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Recycling of Waste Material The present invention
relates to the recycling of waste material and nore
particularly to the recycling of nunicipal domestic
waste. 5 There are a nunber of ways of dealing with
muni ci pal donestic waste, otherw se known as nuni ci pa
solid waste, but the two nost conmon net hods are
ei ther by landfill ®&ecyplingofWasteylatenial Bot h t hese
nmet hods have i nherent probl ens associated with them
When utilising landfill, the waste is buried w thout
TBOpickdid inventib kstes b thelre3llify sPAafe Atferidd) bEd A6 phdibtlarly to
unusable for many years. I'n addition, toxic effluent
the serychrgof mupicipabdiragstic Wasiet her, suitabl e | ocati ons
for landfill sites are becom ng increasingly difficult
to find. As far as incineration is concerned, this
Thieatd y/nuirebgtiof &dyb be dvdlisig evitlombgiciarl d@festiotwaste, otherwise known
conmbusti bl e and non-conbusti ble waste with the

h
STRHDIEDRbsAIG Waste, s the theimest semmongnethads arg gither by lapdfill or by
ing?lgrartilaﬁ. G e]tsle B @n IR HaSe k?%eﬁént plfwg Bssotzgﬁélb\wt}'? ", When

wast e usually creates su ur “em ssi ons
utilésing tamdfillj gie wase dhblyied Iwitlioat sortiAgldltt takesalip waluable space and
ci nerat orgl?lare not efficient. because [

| hey requir.e
reRAETR NS RRFEanY Yat dn AedigApy ricrsapet ﬁavgéaéseaw the land.
FRHRPARRLBle I aflbAPBP @il THEY 45t BelonlfR b rdiinthy! diftRtufido find.

an 20aut ocl ave charge wast e nater
treated and supplied with steamfroma steam
.this . is discl

accunul at or... An. exanpl e. o sed jn .
AR I9SFAIE IR O8is ARGV SRS USHALY SeGHiEeS PG sty to be sorted into
cAhBEEBRad3onRioBHRHKle Hastt Wit the\Wdnl®nibisHisle MR AeMSsent to a

are a nore environnentally friendly solution than the

langll site\aind Lthe combrastibie tasid soudats Eovtsver, 4ho burning, ef waste usually

25 inefficient as they are. bat.ch proc €S, . A e
orflin i MIRUE SPelds At Balischdieh opE” Shiaheys.  Additionally,
indiPrefitdrs dR2nod 3ffidiit bR thby Euird MRk enBAS ikp@s proposed

in order to maintain a hig%ly pressuri zed steam

processing unit which is both expensive and hazardous.

G L 18801 S o AEAEE IR R s
atoclave charged with the waste material to be treated and supplied with steam from a
steam accumulator.

An example of this is disclosed in US-A-5,190,226 where solid waste material is
processed at pressure of 4 bar. While these proposals are a more environmentally
friendly solution than the two previous common methods described above, they are
inefficient as they are batch processes. A continuous process has been developed in e.g.
US-A-6,752,337 but special equipment has been proposed in order to maintain a highly

pressurized steam processing unit which is both expensive and hazardous.

Further examples of prior art include WO-A-03/024633, US-B1-6752956, DE-A-
3544240, and US-A1-2004/0025715.

WO-A-03/024633 discloses an autoclave charged with waste material to be treated and
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supplied wth steamfroma steam accunul ator to

produce in the autoclave a tenperature in excess of

130C at a pressure in excess,of 2 bar for at |east 20

m nutes whilst the waster material is processed.

Rotati on of said autoclave, together with vanes in its

interior, help the steamto treat the material, which
supplied with steanl frém @rateaneaccumuddtenie pir@ducs i theawiosthve @ temperature

ol Gy o RSRAL T B BT LA, ey p 8 i e

wastEefnaterial iss pfced¥ed. N CREtRSAbI REid! Aifod4 2R nwitiatvfies in its
is preferably used with the autocl ave to allow the

injguior.eheim ther steam to tropethamatesiali whichtafigr regpvah fremsthg zgtoclave is
coglbféféél%ﬁ gao nf’arg ?&Eénl{? s%ﬁ%é%u%rufé Sgarrt] gfe? PR @%ﬁé@i&t@naﬁﬁl\‘%mg a size

leky gaah MASAmMY €A sedant gemr@word §ys€enﬁﬂi>1lic§br}&frf1ﬂ1ng et stgun® aeammulator is
A system for shredding the waste in the vessel is_used

prf:@rahhb pesdlavith @eéggocm teallave iheavpsicnatorialde operaisredficiently.
conpact waste product. DE- A- 3544240 di scl oses a
cl eani ng process to separate oil and grease from netal

U L-6752956 discipas atcontnolf systefn foir hmsceps‘ing emsien gl“hd]mys'tang controls
sai d %Hfanln%1$rocess smal | - si ‘%ée I S suhj.ected

PICFPUEE WIS 10 @ CeASBPMeYs t% PEMAG 7 RQre chligigntprocess. A

syRfth ?Jf%hﬂe%gfa ol e 30 i in, thmes%ér #QR44 g&%ﬁg&@ dkotesOSESiency and

an anaer obi c process of digestion o anlna manur es,
provides)y more pampact westaiptalucor gani ¢ substrates. The

process is capable of refining nutrients 20conpri sed

in the digested biomass to fertilizers of commercia

DEL{@J3|5MQ4OTd'i§:l@§e§%Q:'IHanidg\iﬁ&Edth’b ﬁ?@l‘é’ted@iﬁ aiid §ehsd fr&M thé&tal waste
recycling nmunicipal domestic e which is both

ingrepaggtioar for Eirther prasdssény i Dtmn@ sﬂlélcleﬁnmglpémwsmaihélzed waste is
s@he%ge%t g 89 ag%lg nstl,?gf?lg%é cl[ slge ?rgg}n 3Wa1|r det #8¢ 10 300°C.

of 00 ng
conti nuous steam 25process. Preferably the systen1also

addresses the problem of odour generated fromthe
UBtAh2004/0923745 diéﬁClQSPﬁa@n tan@ergblésvémess’ @0 digesloon BE apippad manures,

erfg @cj:r ! % %ﬂgﬁjﬁl\?\léls&%?mgggm tpr&%}gs: 1‘5?}:0 é’Mlé: [)f %‘E‘le@%utnents

comarceeth anthic riggedted bionysss &DfemMiersxkf conEmegcxa]lqn&thxzvs a
di agrammatic representation of process plant according
to the present invention;

The present invention provides a solution to recycling municipal domestic waste which
is both energy efficient and environmentally friendly. The process plant is modular in
design and will take unsorted waste and thermally treat it using a continuous steam
process. Preferably the system also addresses the problem of odour generated from the

plant.

In order that the present invention be more readily understood, an embodiment thereof
will now be described by way of example with reference to the accompanying drawings
in which:-

Fig. 1 shows a diagrammatic representation of process plant according to the present

invention;
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3 Fig. 2is a flowchart of the basic process utilized
by the present invention; Fig. 3 is a schematic
di agram of a steamtreatnent sunit used in the present
invention; Fig. 4 is a schematic diagramrepresenting
the production of ethanol fromthe system according to
the present invention; and 5Fig. 5 is a schematic

Figi 24y aflow epare sbihe ibagjc prasessrusidiged by HhegiresghieigEéntfonpm t he

SRR Rab Lol et B3 ent el s P iion

Figl aciesSschbmbfic diugfins ir&iBedettiid ehePprodedtion! s¥V&@hdrod from the system
Ref use vehi cl es bring nunicipal donmestic waste to a
aqeprding orthe presatinyveptigiénd t he raw waste, wit hout

F0S P BRSSP BB SR S 8408, sy
acebrlitigvo thé pasert is&htient units operéti ng in par al I el

each with its own hopper for storing shredded waste
prior to it being fed into the unit. By the term'raw

Riei%rrirgg%tlr' Y, s §RWstdiRahmARLAR! the BELS HRnB accordi

and/ or vvé%er I's Saﬂ%eé tl%qt he waste pPl&lg? to&bgghg%e%ccor e

toi the gresent siverrtmnt Refitseevehicles tring(mjimiciPak demestin waste to a transfer
ated such. that.the waste |

dreatnent unit Cis ope S ;
sifer da g ghe msrWQ%tﬁa?vétﬁwumgorrw&ufSe§°%mawt1ﬂ¥ el xipoppechanical
shhetiy infit BN SepdirddiRkdn@iniBCSH Fi%’ﬁrelEl,itﬂér@ afl fwP§t84Hh treatment

categories such as raw bi omass or cel lul ose, plastics, .
urfitsrapgtasingwn parallelgach withatsowrehepiper fosstoring sheedded waste prior to it

ot her, residues. ilising. this technique, lLess tha
oefhgrRs, i Y e ROy SR aodffSnd dffler such es
cHenfielfl$ bhd/enelateh s QIdbBEto SRWRE MWastte beig B inte ECdtedn treatment
There is an up to 70% reduction in the vol une of

uRif{8k e. The raw bi onass and plastics receives further
processing indicated by units G and H and/or it nmay be
stored, dried and then fed to a gas converter unit in

The stedm ttzapicd uaR @ asaerged Bpht thitohe avabieak negfell fohapploximately
may be used to 25generate electricity. Fi 4 and 5

4 Famtes ek the tregled prasteds dhangsepatediat ac%ertﬁlug e diflerery aavegories
sRh B34k b?(fmzlasts or -Egl?ulgeb ?fasﬁ&[ Ferbud Rl H&rﬁfe‘?foﬁs 1ed1 Sdxtiles and
at F. By It t he wast e

as 1 ndicate S very nature,
othrert esidaés. Wtilisingxthtetechmiduea &an thandidld by atolinmt bf theanitial waste is
t to om t hg st eam g)r oces

i nl nd .outlet f i uni t .
aqson o Fagg na the pbTienisE ol Eian B FoeEied: Pietaisan up to 70%
reduction in the volume of waste. The raw biomass and plastics receives further
processing indicated by units G and H and/or it may be stored, dried and then fed to a gas
converter unit in order to produce gaseous input for a fuel cell which may be used to

generate electricity. Figs. 4 and 5 show alternative processing for the cellulose material

or part of it. The other sorted materials are stored as indicated at F.

By its very nature, the waste material will exude unpleasant odours at both the inlet to
and outlet from the steam processing unit. For this reason, it is proposed to extract the air
from the steam treatment unit and treat it with an odour removal process, as indicated by
D in fig. 1, such as that described in International application no. WO-A-2006/095199

where the air is treated by ozone generated utilising ultraviolet light. A feature of this
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30 fromthe steamtreatnent unit and treat it with an

odour renoval process, as indicated by Din fig. 1,

such as that described in International application

no. WO A- 2006/ 095199 where the air is treated by ozone
generated utilising ultraviolet light. A feature of

this 4 technique is that if sufficient ozone is
tegbmgnaissthatifcsukizgientjozonoist ganerapdd: dnd kept am contactpeith the air to be

treated f .a suffici.ent riod of .tinme,.substantial :
ub B onndhicif pian S e, SiebOla oot B SR K pfevea. This
dbqwedire, hbwtvaddhdti adidional tul@wisleellight Mat pheidedoyt dedifferent
at a different wavelength to that used to create the )
waydergth o dhajaised & enseigrthe OFRene imoorder fovensyicothat ng active ozone is
ent. LNy al i schar t phere fromthe
P‘gefg%ngz%{she aﬁec}léec?lrgrlgﬁ% Ii? %nﬁsghergﬁggqttggﬁﬁ%g%gener ated in a
boi | er arrangenent 10 which provi des steam at 10 bar

pressure_and has a tenperature_ of between 165C and .
Rofeyingnio HE- 2.ssteagyistgsngrateddp s hoilenamangemsac 1§ whichprovides steam
oY 648 AFEkule g S o APEp R R OELURR LG andVORC which ig fed to o
sttaadreatmemt sapioadenviddh maytihdudd omkorBno® ihéigtidual bikits operating in

o] g Earors he Reagion sOHARIGATea AprSFRSH PR H T b7 o the
Sieh (RO bAAMTEMI WY is' fer Al eRdo BXoRercIC! €

system 16 and o0 an odour treatnent unit 17 where
it is treated as descri bed above 15prior to being

vented . to at ppsphere. Referring nowto Fig..3, thi
ALE i S8 IPRRERS g R B e PmEntalt i anbfdy @ ducted
sysfnh 18fanti Ted B} 8 bdourttréa@AiBtiup@S] 2Whére AN Bt @itsdNBRRErI above
drum 30 which is substantially sealed and is provided
pupt th bgingoeuisd e a@rasphggenent for noving waste materi al
froman inlet 32 20to an outlet 33. The preferred
arrangement, of drum30 is to nake it a rotating drum
RefpeEndhow 80 Fe O1 tHi showl! igrmiére dtiilf decfofth offihe ftedrs treatment unit

fitted with one or nore continuous helical blades. The
of thegolant. It comprises an elongate chamber or drum 30 which is substantially sealed

and is provided with a conveyor arrangement for moving waste material from an inlet 32

to an outlet 33.

The preferred arrangement, of drum 30 is to make it a rotating drum type of conveyor the
internal surface of which is fitted with one or more continuous helical blades. The time
during which the waste material is treated is, of course, a function of conveyor rotational
speed and conveyor length and these are adjusted such that the waste is treated for

approximately 45 minutes.

The waste is treated by using steam and/or water injected into the drum 30 or drum by
means of pipes 31. The steam is preferably at 160°C - 180°C but may be up to 200°C and
the pressure in the drum 30 is above atmospheric pressure but less than 2 bar, preferably

at 1.25 bar or, in other words 0.25 bar above atmospheric pressure
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during which the waste material is treated is, of
course, a function of conveyor rotational 25speed and
conveyor length and these arg adjusted such that the
waste is treated for approxinmately 45 m nutes. The
waste is treated by using steam and/or water injected
into the drum 30 or drum by neans of pipes 31. The

Insadditianite thy isjet pabpytles 82130 the chapber ¢ururedP ey bpproyided with a
ARG T 4 SBLSTN e WInbF o bl ruging om

stédm protossiray. Adso, aigas O¢M@fiay iy 6vided forbamoedl @f @asses resulting from
at nospheric pressure 5 In addition to the inlet and

the procsss. JheseagassesHan dehesapd grd singratabsniipt Befighydrosagpons can
| : 0 ' n
belhie B ot PR BF Rl 300 bF Rty ) SR Eerk VAR fRim e and
reptdessi inty. thépseessa gas vent may be provi ded for
renmoval of gasses resulting fromthe process. These
gasses can be cl eaned and separated so that useful
WA HRCVRANS0E&Bing D1RL; %‘ﬁ%ﬁs@d %ﬂg%'h RAVhse At mhh® t
pl ant ar?d/lcq)l?mhavgginy hseat ener gy re?mved ?rom Phgr%ecessfary °
prarpiogess the wdste dd remden it horpuoitfess .in \Airenby imeans of al shredding or
r.ocessi n | ant .i 5. bej ng, used for ge al ste, it
Cre BrOSES aion ) feeing Lo hg iltido dheo b e W Gisitsehat there are
nd'BloEk4484 AAh&N M1 t6 kifelrddym R ANT afd pR VY LEleltBnSiktent product.
10crushing process prior to feeding it to the inlet to
the unit. This will ensure that there are no bl ockages
t .0l e the treatpent unit and .provide (TS
s 4 Bt PrbiBBhEREl 1D Aoy BE Rl fock® it win
refdr&fRS® Figdeli3. The IsteafiVphseSlse inteEorhprisedr £ ré@tabld drum 30
with reference to_ Fi gure 3. The steam processmmmt
taily arouatedgnolens o 5 and airanged 1g bp drivervby & chain fantshesyn) by a

rol hers ! dr.i ' .
o LT S0, 1 LAGEP oD AT B g o s
providsé -omextd imernalr aafach rwitlg b uiinbet of Ispagtbladed. The blades may be

pro(Xi ded on its internal surface with a nunber, of .
fosmee dtprp|2a¢iagle cantinpousqlalica§orpw mMEMRE|OF AoHTabes| ofgpat-helical

bl dx g éfi %bﬂleﬁ@él c%ﬁﬁglgﬁtg@{ggﬁétaﬁﬁalﬁe@%@% 1&gth of the drum 30.

part-hel i ades ex In a .
Ifcactssguys aixiably disfrsedridides Ingayabemyovided Ibetvggeh the tuims of helical

seg{igrgg f:r)’loo'rder to promote lifting and tumbling of the material when loaded into the

drum.

Steam 1is introduced into the drum by a plurality of pipes extending along the length of
the drum, in this case these are provided on the internal surfaces of the drum and have
apertures centralized in each pitch centre. One end of each pipe is terminated and the
other ends of the pipes are bent so that they come together at a union 36 located on the
central axis of the drum. The union 36 is connected to a rotary coupling which in turn is
arranged to be connected to a supply pipe from a source of steam. The drum may be
housed within a container 39 having insulated walls to facilitate heat retention and
facilitate vapour collection. The container 39 has an opening at one end opposite to the

steam supply end. The opening is arranged to receive a shute where waste material to be
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20 If necessary, axially disposed bl ades may be

provi ded between the turns of helical sections in

order to pronote lifting and ¢dunbling of the nateri al

when | oaded into the drum Steamis introduced into

the drumby a plurality of pipes extending along the

l ength of 25 the drum in this case these are
trpatod ifideria bappdnds suppdiedaThessintatsesranged tveprojeghihapughhthe @pening

ert es .central.i tch centre
GRG0 dhe auiEeh P e PRl ol BiRIeR Birlocging oidling feed
nRER/Ssn Rr@uéher'ﬁhlnﬁii’nst Dadal bBRek AEstéRE elBienBini® akd) b@ibsphere. It
36 located on the central axis of the drum The uni on

nRg alsy beopresided avithoa hatlstseras toslinsel wgstmaéwarl inte fhe s¢rell trough
fGhicd et%]e th% 19a91‘ o?%fﬁeﬁgrﬁgl lglgdes %lf' %%ﬁthgogﬁd ﬁontalner 39, and

sourc eam USG

w@whtlaaayerserﬁ% hwtdaeh suppl), @teet@lea\fat Wasté fhafesal isl rebeed) ik end of
retention and facilitate vapour collection. The

theorugn indecatml WHhingmshspieh Phighateresado sprfaipihe stepm Vishinithe drum

o BRI HBPL 00 TR e s DRSS i

tHeaqylet in srdsiuphaiathin ajhebmmmos;ﬂleﬁc peesgrad it dlepdmnem This may
t hrough t he openrn and into the adjacent end of
bey A RIEH0E APRED ARS™ HSpalty, by @aeTtioh ohth theomsgehamisnt éteﬁle &t from the

steA ARG HiC Ehc{@hs%ﬁ rtﬁ {3he esat),[)@eéhr}eeft 1iRGys FARBY material, a
treatnment unit and ere may al so be provi ded
pigissune abdaef EftineS}IlmrlasprdzseurdlcraﬂbB mmsttamedratldnm the cilmtm3Q wéthout the

scrol | ou forme by t he ellc hel i cal
NERLAQBEVIOR & FRIAb FRNEEDpe RO RRY e & B84, o

whi ch is adjacent to the st eam supply, the treated

waste material is removed. The end of the drumis )
Wlwnathedruwt 3(hiSrrow®hhmsd zwrl'r% mvs/mine%emisamﬁpalymaum to impinge

of Pt B ot B B8 B B0 PTG i Bt when i
o%rﬁ&d&ﬁ%f@ﬁeﬁtb@ outlet in order to mai ntain an above

at nospheric pressure in the drum30. This may 10 be a
rotatlng nmechani sm LBuaIIy by operation of the

TH@ QE‘ Foead d{:% b&%< hd Sfl&% H@%ﬁétf@@a{e@. eaafag%q%ol icg?f cellulose

uring fe” Su I's al wa
marmmt alal it mpmsﬂﬂesur etlladeahecatum pheerial ap racfasiufoe tieaprobess plant

) d h h 30 h h
bR e SOTSEAS BT OTIch R GO BRI al st BISop DY i i output
ﬁdﬁﬁth@%%&é%ﬁf&nt b dodp ﬁ@ss'c%ldrﬂ%a&a@lﬁje of M Wfﬁk% Q&Ihlch Provides

revs/mn, steamis not o caused to I npi nge
theer k'Weef cm’ergyhéf drixtde thwgrossncaﬂdrdiodva]mn imuteam tallgdo 18 MJ/kg This

ected .into the material en it overli.es o of the .
oissSE et tuielY 5P gt and HEP piberE i SRl f1ofhey Bgn fossi
ﬁfe[ IRisehuSpdRIHIE to/ i 158 i 6thass ShdtbiATEsultdd) fFBhahé dlas@Rbatment as

is possible to utilise the cellulose material as a

ﬁretr &r thostearn doierechdditipnally: o altcaiatively, tkls calhslefﬁafﬁla*pecould be sold

yuct such .as eth The cel
F4 Bl Jf Rola UeSsbltys pioPThen 255 ASL mrof st §aus fue
fr6ﬂ1| thfsi ceilglovebivmagy. Thik dBédeg fidicelld pha@vbedRsthtrtyreceskdd i@forder to
energ If dried, the gross calorific value increases

Ptoaldﬁeflﬁ gy holraasn foiastusl esth & PrasHe@dHeCt qurEenh Flegtrial output.
t

A?tgtglgﬁf’ély,atgg ]géln.l'fése ﬁtélggaltéﬁﬁtg bgoﬂsnztp%}bg&iegéegtaa:g l%flo&zﬁ H'Figs. 4 and 5

tooprodmediorethanoladndrdissal priiorgo fanp solidiesidas being ipeadessedtas dsscribed
fuel for the steam boilers. Additionally, or

aQV€er nativel y, the cellulose fibre, could be sold as a
commodity or it could be sent to a bionass gasifier
whi ch produces gaseous fuel fromthis cellul ose
bi omass. This gaseous fuel could then be further
processed in order to provide the input hydrogen for a
fuel cell to produce direct current electrical output.
30 Alternatively, the cellul ose material could be
further processed as shomn |n Frgs 4 and 5 to produce

o o, o a -
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S5current so that it can be connected to the normal

power transm ssion lines. Turning nowto Figs. 4 and

5, this shows how cellul ose paterial and/or plastics

produced fromthe output fromthe steam processi ng nay

be handl ed to produce bio-ethanol/diesel. 10Dealing

firstly with the cellulose material and as indicated
Agdditipngly ar, altteh@timlmm fromtthe steand biorlers cpuldda@wed to drive a steam

enerall e the r fere
wlRE Y. 2ephlits e tor Pl HARES ARTRRRL 17 M fstpn. The
elbétnblltya lp%udégd by eielitk tBe ABoRNAYILRIbEY GhetBSdsa6deb@idsed! Within the
enzy usi ngpcel lulolytic mcro-organi sms and a

PIQGEsS .péw or geidd OF seldl aﬂ%t@rﬁlwlltp@tm@ dagbeentcoppgrted to alternating
O Bk BEbEC Gt RV ST B S e MR R e

to stand for a period of time and then the I|qU|d i's
drawn off which will contain sol uble sugars.

Tyngng new o Kige# andeh, this shawgrhovseellylese énat@*rql@wi/at plawcs produced
frBﬁktﬁé oﬁk)ﬁltcﬁorﬁﬁfﬂsggzin? gro\égp%ﬁ‘% dﬁ%@e ﬁ‘a?nd?elﬁcts ?&fﬁ?y bfoSethanol/diesel.

cerevistae to t aln a
stand for a few hours. The result is a Ilqwd

DFSIRER By Qo Scelh e Paienth g 8t Geieaiin Bk BfF bipass is

tr@é?éc?ﬁled'ﬁ‘%e?ss gkﬁ@ilﬁj indrealell b9rtﬁlé9fefér9néé' ridhierdl 50f fFu@ﬂ?‘ the biomass
col l ect the ethanol at the”output of condenser !

isToaded mgforactank 51 wherept mdirolomn upalyyeaddahg arecrizazmuamclﬁ apaspergillums

ot AP BRI sy AdhRohd 8 may v

addRaUIAtanis sfage! adtRrel R2bhe Bm £BerferABma b fnjemed Hitdtth@tink also.
tank 61. After a suitable anount of time, the

Th@mulﬁaaxﬁmaﬁapﬁoﬂlowesi trstand for 4 petocbofjtimg and élnqnt the liquid is drawn
%’%@CHS\{'HHI rﬁﬁg goli] e sl}lggrlalel deg)qul z%k@‘%{ﬁgjegtbtb O t4R8S where

0O CO I ese

fermpitati@dtak e platdigy h@dihg O€hsakiid. as saccﬁb@n@ibe@ erevisiae e che liquid
into the tanks 51 and 60 may be\;ﬁwnerated by .the sane
angeagaimelénwiag 1t to stapdsfenia for hpwiso Bifols adiquid pentpiaing ethanol

an%i Bthh”;(a}oﬁﬁctl’ 'aﬁéti il qugfd fshcﬁeé E’e%at{@eaP B&ﬁﬁét?dd“?mk!&s tindiBfled by the

regfﬁameanmn&al 58 1ACb:I‘d¢11 tmndistly off fand emﬁed tht hethamiot at thet batput of
Vi Ci ni% of the ethanol process may be subjected to
CQAERREr PFeat ment to renpve any excess active ozone
remaining in the tanks 51 and 60. It is also
preferable to coat the interiors of some or all of the
Tuermimgsndn to 8@, pladics dlaterial mecdaimed from the steam processing, as shown in

Fig. 5, this is fed to a tank 60 where a solvent is added and the resultant mixture left to
stand in an evaporation tank 61. After a suitable amount of time, the resultant vapour is
drawn off through a zeolite catalyst 62 and then distilled in a distillation tower 63 to

collect diesel. If desired, ozone may be injected into the tank 60 also.

The ozone injected into the tanks 51 and 60 may be generated by the same generator as is
used for removing odours from the air in the vicinity of the steam processing unit and

generator or it may be a separate generator or generators.



10

15

20

25

5 anti-mcrobial agent. Preferably the agent is one

whi ch is non-1eaching and non-volatile and i s not

consuned by microorganisns. Rarticularly suitable

agents are those which are capabl e of being coated on

a surface. Suitable antimcrobial fornulations are

t hose which include, as an active ingredient, a 10
Aqmtoealba n@n@dwb rﬂlme irmthe viginiet of thblethanolgipeask aaydre subjected to

o eh il sl plt SrBTR Tk SRl e B gre0
trlalkyloxy3|lane group, nost preferably a

tri met hyl oxysil ane group. Mst preferabl e’{mlt(he silane .
Itds alsp preierablpé@ ped theintarers el sopgar atlidihofnknel,93) #0.4lavith an

alﬁl-g‘lfﬁ 001 géeﬂr ?gef-sgﬁh@ Symh{era%&gq%éhg ﬁqhg&‘eh %ﬁn%&{c}lﬂ{gl and non-volatile

algr BupPs comumlee dgtmiorerghisnsi Pirticslany shieibéagentsne thogt which are

and at | east one of which is preferably C8 to C20
Caé!ak&?IObeﬁ§°atFﬁ8n|§rslé]ffé‘?er ed conmpounds have the

follow ng general structure: RIOR, R2Z N-(CH,),- Si

-OR, xe OR, 20Were. R is nethyl; R2is methyl or C8
Suid:ab@@ntahicydbial;fpﬂﬁdaﬁdmsyamﬂhdsyIwhiEl‘.B iﬂcﬂ;uctéa a$ @n @20ve ingredient, a

aI k@yﬁrﬁ@{nﬁﬁﬁf’ Q’[ bz qrgb AR orgdeo%gb%%%ﬁ: . 1%?1? ilqgrogen atom of
tl@rsgmlﬁﬁrefé?ﬁlﬁgf%ﬁ%t&@e&: BL QrdifaRe grgfi P& sl tRaR10Rysilane group,

useful "antinicrobi al agent 1n or at es
n@st(nrpfereé)ﬂm@klymuhylp)cyslbno gydughi hhxsmyne&mtdyi ehg/sllaawgmpumttached

to gf%*rggwagtﬁ{ngg% Czﬁla taggrﬁg{)%%g g@blpg/?b% n1trogenn3?om oqfthe salt is

r%fe(rilﬂ ARb ROBiBktEY BY tHEOPNECIRRL RN seitflééé%ﬁ(é ofWH@R isreferabl
pchI orlyde as the ac%lve mgregﬁeégt P CLAI MS: 1. Mﬂ’e Y

mgthybeand atoleagtrangt @ﬁ]@’hlf@n@snrf'«@rahé}stcs tqaq:E rgligyl. Thus, the preferred
oGRAAAL REIARE il berlchal SURIIGD S5, [ e 5P AF:

eing treated, and
subj ecting the shredded material to steam

R, OR, ®
| |

R,~ N-(CH,),- Si -OR, x®
R, OI{4

Where: R, is methyl;

R; is methyl or Cg to Cyg alkyl, preferably methyl;

R3 is Cg to Cyo alkyl, preferably tetradecyl or octadecyl,
Ry is Cy-C;4 alkyl, preferably methyl; and

X is chlorine bromine, preferably chlorine.

One example of a useful antimicrobial agent incorporates 3-(trimethoxysilyl)-
propyldimethyloctadecyl ammonium chloride as the active ingredient. Another example
of a useful antimicrobial agent incorporates 3-(trimethoxysilyl)-propyldimethyltetradecyl

ammonium chloride as the active ingredient.
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5 treatnent at a pressure above atnospheric pressure
but | ess than 1 bar above atnospheric pressure and at
a tenperature of between 150G and 200C by conti nuously
noving material fromone end of a steamtreatnment unit
to the other while agitating the material. 2. A
Erocess according to claiml1, wherein the tenperature
CLAIMSt ween 160C and 180C. 10 3. A process accordi ng
toclaim1 or 2, wherein the pressure is 0.25 bar
above atnnspher[c ressure. 4. A process according t
Lc| aj fnpiocess fgyrtreatingtiomestis wasie magsriebghpigpfered inbatiegopiprisgs the steps

oft %hx@&hﬁge WalridI5or 110 ek HRaBd, M %l%gctfng rthd OiGedRY Shatdal to steam

A process according to any one of precedi ng
tr%altramwt ANRTCSWATADPY AloSIISRe ATCSTWF bWelCFﬁathélF ilabarjabpys ptmgspheric

pr@é%ﬂr%ténﬁ We Qttccmpe?agtﬁ'e At BEQEED ?509@ 39& gb @ ﬂyocoﬁhﬂlomlé moving material

wherein the constituents I nclude cellul"ose materi al
frown orthendf & sibgre treatigent gnif torthdether prhie egitatipgithe matarigly ocess
according to claim6, wherein the further processing
includes treating the cellul ose material to produce
2| i quiardeessiaccopding g clapn breesins the teoperdungyis berweeral ofiCrand 180°C.
wherein the cellulose material is separated into
bi omass and pl astics, each of which is subjected to
3.sepafarasessizeqonding pmdmeésxr Agwher@n thy presere 9. 23cadalepve gimospheric
glaim8, wherein the biomass is converted to
bi oet hanol by bei ng 30broken up and the resultant
material fermented with a yeast in order to produce a

4. | ' qu}\q)r(ym&scalaco‘?@ﬂg Re& éegllnslt blok @qxzﬂefélrpﬁug g\ﬁorpbptﬁé Iﬂﬁféﬂhl is achieved

A process according’to claim9 erein
b)bfp@élkgﬁ@mmﬁodﬁrtbh@atbﬂldnass i s achi eved usi ng an
enzyme.

5. A process according to any one of the preceding claims and comprising separating the

material into its constituents.

6. A process according to claim 5, wherein the constituents include cellulose material

which is subjected to further processing.

7. A process according to claim 6, wherein the further processing includes treating the

cellulose material to produce liquid fuel.

8. A process according to claim 7, wherein the cellulose material is separated into biomass

and plastics, each of which is subjected to separate further processing.

9. A process according to claim 8, wherein the biomass is converted to bioethanol by being
broken up and the resultant material fermented with a yeast in order to produce a liquid which

can be distilled to provide bioethanol.

10. A process according to claim 9, wherein the breaking up of the biomass is achieved

using an enzyme.
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10 11. A process according to claim 10, wherein the
enzynme is aspergillunms. 12. A process according to
claim9, wherein the breaking,up is achieved using
cellulolytic mcro-organisnms and a nutrient. 5 13. A
process according to any one of clainms 9 to 12,
wherein the yeast is saccharonyces cerevisiae. 14. A
Tbr oc Agsocgescastardingytotctpin |1 @i wheesin Sk enzaing istaseergillyms. i cs i s
converted to diesel fuel by being 10dissolved in a
solvent, the resultant liquid being held in an _ '
12y apdrraedessnacedfingith elpinpf,i wherdin thetbsealing yoris #rbioved pergsedulolytic
iSOk As HALaLyRh: and distilled to produce the diesel
fuel.” 15. A process according to claim®6, wherein the
cellulose material is gasified and hydrogen extracted.
5 [ ' - j ot
iy ar SER S SIPaERE FERRLE b €T e B Gl siharomyces
ces¢vastacr i cal output. 17. Apparatus suitable for
treating donmestic waste material including paper,
glastics and 20 netal s conprjsigﬁ an el ongate drum 30 _
lhavi Agresassiagtasding® daimdywherpia, theamlastiog is senvanedto digsel fuel by being
ORI RO, TR AR o el U TR Aok 6 i o i
vapherrbgngeassebidirqugh @ prialyss anddisilpdiopreicebergieses fisl. g
shredder B suitable for shredding the waste materi al
rior to feeding it to the inlet 32, and neans for
12 upphyirergssscecading ¢ ¢ltim 6, hetieinghe efllufoprematierighiggrsidied agd hydrogen
elthaSted €Ngt h, whereby to cause the interior to be at a
pressure above atnospheric 25pressure but |ess than 1
bar above at nospheric pressure and at a tenperature of
et g J i
O ey ool ST 15 ynelch nEARRRER 1 BRFELH Q] 1 Foduce an
clegiti¢aboutp8. i s provided with a sealing arrangement which
permts continuous operating while maintaining the
30pressure in the drum 30. 19. Apparatus according to
1T] ai Aoparatey suitgble dpretreaiing dpmestie wrastg Ondteriat dnchudagl rapern glastics and

m.%éls Q'bﬁﬁliigx?gdan\’\éll)rtkaétdr&rﬁ a8 tha\gﬁ]farhl%leit 53 th Me %{1& an outlet 33 at the other

end and means for continuously moving the waste material from the inlet 32 to the outlet 33,

characterised in that said apparatus comprises a shredder B suitable for shredding the waste
material prior to feeding it to the inlet 32, and means for supplying steam to the interior of the
drum 30 along its length, whereby to cause the interior to be at a pressure above atmospheric
pressure but less than 1 bar above atmospheric pressure and at a temperature of between 150°C
and 200°C.

18. Apparatus according to claim 17, wherein at least one of the inlet 32 and outlet 33 is
provided with a sealing arrangement which permits continuous operating while maintaining the

pressure in the drum 30.

19. Apparatus according to claim 17 or 18, wherein the drum 30 is rotatable and is provided

with at least one helical blade.



10

11 20. Apparatus according to claim17, 18 or 19,
wherein the neans for supplying steamto the interior
of the drum 30 along its length conprises at |east one
pi pe extending along the length of the interior of the
drum 30 and having apertures for directing steamon to
the material to be treated. 5 21. Apparatus accordi ng

2Q.0 cPppamtgsgccarfiag o dpimtédr B il whereiethemsans fasqupplying sieam to the

infriBP&F thd\ErumS0A e A6 letnEt‘ﬂ coib&de Qtrlea‘gic orIe rf)‘?pe@&féﬂalggalongztgc length of

par at us accordr ng to any one of clains 17
the (pterias rof ébﬂmmsi%@dd@ﬁmauanme% for dlmrl@s: 8P4 0g tordicapatepial to be
wdk@m the outlet 33 of the drum 30, the interiors of
the or each further container being coated with an
anti-m crobi al agent.

21. Apparatus according to claim 20, wherein there are three pipes extending along the

length of the interior of the drum 30.

22. Apparatus according to any one of claims 17 to 21, further comprising containers for
receiving material from the outlet 33 of the drum 30, the interiors of the or each further container

being coated with an anti-microbial agent.



