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WO 2007/ 104954PCT/ GB2007/ 000853 - 1 - WASTE TREATMENT
APPARATUS AND METHOD  The present invention rel ates
WOZBOTHRIA t r eat ment appar atus ‘and net hod, in PCI/GB2067/000853

particul ar apparatus and -nethod for treatnent of
waste froma range of sources, 5 including comercia
prem ses and donestic and oylti-occupancy residences.
. Pyrolysis for the disposal of donmestic (sanitary)
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units ar
guantities of sanitary waste. These units use a

nmul ti requiring a 10 vacuum punp t
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situated in close proximty to the user, often within
a toilet cubicle. 15 Large scale i ndust ri al pyrol ysis
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proximiiy twtted Users ofieactittin boolddidbigeal processi ng before
rel ease to the atnosphere, or may be diverted to

supply heat within the unit. 25 Smaller scale
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- 'volunme of waste Tor disposal 1s
theseihigh éersperatuioseand the éypescof Wasteetmat @hre q:rdce&%t:u these plants
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gases| aatypicsily! passwivtd andbildustibh Shathber’ E#ause!hses from this

uncommpn due to strict hydro-geolo | cal reqU| enent’s,
chambgrarg-thea eptionallyrsuhiested deradditional ipFacessing before release to
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and an urgent need for alternative nethods of waste
Incineration is one of the nore w dely used

di s |
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plants, particularly on the basis of objections to
gas release into the |local area. The fumes produced

Pyrolysig 18ealse lsovayishi | i 1o ftﬁsfﬁé&?cbbeeﬁé‘dfd?e&?a?ﬁbﬁeaﬁwethe self

the incorporation conpl ex gas processi ng
cleaning-gmeshagigm ebUB2ABMO0p524t.ant s. Waste pyrolysis is

an alternative to landfill and incineration, but

regui res continuously operating industrial pyrolysis
plants. WAste has to be collected and transported to
these plants before being processed. Due to the

het er ogeneity of waste being processed and the high
“pyrolytic tenperatures toxic em ssions are comonly
produced. It is not desirable to rel ease these to the
at nosphere and thus, as for incineration plants,

conpl ex gas proceSS|ng systens have to be



Enbodi ments of the invention seek to provide a
process and apparatus to treat waste on site on a
donmestic and | arge donestic scale. It is an object of
speci fic enbodi nents of the invention to do so for
mul ti - occupancy residences and al so individua
donestic residences and comercial enterprises such
as supernarkets and restaurants. A further object of
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conmbi nations, or all of the aspects of the invention
descri bed hereln In a first aspect of the inyention
Inginrration & preof teimerp Midely dsed Aligeatives F%Emﬁ*@ﬁthowevef this

recﬂ.ﬁ@ﬂh&l pdduction bPIge Ngawa fridersirial @Iﬁ:ts: hani®y consuming and
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p@s%uaglsstr@ ingorppEationoy- com@@( L pfcrr@sw@ﬁﬁ@efatmm?én% & remove
poftitbRgt conmbustion is 400-800C. In a second aspect of
the invention, there is provided a waste treatnent
appar at us vvhen used to carry out the process as
Wzﬁ&écpyr’@ﬁﬁéss s tahe #onativas m@clhndillh smdt mdinkratgecbubfrequires
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 tradeswiddiedthiese mmtabeﬁceem@pmemd sDuegtotha m@menelty of
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thuas,eea@,Sfd‘rthmefsmbﬁl plafgs, tdeengl Epratesdiny eléiesis have to be

ﬁ{ |s Wlt{l}ﬁn t he range 400-700C, neans for
INCOMGBRANIPI8MFgen i nto the chamber to effect

conbustl on of the waste, neans for controlling the

SR conbusti on within the range

S \"-"ﬁ—III:“PNﬁ Néﬁ shing the conbusted waste from
_Emuwlmhanst;ﬁrtha\mhntm seck torprodidpar process @] apparatus to treat
wa%feeéﬁ &tk lﬁﬁ%tcﬁ)m@stfc' Jrﬁf Ia?gi@@&h@?ﬁﬂ sce. 18 a'n%tﬁéﬁt'& Bpecific

npri ses process for waste treatnment
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recyglking wmlweén‘\ sttfrthes obigick gbwbﬁ@"@mts @fas es
genéerated by pyrolysis and conbustion in a solution
and di sposing of the solution, for exanple in a
sewer. An apparatus enbodi nent conprises a tank
contai ning a gas treatnent solution, an exhaust pod
for exit of gases fromthe pyrolysis chanber and a
conduit arranged in conbination with the tank such
that the gases exiting the chanber are dissolved in
t he solution, which can then be disposed of. A fourth



A fifth enbodi ment of the invention provides for

separation of recyclable waste from non-recycl abl e

waste in mxed waste conprising treating

non-recycl able waste in 4 the m xed waste by

pyrol ysis and conbustion, and flushing treated

non-recycl abl e waste away whil st retaining recycl abl e

waste. A sixth enbodi ment oB the invention is a

 themidghéion py riol ersible gnehtep efficidnoyninapglkectitg secydiabdé materials,
free-standin nd c ri.ses ugs for connection to

'mawvmgd%{bﬂlpaogw?émBwaqfﬁawﬂéﬂﬁgﬁ%ﬁwR}?C%ﬁ%u to a
sewerage system A seventh enbodi ment of the

invention is a pyrolysis and conbusti on appar at us
Acherdingly, erabedimentapitthe invesliorerevide pereegrgeior wasie treatment
TALLER
oo e PR PGRET ST My LR AT brfsanc
colnbatgornt stept;nmet proceys asd rapparﬁtusdmrprgahng;beemtrmm in any
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into the chanber to effect conbustion of the vvaste
and fl ushi n}g t he conmbusted waste fromthe chanber
In qifirst aapest of (Nedpeentionhthare i pEIERRd A Precass fpr wgﬁf@dreatment
hroudgh e rg.al
comggl?sﬂg L s[ﬁtrrr%glhqnyd ﬁla%{gzalﬁts S%Y] h@gre%tgglifwg th@ asé taﬁ%k?]vated
temhaagnedo effdciopyaylysistal tiee glasbe srﬁvmjucmg @tylgen lmattbe chamber

urse. tel t hus treat ns rid
to BRERS Bt & e Wrsiec Al Soorthiasd ufasidrom the
ch&Rb&xX ithf W@f@rt mefélarth@rtemyérﬂnr@mé leHRCE pyrsiysié e from 400-
wat er course. But, it is preferably |ocated in the

708Kaane the tepprasaiusa o 9ff¢farq9m¥gisaoeﬂs HRR-800iC-a shel f,

and the nethod can conprise placing waste i ntroduced

into the chanber on the grid. The method enabl es '
In EE[S&CGH](H oaspeict rafcthel ibleptions thereaisd peevidecher ofaste treatment

ap@@rggu : Lg%(i eé%lrggggtﬁg?/pgggqbqlg,e sﬁt erlb?d n&%%c{@%c?spéct.
recycl abI e material can be taken away for recycling -

ai n, avoi di ng unnecessary | and- c{qigll | use. The term
In a @lgq,@pmté)f\,t}agﬂr@lerﬁgpe’qhﬁrq i prayi Yiagtnirgatment apparatus

su@ %( C%o"f‘bbﬁr V\geﬁbﬁltﬁetPﬁice@éeaﬁoﬁeéﬁﬁ%@e%ttﬁeaﬁﬁove aspect

ste treat nent cyc e of the invention
connppsmgi |ayseaielsle ahatrder ad sva@t@trﬁfettmntaamegn 4l chamber, a port

for oo dicita yeliepio aBe SuBTRy eSO anBlitioh el dpdtee

theP€tsdrhb&) meanstfof Boh iR ligy rm:é tarapsratune to effgct poblysis within the
material _and a second position in which

rangec #eP=IN0eC nieaNsa forc HRrageicnga AXYSGT #O| t&]@ocl&amber to effect
boﬁmﬁﬁ@tﬂinacdfemeﬂ\b?abﬂé' th&i tf&u%oﬁ%ll:hy tr@n@erﬂaéﬂa@ﬂal kY effect

aut omati ca npti ed, whether once a pyrolysis
comyusttemmtmmtbe raﬂgee%ﬂ 8@9‘& dgeeans foadushing the eembustedwaste

rator_.con ed via a
fro@Bib HrAme i WaE gt B ol B SRR RERES  rmt 1
m)nl toring and operation of the apparatus. In a _
further enbodi nent, the nethod conprises_agitati.n
A PP Oh N yivEIY ah COMPTISES (thBroRass 1 Wasts titment by
pyr%ﬁ%té%] nd &b o fwHiReh treéHied Wia%téﬂs@sﬁe@fthrbi]?h \é?éﬁcﬁto trap

us assi st nmore conplete pyrolysis of all waste
recyplablesmatediabedn apyarefussi s and conbusti on appar at us of
this aspect conprises a seal abl e chanber,



a waste treatnent zone in the chanber, a port for
i ntroduci ng waste into the 15 chanber, a port for the
exit of treated waste, a heating elenent, and a grid
bet ween the waste treatnment zone and the exit port.
In use, non-treated material, which generally
contains a high proporti on of recycl able materi al,
- such as glass and netal, i 9% Faught and not fl ushed
en%/&lYmQHtt cSn%BnéééStaeBQrch%lsr %ﬁé{ﬁn'b@ﬂ ha?hgSHi @b lbetwédie a waste
grid forns across the chanber to support the -
treatraert ME@dtareambﬁiomﬁh@cgame&an al so be or be part
of a basket in the chanber. The grid can thus be used
to locate and/or hold waste in the treatnent zone
A digtbing wbmﬂmﬂ!ns of| theain\apfian atarsprikesc py fadybis ofneagte at a
det ai | é{ﬂgﬂg d forms a shelf towards the
.terge?qaw @%4 ~and a little raised fromthe
floor of the chanber. Waste lies 25 on and is
supported by the shelf. After treatnent by pyrolysis
third esobaslimenbef mﬁtllévefﬂlpumwflsﬁﬁ dissslyingapif-gases generated by
pvf%si%%”d%?ﬁ}b%éhpa % Sphfy ohARis g SR blugh, it eample
in natseniedl Anbeppgratmsammmbdlmbet fcbamnses aydark addnjaining a gas
own t owar,ds

-tregg{ﬁ?%t $hEHqn, aRferhau ggpo Vreéjxltet))(f gaéO rftrorh/\qﬁe pywz?yms chamber
and &4 Mﬁ@ﬁz&ﬂ%lﬂgﬁﬁﬁﬁuth the taMhsiedh thaethe gases exiting

undegr aded erial can be transferred to a

the @lwpb@rcar@ disgoiyaskintthe selvtigmarhiclrgag thenche disppged of.
enptyi ng of the recyclables fromthe chanber A
control apparatus for noving the grid between the

A fourtit emmsbdimennafpthei inventorarcdnipriseseintraducing fwater into the

|tat|onof id can b ssogciated w,th
chgbar aa pierreacn Sadtn G va bof” Ko bk Bhpll ekt pateral and
c|e%ttﬁé icBhn®ef AWhpSarafl dribsdilnocémprivet @pe\womlﬁ@valls of the
I st all ow ng ?he ash residue to be easi I% fl.us
I

chamézyr V%Whﬁhdnéﬁé walge eg?ﬂrﬁthﬁayh%hﬁrﬁ itae watey bging |h€9ted by
[ 10
thhoR ML ol SREBITT B Shdrac i PaRitea daA T
or less in dianmeter. In a partlcular enbodi nent, the
grid conprises a plurality of apertures sized about
A Bittmembodiimentt eff theGawentian provisesaioe separatioe Hf réeydable waste
froﬂ?%oﬁh@?ﬁ}%ﬁlgwgg o AUk w%%@b@nﬁﬁ&hbulrré‘énn@r RoR®E&/clable
pI cal e grid apertures shoul d not "be so fine
WasHa t hey are clogged in use by the ash residue of
the waste treatnent cycle, and so 15 are preferably
at least Imm nore preferably at least 2nmin
di aneter. The apparatus can al so conprise a
conbi nation of two or nore grids. For exanple, there
may be 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



20 apertures of a second size, wherein the first size

i s bigger than the second size. This second, snaller
aperture grid, with apertures typically 2mmor nore,

or 3mmor nore smaller than those of the first, and

| ocated closer to the exit of- the chanber separates
trapped material into two divisions by size and can
prevent or reduce the clogg#ng when there is just

theonmixeSuivaatal ebyapgrd[yumse arahriganatbustios, @nd #Bshing stregtedd non-

mm or, | ess, [am oL | ess,
recryp@g@r\ggfst}e AN W '?ﬁ‘ié%@'rg'?ﬁ re}qypég WaHe: 12mm or | ess,
second grid - 10mm or |ess, pr efer ably 7mm or- Iess

or first grid - 12nm or Iess second grid - 7mm

A pltls enphoslireeab Pl teeminsintioass, aTRedglar @vn%ys'amsi seme.ust'on

f. n
oSBT Wi s rRESbabY PiToEr S Rge @ bopnecton o an
eleotrizity supplyptoveniaéattdupply, and do arsewesadmsystemout si de
t he chanber and the basket, now hol di ng the waste,
pl aced into the chanber to be treated. - 7 - A

A SURGESEmMbBHIMERIT the areRBoh id A pesigsis andeombustien apparatus
second aspect of the invention conpri iz}qlpt roduci ng

haviag eechamberavithavelime hdhe ragae Hem @91 938" an
el evated tenperature to effect pyrolysis of the
waste, introducing oxygen into the chanber to eff-ect
DEF@bEBIDIBACBRIPTIKN wast e, and fl ushi ng the conbust ed.

waste fr

In UG aHet! t@rr@@lt a'?lﬁEP&th%g tg'\fyf it@ﬁ%ﬂerg R s | s |];0th§3 for waste

tre40Rsnt Q¥mpridRfy Miiodbicidl WAKs entoepRaaber, eeating the apste to an
cool i ng of t he chanber and its contents. once

elevpiesk temmeratire theter PYERlysis of e wWasls RtOMUFpPIGypen into the

chérﬁﬁ%{1 I B &Y EdrfibbdtlTh SeMdSwheed WAl tidsh fﬁ@afh'eoébrﬁlﬁus‘l@dfﬁvaste
0 NOF € noxi ous contam nants associ ated W t

frost ﬂmdzhaﬂnh:grr\mtfymaheruwhesalrmithé opmbusliechwasta ig @%@‘@ld through a

oSEED ki B e A o o st

wabhédtitBtbugheheeghd @y anagdetole.d.n@ deneentr other smathatcourse
scrubbi ng of o? ases can be carried out wth
Wﬁ%@t&@ﬁsgﬁﬁaﬁd@”é ssions, and a particularly
preferred enbodi nent of the invention can be operated
with substantially zero em ssions on site - off gases
Thb@ndgcanshe dabadevhputsidarihenehaipber feruexamplg befween, an exit from

the ArBPeb T Aot EEL s he Tt Bl BF PR Aefi bl Socated
in §ROcldiber, [gonaesipatly foreniagiaodi parttofad shhlé amobthesmethod can

descri bed in nore detail. below, t perat es
cowprla%elﬁc'%westezetrwfuqeg 'Ftﬁ’rfhﬁ&haHEJ@f ahab Srdh

conbustion is carried out at el evated tenper at ures,

typi cally 400C or higher, preferably at |east 450C
Thm]meihpd enableis| separatiosaef respoable) wasts pand Fam faraiore gomprise

ap e ORnqt e C S

raeer iy SO Mt R B B o0 £ TBRERAc Soutsive. the
cha@bbh O ol Retddresgtiabdmateriahsan be tal&ezm ,amagpfowetolydmg — 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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25 specific separate heating or cooling of the

chanber. Heat generated by conbustion generally
WOROHIMPHs an el evated tenperature w thin t he REEGR2007/000853

and dependi ng upon its calorific content may slightly

i ncrease the tenperature so chanber heaters are

general ly turned off duringscombustion. Heat can be

renoved fromthe chanber by passing off gases through

ThelgRa s ordoBl i HS BN b REE KRR Bomories

mowire tad @ldbbetomrr al fietl pogitiomnin whichnthd |g®M/ Pap&ithe recyclable
into-the cha - 8 - Cenerally cha

 mateqahand:a sPEOH PPROR SR MhiEh Bl weudlahin Ttarial gepus transferred

into 89 Yecap@cRy. ef 15 2@"' id d ottt‘?l?eﬁ‘é%sﬁ)g Grogﬂﬂ%lyl quft 81atlcally, be

artl C ar enbo I on conp
emplttedgwhethmrrbace wopyrotysEncyeleor after scaueaall oyclatoofi weste treatment.

For BhG et e aBben 1 OR SghER EOPIRSE NiF B 6PN SYReT, such a6
one 366t it PaLBInARANBEtOMPARRBLAMIBA ddhe BpaSS.S:

Al r can be heated_ or re eate eaters 1n
circul ation path ThIS ensur es that the heat is

in = S5 GbbBhirt e Bl gggaggégaggf.&}% i Hufing pyrolysis

f thel wgsté afh
of e aﬁ%gﬁ%s:t%tﬂ:%%ﬂ?téﬁtﬁ@@tw SUge and s

assigidgerie saapletecpyrolysis af albwabtedn the chamberat e .
sufficiently rapidly without the need for air
circulation. The duration of the pyrolysis phase

PyroWyaid @1%d 8em0Uslictd abpars of i HEPectWdnprises! dkéatkble chamber,
di ctated by chanber vol une. Apparatus of the

a wasie dreataien rzengeﬁbﬁm|G}vaardmrgﬁe§oﬂofprue&oﬂmlu@rwestmnto the

I
crard B G YRPEY O PRARRE oy N BBTRER. B o e
betwaehltbetwampea&henbzomét end ltae‘lwtt poit. ihees ﬁ@hﬂfba@@@i matena!

.'whtcéhe he«’:\fyers are activated to heat t he. chanmber to th

oCRRIRS, 8t sfé PrOPRTHEP £ ateegclﬁat?ewat%naiegvey as glass
and fnt ats%auam gnd it ﬂt?s&hé?i@ﬁ& bmpba?L stea?oo ?%ﬁ?en 20

m nutes, preferably b- Om utes el ng
the operating tenperature required, the charrber

_ , vol u wast e, i n.,the chamber. use, )

suitabf). 158;osfhfonti.s Tie Beak Sharenarahot Aupvart dh eists being
ireatédl€ihd gRBPREALASE De6f BATRF 4 bb?két rh%h@%ﬁaﬁ’ftﬁ# TRe grid can

result in reduced production of certain toxic

thus bem@@ﬁ dadecate amlmmqid avaste irnthe reatoenizooerdhuingdpyrolysis. In
an abPEi4fls” 4&lerBHOY flofe 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 particles 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



25 Processes carried out in such apparatus generally
conprise holding the waste at the el evated

 WOeBeHure for 10-90 minutes, preferably forPCUGBBOT/000853

mnutes. In a specific enbodi ment of the process,
described in nore detail below,- the pyrolysis phase
has a roughly 30 mnute dur-@#+on. 30 In sone ~
enbodi ments of the invention intelligent timng

whicly $ihe hdeigPadiE indteriaP ehh Ohe tthshdfemed o o4 rtepsgt%wé' Butside the

These_systens can nonitor the tenperature o
chagiper. g_’f-ﬁ‘é fagiilaies empbineof theoreaylablestfremdie ichamber.

durati.on accordingly. Use of these - 9 - systens

i nproves the power efficiency of the process. In one

A cmﬁmﬁgbparﬁu@fmtmohng}tﬁé I BEtIveRhShe MiFtst HIPSERnd SoHions and

e off-gases or of the | oad, such as via a .
a m? Serditationafdhe grigaanbe essotistemawitle thengiidhe
chanber, and triggers commencenent of comnbustion once
‘a pr edeterm ned tenperature (say, about 5 450C-500C) .
A purposeeatthedgrid is tertrdpartiuRite neatefiacamd het afod Hﬁg‘into the water

o rs the t rrperature of the off gases from-
co”réﬂ'a‘f’fb&t aclll%"% /B residyetathe easiySflushegpaway. oTQathls end, the
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grid %’é&h?ﬁ%@ gjﬂn%tag;ffgf] Séégufis% &%ég %mﬁgﬂr Iggégipﬁ@ater 10mm
or I@&ﬁdncdlemeterg 7ohimt be ledmirb diamgter i S6iNE lor ABs®fin \WkAEter. In a
Anot her option is to nonitor

u eat d st eamn .
partibEr APESERHE i o gc%mpﬂﬁ%S chaalty afeperiueea sled about

3mnt m;a%t@f @éﬁ&rﬁ ﬁ'beCBfr%hg ﬁéet}]%ﬁjghr{ound or

chanber, then ini |ate t
squagg @ﬂpﬁéreﬂ‘ archmareiypicab nTltqagrtdtapieﬁures should hbebe so fine that

they 38 s 55 by HBe et iy PEL 4G5 e, Hebmpi Bepla.sand so
are preferdisly ot IdaRe1WRA] Miokd pReeld etg?%?ﬁa%&tzm?ﬁirﬁ’a%ﬁﬁeet dyf gf

set up such that the eI evat tenperature |
the duration of the pyrolysis phase and such that 50%

' o) [ ef r abI 70% or
Tho B D e B LI e . or
exanmleqtthermmw banal fiestagrizy haviag o pﬁu&élg%bgaﬁgﬁgﬂ;ééaé@ﬁ’ﬁst size, and
| |1 S

1Ty wh |
a SG#@@@H& Tagtege sf%éffﬁﬁr&igné&%gfaﬁé povihaad havingl anplurality of

spenesls aiednan Vb ATO T AER B InGTTIE bl s

From expect ed waste

This srcosgh smalleoapertyres grid pwith eapiertures typitalfyr 29 804mor858k 3mm

In a third aspect of

or m&lr?egﬁwgﬁ ?{%'?lmﬁbgﬁ?oi eggg i \?W?'g'{ dogatediglesar E’-bﬂ?ﬁ iexdsof the
chamBBr s8paRtbi trAfpdd shetial Pt twd %imEibns]':tﬁlaé t’zé‘% Iﬁkfarg prevent or

waste to an el evated tenperature to e
reducgt theneloggisgenhenttherrids iustoneeBuitatie ammmunaﬁnns are

st oS58 REPY, e B "0k SSED SHBy 7 or lce, or
first grld sstb.‘lzmnn or B30 $e86NE 'GRided 1BYhmhhst 1BYS, O %?érﬁb@”ﬂn(n 8f less, or -

mbustion in solution, and di sposing o
first 9@@ Futéram onless secondrgrid + Harmear tesshptsforphiyeSman or fess.
subject them 30 to treatnent by conbustion the gases
are dissolved. - 10 - A disadvantage of known

The gpig rmhysilm bt antforranshrt of ianbaskeasithia the %h&ﬁ{b%rraédaoﬁreferably
@L oXi {hs nd fluorins by initial phases of wast
remov@ble, i dhamber, im Usg, WeirkRii FonvasTientiy pl@aedsm he basket
epar P JseCt | s on
outsid8eifR’ BhhmBel 'Hrﬁa“?ﬁe }18\?1”561591 o‘ﬁg tﬁ% \Plﬂ% ., Blaced, into the

envi ronnent al gr ounds N A
chambeardd beuseatedonbusti on will rel ease toxic
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5 chemcals into the atnosphere. In the present

invention it is found that |evels of dioxins, florins
WO/ 10¢93¢r contam nants,. carried away in the RET&B2007/000853

flushed through the chanber are acceptably | ow and so

| ow as not to pose environnental problens, or at

| east fewer than when such. gonponents are conbusted

Di sposal in a water course is easy and not unsi ghtly

A o308 16 95y SERARPEDY, 4 Bh kP able of e vensin

comprigest indrodasingbwadies iHiarg etanibe?, hBatineWes JeRsts Mot @rmelevated
In use of a specific enbodi ment of the invention far

tempesgigre %ﬁﬁ@%Pﬁﬁb@? af hepwasis @@trqdmngmwgﬁmmrm@ chamber

foe t aCtOTSﬁ%Iéﬁ#qgniﬁﬁugﬁéﬁ#Wﬁbﬁi pec l%bﬁggﬁfﬁ%g&pﬁDHche

chanttedri veithe avetter, bmgreimﬂmdemmd@tempbrame tbasfiagoh @yﬂflyénb ds from
rature (bel ow 1000

400-%@?';?96 néraggé !?'E q WE{%%ET fmRaTe wrﬁﬁvwﬂwmq nﬁ’qcé'ﬁﬁe?fafhﬁ ghamber
and ﬁ‘%b@ﬂ%@oﬁ@@&r}é&@r@@%ﬁ finiLASH %rﬂaﬁﬁﬁg ; aﬁ%‘lﬁ%ﬁé 8rt2'tﬁeatment

pyrolysis and usti.on are s

. cyclet timeutginda rtoaancid ferragiioratalf somey sif dhe moraaaex:suS contaminants

sssof L B RS 5 P g ob S et b, whist

ensuﬁﬁ@' tRat éﬁ@@cbhﬁa!ﬁpﬁﬂ %ﬁt@goﬁf@' &Fﬁ%c&&a@lﬁgﬁ‘béonenm can be

di ssol ution of the gases gases

. treateq]. dienogcan advamtegsaaf dhe mvmlom is that qcmﬁtmng efiofflymses can be

ot S5, IR HEE cHALE" A Ay et
embddinﬁéhﬂéﬂ!h@qmét@ﬁcﬁﬁ@ér\/ 8e rrated WO shbﬁaﬁﬁé{%r%yérh%@ons on

Hence, in an enbodinment, filtered exhaust gases that
site -1 8apes bpiservated ewaydrom thelappasius, e.geviai vards in the sewer
SwﬁeﬁLthln the filter are discharged into the sewer.
lese gases then pass up the soil pipe to vent
t hrough venting stacks. The filtered exhaust produced
stantlally (of0) rl ess and odourl ess,

The pypRGISEMpoRbHS! & Prajemibly dram oo 205 e, Hivee carefsably from

Ry e £ro0R8P, deggibed in more detai

below tie distent eperates affabdud 350°Gx oduct s of the process
are di sposed of into the sewer. A further but
associ ated process of the invention, for waste
It is futpat TRefericdl theRY&drBbuSHGHO R 'danRsd %P\ﬁtdélaﬁatbﬂeﬁ?nperatures
SI's

solution for dissolving gases generat ed

typicaliy 400° Qrordfuahﬁsprefﬁrat&mt lpast4507C monapr eratdaatrmast 500°C.

LSRRG A1 ot B O SRS o e o o

pyrolysfs fehtparaire serl thehutdrabustiiis’ ﬁ?ﬂé@ iot® ab Hﬁe%el)‘d 8tep without
The process nay include nonitoring generation of

Spec'fwasqapag%@eémtma. Pr ﬁ@o&m@n@érthsn@hamt@ger!ﬂa@t generated by

combil %tkbﬁhbgﬂﬁfa‘i’lggﬁer i 1In§ﬁé§;éi\%g%%e . g@@éﬁﬁec\g}gﬁﬂefh aste and

depemhr;g epeneitsi caorificc tpataitumay Sighitlyt inoreaske w&émperature SO

m ni shes as the process oaches conpl etion, so
chamiyeyh Bglatae s aharain UE1ad JH1E UL CongRSIPRE can be

‘removéeflof e chanmbdr by piRsing b daded #FolgiFY filiiator 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.



15 A pyrolysis apparatus of this aspect conprises a
seal abl e chanber, a waste treatment zone in the :
WO REMMIEM, a port - for introduci ng waste into tMS/GB2007/000853
chanber, a port for the exit of treated waste, and a
heati ng el enent, the apparatus further conprising a
tank to contain a gas treatg®ent solution, an exhaust
port for exit of gases fromthe chanber and a conduit
GeneRill AR AbeMeAIEBARE IdRRinY dofntl iioh ¥esHl 28 dttFe 800°C and
exhaust port such that the gases exiting the chamber
prefezably nohabayectBOUG br 400°Gan be dissolved in the
solution.. In an enbodi ment of the invention set out
bel ow, the conduit bubbles the gases through the
In a pafidillacsmbodeidiftiofake Wﬁ@ﬂtcdm?pﬁs‘iﬁ% bh&rggad@RimBe volume an
. . pass through an 25 atnosphere saturdated W th vapour - '
air cireilghipn idevise preferably comprighiges fars ipmclustest tecdisperse the warm

. f utjon, afor,. ¢ ) assi the .
sir eGPy Ry R RS A SR DNg RRERT pf8partion
for pyrolydiai Air cgndbesisehtedbraaRestedshy kéatensia the dculalibaipa®sl This

w thin the tank, which can be enptied as part_of a -
ensurgg dhat dhe gl ist dirgctedointo dhe waslenlasg emebeffeciively — thus

o L o] S AP LA

pyrolysiseandlor ubmbustion phasés. resmadiedchambersethenetaced waste load

. conprises carbon granules, and the filter is suitabl .
tends, ionalig) Eeata i pengipate §%§iﬁ1ﬁr\§|¥t_@mﬂabw5h%m%gﬂe&dd¥or air

N circuldise. Preferably the fifter isa.ceramc filter. -
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Typically the filler is changed annually. Used .
filters can be disposed of via a specialist landfill
sjite. fourth aspect of the invention provides a - .. .
The di=iBa.d s, PRI s KRS BorRIAIG: g vRver Gkaenyith a tmit
dictatétBy ehbiber JoRIMEDEHpardaR HNBietiffertn! a?retghrﬁ?ﬂigl designed for
.elevated tenperature to effect pyrolysis of t ,
use inggrpestic and sedbi:ongupangye residenceshand smelicsornmestisicaremises.

WestcE RIS Bt shREARRA AL RNl 0B, SRTBNGAEE o thom
sealed sanidntiie dssers Bire adtevatédrioehess thelnshdmiBércto e operating
steam_ In use, the steam cools and deans the chanber

tempegaiire. | lnstrRaralus, Made agd teaieddeedale, this haatingephaseatypically
takes ?g%(i injr'jiéu%%:ﬁ%ﬁ? 1¥%1.‘1 Oeﬁﬁtﬁé&nﬁei{l-grgfe [ on fhe! Sbdrating

nce nore accep or users.
tempeidtarecrequiinedd thee chaintler abolums] anek volurid ef Wastd ther chamber.

, wh ¢h J S unsi ght or has unpl easant .-odour. To carry-
I use &SPt LR oI oraes: VB T ERRIOR8. 46 (Be eErperature

increaSER R this 9s Bdlicved b ‘?@étﬁlﬁ iR frebil6ed gﬁa’aﬁéﬁoﬁ B AR toxic
- being heated to form superheated steamas It passes -
componients, ghotaidy piliexing. and tfhigrinsaconparedt éo  inslubtziat eplyrolysis.

Proceli BRSO STRESE S FmGRaSERs g ot

the eléWtéd tofmpeffture for 10-90 minutes, preferably for 20-60 minutes. In a

specific embodiment of the process, described in more detail beiow, the pyrolysis

phase has a roughly 30 minute duration.

In some embodiments of the invention intelligent timing systems are used to

contro! the length of the cycle. These systems can monitor the temperature of the

off-gases being produced and adjust the cyc}é duration accordingly. Use of these



 tempeggiupe,

The conbustion phase includes a step of all ow ng
access of oxygen to material in the chanber,

WO/ WAy supplied as air. The process pref ePaFIGB2007/000853
conprises 25 introduci ng oxygen into the chanber via
piping in walls of the chanber and subsequently -

i ntroduci ng water into the.ghanber via the sane
piping. This efficiently uses common pi pi ng,
' i £ Vi y, | iRping can in the
syst TSR (RRIRy, Jf HelfpBith, Jf e kEmple,a contro
systewar ohitsrsthe iefiparatati eMthef ofixge8es dridf e’ bhad@uch as via a

| ater water, to the chanber generally has a dianmeter
thermgceyrle slpcatesy reximaly Samihenmwaster if dhabrhambem and triggers

comiingr & SLIREIE R EHHEINER b o, oo

~ 450°Ce5007€) 06 reathed. sin EnettErosesaples wtbhttbesysienpedfirs the

to use of water only for the flushing. The chanber
o the Off gages am Hha Ghamber AT et theh tembesature has

.

 GopRfg | gSStbriBo BATSR] dACSRES niisl 8 thh of e
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comibansiiopl andetheoediming, of mglingcess cleapingse$ the chamber by

. i ntrodyci he -super heat ed steam-into- the chanber :
introgktfH WAlSk (o5 3 ipaTP RGO AtFaY < ARINGE CP3iRNAS 14 FENitor the rate

u Thy i he '
of oSS! o Whahbor s CAEe! 1 rBAq P bl tho naturl
cooling satparf therpkampbert,dbsn dritiatal the emd ofayamtatistion. conpri se o

i'ntroducing the steaminto the chanber via a nozzle -
whi ch directs the steamat the walls of the chanber. .

‘ -l’n-anléﬁasn;ﬂa‘r&fhvéméhﬁ@ﬁo@%m@mwa{d, thBfparatud IsUsdtiupOwith a pre-

: 5 n _a preferred arrangenent, the process conprises
progremmed ueyralysish phaseabasad con Hbeceharmber wolurae. and -anticipated -

natal o e ol 49 R oARSAC T, AT b s Bt e

. elevatdd tdrapershaeds tiedd foit el dlration of Bes bpdhisis pRhs@afdauch that

the walls. of the chanber. The steam1s preferably

50% ppimergudhe iwasie tin degracesh rprefarablyntiie £ mofetmote preferably

' 80% ?ﬁgﬁgﬁbrg% gPJCtiTcgi 13 i?é%ﬁém&ﬁ%ﬂ@&ﬁe@xjﬁgﬁgggg rto epsure 100%

) waste tre€atnment zone |
treatipent; dapecially rwidets i regyelablee matenalt ize prdsamb esuchaapomnetals and

for .the exit of treate ste, a heating ele t, a . ..
glass, Jrish vl nob e, 8diaithd Bhutwalh atk bhedradtas on ecycling
From!d}pceR WA stePAABHTRI aMd oPkARREKsysforidh Fa gi
: ce%?nber so that In ﬁse 25 %\)‘g}ﬁ@r s r?gberi n%}?tb%];s%t@ng%rra given
proparty swethaéfrom 60%e $thrafevasialbysveight ismyeslysedie chanber

as superheated steam One or nore nozzles, preferably

fixed, may be provided for direction of the steam

In a anir@raspect f wlamintior0a 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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- dioXifg,

- 14 - and, subsequently, water is supplied to the
chanmber via the sane piping. Flowrates vary with

WOV %4 ncl udi ng chanber size and we have oF€T4IR2607/000853
enbodi nents with air flow rates of from 25 -200
litres/mn. 5 Afifth aspect of the invention
provi des a process for sepagation of recyclable waste
from non-recycl able waste in m xed waste conpri si ng

A cigghiVefiistsd, O Keplir bYvalf Bt s sRRERTS 5 0R81 g&fkration of
dioxiR¥ rapldyfuctirelby ivdtia) phases W waldie treathent, U@tal’t%itlﬁb? %gmbuation

oxygen into the chanber to effect conbustion of €
of offgesescyaangmiling deteaser hgshi Rlpnning hieclinnsd opa srwiroomental

oround B 1Rl Mo ekt el E9rAbletith Wif relpgee toxic
chemieaisiintedtheeaindsitlete Was the present apamdibe it @ fdlimethat Aevels of

Si Xfi;?' asge(gt of the invention provides a nodul ar
T NG Athes SRRtAMINGNtS K3dtied gwaydmihe svatgr fushed through

h tesdr €4y | h i
the SREHED) ers"BEBIp 5F Ll PIAT M SRl g Smbonmenta
probkhehm;r‘_m rat i_sm dewef thrant When >s#bh adontparents! ave sbmbusted!. Disposal
. eating el.ement, erein the apparatus i . .
in & WG S3ERR s RGOk A IS Y T BEEP SRRt elarse: Gaarpigants into
the iMMhalifetvibinity i %H@FZHHYoAIKéig pﬂaﬁ‘@tﬁfe SRR caRMfk URcRarged into

sewer age system ) Ah apparatus for donestic or

the sewaragebspstersss use may conprise a plug for connection

to a nmains electricity supply. Bigger apparatus may
connect to a 3- phase supply. A wat er softening

| In usénbf d SpeGeeMbidiRRInt & te) MvBREGH FhtifewdS dkRus gases are
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retractabl e wheel s 25 for ease of installation and _
prodycsdoingn weuld aisusity besexnsctesd Tallowing peiolysis apd dvardwmsnbustion.

- Faoi R TRPIBRRARE RIS, ot Jo0i Bpd BBV, £ B lered to the '

indireicht inesting nd tis twadtat Grohheas hambisnt Renmesratdrer gbdﬂ@w 100°C) -
[ treated waste, and a heating el enent Q '

t ‘ :
‘ comtrc with the EEHEIL KW G temperahEe @aNgaPid ewlingohase.

- 0.50n8. . - 15 -

Waste gases produced by pyrolysis and / or combustion are suitably passed
through an aqueous agitation system, to assist dissolution of gases. Gases can be

bubbled through the solution, optidnally containing softened water and optionally

containing additives o promote dissolution of the gases.

Not al! gases may be dissolved in the sélution and it is preferred that gases are
subsequéntly 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 solution or
retained within the filter are discharged into the sewer. These gases then pass up
the soil pipe fo 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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~.The chanber volune is preferably in the range from

0.02 - 0.30nB, nore preferably fromO0.03 - 0.20n8 or
WG208Mm1®88B4 - 0.10nB. Chanbers with vol unmes of RPIIBGB2007/000853

0. 06n8 and about O0.14nB have been successfully tested

to date. 5 In enbodi nents of the invention, two or

nore aspects of the inventigq.are conbined in a -

particul ar process or apparatus. Very preferred

SRSl j h#t§e0 f .

R o sy oA Dy P RO BF e Brodol§ are disposed of

intodppeavestesls of al |l aspects of the invention. 10 An.
apparatus of the invention for use in nulti-occupancy

dwel | i ngs conprises a seal abl e destructi on chanber,
A flrifervistt sssBtiatdt ¢ i | i

mat erri al ss flg)ggueggonﬁsg,éo st X?ﬁﬁ'ﬂ@?%?%%tég'%ghﬁ%'&f in a cycle,
compitsegquovidingdrrshmeplutiendon disseivingaidses genenatedbycpyrolysis and

X eflective, | aye to, ref] ect heat towards the -

f or ¥fiusflor e, 8 5 Weite Mhatmant Soess 8reoraig f@ the invention,
includingr disestiinl offasel inl it WIS St HREBYINGLSf HHE now used

chanmber itself normally contains a-safety s;?stem
soluighnand repealingr iher eyclerskhey process may dpslude ercnitoting generation

of VA qele i (4B ERamBEr SR BictohE i, comnuptoc matera

front dhadeltambed afiey e YohevhiRin Wf Wéste iq&féiﬁaﬁﬁf aa?ggn below a

i, d Qf%é.he‘ chanber is preferably heavily insu
Pfeflﬁ‘i%rmdg | i8mperateantEyplktioahof 20asasu rdieniyishes has hbe process
- r i cal LS. 1 Leved_t hrough, the use .
appicpRas comptBhicrh 52 tpBhforii 3388, ah PR neans” B dracking
when fileerei id fitteywastatliaft to bedreitédg system for the
“protection of these seals. The chanber of one
enbodi nent has an approxi mately 500mm di aneter with a

A A Spp STl SR bR vas

-~ treaimeansmengdndhg ahamsbethia portubbiisthoduming wabte titertherchamber, a

effective
T tra

comprising eNizpRdo AN IgaY ﬁéﬁn?&ﬁts%'ﬁitﬁsr@ra‘g\ és%u%‘t PO Br exit of
ensure effective dissipation of heat. 3 B ‘ ,
gasesdrom tha ghamber @pgos roodoi seranged in coimbinafigrawith tbeitank and
[ f -0 cyv. residences and generally. .
the heberodt <obn Bat 064U BRNnG Be iR e ERlerien With and
can bbodisstived srethd swutlos.mal | er chanber uses | ess power
and so 3KWheating elenents are sufficient. An output
fromthe chanber is nornally connected to the sewer,

in a‘rF7 %ﬁl‘lla%gm)!rg?’éﬁh@ MVEBLNT geF IoRE bem\cf,fﬁredgclﬁd@gwibbles the gases

aneter. e valve i's pl'ace
through sthensmufioroAndibed ertangerhent ishfortibe gasder &Y Ass through an
s e.g, greater than 100C.

et SRR el W VR o e G Pio o o b rombinec
with dropRa af tHe SGILREAL f_o?%ﬁgﬁg byt %%gﬁ%ﬂg@ Qﬁ%érﬁgfhn%gl? A%pray of

or nore gas scrubbing a ers.
the sqiiiige. Bpkitien ioinjaining tissolvet!t gasss isaptwabdroior retained within

Xo) cyecle 10 and typically vent gases to the
the tag1¥< h@g&peér% @? 5P ?&@B@%m@éﬁ%‘?r gteheam of the
af orenenti oned val ve. The gas scrubbi ng chanber

, té%i cally uses about 4 litres of water and is usually ,
A gag gleaningoChamber cemprisingea Thier dee filation wfrgsisesi mt dissolved in

the SGUELF ip (HHoRBLY Tt A i Kl 6+ e e uaw in an

exampled campriségcidrbbat gﬁarhw@éa hAGSthe’ Akt e RABBIY PerBBSSSie, for

such that they are coole
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- To camyqut dhe dtus

- ,_waﬂs E,h«’ﬂ?@; Efdﬂ eneég@f g%ﬂﬁ?%?b@ﬁoo Eﬁﬁ} é\‘;@ﬁﬁ?ai?é steam .as it

The c§ifptian phasthclides a stem,

15 from approxi mately 600C to 200C, and are

preferably cooled to bel ow 100C. The radi ator can be
wousEdo1ws4recycl e heat for ot her purposes, SucRCEEB2007/060853

heat water for donestic washing or heating. The gas

scrubbi ng and gas cl eani ng chanbers control two

phases of gas output. 20 F_’r@fherably gas scrubbing is

the first phase, conprising a vvater agi tation system

oxanfo 13, GRS N haf S TeUEH . Rt o gt o coramic fiter.
Typiddigsite fitdr! i ssbﬁén tﬂ?%ﬁféﬁ!lf/' L&@H,ﬁ% M Eg &@F?g&j of via a
ter is renovabl e; may

granul es. CeneralTy this 11l
specigésiiaséi@usitead reused at intervals. Mre preferably a
ceramc filter, with or without coating, is used.

Thi s can be changed annual ly. 25 The process works

A fourth @spechbelhet RUBRNGH PrRiddDa fBVmLstégtréatn‘iéiﬁ%%mpnsmg
pi cal ly range from 400- 700 nore typicall
intro gele iniud ichambase beating ti‘rebwarstsémart eievaheddammnature to

eﬂ:ecp E’gmﬁst ruc I?éljr a S%? g&raga&lﬁg hﬁ‘?eme Lou t% effect

combustigre ofitthie agastey aneisfilishing the ¢mﬁl@u@é@tv€a§téefﬁifrﬂ0m Shamber

ain waste products such as bone, while higher
with W@Eﬁﬁ V‘P'sth?aW%iﬁbd%d@tfﬁév@dw #pcihe ghambenms eperheated

steary,0 Problems with emssions or the materials used for
the structure of the nmachine. WO
2007/ 104954PCT/ GB2007/ 000853 - 17 - An opti on

[ e al WFS é Ioa has.a relatively hig
n usé IRE Elcm Lorlecand cleansdha eimbenan ek araldhe pebresidue
of treBRIdEnRikeHD gThie;d SatveHiot éﬁﬂ"‘éﬁsﬂéﬁtf ?h%t c@%ﬂig r 0%t 1o0king

to drive off the excess water ers can
cleanpadrhenseanersdacteptable fonbisars. The is r2d06dngk bfieesidue in the

chamb o ¢ b sBhyy o€ ne Ve S0 9884T0c, i nai cat i ng

that the noisture content is reduced to a
.consj derablx | ower |evel, the heaters can.then be ,
@Q, watspoen aintrodused nﬂiootﬂlac@’@amherowarmpmg in

passebuthrduglp tbé bipimg sial thislapagithe. whkse i@ﬂida‘témgohﬂie desired
into a

ter di.scharged to the sewer,  diverte
tempe\é\%h’é%f)n% @E@ B}%ﬁgteﬁﬁ'%ﬂ the shambes ie pegled; indeadiness for a

nextc#,é]gq,fuggrther opt| onal ly water may be diverted from
he outer water Jacket to the destruction chanber -

foll owi ng pyrolysis. 15 In a typical operation of the

ar.at us, wast nter esifructi on chamber and
ot S alloWinG e ok awiiaen g material in

tho oRber Al upifedases d o i v
mtroduqm@xygen 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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gases reduce, once they drop below a predeterm ned

threshold the heaters are switched off. Air i's t hen
WOpRHEe®st hr ough the heating coil and admitt ed PCRIGB200TH00853

20 chanber, this is at approximately 500C+ on entry.

Entry of the air initiates conmbustion of the residual

waste within the destructiopychanber. No external

heat is applied at this stage but the heat fromthe

A 16 ol 51, SR T rvlerBiep 1501 (HGR) NPNMGSigiege so the
prodelsevis re@ﬁcﬁéntf@:)mcgﬁ*é‘éﬁd (1€e SPIEEF ochfBe 'fugé LI’I’EJ@hfng h&Shamber

unaccept abl s output is 25 nonrtore

mayabnﬁ@tﬂuﬁhedamaﬂ mq!wn@aﬁtmhes whichs isrB0%tr lessiobtiie volume of

the cHERbbr, BRIGERNC 30% & lohal Hie welUfT ¢t B embinit or

and 6-7 litres of water are introduced through the
may be required for .| arger

ystem More water
In ar[? @Qﬂg‘lp erpet quk kelown the @r@w&mpesseaatntm@nucm et aperheated

stcafP i, e SURRAOGE Bk O Al S R ot o

use

.combmﬁedwaﬁbo‘fmsafart help ipreakeddvn g sirubiurd bf the r?s:due and aid

supe p‘ea_ﬁed steamresults in arush of gas, so
wt &Ton is opened i mediately prior to
i ntroductioon of the steam The steamcleans the

i nside of the
The process can also or separately comprise introducing the steam into the

chamber via a nozzle whlch d:rects the steam at the walls of the chamber. This

‘can help clean chamber walls and aid flushing.

In a preferred arrangement, the process oompﬁseé introducing th'e steam into thé
chamber via a plurality of nozzles directed, inter alia, at the combusted material
(i.e. towards the posmon in the chamber where the material is expected to be) and

~ atthe walls of the chamber The steam is preferably mtroduced into the chamber _

'waamoveable;et ' S S 'V_/,

20

25

30

Apparatus of this aspect comprises a sealable chamber, a waste treatméﬁt zone in 7
the chamber, a pott 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 i in use
water entering the chamber is heated by the chamber walis 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,
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- 18 - chanber and washes the ash products into the

sewer. Non-conbusted material is retained by the
WOrBe7l049Mi d, this can be renoved for recycl i n@CFGH2007000853

in the machine for another cycle(s). Some pyrolyzable

material may require two or three cycles before it is

conpl etely destroyed. Approxjmately 1 mnute after

the introduction of 5 the steamthe internal

o SRS S 1 LPAILTe L O e B3 o
rate?PPaRAIWE UsRdorIahBiudifiPYErfanBee t %ngsmwge have operated

retained in the destruction chanber toll
embaodimgrés Wil aif flowgaieerofi fyar 250y 208 littes/min. t he | ocati on
- of one or nore grids in front of 10 the chanber
output. In use, glass and / or netal in the waste is

A fifohsgest 6PYIes! iferition pw&essiasPﬂﬁésaffbﬁrsebaﬁatﬁgfab%cyclabie

is flushed with steam/ water the glass and '/ .

- wastadan nog-regpelableawpsietingnied wasta sogmingingpisirodueingthe mixed

was AT R ALL )08 A8 1580 BB Bmperatr t

 effectlpgrotysis iof ithe Moneredgtiable wiabRe, HMESAULIRS ORYGErURTS tHé Idhamber

pproxi mat el y square or approxi mately 15 cilrcul ar

Io efiget icomtHaioNaHsthsr namseeyclahim wastentitshing dbacorusted waste

| \ ] . k I: . )
om §5% oAy EF Btr R bt 0 otk St e chamber,
and trhresfetring, theretabsed reuycinbie okstcin y saparate bommaindsm or ,

about 5mmin dianeter or less. In a specific
enbodi ment, grid apertures of dinmension about 3nmm X

A SHTBRE e VSSBETE RS RIS IR pousir

appatatus s Cemprisingo @e ssathblat ehambet,0 aa waspariseaiment zone .in the
_recept acl a thi.s remval be carried oyt .
chanfi B B! ot Gor aodikiRg WAoot e bl & POt for the exit of

treataPRAGHE, %cﬁé'he’éﬁhf;%?éﬂlehﬁ visaRirreCapsirbtus 8ftedl§BBding and
facilities in buil'dings and it may prove desirable to

comprisgs hlygshorsonsestign &bpa clectripitit supply.datawateresupply, and to a

évice to restrict the dinmensions of material
"~ that can be introduced to the system Optionally, the
i nclude an apparatus to agitate the

‘ 5 Accordingly the apparatus may include a
sowefil Sl

~ .“invention’ [ .
An appatatys sgépggrﬁﬁs%sqrrﬁﬁﬁ”o USIRERS ySey idn FopRrie & plug for

connedlioft 2 p, Srafier gRTE, YopPFaiget dppahait Inal HorpBb o @ =-
phasesepglyt or nmitigate the direct inpact of waste into

the 30 destructi on chanber. WO
2007/ 104954PCT/ GB2007/ 000853 - 19 -

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 prdvides a pyrolysis apparatus comprising 7a
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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Wast e production/disposal is known to be

intermttent; it is desirable for the invention to be
woam7a04954ef f ecti vel y manage ' busy' and ' qui et PCTICE2007/000853

Accordingly the invention may include an apparatus to

~control waste input, preferably this is in the form

of a buffer storage systepysand optionally this may

conprise a storage 5 hopper and/or conveyor belt. An

he JRBRIS 5Bl TE_QRIGERNCT e i FaoO S b’ more

preferstip femm OGS RaR20htr ot iemt0.08s@IbmS! CR&hBefd ﬂrﬁht\)lﬂ)ﬁjmes of

site of production to sites of destruction/disposa
about 0-06mtans abeud B a4 havedieencsuseessiully trsted ko datees
.and allows |ocal authorities to conply with inpending
Eur opean directives on waste di sposal. The invention
[n embodipients dsf therdhbection, MWV ogasRRYSasiBosS| 6fnthe invention are

_ l%/é(f! sis. . Due to the gradual (rather than )
comki B AREBELIGr RIQRSSE W apPATABIS Vel Peeivaed methods comprise
5 d; : ratd v .
methf o oS30 Ut MDA SRR U Slol B anparsys compri
appafatuseof albaspects ofi¢ne irvieatiam.e produced in conparison to
industrial scale pyrolysis. Those dioxins and
- fl'uorins which are produced during pyrolysis are
An apSaratis'61 ¥d"Hvantish! P ! IS comprises a
: aﬁ%cesﬁsi ng, are gtaﬂafgggg?gﬁﬁghﬁevéi@%bg?va [ s% pfonpgses a
sealablee destnustiore ohabepy the yeills ofy wihioh ass foemed agft bdat resistant

matofSoR Brhe: 2% SEAN" el el B ind e HerdP plemont,
genelggg OF ) HIRIRE tyPeld 12 FofRRAE Jaydr i Refd@ AR tﬁ@%ﬁ{)ﬁyﬂ?mm of

ow t he apparatus and process are control

‘the chandberinaminssilatisy) keyetrandoh water jackébitalsiop) theubitsiglessirface).

o [ i nvent.i iJl utilise a
The hanfER ISl S PR BRI blermy'siih 3F Menme roloase
valve@iriodperaterinths tevent B¢ thererhiaPprdssur® Bréddhittg &rédeteRnined
tole _&%I oW Eg speci fic enmbodi nent with reference to
thresh ShaBReY IBdvaically randed. #hd onay beaircwler or oval in shape.
2007/ 104954PCT/ GB2007/ 000853 ‘ ,

. The lid of the chamber is preferably "H:e"évi!y 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 fid 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 /

.ot 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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- 20 - Referring to the drawi ngs, a pyrolysis

apparatus has the followi ng features: - Parts Li st
woaog/iéesss- 51. Storage Chute 2. Loadl PCTIRERN007/600853
- Mechani sm 3. Loadi ng Door 4. Lid

Air/water tubes 106. Heating Pl ates 7 Access

Drawer 8. Chanber Exhaust (§gquid) 9. Gas Exhaust

Control Valve 10. Gas CooI i ng Radi at or

This e gpteiB Top Bl ptRumat) RalER0H andigeneraily requires a
3 pﬁaedet elet:m@ny BappyNHireobeplieP BolEsYe séRiHg aBrhilldrtHathber uses
lessvp\%m?er and s0 3KW heatlng elements are sufficient.

An output from the chamber is normally connected fo the sewer, typically via a
vaived pipe, preferably of a 75-100mm diameter. The valve is placed at some
distance from the destruction chamber to prevent exposure to high temberatures
e.g. greater than 100°C. A separate pipe con'nects the destruction chamber via a
radiator or heat exchanger to a combination of one or more gas_scrubbihg and gas

cleaning chambers. These preferably utifise softened tap water in a closed cycle

“and typically vent gases to the atmosphere via a sewer connection, downstream of

the aforementioned valve. The gas scrubbing chambé.r typically uses about 4 litres
of water and is usually refilled with clean water before each pymlyéis cycle. The
primary function of the radiator is to cool off-gases prior to scrubbing and filtration.
The radiator facilitates heat loss from the passing gases such that théy are cooled
from approximately 600°C to 200°C, and are preferably cooled to below 100°C.
The radiator can be used to recycle heat for other purposes, such as fo heat water

for domestic washmg or heating,

The gas scrubbmg and gas cleamng chambers control two phases of gas output.
Preferably gas scrubbing is the first phase, compnsmg a water agltatron system

- which’ causes gas contaminants to dissolve into solution. Preferably gas cleaning -

is the second phase, utll;smg a carbon fi fitter contatnl.ng carbon granules. General_ly
this filter is removable; it may be washed and reused at intervais. More preferably

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

The process works at elevated temperatures tb 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 resuit in
incompiete breakdown of certain waste products such as bone, while higher
temperatures may produce more Roxious gasés and lead to problems with
emissions or the materials used for the structure of the machine.
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20

17. Cage 18. Mesh 19. Treatnment zone 20. Hi nges 2521.

Exit Port for Liquid 22. Exit Port for Gas 23. Access
woDoowi08954 Cage 24. Chanber 25. Seal i ng Pl at e 30 PEaviGBI)07/000853
Sensor (not shown) Seals (not shown) Lid Cooler (not

shown) WO 2007/ 104954PCT/ GB2007/ 000853 - 21 -
I nsul ation for chanber (not,-shown) Water Jacket on
Chamber (not shown) Air Conpressor (not shown) Air

An opflin, PRRCISROREN the Gad TaY o refatively high moisture Gonent, is to
add an extra initial step of maintaining the load at a temperature at about 100°C to
drive off the excess water. Thus, the heaters can be maintained at, say, about
150°C — 200°C and the temperature of the chamber monitored. Once the
temperature begins o rise above 100°C, indicating that the mdisture content is
reduced to a considerably lower level, the heaters can then be increased e.g. fo

500°C.

Water is introduced into the chamber following the combustion phase, and is
preferably softened tap water; this pre\}ents the build up of lime scale deposits.
The resulting hot water may be discharged to the sewer, diverted into a domestic

~ heating system or used to preheat the next load. Further optionally water may be

diverted from the outer water jacket to the destruction chamber following pyrolysis.

In a typical operation of the apparatus, waste enters the destruction chamber and
the lid is sealed, the chamber is then heated, to about 550°C. The off-gases
produced during pymlysis are monitored; as waste is destroyed the levels of these
gases reduce, once they drop below a predetermined threshold the heaters are
switched off. Air is then passed through the heating coil and admitted info the
chamber, this is. at approximately 500°C+ on entry. Entry of the air _initiétes

 combustion of the residual waste within the dest:'r__uctic)n dhamb;ér. No external heat

25

30

is app]ied' at this stage but the heat from the pyrolysis _é,t‘age is retained. The

| incoming airflow is maintained at approxima’tély 100 !itres/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 farger 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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Gas Flare (not shown) Main Conponents: 10 Heating
Chanber The chanber (24) is manufactured from

- WO/ iHeds steel (Austenitic Chronmium Nickel PET&B207/000853 -

‘grade 316. Other materials, e.g. titanium can be
used. The weld 15 material used in fabrication
retains the corrosion re&%1 a@ant properties of the

mai n body of the chanber e chanber "is resilient to

charﬁ!g% %ﬁig&%ﬂhggﬁg“ / Ol | nﬁgc%%:rﬁ%i\{ﬁra@ggiqggﬁgstteeé Irr?z;tenai is

: retaimetﬂ etrﬁem HE a’@h‘iéléﬁn béQeEftﬁ/eﬁrﬁﬂﬁ%Z/chﬁopiegﬁﬂst??qﬁachlne

4 450x70 mm wth a thic
for aﬂ@th@ ‘B&»‘ﬂﬁ(ﬁ) Seope mwowaahmawm)mamqmm tvep drahese cycles

beford it i goﬁ@ms;d%%o?}/ ?.gyp?&)%l Iabéi! éza?gFgg%lr{qﬁgjsucﬂon of

groun
the steamsthé asternal tenparatoes ofl the cﬂ@siﬁddﬂh@ﬁ énwnts&tt h&é Sreduced o

_ ort (21) leading to an exhaust
belog 195" 'FoﬁfP d thelidcambe §ate&pppeae®enmtm @ppamﬂmnss_ckagam

port or 25 outlet (22).at the top of one of the sides
for the gas and vapour (approx 38mm-dia). Lid 30 The
Unpymlgsed) waste’ranai/at)bu Iretiriadorina tise niiéstruciBhethambe$ foliowing

htf in 'h althoughlt is manufactured from

completgn,p %\eat?)go YSISCYSHR SR b0 the Tocatiametiore of nwreugmldann front of
I f

e CHARBRPOUIRATIA 1, 18 rkE b e 6 Bl hdoddroed by

the pm@dyﬁis_ané mcmesalzmﬁe@mwmnh sieam Hwatey ma@mssgand lor
o tortio duet itive heating and :cooling
meta{Garureh i el diie Girapedines & deuiged ia allow ash from
treatdépﬁa@l'sié fo pake tﬂ\ﬂo@gh%ﬁ%o 48 gﬂéx‘@& J‘?P'&%@f ﬁfﬂnﬁ %Q)dlé’rﬂeter in
S ac 0

its rear and giveS a mating r sea
morejdefaillnths gpeéureﬁqere gena:raﬂly mbwmaﬁelyrmqmalcﬂr approxumately

B Lk T A T LT ——

10mnt he rotind, o 1dse, |pr§fer§b¥y Eb‘éuhg aﬂ@ﬁ?ﬂ' &7rhiex SAAMSor HBbBt 7mm in
rol ongs the product l1fe c
dlamé%er or. ess more preferably about mm X 5mm or about 5mm in diameter or
less. In a specific embodlment .grid apertures of dimension about 3mm x 3mm
have been used. Said grids may be removed from _the machine on compte’aon of a
pym!ysfis‘ cycle to transfer_ unprocessed'maferiaf to a separate receptacle, and this
removal may be carried out manually or as part of an automated process.., '
The apparatus can suitably be adaptable fo fit existing facilities‘in buildings and it
may prove desirable to limif (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 fo agitate the contents of the destruction chamber during
pyrolysis in order to aid effective heat distribuﬁon Further optionally, the invention
may include a mechanism to prevent or mltigate the direct rmpac:t of waste into the

destruction chamber.
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Seal s 10 PTFE coated silicone rubber seals (not

shown) are used to seal any nonpermanent mating
WOZR#Y494uch as the chanber |id and access dr RGEGBMOTO00853

other mating surfaces feature a soft netal gasket

arrangement. Access Drawer 15 The drawer (7) is used

to remove any inconpatible4gaterials that have not

been decorrposed by the process. The drawer features a

wat er

Wl A o g R BE 118, A5 o o

mven-fgﬁ tWHhHB 1 Wifas Qel?fmhhﬁgé‘ r ahd ‘Guibt’ itne® Fechidingly the

3mm aperture (up to a 5mm 20 aperture can al so
mvermenuneyj)ndme; anaapnanstumamﬁtol wasipinpgs, prefefablysthigig in the

o 8358 i S S S BB e eV e, g, sorase

hoppéﬁaﬁa@dcanwdraién predeterm ned capacity, and
requires enptying. Heating Elements Flat plate

heaters (6) are used on all four vertical sides of

s o BREOREE IR i 9 BP0 ettt ocsupancy

dwelliNd. /Thié Bfventibs Semov2s the eery imeaheﬂ‘aaspoﬂmi vssastarﬁromm the site
the | atter phases of thnggroce t ubes ar
R elt fHﬁ %

of pragweliol: {Q, S8 (o dReSlrugh ;e uqqs«q@&qspmnd on
lancfip66s, Andt Yfloft} Rodf dtitiHies o Xely 2tk Trupehifis'European

directiids om euaiste dispbsal.ng | ayers (not shown) which vvork to

~both reflect heat back into the chanber and reduce
heat em ssions to the-outer surfaces of the assenbly.

The iflestd 'St pidvidle 8REIRY diMalv gadeol8adrniBSion pyrolysis. Due to the

gradual (rather than ins’{antaneous) exposure of the load to heat, the waste
content and the comparatively fow temperatdres required for pyrolysis of this
waste, fewer noxious chemicals are produced in compariéon to industrial scale
pyrolysis. Those dioxins and fluorins which are progi;JCed during pyrolysis are
re!atiVely water soluble and thus, following gas processing, a_ré at acceptable

levels for disposal via the sewer.

The pyrolysis system can he ‘adapted. accordlng to the mdl\ndual customer the

.type and amount of waste dictate the required size of the unlt and the |

temperatures needed. In an example described below the apparaius 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 illustraied in the following specific embodiment with reference

fo 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.



10 energy is .used in a useful way to directly heat
. the waste product. On the underside of the lid is a
WwWOl207e10493%t cerami c plate (not shown) (5mm thi CRETAUB2@1T/000853

is bonded onto the stainless steel lid. This reduces
external heat |oss and increases the product |ifespan
of seals etc. 15 Cooling Rggiator The radiator's

primary function is to coof the gas which has been
emtted fromthe product, prior to any filtration.
The cooling prolongs the Iife and retains maxi mnum 20

i h S : . .
Refeffig 6 8 dfafing’y & pRIFiS epparay hHAS fpIbid PG,
chanber gas exhaust), which is bent in 2 axes. Fine
horizonfgl fins are welded to the outside of the tube
'Pa“‘ig’ﬁtﬁé\"{egﬂﬁ:'heat | oss of the passing gases. This
5 1red (tf'\lh\’z( exhaust 25 gases fromtenperatures in the
region o 8OC down to 200C or bel ow. Wet Scrubber

- 2Theading Boasuleeharie®) is placed after the gas
- :Tz_gi ator in the systemand renoves 30 particul ate
3mkPp ngq)%%the passi ng gases and di ssol ves gases in.
Allpg scrubbing liquid for disposal subsequently. &
I nsi de the scrubbing device is a series of stacked
5, dibwalesthgg a very fine mist of water. The nist

10 -6.aﬂe%%%§=’lg%rsti culates to the outer - 24 -
7. Access Drawer
8. Chamber Exhaust (iiquid)
9. Gas Exhaust Control Valve
10.Gas Cooling Radiator
15 11.Liquid Bleed Valve
 42.Liquid Exhaust Control Valve
- 13.Wet Scrubber
14.Filtration System
15.Filtration Retum-Protection Vaive
20 16.Exit to Foul Water
' 17.Cage '
18.Mesh
- 19. Treatment zo'he
‘ 20.Hinges
25 21.Exit Port for Liguid
22.Exit Port for Gas
23.Access Door to Cage
24.Chamber
25.Sealing Plate
30  Loading Sensor (not shown)
~ Seals (not shown)
Lid Cooler (not shown)
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surfaces of the m st droplets, and these are 'pulled
out' of the gas flow and into the |iquid waste
Wthin the scrubber is a series of o j

WO\?\N’@ gti de the flow of the waste gases di reg??)fi%gg{ooosss

the mst jets. 5 Purification Systens A ceramc

filter (14) is preferably used. This cleans the

exhaust gases prior to reRdase to the foul water

system The filter screws onto a fixed manifold
Insbistiondoacharbber (reg¢ahowh) ch mates onto the nanifol d.

Gases pass into thﬁ_&%egtre of the filter 10 via a
Watebdaghiet Rndrnamber (ot SPAWBAG whi ch secures the filter

Airtncgébr#gpgegggpﬁcﬁlsqimwﬂye gases pass through the porous

norane ol the ter and through to the return tube
Airitank freotrsbofidl d. I n normal use, the filter is

repl.aced a oxi mately every year. In alternative
Waéﬁﬁ%am%moggéﬂwag?i ved carbon filter is used, this is
WEE?PH@%?’?QRW@"WW every 90 days. 15 Waste Gas

are Arter the purification systens there is
Gagftlamnéidt ghewshal | gas flare outlet to bum off any
- flammabl e gas by-products fromthe waste. The flare
is sited and specified so that it does not conprom se

Main ga@mﬁecure operation of the unit. However, in 20
preférred enbodi nents a waste gas flare is not
required due to the conbination of | ow processing
. er es and gas cl eani ng systens. O her
Hea“éé%ﬁ%%‘r:]ents: 25 .Loadi ng Chute The chute (1) is
fabricated froma corrosion resistant material. It
has a storage capacity |ess than the ch er, .. .
The cBRMGNAA) ot WETGELTR) o) STaIBIEs IR Maoetggiicy Ghipmium-
Nickel Stebif G sﬁépbtﬁ&‘)m&}eﬁ%&iéﬁé. {thsnighnrdsr behisdd. The weld
record e lev waste h

el that the e has been | oaded to .
materamhdsetdn fabiisatiory estainasthbeentrosion hesistans saperties of the main

pocy SEABESHARRL TS ARS8 BRIT b BRPBuoRClgagidiccotns
cycles! BhdCiNel Piafdrid réQ@Y 8hen tRetesst dadinishing phosess within its

T
whi ch allows an operator to nmanually | oad the system
manufaetiutenand.

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 fo 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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Cage 5 The systemis housed within a cage (17). The
framewor k has castors (not shown) to allow the unit

noved easily due to a breakdown etc. 53
Wogtﬂg@@ﬁ% fixed outlets (not shown) for all Seg@/ﬁggilﬂﬁmos

needed - foul water, fresh water and 3 phase (single
phase nmay be used if feasible) electricity. Services
are sinply 10 plugged in arf? are easi | y di sconnect ed.
There is a | ockable front access door (23) which
avoig By waraingopedistostion dupdo fepetitivadicatingiandecaniiog cycles. The lid

o o 0 9 BB T AT 5 i o 20
on itsreae hﬂﬂb@(/es?l@drﬂatﬂg' SifhRt fd?rbédﬂﬁﬁ%ﬁ fs AtRirSifle. The lid also

~ j.acket (not shown). This ensures that the insulation
con’f%ma te sRBlsr (dirsussed hniow Jihealidifeaturgis\ar integratsd water cooling

BB 12 B AL ST B o s,

This pralbngdthwprodact lfifel cycld)e operation of the system and
nmoni tor sensors (not shown) that are positioned

t hroughout nost 25 nechani snms and active conponents

Seal¥i thin the system Al electronics are housed wthin
a weat her proof enclosure (not shown), and positioned
at a low point in the cage. Air Conpressor 30

PTFE coated silicone rubber seals (not shown) are used to seal any non-
permanent mating faces, such as the chamber lid and access drawer.- All other
mating sutfaces feature a soff metal gasket arrangement.

Access Drawer

The drawer (7) is used to remove any incompatible materials that have not been
decompesed by the pfocess. The drawer features a water cooling circuit (not
shown) simitar 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 2 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 predefermined capacity, and requires é'mptying.
Heating Eléments

Flat plate heaters (6) are used on all four vertical sides of the chamber. The
heaiers 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 to preheat the waste prior fo direct injection of the
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The conpressor is also used in transporting air

wo ddd5Rdeky t he tubes on the outside of the ChanP@f/GB%(mooosss
the air injection phase in the cycle. The conpre
feeds a reservoir tank (not shown) which allows the
systemto have a certain capacity of stored air. This
means that the conpressor-2%-not constantly running,
5 which inproves the Iife cycle of the unit. The

superhealpdeas and stezdrs cathipies Rtk prisee abfethes Bﬁdde%'é,r Erhénﬂlbes are
to ensure | ow noise em ssions Water Punp
manU%lﬁ%ﬂEﬂifq@ &Iam%teakm%enafr(mﬁ@aheametertaimanaat@b be used)
omeﬁ{&FlH{étéPe system feedi ng conmponents such as the
cooling circuit, water jacket and the water injection
feed into the heatl ng chanber (24). Valves A network
H “ Hthh spec valves (9, 11, 12, 15) is used to
AL PSFIII and throttle the flow of |iquid and gas
bet ween t he chanber, exhaust, radiator, wet scrubber

and purification syst ens and to enabl e periodic
On therwtgeleoef Wee deaterst ae mnybbﬁ“rc:enThasalaang lapartsr @ldt eshown)

wion RS 5 Y08 LSRR eSSt LS5 o rgions

to theopele buRdether YRS Rs8mbR/. ST Hig Qnﬁlﬁléﬂ@ﬁ rer(éﬁt’i’é§ 'Théils algthea’ting

apbi ent tenperature) via'the storage chute. The
energy is wsaching useitl wiay toisirecty hbst theswastalprdduct: 27 - 2.

Heat i ng The panel heaters are activated and the

interior tenperature is raised to between 500-550C

On thdhmdersjdé bfebaits is walayer bf cetafrdplas (ﬁéteSmWﬁ)t ésdnm thick)

duri the 5 heating phase are passed throu
-which ?Shg paed %g ey S&mlersﬁ@éeeidpm shiys daducaseexiemalrha rless and

increagﬁrglréqghrq@glﬁi feshak oF s8R matel y 5-10 m nutes,

Cooling Radiator

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 éhamber gas
exhaust), which is bent in 2 axes. Fine horizontal fins are welded 1o 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



10

15

20

25

30

time the tenperature is maintained via a thernostat.
Due to the efficiency of the chanber insulation the
WO Ri¢We6s09ppl i ed to the heaters is throttled topBiRbalRoosss
the 10 interior chanber tenperature. The gases
produced by the waste are nonitored and the noisture
in the waste is emtted as_a vapour and passed to the
exhaust. The mass of a ful#4toad of typi cal waste
reduces by approximately 70% 15 The tenperature is
surfades aof themispdraptetspard hes@ aienpuiisd o8t ofithe ya$ dowi amdd into the

. .,(also known t he conbusti on phase) 20 After the .
iquid Y3, R BRI et SRDDEL ™ ALSSI RSP hapoTaGe WiGh guide the
f i iiodeS passed through the

o O e it E nanber  (uni oh

preheats the air to a superheated tenperatures) and
p .f.i n'ggct into the top of the chanber. The injectors
uritigpuog tmet the air is sprayed as a wi dely

di spersed stream as opposed to a concentrated jet.

The air is initialllt%“pulsedtO"reduce 25 stress in

A ceraric dijter i) imareferably asedr This clsanisoliiet exhaust dases prior to

reloagellolfisciouf Ater s, TPB M Y8 sbito 5 sl el lving o
rubbefsdalalvhizhauatestenid e endiftd@ SGaBYs pass it thelepandiofthe filter
. on systemsize and configuration). This lowrate is

via a febevdiman edesi dheadhwhichhsesurgs thedlienile thevemgifeld. The
gasesyhich fubfiS S TRAOLE FioBla 6f A2 Rler 8y "iRAELY ® rotum

tube in 28 manifold inmerimal useluthiei filier &d replaced hpproxithatehegvary year.
.vol une of the‘vvagéoenq_ creases further,
' t

t | ow. Th
in alteGiafid) pbPGiTRTEGan, BuhEo RO (6o e gites UUS dRereplaced
approXinfatéfSdver) Docpserted to a very fine ash.

Waste Gas Flare
After the purification systems there is oplionally a small gas fiare outlet to bum 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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5 Snoke and particulate levels in the systemincrease
during the air injection phase. Al gaseous exhausts
ed through the wet scrubber and thro

“K)ﬂﬁ??fléitlon system The conbusti on phase laﬂgﬂckgﬁmmmmss

apprOX|nater 15 mnutes. 6. SteamlInjection 10 Wen

t he conbusti on phase has conpleted the air injection

is turned of f, the gas exhabst valve is closed, the

i quid exhaust valve is opened and water flows
the elxteradpBhidee mméo akoafeatilesadn acabss! Ribot {AoP BheWHE which

of the chanber and is injected as superheated steam
allowsiaa epasatarita manyally lpgd thq syatem emdemaadi es of

pul ses, 15 then as a constant stream The pul ses are

1 second on, 3 seconds off for 30 pul ses, then
Cageconti nuously on for 3 mnutes. The water is injected

at approximately 2 limn. The steam both flushes the

ash out through to the exhaust, and cl eans the

' I f t
The SyBicih 18 hofipod M 8l cddeUTSIE Tramifrk 1 Ba6rsAnot shown)
to allew fihexinitedd ddey reimoved easityhaué m arturebkdicamp@’uatm@cage also has

th h dr t o bel 100 th
fixed cffFigfy (151, Sl dapiet SHviCHS Masde) e Taulatern ot aeates and 3
phasé S(S r%}bﬁa%é hidy BexXlis&d Gf ?eaﬁﬁ g'éléétﬁﬁﬂ' Bbﬁn&@s?'ta?e simply

s not beén deconposed he cycle is held
P'UQQBHdn@ﬂdwee@ﬂmmnhecteanved and recycled. 25 -29
- Exanple 1  Apparatus of the invention was tested
for its ability to treat donestic waste whil st

Theree s Wl loBRablBafroriagccitd dGdref23) iisish cm@w;él gn rtmeraqu%erform
the limts inposed by 5 environnental glslatlon

basic rﬁlatétﬁrt?&g‘redﬁslsﬁas}fl’@ GROE pleepipiegts wawe@ framvgrdalisgr.
typi cal breakdown of donestic waste, containing 100g
garden waste, 100g paper and cardboard, 200g PVC,

Chan@éigWiater Jagketr oduct s and table salt and 100g
pol yester, making a total 10 wei ght of 800g m xed

wast e.
On the outside of the chamber and lid insulation there is a water jacket (not

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 (not 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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This m xed waste was treated in apparatus of the
i nvention using paranmeters determ ned to provide
struction in a relatively short perig R{
Wowhf&g?ﬁese paraneters being a pyrolysis tenp((fieraBmomo0853
of 550C for 75 mnutes foll owed by 15 conbustion with
an air flow of from40 - 50 litres /mn for 15
m nutes foll owed by steam-id4§ection to wash the ash
residue into the water collection tank (the tank
combusiian. uSke compressaTis stdconsed Fstranspdrtiag aif theowghMiie tubes on

the GIERPG] the Fhamberdoniiec {niéﬁﬂgﬁnﬁf@%@a&gé Sycler Theicargpressor
feeddsh rgge%lrct%n dt! %ﬁ%ﬁmé:ti é!l‘ptﬂ& hB%e a certain
steam water. Testing o of ases gave

capdaiily| of itongdr @isuT his: meﬁa@lﬂmat]thezs)mp]erssgass dat eongféhtly running,

wh:cfll\m%groggs rﬁf"%e?% c%{e of the urm{. ”ﬁwe com-pressor is also housed in a

sealed enclosure (not shown) to ensure low noise emissions.
Wafter Pump

A pump is used to move water from a header tank and around the system, feeding
components such as the cooling circuit, water jacket and the water injection feed
into the heating chamber (24).

Valves

A network of high spec valves (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 idgic 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 fid is then ciosed and the chamber is

seaied.
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185 <47 Linit stipulated by environnental |egislation
400 200 60 WD 2007/ 104954PCT/ GB2007/ 000853 - 30 -

wo@gp@@%“ely, the wet scrubber water, to be diﬁ&g;&h%%«msss

e sewer in normal operation, was tested _
| evel s of heavy netals and dioxins with the foll ow ng
results: - Table250‘f-vva£$r Data Thal lium

2. Heating

The panel heaters are activated and the interior femperature is raised to between
500-550°C. The liquid exhaust valve is closed and the emitted gases during the
heating phase are passed through the cooling and purification system.

The temperature ramping period takes approicimately 5-10 minutes, afier which
time the temperature is maintained via a thermostat. Due to the efficiency of the
chamber insulafion the power appiied fo the heaters is throttied o maintain the

interior chamber temperature.

The gases produced by the wéste are monitored and the moisture in the waste is
emitted as a vapour and passed fo the exhaust. The mass of a full load of typical
waste reduces by approximately 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 pane! heaters are turned off
and air is passed through the tubes around the outside of the chamber (which
preheats the air fo 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 Vmin (rates of from 25 to 100 /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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With the introduction of air, the waste begins to glow. The volume of the waste
decreases further, typically reaching around 5% of its original volume. The waste
is converted to a very fine ash.

Smoke and particulate levels in the system increase during the air injection phase.
All gaseous exhausts are passed through the wet scrubber and through the
purification system. The combustion phase lasts approximately 15 minutes.

6. Steam Injection

When the combustion phase has completed the air injection is tumed off, the gas
exhaust valve is closed, the ‘liquid exhaust valve is opened and water flows
through the same tubes as the air, around the outside of the chamber and is
injected as superheated steam. The steam is initially injected in a series of pulses,
then as a constant stream. The pulses are 1 second on, 3 seconds off for 30
puises, then continuously on for 3 minutes. The water is injected at approximately

2 Vmin.

The steam both fiushes the ash out through to the exhaust, and cleans the internal
faces of the chamber. The sieam has a cooling effect on the chamber, and after
approximately 1 minute the intemal 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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Limt étipulated by environmental |egislation 0.05
0. 03 150 50 500 200 500 0.3 Hence, the off-gases and

wo bdvengdoks Wat er were inside the emssions |im i’é'lleBﬁOO?IOOOSSS
stipulated in the environmental |egislation. The

i nvention hence provides treatment of waste by
pyrolysis and apparatus for doing so. 31 Cains 1.
A process for waste treatm®dt conprising: -

Example 1

Apparatus of the invention was tested for its ability fo treat domestic waste whilst
ensuring that gas and water emissions did not exceed the limits imposed by

environmental legislation.

.A mixed bag of waste was prepared, based on analysis of typical breakdown of

domestic waste, containing 100g garden waste, 100g paper and cardboard, 200g
PVC, 300g meat_ by-products and table salt and 100g polyester, making a total

_weight of 800g mixed waste.

This mixed waste was treated in apparatus of the invention using parameters
determined to provide waste destruction in a relatively short period of time, these
parameters being a pyrolysis temperature of 550°C for 75 minutes followed by
combustion with an air flow of from 40 — 50 litres /min for 15 minutes followed by
steam injection to wash the ash residue into the water collection tank (the tank

being used in the emissions test instead of a sewer connection).

This treatment was found to destroy ali of the mixed waste, ie. convert it all to ash
which was flushed from the chamber with the steamAwater. '

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 legistation




i ntroduci ng waste into a chanber, heating the waste
to an elevated tenperature to effect pyrolysis of the
i ntroduci ng oxygen into the chanber t
Woé@ﬁ%ﬁ?ﬁ on of the waste, and flushing the Coﬁ%ﬁfé&é@ﬁmoosss
waste fromthe chanber wth water, wherein the
tenperature to effect pyroé%si s is from 400-700C and
the tenperature to effect” €onbustion is 400-800C. 2.

S A process according to claim1 wherein the
epaf%gréfertﬁ? vl serubbes cwvalgyr & s dischafgashie dhe 688@r irB normal

opersol AP 561 LA DIE ST et e aiowng

resultpr-ocess according to clains 1-3, conprising hol ding
the waste at the el evated tegerature for from 10-90
m nutes. 5. A process ng to clains 1-3
5 wherein the el evated tenperature is held for from
20-60 minutes. 6. A process according to clainms 1-3

wherein the el evated t@ipaediare |s held for from

25- 40 [MihliesS | MerGury A RS SEadD T ShiSHut0 t_&é;é&'r "Rickel S| Dioxing

at _t ha e\va

Ex1 COTPT 139~ Mol gppo—thgwesteat—th
£ tUre uht Tl s0pEar 4 of {Re waste'¥s | 1% 0.01

emae N
Limit stipulagdgqyw . -

; adefhsby py \A#]ysn S 8.| A process accordinglto any
Z"g‘{'sﬂ‘;'&?fo clainms 1-7 bg erej °t hel Perper 4% e t of PP ef00 0.3

n

conmpustion 15 al Teast 450C—9: process—accotthfg
to any of clainms 1-8, wherein the tenperature to
Hencesfthe cxff-gmazgqi tine ioff-asitelr % iﬁﬁﬂ%tge %&nhiséi@ns/ﬁnﬁts stipulated
: ess _according to any o ims 1-9, erein the
mthe?é%%’?rg?ﬂfaz%%sﬁg?%ct conmbustion is not nore than
750C. 11. A process according to any of clains 1-9,
_Wherein the tenperature to effect conbustion is not
10 The inygpion hencequavidesreatmenttaf wasiet by pyraiysiaaatusppdiaus for
doing gsed to carry out the process of any of clains 1-11.



13. A waste treatnent apparatus suitable for carrying
out the process of any of clainms 1-11 conprising:- a
seal abl e chanber, a waste treatnent zone in the
chanber, a port for id%roducing waste into the
chanber, a heating el enment for heating waste in the

Claimggber, neans for controlling the tenperature to
effect pyrolysis within the range 400- 700C, neans
for introduci ng oxygen into the chanber to effect

1. pYrBeisdsi o wate rB8mYEHE c6mpRsiARS for controlling the
tenperature to effect conmbustion within the range

intrgcRgo@staieto® chayypbel ushi ng t he combusted waste from
he%:ﬁg%ﬁ\@gﬁ%?é toMrf QI?{’&E& empdtdise Rpéﬁecf Wrol%ﬂs of ﬁfe waste,

process su bst anti al y
inthostuging an@eﬂ;e rchameawoaftqcawm@sﬂon of thAmea@ué

ﬂugMgéEﬁn&dnﬂJsﬁfﬂﬁag{S rﬂ%%‘éfc%%ﬁ'ab‘é?ﬁfﬁﬁ bard with

rence
wherein the temperature to effect pyrolysis is from 400-700°C and the temperaiure fo

effect combustion is 400-800°C.

2.A brocess according to claim 1 wherein the temperature to effect pyrolysis is from
500-600°C. ' '

3. A process according to claim 1 wherein the temperature to effect pyrolysis is
“about 550°C. " S

4. A procass according to claims 1-3, comprising holding the waste at the eleVated

temperature for from 10-90 minutes.

5. A process according to ciaims 1 -3 wherein the elevated temperature is held for

from 20-80 minutes.

8, .A process according fo claims 1-3 wherein the elevated temperature is held for

from 25—4_0 minutes. &

7. A process according to claims 1-3 comprising holding the waste at the elevated
temperature until 50% or more of the waste is degraded by pyrolysis. -

8. A process accdrding to any of claims 1-7, wherein the temperature to effect

combustion is at Ieast‘450°C.

9. A process according to any of claims 1-8, wherein the temperature to effect

combustion is at least 500°C.
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10. A process according to any of claims 1-8, wherein the femperature o effect

combustion is not more than 750°C.

11. A process according to any of claims 1-9, wherein the temperature to effect

combustion is not more than 700°C.

12. A waste treatment apparatus when used to carry out the process of any of claims

1-11.

13. A waste treatment apparatus suitable for carrying out the process of any of
‘claims 1-11 comprisirig:- -
"a sealable é_hamber,
a waste treatment zone in the chamber,
a port for introducing waste into the chamber,
a heating element for heatihg waste in the chamber,
means for__conﬁo[iing the temperature to effect pyrolysis within the range 400-

700°C,
means for introd uci‘ng oxygen into the chamber to effect combustion of the

waste, _ |
means for contl;olling the tempergture to effect combustion within the range

* 400-800°C,
- means for flushing the combusted waste from the chamber with water, and

a port for exit of treated waste.
14, A process substantially as hereinbefore desc_r-ibed and claimed.

15. Apparatus substantially as hereinbefore described with reference to figures 1-2.



