I nvention w utilise a mcroprocessor for this

He GasnCoaling Radiaten | reduce production costs. The

'Lm;entl%ﬂ eiq?\llvn W illustrated in the follow ng specific
5t it PNCr ef erence to the acconpanyi ng draw ngs

10 Lifuii¢ ExhafsiQCordtrsiN@mee @ schemati c cross-secti onal

view of a pyrolysis apparatus; and

13.Wet Scrubbeér

14.Filtration System

15. Filtration Return-Protection Valve

16.Exit to Foul Water

17.Cage

18.Mesh

19.Treatment zone

20.Hinges

21.Exit Port for Liquid

22.Exit Port for Gas

23.Access Door to Cage

24.Chamber

25.Sealing Plate

Loading Sensor (not shown)

Seals (not shown)

Lid Cooler (not shown)
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Fig. 2 shows schematic isonetric view of the

apparatus. Referring to the drawi ngs, a pyrolysis
wappaness has the follow ng features: - Parts RPCHGBawd/ 000853

Key:- 1. Storage Chute 2. Loading Door Mechanism 3.

Loadi ng Door 4. Lid 5. Air/water tubes 6. Heating

Plates 7. Access Drawer 8. gharrber Exhaust (liquid) 9.

Gas Exhaust Control Valve % . Gas Cool i ng Radi at or

11. Liquid Bleed Valve 12, Liquid Exhaust Control Valve
Insylatipaifosehaypber (TA.SEQY"M ration System 15. Filtration

e e ) e 207 Hinges 2. 1. Exit
ARP@amprassbi (notehddin)Exit Port for Gas 23. Access Door
A"i-rota\‘rglzfzl ?r(\aot shown)

Water Pump (not shown)

Water Header Tank (not shown)

Gas Flare (not shown)

Main Components:

Heating Chamber

The chamber (24) is manufactured from stainless steel (Austenitic Chromium-
Nickel Steel) grade 316. Other materials, e.g. titanium, can be used. The weld
material used in fabrication retains the corrosion resistant properties of the main
body of the chamber. The chamber is resilient to the frequent heating/cooling
cycles, and the material requires a heat treatment and finishing process within its

manufacture.

The chamber has dimensions of 450x450x700mm, with a wall thickness of 1.5mm
(the walls can also be up to 4mm thick). On the top face of the chamber is a flat
sealing plate (25) which is ground to a flat surface (+/- 0.1mm max) across the top
surface. The chamber also features two outlets, an exit port (21) leading to an
exhaust (8) at the base for liquid waste (approx 60mm dia) and an exit port or
outlet (22) at the top of one of the sides for the gas and vapour (approx 38mm
dia).

Lid
The lid (4) is manufactured from a similar material as the heating chamber,

although it is manufactured from a flat plate. The surface is finished so the lid and

chamber form a critical sealing surface. The lid is also reinforced on its rear to
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24. Chanber 25. Sealing Plate Loadi ng Sensor (not
shown) Seals (not shown) Lid Cool er (not

WG b@r)49n6ul ati on for chanber (not shown) Wat ePCDEGBR®U/000853
on Chanber (not shown) Air Conpressor (not shown) Air
tank (not shown) Water Punp (not shown) Water Header
Tank (not shown) Gas Fl are _(430f shown) Min
Conmponent s: Heati ng Chanber The chanber (24) is

oA S of ABBERAEhIL 55 b AR Bing cytes. The
is desipned foalne aprobast dwpossiitle. The lidealisestthe ihgdifrREhBRIsM (20)
fabrication retains the corrosion resistant properties

on s TeAE angi HVeR &y MAingnRUrEeentesrsealing QhiRpdergde. The lid also
coﬁtﬁﬁ%'thé %teafslo(otiélﬁjs.%éﬂ%é‘?&k). e I'id”fga‘il‘.?l@s'mgﬁ%ﬁaf&jnméfg cooling
t he Al shi g

material " requires a heat treatnent an
sutfacec@Ees showh) whichs ruresnarbaat the .rint lo€ theh Adibdire dilysabove tpe seals.
di mensi ons of 450x450x700mm wth a wall thickness o
Th'ﬁ.pg&lﬂf]ﬁﬂée mqbg:%fgncygreso be up to 4nmthick). On the
top face of the chanber is a fiat sealing plate (25)
which is ground to a flat 'surface (+/- 0.1 nmm nmax)
Sealsr oss the top surface. The chanber also features two
outlets, an exit port (21 ) leading to an exhaust (8)
at the base for |iquid waste (approx 60mm dia) and an

PTEEI tostett siitoms!t iudbet 2e8aldt(nbhesHoMh)Ohreonisedfl td edal any non-
sides for the gas and vapour (approx 38mm
permanent mating faces, such as the chamber lid and access drawer. All other

mating surfaces feature a soft metal gasket arrangement.
Access Drawer

The drawer (7) is used to remove any incompatible materials that have not been
decomposed by the process. The drawer features a water cooling circuit (not
shown) similar to the lid that is used to cool the mating surfaces of the seal. The
working surface of the drawer is a fine mesh (18) of a 3mm aperture (up to a 5mm
aperture can also be used) which allows movement of solids, liquids and gases in
the system. The drawer also features a sensor that informs the operator that the
drawer has reached a certain predetermined capacity, and requires é‘r‘nptying.

Heating Elements

Flat plate heaters (6) are used on all four vertical sides of the chamber. The

heaters are assembled to give maximum contact with the outside of the chamber.
Airlwater tubes

The tubes (5) are used to pass water and air around the outer surfaces of the

chamber. This is performed fo preheat the waste prior to direct injection of the
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dia). Lid The lid (4) is manufactured froma simlar
materi al as the heating chanber, although it is
worecvafieosaured froma flat plate. The surface i BCT/GB2007/000853

finished so the lid and chanber forma critica
sealing surface. The |lid is also reinforced on its
rear toavoid any warping qy:gistortion due to
repetitive heating and cool% g cycles. The lid is

as pgssible. The |lid houses

desi gned. to pe as robuyst
supgifgafhch gl AL MEHT AL D%, 1T Ihpseace trapeaess. She tubes are
i [
T e 5 S e 2 Ao R et o B use
of Smeadiamsfenn i ntegrated water cooling surface (not
shown) which runs around the rimof the lid, directly
above the seals. This prolongs the product |ife cycle.
HeabRiHafidhE coated silicone rubber seals (not shown)

are used to seal any nonpernanent mating faces, such
as the chanber |lid and access drawer. ot her mating

Al |
on B 068 30 o o) BRRERBRACERR, ot s
whichnworkpiet bétheeflddtetidat! sackhato thavéhdmbeaed rélfic@ RefShissions

by the process. The drawer features a water cooling _
to the puitgr SyiRRessAbLIG assambly. Thistinsulefiantengures thatkeall theating
; j T ki ng
oneiGh 4508 ITBLRBRSHN SRl rRE R b TSl X 19
aperture (up to a 5mm aperture can al so be used) which

10 npve t of .soljds, liquids and gases in the )
On i ufarieoing B %1% l5VPE & GEaMEE sl §Rok Seawh s thick)
whichh8 BRI itotthat sthiffesd! St lidaPhis §8806 Sxferhaihdbt loss and

predeterm ned capacity, and requires enptyli ng. ating
incre@isesde pradust lifdspes disatlsratc(6) are used on all four

vertical sides of the chanber. The heaters are
assenbl ed to gi ve maxi mum contact with the outside of

Coolig Radi&ts -

The radiator’s primary function is to cool the gas which has been emitted from the
product, prior to any filtration. The cooling prolongs the life and retains maximum
efficiency of the filtration equipment.

The radiator (10) consists of a 38mm tube (or same diameter as the chamber gas
exhaust), which is bent in 2 axes. Fine horizontal fins are welded to the outside of
the tube to increase heat loss of the passing gases. This reduces the exhaust

gases from temperatures in the region of 600°C down to 200°C or below.
Wet Scrubber

The wet scrubber (13) is placed after the gas radiator in the system and removes
particulate matter from the passing gases and dissolves gases in the scrubbing
liquid for disposal subsequently. Inside the scrubbing device is a series of stacked

jets producing a very fine mist of water. The mist attracts particulates to the outer
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Air/water tubes The tubes (5) are used to pass water

and air around the outer surfaces of the chanber. This
w0 200pa066+ med to preheat the waste prior to di PEDGB2007/000853

i njection of thesuperheated air and steam at the

| atter phases of the process. The tubes are

manuf actured from St ai nl ess%48t eel materi al

(I'nconel (tm material can also be used) of 5mm

i anme nsul ation On the out of t )
Surfieh G DePIST AERRISH PR KRS Piss BRKRS At PRy 853 flaw and into the

f . .

Ui R A S YR 3B BbEEly %ﬁ%@&'&%@ (PG iy WhiéA Buide the
flowafthe veste gaseedinsctlyrdst thahiist jetssul ati on ensures that

all heating energy is used in a useful way to directly

heat the waste product. On the underside of the lid is
PurifidatioRl Sgétees ami ¢ plate (not shown) (5mm thick) which

i's bonded onto the stainless steel Iid. This reduces

external heat |oss and increases the product |ifespan

A ofrBE ke %) & SRR el LBl YRS g orior to
relefse®ro the faul avhtet sygtem) MHeofilesrYsdréws oditd @nﬂxe'El‘lma@ﬁf@Id Raving a
prolongs the life and retains maxi mum efficiency

rubliessep] hicht ngieeeioghenpaniind. Gageapass ntojthe @ﬁatrgﬂg the filter
via th gﬁgﬁ?@”a&heﬁﬁgﬁél t@?é%?ﬂ Wh"i’cgleggée%l%§ F%:ﬁl%%g@r tg‘%?'ufold The

gasés pasartbromghdm paroubemembsartte obthe fitet aheé thmughctoetieereturn
| oss Si ng Thi s duces . t he

tube PTG s T TTHE SABCIra s [P aeRs PBGROBIM Bl By Vear.

In a‘l’t@z\"ﬁ‘aﬂ\/é LAY dipene ﬁWacW‘éd &P &litef N8 Mﬁéd Sﬂﬂé’qgefeplaced

I's placed after the gas radiator in e system
appan@na@ﬁmewayéa}dawylate matter fromthe passing gases
and di ssolves gases in the scrubbing liquid for
di sposal subsequently. Inside the scrubbing device is

Waste®4s Fraref stacked
After the purification systems there is optionally a small gas flare outlet to burn off
any flammable gas by-products from the waste. The flare is sited and specified so

- that it does not compromise safe and secure operation of the unit. However, in

preferred embodiments a waste gas flare is not required due to the combination of

low processing temperatures and gas cleaning systems.

Other Key Components:

Loading Chute

The chute (1) is fabricated from a corrosion resistant material. It has a storage

capacity less than the chamber, eliminating the possibility of overloading.

There is a sensor (not shown) within the chamber which records the level that the
waste has been loaded to, and when this level has been reached a separate

solenoid/mechanism arrangement (not shown) locks off access to the system via
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jets producing a very fine mst of water. The m st

attracts particulates to the outersurfaces of the m st
waelec@phess and these are 'pulled out' of the gesI/GBRW7/000853

and into the liquid waste stream Wthin the scrubber

is a series of openings which guide the flow of the

waste gases directly past t mst jets. Purification

Systens A ceramic filter (18) "is preferably used. This

cleans the e u as ior to release to the foul .

the jexfat prian THheNHTH Bop BargRs WhEsCass Koo (Hahshave) which
mani f ol d.

allo@%%ﬂg@&ﬁﬁﬁat eiyclééhwtﬁeé 0 the&???rtntgbaw a a tube

with an external thread which secures the filter to

the mani fol d. The gases pass through the porous

Yfenbrane of the filter and through to the return tube

in the manifold. In normal use, the filter is replaced

approximately every year. In alternative enbodi nents
Theasysiemi is dwusas ygthin ial cage (19).uBleel frameworkdhasegasiersdnot shown)

to oI PRI P FRFbYRT BaBRL v 103! FsrBinWh 3¢ Thq Ehat 3o has

ﬁxeﬁlcﬁmts)méteéhdvm)bf@rr ralioédrvieay ﬁdeamablf@ulgwatebyfr@smmtas and 3
fromthe waste. The flare is sited and specified so

phasf asingle dfaasen ray bep Usnd Jk feasibledrrlestdisly.c Sepdees iasap simply
referred enbodi nents a waste
pIu@aegt pleaartweé'lteseér;%lp%{%%nﬁg@due to the conbinati on of
| ow processing tenperatures and gas cl eani ng systerrs

O her onents: Lqadi Chut e chut e
There, s 1 lckabR BRIGACEH S wn%swelpﬁrﬂ' 8hi Grerafar aertorm
basf: HbRiSkEARRRS ! 8 t Hoki VA4 IR,
as the possibility o Yh é@? :’brfg{é%ti gt'}fﬁﬁ‘gena gensor not
shovvn) wi thin the chanber V\,hl ch records the |l evel that
th te has, been | oaded to, and when this |evel has
Chmgﬁm%t@ﬁgacgegepar ate sol enoi d/ mechani sm arr angenent
(not shown) | ocks off access to the systemviathe

external chute. The chute also features an access door
On (thetousigandf fife ciamber and lid insulation there is a water jacket (not

Ca

shown). This ensures that the insulation and chamber do not overheat and it gives
the system the ability to cool rapidly on demand.

Control Electronics

A programmable logic controller (PLC) (not shown) controls the operation of the
system, and monitor sensors (not shown) that are positioned throughout most
mechanisms and active components within the system. All electronics are housed
within a weatherproof enclosure (not shown), and positioned at a low point in the
cage.

Air Compressor

An air compressor (hot shown) is used to run the pneumatic cylinders (not shown)
that open and close the lid and chute door and to provide air to be injected for
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all ows an operator to manually [ oad the system on

demand. Cage The systemis housed within a cage (17).
wab@7fieanewor k has castors (not shown) to al | oRCT/B82007/000853

unit to be renoved easily due to a breakdown etc. The

cage also has fixed outlets (not shown) for all

services needed - foul waters fresh water and 3 phase

(single phase may be used i fzfeasi ble) electricity.

Services_are sinply plugged ipn. and are,.easil
corpURlitheL{ GOMAEr 1S 2P Urachify teanshatting glrdimughahe tubes on
thel @dbidetdiqhe 2hamber #6t RBRAIAIRICHDA phRIsEAA th&RBFEE. The compressor
mai nt enance tasks. The cage al so protects equi pnent

feefsomnresgivairi tank (Oohrabewnhaviich Jalloves the syRtenodoshale of certain

-C ry & id i lL,ation there | s a water jacket .
candiy IR0 AL rhisdnelie M AR diPEsit B 18 CinadRi unning,
whichaimtigroves thetlifouscheat thedinitt ey esniphessursikessb ibused in a

ability to cool rapidly on demand. Control Electronics
Sea&e%'eas%z&mﬁamc)é sheyne ta-ensyre|lpwmnoise eyigsiRns. shown)

controls the operation of the system and nonitor

sensors (not shown) that are positioned throughout
WatesPumgxhani snms and active conponents within the

system All electronics are housed within a

weat her pr oof encl osure (not shown), and positioned at
A PRIhPW Rdfo hBvé b\%té n £*hadd @hﬁ%@r%@ﬂne'tﬁe system, feeding

conpressor (not shown) is used to run the pneumatic
corgpdmente rssichrast thehovalingt dieuitp pererjadket asd théd evdtedingution feed

. . chute doaor ,and t ovide air to be injected

lntq c%‘?‘?gwgt(?wn%efﬁgagonpr essor is also used in
transporting air through the tubes on the outside of
t he chanber for the air injection phase in the cycle.

Valygs conpressor feeds a reservoir tank (not shown)
which allows the systemto have a certain capacity of
stored air. This neans that the conpressor is not

A netwsikasfthigh speaivalges (9, 11, 12, 15) is used to control and throttle the flow
of liquid and gas between the chamber, exhaust, radiator, wet scrubber and
purification systems and to enable periodic change of water in the scrubber. These

are controlled remotely by the programmable logic controller.

Process Cycle

1. Loading of Waste

The chamber lid is opened and the waste enters the chamber (which is at ambient
temperature) via the storage chute. The lid is then closed and the chamber is

sealed.
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whi ch inproves the life cycle of the unit. The
conpressor is also housed in a seal ed encl osure (not
W@ h@rn)4950 ensure | ow noi se em ssions. Water PREPGB2007/000853
punp is used to nove water froma header tank and
around the system feeding conponents such as the
cooling circuit, water jackey_and the water injection
feed into the heating chanmber (24). Valves A network
2 Hg i gh spec valves (9, 11, 12, 15) is used to contro
) aﬁﬁ rottle the flow of liquid and gas between the
chanber, exhaust, radiator, wet scrubber and
purification systems and to enabl e periodic change of
Thevpang! heatemsare @dlivaied. anth twinierordemneasaiuse is sisedity between

soole ORI gl 04 S48 L85 0 E'05RSR Alcading e
heating bhasaiaee paséel thrangre the edolitly arsd plirifisstioArdystem.

tenperature) via the storage chute. The lid is then
cl osed and the chanber is seal ed.2. Heating The panel

n ; a O p . o i _
The RS RE TR ing TR ICe gt o Bkl S AT s 2pler whicn
time thectaysperature is paiabdined dig astberrdosiahgDuédo Hthatsfiigency of the
cha h%?gﬁgdlgﬂcgna Sedg&%{r% rlllletgl;lkgi &%Oélggq%g,%rlg gﬁrgglgdl ’Poatrrlla?rrl]tain the
inteABPERAThPaE Rhperaitfem nut es, after which tinme the
tenperature is maintained via a thernostat. Due to the

efficiency of the chanber insulation the power applied

to the i hrottled to nmaintai.n the. interior .
The, GasbcrroRahEd Pyl Wit e taodifBy dB e Sichiteih g waste s
emitie@ astavhpo @dah fasdsd iR exifadgt. The migss 6f 4 SulPBaldt &ctypical

as a vapour and passed to the exhaust. The mass of a

wastg [qdycesPYAPRo¥Maely 70%.

The temperature is held for approximately 30 minutes.
3. Air Injection (also known as the combustion phase)

After the heating phase has completed the external panel heaters are turned off
and air is passed through the tubes around the outside of the chamber (which
preheats the air to a superheated temperatures) and injected into the top of the
chamber. The injectors are such that the air is sprayed as a widely dispersed
stream, as opposed to a concentrated jet. The air is initially pulsed to reduce

stress in the system, and after a certain period the air is injected constantly.

The flow rate of the air is kept to around 50 I/min (rates of from 25 to 100 I/min,
and also outside these ranges may be used, depending on system size and
configuration). This low rate is maintained to ensure that internal pressure levels
within the chamber are not increased too rapidly, as this will compromise the

effectiveness of the seals.
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wast e reduces by approximately 70% The tenperature is
held for approximately 30 mnutes. 3. Air Injection

w@ 2003004080Wn as t he conmbusti on phase) After theCTIEBR10MGO08S3
phase has conpl eted the external panel heaters are
turned off and air is passed through the tubes around
the outside of the chanmber_gghich preheats the air to
a superheated tenperatures) and inj ect ed into the top

of, th apber .. The, in ol S ar at the air is
witg e, B dlETaR o1 A ingr LiabioiEs facaiohad Nap s ohing waste
deck@Res TLrtRE e dypiehlly Ea%hmg a.roinridnes% @ﬁ sy oH@in%Pgolhi?he The waste

reduce stress in'the system and after a certaln
is cqmueried torrevernyifinesashaj ect ed constantly. The flow rate

of the air is kept to around 50 |/mn (rates of from

25 to 100 I /mn, and al so outside these ranges may be

Smaleeand gartubite fewls fytheasPstérhandrease QfmfnhglihétdlrQHPectlon phase.
This lowrate is nmaintained to ensure that internal

All gagaoys exhayelssarg msﬁed Herqugintee wele spstoben anshdlugh the

purk RS, 95, bl SRR Ay AL RS

begins to glow. The volune of the waste decreases
further, typically reaching around 5% of its original
6. Stram H@!ecﬁﬁ%lipwaste is converted to a very fine ash.
Snoke and particulate |evels in the systemincrease
during the air injection phase. Al gaseous exhausts
Wheir thepegrabustidn phagse hhae oaeiplstedithberir mjettionrie dgmetdhmﬁ the gas

urification system . The cqnbusti on phase | ast
XNt Yl eeds oS (i, l9lg SHIAUE ol i cpansr vivsh vaer flows
throGgiiHE t 4tfie ROBES W theC AP RO @Y the AltsideNbefid Ramber and is
turned off, the gas exhaust valve is closed, the

aneqted,; @scupeaeried wiears. The siramds milinliwdniected @v@semsmgpulses
then Eg r%%gﬁsfa%es?re%% B %L\ises gurqﬂgé%bjyo%zgﬂge A nds"§sr for 30

e€r and i's Thnjectée

pulses ctieni contimubuelbflqn fonjemimfdes Mite Ltécis lﬁjbcféd éﬁépor)rommately
then as a constant stream The pul ses are secon

2/mnseconds of f for 30

The 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 below
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 the drawer, and can be removed and recycled.
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pul ses, then continuously on for 3 mnutes. The water
is injected at approximately 2 |/mn. The steam both
wo bwghew®ss he ash out through to the exhaust, aPdI/CBe@n®00853
the internal faces of the chanber. The steam has a
cooling effect on the chanber, and after approximtely
1 mnute the internal tenp @ture of the chanber drops
to bel ow 1000C. After the sTeaminjection has
E congl eted the Iid opens and the systemis ready for
Jﬁllb‘%—éext cycle. Any inconpatible waste that has not
been deconposed by the cycle is held in the drawer,
and can be renoved and recycl ed. Exanpl e 1 Apparatus of
Apparatus of dhe iinventias wasstestied for its ability 1d trgat domeetic waste whilst

ero R hef o484 S blSihs " idt ol B IR imposed by
envilghmentalsfisibtidregi sl ation. A m xed bag of waste was

prepared, based on analysis of typical breakdown of
donmestic waste, containing 100y garden waste, 1009

Ve R t
A mRERFba I EHE R Srostt o, P B Sl Ty BEREkRown of
domastighwladsbé, dﬂ@inh‘ig(emgv]c@atc?n Wakte, Micogdpaksttand\esrdboard, 200g
r ed in apparatus of the invention using paraneters
PVC ottt bR Enddable st endciv pobesier making & total
wei I‘Ff!o?%b@&'rbﬁxé?%ésté’.e” od of tinme, these paranmeters
eing a pyrolysis tenperature of 5500C for 75 m nutes
foll owed by conbustion with an air flow of from40 -
.50.litres,./mn for 15.m nutes fol] gwed by steam
This; Ry Yete i Pt BpReEsiua e R iatoRayang parameters
detet@inerrtd pfbvt@waétéﬂ@eétmrﬂﬁoh%rwré&éﬁ\%%hbhepé‘rmoeéf B8, these

test instead of a sewer connection). is treatnent
parafpeieroeing 8 Rotysisy temperaturehef AHEAYE famIbeminutes followed by

comBAGHGL withiaf el o BE Rohaf c: B8 Furks /i Sor 15 bHes Jalawed by
steagairdettion toMWaehi the asis vbdigue idabire Waeiraddeelivn thile (the tank

. wet scrubber water, to be discharged to the sewer in
beingdjsed)in the emissions test instead of a sewer connection).

This treatment was found to destroy all of the mixed waste, ie. convert it all to ash
which was flushed from the chamber with the steam/water. ‘

Testing of the off-gases gave the following results:-

Table 1
Off-gas data
NO (NOx) SOx HCL
mg/m® mg/m?® mg/m®
Ex.1 6 185 <47
Limit stipulated by 400 200 60
environmental legislation




operation, was tested for |levels of heavy netals and
dioxins with the followng results:- Table 2 Hence,

wo b@7ob6f5g9ases and the off-water were inside tPEr/GB2007/000853
emssions limts stipulated in the environnental
| egi sl ation. The invention hence provides treatnent of
wast e by pyrolysis and appag@tus for doing so.d ai ns
1. A process for waste treatnent conprising:-

j ] . nt c er i t.he waste.to
SerghiiEfl e ool 3P o R LRl % ahGr S in Rormal
opevaiine wastesield don ¢evaty @€ theavl omhsts GrIMBRkinsOwRh Bt following

onbustion of the waste, flushing the conbusted waste
resliSom t he chamber with water, dissolving gases

generated by the pyrolysi / or conbustion in

sol ution, and di sposing oigggigsolution. 2. A process

S according to claim1, conprising passihg waste gases

produced—by—pyrobysis—agd_/ or_conbustionthrough an
agueous_agitation syste " "R%rocess according to

cl ai m 2, "B i| Merryy | Biseriow Grgimpvers  &gromivhr bieghh | Nigkel | Dioxins

Ex1 aqueous| @@t atijow4systess fjidering2emste gases| WA N g0

Limit stipdla@@By C| eani Ng chanbe—4—A process—accoergi-rg—+o
environngshtall M5 10.%, comMpodsi ng18di Schay gi ng |tshe sol Uiggon| kgt 0 | o3
legislationhe sewerage system b. A process according to ¢lains

1-4, conprising discharging undi ssol ved gases into the

ra em, .B. process for, te treatnent_ in a
HenGE e S gi%: 8T dRe i Bofeiwiyerineik (el armieamnpgimits Stipulated
in théierngtrbhmteﬂa@@&aﬂ@ﬁ.ef ated by pyrolysis and / or

conbusti on,

10 The invention hence provides treatment of waste by pyrolysis and apparatus for
doing so.



10

15

20

25

30

carrying out a process according to any of clains 1-5,
i ncl udi ng di sposing of the now used sol ution, and

WO epaedony the cycle 7. A process accordi ng t oPCT/aBa®7/000853
1-6, conprising nonitoring generation of waste gases
wi thin the chanber and flushing conbusted materi al
fromthe chanber after the gfneration of waste gases
has fallen bel ow a predeterw ned threshold.8. A
process according to any of clainms 1-7, wherein the

Claimshust ed waste is flushed through a grld to trap
recyclable material. 9. A process according to claim$8
wherein the grid is located in the chanber. 10. A

1. Approcessfoaaeste iragirhentodarnpisiBgand 9, conpri sing

. (%Pacin ste introduced into the chanber on the grid.
Introppcing @?%é@@ 3ELBMEChg to any of clains 8-10,

r f
heagﬁgﬁrﬂ{é Wa8e thiaNSIboktcd BnfiRh ¥ a Rl BTERITRLs IR Wakte,

to a receptacle out
intrqsiusigsexygendnidi the ahanam;r tofefftelchcmbastlomof/\ﬂtnerveastet he

s BB Gon e PR SRR 011, L0

dissblVind §53¢d @éﬂé?aféii Y tﬁﬂ pWOR/sfs éMPBﬁ'ccﬂﬁ&U&ﬂt&ﬁn‘ ShINEHE ind

the recyclable material can be transferred into a
dlsppémmfé%eéolumn A process according to clains 11 or 12
wherein the grid is operated automatically. 14. A

process according to claim13 wherein the grid is

2. Aopercatedcedmiy Bl 1,Sothphging pasing WaSRSgAEOpddiged by
to any of clains 8-14, conprising agitating the grid
Pyroliis ﬁa zyr 6pPbustien thraaghastagueps's agitaties systertcor di ng
to any of clainms 1-15, wherein the tenperature to
effect pyrolysis is from 400-7000C. 17. A process
3. Aacpcmeﬁsngmmdrrﬂgatdnc]aﬁm/\:ﬁeroemprtslmg tfoltpeiraf passdge through the

f ect I
aqueouse ggltﬁyr ¥ %?em #ll?enng waste gases within a gas cleaning chamber.

4. A process according to claims 1-3, comprising discharging the solution into the

sewerage system.

5. A process according to claims 1-4, comprising discharging undissolved gases
into the sewerage system.

6. A process for waste treatment in a cycle, comprising:-

providing fresh solution for dissolving gases generated by pyrolysis and / or
combustion,

carrying out a process according to any of claims 1-5, including disposing of the
now used solution, and

repeating the cycle

7. A process according to claims 1-6, comprising monitoring generation of waste
gases within the chamber and flushing combusted material from the chamber after
the generation of waste gases has fallen below a predetermined threshold.
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from 500- 6000C. 18. A process according to any of
clains 1-17 conprising carrying out conbustion at a

wao eovpao@asur e of at | east 4000C. 19. A pyr ol ysiBCT/GB2007/000853
apparatus conprising:- a seal able chanber, a waste
treatnment zone in the chanber, a port for introducing
waste into the chanber, a t for the exit of treated
wast e, and a heating el enent4 'the apparatus further

conprising a tank to contain _Zas treat ment sol ution,
8. Anpresassusecyiding foopnkq tclafm@és sWhespintthe eemabysiedawaste is

flus &ﬁ{?&'&éﬁ Sﬁrda‘?gp%o'#@gg'?%%%@ with the tank and

e exi e gases with the solution.
20. An apparatus according to claim 19 wherein the

condU|t bubbl es t he s through th
APAQGRSS A¢ROTGRGdS %m%m%eae'mt@? bl ig ﬁ?é?ag‘%ﬂu t?‘@rp?‘a@“ler
An apparatus according to claim19 or 20 wherein the
solution is an aqueous solution. 22. An apparatus
10. Acprocdss gctordingioncirhsvhandi 9y ¢depssingtplacing evaste smtsoduced
. oftened tap water. 23. An apparatus according to
mto@p%plﬁ%m%gr ﬂf‘%pf'ﬂer conprising a gas cl eani ng chanber
conprising a filter for filtration of gases not
di ssolved in the solution. 24. An apparatus according
11. Aprocassrageornging i any bé c@amsﬁ 0 ecompripingdeansiarringrrecyclable

B0 o G 5 SRS RTE  S ° 1,

apparatus according to cI aim 23 wherein the filter is
renovabl e. 27. An apparatus according to any of clains

12. Agprogess 8RERIAHIhEP 9nb@€v@latm§r8-3fhgfélapr§m theagr«ﬂ i giQvgable, and
the }g\%‘iﬁ@d B féefswé{ﬂﬁg ttf\égciﬂr#e ﬁ?t\ﬁmeﬁrs{”gbgﬁtl&\ﬁtlﬁ whiéf the grid

process 't or was conpri
traps the recyclable material and a second position in which the recyclable

material can be transferred into a receptacle.

13. A process according to claims 11 or 12 wherein the grid is operated
automatically.

14. A process according to claim 13 wherein the grid is operated via a control

system.

15. A process according to any of claims 8-14, comprising agitating the grid during
pyrolysis of the waste.

16. A process according to any of claims 1-15, wherein the temperature to effect
pyrolysis is from 400-700°C.

17. A process according to claim 16 wherein the temperature to effect pyrolysis is
from 500-600°C.
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i ntroduci ng waste into a chanber, heating the waste to
an el evated tenperature to effect pyrolysis of the
worBr/04950t r oduci ng oxygen into the chanber torPef/GBR107/000853
conmbustion of the waste, and flushing the conbusted
waste fromthe chanber wth water, wherein the
conbusted waste is flushed $[ough agridtotrap
recycl able material. 29. Aéb ocess according to claim
1 8vvhereint$,e ridis located_in the chanber. 30. A .
8. K Pupeass attaiaots ar Siclime S 7eRIDesng SAFYING oig combustion
at a BrAp&REunesit A 1d4dteddced into the chanber on the grid.
3 1. A process according to any of clainms 28-30,

conprising transferring recyclable material fromthe

ridto are tacl e outside the chanber. 32. A
19"%%@04% SQEBS?%&%&"W&”SW'of clains 28-31 wherein the
a sedlablk tisaBEeabl e, and the nethod conprises noving the
grid between a first position in which the grid traps
a waste treatiyentasne indhechambend a second position in which

I t.eri be transferred into a
apoh&ég@@?ﬁé&%ﬁg@ 'ﬁ{ootgé§§gﬁ&b§2r ding to clains 3 1 or
a poiiZontiey eihot theatgdivehsts, amer at ed automatically. 34. A

process according to claim33 wherein the grid is

a heglig g1f8eW a a control system 35. A process according

e SISl TnERR) o BAIEE) SRIFS b YAt i,
exhayspapat der axitpof Jases- frams éee athlaentsdraahéra congaiitt arranged in

reat nmen one in the chanber, a port for introducing .
combizefiar fihherank Anrdie X et copkadt Has Gases with: esaion.
waste, a heating elenent, and

20. An apparatus according to claim 19 wherein the conduit bubbles the gases
through the solution or passes the gases through a mist of the solution.

21. An apparatus according to claim 19 or 20 wherein the solution is an aqueous
solution.

22. An apparatus according to claim 21 wherein the solution comprises softened
tap water.

23. An apparatus according to claims 19-22 further comprising a gas cleaning
chamber comprising a filter for filtration of gases not dissolved in the solution.

24. An apparatus according to claim 23 wherein the gas filter comprises carbon

granules.
25. An apparatus according to claim 23 wherein the gas filter is a ceramic filter.

26. An apparatus according to claim 23 wherein the filter is removable.
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a grid between the waste treatnent zone and the exit

port. 37. A pyrolysis apparatus according to claim 36
wob@rao4954 he grid forms a shelf across the char@EGBR@7/000853

support the waste being treated. 38. A pyrolysis

apparatus according to clains 36-37 wherein the grid

hol ds waste in the treatnmenj, zone during pyrolysis.

39. A pyrolysis apparatus according to clains 36-38

erein the terlal follo

27. 50 AbPpLatus Sedording b By &F SRS SEe Bt cihbdiins Pipeaprk brranged
$0 tﬁét&féﬁe@@ra@% whe b@lﬂmshaa fidinh the éhé'?ﬁlééxaﬁlitﬁ vigRbreen a

first position in which it traps undegraded materi al

during flushing of the chanber and a second position

20 At ok MBS s 2" % Lyrolvei o ¢

introaiopiRigataste dstod Bha@bkp cl ai m 40 conprising a control
apparatus for noving t'he grid between the first and

hea@&mwwgutm%k@eva@d twwr@ug&t%ef&ﬁm&lmgsﬁ&m wiaste,
e S SRS 38 BRI B B4 g6t 4

flusliha s c@tibdtedheastefrdr ehgthambenpithsestes plurality of
ertures SI zed 10mmor |less in dianeter.44. A
Whebeg

R8s sormbyaies wasts 1afbshed iyough aigiicie tan mrvaiablematerial.

the grid conprises a plurality of apertures sized 7mm
or less in dianeter. 45. A pyrolysis apparatus

29. Apracasisrapcouding & chiBaR8whetedn ghegtidhés ipecatbdciarthe ichamber.
plurality of apertures sized 5mmor |ess in dianeter.
46. A pyrolysis apparatus according to. clains 36-42

30. Afpo&dsd ddterdihgdo GRS Z28nd& 20! Héﬁ'ph&h‘lgoélaéiﬁﬁrv&éﬁté%troduced
si zed about 3nmmin diameter. 47. A pyrolysis apparat us

into thecehambegr e tha aligdes 43- 46 wherein the apertures are
round or square. 48. A pyrolysis apparatus according
to claim36 conprising a conbination of two

31. A process according to any of claims 28-30, comprising transferring recyclable
material from the grid to a receptacle outside the chamber.

32. A process according to any of claims 28-31 wherein the grid is moveable, and
the method comprises moving the grid between a first position in which the grid
traps the recyclable material and a second position in which the recyclable

material can be transferred into a receptacle.

33. A process according to claims 31 or 32 wherein the grid is operated

automatically.

34. A process according to claim 33 wherein the grid is operated via a control

system.

35. A process according to any of claims 28-34, comprising agitating the grid
during pyrolysis of the waste.
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or nore grids. 49. A pyrolysis apparatus according to
claim48, conprising a first grid having a plurality
wo@ooaperwsures of a first size, and a second grPdI/GB2007/000853

between the first grid and the exit port and having a
plurality of apertures of a second size, wherein the
first size is bigger than ;gg_second size. 50. A
process for waste treatnment conprising:- introducing

ste ipnto a chanber, .heating the waste to an el evated

36. AepalSIS ARPABIUSIGONRRTISNG D] ysi s of the waste,

a sedlhibeIeiisEroxygen into the chanber to effect
conbustion of the waste, and flushing the conbusted

a wastetteedtment zore dhthebehambeh wat er, wherein the
t eratyre to effect rolysis is from400-7000C. 5
a parf R hhiiGad Bebls 4R BRTBRR 50 whor ei n @ he
a porerranatexitdf eatdd @abtepyrol ysis is from 500- 6000C. 52,
A process according to claimb50 wherein the

a heatngeelamend ansl ef fect pyrolysis is about 550C. 53. A
a o BERIEFERISE Yty EP 0T 33 e SRR BBIS ° PO 205 00

el eva tenpe are"tofr from 10-90
m nutes. 54. A process according to clains 50-52

wherein the el evated tenperature is held f@‘r fagrp
37. 7o -pyeolysis ARparatys agcosdingelds Clgig ptivkipreln heaghid fegng 2 shelf
[ TR ' Id for from
acr%fr 6mh nu égb%pgbsﬂtggoces‘%bg@ o¢ |t§g' to clainms 50-52
conprising holding the waste at the el evated

tenperature until 50% or re. of ste i,s degr.aded
38. 14, PYPIGIS SPRaraits aRoairiicsELcipie ARet e WIPESID i erd HOIGS waste
in O IBEINEMFone! dUin@ddFbRAisvast € into a chanber, heating

the waste to an el'evatéd tenperature to effect

pyrol ysis of the waste,
39. A pyrolysis apparatus according to claims 36-38 wherein the grid traps un-

degraded material following pyrolysis.

40. A pyrolysis apparatus according to claims 36-39 wherein the grid is moveable
between a first position in which it fraps undegraded material during flushing of the
chamber and a second position in which the undegraded material can be

transferred to a receptacle outside the chamber.

41. A pyrolysis apparatus according to claim 40 comprising a control apparatus for
moving the grid between the first and second positions.

42. A pyrolysis apparatus according to claims 36-41 comprising a mechanism for
agitation of the grid.

43. A pyrolysis apparatus according to claims 36-42 wherein the grid comprises a

plurality of apertures sized 10mm or less in diameter.
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I ntroduci ng oxygen into the chanber to effect

conbustion of the waste, and flushing the conbusted
worerefsom t he chanber with water, wherein theCTHGB2007/000853

is introduced into the chanber as superheated steam

58. A process according to claim57, conprising

introducing the water into the chanber via piping in

wal | s of the chanber, the water being heated to form

syper heated steam as it. passes through the piping. 59.
44 NI OBl SRR S AP oo dp e ms,76-48 Wogielt e agd comiprises a
pIUrﬁﬁtFQﬂ@?bﬁW@Mﬁ%?hﬂh%r‘i&% iAfAaelervi @ piping in

wal [ s of the chanber and subsequenﬁy i nt roduci ng

water into the chanber via the sane piping. 60. A

4P RIRORS R AR ARt %G afisnao 32 Wikrelr i ad Pmprises
plus8ity @f aperarasf sizde5Krph eifesdfiintdigmefeanber. 6 1. A

process according to claim60, conprising flushing the
chanber with a volunme of water which is 35%or |ess of

t ) AT according,to ,
oo DN AerlR SROMBE BRI BS ABEE 8% LBmprises -
plusalfig of epeddrest sized about 3t whdaietert hr ough a nozzl e

which directs the steam at the conbusted waste. 63. A

process according to any of clains 57-62, conprising

i At i i : € ' z
7,1 ROUFS Spb A8 SRS  BaAEEIG VB hferures ar
rowgyl orsguageess according to any of clains 57-63,

conprising introducing the steaminto the chanber via

a plurality of nozzles directed, inter alia, at the :
48 CArpElyelR amiRaiudl actdidi i h -

65@,{:\_% ocag?g aé%o? di nglﬁ?gbgﬁ?/lwg?biﬁdg{]?riﬁgg/%%ﬁ@rag% of two
or ;e §tiddm i s i ntroduced into the chamber in a noveabl e

jet. 66. A pyrolysis apparatus conprising:- a seal able

chanber, a waste treatnent zone in the chanber,

49. A pyrolysis apparatus according to claim 48, comprising a first grid having a
plurality of apertures of a first size, and a second grid between the first grid and
the exit port and having a plurality of apertures of a second size, wherein the first
size is bigger than the second size.

50. 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
flushing the combusted waste from the chamber with water,

wherein the temperature to effect pyfolysis is from 400-700°C.

51. A process according to claim 50 wherein the temperature to effect pyrolysis is
from 500-600°C.

52. A process according to claim 50 wherein the temperature to effect pyrolysis is
about 550°C.
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a port for introducing waste into the chanber, a port

for the exit of treated waste, a heating elenent, a
wowrienosnk, and a conduit between the water tRBCRGBAE7/000853

t he chanber passing via pipework in walls of the

chanber so that in use water entering the chanber is

heat ed by the chanber walls d enters the chanber as

superheated steam 67. An éﬁgg?atus according to claim

conpri sing one or nore nozzles for direction of

53t ﬁepmceém aenoEding gor plairas axthad.. cemprisingapplding tike waste at the

e‘e%&%r%@% %@,,—&Z@,prarﬁq hahfkekhe nozzles are

apparatus ACEor di ng to any of clains

66- 68 further conprising an oxygen supply |inked by
in

ng to the chamb an rranged such that
54 AR %sss%msmnsaot Fimec A asron the Fleveied tagperniare is held
for$r‘6h§9@_‘6ﬁ‘ﬁ1'n¥ute%’at is supplied to the chanber via the

same piplng. A process for separation of _
recycl abl e waste from non-recycl able waste in m xed

55 (RAORTS RERHIAY P IATS i oraeroL e cigyaipd temperature is held

for feppesUPmndtes ef f ect pyrolysis of the waste,
I ntroduci ng oxygen into the chanber to effect

conbusti on of t he non recycl abl e waste, fl ushi ng the

6. B BtheRg FRE ine B biws AEEE tombhiang heibind inipeste at the

elet/at@@lstfaﬁfpfer@@lré hﬂtﬂ@J%ldﬁﬁ’o{eQﬁytﬁé ste VPGEGratied By pyrolyS|s
separate container. 7 1. A nodul ar pyrolysis apparatus

conprising:- a seal abl e chanber,
57. 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
flushing the combusted waste from the chamber with water,

wherein the water is introduced into the chamber as superheated steam.

58. A process according to claim 57, comprising introducing the water info the
chamber via piping in walls of the chamber, the water being heated to form
superheated steam as it passes through the piping. |

59. A process according to claim 57 or 58, comprising introducing oxygen into the
chamber via piping in walls of the chamber and subsequently introducing water
into the chamber via the same piping.

60. A process according to any of claims 57-59, comprising flushing the chamber

with a volume of water which is 50% or less of the volume of the chamber.

61. A process according to claim 60, comprising flushing the chamber with a

volume of water which is 35% or less of the volume of the chamber.
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a waste treatnent zone in the chanber, a port for

i ntroduci ng waste into the chanber, a port for the
we@xior/100054 r eat ed waste, and a heating el ement, PEIEB20M/000853

the apparatus is free-standing and conprises plugs or

ot her connectors for connection to an electricity

supply, to a water supply, g0d to a sewerage system

72. An apparatus according to claim7 1, conprising a

pl ug for conne ntoa ric
62. 2 Hppareioontoo i Ay i Blelin 57 o StBighiinkionfgng the
supérh\é%téf sfeRhi &b M8 ERRinber 4hrobighap ParAk ushiok eredisthet steam at
any of clains 71-73, conprising retractabl e wheels.

the ganmbpsiedrwastsi s appar at us conprising: -a seal abl e
chanber, a waste treatnent zone in the chanber, a port
for introducing waste into the chanber, a port for the

63. Axm’bc@és heegidet teateof elatns 57e6R Icmgnmhs&m ﬁntrodm;e‘@the steam
t he chanber volune is . in the range from0.01

into Hige chaMBeH Xicad 09z vdreh Atesls the &FQﬁ“?@t ipewalls, Of ﬁ@ chamber.
chanber volune is in the range fromO0.02-0.3m 3. 77.
An apparatus according to ¢laim75 wherein the chanber

64. Wobrooess aictordirteto amgef tlatms G76&3,Ccahiprising $irodlywing: essteam
for vvastetreath ri sing a conpi,

into {he ChMBEN Vigra P L(rﬁsltvgo%%%% et "E‘&t' aa% thf Coffibusted
mat%fn%l:én@%tsfh_elx/gasl!s(éf't%e%hﬂﬁ%?ss according to any of

65. A process according to an'y of claims 57-64 wherein the steam is introduced
into the chamber in a moveable jet.

66. A pyrolysis apparatus comprising:-

a sealable chamber,

a waste treatment zone in the chamber,

a port for introducing waste into the chamber,

a port for the exit of treated waste,

a heating element,

a water tank, and

a conduit between the water tank and the chamber passing via pipework in walls
of the chamber so that in use water entering the chamber is heated by the
chamber walls and enters the chamber as superheated steam.

67. An apparatus according to claim 66, comprising one or more nozzles for

direction of the steam entering the chamber.
68. An apparatus according to claim 67 wherein the nozzles are moveable.

69. An apparatus according to any of claims 66-68 further comprising an oxygen
supply linked by piping to the chamber and arranged such that in use oxygen is
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(iii) a process according to any of clains 50 - 56;

(iv) a process according to any of clains 57 - 65; and
W@ 2007404950cess according to claim70. 79. AppaPEl/GB2G00/000853

treatnment of waste, conprising a conbination of two or

nore or all of:- (i) apparatus according to any of

claims 19 - 27; (ii) apparaggls according to any of

claims 36 - 49; (iii) apparatus according to any of

supiel| fatns epiamtzr. via e B sAGESHICRN, WAL Lhpieg to the
chafibek I the sanfe piphty. A process substantially as
her ei nbef ore descri bed and clained. 8 1. Apparatus

substantially as herei nbefore described and cl ai ned.
70. A process for separation of recyclable waste from non-recyclable waste in

mixed waste comprising:-

introducing the mixed waste into a chamber,

heating the mixed waste to an elevated terr;perature to effect pyrolysis of the
waste, .
introducing oxygen into the chamber to effect combustion of the non-recyclable
waste,

flushing the combusted waste from the chamber with water whilst retaining the
recyclable waste in the chambér, and

transferring the retained recyclable waste o a separate container.

71. A modular pyrolysis apparatus comprising:-

a sealable chamber,

a waste treatment zone in the chamber,

a port for introducing waste into the chamber,

a port for the exit of treated waste, and

a heating element,

wherein the apparatus is free-standing and comprises plugs or other connectors
for connection to an electricity supply, to a water supply, and to 'a sewerage

system.

72. An apparatus according to claim 71, comprising a plug for connection to a
mains electricity supply.

73. An apparatus according to claim 71 or 72, comprising a water softening unit.
74. An apparatus according to any of claims 71-73, comprising retractable wheels.

75. A pyrolysis apparatus comprising:-



10

15

20

25

30

WO 2007/104954 PCT/GB2007/000853

- 40 -

a sealable chamber,

a waste treatment zone in the chamber,

a port for introducing waste into the chamber,

a port for the exit of treated waste, and

a heating element,

wherein the chamber volume is in the range from O.O1-O.5rh3.

76. An apparatus according to claim 75 wherein the chamber volume is in the
range from 0.02-0.3m?,

77. An apparatus according to claim 75 wherein the chamber volume is in the
range from 0.03-0.20m°.

78. A process for waste treatment comprising a combination of two or more or all
of:-

(i) a process according to any of claims 1 - 18;

(ii) a process according to any of claims 28 — 35;

(iii) a process according to any of claims 50 — 56;

(iv) a process according to any of claims 57 — 65; and

(v) a process according to claim 70.

79. Apparatus for treatment of waste, comprising a combination of two or more or
all of:-

(i) apparatus according to any of claims 19 — 27;

(i) apparatus according to any of claims 36 — 49;

(iii) apparatus according o any of claims 66 — 69;

(iv) apparatus according to any of claims 71 — 74; and

(v) apparatus according to any of claims 75 — 77.
80. A process substantially as hereinbefore described and claimed.

81. Apparatus substantially as hereinbefore described and claimed.



