Apparatus and Method for treating waste The present invention relates to
the recycling of waste nmaterial and nore particularly to the recycling of
muni ci pal donestic waste. 5 There are a nunber of ways of dealing with

muni ci pal donestic waste, otherw se known as nunici pal solid waste, but the

two nost common nethods are either by landfill or by incineration. Both

t hese net hods have i nherent problens associated with them Wen utilising
landfill, the waste is LG al tNQtHo SRt &tind tvds@kes up val uabl e
space and renders | and rtion, toxic effluent

can leak into the land. Further, suitable Iocafi ons for landfill sites are
becom ng jrﬂcreasi ngly difficult to find. As far as incineration is
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landfill site and the conbustible waste burnt. However, the burning of
wast edusual | y creates sul phur emi ssions and requires high unsightly

chimeys._Additionally, incinerators are not efficient because they require
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continuous process has been devel oped in e.g. US-A-6, 752, 337 but speci al
equi prent foiamabgevieansogos edditionorideic teffloanthtcainnleakhirgbl yheorasd.uFurder st eam
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which is both energy efficient and environnmentally friendly. The process

plant is nodular in design and will take unsorted waste and thermally treat
it using Asdanes munerativadmoansessed, thisfisualbl requiresshetwaste tobs sadthdesses
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being sent to a landfill site and the combustible waste burnt. However, the
burning of waste usually creates sulphur emissions and requires high unsightly
chimneys. Additionally, incinerators are not efficient because they require high
energy inputs.

20
More recently, there have been proposals to dispose of municipal waste by
utilising an autoclave 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

25 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

30 expensive and hazardous.



solid waste material conprising a vessel with an inlet for waste to be

i ntroduced and an outlet for treated waste, the interior of the vessel
having a 10 first zone and a second zone, the apparatus further including a
plurality of steaminlets for selectively injecting steamin to the
interior of the vessel, a drive arranged to provide relative notion between
the steaminlets and the first zone such that only sone of the steaminlets
are in said first zone at. any tinme, and steam conirol rmneans arranged. t
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energy needed to allow the breakdown process, in particular of the organic
mat er i al sThenpreicess plant He masiubar o delsign tane wallt takef Linsorad| wasteadret].

201t is agdvantageous for.the recyclin rocess to he . a ntj nuous process
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rotate the vessel and in this manner transport the material along the
vessel whilst also mxing the waste material to ensure that it is fully
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the i,nferjor to a.t erature of 150C to 200C ar rovided as this..is

si rrpl1eia)t vva{'/%ttozéonrel gt es"?ﬁé)&dez?rﬁ?’e Iiw%laqpargu{seﬁ%rgpgrt U}Céuﬁ'ﬂgrg QIHEEﬁEYe%kqovm
process iseahiiiues foi tbiedtidelemssutaly etddmiBinf t@MBe iMhRidIest tHY VEB3ES gu | |
normal |y be selected 5 fromthe group consisting of heated air, an

ext eri or dteaATRAgRAONTEVidenetativegmetionepetween the preaneinlets ard thédirst

heat i ng S 0 j d. steam__This s a rticular
advant agente padh Watany S8Rt She AR WM il Retdr, By R0 o

avoi d hotamspetearhrcdmeolvasasd apafiged tbuslpsy fdteamnénlylid $ddbm HAsE, int iR
vessel may be separated into a series of sections. The heat 10 input into
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tenperatur?, of the process as quickly as practicable. The area nearest the
out | et meSfTisEentlyclRetesd-1ed to partially dry the waste material. The process
has the advantage that pressure is not required and so the interior '

20 It is advantageous for the recycling process to be a continuous process that is
easier to achieve when the vessel is an elongate vessel with the inlet at one
end and the outlet at the other end. The drive is arranged to rotate the vessel
and in this manner transport the material along the vessel whilst also mixing

the waste material to ensure that it is fully treated.

25
Normally, the steam inlets are provided in steam pipes. The steam inlets may
be fixed relative to the interior of the vessel. The steam inlets are arranged to
inject steam at a temperature of 150°C to 200°C, and so provide a large
amount of kinetic and heat energy directly in to the waste material.

30



of the vessel is at a pressure under 2 bar, nornmally under 1.25 bar or even
substantially at anbient pressure. This offers great cost savings and

i ncreases 20 safety conpared to pressured systens. The treated waste
material preferably conprises a bionmass containing cellulose material and
containing | ess than 1% sul phur. The bionmass is useful in a | arge nunber of
ways, providing key benefits of the present system 25 hbrnally a sorting
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to produce electric energy or e used to power engi nes (e.qg.
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the present invention there is provided a distributor valve for directing
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the material in each zone can be brought to or maintained at a desired
temperature. For example, more heat input will be required near the waste
inlet as it is necessary to bring the relatively cold waste up to the temperature
of the process as quickly as practicable. The area nearest the outlet may be

15 controlled to partially dry the waste material.

The process has the advantage that pressure is not required and so the interior
of the vessel is at a pressure under 2 bar, normally under 1.25 bar or even
substantially at ambient pressure. This offers great cost savings and increases

20 safety compared to pressured systems.

The treated waste material preferably comprises a biomass containing cellulose
material and containing less than 1% sulphur. The biomass is useful in a large
number of ways, providing key benefits of the present system.
25
Normally, a sorting chamber is provided where the treated waste material is
separated into plastics, ferrous metals, non-ferrous metals and biomass of
cellulose material. Thereafter, the biomass is transferred to a hyperbaric
engine or a fuel cell or to a conversion unit for converting the biomass into bio-
30 diesel, an organic alcohol, such as bio-ethanol or bio-butanol, or an aviation

fuel. The bio-fuel can be used to power a generator or generators to produce



15 is arranged to be fluidly connected to only one outlet opening at a tine
as normally only one steampipe will be within the waste material at a
time. O course this can vary dependi ng upon the installation. The

di stributor valve can have the inlet opening in fluid connection with one
20 end of a tubul ar val ve nmenber housed in a val ve body where the outl et
openi ngs are spaced about the circunference of the valve body so as to be
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i mpl enentortdthes yensiatont rol nmeans according to the first enbodlnent of the
i nvention. 25 The distributor valve according to a preferred enbodi nent may
preferably have the inlet opening in an inlet manifold with a fluid
connection extending in an axial direction through a rotatable valve
chanber to the valve body. Preferably, the rotatable valve chanber has a
steanbfeed for supplying steam 30 to a heating jacket and a condensate
return for receiving condensate fromthe heating jacket, and the steam feed
is fluidly connected to a steamline in the inlet nmanifold and the
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connectabie to the steam input, wherein the valve is arranged so that at any
time at least one of the outlet opening is fluidly disconnected from the inlet
opening. This component allows the steam to be directed in to the desired
channel steam pipe in a simple and robust manner. Normally, the inlet opening

15 is arranged to be fluidly connected to only one outlet opening at a time as

normally only one steam pipe will be within the waste material at a time. Of

course this can vary depending upon the installation.

The distributor valve can have the inlet opening in fluid connection with one
20 end of a tubular valve member housed in a valve body where the outlet
openings are spaced about the circumference of the valve body so as to be
individually fluidly connected to the valve member by rotation thereof in the
valve body. The distributor valve thus provides an elegant way to implement
the steam control means according to the first embodiment of the invention.
25
The distributor valve according to a preferred embodiment may preferably have
the inlet opening in an inlet manifold with a fluid connection extending in an
axial direction through a rotatable valve chamber to the valve body.
Preferably, the rotatable valve chamber has a steam feed for supplying steam
30 to a heating jacket and a condensate return for receiving condensate from the

heating jacket, and the steam feed is fluidly connected to a steam line in the



b) treating the particulate waste material with steamat a tenperature of
10 150C to 200C, wherein the vessel is at anbient pressure and/or the steam
is injected only in to the particulate waste material. In this way the
waste material is broken down in to many useful products in a comrercially
efficient and environnmental |y sound manner. The nethod will normally be
provided as a continuous nethod with waste naterial being input at the
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treated to " fTorm o- di ésel’, tue e bi o- al cohol e.qg.
bi o- eghanol, a substitute fossil fuel, or an aviation fuel, possibly m xed
wi th bio-al cohol. 25In order that the present invention is nore readily

under st oodCc@Rtoenthird rerasiment 1of Hbw BresaRt B aRdienbthaks isoPravidesiee,
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i nventi ong) 30Rhgutttic partfdutavechaste efatédi@ ihesaovgzseress utilized by the
present invention; Fig. 3is a schematic diagramof a first a steam
t r eat nentPluni ttreaténp ithe partielate peslenggtedal wid preasemt a feewmsratre of

10  150°C to 200°C, wherein the vessel is at ambient pressure and/or the steam is
injected only in to the particulate waste material. In this way the waste
material is broken down in to many useful products in a commercially efficient
and environmentally sound manner. The method will normally be provided as
a continuous method with waste material being input at the input of the vessel

15 and treated waste material being outlet at the outlet of the vessel.

The method is, of course, preferably carried out using the apparatus of the
first and second embodiments of the invention. The treated waste material
will advantageously comprise a biomass of cellulose, plastics, ferrous metals
20 and non-ferrous metals. The biomass formed by the method is particular
advantageous as it is suitable to be further treated to form: bio-diesel, fuel for
a fuel cell, bio-alcohol e.g. bio-ethanol, a substitute fossil fuel, or an aviation

fuel, possibly mixed with bio-alcohol.

25» In order that the present invention is more readily understood, embodiments
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;

30 Fig. 2 s a flow chart of the basic process utilized by the present invention;



Fig. 4is a schematic diagramrepresenting the production of ethanol from
the system according to the present invention; 5Fig. 5is a schematic

di agram representing the production of bio-diesel fromthe system accordi ng
to the present invention; Fig. 6is a diagramof a distributor valve of a
first enbodi nent of the present invention; Fig. 7is a schematic diagram of
a steamtreatnent unit used in the present 10invention; and Fig. 8shows a
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Figure 1, this shqwsdmhasr MMt beakhy iddtiehef erred process plant according
to the present invention. Refuse vehicles bring municipal donestic waste to

a transfeFigsit e i8 adsshemdtie diagrars renresgntinatthe oprodugtionsot ethamlofieiny f ed

vi a nechani cal shredding unit B to steamtreatment unit C. In Figure 1,
Uhere are twp stBenisted: fginrdlia o hupRERRPh NGB al | el each wi th 20 |ts

own hepperigf or  Si50f sBHemBtie 8GR TESreBEhARg tRel proRichiBnf &dbiotdieséiN@orni t .
By the term'raw is nmeant that no additional matter such as chenicals
and/ or water is thedybtem a¢eordist @ the preseot beierngidred i nto the steam
treatment _unist (s). The steamtrea nt unit C is_operated su t hat the
wnste s FBaR: cdbibmosanalry St RIER A bp Scbtn i aURh e esrds
waste is then sepgemties at a separating stage E into different categories
such as raw bi omass or cellul ose, plastics, ferrous netal, non-ferrous

met al , tekigi 7es iaralsoh¢rmaticcdip@niaes of rad staaen regagmedit, unih aiseddnithgueresenid
vari gty ons for separatin he m xed output fromthe steamtreatnent unit C
are I I - known t'Bf’IH@%%' ®1led in the art. Utilising

Fig. 8 shows a second distributor valve of a second preferred embodiment
of the present invention in plan (Fig. 8A) and perspective (Fig. 8B)

views.

15  Referring to Figure 1, this shows diagrammatically the preferred process plant
according to the present invention. Refuse vehicles bring municipal domestic
waste to a transfer site A where the raw waste, without sorting, is
continuously fed via mechanical shredding unit B to a steam treatment unit C.
In Figure 1, there are two steam treatment units operating in parallel each with

20 its own hopper for storing shredded waste prior to it being fed into the unit.
By the term ‘raw’ is meant that no additional matter such as chemicals and/or

water is added to the waste prior to being fed into the steam treatment unit(s).

The steam treatment unit C is operated such that the waste is treated for
25 approximately 45 to 60 minutes and the treated waste is then separated at a
separating stage E into different categories such as raw biomass or cellulose,
plastics, ferrous metal, non-ferrous metal, textiles and other residues and the
material. The techniqués and variations for separating the mixed output from
the steam treatment unit C are well-known to those skilled in the art. Utilising
30 these techniques, less than 10% by volume of the initial waste is actually sent

to landfill and the other sorted waste can be recycled. There is an up to 60%

-6-



30t hese techni ques, less than 10% by volune of the initial waste is
actually sent to landfill and the other sorted waste can be recycled. There
is an up to 60% reduction in the volune of waste. The raw bi onass and

pl astics receives further processing indicated by units G and H and/or it
may be stored, dried and then fed to a gas converter unit (gasifier - not
shown), or treated to input into a fuel ceII (not shown) which may be used
to generat% Llectrlgri]ty. IThe E bi OMBS Sy g)o be tr e %}t
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The other sorted materials are stored as indicated at The plastics
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is prese air dlo af rms erée rocess St
processing unit Cis not sealed for pressure containnment, but normally
screenin or curtaining will be adopted to allow the gases and steamto
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treatnent plant at e tenperature pressure 1 ndicate el ow.
20 ozone generated utilising ultraviolet light. A feature of this technique is that if

sufficient ozone is generated and kept in contact with the air to be treated for
a sufficient period of time, substantial reductions in odour are achieved. This
does require, however, that additional ultraviolet light be provided at a
different wavelength to that used to create the ozone in order to ensure that
25 no active ozone is present in the air discharged to atmosphere from the
process. The steam processing unit C is not sealed for pressure containment,
but normally screening or curtaining will be adopted to allow the gases and

steam to exit the steam processing unit C via the desired pathways.

30 Referring to Fig. 2, steam is generated in a boiler arrangement 10 which

provides steam at an elevated pressure, normally between 12 and 15 bar, and



Treated waste is then conveyed to a sorter E Addi tionally, any steam
escaping fromthe steamtreatnent unit is captured by a ducted system 16
and fed to an odour treatnent unit 17 where it is treated 10as descri bed
above prior to being vented to atnosphere. Referring nowto Fig. 3, this
shows in nore detail one formof the steamtreatnent unit C of the plant.
It conprises an el ongate vessel 30 which is provided with a conveyor
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The preferred arrangenent, of vessel 30 is to nmake it a rotating drumtype

of 20 conbifomayhinclydeongl ok mgrgcmditidupl BRits Lreratieg iniratabrle dVastsr e
conti nuo hel,i cal es. [T i dur. i terjal J
NS e I8 ST Biod P UEHOSS0 3 18 P S IRLALL b BBy

treated coar a runction o speéed an

| engt B angdebmesreatrerndplisitedr stheh tbhfderbtire Wahli epiesstfeainaitated below.
approximately 45 to 60 mnutes. 25 The interior of the vessel is maintained

at a tenpbeatas waste KethpreaonseditiazooEr breferably with a | ower
tenperature of 160C and, independently, an upper tenperature of 180C At
tenperatures | ower than 150C the conversion rate for the breakdown of the

wast e matgddiabnalby, vty stdamiv ezdpiny B0MDthdl steamaeRARNt dritt REdptared blye
waste in the vessel 30 for a period of time which were_comercially
unaccept abAectest sygapen & and fed toomrodpupdtaagmenit AV swhare Hds\#eatedar e

| kellb toass&éasrctrib%gcmsbﬁgr togggmwﬂp(éacyoy | QQ_ generates toxic gases

and ot her toxic conpounds whi reatﬁrﬁ% rrﬁal I'cate the processing and
so it is inportant to avoid or minimse the generation of such toxic
materi al ‘Referring now to Fig. 3, this shows in more detail one form of the steam
treatment unit C of the plant. It comprises an elongate vessel 30 which is
provided with a conveyor arrangement 31 for moving waste material from an
15 inlet 32 to an outlet 33. The inlet 32 is shown as a hopper-type device in Fig.
3 though a vibrating conveyor as shown in Fig. 7, or other device, could also

be used.

The preferred arrangement, of vessel 30 is to make it a rotating drum-type of
20 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 to 60
minutes.
25
The interior of the vessel is maintained at a temperature of between 150°C
and 200°C, preferably with a lower temperature of 160°C and, independently,
an upper temperature of 180°C. At temperatures lower than 150°C the
conversion rate for the breakdown of the waste material is very slow and it
30 would be necessary to maintain the waste in the vessel 30 for a period of time

which were commercially unacceptable. At temperature of 200°C, plastic



5 The waste is treated by using steaminjected into the vessel 30 by neans
of pipes 35. The injected steamis preferably at 150C - 180C but may be at
a tenperature up to 200C. The steamis injected in to the waste material in
t he chanber 30 at a pressure in the range of 5 to 12 bar, preferably 10
bar. 10 Al though the steam can be injected throughout the chanber, it is
preferred for the steamto be directed solely into the waste naterial. At

t he pressures.and nmper at ur es.,used in_th rocess, the steampr.ovides a
o at very R e IRV et R S atal e rShar g Bh BPPIPRE PR o
in to thegdsbfed ORI aaseBennth@thteamxic ¢anpelAdst hatfieh nhwuldhgrddtiyect ed
steamthus efficiently breaks 15 down the waste materials. |In particular

t he i nj ece@tphitaignihd farecesting PrbEOsdleds dmpantantnta evoid armminignigasthe so
that it converis into i_omas f, cellul ose material containing little or
no sul ph @“$ﬁ£§ﬁéﬁf?§ﬁ1?5K?ﬁEﬁ? @ét and outlet 32, 33, the chanber 30 or
drum gay be 20 provided with a bottom hopper for the collection and renoval
of any bottom material resulting fromthe steam processing. A so, a gas
vent nay bee pyastededreaiedrleynmisilg steagadsiesteddnfior they vesesh 3G dypmeaasof
These gas cl. d e ) us b r rbo can
e used PR i Do FUCERT HE IEPRBY WR.la5ey T e AT &

f rom t heneaskrabure md 10d2008UC NThRe tdigar iCRfsctedhigntd hBe OvasR mapensiemsi ng
plant is being used for general waste, it nay be necessary to pre-process

t he wast etheoch@nber 30 ahdrRreghifeotmthe range obhyo igahd ber. aresfﬁr@!wih{g baf.ocess

B e 8 oy SERELAE bt sharhiteyd Be el fod FfaliBhbuy M Brtinicer RS G Rorctor 7" ©

consi st enthepstedbtto Ddowesced sa¢lytiheo ithy anbst@nmattérials Anlthie NeessFas yanidor
the material to be in pieces, i.e. particulate form The construction of a
st eam pr o€BWRETARIrgRIUSed IPAhG. Proceds | therslpame pdevides setelatively high angeund |

i th ref o : P - . ) :
Fot at abl & PIEHG el yinieh, i WHELART PARGEREA Whide WANTMIEAY Ahep,
driven bythe stem i6éniojectbdwmerdit@ ndheringgbtedhstednurth@d effictintiynibreaks

cross-section area throughout its |length and is provided on its |internal

surf d€e WAWNa thentEIster Maiatdlg- bl deRartimwar | tBgedniralebeStearmerificianiva

singl e CORLIBYSUE organic material in the waste so that it converts into a biomass of

cellulose material containing little or no sulphur.

In addition to the inlet and outlet 32, 33, the chamber 30 or drum may be
20 provided with a bottom hopper for the collection and removal of any bottom
material resulting from the steam processing. Also, a gas vent may be
provided for removal of gasses resulting from the process. These gasses can
be cleaned and separated so that useful hydrocarbons can be used in other
parts of the plant and/or have any heat energy removed from them and

25 reintroduced into the process.

When the overall processing plant is being used for general waste, it may be
necessary to pre-process the waste to render it more uniform in size by means
of a shredding process prior to feeding it to the inlet to the unit. This will

30 ensure that there are no blockages at the inlet to the treatment unit and



10 helical screw nmenber or a nunber of part-helical blades extending in a
hel i cal configuration substantially along the length of the drum31. If
necessary, axially disposed bl ades nay be provi ded between the turns of
helical sections in order to pronote lifting and tunbling of the materi al
when | oaded into the vessel. 15 Steamis introduced into the vessel 30 by a
plurality of pipes 38 extending along the Iength of the vessel, in this
case these are grOV|ded on the internal surfaces of the vessel 30 and have

aper t ur ePTRWHEr 41 MR FINSISERT p?rpéHCt:enHPéveveﬁe fahdhgf invgBHOR; gk i8g0nly
closed angd bhe,, 9tfts?rth§rm?fe$.am aehRdid @ dirst rda*?ﬁw%te féwa' ve 36.

Di stri butor val ve ocated on the céntral axis o he vessel. The
valve 36 is fluidly connected to a supply pipe from a source of steam The
distribuégé valve 36 is,shown in detail in Eiq. 6, di s utor val ve 36
conpri se GRSt Pf 5‘2“?6%?@&%%‘“9&!‘%%%&%1 hbwa NONY G SERPEA Pr om

the steam bl §&hillithSrekéheite tdNEgVA) Y€ TRRUSEAG g@&kﬁmgh@ﬁ.t% E@h‘b‘?ls%t lets

54 25 each connected to a respective steam pipe i e distributor valve
36 can sianpitatdblei diun c%riwizdnhellxetrwmtsdpphyrcﬂlersem aod ahreangédam pepes

38. However, it referred for,the vaIv to su steam to each steam
o he 98 Hven ity SR (G Siawahoy i modar Sac Tt Lih o s RS TR e TS

bel ow, tRhec463%Mba %Qrduz;h%lmmé %ﬁrgw. %hd%%sv.abdaorprtgdﬁfe%m AsfadbBrsg that
the waste 30only fills the vessel to a known level. This [evel separates

t he vessealunggeri ot spacesl blades, Theebladesmaohe fmamadyfrcbml & sthole tdontineowast e

t'I, h d bei | | t h .st _pi.pe 38
T 10 o el SR B g g Pl ebr BBl PiaES bRt iR aR L PG
vessel BQOh%aFa%n B sYantyy3aIdis thg]g @th%@#] PORhe Hrnlﬁhd§1 hapshdi@sa8ry,

fluidly individually connecting each e steamoutlets 54 so that only
t he st eawmllwwspos@i |bdﬁdersenfaw Be provideddhraiveremntss dansoott helical eetionppl y

t or i’ Pee R rpie GulBad Skt dt the MaiSHEChBnaRasREn EErbes 1o

contain tBes@teamwi thin the vessel and al so serves as the outlet for
treated waste. 10 Wien the vessel 30 is rotated, in use, at 1-2 revs/ mn,
steahPis injected into the material when it overlies one of the pi pes 38 as

ggfﬁ;: Pi%bga heas{ gn&g?c%@%b r%%vgﬁezdg Ei éBtt?\F IaOEJIuOrfall'E[yh(e)f Vpelrs)esse|3§ ex\{“endlng
along the length of the vessel, in thls case these are provided on the internal
surfaces of the vessel 30 and have apertures centralized in each pitch centre.

One end of each pipe 38 is closed and the other end is attached to distributor

20 valve 36. Distributor valve 36 is located on the central axis of the vessel. The
valve 36 is fluidly connected to a supply pipe from a source of steam. The
distributor valve 36 is shown in detail in Fig. 6. The distributor valve 36
comprises a valve inlet 52 located on valve housing 50 through which from

the steam boiler 10 is input. The valve housing 50 also has 3 valve outlets 54

25 each connected to a respective steam pipe 38. The distributor valve 36 can
simply fluidly connect the steam supply to each of the steam pipes 38.
However, it is preferred for the valve 36 to supply steam to each steam pipe

38 in turn as the vessel 30 rotates. As explained in more detail below, the
vessel 30 is supplied with waste at a predetermined rate so that the waste

30 only fills the vessel to a known level. This level separates the vessel 30 into

two zones, the first zone mainly filled with the waste material, the second

-10-



preferably a | ower value of 160C and i ndependently an upper value of 180C
by a heating neans. The heating neans may be air can be heated and the hot
air blowmn in to the chanber. Preferably, a heating elenent in the vessel or
wr apped around the vessel 30 could be used. Preferably, the vessel 30 can
be 20 have a steam jacket thereabout, in which case the jacket can be
formed between | ayers of the nmaterial fromwhich the vessel is made. The
same ste O L Livel r r

ot eam cart By beh Tenbly Fty ¥ETRE, ReAd Bl Bide BECRPRRAL Fo 1L VERS8H

t enper at uB@ @l thuessoves thetackhete: the deses ed trrNNessdIuBe lotatdse VidRsel .
25 Fig. 7 shows a preferred version of the steamtreatnent unit C of the
pl ant . Theal¥e e3fnRascitpendl RETte inside Qewdpd PY Huigly dndivisuay eerngsting

t r eat ment j [ ' 3 er. r sed
to desi gn(?'f'{geN %%ﬁezg%% ﬁgﬂgﬁgﬁﬁgp%aé@ﬁl@g}é%& @gg&iiﬁﬁ{e@ ﬁﬁﬁozﬁ)étér to
keep Bhe avestenmaited ital tHe stearh sypPply.at Tiey Waedre timed .erinathis svhgdteamt & t he
vi brating conveyor froma standard conveyor 133. The waste naterial is

tr ansf er reyyiRiegtad iy tathe,waste eaieiidlor means 31 in the vessel 130. The
interior of the vessel 130 is the sane as the interior of 5 the vessel 30
with bl ades provided to transfer the waste material as the vessel rotates.
The princTing endi 6ff eieenessdleisweeateddevittds sekhdfudamthithaseressed cbdainstHehat
the steamis not fed in to the vessel 130 in order .to heat the chanber and
waste 1C5RAFEMITRIN the yrpasdldhglspeippenatiriBe aUbtdAr Sieakee Mesiei || used to
treayothe waste material through the pipes 38. The chanber and waste
material is now heated via a heated jacket 140 surroundi ng the whol e vessel
130 and eWjhleai thredvesseh@( idedtatéd bl age, A6Th2 reesseih, E8€arhas ihgateddntjoacket
140 encases the vessel 130. The heati j acket 140 conprij sing a network of
pi pes V\/nitiﬁ %aée’fagd"' ERdmvesiFs ﬁeev%fnﬁaé pggs P %?@égg't'%eq’m M detais e
130 and wgsdye material quickly to the desired processing tenperature of
150C to 200C the heating jacket is divided in to four sections 140a-d,
extending fromthe inlet section 140a via the first 20 processing section
140b, _the_second. processi ng sec¢tion 140c t he outlet s ioQn 14 he
great'@st HemdRteriesohEhg ¥ SFﬁ é{‘”flnrl‘%rf“%'g'c:bf’ohe tfﬁ'at%@‘%é: oﬁnéowg(g(PoeJ'

mat eri al ppdsdrabBR BNOWSPtval i BY ﬁ@b@hn&qm?éﬁdéfn%lytéhk%geprv%ﬁf‘ééf N$0°C
tenperature in the least practical time and typically -60% of the energy
i s requi rladaiheating imehos. sBwt heating Gacans mayebovadt eart bavwated anbethedssiel

25 130, the ste retajns nore he ne and so less energy is required
to keep 196 NBEPAER PP aaToe- o LB AR b BEal A PRIRAr Bt He VoreH o

exanpl e, yhagdiRl SlovmasStheNdessaf B00ASuIdAusdd0Prafepsnd, B 3896430 Bgnaeer gy
is required. In the final outlet section 140d, the waste material is also

part 28I | yhaue &d steara laghet dhergaboudr éncotientcase #ie tjackeucan be formed

between layers of the material from which the vessel is made. The same
steam boilers 10 can be used or alternatively a separate source of steam can
be used. The steam fed to the steam jacket will be at a temperature and

pressure to achieve the desired temperature in the vessel.

25
Fig. 7 shows a preferred version of the steam treatment unit C of the plant.
The steam treatment unit C is generally similar to the steam treatment unit C
shown in Fig. 3 and the same reference numerals are used to designate parts
of the unit that are the same.

30

Waste is fed into the vessel 130 on a vibrating conveyor 132. The conveyor
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30 Heat is supplied to the heating jacket in the formof steamfromthe
sane steam boiler used to supply the steaminjected in to the waste
material. An efficient way to fluidly connect the heating jacket 140 to the
boiler is to use a revised design of the distributor valve 136 as shown in
Figure 8. The distributor valve 136 shown in Figure 8 is generally simlar
to the distributor 5 valve 36 shown in Fig. 6 and the sane reference
nuneral s are used to,desi that, are the sane. The

gatet@]arts f the,; unli% |

i stribut SPTEFVE PRESTdnpRpeRats Wasth, Matatiol i oisingn 1Y riar™

mani f ol d rhateridh ik t&dd oR OIN @6 IVItr a@RgEBERVEYVBIOHBM thetdritaed | Wnvalyor v Ve 10
chanber 156 to the val ve housing 50. The val ve chanber 156 is rotatable

around t hEhe evaste epateriafist tiansfesred to doitlelt33 hyy the conaner oreans58 1aind

val ve housi ng 50, are, stati onar.y. val ve er, 156 has st.eam feed 160
{eedi ng e Lt 190t n'sh R of dBrefesran T30 % tns ddeiode dnF e i

r et ur Bi Ngtheonskas dDewithoNatifs pheAteado] traiTer 14 wadte mgtenial @8 the Udstle 15
vessel 130 is coupled to the valve chanber 156 via the steam feed 160 and

condensat®t@@surn 162. The inlet manifold 158 al so includes a steamline
164 fluidly connected to the steamfeed 160 and a return line 166 fluidly
connected to the condensate return 162. Internally, the valve chanber is

di vi ded i TH® paintipletdiftarumcarbapass eannesidimap tdhe tieeamdeaddl@lthat thee
steam 20 line 164 via an annul ar space in the inlet manifold 156 and a

second arfifPaY isspatéed dhhedhpipsspk 186t inr arder ie hes the ehambendedsupste
retung 1 ai’ér?m%ogﬁﬁ]% m:tg&g%ﬁ’%? : Qh&%@h'ﬁ%gh @@t{llohge&ﬁtﬁ)ég;lé%gzﬁﬁ%nu' ar

spaces al |l “surroun onnecti on tween t he st eam’i and -

t he val vewhetis hiadeH8l. thfbegh ithé tpipesl 38eCThE chiafmbearrarsp acte anatetiblisdhyw
separate fromone another. O 25course the precise internal confiquration

of the vdls@edaNide apated. iarkebnidPe sefrorpdig endeidat ¥estol s
section %%gﬂéiﬂe)ﬂ’iihlm{)%c%t%ﬂr@etl&#’?‘t | east one steamtrap. The steamtrap is

desi gned prevent the inclusion of live steamto be returned to the
boiler with the condensate. The steamtrap 30shall in turn be connected to

a condensate reservoir. This shall ty@i}cal |y corrBri se a | arge_bore pipe
whi chBshalhe wesselsi 89 dinsdhestinmipaketd 49 @nseeseibe vessel 130 The heating

jacket 140 comprising a network of pipes which are fed steam from the valve
136. In order to heat the vessel 130 and waste material quickly to the desired
processing temperature of 150°C to 200°C the heating jacket is divided in to
four sections 140a-d, extending from the inlet section 140a via the first

20 processing section 140b, the second processing section 140c to the outlet
section 140d. The greatest demand for heat is in the inlet section 140a where
the waste material must be brought from ambient temperature to the
processing temperature in the least practical time and typically 40-60% of the
energy is required in the inlet section 140a. As the waste traverses the vessel

25~ 130, the waste retains more heat energy and so less energy is required to
keep the waste material at a suitable processing temperature. For example, in
the processing sections 140b, 140c around 55-30% of the energy is required.
In the final outlet section 140d, the waste material is also partially dried to a
typical moisture content of 20 to 40%.

30

Heat is supplied to the heating jacket in the form of steam from the same

-12-



of the drum Condensate shall drain into the reservoir at various points
around the circunference with the condensate rotating with the drumuntil
it is allowed to drain into the renoval pipe work when the outl et port
reaches the bottomof the rotating cycle. 5 The basic process is shown in
Fig. 2. The process creates a | arge volune of biomass mainly conprising
cellul ose material. Advantageously, it is possible to utilise the bionass

b1 o- ot hartsr A, PATLEEERS Rl shbafeomCinded REBZLAL SUBERUHEGBHT AT, o

detai | bedffiviental hyltosituitliyocenmadtt thierteghting [deRkebilamnss thdibollef & tytipeta from
the steamtreatnent unit has a gross calorific value of 11 M/ kg which
provi des "eMised Kesion afethsy . distriytpedvalydel 360as shown; in cFigdraued-of Tthee

cel I ul Osedigmb?ﬁ{)ral\/a|\}écﬁ§%sﬁﬁ0\l}vﬂ ' 7ng‘§.re18§ M Berdl §i|rpl'lé?rrpos§hé;%%t?ibﬂf r
virtual |y no sul phur and thus, enournt, i's nuch cleaner than tossil fuel
and s8& usefives385shdwasin Figel6 saHibtthe usameThefeeeidallmpredaldrare cased toe
sold as a conmodity or it could be sent to a biomass gasifier which
produces dpsignAle RAGE of thenunHi hat are the §8Msi-omass as described in nore
detail below This gaseous fuel could then be further 20 processed in order
to provide the input hydrogen for a fuel cell to produce direct current

el ectri calheoulisgwibutdd vathveatlideelcpmprisescel stelns dnlett £52 alocated dnbenf imdther
processed as_ shown in Figs, 4 and 5 to produce bi o-ethanol, biobutanol,

bi o- di osdnaai@lda B oft {1 GNGFLPR @Hpnds| thiopeli e inerig pr Gc¥dVéd as
deschpbed; i 3hoNG- 158 {rd”tgér\%l%"’r‘h&ﬁirﬁ %9. %r%r‘@aﬁfe ERAsbePoMss hoWoRigpRSS
and/ or plastics produced fromthe out put fromthe steam processing nay be
handl ed taopnddbeecdritee aklsaoblthelivessdl BIQWutgheentdtl manifold g6Bearid aalweni t s

i cai AR GO 76 HEUOBRBmaTNS N 1Fba5tbek BPQBRHeh STeA o561 R, 1
oo sao R Sl Lol Bl Shiels DAceuRBL LA KREIEIN 102
shown gemetwhing icorsieagetel fodmFthe heatingsjaaget 21 40.ow hien rétiagione from t the
bi on‘?gs ivsessszaloﬁgg fsncg&&e S'[So t ieI (\)/a v%acr]:aor%bgpqg% \8/ia the steam feed 160 and
condensate return 162. The inlet manifold 158 also includes a steam line 164
fluidly connected to the steam feed 160 and a return line 166 fluidly
connected to the condensate return 162. Internally, the valve chamber is
divided into a first annular space connecting the steam feed 160 to the steam
20 line 164 via an annular space in the inlet manifold 156 and a second annular
space connecting the return line 166 to the condensate return 162 via another
annular space in the inlet manifold 152. The annular spaces all surround the
fluid connection between the steam inlet 152 and the valve housing 50. The
first and second annular spaces are filuidly separate from one another. Of

25 course the precise internal configuration of the valve can be varied.

To ensure efficient condensate removal each section 140a-d will incorporate
at least one steam trap. The steam trap is designed to prevent the inclusion of
live steam to be returned to the boiler with the condensate. The steam trap

30 shall in turn be connected to a condensate reservoir. This shall typically

comprise a large bore pipe which shall be positioned around the circumference
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5 hours. The biomass is then fed to acid treatnment vessel 5la and then
treated with sul phuric acid, fromacid tank 50b, to undergo acid hydrol ysis
for about 8 hours. Water is provided froma water tank 50c. The product is
then filtered and solids renoved (lignin) which can be used as fuel for the
boiler of the steamtreatnent plant. Linme fromline storage hopper 50d is
added to 10 neutralise the quuid product in acid renoval neutralising

| b d,f i ed b k
Hoone ho QL ahi 2ednditisatd Sl Aaih it 1S rasBY9iC ot Vahigd AREE &PuRbire

princi pl ethsU@dimfeBh @ DAth itile CBAdBhSATBSDtatiitE VAP BRS SrdhSutil it is
advant ageously, renpves the heavy nmetals. As mentioned above, acid

hydr ol ysi @ll%zvg@t(a@tr@lntlot@umr@mpuel Pipe WREK bdienethei puti¢tepamfrenehes the gnin
whi ch fornstghe (pﬁhgh nonN; hydrolysable residues. In an alternative
stage 1, oY gh% e?c?ﬁ%ﬁ acid hydrolysis, the biomass is | oaded into
a tanlk Wnere it is broken up by adding an enzyne such as aspergilluns
enzyme or_using cellulolytic mcro-organisnms and a nutrient. 20 Additional
wat er mayl e bagdigeprocass tigishoyymde FigcZi vEhe rneess @fﬂaée@@w@ra@ cyrolmmy efl so

peri ot of SETIAE R AP shRREE FiellA o H a4t 4 B PEsbBlAcDl

sugars. 2dilsecithdBiosRse, aé he fluequbd the bhsjeskeglahe itsHIfesit ati @rbe&ssﬂel s 52
where fernentation takes place by adding to the |iquid adding yeast froma

yeast si mog}gct FHeh \asalip- %hlaﬂohd?'ﬂﬁhqt?n@’eo"sQﬂtqiad%h@ﬁ@eéf%tcé\ﬂssﬂg@ﬂhﬂﬁi ch
Th y ¢ ref.y bR d??auﬁﬁgmv Sﬁ%gétﬁ@ﬁ r1tla.n'é B blofk s a ds7 %H'?Sb'{ S
e resul a |1 qul contal ni ng e ano an er pro UC S an

liquid i sfrb.rmefhesef@dn ttpeh@gR dnit GRIIPA I FF0BY caldﬂfﬁi vhiuat 6pn 1CMIRY WA
order to distil off and collect the ethanol in ethanol storage tank
55. Di st i |PrRvides thiree kVYf enprays & ddad ethenransecalpritia alye oédhﬁrqeélell%se

L2 o mahglal SRR 8 FORE Y A "THE bdthEed Rdrlafis Yirdalkp ichano!

gher i's achieved two s bei ng a conve t i onal
d| st| I | atsudphwhand this) w‘rﬁ:$1UIb|I|rr1tn|Sinﬁmmtlleeﬁe|0fhab®m§sﬂgf@éi einldagwlusad s he
remai nder of the water will be renpved 5by a nol ecul ar sieve. The process

i |1 udPr at2irss! fuehsYRSUIURR1 | often be provided in a series of parallel
units so that the process can be run continuously.

The cellulose fibre could be sold as a commodity or it could be sent to a
biomass gasifier which produces gaseous fuel from this cellulose biomass as
described in more detail below. This gaseous fuel could then be further
20 processed in order to provide the input hydrogen for a fuel cell to produce
direct current electrical output. Alternatively, the cellulose material could be
further processed as shown in Figs. 4 and 5 to produce bio-ethanol, bio-
butanol, bio-diesel and aviation fuel prior to any solid residue being processed

as described above.

25
Turning now to Figs. 4 and 5, this shows how biomass and/or plastics
produced from the ouiput from the steam processing may be handled to
produce bio-ethanol/diesel shown generally in Figure 1 as units N and J
respectively.

30

Dealing firstly with the cellulose material and as indicated in Fig. 4, the
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10The et hanol or other bio-fuel produced by the nmethod and apparatus of the
present invention can be used in normal fashion if desired. Advantageously,
the fuel can be used to power directly generators as shown in Figure 2

| ocated on site so as to avoid any wastage involved in transport or the

| i ke. The generators shown as will normally conprises several engi nes of
1.5to 3 MW 15 as available from maj or engi ne manufacturer such as

Cummi ns, Perkin,. Caterpill Ge lectric. Th il
i o HEMAS s e staeth Gty il S rofae enausabsiie SRt o 1
shoul d prpduagtsid foycs@dtahtilly haltiRNERAESr A0 Hnab MYt prdSeddbsodnd to be

electricity. The output and the generator can be varied depending on the
parti cul anoregminagtd tm hydoolysisrasngheiow generally ph ssaged obfir Aal Inr st@gei ned
fromthe steam pr.ocgessing, .as shown in Fig. 5 +this is .fed to.a tan 0
where o SoIERT IS ateq adBE  FEMARs R SPedin RiPR s e 58t tif P
evapopat ikgurtaMkhé biombé£ls therlidPBd acrimreBtmeht VieBBel § 1¥ ah@sthehaiéateapour
is drawn of f through a zeolite catalyst 62 25and then distilled in a

di stil | atwBh submeyricacide foashlasid tanleSOb, tofunilesge egid bydimdysiayonbbouh8
injected intg t tank 60..The ozone injected.into the tanks 51 60, may
be gener aqoeucfgi n\Wt%ﬁ%r ' a‘ﬁreovf%esdrqﬁgm AsWpkery aepci( ?’ 8?‘ r %\W(ﬁ u‘%d'&u‘?‘fn?ﬁlg?ﬁefjhe
air in thahdiselids trgnmdvedn Bighi®amniOR rQFE B8 08edi st f@dIdiddeitey BbRér of NBeOZONe
may be supplied froma separate generator or generators. Additionally, if
needed, tSieami treaimend plaoitni tlymer frome lineehatriagpr beerey P8 e addgdedred to

and 20 ' Tholtee e AT Rr Pe -GN BRGNAE PREFR BB S bk LRl

ot her or gapified andHilgsredl SHy@Wdis Ng usea@yw bRGkadewhedRVEsId bidiRaSs into
mat eri al s have hi gh biomass content and are prone to contam nation b
m cr o- or Hulase pndemiceiulope asathasgl aenihe Erimsiile thgare gentained tinj the

unwant ed f. t atd.qn e dat,i [ i 0 i S r ntr ol
L heco. or GIGHERE: BThE e AGTAM ANARERGLY *  amdVes, thd, TRALE HEIS ARG
subsequemehtion@s aboesy ackl apdalIpgesales pres abl supply fuel to the boiler in the

15  form of lignin which forms the principle non-hydrolysable residues.

In an alternative stage 1, not shown, rather than acid hydrolysis, the biomass
is loaded into a tank where it is broken up by adding an enzyme such as
aspergillums enzyme or using cellulolytic micro-organisms and a nutrient.
20 Additional water may be added. At this stage, active ozone from a generator
may also be injected into the tank. The resultant mass is allowed to stand for
a period of time and then the liquid is drawn off which will contain soluble

sugars.

25 In either case, the liquid is then fed to fermentation vessels 52 where
fermentation takes place by adding to the liquid adding yeast from a yeast silo
53. The yeast will normally be saccharomyces cerevisiae, which may be
recycled as shown. Fermenation will normally take around 72 hours. The -
result is a liquid containing ethanol and other products and this liquid is then

30 fed to stage 4, comprising a distillation column 54 in order to distil off and

collect the ethanol in ethanol storage tank 55. Distillation will take the
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10t hose relying on fernmentation. It is also preferable to coat the
interiors of sone or all of the tanks 51, 52, 60, 61 with an anti-m crobi al
agent. Preferably the agent is one which is non- |eaching and non-vol atile
and is not consuned by m croorgani sns. Particularly 15suitable agents are
t hose which are capable of being coated on a surface. Suitable
antimcrobial fornulations are those which include, as an active

| ngredi enfyr 3 QLA SLRGTY O\?ﬂﬁm S@dntu i ehen 2b EJEH%?%' R{t{iohr‘?ﬂ he

salt. The nitrogen atom S pref erably subs

group, 2dbripestmatalthyg mnﬁtureahbyﬂooalmntl 8660 gtioamol owhigher ef Biishis yachieved
trimethyloxysilane group . Most preferably the silane group is attached to
the nitrdfeVardages Yh‘?ef'ésél ?e'vgaa &oawsb Pnajr@ﬁa"am whichowdh resWine t he

salt is psroq 5ﬁ%lfya b th glthe ﬁ\%‘ﬁw&grw {f\ﬁéltv\?]rgml‘r'&% refoeR@St

one of which 1$ pre era east one o ich i's preferably
CS toSCZCbxabkyblecIlIrmsle\tdﬁe 25preferred corrpounds have the foll owi ng general
structure: RIOR4 ,, R2 N -K7-12),- Si -OR

The process illustrated in Figure 4 will often be provided in a series of parallel

units so that the process can be run continuously.

10 The ethanol or other bio-fuel produced by the method and apparatus of the
present invention can be used in normal fashion if desired. Advantageously,
the fuel can be used to power directly generators as shown in Figure 2 located
on site so as to avoid any wastage involved in transport or the like. The
generators shown as will normally comprises several engines of 1.5 to 3 MW

15 as available from major engine manufacturer such as Cummins, Perkin,
Caterpillar and General Electric. These can be easily modified to run on
biofuels. A fully functioning plant as shown in Figure 1 should produce
sufficient fuel to generate about 6MW to 15 MW of electricity. The output
and the generator can be varied depending on the particular installation.

20
Turning now to the plastics material reclaimed 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 resuitant vapour is drawn off through a zeolite catalyst 62

25 and then distilled in a distillation tower 63 to collect diesel. If desired, ozone

may also be injected into the tank 60.

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

generator or generators. Additionally, if needed, the air in the vicinity of the

-16-



OrR4 Where: R is nmethyl; R2 is nmethyl or C8 to C20 al kyl, preferably
nmethyl; R3 is C8 to C20 alkyl, preferably tetradecyl or octadecyl; R4 is
Cl-C4 al kyl, preferably methyl; and 5X is chlorine brom ne, preferably
chlorine. One exanple of a useful antim crobial agent incorporates
3-(trinmethoxysilyl)- propyldinmethyl octadecyl ammonium chloride as the
active ingredient. Another exanple of a useful antimcrobial agent
i ncorporates 3-(trimethoxysilyl)- 1Qpropyl di nethyltetradecyl amroni um

el or | de bapR: PGS Y e atllie e Bredt e ateER Po T ks Ao oss ¢ ne
m cr obi ocadirref dtid M bRt ERIta%s 51 and 60. :

The present invention handles municipal solid waste and various other organic
5 materials requiring recycling and recovery. These materials have high biomass
content and are prone to contamination by micro-organisms present in the
natural environment that can result in unwanted fermentation and degradation
reactions. It is important to control these organisms to minimise contamination
of the feedstock entering the subsequent biomass conversion stages especially

10 those relying on fermentation.

It is also preferable to coat the interiors of some or all of the tanks 51, 52, 60,
61 with an anti-microbial agent. Preferably the agent is one which is non-
leaching and non-volatile and is not consumed by microorganisms. Particularly

15 suitable agents are those which are capable of being coated on a surface.

Suitable antimicrobial formulations are those which include, as an active
ingredient, a quaternary ammonium salt, preferably a chloride or bromide salt.
The nitrogén atom of the salt is preferably substituted by a silane group,
20 preferably a trialkyloxysilane group, most preferably a trimethyloxysilane
group. Most preferably the silane group is attached to the nitrogen atom of the
salt via a propyl group. The nitrogen atom of the salt is preferably also
substituted by three other alkyl groups, at least one of which is preferably
methyl, and at least one of which is preferably Cs to C20 alkyl. Thus, the

25 preferred compounds have the following general structure:

R, OR, ®
| |

R,—~ N-(CH,),~ Si -OR, x®
R, OR,
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part of a polyneric filmapplied to the internal surfaces of the equipnent.
The polyneric filmis generated in situ using an organosil ane precursor
which is 15 dispersed using a unique mxture of polyneric wetting agents
and can be reapplied or replenished without having to dismantle the

machi nery. Experinments and neasurenents have shown that such attached

m cr obi ocidal filns are robust, durable and provi de extensive tenporal

antim cqu,ih%L _q_fhflgcr%lg I,Hjln part the polymeric filmdestroys m crobes by the
surface structure o % e coating. 20 Bi omass conversions The bi omass

produced RAistrhetHilior &t toPCacsk§l, ipreferablynipethyf uses as outlined above. The
bi omass produced in reaction chanber C (Fig. 1) has 25 advant ageously been

sani t i zedRuai§Cr Witecdikyh prefarably tatasiecyher pctadasybt eam processi ng has
di srupt eqg the. skr gﬁ(&w&e%rabg;n%gg%ia%dmt erials so that the cellul ose and
' an

ot her constituents dr'e opéene re readily avail able for downstream

processi NYis cheribedraRtiné SprFeitly ahlofine. source of cellul ose that- has been
treated so that the cellulose is readily available for further processing,
30such as to form bio-fuel, bio-alcohols or the like. Fernentation of

bi omass t | 0 r.oduct i 0 i a
bi omass i(gn%lrég(agfdl%hggoél %&Ppgﬁg'@%%?logg%gﬁc%rrblcegtrﬁ%%\s&é %‘E@%%@Oﬁ?é‘ Al
f er ment atgrepyldérneusiiectadbbanamnasniand chtbiidie asfthensotpye masediean Anowwerf or a

|l ong tinme, but has not been commercially used due to costs being higher in
conpar i s@xamplenefy écdiﬁéelfy' cﬁntﬂﬁtcrr%*P'éhn?Q?f‘tt Hécﬁﬁpﬁr?teﬁh@‘ﬁé%‘i’tﬁ%yﬁ M) -of

Egggﬁhﬁgﬁépiﬁ%@ﬁwlfﬁ%ﬁtm rﬁéniﬁﬂ’r‘%ﬁ%rﬁeﬁQﬂ%&Xcﬂ% fhBlleht. of petroleum

carce an € COSst | ncreases.

The present invention preferably has the microbiocide function introduced as
part of a polymeric film applied to the internal surfaces of the equipment. The
polymeric film is generated in situ using an organosilane precursor which is
15 dispersed using a unique mixture of polymeric wetting agents and can be re-
applied or replenished without having to dismantle the machinery. Experiments
and measurements have shown that such attached microbiocidal films are
robust, durable and provide extensive temporal antimicrobial effects. In part
the polymeric film destroys microbes by the surface structure of the coating.
20

Biomass conversions

The biomass produced in the current process has a number of uses as outlined
above. The biomass produced in reaction chamber C (Fig. 1) has
25 advantageously been sanitized and reduced in volume. Importantly, the steam
processing has disrupted the structure of the organic materials so that the
cellulose and other constituents are opened and more readily available for
downstream processing. The biomass is essentially a source of cellulose that
has been treated so that the cellulose is readily available for further processing,

30 such as to form bio-fuel, bioc-alcohols or the like.
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The devel opnent of renewabl e biofuels is an international priority

noti vated by both econom ¢ and environnental concerns, including reduction
of greenhouse gas em ssions, enhancenent of the donestic fuel supply and
mai nt enance of the rural economy. The use of m crobes to produce bi of uel
materials is a 15particularly attractive way to produce the biofuels,
particularly when the m crobes do so by utilising waste products generated
by ot her process _pf Bho ass 20Synt hesi s gas ("syngas") was
first devehgpeHayany . N8 the gasification of coal and of
carbonaceous materials such as agricultural crops and residues. In contrast
to conbustion, which produces primarily carbon di oxi de and water,

gasi fi cat Tl predeetion ed alcehelader fermenfiatipnedt addiomagsnisrend of 4hd gdestuces
| argel y hydrogen,gas_(H2), and rbgn monoxide (CO).. Thus. 25 syngas _is
comosed WargaipEtabRlna R, ARG B DO R hFohai v Hpur( SMRRD o

ot her sgas@surceyBgaenéeyy Prasdivetht Ikvowaedfars aa 168y BirRdebliiehadr nas By f eed
for fuel cells. Alternatively, it can be used in catalytic processes to
gener at e epMTEsCially usted die g efosts bleind bighesrindipgeBarisnic ko 48e eehwaty, of

met hanol a dlfornalgghéde. ¥%e bi omass of gge_ pesent Lnvention s

30eni nentP§RGHIRE] '%8%he 'PERP T 16 P h 'OS§WgaQ§). ALY dppertance as

M Croor gagu i Sfueherdy asSUPPREE of RstAelum BEESMeamdrécRréuhd the eesvert
syngas to useful products, In particular to Iiquid biofuels such as

bi oet hanohCegf$eBi o- di esel . Such bacteria catal yze the conversion of syngas
mﬁth16igher specificity, higher yields and | ower energy costs than can be
attained 5 using chem cal processes. Several m croorganisns capabl e of

pr oduci ngT i dkuslopnidrraapkdr s efofaBlb et ditintsiiional gsiofiey endiBened by
identified. For exanple, three strains of acetogens have been described for
use in tHeothreerrAMisnand enviganeental cofqeshs sinslding padyetionof areemhouse

met hyl ot r i : j ) X i
Cl ostridi Sgm g&ﬂ%%?ﬁg’n%&%%rﬁg@r ?ﬁitﬁ%tdoarﬁ.g?t%lgé% ;Q“@'Xﬁr}‘f Hﬁ%’%ﬁ\p{aﬂﬁﬁd%fhl i
(Arora etthal rurk®YzonBank eThaluse b98BicrBbek @t padduded Bibfuahdndiniaky ieta al . |

1993). dostridium I{ungdahl ii and C ostridi um aut oet hanogenum are known to
convdPt cRAHSH YN Straetive wiamakel Pradieattbat bipfpelse aparsisuNGly 2vlen 2thes47
descri bes i . di &?ﬁ: - ~ Py | e of
synt hesi z’.“%% %%%gétgggﬁwa&%%c S t\ﬁ,ﬁq-lé%r%é@ lﬁ%é&?r %rs?cgl ofuel, in
particul ar, P7 can convert carbon nonoxi de to ethanol.

Gasification of Biomass

20 Synthesis gas ("syngas”) was first developed as a major by-product of the
gasification of coal and of carbonaceous materials such as agricultural crops
and residues. In contrast to combustion, which produces primarily carbon
dioxide and water, gasification is carried out under a high fuel to oxygen ratio
and produces largely hydrogen gas (H2) and carbon monoxide (CO). Thus,

25 syngas is composed largely of H2 and CO, together with smaller amounts of
COz2 and other gases. Syngas can be directly used as a low-grade fuel or as
the feed for fuel cells. Alternatively, it can be used in catalytic processes to
generate a wide variety of useful chemical products, such as methane,
methanol and formaldehyde. The biomass of the present invention is

30 eminently suitable as the feed for forming syngas.
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Acid hydrol ysis of biomass for al cohol production 20 The bi omass typically
contains two basic constituents, carbohydrates and lignin. The carbohydrate
content of the bionmass consists of cellul ose and hem cel |l ul ose, both

pol ysacchari des. Both cellul ose and hem cel |l ul ose nmay be converted to
sinpl e sugars, particularly hexose (including glucose, fructose, 25 nmannose
and gal actose) and pentose (including xylose and arabi nose) sugars. The

nene SUBRLS BIrRRR AR breh T SO, b BB R b B T

m cr oor Qaéﬂrﬁ)@@%{/@bé‘@,toiu@mﬂbf&dc}wt i Bhrtldulrt &71i§AQM bfdgudgasiichPasbisol en
t annophi | us NRRL Y-2460, the yeast Candida tropicalis ATCC 301369,

Fur sar i unetbanal asd dfiofdiespls Seele|basteridyaralgom ¢hlaonyeegion aifoswrigasyyitind
Baci |  us Macerans devel gped by. The University of California at Berkle

and Lawr HBBSaPRPEGY a0hs HeroV (PIOEARa e LeRerRy) S5t M50 GpE o PHoiad

typi cgl ahGRGOotReicilUpRSbeshbs. arSeRIraC irhePbordRfishes S@dddifte abf Ohyldsiciry
transportation usages since high percentages can be m xed with gasoline

wi t hout shighiels eomh veagtiengasesdarfd othdaraubstrates hhvg begnadeetitiedvel y few
corrosive effects on vehicle 5fuel systens. Fuel alcohols can be produced
from bi onass containi ng carbohydrate and lignin with net energy production.

That is, rdrceRShpfANtHIBe PSPSIHS est hESIHGRhO SR WekROodésdrirdadsh tis@nnothe
energy from any external source, the 10 introduced biomass itself

provi di ngereduptioneof aliauidt duélal frioor syngast hBabirikasdenive enethyjotrephigum
process s ..ln fact, nding upgn t rticul ar. operational steps and
P g er GBtein" gh oy, ERE" DaRD g DAL AR ok HinRE S Phh R0RgBLER" o)
be produc@dbrimngt gRY 199H0!|CloSiridieh BengdAAin (Ao e€tdl] aidgs; Barkbusg, al.,

al cohol can be produced from bi omass containi ng carbohydrate and |ignin by
particliz] 9%8aRarikieiralyi h39@nhandilannes eamd . t 13 )e oftasitidiyen Jiusgdpkiitansy t he
bi onass t ! dral vsi.s. cid h ySi S, i er dat .
Cenper at (oSt AtokRianoqthfint ot REBUALYRL SdrkePC iR onngnids coen
to effe_ctethﬁflbpl yus phtdrite abplicsidn uNese20071ITE5 P4 pnasscritsesefElestridium
separation o

P carboxidivorans, ATCC BAA-624, "P7" capable of synthesizing, from waste

gases, products which are useful as biofuel, in particular, P7 can convert

carbon monoxide to ethanol.

Acid hydrolysis of biomass for alcohol production

20
The biomass typically contains two basic constituents, carbohydrates and
lignin. The carbohydrate content of the biomass consists of cellulose and
hemicellulose, both polysaccharides. Both cellulose ahd hemicellulose may be
converted to simple sugars, particularly hexose (including glucose, fructose,

25 mannose and galactose) and pentose (including xylose and arabinose) sugars.
The hexose sugars are conventionally fermented to form ethanol, and the -
pentose sugars are now fermentable utilizing a variety of commercially
available microorganism strains, including (but not limited to) the yeast
Pachysolen tannophilus NRRL Y-2460, the yeast Candida tropicalis ATCC

30 1369, Fursarium strains of fungus developed by Argone National Laboratory,

and Bacillus Macerans developed by The University of California at Berkley,
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20 pentose and hexose sugars therefrominto a hydrol ysate having
insufficient furfural to substantially inhibit fernentation m croorgani sm
grow h, while not substantially hydrolyzing the cellulose in the bionass.
Then fernentation of the pentose and hexose sugars in the hydrolysate is
effected, such as by exposing them under proper environnental conditions,
to the yeast 25 Pachysol en tannophilus NRRL Y-2460, Fursarium strains of
fungus, aseh Bagirbhdes BYRGSY @asora&w hethads, bﬁf%d‘l hers. Bh&m&i.ol' arotpsiused
fromthe fernmented pentose and hexose sugars through normal processing
(e.g. disalcohasi mm)iucem nAdloaee practioadtanmac esrsatile afoohwds desitradspertation r ect

hydr ol ysi s t owar.d m cel | ul ose br eakdown i | e not being, concerned wt
ol | ul Seels AR RIS REBIRIBROER P DR it GO YRBALEDPaR SO Ean

have the hgfigé 'rﬁo&hé&ué’ﬁ’&r&% ¢REV WARE! ekt lf’@vvpéd}?@s?h?e le3dBtHigN ¢&icleand

the remai ning biomass (including lignin and cellulose) remaining after acid
hydr obysifsiebbystieensheni cel | ul ose can be burned to produce energy for all of
the process steps, as 5 well as additional energy for other purposes. It
IS necessary to minimze production of inhibitors, such as furfural, since

smal | Corlﬁ@é?tél%hQI@chﬁ BENBrddifticll Fn® S@%a’&v‘ébﬁﬁilb{m@f Eﬁ%oﬁﬁ?ﬁ-‘a&r%\ﬁdh
rate, or , the fernentation m croorgani snms. 10Aci d hydrol ysis

pr ef erabllygnlrs wihnaet ;enprgmtnroddcwnh drihadicisd almhxﬁncaratba)rproﬂua@d)dtrom to
70% by val.une (pre

. bl suI uric i d d t he hydr S te ure
s about Wagtassy SR e Al cof torekovn TRk BeYa ciyarel et EoFr oieren
i s ahout iﬂatrb@uée@‘%ﬁnas@ﬂ%e‘lfh réVigm BO{H QA EWS hiHtENalNBsy fhebémm«ﬁﬁ aml i ds
toliquid ratio of about 20/100 to 40/100 on a vol une basis. The 15particle

si ze of tthe Bhermsdor salbipsocess staps. Arnafacér rdepiendingetursd dhet pedtiqube

bi omass havi n rpent abl e mat er.i al ses t,he 1ol R slurried
bl omase. 1A YRS BN P AT P RTR bRy N, Lohp SNy, DR B g el &
pref er abl prodayd BEp3may s pR A, Grdahnay OsSItZAtHYr ab- 4@l O€brkchvsiEw! ysi s
of the biomass is conti nuously effected in the vessel at a tenperature of

about 120C or less to provide a hydrolysate. A first port| on of the

yr 3y o2t RBRBP oA oI SR HIORLOR hPkin el UL P Ol

and a secon por |on 0 YsHte P ESsé U™ ntge ESdui t

to ef f ectliighinr by n@reélidihg l@harrm@rrym@e theOrmemats tahd \fcagﬁelconzﬁaub&smashed
after acid hydrolysis thereof by introducing a stream of hot wash water

into a topbiestindtheopbiamass & a6id hudtlvsisz etheiagid\bedrely 15 dvrreeformed at
W t hdra“ﬂeiﬁogfé%d?s ta%Pd %ontcﬁﬂtr\é‘?.%ﬁe' ?%Qﬁ&ﬁéeertﬁ#e é’&ﬂoﬁ?{]oﬁé RIS t 10 od

dewat erin e Stream of water 1n
into the eyfeé(Stehydroly&s of the hemlcellulose in the biomass to effect separatlon of

20 pentose and hexose sugars therefrom into a hydrolysate having insufficient
furfural to substantially inhibit fermentation microorganism growth, while not
substantially hydrolyzing the cellulose in the biomass. Then fermentation of
the pentose and hexose sugars in the hydrolysate is effected, such as by
exposing them, under proper environmental conditions, to the yeast

25 Pachysolen tannophilus NRRL Y-2460, Fursarium strains of fungus, and
Bacillus Macerans, or the like, and then alcohol is produced from the
fermented pentose and hexose sugars through normal processing (e.g.

distillation).

30 In some circumstances, it can be desirable to direct hydrolysis toward

hemicellulose breakdown, while not being concerned with cellulose
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30 The hydrolysate preferably is acted upon by neutralizing it with |ing,
clarifying it, and then passing it to a conventional fernentation vessel.
After fernmentation, the "beer"” is passed on to a yeast separation stage and
then ultimately to conventional distillation towers where ethanol, butanol,
2,3- 5 butanediol, and/or other alcohols, are produced. After dewatering
the biomass is passed to a furnace, along with products fromthe yeast
separat i 0 am:. . i fElclient to
suppl y ¢ egkdaRhe E8ad 6 imiblze YOUUPR RouBLABT, MIRCLaRthE S OLRET 1o
bi omass ithat henergygeohsumption beathengprobessvais hmiaintized, anadf etie rienminihgal |
necessary punps, . 10 mxers, and the like. Additionally, there should be
suf fi ci erkiogy@ssghingledingoligninsand ggtluloge) epmaining After agidi Rydroksis @fethgy

pr oducer, i e t LGl i ! t ,

b thour {HaneaoloRd GhEAT i) S LY Skl frTel afor sfle tBp8at 8 a8, ¢ ne
bi ona8s iwskl 49 .adhtRsmaiassenggy fdre otlogw purposdsd altcishakcessang td tminsraivec
energy. US patent application No. 2008/ 044891 (FC STONE CARBON LLC)
entitled PredBRHSR AolheRitaren sueh A dwdrrals sigeus i comcentisiogs ofdgeme bes
a et Nod (RAMBRGES| Bgh SRAASEY UHHdCRSAI CoBaRig¥ate B PLATERS (arAbralidh
production process , such as an et hanol” production process. e process
enpl oys uhiagrasanismeergy as 20 the only neans of pretreatment, or
additionally enploys a concentrated acid hydrolysis pretreatnent, or a
hydr ot hermal or chem cal pretreatment, followed by an enzymatic hydrol ysis
st ep16r aAeidnhydroheis Preferghtutip Nyl peicsicedawithcemacid iceacepiatoamf 25
M cr owave abyt | j,0nas | he t L.cak i 1009 nhui
Uni v of 'Iaebﬁgt ge{s%ﬁ(%!é’s%gi g?@mﬁ%e@g%@g%@pi glgl%(l‘)'h%séé@pac fjn%\ep?‘glgg@ggéor
pr epar i ngebipdragireds abolut iiZ0P € ioe hesi: etTberedldemizel tirhedh uhesadid inydrslgdisum
carbonate as catal yst, silicon 30 carbide as m crowave absorbi ng nedi um

m cr onaveTeHMAY igsahpidt1 407 baurorand Hi&gtes HIREss alwry bas Babiemafisxt ur e
for cool i NFig¥otRligufy $3BOGE Hbok? 20/100 to 40/100 on a volume basis. The

15 particle size of the biomass is about 1-4 mm.

An alternative method of treating biomass having fermentable material
comprises the following steps: slurried biomass is pumped to an upright acid
hydrolysis vessel, with the biomass preferably having an average particulate

20 size of 1-4mm. Acid hydrolysis of the biomass is continuously effected in the
vessel at a temperature of about 120°C or less to provide a hydrolysate. A
first portion of the hydrolysate is passed to an ultimate destination for
fermentation thereof, and a second portion of the hydrolysate is passed to the
slurrying conduit to effect slurrying of the biomass. The biomass in the vessel

25 is washed after acid hydrolysis thereof by introducing a stream of hot wash
water into a top portion of the vessel. Hydrolyzed and washed biomass is
withdrawn from the top of the vessel and dewatered. Water from the
deWatering of the biomass is passed to the stream of wash water introduced
into the vessel.

30
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obtain biological oil with rich acetone al cohol.By nmeans of the unique
tenperature effect of mcrowave in a biomass particle and the uni que

catal yzing effect of sodium carbonate in cracking bi omass, the process
realizes the creation of acetone alcohol in high selectivity. 5 Production
of butanol The fermentative production of butanol is also well known.

I nternational patent publication WO 2008/ 025522 (Bayer Technol ogy Services

GrbH) 10 fﬁ%ﬂ%@ﬁalf@atﬁr e %%@Iyp s 96@9%%&98% ik ﬁéﬂ}mg it WihPRhk! E}Hrﬁgmgt "

et hanol ano i omass l omass I's conml nut e
r emai ni ngt,bianmhsthens passing @ fter mentaivieonioanld tehmenltatidrol vesse:bbt aiAfesr from

the product of the ferneptation, inspluble conponents and/ o

non- fern&ﬁf'&ﬁl‘&at%aﬁ? BPWg SepaFSRE A1 afklgg?ft ﬁ@pﬁfa&%‘sét% and thee
ferment atijigm 89/ 96 XGﬁ?ént‘?’d]'%légﬁﬂéﬁéﬁ 3105‘\‘/0 sSeprRt ethaldl, aldidhot, h9, d3
fermentation. The use of bionmass in fuel I's The el ectric power industry

has génerlaltbgedhetnarid/okiotigert almahdlst laee prmiun‘edf uélfte:t(ﬁmhtesmgﬁtheebmma&sl y

| arge el ectri cal ower enerating applications eneration by fuel
cal s of 6y RsRE ST, oloRB Ry Prequitey o o Rt cERMBNOH 10

em ssi oNgyrodhes stbHfl. CPhé Sydi@Meobf %&eé}n”BFd?iLﬁ:‘é‘an@T‘sﬁ?dlc@?@% ijd??"‘ﬁ{e-

production than other existing power producing technol ogies. 25Nbl
car bonat estéaml needdsanarar thud distibatide tbwalrs c&drl steamangelfl theubibethsison thei ng

heat ed gas streans a sho reat propise in in ustrlal power
Goner at | VT o 10t Drating: B B@oh adpfate A BUTIRG G 8cbethaEE AgPPEhe
feedqpui trﬁme?sf%d Ltﬁ@ K. ”K‘cﬁﬁtnf)h'&h: Gpletes shﬁélodﬁécgdflf’i%%rﬁbéw&g LibR §@ses
required as fuel cell feed are readily obtainable fromthe ga5|f|cat|on of
t he bi omesss that tihe wpnrestawlltynwgm ingt. energy producer, producing steam or
electricity in addition to the alcohol, without the introduction of energy from

an external source (aside from the biomass itself).

15 Biomass may be converted to alcohol using ultrasonic energy. US patent
application No. 2008/044891 (FC STONE CARBON LLC) entitled “Biomass
conversion to alcohol using ultrasonic energy” describes a method comprising
applying ultrasonic energy to a biomass to alcohol production process , such
as an ethanol production process. The process employs ultrasonic energy as

20 the only means of pretreatment, or additionally employs a concentrated acid
hydrolysis pretreatment, or a hydrothermal or chemical pretreatment, followed
by an enzymatic hydrolysis step or a simultaneous enzymatic hydrolysis and

saccharification step.

25 Microwave Catalytic Biomass

Chinese patent publication CN 100999676 (Anhui Univ of Tech) describes
microwave catalytic biomass cracking process for preparing biological oil with
rich acetone alcohol features using sodium carbonate as catalyst, silicon
30 carbide as microwave absorbing medium, microwave source as heat source for

cracking biomass, and ice water mixture for cooling volatile component to
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G eater efficiency in conventional fuel cells may be obtained through
integration with biomass gasifiers, for exanple, a conbined gasifier and
fuel cell systemwherein the gas streamtravels fromthe gasifier through
an external carbon dioxide separator. US patent application No. 2002/ 194782
5 (Paisley) describes an integrated biomass gasification and fuel cell
system wherein the el ectrochem cal reaction in the fuel cell is effected by

provi din r : fr ifi uel gastfjer is
G roct ed 3o LTERLAM P AREn TR Bcpfile AiondTy s P AR oah o, HpOBRld
exhaust gesnperatareheffzeodef i micioveatedint @ cbioonisss particldhandonthe onnitfuet he

exhaust gas fromthe anode js 10 then conbusted to recaover residual energy
to i ncr edSabBGEHRG! PT epHium SRERORALe|IRiEgFkIPE PiPnsfRtstheyREGEsE deA#ESand

fuel cellisy, Mo =13 the conmbustor may be directed
to the ch%dﬁésﬂ?”@ﬁzﬂ?ﬁéﬁ§8§%ﬁeﬁﬂéh%@@%%%@”?ﬁﬁergy Res Corp) entitled

"Bi omass-fuel cell cogeneration 15 apparatus and net hod" describes the

i nt egrated et hanol q?nuf cturing by fernentation of biomass, with an
eIectricd%QQ&éﬂgﬁéﬁLiﬁéﬂgkator of electrical and heat energy, the
cogeneration including use by the fuel cell of the alcohol, and of the

carbon dioxide fromthe fernentation, which increases the generation of
ener gy, afhk Usembptdthe @rodbadionresfubacénoli isy abfo tvmell Heatwand leterottiboal

energy 20fromthe fuel cell, ich ipcreases the fuel manufacture, It is
Shown f  GTERE RaiegBPRg W2s 2E08Y | BRB5RRaTBF v Heshaeioy: Sudveds cymity
presept 1RKRBE 'tterhwﬁﬁ}hgﬁ ASBbdutidy Wiskic o1 ety g tid@%P et TR Butdhol,

particul ar plan concentrate 'on a particular one of these downstream
25 pr oceslew, biengassgemerbichntheebmm asscist gomminuted, ube reehdiningr biomeass is
production of biqQfuels and biq-al cohols. .The skil|ed person i mpl enent
Phs st nGdolfe DiicHRETRERn PO e IALa hdd P et iach TERBCthe GroBLFb D e

t echni quegrkBAYAtidr) hkvlable YordSomEtsbandeye! iefbrmithtable M RIgars NbkivgS
docunent, the term anbient pressure is used to define the pressure in'the
vessel 3epacatedheflvduwul the bhiomaseabetbre othpgadefmentatithe apdéws yeest randhe

15 Dbacteria are separated off after the fermentation.

The use of biomass in fuel cells

The electric power industry has generally been looking toward the use of fuel
20 cells in relatively large electrical power generating applications. Power
generation by fuel cél|s offers the advantages of high efficiency and low
environmental emissions. Thus, fuel cells may offer a more economical means

of power production than other existing power producing technologies.

25 Molten carbonate fuel cells and solid oxide fuel cells are well suited for using
heated gas streams and, thus, show great promise in industrial power
generation applications. Biomass gasifiers can be used as source for the feed
suitable for use in these fuel cells. As described above, the gases required as
fuel cell feed are readily obtainable from the gasification of the biomass of the

30 present invention.
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5 vessel will thus normally be atnospheric pressure or whatever the
prevailing pressure is around the plant. The pressure within the vessel may
be slightly higher than the pressure around the plant due to the steam
injection even wthout the vessel being sealed. The term anbi ent
tenperature is used in this docunent to refer to the tenperature

surroundi ng the plant which will vary 10 due to | ocation, season and

gener al n ri g al.ly

cel | ul ose g%légg%egnﬂc&eﬁéfoz‘e u%ﬁi\)eegg% Ien@%eﬁt é:)%[ls %l rl %)/él né?;'ﬁ%asmrough

di ff er entinyegretioar withy biohhdss yasieiBtd, oforr & ahpke, tan canwm@@sgsas&ml appauat us
for recycling 15 nunicipal donestic waste conprises subjecting the waste to
steam at a8b@EYsteroowhereier the camd tFtErAMeHBvelshdroresihe dnasifigit ghmg h @n
Separate C t o to
further tr)lé[gtr?a' ?A}Bf?h HB? edaelrongl%é%aa{{l(grr‘\i:nttlJ %g@%[% £ ggnag{ 3‘8?@5@%’1 ?zogjsﬁ? ?%%%%%eat ed

mat er bal (@atsley)gdiesetey lan iv@ddeedt boniassingasifiedtiol .andmposlt aslt | yystefe
steamtreatnent 20 di srugt s the cellul ose and ot her or%&nl c materials so
that the Whefeiq té?leee'GEHﬁC MRl f§acHensipethn fuelacell iniehtessied thy peoviging
easily c I I e t

prefer ab?{&\ége% ices’ %e% frdff hang%?'regmcﬁ%q % Oﬁ%@gthﬁ@a%ﬁéég &|{é(§t§8 tﬁeme

pl asti cs.amsdenof ahé eueladdlivand aoheastra pbttiet of hhe kixbamss gamyrdre thesdrfoded in

order to produce hydrogen which_may, in turn be 25fed to a fuel cell to
produce daf drested it compistor- éml REStion. af, the sxhavss9asfram dhei apdsols d

wast g gmat re'narl rﬁBUQ{e'dedqge&v\é?§§§h 4 érﬁ‘er@&l fonin%?eét%fe tﬁ\%ggglah%fﬁﬁuén%g ﬁj‘rjgfd

and an out or treated waste, e I nt or o havi n

zone and mtesgarawcd bianess tdwsifappmnabnd fuel tdedr systehudi Atsoa qbuleuomldlahy gds
steaminl ets for selectively injecti amin to the interior of the
vessel , d"aM e SOMRHEEY ma¥Wo@r%eagp ‘ﬁ'\ev‘"eatﬁﬂfipdﬁ tl!?@t#\%é{eﬁeu-he st eam
inlets and the first zone such that only sonme of the steaminlets are in
said first zone at any tine, and steam control neans arranged to supply
st eam onl YSt & /360226 | (Hrergy | Res h€ofp)r sintilene. “Bibmaapifaelatoed @ogeneiatprt o

claim.1l, wherein the ves an. el ongat.e ves ththel | et at ne end
Snd The ARHACEIS aPfle HRGR” clert RS Mdr e Qatet cPanely Man peurg

claim 2, thekatfidder HidMmass Swith aﬁgﬁ@bﬁ.ear AL Héner 8RO elEBﬁ‘n&fPl%f?Joat us
according to any one of the preceding clains, wherein the steaminlets are

provi ded meatsenmgvptfpiasogé'mmaappanamamgauser’mh the fuel eyl afrhecdicohel, and
precedlng alms rel eaminlets are.fixed relative to the

T ter or o i EBpabgpLidp, 05, s BnieRsgtin atuth S RtnpSemtiasfeb et ng
cl ai ms, V\élﬁsfrgvnahb%s'e%ﬁftﬁe AR hdHifdctRindbeehe HegfBhateléctriRBPBRAIGY € Of

150C to 200C
20 from the fuel cell, which increases the fuel manufacture.

It is shown from the foregoing description, that the biomass produced by the
present invention can be used in a wide variety of ways. Normally, a
particular plant will concentrate on a particular one of these downstream
25 processes, e.g. generating electricity from a fuel cell, or the production of bio-
fuels and bio-alcohols. The skilled person may implement this using one of
the techniques described or referenced, or other techniques known in the art

or as may be developed.

30
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The apparatus according to any one of the preceding clains, further

I ncl udi ng heating neans for heating and/or maintaining the interior to a
tenperature of 150C to 200C. 8. The apparatus according to claim7, wherein
the heating nmeans is selected fromthe group consisting of heated air, an
exterior steamjacket and a heating elenent. 59. The apparatus according to
claim7 wherein the heating neans conprises only a heating jacket heated by
st eam 1q§|;herapparatus according to any one of the preceding clains,
wherein t rior of the vessel is at a pressure under 2 bar. 10 11. The
apparatus according to any one of the preceding clains, wherein the
interior of the vessel is substantially at anbient pressure. 12. The
appar at udnaifdsdecumeand, dng teme ambient pyessiudiiagiseidatarsiefinachei pressigre in
15appar at

' ' ' ly. . .Th
appar at ustl@c\l/:%srs !?gﬁg'g‘deé‘tr@%%gg%efl \Q?E{g psrréateg({jl%%alé’a%lo@%‘hg?%%r%’ﬁ@%grﬁn'gl 1i‘i‘&i ng

neans 5f orvdssansyif rthugdnvvasilsy BBt finh@dpHeriepidiguidloptwhatdis iet pRlvailiég 14
The apparatus according to any one of the preceding clains, wherein the
treated vRISBeUTRRiSeaioaindcHipPlatds Ahpiryeasyeovitdén Ithe osissehimay e gJahthyi ni ng

0 :

| ess tharhiéﬁgr.s%grbm'e é?e]s%Uﬁérha‘?oaRgatrh%t Bﬁan‘}‘cg% .dtlonghé %80 ?nr}gct?(;n ten/%n
pr ecedi ng ai ns, erein-the

without the vessel being sealed. The term ambient temperature is used in this

document to refer to the temperature surrounding the plant which will vary

10 due to location, season and general weather conditions. Cellulose material

generally refers to cellulose and hemicellulose unless the context clearly

indicates differently.

Generally, this invention relates to a process and apparatus for recycling
15 municipal domestic waste comprises subjecting the waste to steam at 150°C
— 200°. After steam treatment, the resultant material is separated into
constituent parts and biomass and/or plastics subjected to further treatment.
The steam treatment advantageously sanitizes the treated material and
significantly reduces the volume thereof. Importantly, the steam treatment
20 disrupts the cellulose and other organic materials so that the fibres are open
allowing the steam treated biomass to be more easily converted to bio-fuel,
bio-ailcohols, etc. The further treatment preferably produces bio-ethanol from
the biomass and diesel from the plastics. As an alternative, some or all of the
biomass may be gasified in order to produce hydrogen which may, in turn be

25 fed to a fuel cell to produce an electrical output.
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out| et

I's connected to a sorting chanber where the treated waste materi al

IS separated into plastics, ferrous netals, non-ferrous netals and bi omass
of cellulose material. 3016. The apparatus according to claim 14 or 15,

wherein the biomass is transferred to a hyperbaric engine or a fuel

to a conversion unit 17. 5 18. 10 19. 15

10

15

20

25

30

CLAIMS:

An apparatus for treating solid waste material comprising a vessel with

an inlet for waste to be introduced and an outlet for treated waste, the

-interior of the vessel having a first zone and a second zone, the

apparatus further including a plurality of steam inlets for selectively
injecting steam in to the interior of the vessel, a drive arranged to
provide relative motion between the steam inlets and the first zone such
that only some of the steam inlets are in said first zone at any time, and
steam control means arranged to supply steam only to steam inlets in

the first zone.

The apparatus according to claim 1, wherein the vessel is an elongate

vessel with the inlet at one end and the outlet at the other end.

The apparatus according to claim 1 or claim 2, wherein the drive is

arranged to rotate the vessel.

The apparatus according to any one of the preceding claims, wherein the

steam inlets are provided in steam pipes.

The apparatus according to any one of the preceding claims, wherein the

steam inlets are fixed relative to the interior of the vessel.

The apparatus according to any one of the preceding claims, wherein the

inlets are arranged to inject steam at a temperature of 150°C to 200°C.
The apparatus according to any one of the preceding claims, further

including heating means for heating and/or maintaining the interior to a

temperature of 150°C to 200°C.
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20. 20

21.

25 22. 30 for converting the biomass into biodiesel

an organi c al cohol, such as bio-ethanol or bio-butanol, or an aviation

fuel .

10

15

20

25

30

10.

11.

12.

13.

14.

15.

16.

The apparatus according to claim 7, wherein the heating means is
selected from the group consisting of heated air, an exterior steam jacket

and a heating element.

The apparatus according to claim 7 wherein the heating means

comprises only a heating jacket heated by steam.

The apparatus according to any one of the preceding claims, wherein the

interior of the vessel is at a pressure under 2 bar.

The apparatus according to any one of the preceding claims, wherein the

interior of the vessel is substantially at ambient pressure.

The apparatus according to any one of the preceding claims, wherein the

apparatus is arranged to treat waste material continuously.

The apparatus according to any one of the preceding claims, further
including means for transferring waste material from the inlet to the

outlet.

The apparatus according to any one of the preceding claims, wherein
the treated waste material comprises a biomass of cellulose material

containing less than 1% sulphur.

The apparatus according to any one of the preceding claims, wherein the
outlet is connected to a sorting chamber where the treated waste
material is separated into plastics, ferrous metals, non-ferrous metals and

biomass of cellulose material.

The apparatus according to claim 14 or 15, wherein the biomass is

transferred to a hyperbaric engine or a fuel cell or to a conversion unit

-28-
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The apparatus of claim 16, wherein the apparatus further includes

el ectrical generators powered by the biodiesel or organic alcohol. A
distributor valve for directing steamfroma steam generator to a steam

i nput, conprising a valve body having an inlet opening fluidly connectable
to the steam generator and a plurality of outlet openings fluidly
connectable to the steaminput, wherein the valve is arranged so that at

any tine at | ¢a5koR0S Rl e pRIRLE! (ABSLARS A B A bl nidiacaecten o om

the inlet opening or va ve accor Ing t aiml erein the
i nl et opening bncﬁeﬂ’ferrwhgﬁd)l(b@ubmdll ot dhyaviatisredtield to only one outl et
opening at a tine. The distributor valve according to claim18 or claim 19,
wherein the i nI et opening in fluid connection with one end of a tubular

val ve menpger R, %ﬁg'apatasval‘ VOaRdY 6 "NEhE rdi netﬁ’é’té arSRRD i eR 1 ﬁ(lzﬁﬁ%%ed

about the circunference of the valve body so as e I ndi vi dual uidly
connebt ed to khetrhiehlvgenaeatoes poyvaretidiy tive bhﬂlm‘l or oryhmicvaltoteolbody. The
di stributor valve according to any one of clainms 18 to 20, wherein the
inlet opening is in an inlet manifold with a fluid connection extending in

an axi al regt The

distri butga} va 9%%%%?3% nh/g@{cf)ro(%réal mggi%%mzrrog?%n%*%éni g'? g?%biﬁ(aa{(%//gls\?g%

chanber has airgileamcbesutising suppdlye ndostyeanavinga dreatniletg pperkiay dhddly

condensate return for receiving condensate framthe heat(#ngy{lacket and t he
il

steam feed i s PPOfEiaPICIANKE PR IENGTatah PR iRuraliLy FafPeBings and
the ggndensat ?Iu'l’d?{/ LHd?\Hegtgﬂlé” 1l %ec%'aﬁ‘\?/lirﬁﬂjﬁ Q/vlgtlsrreﬁji Yhé \)a'l\ﬂeelé HrrEHSe et

mani f ol d. I stributor e according to claim?21 or alm 22,
wherein the i mlhaat &Sneamf otinhei satndeastotateabdie. thdd. odthet ddevimdmut isr fuadil\ye
according to %é‘%/ one of Ia| ﬁ%‘”ﬁ 0 23, wherein the distributor valve
conpri ses t he 95CoRRFEH eLERNBPNg to any one of clains 1 to 17.
10 25. A nethod for treatlng waste nmaterial conprising the steps of: a)
inputting particulate waste material into a vessel, and

19. The distributor valve according to claim 18, wherein the inlet opening is

15 arranged to be fluidly connected to only one outlet opening at a time.

20. The distributor valve according to claim 18 or claim 19, wherein the inlet
opening in fluid connection with one end of a tubular valve member
housed in a valve body where the outlet openings are spaced about the

20 circumference of the valve body so as to be individually fluidly

connected to the valve member by rotation thereof in the valve body.

21. The distributor valve according to any one of claims 18 to 20, wherein
the inlet opening is in an inlet manifold with a fluid connection extending

25 in an axial direction through a rotatable valve chamber to the valve body.

22. The distributor valve according to claim 21, wherein the rotatable valve
chamber has a steam feed for supplying steam to a heating jacket and a
condensate return for receiving condensate from the heating jacket, and

30 the steam feed is fluidly connected to a steam line in the inlet manifold
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b) treating the particulate waste material with steamat a tenperature of
150C to 200C, wherein the vessel is at anbient pressure and/or the 15steam
is injected only in to the particulate waste material. 26. The net hod
according to claim?25, wherein the nethod is a continuous nethod with waste
material being input at the input of the vessel and treated waste nmateri al
being outlet at the outlet of the vessel. 20 27. The nethod according to
claim25 or clai i iStri n:. val ve of ,any
one of cl ai mgqg%%%f%ﬂeﬂggf&%%gnpng ﬂ%@rﬂaggﬂé%ﬁg It%oé ég{g/&rgrl@\églp @\ea'ifn#égt 25
to 27, wherei mdnifel@5treated waste material conprises a biomass of

cel lul ose, plastics, ferrous netals and non-ferrous netals. 29. The nethod
according to any one of clainms 25 to 28, wherein the interior of the vessel
is heate o] q@g* t : : 0 .Th - orgi,ng to
any one ngst'cl Zlhtr?ns 'bt%I g&gg?lgﬁhéﬁg?%'%gﬁg (téltg 'e”z%%t rggglar@n?z’su H;é? é’ti'rrl‘?iﬁ1 %’I 'W/é t

br eak§ down ongmifiotd v ndoabsatablet he waste material to forma biomass of
cellul ose material. The nmethod according to any one of clainms 28 and cl ai ns
dependent thereon, wherein the bionmass is further treated to forma fuel

sel ected o] i fdi | -Ge I O i aid fuel
or a subszzlli['t mrggfcggfsrﬁ?ﬁ%hg%wf%rﬁ&ﬁg?ar?gk{)'lr]]% Cﬁi g?ﬁggghocﬁﬁpwgg)ﬁa t he
steps of: a) ter fdistnibotort ralveethogpriskest theasitewn acovetsdle neainer aatoradaprtdi ng
to any one of claimsf25 to 30, tfl)q treating the product of a) to forma

bi omass if ne@RSERFP %')"'%?ép%?ri g the bio-al cohol fromthe biomass. The
met hpg of claim 32, wherein the bio-alcohol is bio-ethanol or biobutanol.

25. A method for treating waste material comprising the steps of:

a) inputting particulate waste material into a vessel, and

b) treating the particulate waste material with steam at a temperature of
150°C to 200°C, wherein the vessel is at ambient pressure and/or the

15 steam is injected only in to the particulate waste material.

26. The method according to claim 25, wherein the method is a continuous
method with waste material being input at the input of the vessel and

treated waste material being outlet at the outlet of the vessel.

20
27. The method according to claim 25 or claim 26 using the apparatus
and/or distributor valve of any one of claims 18 to 24.
28. The method according to any one of claims 25 to 27, wherein the
25 treated waste material comprises a biomass of cellulose, plastics, ferrous
metals and non-ferrous metals.
29. The method according to any one of claims 25 to 28, wherein the
interior of the vessel is heated to a temperature between 150°C to
30 200°C.
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The nethod of any one of clains 31 to 33, conprising a nethod of generating
electricity and the nethod further including the step of using the fuel to
power the electrical generator. A nethod of making fuel for a fuel cell,
conprising the steps of: a) perform ng the nethod of treating a waste
material according to any one of clainms 25 to 30; b) treating the product
of step a) to forma biomass if necessary clpreparing the fuel for said
fuel cell gfrong ' | I.SkNg
the steps or: pariodEEorfngRbig Bhe T CAME s, 29, MR reinrfiEpLicshy
according to argatmtotubémnmmll%bte:aléo dovh) cbrrge:aia ngrodhetprindueé whaseg to
forma biomass if necessary; preparing the aviation fuel fromthe

bi omass. 537. "AAtEARh1P Aprme 'OH@%? ‘hfb%@Bﬁ‘és‘?jE%F’T'B'ed with reference to
and/or as illustrated by the acconmpanying drawi ngs. 38. A distributor valve
as hereinbefore described with reference to and/or as illustrated by the
acconmanyBmg drresmmahod38ccokdimes Inodaras olmer ef niwfrer @8dasdradlbieds wieplendent
reference to aRd/or as |IIushe%led by acconpanyi ng .draw n

ngs
ereon, wherein t omass |s urther treated to form a fuel selected
from: biodiesel, fuel for a fuel cell, bio-alcohol, aviation fuel or a

substitute fossil fuel.

10 32. A method of making bio-alcohol comprising the steps of:
a) performing the method of treating a waste material according to

any one of claims 25 to 30;

b) treating the product of a) to form a biomass if necessary;
c) preparing the bio-alcohol from the biomass.
15
33. The method of claim 32, wherein the bio-alcohol is bio-ethanol or bio-
butanol.
34. The method of any one of claims 31 to 33, comprising a method of
20 ~generating electricity and the method further including the step of using
the fuel to power the electrical generator.
35. A method of making fuel for a fuel celi, comprising the steps of:
a) performing the method of treating a waste material according to
25 any one of claims 25 to 30;
b) treating the product of step a) to form a biomass if necessary;
c) preparing the fuel for said fuel cell from the biomaés.
36. A method of making aviation fuel, comprising the steps of:
30 a) performing the method of treating a waste material according to

any one of claims 25 to 30;
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10

37.

38.

39.

b) treating the product of a) to form a biomass if necessary;

c) preparing the aviation fuel from the biomass.

An apparatus as hereinbefore described with reference to and/or as

illustrated by the accompanying drawings.

A distributor valve as hereinbefore described with reference to and/or as

illustrated by the accompanying drawings.

A method as hereinbefore described with reference to and/or as

illustrated by the accompanying drawings.
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