WO 2007/ 000607 PCT/ GB2006/ 002409 - 1 Waste Treatnent Process and
Apparatus Technical Field 5 The present invention relates to a process for
treati ng woasémoog@articul arly nmunici pal waste. BackgroumrdTAsB20d6D0bdeni ci pal

waste has traditionally been disposed of in landfill sites. However, the
envi ronment al hazards of doing fre becom ng a maj or concern and
therefore an effort has been nade n recent years to devel op

wast e-treat nent processes that reduce the volune of the waste material and
15 the amount of potenti all enV|ronnentaII hazardous constituents in the
treated material . Prdfaskedrs ' , R ARPREALYS 0at wast e

i ncl ude conbustion systens, in which the waste is thermally 20 processed
with stoichionetric or excess anobunts of oxygen. The process is normally
carried out Terlmicabxeigilds of conbustion systens include: mass-fired
conbustion systens, refuse derived fuel (RDF) conbustion systens, in which
the RDF is typically burnt on a travelling grate stoker, and 25 fluidised
bedgconbust i Anaider IBihod el EOoessitY aastecssy of yesttsaning
pyrolysis, i.e. pyrolysing the waste in pyrolysis unit. The term

pyr ol ym@bmarmi}rﬁipwﬁ@rﬁéﬂwmlmﬁst“@ﬁ%at ment, 30 the thermal processing
of waste in the absence of oxygen. Cenerally pyrolysis processes are
endotherm c and so require the input of thernmal energy for the pyrolysis
to continue.BaAk@OOMAMEO7 PCT/ GB2006/ 002409 2

10 vMunicipal waste has traditionally been disposed of in
landfill sites. However, the environmental hazards of doing
so are becoming a major concern and therefore an effort has
been made in recent years to develop waste-treatment
processes that reduce the volume of the waste material and

15 the amount of potentially environmentally hazardous

constituents in the treated material.

Processes that have been developed to treat waste
include combustion systems, in which the waste is thermally
20 processed with stoichiometric or excess amounts of oxygen.
The process is normally carried out in air. Examples of
combustion systems include: mass—fired.combustion syéoems,
refuse derived fuel (RDF) combustion systems, in which the
RDF is typically burnt on a travelling grate stoker, and
25 fluidised bed combustion.

Another method of processing waste involves using
pyrolysis, i.e. pyrolysing the waste in a pyrolysis unit.
The term pyrolysis means, in the field of waste treatment,
30 the thermal processing of waste in the absence of oxygen.
Generally pyrolysis processes are endothermic and so require

the input of thermal energy for the pyrolysis to continue.



This contrasts with conbustion, which is an exotherm c process, and as
such does not require the additional input of heat once the conbustion has
been i ni twatzeal/o0ddee pyrol ysis process converts many of PCH&B20@A024D9
constituents 5 found in waste to gaseous, liquid and solid fractions using
a conbi nation of thernal cracking~a£d condensation reactions. Pyrolysis

generally results in three products? a gas stream primarily containing
hydr ogen, met hane, carbon nonoxi de, carbon di oxi de and ot her gases; a
liquid fraction 10 containing a tar or Qi] containing acetic acid, acetone,

met handThi sarePreoms ek Yoty st TR o cltsdhst S AR HEFOTRYORT sting of
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So17d Waste. Pyro

in the ysSis 1s a process that 1s used in the industria
pr oductédrheft naharies atorien imodas dheeranth tokateds fFleen coal , and fuel

gas and pitch from heav etrol eum fractions. However, i . in the
processﬁ’wjdfsjs%ll?]i??/ﬁa%%égm‘éeﬁﬁ Teh © u@lees%f%??l%n%oé) tjfﬁz&rl%é;sons for
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difficult to 20 obtain from nunicipal waste, A third nethod for processing
wast e | avedmienation gk thernabrepickiiRg v@3Rd COERTFRELPTon i s the parti al
conbustj on .of mat.er i € y. gt Rrddshibgatton nit is

cont rol ]fee%c%lu% © haﬁ%ﬁY%y\%r%&%ﬁﬁalg@%jb- st%?cﬁi J(C)mat]!r)i c anount,

rel ati vgas ost feamaseimat £y atont Sasihg caydorget, wasteagent e nbeg

car bonaceous, conponents _results i conbusti bl e_fuel scLich.in carb
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methane o Jhel8i A4 & fiye bashelt yorsaohifgshébeic yefd| catetbhxped bed
gasifier, horizontal fixed bed gasifier, fluidised
methanol, and complex oxygenated hydrocarbons; a char,
consisting of almost pure carbon, plus any originally inert
material originally present in the solid waste. Pyrolysis
is a process that is used in the industrial production of
15 charcoal from wood, coke and coke gas from coal, and fuel
| gas and pitch from heavy petroleum fractions. However, its
use in the processing of solid waste has not been
successful, one of the reasons for which is that the system

requires a consistent feedstock, which is difficult to

20 obtain from municipal waste.

A third method for processing waste involves the
gasification of the waste. Gasification is the partial
combustion of a material, where the oxygen in the

25 gasification unit is controlled such that it is present at a
sub-stoichiometric amount, relative to the waste material.
Gasification of waste containing carbonaceous components
results in a combustible fuel gas rich in carbon monoxide,
hydrogen and some saturated hydrocarbons, principally

30 methane. There are five basic types of gasifier: wvertical

fixed bed gasifier, horizontal fixed bed gasifier, fluidised



WD 2007/ 000607 PCT/ GB2006/ 002409 3 bed gasifier, multiple hearth gasifier
and rotary kiln gasifier. The first three are in nost common use.

Gasi fi catworpomdoddoe bei ng noderately successful in conbestriarroddne24aj ority
of waste, neverthel ess produces a 5 gas that contai ns unconbusted

particul ates, low volatility tar[y3sgecies and ai rborne conpounds.
Additionally, although much of the waste is conbusted to either a gas or
airborne particles the gasification process still often results in a

"char', i.e. a solid nmaterial that contains 10 cqQnstituen s that will not
read.|ybeénﬁagrfb?rvamerréelenaeﬁrtbhaaﬁbérarrﬁﬁ cBRBPEY ofE1Bf t he

gasi ficghLop;the ¢ érﬁmf&ﬁ“?ﬁkéeCQBEahﬂsmBééa&QﬁHénhﬁééy metal and toxic
organi ¢~ specl es, must be di sposed of carefully, adding to the cost

of the overaGaSMESCQtioeatwhmlepbecegsmOderaFeIYbeugseapﬁnéciated t hat

there is_a de reduce oy sylts froma
wast e- tF83PH§ n%r%ﬁ%s@ajgﬁﬁ YaPso" re uben?ﬁgrgﬁgﬁﬁﬁg PEEQQEE ogs materi al s
in the yagatpdt @@ﬁt§1n3Ouh&ohbﬁsaéaOpbeemcﬁmaﬁdsthabw vblhbél@ay t hat

results fromthe gasification of waste %terned a offgg is used in a
gas engFA&TYr SBaSicar sRAealrherBer GBFREVPAPt i chPdtESORaAdYrarry hydrocar bon

”D'eCU's&tﬂeﬁghamﬁegdSEcrhéowggee thecoRBistuabEBec9EnBRILNGasTRE Jas is
t herefore not “considered 25 to be sufficiently '"clean' and éven if the

of f gas piotioced pbytibkegasthecgnsbfiimeréonopbecasedstihd phtbine woul d
2ddi 1 oRSFUABE: 1 Bl SBRRRY - stafe foSoramoUR tRetarrp praRietes 1 o
10 constituents that will not readily combust or vaporise under
the operating conditions of the gasification. The char
commonly contains hazardous heavy metal and toxic organic
species, which must be disposed of carefully, adding to the
cost of the overall waste treatment process. It will be
15 appreciated that there is a desire to reduce the amount of
solid waste that results from a waste-treatment process, and
also reduce the amount of hazardous materials in the treated

waste.

20 It has also been found that, if the gas that results
from the gasification of waste (termed an 'offgas') is used
in a gas engine or gas turbine, the airborne particulates
and tarry hydrocarbon molecules have a tendency to clog the
gas turbine or engine. The gas is therefore not considered

25 to be sufficiently 'clean' and even if the offgas produced
by the gasification were to be used, the turbine would
require frequent cleaning and maintenance and/or the
introduction of an additional costly cleaning stage to
remove the tarry products.

30



30 WD 211117/0006117 PCT/ GB211116/ 002409 4 There is therefore a desire
for a process that wll overcone, or at |least mtigate, sone or all of the
probl ens wassowioadoed Wit h t he net hods of the prior art. PeTE®BIEN20D t he
Invention In a first aspect, the present invention provides a process for
the treatment of waste, the process,conprising 10 a gasification step
conprising treating the waste in a gasification unit to produce an offgas
and a char, and a plasna treatnment step conprising subjecting the offgas

and the char _product to a plasma treatnent in a plasmg treatnent unit. The
of f gas typi GHigBe Wid Ithﬁﬁﬁ%’rr? B R IGed sﬂﬁq%%gﬁ?ﬁ e"’élﬁd tarry

speci es(%‘ﬁe‘lirteoﬂé' sy %ﬁ:p%_(‘éag@xnj%%éﬁj@, BRHOHBS T Olof Nend readpRsths of

wast e, € process conprising either 20 (a) a gasification step

conpr i sdgupdirsadd ng tthecheastethods sofyashid iRt mImMit in the presence of
oxygen and steamto produce an offgas and a char, or (b) a pyrolysis step
conprising treating the waste in a pyrolysis unit to produce an offgas and
a char; and 25 (ii) a plasma treatnment step conprising subjecting the
offgas and the char to a plasma treatnment in a plasma treatnment unit in the
presence of THERAKY M tRDtIBRRFIOR steam 30 The first aspect nmy provide
a process for the treatnent of - waste, the process conpri sing

In a first aspect, the present invention provides a
process for the treatment of waste, the process comprising
10 'a gasification step comprising treating the waste in a
gasification unit to produce an offgas and a char, and
a plasma treatment step comprising subjecting the
offgas and the char product to a plasma treatment in a
plasma treatment unit. The offgas typically will contain

15 uncombusted solid particles and tarry species.

The first aspect may provide a process for the treatment of
waste, the process comprising
(i) either
20 (a) a gasification step comprising treating the waste
in a gasification unit in the presence of oxygen and
steam to produce an offgas and a char, or
(b) a pyrolysis step comprising treating the waste in
a pyrolysis unit to produce‘an offgas and a char; and
25 (ii) a plasma treatment step comprising subjecting the
offgas and the char to a plasma treatment in a plasma

treatment unit in the presence of oxygen and, optionally,

steam.

30 The first aspect may provide a process for the treatment of
waste, the process comprising

(i) subjecting the waste to microbial digestion, then



(1) subjecting the waste to mcrobial digestion, then WD 211117/0006117
PCT/ (B211116/ 002409 5 (ii) either (a) a gasification step conprising
treati ng wbeoomiossoobi al |y treated waste in a gasificati ®eaTGB2006/00240pr Oduce
an offgas and a char, or 5 (b) a pyrolysis step conprising' treating the
mcrobially treated waste in a pyrofysis unit to produce an offgas and a
char; and (iii) a plasnma treatnent step conprising subjecting the offgas
and the char to a plasma treatnent in a plasma 10 treatnment unit. In the
presence of oxygen and steant indicates that both oxygen gas and steam are
present in t hiel) ELk f&%tion wunit and/or the pl asma treatnent unit. O her

gases may al so 15 De Present: cLdV@ens RS Oy ¥l O BSa OXygerhgas, in a
m xture of gases (for exanple air), and/or in an oxygen- containing
conpound. " St eammmmkmhiblmt@ati@dtwfg%s@b@ 9%?%?1%‘%% WhHt 20 wat er

suspended in a g as_drople Y. SAM is water having a -
t enper at ure of 13&%0%%3 é@\a?%&i&v\%? havxf:5 ‘be converted to steam may
be isntroduced i nt m) he pgm1§$£@t$mp urdrpaisli g prestingredement unit in
the form of liquid vvat ter, which have_a

tenperature of 10GESERP Jr g‘% wa? hja‘ih%gp%rgféﬂb%rlé?u‘?e of 100C or
nore; in use, th mcé naltlhgff?g]geéh@raoéhé]he gagi fication unit and/or

pl asma treatnment ~unit ensures That any |iquid water, which may be in the

form of airbbihe arpbiens, treavuporiskepterBRERping subjecting t

offgas and the char to a plasma treatment in a plasma

10 treétment unit.
y
In the presence of oxygen and steam" indicates that
" both oxygen gas and steam are present in the gasification

unit and/or the plasma treatment unit. 'Other gases may also
15 ©be present. Oxygen may be provided as oxygen gas, in a

mixture of gases (for example air), and/or in an oxygen-

containing compound.

ﬁSteam" includes water in the gaseous form, vapour’and

20 water suspended in a gas as droplets. Preferably, the steam
is water having a temperature of 100°C or more. Water,
which will be converted to steam, may be introduced into the
gasification unit and/or plasma treatment unit in the form
of liquid water, a spray of water, which may have a

25 temperature of 100°C or less, or as vapour having a
temperature of 100°C or more; in use, the heat in the
interior of the gasification unit and/or plasma treatment
unit ensures that any liquid water, which may be in the form
of airborne droplets, is vaporised to steam.

30



30 WD 211117/0006117 PCT/ GB211116/ 002409 6 The second aspect may provide
an apparatus for carrying out the process of the present invention, the
appar at uswocosmpmd@rng: (i) a gasification unit or pyrol psirGBéc002ed 5
(ii) a plasma treatnment unit, wherein the gasification unit has inlets for
oxygen and steamand the plasma treatnent units has an inlet for oxygen
and optionally an inlet for steam ?0 The second aspect may provide an
apparatus for carrying out the process of the present invention, the

apparatus conprising: (i) a mcropial t (L
W S ke o S W B R B
eat ur
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and in Description bel ow. 20 The present invention will now
be f ur tdeespdiesiarg :bed. In the foll ow ng passages different aspects of then

i nvention defi ne nor e det.ali anhl A, i ned may be

conbi ned w t{fe)arﬁ/%ﬁ %tp]eocrf unl‘gsgpre S u |e2°§c‘%ﬂ’2§r y 25 indicated to
thescontrarygiin PPLdmdd adremyeriteaintte, | ndi cated as being preferred or
advant gg“eous may be conbined wth any oth fea ure or features indicated

as bei rherrint dite @ari Rt ARy st B‘rr? Ui PEYDH o™t he Fi gures

steam and the plasma treatment units has an inlet for oxygen

anhd optionally an inlet for steam.

10 Theﬂsecond aspect may provide an apparatus for carrying out
the process of the present invention, the apparatus
comprising:

(i) a microbial digestion unit,
(ii) a gasification or pyrolysis unit, and

15 (iii) a plasma treatment unit.

Preferred features of the present invention are
described in the dependent claims and in the Detailed
Description below.

20

The present 1nventlon w111 now be further descrlbed In
the following passages different aspects of then 1nventlon
are defined in more detail. Each aspect so defined may be
combined with any other aspect or aspects unless clearly

25 indicated to the contrary. In particular, any feature
indicated as being preferred or advantageous may be combined
with any other feature or features indicated as being

preferred or advantageous.

30 Brief Description of the Figures



WO 211117/0006117 PCT/ (GB211116/11112409 7 The followi ng figures are

provi ded by way of exanple and show non-limting enbodi nents of the
present iwoendvomo7 Figures 1(a) to (c) show schematic aCcawBges/mb40a pl asma
5 furnace having two el ectrodes in three possible configurations. Figure 2
shows a preferred enbodi nent of the process of the present invention.
Figure 3 shows an enbodi nent of the apparatus of the 10 present invention,
including a fluid bed gasifier (1) and a plasma furnace (4). 2 Figure 4

Further or of e fsihel AU o (DA s dedUBE v of i Tvent  on.
Det ai | ecarkesstrawtrican IHaiitigg egaiatl inerithe of i€ Prassaci atvthmidh, 20

gasification processes, a proposed solution considered by the present
inventors was to use a plasna treatnment in place of the gasification

treatment. The duweantiory foy IR i henldtale (8 ATRIN G OF, §0HES
required to gasg! fy the asr’orga%(:) fraction eof tﬁ:e C{V\l/:ds“fl%toe?iaal I n&%’%e
pl asha fiinaxs ey insy ewe g eatdasidy drel|tdtiecelposriddlle vol umes of solid

wast e C%r%iﬁg{arﬁ%ﬁ%d at any one tinme. As such, the treatnent of

unprocesse e using plasma was found not to be econom cally viable.

The i nvent or #ikawe rowhooind, pradsvesd drbdddimerdd (o dHLPddukdhemaste in
a gasification 30 unit, followed by treatnent in a plasma unit, a nunber of

advant add€ &F&ESe FVEGELIY- processes can be obtained. In
Figure 3 shows an embodiment of the apparatus of the

10 preéent invention, including a fluid bed gasifier (1) and a
plasma furnace (4). K
Figure 4 shows in more detail the plasma furnace of
figure 3.
Figure 5 shows a further preferred embodiment of the

15 process of the present invention.
Detailed Description

Having regard to the problems associated with

20 gasification processes, a proposed solution considered by
the present inventors was to use a plasma treatment in place
of the gasification treatment. The inventors found, -
however, that the amount of energy required to gasify the
organic fraction of the waste material in the plasma unit

25 was very high and only relatively small volumes of solid
waste could be treated at any one time. As such, the
treatment of unprocessed waste using piasma was found not to
be economically viable. The inventors have now found,
however, that by first treating the waste in a gasification

30 unit, followed by treatment in a plasma unit, a number of
advantages over the prior art processes can be obtained. In

particular, this combination has been found to be



particular, this conbination has been found to be WO 211117/0006117

PCT/ (B211116/ 002409 8 surprisingly energy efficient. It has al so been
found t hawo 20émoocerbi nati on of the gasification treatmerCTaBRGdI®24basma
treatnment results in a relatively clean syngas (containing very |ow
concentrations of airborne particuLages), very low 5 anounts of hazardous
tar and heavy netal species and smaller anmounts of solid material in the
cl eaned gas product. The treatnent of the offgas in a plasna unit has been

found to,_sign ficantly reduce.the nunb f airborne 10 particul ates and
tarry hyt r&%%tlr%%n@al% %ﬁﬁ:}{s,e%llcg%e L%\/gf%%&ise %;}??e&’ cf%‘éﬁ“% 11'L‘11<1.)%| i ng
probl emechd dssiridt #ort Whidlee gadief icepisrniradcddier ciad ¢ie thBaghasm

unit has been found to convert nuch of the char material to a gas, and, in
parti cul@reatingpls A9l st & SIhINATSLY o Mt BMIT  (oPrrkrbotne

par ti culvat,as BAA dHdShSGATEUs YArOCASDANS MY i1 Lol ) f\%ﬂ%a}.‘&w bi ne.

The pl asma "al so has the advantage that various environnen ar nf ul
ai r bbr neamprunt ¢ whathezamnhigydses and hsgnadestdlo dpssidmrarddl ssapkdes

Ut 10, g NESIP IR 2T ST oo e PSS Aol g, T oduel o

a waste eri al’
honogenous to the gasification unit. This has been found to inprove the
efficiency of the treatnment process as a whole. 25 The waste feedstock may

have been preii® dissFudt Rl dd offgahodertiasna it thas leeerluction to
the gasidderiiQh siyiile: cHUMANRS e (KL GAlfiSed NA dfihdpl e should have
properties I C 0 not vary to a great extent

10 particulates and tarry hydrocarbon compounds, which have a
tendency to create fouling problems if used in a turbine.
The treatment of the char in the plasma unit has been found
to convert much of the char material to a gas, and, in
particular, a gas that has a relatively low content of

15 airborne particulates and tarry gaseous hydrocarbons, which
could clog a turbine. The plasma also has the advantage
that various environmentally harmful airborne particulates
and gases are degraded to less harmful species during the
plasma process.

20

Preferably, the process involves introducing a waste

material, i.e. a waste feedstock, that is substantially
homogenous to the gasification unit. This has been found to
improve the efficiency of the treatment process as a whole.

25 The waste feedstock may have been pre-treated to increase
its homogeneity prior to introduction to the gasification
unit. "Homogenous" indicates that the waste should have one
or more properties which do not vary to a great extent
throughout the bulk of the waste or from batch to batch, if

30 the waste feedstock is fed in batches to the gasifier; hence
the value of the property in question does not vary to a

great extent as the waste is fed to the gasification unit.



t hroughout the bulk of the waste or frombatch to batch, if 30 the waste
feedstock is fed in batches to the gasifier; hence the value of the
property Wo 20a/@®bé0on does not vary to a (great extent agctrieBessietns fed
to the gasification unit. WD 211117/0006117 PCT/ (GB211116/ 002409 9 Such
properties that preferably do not vagy_to .a great extent include the
calorific value, the size of constituents, noisture content, ash content,
and density of the waste material. Preferably one or nore of these 5

properti varies . 20%.0r. | ess referably 15% or |less, nore preferably
ook or 155 Y@ty it Earte IR GRIdRE SR S risteRe content of

the wastexteitginetud® the cgastifed PdBud el @d Vel ye CopIsi stent during the
process. 10 The consistency of the property/properties of interest may be

measur eCWS RIS Sarfpp st wre 1t SRte 3Rl gientemm and dengify aofi ven
nunber ofpbafehes ﬁtiﬁ‘f‘af.ee?éegf&%ﬁ%t&? tcﬂf W5 fd £ 0ver a period of
at ch-wl se to

time (if the feedstock I1s fe he 'gasifiéer) or (ii) at given
i nt ePvalprepedsies maries Hey f2Edstockess, freck Batedilantisd |or chagd nuously to

the gasifier. Sanpli Jods known to the illed person ,pay be used to
measur e the c%%%%ﬁ%ﬁ#%% e e é)léeeges‘i%@k.' Z"gqéd?aje%%%’r‘é, over a
period ofalludicaid afhd Uit Stitd ol ARESSE HHE Wbt idd Sy atale @b sl es of
the waste (of the sane weight, e.g. 1 kg or 10 kg) being fed to the

gasi fi er9238kHt ATe el arielyy. c oY i ten i dit i Grhes nroe$wUr S)
intervals preferably varies by 20 %or less, nore preferably 25 15% or
| ess, nost preferably 10 % or |ess. On an absolute scale, the waste

f eed8t ock t ypitealdogndicstenap st dcdiorpfomerty/properties of interest

may be measured by taking samples of the: same weight from
either (i) a given number of batches of the feedstock fed to
the gasifier over a period of time (if the feedstock igs fed -
batch-wise to the gasifier) or (ii) at given intervals of

15 time if the feedstock is fed substantially continuously to
the gasifier. Sampling methods known to the skilled person
may be used to measure the consistency of the waste

feedstock.

20 For example, over a period of 1 hour of running the
pfocess, the calorific value of samﬁles of the waste (of the
same weight, e.g. 1 kg or 10 kg) being fed to the gasifier
taken at regular (e.g. 5 to 10 minutes or 3 to 4 hours)
intervals preferably varies by 20 % or less, more preferably

25 15% or less, most preferably 10 % or less. On an absolute
scale, the waste feedstock typically has a mean calorific
value of around 15 MJ/kg, and preferably has a (+/-)
variation from the mean calorific value of less than 3
Mq/kg, preferably less than 1.5 MJ/Kg. The moisture content

30 of the waste feedstock is preferably as low as possible, as
discussed in more detail below. The average (mean)

calorific value of the waste feedstock (which may be



val ue of around 15 MJ/ kg, and preferably has a (+/-) variation fromthe
mean calorific value of less than 3 M/ kg, preferably less than 1.5 MJ/ Kg.
The noi stwoeoerwmb@nt 30 of the waste feedstock is preferablgBas/doowsas
possi ble, as discussed in nore detail below The average (nmean) calorific
val ue of the waste feedstock (which mmy-be WO 211117/0006117

PCT/ (B211116/ 002409 - 10 calculated froma variety of sanples taken at
regular intervals, as described above) is preferably 11 M}/ Kg or above,

mor e pre¢e1 @l ¥ed@ PPLKG, Of 2 APOV 1053%5?‘%215@ eE%?ély atl?%ﬁ%lg%gmﬁg(g. 5 The

wast e feedstock, 1.e. the waste fTed e gasiftier y conprise
refuse dertsediselds e edeildd yalbage h isopséfsealsDpt ENtMOfKF03e-0r | ess by

i ght, rably 20% or__.l.ess by i ght, re preferably 15 %or |ess by
ﬁi Sm. %@\;{0 “ﬁ%’?(%tlﬁﬁ%g%%ﬁ tlngWv%t PerdsieRk preferalBly varies by
10% or |ess,1Taue/mgeferably by 5% or |lass. The noisture content of the

wast e feedstock may be controlled using processes known to those skilled
in tRe art, such as drying, or by using the mcrobial digestion processes

be i n the rangs oF B (o GOu g et it P T g 570 1RE S S4%i e Cont ent
st 61 cofst Atk Geserine A 30, The prooeny mdEITPURE 400 e
reste | SRISIAE UERNIRC g AR S 2D PR, My S e compr L
pyrol ysiless by weight, more preferably 15 % or less by weight. The
10 moisture content of the waste feedstock preferably varies by
10% or less, more preferably by 5% or less. The moisture
content of the waste feedstock may be controlled using
processes known to those skilled in the art, such as drying,
or by using the microbial digestion processes described
15 herein. Typical moisture content of refuse derived fuel may
be in the range of 20 to 40% by weight. Preferably, the
moisture content of the refused derived fuel is reduced to
the preferred amounts for the waste feedstock described
above.
20
The process may further comprise the step of drying the
waste before its treatment in the gasification or pyrolysis
step. The waste may be dried by using the heat produced in
any of the other steps of the process, such as heat from the
25 pyrolysis, gasification and/or plasma treatment steps. Heat
may be transferred to the waste for the purposes of drying
by contacting it with heated air or steam, which may in turn
have been heated from the heat produced in any of the other
steps. The waste may be dried by blowing heated air or

30 steam over or through the waste.



step. The waste may be dried by using the heat produced in any of the

ot her steps of the process, such as heat fromthe 25 pyrolysis,

gasi f i catwonoemdi@r pl asma treatnment steps. Heat nmay bectreBedemesd to t he
waste for the purposes of drying by contacting it with heated air or
steam which may in turn have beenjheated fromthe heat produced in any of
the other steps. The waste nay be dried by blowi ng heated air or 30 steam
over or through the waste. WD 211117/0006117 PCT/ GB211116/ 002409 - 11 The

wast e feedst ef.er abl ont,ai_ns hi.gh roportion (preferably 85% or
nore of the nu Béasfbea%a%qsﬁ:c?cé%,prﬁfeer#éfe %fb'{)%/lrg%% dHHre of the nunber
of par toxdms)t dn parrd fd@HINAETY cr fidtd W L dibad dgnor 5 less. A
particle' s size is nmeasured:-acrqoss the particle at its |argest dinension.

Prefer alﬂasfttSI : ?%ed&@cl?lﬁfrﬁ%w FReDF WA oychrunbajenfoparticl es
havi ng @paridids %fz%a&fi%%m&fiﬂffﬁsl'poaflmxg:_i%ét’é/%f:?é A Y Hhe K the

wast e feedstock cont ent wou be as oss caloritic value: 13.2
M/ K§ NISissturt D2B%iAsie '53.5058% kb rkia@trechrdmomssl 2 He PaMalcltd |l mat t er;

49. 78% .Rart4i j ze: 85% < 50 \ari Qus pr.ocesses nay be used to
hormgenilstgé vlfﬁj%ggeus? c@ﬂ‘eﬁlrs&ﬁé]r'ti ?gﬂfe Iia?fg}@\gglee %ﬁdgsrtloéﬁ‘ GBI e:
ni cr obi &0% dirgesideOnbypirtitibed) FT ettt Ha\Gns & %ﬁ(}iﬂgzléﬁé@m and

bl endi n% X these, mcrobial digestion i's preferred an
f 30 mm or less.

10 A typical analysis of the waste feedstock content would
be as follows:
Gross calorific value: 13.2 MJ/Kg
Moisture: 25%
Ash:13.05%
15 Fixed carbon:12.17%
Volatile matter: 49.78%

Particle size: 85% < 50mm

Various processes may be used to homogenise various
20 properties of the waste material, for example: microbial
digestion, picking, shredding, drying, screening, mixing and
blending. Of these, microbial digestion is preferred and

this process is explained in more detail below.

25 A suitable waste material for use in the gasification
step was analysed in two forms, each form having a different
moisture content but otherwise the same components in the
same proportions. The waste material contained the
components shown in Table 1 below; The fourth column gives

30 the weight % of the components for each sample in the
absence of moisture. The gasification unit is,preferably

adapted to gasify the waste having the content as given in



this process is explained in nore detail below 25 A suitable waste
material for use in the gasification step was analysed in tw forns, each
f or m haviwg 2s0ndiobdoer ent noi sture content but ot herw seprChgRamoIcmIPONENt S
in the same proportions. The waste material contained the conponents
shown in Table 1 below. The fourth ggl um gives 30 the weight % of the
conponents for each sanple in the absence of noisture. The gasification
unit is preferably adapted to gasify the waste having the content as given

in WO 2QQ7 o7 .P GB2QN6/ 002409 . -. 12 the taple below. The e] enental
anal ysi %q}%ﬁ'?a?n%aet éoe%{éﬁ'ysiq%e egTe"%%t%sat%a]iy§lgﬁ veh Giats ol vt Tabl e
1 5 Conyordrd wakitghti% \Mive % Vigihd 26bligwel udi ng (i ncl udi ng 25%
(excluding 12% noisture water in the water from in the total total - form
the total) - form1l) 2) Paper and Card 36.19 30.84 41.12 Plastic Film
15.2 12.96 1A A Qense Plastic 2.59 2.21 2.94 Msc. 6.64 5.65 7.54
Conbustibles Msc. Non- 2.19 1.87 2.49 Conbustibles dass 3.65 3.11 4.15
Ferrdus Metals 1.19 1.01 1.35 Non-Ferrous 0.28 0.24 0.32

Component Weight% Weight % Weight %
(including (including 25% | (excluding
12% moisture water in the water from
in the total total - form the total)
- form 1) 2)

Paper and Card |36.19 30.84 41.12

Plastic Film 15.2 12.96 17.27

Dense Plastic 2.59 2.21 2.94

Misc. 6.64 5.65 7.54

Combustibles

Misc. Non- 2.19 1.87 2.49

Combustibles |

Glass 3.65 3.11 4.15

Ferrous Metals 1.19 1.01 1.35

Non-Ferrous 0.28 0.24 0.32

Metals

Vegetable and | 8.86 7.39 9.86

Putrescible

matter

Textiles 4.62 3.94 5.25

Nappies and 6.78 5.78 7.71

Pads

Moisture 12.00 25.00 0

Total (wt %) 100 100 1100




Metal s Vegetable and 8.86 7.39 9.86 Putrescible matter Textiles 4.62 3.94
5.25 Nappies and 6.78 5.78 7.71 Pads Misture 12.00 25.00 0 Total (w 9
100 100 1WO 20d/@acb117/ 0006117 PCT/ GB211116/ 002409 - 13pcAvamsisopmberi al
havi ng been thermally dried may have a noisture content in the range 10-16
w %of about 12%or less; the above {rm| of the waste is therefore
representative of thermally dried waste. A waste material having been
dried 5 by a so-called ' MBT" (Mechanical Biological Treatnment, such as

b t] ture co n abou 25% or
[gggrytﬁgrgbggeg%%§%1+$g%gf$%e$%¥ g gD%%r%%%ﬁT%fi¥ éﬁfeﬁaEFX f%¢ fas been
subj ect edoi st 0. cdftdabl £n 2chel raﬁgé elanat yetSopf apest e1bs08Tabks: 1

containl % npi sture by weig (other Moisture CHO S NGO
el enent s %bﬁ?%ﬁ?ng%r© vy @f22h§2W®S 8 BSSt@eBGQOBQ pappegentathveepEnent al

amount s ehethans, Oailedaphee2, ar eaf foBLeho: LDEOT chi§ahlY,gLy aeppanents.

15 The process according to the present invent
5 by a so-called '"MBT' (Mechanical Blologlcal Treatment, such

as rotary aerobic digestion) may have a moisture content of
about 25% or less: the above form II is therefore

representative of waste that has been subjected to MBT.

10 Table 2
(Ultimate analysis of waste from Table 1 containing 25

[

% moisture by weight)

Ash
(other Moisture
C H 0 S N Cl elements) | Content
36.9 4.9 24.12 0.15 0.5 0.5 8.03 24.9 100

The elemental amounts of H and O in Table 2 are from
the theoretically dry components.
15
The process according to the present invention
comprises a gasification step. The gasification step may,
for example, be carried out in a vertical fixed bed (shaft)
gasifier, a horizontal fixed bed gasifier, a fluidised bed
20 gasifier, a multiple hearth gasifier or a rotary kilﬁ

gasifier.

It should be noted that a horizontal fixed bed gasifier
may otherwise be referred to in the prior art as a starved
25 air combustor (incinerator), controlled air combustor,

pyrolytic combustor, or a modular combustion unit (MCU).

A horizontal fixed bed gasifier generally comprises two
sections: a primary combustion chamber and a secondary

30 combustion chamber. In the primary chamber, waste is



conprises a gasification step. The gasification step may, for exanple, be
carried out in a vertical fixed bed (shaft) gasifier, a horizontal fixed
bed gasi fwenrpo7anobdoai di sed bed 20 gasifier, a multiple heartdB2gesiotsoer or a
rotary kiln ogasifier. It should be noted that a horizontal fixed bed
gasifier may otherw se be referred {9 in the prior art as a starved 25
air conbustor (incinerator), controlled air conmbustor, pyrolytic conbustor,
or a nodul ar conbustion unit (MCU). A horizontal fixed bed gasifier

general | 4o SOFPLY 985 L4+ SPCLLONSS: PRI LARLY SOUDUSL of shamper, and

secondar conb primry c
211117/0&&61ﬂﬂl&ﬁ37(ﬁﬁﬂdﬂdﬁﬁgﬂﬂdﬁAﬁEﬂorlﬂﬁc g@@;fwmﬂcbytm@mtfabwsonbustion
under sup- st0|ch|onetr| condi tions, $ ﬂ&€0|ng | owcal orific gas, ich
then fl oWREC| D ??féo%%%o%? EHHRR t AR AR T Sihel 61 F t CPEPEBHELst ed

W th excessh aéiceér@eafﬁconﬂé’é ySé@é‘f@&'éﬂf%b[%@é‘@f&% Brducet enpgrat ure (650
to 870C) gases of conplete conbustion,” which can be used to produce steam

or hét w@gmﬁermt@ne b@&@oma|$@0a¢ka@@@@swaﬁt@ommﬂ¢@¢ cemestiehoci ty and
tur byl enge. in é x?l@é'ﬁ@eré' coanl‘%o#lgﬁgugen §t§%@?e§5nﬂ1 t':%azt? the ntral nnent of

particul ates i n"the gas 5tTe eadin ower - par t T¢ufat e em ssions

than convent onably extcesched I’wa.@tﬂd?bbksibéﬁ Hﬁﬁfr@fa@éyocihﬁ gagification step
is carried out in a, fluid bed gasification unit. Fluid bed gasjfication
has 15 DaEhUieReR 1B ROREEMIFYE GREPRSTLYsTRRAReHBIRIPIEE chlfy t han t he

other gashi+&ahhOfk %Pcﬁa?é@&@l’é&éébiﬁ tH8eghd UstroBR] 1868ThGUEoPEr M LS

very efficient contacti’ng of
10 lower particulate emlss1ons than conventional excess-air

combustors.

Preferably, the gasification step is carried out in a
fluid bed gasification unit. Fluid bed gasification has
15 been found to process the waste feedstock more efficiently
than the other gasification processes available. The fluid
bed technique permits very efficient contacting of the
oxidant and waste feed streams leading to rapid gasification
rates and close temperature control within the unit.
20
A typical fluid bed gasification unit may comprise a
vertical steel cylinder, usually refractory lined, with‘a
sand bed, a supporting grid plate and air injection nozzles
known as tuyeres. When air is forced up through the
25 tuyeres, the bed fluidises and expands up to twice its
resting volume. Solid fuels such as coal or refused derived
fuel, or in the case of the present invention, the waste
feedstock, can be introduced, possibly by means of
injection, into the reactor below or above the level of the
30 fluidised bed. The “boiling” action of the fluidised bed
promotes turbulence and transfers heat to the waste

feedstock. 1In operation, auxiliary fuel (natural gas or



oxi dant and waste feed streans |leading to rapid gasification rates and
cl ose tenperature control within the unit. 20 A typical fluid bed

gasi f i catwonoamiobéomay conprise a vertical steel cylindect/aBoel/dog409
refractory lined, with a sand bed, a supporting grid plate and air
injection nozzles known as tuyeres.qdVen air is forced up through the 25
tuyeres, the bed fluidises and expands up to twice its resting vol une.
Solid fuels such as coal or refused derived fuel, or in the case of the

Lnvention,, th te . feedstock be i nt r oduced, ibly b
means of CUFR| BHE] b TATD tRETEIR: P DRF B Br CALOVESTheoPevel of the 30

f1 ui di setlelapdradtice "bo0tcNgo asdPop ptetbeabl i dssed bedgsprenot es

turbul ence and transfers heat to the waste feedstock. In operation,

auxi | i arfEFeE| SEABE UARI J@sibiagy Buel 178 0vewatyy perr aepededs/ 002409 - 15
fuel oil) is used to bring the bed up to operating tenperature 550C to
950C, preferably 650C to 850C. After start-up, auxiliary fuel is usually
not Beeded. 5S5PPeférmalbyythdeggasficetioonuonti , mosst ppebéeabbyythbe fluid

bed gasifjcatipn.unit, _wll.be a vertical, cylindrjcal. vessel, which i

bt ef or abf VST bRt PeRL EFEab e oo ke e WEEH B8y B YERbERRT ol SYpTBRE SBEy
conpri siv@sabum waish! i €apLerdPabyal { had dwhed Qﬁsa%bﬁé}}awaténi t, the

di stance between the effective surface formed by the particles of the
fluid beatGReroFy undterial, wenfgrably eerpyistaot atwnyhat Adlipakei cl es
frombelow) and the top of the unit is called the' "free board height". In

the present invention, the free 15 board height, in use, will preferably be
2.519. 0 (noreIn a fluid bed gasification unit, the distance between :

the effective surface formed by the particles of the fluid
bed when fluid (i.e. when gaé is being fed through the
particles from below) and the top of the unit is called the
"free board height". In the present invention, the free

15 board height, in use, will preferably be 2.5-5.0 (more
preferably 3.5 to 5.0) times the internal diameter of the
unit. This geometric configuration of the vessel is
designed to permit adequate residence time of the waste
within the fluid bed to drive the gasification reactions to

20 completion and also to prevent excessive carry over of
particulates into the plasma unit. The gasification unit
will preferably employ a heated bed of ceramic particles-
suspended (fluidized) within a rising column of gas. The
particles may be sand-like. The particles may comprise

25 silicon oxide.

Preferably, the waste will be fed continuously to
the gasification unit at a controlled rate. If the
gasification unit is a fluid bed gasification unit,

30 preferably the waste is fed either directly into the bed or
above the bed. '



preferably 3.5 to 5.0) tines the internal dianeter of the wunit. This
geonetric configuration of the vessel is designed to permt adequate

resi dencew0Oizo®/mbeothe waste w thin the fluid bed to dripce/dBre06gmsiobi cati on
reactions to 20 conpletion and also to prevent excessive carry over of
particulates into the plasma unit._ The gasification unit wll preferably
enpl oy a heated bed of ceramc particles suspended (fluidized) within a
rising columm of gas. The particles nay be sand-like. The particles my

conprise 25 sjili Xi Pr th ste willL be fed continuously
to the gasi f%% %%%\b&ﬁ S?%? “é%:%%\?’?%% e“éllf]a\t,\ﬁe. ??a?%éerﬁﬁéﬁ?c‘ég‘?on uni t
is a fluasbbtegamft cadimn anétreBOcpneépsablystde, Wasi€hi snisdesi t her
directly in%o t he be(gl or., above the bed. WD 211117/0006117

PCT/ GB2 19 B B Addition mhrersbty, The waste feed swetebBenayansferred
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continuous addition of waste. The waste feed systemmmy Incorporate an air
I ock5devﬁ%<é,l%mﬁih@]eﬁaﬁltfel%%x@nc@mitbetﬁrd@iitm"ee) dire Dockfdeatéon unit
}gss or gas egress to/from

hr ough j ; ey L
throug E@%P%\]Eeﬂt?ﬁaglxgelvﬂ#xeesé OPIEN Eéegz\c,a\l%%§ gtncgs TR R YEFECT RDugh t he

the interi asitier unit=
ai rlock tweviges i tdr addit i oreite iweste gbs P BB b1 A fed OSkrodgYi €8S are
known to the kiC{I ed person. 10 During the gasification process, the

gasi fi cath ‘ﬁﬁi SVIGol it hea bt ket oiie e IaF B RE- endi¥ oheddat to

prevent qdviHées s 18HRF L Ofeises: 1add ramddie, gasification unit,
10 2 |
During the gasification process, the gasificatioh unit
should be sealed from the surrounding environment to prevent
ingress or egress of gases to/from the gasification unit,
with the amount of oxygen and/or steam being introduced to

15 the gasification unit as required in a controlled manner.

If the gasification unit is a fluid bed gasification
unit, preferably oxidants comprising oxygen and steam are
fed below the bed, which may be through a series of upward

20 facing distribution nozzles.

Preferably, the gasification is carried out in the
presence of steam and oxygen. As mentioned above, water,
which will be converted to steam, may be introduced intd the

25 gasification unit in the form of liquid water, a spray of
water, which may have a temperature of 100°C or less, or as
vapour having a temperature of 100°C or more. In use, the
heat in the interior of the gasification unit ensures that
any liquid water, which may be in the form of airborne

30 droplets, is vaporised to steam. Preferably the steam and
oxygen will be closely metered to the unit and the rate of

waste feed adjusted to ensure that the gasifier operates"



wi th the amount of oxygen and/or steam being introduced to 15 the
gasification unit as required in a controlled manner. |If the gasification
unit i s awvbleemhobedd gasification unit, preferably oxi daorsGB20050028PNg
oxygen and steamare fed below the bed, which may be through a series of
upward 20 facing distribution nozzles.-Preferably, the gasification is
carried out in the presence of steam and oxygen. As nentioned above,
water, which will be converted to steam nmay be introduced into the 25

gas'f'ca%ieﬂlﬂnéﬁ ég?éﬁgﬁ%? %1ﬁéqu'9hﬁﬂéﬁ6un@ 8ﬁ;§¥%§£% %g&eg clji ch may

have a tenperature o or as vapour enperature of
100C or mmteodloedseo the gaaaflcatibe uniErrelabivéhEOQahéfamaﬁnon uni t
ensures t a

t any | d water i ch. may ge inthe f f ai rporne 30
ropi ot sOF easBBort L EReEa i APherarBle] EREC ST S PGS iBay 5BR i1 1 be
closely gshg68dciontbe thétwasdet heedat eL8f movasheef g6dradtushgd to ensure
that the gasifier operates’ WO 211117/0006117 PCT/GB211116/11112409 - 17

wi t hiSn af2hetépiabrelvegi Reefqrebhpubie ofmenyedt apyygerammtradueddced to
e st [orBhL Ol oLl 811 A E Oahleng OHO! 5o 0f eYBSL P! L gopgNd on 2

nunber of facto el udi ng conposi tion~o
noi st ur efzomt 200 B0d350 clegopeti toval kg. oPredstabfgd tbetheount of oxygen

i nt roduced aS|f|cat on_unit . dur the gasification step is from
500 Lo 3585kE el CaBogrkh o PRACEBUPLE: | heHEroyle: P CSErOR uni &

Pr ef er abi ¥t rb8€caaoedt £ RE é@@ﬂlchﬂibﬁduﬁfg 18 themyastbi 68bi Rg pakt is
fromO to 350 kg 10 10 of waste introduced to the gaS|f|cat|on

uni 10 ob@?@nbgl9EfW®ﬁ¥©01nbr3 Bckg pertheogaryfiepthest Bnde, 120 to
optionally from 90 to 300 kg per 1000 kg of waste or 120 to

300 kg per 1000 kg of waste, most preferably 300 -~ 350 kg of
waste, if the waste contains less than 20% (optionally less
than 18%) by weight moisture. If the waste contains 20 % or
15 more (optionally more than 18%) by weight moisture,
preferébly the amount of steam introduced to the
gasification unit is from 0 to 150 kg per 1000 kg of waste.
Typical addition amounts of oxygen and steam oxidants for
the waste given above in Table 1 are given below in Table 2.
20
The gasification unit will preferably comprise a fossil
fuelled underbed preheat system, which will preferably be
used to raise the temperature of the bed prior to
commencement of feeding to the unit.
25
Preferably the gasification unit will comprise multiple
pressure and temperature sensors to closely monitor the

gasification operation.

30 For the waste material having the composition given in

Table 1 (containing either 12 % or 25 % water), the addition



300 kg per 1000 kg of waste, nost preferably 300 - 350 kg of waste, if the
waste contains |ess than 200 (optionally less than 18% by wei ght

noi st ur e.wof2oatmossast e contains 20 % or 15 nore (opti omarigB2owwm240ban 18%
by wei ght noisture, preferably the anount of steamintroduced to the
gasification unit is fromO to 150 kg per 1000 kg of waste. Typi cal
addi ti on anobunts of oxygen and stean1OX|dants for the waste given above in
Table 1 are given belowin Table 2. 20 The gasification unit will

preferably COf‘EpI‘I se a fossil fuelled underbed preheat system which wll
pref er afidF L PP 3G SEF Widnpdtaharady tire Bedhs ivmde as

comrencqmtca@‘ea‘ qq,plﬂg)feo Aheuit. 25 Preferably the gasification unit
will conprise multipl'e préssure and tenperature sensors to closely nonitor

the gasification operation. 30 For the waste material having the

conposi tion g Tahl e ont.ai ning..ei.ther 12 9% or 25 % water t he
ad(rtlr})t i on WO %%FOOE@H%% 4G amopgt Sraﬁé geZ] and

st eamn widrld it aXiybabed n the range as indicated in Table 2 beIomL Tabl e
2: Typical relative addition anbunts of oxygen 5 and steam oxi dants RDF
12% noisture* RDF 25q moisture* Relative oxygen 300-350 300-350 addition
anmount {(kg per 1000 kg wast eRDF 12% moisture* RDF 25% moisture*
Relative oxygen 300-350 300-350
addition amount ‘
(kg per 1000 kg
waste)

Relative steam 90-300 0-100
addition amount
(kg per 1000 kg
waste)

* Based on composition of waste feed (the refuse

derived fuel) given in table 1

10 Preferably the waste will be gasified in the
gasification unit at a temperature greater than 650°C, morev
preferably at a temperature greater than 650°C up to a
temperature of 1000°C, most preferably at a temperature of
from 800°C to 950°C. If a fluid bed gasifier is employed

15 in the present invention, preferably the bed temperature is
maintained in the range of from 650-900°C, more preferably
in the range of from 750-950°C and most preferably in the
range of from 800-850°C; this is generally suitable for all
waste that does not have a high potash content and no

20 agglomeration (sintering) of the fluid bed particles is

observed.

The maximum temperature that can be employed in the
fluidised bed of a fluidised gasification unit is dependent
25 on the composition of the ash content of the fuel being

treated. 1In particular, some biomass materials are high in



Rel ative steam 90-300 0-100 addition amount (kg per 1000 kg waste) *
Based on conposition of waste feed (the refuse derived fuel) given in
table 1 MWoRnefmwo@bl y the waste will be gasified in theprcgashocmeioon uni t
at a tenperature greater than 650C, nore preferably at a tenperature
greater than 650C up to a tenperat LiTr9e of 1000C, nost preferably at a
tenperature of from800C to 950C. I'f" a fluid bed gasifier is enployed 15
in the present invention, preferably the bed tenperature is nmintained in
t he range of from 650-900C, nore preferably in the range of from 750-950C
and nostPYradier #dp janG mEheRRREDICY g BERESOCW gLt ing Ravetal |y

sui tabl e Qﬁ . [ , d no 20
aggl oner%‘%t?éo% éssl"n}tl\%ﬁrﬁg%l{%et e {%oj\%&é@%¢t%2§f ?‘ng%%g%?@ee. The
maxi mumuergetaltayr et hiat espedicaEhpl oymoctiant Heo drisnk ssthtbeathef a
fluidised gasificatio nit is dependent . 25 qn the conposition of the ash
cont ent to?'gﬁfeﬁ%atﬂti%ef itﬁ'getl?eecit]e%&effﬁc %?%Q%Lﬁq?ﬁ,s Her Hi%nass material s
are Bi ghtdmp MR R b Q006 llgh RET KE2 1dHd 64824 08vh i cH dnapab@sds Bswla and

other species that formlow nelting point  eutectics. For these waste
cont ai ni#g o0 G Ibreeiaihesrsesate? areid j¢oadtiapien £§ yEhemportant to

?gﬁgrefa:urei%m?%t as -rc\%’g ?na%}héeh%\%r&?%%%%ﬁ;fmb?{%g%%%%v& a?ééc?gSgC in
certai n magdsg rhanirwninkd dagutatt ool bing hehe amount of oxidant fed
to the gasifier relative to the amount of the solid fuel.
10 ‘
In the fluid bed gasifier, preferably the zone above
the fluid bed (sometimes termed the freeboard) may be a
higher temperature than the fluid bed. The temperature of
the zone above the fluid bed is preferably in the range of

15 from 800-1000°C.

Fluid bed gasification systems are quite versatile and
can be operated on a wide variety of fuels, including
municipal waste, sludge, biomass materials, coal and

20 numerous chemical wastes. The gasification step of the
process of the present invention may comprise using a
suitable bed media such as limestone (CaCO;), or,
preferably, sand. Durihg operation, the original bed
material may be consumed, and may be replaced by recycled

25 graded ash (Char) material from the gasification stage.

Preferably, the gasification unit and the plasma
treatment unit are integrated and will typically be in fluid
connection. 'Fluid connection' indicates that a conduit is

30 provided for transporting the products of the gasification
unit to the plasma treatment unit. Preferably, the whole

process is an integrated process, in that all the steps are



fluid bed particles. The tenperature of the fluidised bed my be

mai nt ai ned by controlling the anmount of oxidant fed to the gasifier

rel ati ve wo 200mosswount of the solid fuel. 10 In the fl uipdTheERogawedwer ,
preferably the zone above the fluid bed (sonetinmes terned the freeboard)
may be a higher tenperature than t g% fluid bed. The tenperature of the
zone above the fluid bed is preferabl'y in the range of 15 from 800-1000C.
Fluid bed gasification systens are quite versatile and can be operated on
a wide variety of fuels, including nunicipal waste, sludge, bionass
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preferably carried out in a separate unit. In particular, the gasification
it

and the lé_'sma treatnment are preferably
10
Pyrolysis, as a process, and pyrolysis units are
conventional and known to those skilled in the art and are
commercially available.
15 In an alternative embodiment, the plasma treatment may

be conducted in two units to separately treat the solid char

and the gasifier off-gas streams.

The process according to the present invention

20 comprises a plasma treatment step. Preferably, the plasma
treatment is carried out in the presence of an oxidant.
Preferably, the amount of oxidant is controlled. More
preferably, the amount of oxidant is controlled such that
that the gaseous hydrocarbons (including low volatility, tar

25 products), the airborne carbon particulates, carbon
contained in the char and part of the carbon monoxide is
converted to carbon monoxide and carbon dioxide, preferably
such that the ratio of the CO/CO, after the plasma treatment
stage is equal or greater than the gas exiting the gasifier

30 unit. Preferably, the plasma treatment is carried out on the
char until substantially all of the carbon content in the

char has been converted to gas or airborne species.



5 carried out in separate units, to allow the conditions in each unit to
be varied independently. Preferably, neans are provided for transporting

t he prodwoo@foovdee gasification step fromthe gasifi caCr@BoewM2400 t he
plasma treatnment wunit. 10 Pyrolysis, as a process, and pyrolysis units are
conventional and known to those skil]ed in the art and are comercially
available. 15 In an alternative enbodi nent, the plasna treatnent may be
conducted in two units to separately treat the solid char and the gasifier
of f-gas streans. The process according to the present invention 20
conprises a plasma treatnent step. Preferably, the plasma treatnent is

carried out if.dHe-PEESENSS Of oxi dant € rg}ﬁt_)ll5 t of
oxi dant is cont r%ﬁ edi.af'l\/bree p?%?aerab{f%, }%%gan{))%nt ?/e%m %n %%%
control | Rdekecablhatthe lplashe geszowesnthyis ccarbbed duncimdiing | ow

vol atili tar 25.products t he airborne ca\%)on <?arti cul ates, carbon

cont ai nedF $RETHR %%a?x%c-ﬁ%np%ﬁ‘fl BFCTRe AT UBH WO dRPPES Bt ted to

carben naDxt dei BN be& ad e Bt 8X i €6, ssfth eIy Yoe Stebrédated henkati o of the
CO C2 after the plasma treatnment stage is equal or greater than the gas

exi ti ng RIRSTRASTFGRATRF (i1t PR etlee ofPM el Pakduwe Feht nentP¥aY carri ed
out on the wLhd¥ UMidn Srh‘é)?tﬁ&'}éaé'Heﬁﬁéré’éuf@e%aj’z@ﬁ‘ﬁ%ggg%ﬁl?nof he char

has been converted to gas ‘or alrborne “speci es.
PCT/ GB21dd I'6ip9ddavingla Remperabhye ohel @xidamt mesrexygenm wse pxygen and

steam  FLefQLably, {08 PLESIPoL SRR G S FALLL 88 Wil Nabdfor
10 plasma treatment unit ensures that any liquid water, which
may be in the form of airborne droplets,; is vaporised to

steam.

Preferably, the ratio of oxygen to steam is from 10:1
15 to 2:5, by weight. Preferably, the plasma treatment of the
waste is carried out at a temperature of from 1100 to
1700°C, preferably from 1100 to 1600°C, more preferably from
1200 to 1500°C.

20 The plasma unit in operation will generally contain a
melt phase. The temperature of the melt phase in the plasma
unit will preferably be 1150 °C or more, preferably of from

1150 °C to 1600 °C..

25 -Preferably, the amount of oxygen introduced to the
plasma unit for every 1000 kg of waste initially introduced
into the gasification unit is from 15 to 100 kg, preferably
from 25 to 80 kg. Preferably, the amount of steam
introduced to the plasma unit for every 1000 kg of waste

30 initially introduced into the gasifier is from 0 ﬁo 50 kg,

preferably 0 to 30 kg.



presence of oxygen and steam As nentioned above, water, 5 which wll be
converted to steam nmay be introduced into plasma treatnent unit in the
form of |wquba/ovdoer, a spray of water, which may haverpraTiGBrp@@iope of
100C or less, or as vapour having a tenperature of 100C or nore. In use,
the heat in the interior of the gasification unit and/or 10 plasm
treatnent unit ensures that any |iqgudid water, which nay be in the form of
ai rborne droplets, is vaporised to steam Preferably, the ratio of oxygen
to steamis from10:1 15 to 2:5, by weight. Preferably, the plasm
treat ment of Hde thfasesties madiayicd Aaviao fhemssmasitd gt Fiven 100 to
1700C, el 301 . JmaiD 114 800G arase o of rahly fram i, 1500C
20 The plasma unit 1 n opération will generally contai'n a ne phase. The
t enper atnate off tdxygeel tarphasedm tdelhd gemesmaunidnwatdeprvefledr ably be 1150 C
or nore, preferably of, from 1150 C tq 1600 C ., 25 Preferahly, the anount
of oy Rt IS RE (5 (S TR AL A RS 67y TS K B st o
initgally introduced into the gasification unit-is from15 to 100 kg,
preferably from25 to 80 kg. Preferably, the amount of steam |ntroduced
to the pladysiea Unityristaleraeationn adfidriamamows-g mi iarygen machduced into
t he gasifd i s .f t o , Y. 0 kg. WD 211117/0006117
PCT/ GBZlglel (?é&lf{?gmso th tﬁ%oﬁ%sﬁm%ﬁ%ee%%ﬁ‘ﬁavi ng the conposition
given in  Table 1 (containing e|Rberii2 fodst@be% WAIRDE ,2 3 encaddivreon
|

rate of oxyﬁEuL4u¥L4u4a¥n44L44u;ﬂ?4¥yn;4uunﬁu44#fv@!.
: | Relative oxygen 5-80 25-80

addition amount

(kg per 1000 kg

waste)

30 0-30

(]
H

Relative steam
addition amount
(kg per 1000 kg

waste)

* Based on composition of waste feed (the refuse
derived fuel) given in table 1
10
Preferably, the plasma treatment of the waste is
carried out in the presence of a plasma stabilizing gas.
Preferably, the plasma stabilizing gas is selected from one
or more of nitrogen, argon, hydrogen, carbon monoxide,

15 carbon dioxide and steam.

Preferably, water, which will be converted into steam,
is introduced into the plasmé treatment unit in the form of
a spray of water having a temperature below 100 °C. There
20 are two main advantages of doing so: firstly, the water in
the spray has the effect of cooling the syngas produced in
the plasma unit due to promotion of the endothermic reaction

of water with carbon (to produce hydrogen and carbon



preferably be in the range as indicated in Table 3 below. 5 Table 3:
Typical relative addition amunts of oxygen and steam oxidants to ihe

pl asma comvend7@noani t RDF 12% noi sture* RDF 25% noi st ur @€T/dibestioza9 oxygen
25-80 25-80 addition amount (kg per 1000 kg waste) Relative steam 0-30
0-30 addition anpunt (kg per 1000,kg. waste) * Based on conposition of
waste feed (the refuse derived fuel) given in table 1 10 Preferably, the

pl asma treatnment of the waste is carried out in th
st abi | i zi ng e presence of a plasm

one omonﬁﬁégéf n.gggégﬁ?gg¥58ﬁ oﬁgﬁﬁggaﬁﬁg§§?% ﬁ'ﬂgﬁggﬁﬁlgfighECted from

ar bon

di oxi dg .and sheam,qBLefgr aRky
c ea¥abier alwbivehgwel reateenespbed bifit o st
is int §uce§ ?g %e pl asma treat ment un|? |nbfhe for p grai g?nl

A e erel tabtilbgteg i s U
syngas ﬁPoS&E&&gyﬁn tAB pIVaSTe uﬁ%t%gﬁgB?%r%?%n%%?oﬁﬁgge%ﬁg%éﬁgglngnfge
east i pRnvefsweek ithet@ihon (to produce hydrogen and carbon WO
211117/0006117 PCT/ GB211116/ 002409 - 23
The plasma treatment step will provide a secure
disposal route for residues produced by the process such a
Flue gas cleaning residues.
10 h
The waste may contain constituents which contain
hazardous compounds and elements, such as heavy metals,
which are environmentally detrimental if airborne. These
may be termed APC (Air Pollution Control) residues and may
15 be present in the waste to be treated in an amount of ~0.2%
by weight. As these residues may be contaminated with heavy
metals such as lead, zinc and cadmium, they will be
classified as hazardous. Preferably, the process of the
present invention further comprises inclusion of hazardous
20 inorganic materials, such as heavy metals and compounds
containing heavy metals, into the slag phase of the plasma.
This will trap the hazardous materials in an inert non-
leachable slag as an inert waste, thus providing a long-term
solution for the disposal problem for these materials.
25
The process may further comprise addition of one or
more fluxing agents such as lime, alumina or gsilica sand to
the plasma unit before or during plasma treatment of the
offgas and char. The advantage of adding a fluxing agent is
20 that in certain situations, it would ensure that a low
melting point, low viscosity slag was produced from the

inorganic, non-combustible materials. A fluxing agent such



monoxi de) . Secondly, the overall chem cal enthalpy of the produced syngas

is increased, allowng a greater export of electrical power if the gas is

used to geoepermo@rectricity. (ie giving an inprovenmeneCircahe/mympal | net
electrical 5 conversion efficiency). The plasma treatnent step will provide
a secure disposal route for resi.dggs_produced by the process such a Flue

gas cl eaning residues. 10 The waste may contain constituents ;which contain
hazar dous conpounds and el enments, such as heavy netals, which are

environmental | y detrjmental, if airhorne, med APC (Al
Pol | ut in s@&ﬁtctaols)anrdesﬁgﬁ’@?% 31'&9’“’?5“@3 p‘ri:s%er]?te i r%%tetgwaste to f)e r
treat eclrdn{&bq'llaz@%tavng metaA%sgae e ghttheAe ttesd mesighres mae be

contam nated wth heav netal s such as |ead, zinc and cad they will
be cl assiffenadlas ald&b@&ildf(ﬂjsth@rcé?aé? FLpr e IBFQsC Hg; l{%}r esen%/

nvent (R ! Y NSl SOMLSS Aol s o ahhd dadidals 1250 4 nQsgER UL er i al s,

such as coripdunds “contai ning heavy metals, into the slag
phase girddwssl &ﬂd@ad&ﬁhjmnm lnhayt rkagp nietvie e drtoo Leh aintEF0eAS. i n an ‘i nert
non- | eachable slag as an inert waste, thus providing a |ong-term solution
for the disposal problemfor these materials. 25 The process may further

conpri se addiid QR Ol anddigerd sp¢hn b ROHY sysdicindischame, al umi na or

silica sand to the plasma unit before or during plas treatnent f the
of f gas wertwATdrS SFHenina ke HsRIdH: 279 LB(‘?%‘SQ’%@XEY in

certalnstuatlon th I I
vi scosi t57%1 <Sl":’gt€?/%sY pért%)a cfg?(ﬁo]tfs#érﬁse “nfh | Sbulel e %Mﬁblé %
10 the close control of the feed preparation system and primary

gasifier upstream of the plasma unit.

The type, proportion and total addition rates of
oxidant to the plasma unit will be closely controlled and
15 will take account of a number of factors:
] the throughput and chemistry of both the char and
gas reactants;
] the knowledge that the addition of steam as an
oxidant is effective in ensuring rapid reaction rates with
20 the pyrolysed solid char and soot products in the gas phase.
It can help control the thermal stability of the plasma
unit, avoiding the possibility of thermal “runaway”; .
U the addition of oxygen generates heat as a result
of the exothermic (partial) combustion reactions that occur;
25 . it is likely that steam will be used in
combination with oxygen or oxygen enriched air for reasons
of economy, efficacy of gasification of the char,
destruction efficiency of the organics, quality and
calorific value of the gas product and overall ‘
30 controllabilitonf the process;
° air may be used either in combination or as an

alternative to oxygen. Although air is inexpensive to use,



i norgani c, non-conbustible materials. A fluxing agent such WO
211117/0006117 PCT/ (B211116/11112409 - 24 as silica sand, alumna or |ine
may al so we 206mm0doe | mmobi |l i ze heavy netal species. Thes®/dB2o06/00g40agent s
are preferably added to the char prior to introduction of the char to the
plasma unit, and if the process LS8 continuous 5 process, the additions
may be made to the char stream The throughput and chem stry of the gas
and char reactants entering the plasma unit are preferably naintained
under stead tate i on 1SS | d hi al cl ose
cont r o Foft %ﬁ’gﬁﬁﬁbtﬁgﬁcgys e%?%hd %&ﬁn%fyiﬁggglf$%r Sgg?feam(ﬁ
t he pl quuryatlor'lﬂcht pRiogRett | ([@ueand tuotealdidaddiitdrore ifEass off - oxi dant

to the plasma unit mnll be cl osel ontrolled an (%? wi|] take account of
a nunbeyi tefocdfeavt (ﬂl’si mat&héletﬂ?rr&}rj’n &7 3 YR the char and
gas reactantgs; aﬁgggaxt&%tsé hecdiidon @hqﬁreammswr oxi dant is
effective in ensurlng ra action rates with 20 the pyrol ysed solid

chas angbrenalivy ct(hjdtcx:aln fiseeqga® phase. It can help control the thernal

stability of the plasma wunit, avoiding the possibility of therm

"runawayff; the addition of oxygen generates heat as a result of the

exot herm c (pgf tigd )creamust idﬁmﬁc@mimaﬁmamammhrouﬂfpuﬁ tof sthe kel y

that steamw |l be used in conbination wth o§¥ en _or, gen e %ﬁhed air
e

for reamastants cooh@gReEF i R HaRas| FRTht %ﬁ‘tlt struction

STii ol anenaRd 08 OL P o8] Lt 20 ng 2106 i Se I wEL Dlalbe gas product
an ove

10 preferably be maintained at a constant value. An increase
in the feed rate of the reactants will preferably lead to a
proportionate increase in the oxidant addition rate, which
may be controlled by automatic oxidant addition means. The
electrical power supplied to the plasma will also preferably

15 be adjusted to match the change in the feed rate of the
waste to the plasma unit and will take account of the

. thermo-chemistry of the system and the thermal losses from

the unit.

20 The gas exiting the plasma unit may be maintained at a
temperature greater than 1000°C, preferably between 1000éC
and 1500°C most preferably between 1000 °C and 1300°C.
Excessive off-gas temperatures (ie >1300 °C) are npt‘
desirable as this increases the plasma power heating

25 requirement, reducing the net export of electricity from the

plant.

Preferably, the gas produced from the gas plasma
treatment is used in a turbine or gas engine to generate
30 electricity. The turbine may be a conventional boiler steam
turbine or gés turbine. The syngas resulting from the

plasma treatment process is preferably cooled or allowed to



30 controllability of the process; air may be used either in conbination
or as an alternative to oxygen. Although air is inexpensive to use, WO
211117/ 00962007/08@5D7 GB211116/ 002409 25 it is thernmal|lyPprcessBedddaozioent than
oxygen, produces a nmuch |ower calorific gas product (due to the dilution
effect of nitrogen) and may genergfe NOx as a by-product; and the overal
process economcs, (which will be 5 sensitive to local factors). If the
chem cal conposition and nass throughput of the reactants are generally

constant, then the ratio of oxidant t he t ant r (contai ni ng
the wad?e) &3 %?@BeﬁﬁtbF%fE?a%?@o%eéﬁ%iﬁt%%%gg g %é%o%@?%nt val ue. An
i ncr eas@ pife t herfi£8da1 8bfs 0k ht hearedal Bt Somblibt pdeéempbhynteadfto a
proportionate increase in the oxidant addition rate, mhic? ng¥ be

cont r othedghy, aet ormeatboRi BaREXEER t FONPFeaAElushed EPERLFEFEAY power

supplied.to_Lhe.plasma w er apl yndSshagadi esbrdche match the
change??® ¢h l?%gﬂgigfe oéhggg§8ﬂg£t “to the pfgsﬁa unit and will take
acepunp] 8Emh herehbeene- cheobsley véinjgeasheneneasbange SHEER®l | osses from

the unit. 20 The gas exitin he pl as uni y Lot apped at a

t enper whiFl EFéEFg?rﬁhEHelbgéé,tBr@?@Eﬁ%Fy(hgggegggfgggg§ g%ﬁ'lSOOC nost
prefer egnpi0 apdn42300CyaExeasabed abf hgas tesperat ures (ie
>1300 g?é§?£§%%? eg%sggggle ag thigé?ncreases t he pl asma power heating 25

r equi r etrebiner Educipdgithionadt pewpsr geBLrefetlricity fromthe plant.
Preferably, the gas produced fromthe gas plasna

10 ’ The plasma unit preferably comprises a stainless or
carbon steel welded shell lined with high grade refractory

lined bricks.

Preferably, the plasma unit comprises remote water
15 cooled copper elements, which will preferably be employed to
effectively contain the molten inorganic phase(s). These.
elements preferably act to form a protective frozen melt
layer on the hot face refractories to promote good
refractory performance.
20
Preferably, the gasifier comprises an exhaust gas port
in fluid connection with the plasma unit. Preferably, the
exhaust gas port in the gasifier will be closely coupled to
the plasma unit to prevent condensation of tar or volatile

25 galts in the channel connecting the two units.

Preferably, the plasma unit comprises either a single
or twin graphite electrode system to generate the plasma
30 arc. Three possible configurations and the method by which
they are interconnected to the plasma power supply are shown

in Figure 1. Each of diagrams (a) to (c) shows a schematic



treatnment is used in a turbine or gas engine to generate 30 electricity.
The turbine may be a conventional boiler steam turbine or gas turbine. The

syngas r esolzemgodorom t he plasma treatnent process i s pceiasadiop2ao0! ed or
allowed to WD 211117/0006117 PCT/ GB211116/11112409 - 26 cool to a
temperature to bel ow 200C prior touse in a turbine. This allows the
partially conbusted conponents of ~ the gas, e.g. carbon nonoxide, to be
conbusted conpletely "and efficiently. Additionally, if the syngas fromthe

5 plasma treatnent is cool ed using a heat exchang st ich transfers
t he hedtawinanok r%rf%wet?%ﬁéﬁ%rﬁw%a%fecﬁ% %‘T‘agp;%/gt hrg %%ﬁ transfer gas

I's used {0, heat :?ss% am et HEPEOE £Dig agekdé0pakt pomer bgepenadt ovhe 10 The
pl asma %%It pre?era y conprises a g%alnless or carbon steel wel ded shel

| i ned pihthabégh grade refractory lined bricks. Preferably, the plasma unit
conprises renote water 15 cool ed copper elenents, which will preferably be
enpl oyed to effectively contain the nolten inorganic phase(s). These.

el epent s prefegabb¥amcClal ¢ harslacprofecisviotavedninekhe rag&roén the hot

face refractories to pronote good refractor erfqroance, Pref erabl vy,
the gathei énroaaprpBdsaBAtBRKaGLECHES ol P ¥?Ea%F§in%c§§ﬁeg ggnggﬁth t he

plasma Hal &, gég%?ra§h¥h F@%ct%éhéﬁshrgaéoﬂﬁébtbﬂ tbeagpemkirer will be
closel§ SoupFe 0 e plasma unit to prevent condensation of tar or

vol ati keur2s sal taabiet henefranion ofnpéecMAgWLkBItWSNEnEIEN3EFaf erabl y, the
pl asma unit conprises either a single

10 In diagram (b), the same configuration as in diagram
(a) is shown, with an additional start electrode (shown to
the left of the furnace) to enable ease of start-up of the
plasma generation system, as would be appreciated by the
skilled person.

15

In diagram (c), two connected electrodes are located in

the roof of the plasma unit.

Preferably, one or more electrode(g) will be located in
20 the roof of the plasma unit. The plasma unit may preferably
comprise water cooled electrode seals at the inlets and

outlets of the unit.

Preferably, the graphite electrode (s) will be drilled,
25 and a plasma stabilizing gas (eg nitrogen or argon) will be

injected down the centre of the electrode(s).

Optionally, the electrodes are coated with a refractory
material (eg alumina coating) in order to reduce the wear of

30 the electrode.



or twin graphite electrode systemto generate the plasma 30 arc. Three
possi bl e configurations and the nethod by which they are interconnected to
t he pl asmeoposwmmo®@appl y are shown in Figure 1. Each of pdiragsameotay to (c)
shows a schematic WD 211117/0006117 PCT/ GB211116/ 11112409 27 drawi ng of a
furnace having two el ectrodes. The,gmolten bath' refers to the nolten slag
present at the bottomof the furnace. 5 In diagram(a), an electrode is

| ocated in the roof of the furnace and another electrode is |ocated at the

base of the furnace. Both el ectrodes ar e o] r ource to
enabl e gene@@?%%ﬁa%*yp?%%d%rWW?ﬁ?ﬁw?ﬁ%rfg?ﬁg%@.sﬁggT% E?§g§§§1?% , the sane
confiqgga&'gﬁ as %Qngfggéa@he(ﬁiag@ashomn, wth an additional start

el ectrode %s own tTo the left of the furnace) to enable ease of start-up of

the plasma generation system as would be appreciated by the skilled

person. 15 di agram ( cLedoglestrades aeedl gpeatedfom the
r oof of the%g?agﬁgsﬂﬁiPglﬁréggrggﬁg?g%ﬁeoor nmor e electrng(s wll be
| ogat eghinin2@otihettonf obf thhechhasmasddie. £The phasgastAicafrdPpr ef erabl y

conprise water cool ed e| ectrode seal s_at .t:he i.nl ut: s of the

uni t. PFEFepsbl y,Pr?ﬁ@raPighi FgeeFﬁé‘{‘r 68869}‘8\/“&% Et‘gr%??‘ﬁegd?h%%s and a

pl asmtﬁ%ap%lais LNQngasvE g0onkt begaprer faedopprwsl inbehe moett ef down t he
0

centre e el ectrode(s). Optionally, the electrodes are coated with a
r ef r actbey uniiit.efhel feed @pﬁﬁﬁnylééapﬁﬁéﬁrﬁﬁﬁ RPSaFSQUEE“Fﬁg wear of

from the slag removal spout.
10 Q
The plasma unit may comprise one or more gas entry feed
ports for the introduction of the offgas into the plasma
unit; the feed ports may be located in a sidewall or the
roof of the plasma unit. The tar-laden gas (the offgas)

15 from the gasifier will preferably enter the plasma unit -
either through a port in the sidewall or roof. Preferably,
the plasma unit will be designed to prevent or minimise
short circuiting of the dirty gas, for example:

° preferably, the point of exit for the reformed gas

20 (the syngas) will be diametrically opposed and as remote as
practical to the point of entry of the gases and/or

. the offgas will preferably be forced downwards - in
the plasma unit (eg either by flow direction devices or else
by locating the exhaust port at a lower level than the gas

25 entry point thereby reducing the buoyancy effect of the

gases.)

The plasma unit will be designed to ensure adequate
residence time for both the char and gas reformation

30 reactions to occur.



30 the electrode. WD 211117/0006117 PCT/ (GB211116/11112409 28 Optionally
one or nore water-cool ed plasma torches nay be used to generate the

pl asma. TWe 2pé7z®o@7unit nmay conpri se one or nore feed p®CT&GH2006/003400he

i ntroduction of the char residue fromthe gasification process.

Preferably, the char residue is intpeduced into the plasma unit via one or
nore feed ports in the roof of the unit. The feed ports wll preferably be
| ocated renotely fromthe slag renoval spout. 10 The plasma unit nmay

conpri se one _Qr nor.e s entry f.eed t.s . for .t he . introducti of the

of fgas into tiﬁi? ﬁ’ﬁ'sqé% Jii% ;kyet H@%feé:é%%{oc}r Sl e elé\s%ncaatuglgtl %%a si deval |

or the &meefleoftHeydN st iR of Tt aadade tgardhe off figas)chdr from t he
gasifier will preferably enter the plasma _unjt either through a port in

the si déRs Ireorwssrionprl ditsoIdi rEvirhd 33~ hgas iqqease gned to
prevent Qrefddli B35 SO da L1 tigig of the dirty gas, for exanple:

preferably,” the point of ®&xit for the reforned gas 20 (the syngas) will be
dianBtrically opposed and as renote as practical to the point of entry of

t he gases and/or _th ffgas wi.ll preferahl.y he forc downwar in the
pl asma uni t ((jllé’ge e‘?}flrfgé}r%bquﬂeo @ E&ion wdlelzji é)e%efgerrag}?dlge%eo%“g%a ing the
exhaust M BHe elavEfodayalo tdiavddie Hgamh Hraitite palay ddyeby reduci ng

t he buoyancy effect of the gases.) The plasma unit will be designed to
ensure adequate residence tinme for both the char and gas reformation

The plasma unit may comprise separate and multiple
10 poiﬁts of injection for the oxidant, ideally at least one
for injection point for the offgas and at least one
injection point for the char residue. Alternatively, the
char and offgas may be introduced through a single point of
injection.
15
An injection means may be provided in the plasma unit
for the injection of the oxidant and the injection means is
preferably such that when injected a radial flow of oxidant
will result. This would improve the contacting between the
20 oxidant and réacting “fuel” phases (i.e. the offgas and the

char) .

The char may contain an inorganic fraction, i.e. solid

components containing elements other than carbon. The

25 inorganic fraction of the char will form a molten complex
oxide “slag” phase that, preferably, will be continuously
removed from the plasma unit. The unit may therefore
comprise a means for removing the slag phase, which may be
in the form of a slag overflow spout angled upward (toward

30 the exterior of the unit), so the molten slag exiting the
plasma unit will create an airlock to prevent either air

ingress or gas egress from the unit.



30 reactions to occur. WO 211117/0006117 PCT/ GB211116/002409 - 29 The

oxi dant may be injected into the plasma unit to enable the gasification of
t he car bowocosmoont of the char and refornmation of thecwigr2ggs/d2409! aden
gas stream (the offgas) fromthe gasifier unit. 5 The oxidant injection
point wll preferably be renote #fromthe electrodes to prevent high
graphite wear rates. The plasma unit may conprise separate and nultiple 10
points of injection for the oxidant, ideally at |east one for injection
point for the offgas and at |east one injection point for the char
residue. Alternatively, the char and offgas may be introduced through a

si ngl e poi nt Defrinonjusest,i drhe 15 aama winddt iwsd Inaief anaplye sy dvigdéd vin t he

pl asma it for e . lnject.ign th XJ dan t. i nj jon means is
prefer a%lréfls?ﬁldh th% Yihdn V‘lylﬁjqegtgeeéeé%rbgﬁ g’l% }r\aqu\}qgflr}%g e{lg{é will result.

Thi s woglodsiitipeoyeddamireont acti ng bet ween the 20 oxi dant and reacting
"fuel" phases (i.e. the offgas and the <char). The char nmay contain an
inorganic fraction, i.e. solid conponents containing el enents other than

carbon. The 25JrfQrGaR} ¢ f I irQRHef, oA reirtvdde MM &amRisan teonpl ex
oxide "slag" phase that, preferably, wll be continuously renoved fromthe
pl asma weiatl. thite noeft twaythchardinofarneerpbiosy @artdmn f oPuedirsdbiy t he sl ag
P ooer o YH TR it d A T1OWR Yordrdl A0 WP UARL Y 3, uPvard

the unlikely event of high overpressure in the plasma unit,

10 (eg as a result of an explosion) the roof will be raised to
allow rapid dissipation of pressure. The escaping gases
will be safely handled via a fugitive emissions handling

system.

15 The presence of carbon soot or other conductive
deposits in the unit may encourage the geﬁeration of side-
arcs (also referred to as parasitic arcs) which emanate from
the electrode(s) and transfer to the roof or the sidewalls
of the unit rather than to the melt. Side-arcs tend to be

20 destructive, leading to premature failure of the reactor
shell. A number of measures may be in place to prevent
side-arc development from occurring:

) preferably, the roof of the plasma unit will be
constructed in sections which will be electrically isolated

25 from each other.

. Close attention will be paid to the design of the
electrode seal to avoid the possibility of electrical
tracking to the roof. All holding bolts, securing the seal
will preferably be electrically isolated and, preferably,

30 dust protected to avoid build-up of dust on electrically

conductive surfaces.



30 the exterior of the unit), so the nolten slag exiting the plasnma unit
W ll create an airlock to prevent either air ingress or gas egress from
t he unit . wd@o@@0dd0000607 PCT/ GB2006/ 002409 30 During ws®,GER2h@/q@basma unit
will preferably be tightly sealed. The unit will preferably be maintained
under positive pressure. 5 Preferaply, a gas tight, bolted flange will be
used to seal the roof to the main furnace body section. Preferably, the
flanged bolts will be spring-loaded to ensure that in the unlikely event

of high overpressure in the pl i g S Ae

expl osi on) fhe r$3f RFFELpBd &éizgﬁrggé£%P#gm#§aﬁﬁglgyé§i%g%ﬁgﬁ gf pressure.
The esgapLigeU8sesneWel bcbeoaaf(e) yrbapakednui aha bugilti-ue efi ssions
handling system 15 The presence of ,carbon soot or,gthgr %gnductive

deposi tisppeithecunBurfageentbatagect B §eREFaPION B i 8- “Arcs (al so
referre %grgagparasitic arcs) which emanate from the el ectrode(s) and

transf & ‘roof or the sidewalls of the unit rather than to the nelt.
Si de-arcs tend t ghbeudAtdest pretfieveplyeadppgetoipr anielr Pp&i Mdde of the

reactor _ shell. A nunber, of .neasures pay_be _i prevent side-arc
devel opWERMiZEo S c BFPARGE1Ohr & eﬁgﬁFy¥rtﬁg%?8gkégﬁu%%§ plasma unit will

be construgted inAjseekil@nsinhi ¢ \desliohedelkectr ealsyy ticsell@ead 25 from
each other. Cose attention will be paid to the design of the electrode
seal t @anal/oird reipd ages Sifbredy r68 el ectri cal

10 The off-gas composition will preferably be continuously
monitored and a feed back control loop may be employed to

adjust the power and oxidant feed rate to the plasma unit.

The reformed gas (syngas), which results from the
15 plasma treatment, will preferably be further cleaned to
remove acid gases, particulates and heavy metals from the
gas stream to produce a fuel that can be use in the

generation of elecﬁricity and heat for steam raising.

20 Optionally, the apparatus may further comprise a

pyrolysing unit.

The process may further comprise collecting the gas
prodﬁced in the plasma treatment unit (commonly called a

25 gyngas) .

Typically, the plasma treatment unit will generate a
solid and/or molten material, as would be know to the
skilled person. The process may further comprise collecting

30 the solid and/or molten material produced in the plasma

treatment unit.



tracking to the roof. Al holding bolts, securing the seal wIll preferably
be electrically isolated and, preferably, 30 dust protected to avoid

bui | d- up wO 2daraiooemn el ectrically conductive surfaces. WOTZIERAGGH0RMHO6117
PCT/ GB211116/ 11112409 - 31 Gas purging will preferably be enpl oyed
around the outside of the electr (s) to prevent the build-up of

deposits on surfaces that are in close proximty to the electrode. 5 The
unit is preferably adapted in a way that will mnimze the production of

soot or tarry products All seals will be designed.to y to clean

and/ or replﬁg@ APPRERLIE HRY gbrgﬂgroF?mﬁﬁésgo%pggﬁ igﬁgmﬁﬁ% preferably be
coptinggﬁgtxc H?BEB%ES@,é@geéti@ﬁdobaQKSGQHWthhlmap payabe enpl oyed to

adj ust the power and oxidant feed rate to the plasma unit. The refornmed gas
(syngadgscutibell hegelittis fromthe 15 plasna treatnent, will preferably be
further cleaned to renove acid gases, particulates and heavy netals from
the gas streamto produce a fuel that can be use in the eneration of

el egtri citypanceheabnbar abbeam chesprgpce2d Opeifemably, furshggpar at us may
further conprise a_ pyrolysing unit. The proces f her copri se
coIIec?pW@rﬂﬁ§Sg§§PJﬁFS&H@e&h nvef epEﬁb cFP%&%%gﬁﬁg&%%é ?éonnnnly cal | ed
a 25 f%g%%@ab%&y@eﬁ% li¥e i BEoBl AT MA 1 eRAtiENt putlicte Wwidl fthgenerate a  sol id
and/ or "ol ten nmaterial, as would be know to the skilled person. The
pr oces gamuy ifoarttilver steppr i Faisobpéecttigyg added advantages o
producing a more homogenous feedstock with a higher
10 calorific content and less moisture content than unprocessed
waste, which allows for a much more efficient combined
gasification and plasma process. The gasification process
is far more efficient with a feedstock of relatively
consistent calorific value. Likewise, it has been found
15 that an efficient plasma treatment should ideally have a
relatively homogenous feed of offgas. By treating the waste
initially with a microbial treatment to homogenise the waste
introduced to the gasifier, the resultant offgas from the

gasifier is also more consistent in calorific value and

20 hence the process as a whole is more efficient.

pPreferably, the aerobic microbial digestion is carried

out in a rotary aerobic digestion unit.

25 Preferably, the waste is rotated in the rotary aerobic
digestion unit at a rate of from one revolution every minute

to one revolution every ten minutes.

The moisture content of the waste prior to aerobic
30 digestion may be from 20 to 75 % by weight, preferably 25 to
50% by weight.



30 the solid and/or nolten material produced in the plasma treatnent unit.
WO 211117/0006117 PCT/ (GB211116/ 002409 - 32 The apparatus may further

conpri se woundtoober t he aerobic mcrobial digestion of peagiBosdnozdeomay be
as described herein. 5 As nentioned above, the process preferably further
conprises subjecting the waste toxa crobial digestion, nore preferably
aerobic mcrobial digestion, prior to the gasification step. This has the
added advant ages of producing a nore honpogenous feedstock with a higher 10

calorific content and | ess noisture conten ssafkh te, which
al | ows for RESAR¥AREY e ©1% i ¥3RNR ao%bafr%\eagvérg%?p}‘%g%%\eeand p]T \ggﬁa process.
The gagi fd caf i O PI OGESBerdS1§ Ao NSe Bédd Ci@fteni tie sadwslist ock of
relatively consistent calorific value. Likew se, it has been found 15 that
an ef fdibgent igh asr@atment nent should ideally have a relatively honbgenous
feed of offgas. By treating the waste initially with a mcrobial treatnent
to honpgeni se the waste introduced to the gasifier, the resultant offgas
fremthe gaséfhesrbbialseigeseiconsiep eprefarablvr¢enpria¢fietd®d 20 hence
the process as a whole is nore efficient. Preferably, the aerobic m crobial
di gest PoAPFsCEarried out in a rotary aerobic digestion unit. 25

Preferably,maggn§a§tQ ki $st Pt ahigfl{Not hRasdbanyvasgoai Eirdtgeserageunit at a
rate of fromone revoFution every mnute to one ﬁevoluthﬁn every ten
m nut esoiFherevlsvelebefarentroptnaet wadER Br FUPPLY 8&r8bIET30 di gestion

ey be from 20 10,5578y Yebgltghr RESERALY 28vEe before
10 treétment, wherein the relative quantities by weight of the
first waste and the other waste are controlled, feeding the
mixed waste into a microbial)treatment vesgel, treating the
waste by microbial activity in the treatment vessel, the
mixed waste being agitated during treatment, the oxygen
15 content in the gas in contact with the mixed waste being
controlled during the treatment process SO that it does not
fall below 5% by volume, the mixed waste having‘an average
moisture level after treatment not exceeding 45% by weight,
more preferably not exceeding 35% of weight and most
20 preferably not exceeding 25%. |
Subsequent drying of the product to an average moisture
content of below 20% by weight can be carried out relatively
easily. Preferably, the first supply of waste comprises
organic waste, preferably solid organic waste. The other

25 waste may comprise solid waste.

The parﬁ of the apparatus of the present invention for
carrying out the microbial digestion preferably comprises:
a supply for a first waste having a first average
30 moisture level before treatment and a supply for other waste
having a lower average moisture level before treatment,

means for mixing the first waste and the other waste,



50% by wei ght. WO 211117/0006117 PCT/ (GB211116/11112409 - 33 Preferably,
the waste has an average noisture level of 45 %or |ess, preferably 30% or
| ess, af two 200m08@robi c digestion treatnent. 5 The m crobiGB20ai/m@esbi on
step preferably conprises the steps of: mxing a (first) supply of waste
having a first average noisture leygl_ before treatment with a supply of
other waste, having a | ower average noisture | evel before 10 treatnent,
wherein the relative quantities by weight of the first waste and the other

waste are controlled, feeding the 1 xed te_intp.a m.cropial treatnent

vessel , treaf?ﬂﬁr?%emeﬁﬁ§tEogycﬂPE¥%%¥é?gggﬁ?vF? a?ﬁv?h%u?ﬁgéﬁég%t vessel ,
the myed,nashe Bei pHeagitatedadtei a8dt seReFERbstbhAiREggeBgébhennt ent in
the gas 1n contact with the m xed waste being caontrolled duringFthe

treat ment proeass Sort igedingdbhe AESLfURFLBePBRA 598bYEHBFUNRSEEhe ni xed
wast e havi ng,_an_averag ksture level after treatnment not exceedi ng 45%
by weig P2 HE?%QB 8?e§8 ggihot exceedi ng 35% of wei ght and nost 20
preferabl y nokhegxse€dirngg2b¥t'inGubkequehtiddoypaygiof wekbepindube to an
average noisture content of bel ow 20% by wei ght can be carried out

rel ati veF§at®gal| yeSpRéferably, the first supply of waste conprises

organi ¢ wast g, phLEf feably re@hbdiaggankc tvastaenth@eetber add waste may
conprise solid waSte. The part of the apparatus of the present invention
for carfyingesns fhe wontsblaing §ast pél SAeFeLABPYIBoRPRI ses: a supply

for a fEE%%t%%%Eer%%%ﬂg %nhb%%ttﬂge&ﬁgﬁt of first waste and other
10 solid waste to the treatment vessel, so that the average
moisture level of waste after treatment does not exceed 45%
by weight, more preferably not exceeding 35% by weight and
most preferably not exceeding 35% by weight, and so that the
oxygen content of gas in contact with the mixed waste in the

15 vessel does not fall below 5% by volume.

Variations in the physical composition (for example
calorific content) and moisture level of the first waste
(typically domestic waste, but also possibly agricultural

20 waste) can be ‘'smoothed out', so that a product formed from
treated waste from different areas or different time periods

can be relatively homogeneous.

The waste, either the first and/or the other waste,

25 treated using the microbial step is preferably "organic
waste", preferably solid organic waste, for example domestic
waste, industrial waste or agricultural waste. - “Organic
waste” is waste that has at least a proportion of organic
material capable of being treated microbially. The other

30 waste mixed with the first waste preferably also contains

organic material.



30 noisture | evel before treatnent and a supply for other waste having a

| oner average noisture | evel before treatnent, neans for mxing the first
wast e andwoOheomh@r waste, WO 211117/0006117 PCT/ GB2111P6n@246:%02409 34
control neans for controlling the relative quantities by weight of the
first waste and ot her waste m xed -t gget-her; neans for feeding the first
waste and the other waste to a treatnent vessel, 5 neans for agitating the
solid organic waste in the treatnent vessel, drying neans follow ng the

treatnent vessel @pd ; Pans i conid dddingd e Al :PA(-)&@ t he

treat ment vessel, a(r;\cdjfg@ {Eﬁte l|Qer'nput of first wastagé't;ntfgjdgﬁegyl solid waste

to the tsceatomentofvesssle e tdvdtl ddtedavercdaded npitst e Ineletoloifalwast e af t er
treat ment_does not exceed 45% .b i ght re preferabhl ot exceedi ng 35%
by wei gﬁ:treﬁ% e“%osf’fespsr %@Vq%l\lfggggg&%v%%w ]gei‘/ﬁ Yand so that the
oxygen G@ilgitt. ofTtgasvddt & et tdwd kil flewthasherdds ity e vessel does

not fall bel ow 5% by volune. Variations in the physical conposition (for
exanpl e M@t iac eninghtdewie My diturfe Sherddey ahdhay mavhest e

(typi cald&&e@rg%ﬁl-gfq ‘r’%ﬁﬁ‘ati@ﬁ & Sc%c??ﬁr%? nefgjSdlddural 20 waste) can be

"snmoot hed out', s a product rom treated waste fromdifferent
areas or different tinme periods can be relatively honbgeneous. The waste,

either the first and/qr, the, other, waste 25 treated ing the mcrobial
Step is pref AR CRGA CLARRTON ThoR dFath Pt S B e, 1 or
exanpl e HEest | ChMAKN @ akdisiistid acoMsdritdd ady GHdnged Masies "Organic
10 physical nature of the waste. Typically, the microbial
activity is bacterial activity. Preferably, the microbial

activity is aerobic.

The microbial digestion process is preferably carried
15 out using bacteria in the thermophilic phase, which normally
occurs in the temperature range 60°C - 75°C, most preferably
around 63°C ~ 70°C. In this phase, very rapid digestion
occurs with the production of heat. It is found that the
reaction in the thermophilic phase is much quicker than the
20 commonly used mesophilic phase which occurs in the range

30°C - 38°C.

Accordingly, accelerated decomposition of the waste
takes place. However, if the temperature rises above 75°C,

25 there is a danger that the bacteria will be destroyed.

The microbial reaction in the thermophilic phase
results in the natural generation of heat which breaks down
the waste to produce a material which is suitable for

30 processing to provide a fuel or compost. The microbial
reaction will almost always provide sufficient heat to

maintain itself without provision of supplementary heat.



waste" is waste that has at |east a proportion of organic material capable
of being treated mcrobially. The other 30 waste m xed with the first waste
pr ef er ablwoabemossnt ai ns organic material. WO 211117/ 0@Q0®4:IB2006/002409

PCT/ GB211116/ 002409 35 By, "mixing" it is neant that at |east two
separate sources of waste are coldemed and fed into the m crobial
treatnment vessel in controlled relative quantities by weight. The waste
fromthe two different sources may be 5 mxed in a mxing device or in a

shr edder nay. ] xed j 3 I {add i t t sel. The
m cr obi a}fﬁcﬁ%%g%/ilﬁ tae%mwé% %J%ge l(rak?aa %l}gir% tr}?:fent%é;g‘%’%é%ié%grleéﬁ%om IS
accel er dtedrbyircdeemgss im tdémpeddyty siltiath red s et of thdecomsdrecernigmi cal | y,

t he m'cro$i | activity is bacterial activity. Preferably, the m crobial
activity st%!aeerr%]bcr%‘?b T BRI  di gestion process is preferably carried
15 out using bacteria in the thernophilic phase, which normally occurs in
the tenperature range 60C - 75C, nost_ preferably around 63C - 70C. In this
phas€, very ripiRF digfestiah mae ke fddeth thethr Jaieroinbftrratment js
found t cly i | ldSnphape ks much quicker than the
20 common Syéét}ﬁse'e &ﬁgs%%%ﬁﬂé; %‘Eﬁ%%lm%%%c%ﬁ?s m%%'e range 30C - 38C.
Accordi ngly, accel erated deconposition of the waste takes place. However,

if the tenperature rises above 75C,. 25 there is a danger that the bacteria
Wi Tl be dest royRAEEAPEY nFes GETYIST dH(S ot i hePibghi 19 U bhase
resul ts daghddie: Ntk athdeResed v headcadi o heakScHMR1

10 digestion step does not fall below 5% by volume.

The treatment vessel for carrying out the microbial
digestion is not normally filled completely, so there is a
gas space above the waste being treated. The oxygen content

15 in this gas space is suitably measured and preferably
controlled. The skilled person will be aware of suitable
techniques for measuring and controlling oxygen content.

The moisture level may also be measured, as described below.

20 Preferably, the oxygen content (and, optionally
moisture level) of gas removed from the treatment vessel (as
will be described further below) is measured. This is a

particularly convenient arrangement.

25 The gas in the microbial treatment vessel will
typically comprise atmospheric nitrogen, oxygen, carbon
dioxide and water vapour. This gas may contain no methane,
ammonia or hydrogen sulphide, as the microbial activity is
carried out in the thermophilic phase.

30

In order to maintain the oxygen level above 5% by

volume, air or oxygen can be supplied to the treatment



the waste to produce a material which is suitable for 30 processing to
provide a fuel or conpost; The mcrobial reaction wll alnost always

provi de swohoneivmeodo7heat to maintain itself w thout proPCIiGB20@H 002409

suppl ementary heat. WD 211117/0006117 PCT/ GB211116/ 002409 - 36 However,
in practice, chemcal mxing of thegzwaste can lead to an increase in

t enperature which assists the commencenent of the mcrobial activity. 5

G her material may be added to the microbial treatnment vessel, for exanple

qU|ckI|?aé?ia[gggt%gl%Bg?egrggﬁrgglguégglgayggﬂtiﬁﬁghsug the gas which is.

in € berng trea in the mcrobial 10 digestion
step d@ggoﬁghoualétbgé@mtSﬂhby aﬁluhe pTheessearnent A¢ESEEFESf or carrying
out the m crobi al igestion is not normally filled conpletely, so there is
a gasizpuke ﬁﬁoéér(ﬁéyﬁﬁgte being treated. The oxygen content 15 in this
gas space is suitably nmeasured and preferably controlled. The skilled

person will be aware of suitable techniques for neasuring and.controlling
oxygen cont &nt ordhe hoi seplecketle REYISRsWRHENNRISHPEGS FSTR 4Eri bed

g?lggg Fgﬁﬁ§é§£$%§a1¥ﬁe %t%éig%61%98EE“&?9é@d nQEEb0@§1EYga@Q'Sture level)

Preatment vessel be described further
belomb(tﬁeWQQEUéﬁdtlﬁblshesmacrpbuaﬂcmraatwe@@nveﬁﬁ@ﬂﬂ & rangenent. 25 The
gas in the mcrobial treatment vessel wll . pically conprise atnospheric
ni t r ogar1abygen, hégPpan ¥ Ldio¥kFqe “and %Eﬁ@?reﬁﬁour This gas may contain no
nmet hane, ammonia or hydrogen sul phide, as the mcrobial activity is
carried out in the thernophilic phase.

10 " The air can be supplied by some form of forced draught.

For example, a fan may be provided. Thﬁffan may blow air -
into the microbial treatment vessel. However, it is
preferred that there is a fan to draw gas out of the
microbial treatment vessel. Where extraction means are

15 provided for withdrawing gas from the microbial treatment
vessel, it may be replaced by air supplied through at least
one duct. Air can be supplied to the microbial treatment
vessel intermittently, but it is preferably supplied
substantially continuously. The microbial treatment vessel

20 may not be substantially sealed, so that as long as gas is
removed, air will naturally flow in through openings to

replace the gas removed.

As fresh air is supplied to the microbial treatment
25 vessel and as gas is removed from this vessel, water vapour
will be removed from the waste. This helps to control the
drying effect, leading to a produét having an average

moisture level within the desired range.

30 Air supplied to the microbial treatment vessel may be
previously dried by any suitable apparatus, to maximise the

drying effect.



30 In order to maintain the oxygen | evel above 5% by volunme, air or oxygen
can be supplied to the treatnment WO 211117/0006117 PCT/ GB211116/ 002409 -
37 vessalWo 200mo0oas070xygen can be supplied continuously pChraragéweb4oat | east
part of the process or in discrete inputs of air/oxygen. 5 In order to
repl ace the oxygen whi ch pronotes 3®r-obic digestion and to control

noi sture level in the exit gas, (the gas exiting the m crobial treatnent
vessel) a relatively high airflowrate is required. 10 The air can be
supplied by sone formof forced draught. For exanple, a fan may be

provi ded. The; fan may blow air into the mcrobial treatnment vessel.
However, itAdsordimd ero eal prefertrd sreer fah e FHRBVPEasCButtRF the .

m crobi a] treatpent. vessel. \Were e i Q. ovhded for

Wi t hdrad Hg st $¥om 1he” cc#ao%ilg? %(é%a %%%gﬁzﬁb&?%@% be replaced by

ai r Supphi &4 Dr el @ént easiseDnes dusintAinedamt ba bepplibdled the
m crobial treatment vessel intermttentl

. ,_but it i ef bly supplied
subst ahtt$ adley E@h@tnu3h3$y¢nﬁ?E@%1E@%Bi%?¥?¥eh?h§HP €%§é%?f£g may not be
substant i al | e h s £c0BSih§ treap¥edingorthel |
naturaf??é??%aﬁ§%§tﬂ?%%g%ao%%ﬁ?hagngagrepIaceéthe gas renoved. As fresh
ai r isgagppbhed by éheporstdvbnal treatnent 25 vessel and as gas is renoved
fromthis vessel, water vapour wll be renoved fromthe waste. This hel ps
to control the drying effect, leading to a product having an average
noi st ure |eMggngjhgynbéhgrdegaéadiﬁaﬂge.microbial treatment vessel

10 for monitoring the moisture level in the gas space. Any
suitable means may be employed for measq;ing the moisture

level.

The moisture level in the microbial treatment vessel

15 may be maintained below the dew point by supplying air which
has a moisture level below the dew point of the waste being
treated at the temperature of treatment. As the temperature
of the microbial digestion will be typically higher than
ambient temperature, normal fresh air may be used.

20 Alternatively, dried air, having a moisture level below the
moisture level of ambient air, may be used. The main
process features which maintain the oxygen level within the
required range can also be used to maintain the moisture
level within the required range.

25

The flow of air and gas through the microbial treatment
vessel also removes heat from this part of the apparatus.
Tt is found that an adequate heat balance can be achieved.
That is, heat generation by the microbial activity within

30 the concentrated mass of waste can be balanced with heat
remoﬁal by the gas flowing through the vessel so that the

temperature is maintained at a desirable level.



30 Air supplied to the mcrobial treatnment vessel may be previously dried
by any suitable apparatus, to maximse the drying effect. WO

211117/ 00962007/08G5D7 GB211116/ 002409 - 38 Accordi ng to acpreHeswmeoaspect
of the invention, the noisture level in the gas in contact with the waste
in the mcrobial treatnent vessel 3% 4maintained at a | evel below 5 its dew
point. This ensures that water is-substantially continuously renoved from
the waste being treated into the gas space by evaporation. Means may be
provided in the mcrobial treatnment vessel 10 for nonitoring the noisture

| evel in the gas space. Any suitable nmeans nay be eggloyed for neasuring
t he noi st ur ePrétoedblFhethei casie skoeldhetaelikreedntaring et®fent  vesse

15 may be intained below th e i ' ' iC has a

o1 ot B PRV Db R hew pBICE By Ha oty e e a2 "The

t enper at e ewEL &1 gA8 MDkindstd hensderpethsurwicobbebeantcepbeéadl di gestion
wll be typically higher than, anbient te eraturg Eorna# fregg shr may be
used. 2ohpugheti veeymaberial ai r it nabPRgSEPRERE L ETPEGRE BAF5W Phe
nD!Stur@héewgétgftanphgn%aé'Eo SRYubE HEEHssTHE BRiBenPtoCEEE Weatdres

whi ch maintain the oxygen level within the required range can al so be used

to mai nemdndtikngopst the whevel byi thendefe r2guFprEdoRrahgE. t25The f1ow of
Chi s paPPage PRoSARpHNaFORIe| Tors! of ek Fhat an 2aequare Reat bal ance can
be achigy¥gferred that the digestion takes place in a rotary aerobic
10 digéstion unit, i.e. a unit containing a rotating aerobic
drum. y
The drum may be rotated at any suitable rate, and
suitably completes one revolution in a time range of 1
15 minute to 10 minutes, preferably 2-5 minutes, most
preferably about 3 minutes. However, .a higher rate of
rotation may be used during loading and unloading of waste
into/out of the microbial digestion unit, in order to assist
these operations. Typically, the.speed can be increased to

20 one revolution per minute during loading and unloading.

As will be described further below, the drum is-
suitably simultaneously loaded with waste at one end and
unloaded with microbially treated waste at its other end.

25 Loading and unloading typically take place at 4 hourly

intervals and can take 30 minutes.

The drum preferably comprises a substantially parallel

sided circular section cylinder. The axis of the cylinder

30 may be inclined to the horizontal, for example at an angle
in the range 3° - 10° most preferably 5° - 8°, to provide

gravitational flow through the drum.



That is, heat generation by the mcrobial activity within 30 the
concentrated nass of waste can be bal anced with heat renoval by the gas

fl owi ng tWwoaogtnobdee vessel so that the tenperature is marmBRID2EY a
desirable level. WD 211117/0006117 PCT/ GB211116/11112409 - 39 Preferably,
the waste should be agitated durihgs@he mcrobial digestion. This provides
further breakdown of the waste and m xing to ensure that m crobes are
spread 5 throughout the material. It also exposes, different parts of the
waste to the gas to ensure access of oxygen to the waste and drying of the
waste by the gas. Agitation may take place by any suitable means, but it
is particul ahhy spmeableedlzhaoftdﬁuml@éytbénprakééeéba@@PEﬁdangotary

The.or uiPiRy 6 FOCa B8 soranPElPlant AREe- ahd fahi PAER,SRBREC Co one

revoluttggtinf@rthngrbaegglﬁé iatéSoﬁlabbattQSmO5UDnubﬁﬁesppetedaply 2-5
m nutes, nost preferably about 3 m nutes. However,.a hlgggr rate of
rotdtion FEYMHeLUSEaTeEPFNgTI bRBI FBPIRd2uRl 5alMngPEFLRESPLY £AfB/ out of the

m crobi ghodi gf%kleeablzag rarohﬂdoﬁdgﬁl kRoAsal Bk ukbase @per @éh%ﬂﬁ Typical ly,
t he spee e I ncreas to 20 one revolution per mnute during |oading

and unlshdumg beAsnwiche bengesﬁrpmed tar LRer thaeswthendigmghiers- suitably
si mul t aneo sI l.oad te.at o e un crobially
tr eat ed™RE5t BTG FeF?qutﬁéPugag gégefoggﬁnéqgngqﬁﬁVo% ?g§9%9% ga?Fy t ake
pl ace ahgé.hourly intervals and can take 30 m nutes. The drum preferably
conprises a substantially parallel

10

The drum may be used of any suitable material, for

example mild steel.

A rotary drum has the advantage that it is mechanically
15 simple. There are relatively few problems of blocking and

very few moving parts, which reduces the risk of breakdown.

The agitation caused by the rotation leads to
attrition of the waste, further contributing to its
20 Dbreakdown. Preferably, the drum is filled to a high level
with waste, being preferably initially 75% to 90% full by
volume. This leads to increased attrition, rapid heat '

generation and also to efficient use of microbial treatment

vessel.
25 A
Average residence time of the waste in the microbial
treatment vessel is suitably in the range 18-60 hours, more
preferably around 24 to 48 hours, most preferably around 36
hours.
30

The microbial treatment vessel preferably comprises a

vessel through which the waste is moved during treatment,



sided circular section cylinder. The axis of the cylinder 30 may be
inclined to the horizontal, for exanple at an angle in the range 3 - 10

nost prefwoabdnoodbeos 8, to provide gravitational flow trcowgR2oddm@2epum WO
211117/ 0006117 PCT/ (B211116/002409 - 40 Any suitable size of drum may be

provi ded, depending upon the rate1of- consunption of waste. It has been
found that, for a processing rate of about 250-500 tonnes per day, 5 a
drum of diameter in the range 3.5 - 6m-preferably 4-6m nost preferably
around_5. 5m shoul d_b e £t habShoul dripe wastbestiangelyrom o6 to 10
times the %ﬁ%ﬂéﬁ%ﬁ? éﬁggtg%r%$e?a y about 8 tines the dianmeter, suitably

up to i ffomhe Dsadingypbinused af wmjosdiranPeimat€ifain $87 . exanpl e
mld steel. A rotar

y _drum has_ the, advant a Lt j ly 15
si npl edrTRer AareRtef R PYERy }833 Yot &fs O}é%@%% i%%§5ﬁ§f§3€$§@#em1nnving
partszS&Q%E £ eress 1 k81 £hnko0b1 Pl eakewiresihémagrohiabhycaused by the
ea

rotation s toattrition of the waste, furtger conéribgting &o its 20
br sak donbre®redbrupsye basndr bapdeds k| Baet boa9hPgnePevele Wifi%wast e,

being preferably, inpiti Y L5%. t % hubl bhe uphHEBindhEsdl eatlRet 0
increaggﬁl§t€¥?¥F%§,w?%%%db%gg%QSﬁgg%gtion and al s0 %ggetficient use of
ni cr obi shdt hgasABpbr ualsedingSopeeatgenr eandepke LPmEOoMipHESRaste in the

m crobial treatnment vessel ,is _suitably in the range 18-60 hours, nore
preferably about 30 minutes.

10 - One unloéding operation or loading operation is
preferably spaced from the following un%pading or loading
operation respectively by a period in the range 2-8 hours,
preferably 3-5 hours, most preferably around 4 hours. In

this way, a “semi batch” process can be carried out.

15
During processing, it is found that the volume of the
material may decrease by as much as 25%. The gas space over
the material will accordingly increase.
20 Thevwaste‘material should be discharged from the

treatment vessel at a stage at which the treated waste

" material is sufficiently digested and sufficiently dry.
This typically occurs after a period of about 48 hours.
By restricting residence time to 48 hours or less,

25 additional loss of carbon can be reduced.

Tt has been found that microbial treatment is effective
in reducing the size of some constituents of the waste.
Nevertheless, further processes to assist size-reduction of

30 the waste constituents may be used. For instance, in order
to promote the microbial activity, some parameters of the

waste fed to the digestion step are preferably controlled.



preferably around 24 to 48 hours, nost preferably around 36 hours. 30 The
m crobial treatment vessel preferably conprises a vessel through which the
wast e i s wovea/@ousorng treatment, WO 211117/0006117 PCT/ @BZCERAG/00D409 -
41 for exanple a drumas described above. The waste suitably noves froma
| oadi ng point to an unloading painizwthin the. drum As noted above

| oadi ng and unl oadi ng suitably occur substantially simltaneously mjth
fresh (mcrobially 5 untreated) waste being | oaded at the | oading end and

m xed _solid treated waste_ being.r t | padL ng Th I i
and/orF%ﬁI%éﬂmﬁbeopg?%IW%ﬁt%ahst £§E§%§§%9n$%%§%§§ Qgr%fg%g%?y abgut ggdlng
m nut ¥Oggss foeoual grdi Aggegeiehi sbepr (boathaggepefatabhonsstppef er abl y

spaced fromthe follow ng unloading. or |oading, ratjpon i
per odi FnthhcDranges 238oRcEPS, LB BRer A6MY CEOR A F EC HOSP pPBrEY abl y.

around 4 hours | i , aSeqi " oBr SHméa bil
our ng=hr elele gl Bl s 8Y s ER RREe BT Al hay
decy eagomby asraupbefsrably FhemgasTbpscEisgsr ProResfaleyi SPMRFLFS

accordingly increase. 20.The waste_naterial 0 L,.sgh
treaynén%l¥§§s§FeBt18 ?géﬁg X?rxh?8ﬁg?h8bssgggegk%a§?ggb%gfZF?EF {gon1the
sufflcb§?hbiedbgegggg apdpyukfceiiast byddey secthids stepi dal Wpicbcths after a
period of about 48 hours. By restricting residence time.to 48 hours or

| ess, zemaddiingomakersss &5 SAEBSRIC AR BEIMGRulES pParticle size,

for example by shredding. The person skilled in the art
10 will be able to obtain suitable shredding apparatus.
Shredders can either have one fixed rotor or two counter-
rotating rotors.
Alternatively, (prior to the microbial or gasification
step), the waste may be subjected to an operation to reduce
15 its particle size, for example by shredding without
initially removing oversized particles. The shredding
operation is particularly beneficial for the microbial
treatment process, as it mixes the material thoroughly,
spreading the microbial culture throughout the material and
20 initiates a thermophilic reaction very quickly. Shredding
may be used to reduce the spacing between the particles to

promote the microbial reaction.

The second parameter which may be controlled is the
25 average moisture content of at least some of the waste
treated in the microbial treatment step. The average
‘moisture level of this part of the waste is suitably in the
range 20-75%, more preferably 30 to 60%, most preferably 30
to 50%.
30



It has been found that mcrobial treatnent is effective 1in reducing the
size of sone constituents of the waste. Nevertheless, further processes to
assi st siwe-nedwaetoron of 30 the waste constituents may [PETICB2d06/(62409
instance, in order to pronote the mcrobial activity, some paraneters of
the waste fed to the digestion step are preferably controlled. WO

211117/ 0006117 PCT/ GB211116/ 11112409 42 For exanple, the waste is

preferably treated in a first process before the digestion step (or the
gasification, ste i.f the c [ u ] pial treatnent
step) to r%%iv 8%3P?¥%I£§V§¥gs§§§t?§e§§gggg %?élggbgn$ég§gferabl 5 60mm
mor e prREPT abkYa5OPHYye ThaBuéi | sbe pnocessragydcbopravantatieeseistbp in .

whi ch very | arge objects are renoved, for exanple by hand or by sieving
and a teedhdl8Pkg PA WAPER-the remmining material is treated to reduce its
particle size, for exanple by shredding. The person skilled in the art 10
wll be able to obtain suitable shreddi ng apparatus._  Shredders can either
hawe one fiMedstuterleveia0060waﬁ§?-mﬁwtgﬁiW@aFHFSQSPYAW?§FH§PP9eIy, (prior
to the mcrohial or.gasification _s ) e S y akeasyhixegt ed to an
oper at FBf WBlﬁgﬂﬁéenggii?g Sé?tPgléggi?g%gfgﬁgeﬁgﬁg?eagy shreddi ng wi t hout
initiakgmpégggﬁ&@gagmeﬁﬁiéqdimabEHQMewitﬁhétshredding operation is
particularly beneficial for the mcrobial treatnment process, as it m xes
the material thoroughly, spreading the mcrobial culture throughout the

material and g 2Q,iniLiates ratNerRPY i 1ract ergeeriy quintidnt. odhr eddi ng
may be used to reduce the spaci ng between the particles to .pronote the
i ¢ Obinali ste@et ilevel, process water maybe preferably added in
‘controlled quantities. This process WaEer is preferably
waste water from wéter treatment, most preferably dewatered
sewage sludge. This material has a high nitrogen content
and acts as a catalyst for the microbial reaction.
15
As mentioned above, a desirable moisture level of the
waste treated in the microbial treatment step may be
obtained by blending a first waste with other waste of a
lower average moisture level. It is found that mixed
20 domestic waste typically has a moisture level in excess of
30% by weight. Commercial waste from offices and factories

is typically drier, having a moisture level in the range .10%

- 30% by weight.

25 The moisture level of waste fed to the digester may be
manipulated by altering the mixing ratios of different types
of waste. Preferably at least part of the waste fed to the
microbial digester has a moisture level in the range 20-75%
by weight, preferably 25 to 65% by weight in order to

30 promote the faster thermophilic reaction. However, part of
the waste fed to the digester may comprise a relatively dry

commercial waste. The heat generated by the digestion of



The second paraneter which may be controlled is the 25 average noisture
content of at |east sone of the waste treated in the mcrobial treatnent
step. Thewewes7agaeso7noi sture | evel of this part of the wastraB280c040abl y in
the range 20-75% nore preferably 30 to 60% nost preferably 30 to 50%
30 WO 211117/0006117 PCT/GB211116/%3112409 - 43 Al noisture |levels

quoted herein are % by weight. They are average val ues, being averaged for
quantities of at |east 100kg of waste. 5 Moisture |evels of waste nmay be

measured by nmeasuring the mmisture |level of air or gas L the waste at a
fixed SHEmASidtuMEStTd LS Sé&%:llqlﬁq%rﬁ%%rﬁaitt %hlef e Swas g-’ha ter mxing is
| ow i N\ IGANI LAY Qe Yreakhdi il evelouaicase ity be

y a

prefera ed In controlled quantities. This process water is
pr ef er @gijatiast enetess f the wamEerdicd fe1e JORSST i5 I3  Uewat er ed

sewage sludge. .This nmateria - i el t ahdhasts as a
cat al ysgtslqwgg’ e ctrognﬁ%a e]Jr é‘ge(@”llcglrﬁa gll?ﬂé;s&;rrent poﬁ@%sgﬁ%rvee, a desirable

noi §t Urr lewelmiofcdhe swsiteat resatdee iend hef iley gicdessigw nehe st ep may be
obtai ned by blending a first waste wth other waste of.a | er age

noi st ur@isre lave C%Qﬁﬁdlqthaﬁ}“?ﬁ%ge Bo st \hs é)ﬁ%/%\l!,%%kf% has a

noi st urgdevigle |y & s Ofhy b wei ght . Comrerci al waste from offices
and factories is typically drier, having a noisture level in the range.10%
- 30% by wei ght. '
_ The first waste with higher moisture level may be
10 blended with 6ther waste with lower moisture level in
blending apparatus in a controlled manner. The relative
quantities of different types of waste are controlled so
that the desired average moisture level over the combined
masses of mixed wastes is obtained as explained above.
15
The blending step also allows absorbent material such
as paper and paper based material (which is particularly
common in commercial waste) to be blended intimately with
the moist waste (such as domestic waste). The absorbent
20 material absorbs liquid rich in bacteria, providing a
substrate for the bacteria to grow on and allowing the
bacteria to be spread throughout the waste being processéd.
This promotes reaction and mixing, leading to an improved
digestion. Further, the wetting of the paper helps it to be

25 broken down.

In processing the waste in the microbial treatment
step, it is desirable to produce a product which is
substantially homogeneous, such that its constituents are

30 particles have a relatively small size distribution, the

particles have a largest measurement of 50 mm or below.



25 The noisture level of waste fed to the digester nmay be manipul ated by
altering the mxing ratios of different types of waste. Preferably at

| east parwoabotdoesomaste fed to the mcrobial digester Rras/GB2owi/®rape | evel
in the range 20-75% by weight, preferably 25 to 65% by weight in order to
30 pronote the faster thernophilicgaseaction. However, part of the waste
fed to the digester nay conprise a relatively dry commercial waste. The
heat generated by the digestion of WD 211117/0006117 PCT/ GB211116/ 002409
44 t he, noi st ste is_sufficient. at.+.t.h fie ot tppste fed to
t he tr@%n@ﬁr@%@@els.teﬁo\%g@gr,(Egu%ﬁ%ﬁ&%ekh%g?lfg&ggglegfggggs, t he

conmer graduard donestic waste are slowly m xed together reducing the
overal | noisture content 5 of t-he m xture, so that at the end of

t he-processing, the noisture |evel does not exceed 45% by wei ght and
preferably does J10t AXELREN2PYeRA MR alkesThE dfdg,Sti thast €anirtch hi gher

moi sture |level may be 10 bl ended with other waste with | ower noisture

| evel  itiathltdvedimeg. sipheer deyeli Femedan CoMcERtRRTRY 1THEG) &5SAF

quanti ti of different t S . e, T3 | e the desired
aver agé’freirg"ihﬁ maesqeevéﬂ%eg\%ﬁ%t hl%f g\é%l%el?r&r}é}s)g{els?% of&?ﬁilgo? ‘Jwar%{t es is

obt ai NetheAsncpl 1ai Nekahoem tth cEendricandin petceyeeal sexf |wami Aisor bent

mat eri al such as paper and paper based material (which is particularly
comon i'n conmercial waste) to be blended intimately with the nbist waste
(such as dommali G MAStR) i SAISOS hota 20 sbiet | nypabsel headdayui d rich in
bacteria; providing a sd%strate for the bacteria to grow on and all ow ng
theo feed can be controlled using automatic weigh feeders.

By way of example/ the moisture level of the waste

during the microbial treatment may be as follows:

15 Domestic waste with a high organic content and moisture
level above 50% can be mixed with commercial waste having a
moisture level of 20% or below in a suitable ratio to
provides a blend having an average moisture level in the

range 45 to 55% by weight.

20
During microbial digestion, a part of the moisture is
absorbed by the gas and air flowing over the material being
processed. The average moisture level may drop to around
30-40% by weight, preferably 25 to 30% by weight.
25

During emptying of the microbial treatment vessel, the
waste which still has a high residual heat level, may be
dried by a forced draught as described above, so that the
moisture level drops to the range 30-40% by weight,

‘30 preferably 25 to 30% by weight.



bacteria to be spread throughout the waste being processed. This pronotes
reaction and mxing, leading to an inproved digestion. Further, the
wetting oVothe/peper helps it to be 25 broken down. | nppTaB2s@&i/mg4dhe
waste in the mcrobial treatnent step, it is desirable to produce a
product which is substantially hogggeneous, such that its constituents are
30 particles have a relatively small size distribution, the particles have
a |l argest neasurenent of 50 mmor below. WD 211117/0006117

PCT/ GB211116/ 11112409, 45 _ The bl endjn hey. i e
hompgenei t y 18f PRt ssaded ﬁgwl‘e:\?/l%r %nggfrtghg%h l%%ﬁ%?ﬁglngg%gsn% ace, it is
found Bpthabet Ferdiest Wra ddevwel ar drging Cavoentmsatieddmibledcaboareeas of the

waste, where it is sufficiently high to alg)lo% t he _.thernophilic reaction to
conmenée &hatptdee@Pigdiyre d5valy ITPRE 8| \ﬁ'\%’ £ntt i"Es-96F di f f er ent
types of waste 10 feed can be controlled using automatic wei gh feeders. By
way of exanple, the noisture level of the waste during the m crobial

treat ment nay foetiser gdmmstels wbisbs ey Res margiod.akad dif SHamte cont ent

and noi sture |evel .abqve 50%can _he. j it QIR Ci Mashe Jraving a
moi st ukE It%\?elwat?ftezd‘% 3_1\1160&1&/]5(% moa g'g]ieiég:g[le\é{tr g’trl%o 0 p?lcl)qvll dés a bl end

havi Ng 132 LRI ATRIF Ui daiell ivrddtementangecksd d S 5dfenadiight . 20
During. mcrobial digestion, a part of the mpjsture is eld by the gas

ahsor
and ai off [fawith@ - o tthed maraienatdyl By 3 Fddestyed©Sth S 4ge Ynoi sture
| evel rgax}euqd)% tp. ar oulnd 4

10
Nitrogen level has an impact on microbial activity, and

adjustment of pH and nitrogen content can be advantageous.

It has been further found that the density of the waste
15 fed to the microbial treatment vessel is suitably not too
low. Preferably, the density is not less than 450g per
litre, preferably not less than 750g per litre. Again, the
blending step is particularly useful here. Domestic waste
can have a relatively high density. The average density can
20 be controlled by admixing a suitable guantity of commercial

waste, which has a comparatively low density.

Preliminary Treatment
As described above, the waste may be subjected to
25 wvarious types 6f treatment before the gasification or
microbial digestion step ('previous steps'). Preferably,

the previous steps include any or all of the following:

1. Picking
30 Initial treatment to remove objects which are not
readily combustible, such as stone, concrete, metal, old

tyres etc. Objects having a size in excess of 100mm or more



30-40% by weight, preferably 25 to 30% by wei ght. 25 During enptying of the
m crobial treatnent vessel, the waste which still has a high residual heat
| evel , nayohkeo7/moéoed by a forced draught as described alpovsB2s@/dobab t he

noi sture | evel drops to the range 30-40% by wei ght, 30 preferably 25 to 30%
by weight. WD 211117/0006117 PCT/ @B211116/ 002409 - 46 The waste treated
in the mcrobial digestion step may then be further dried on a drying

fl oor as described above, so that the noisture |evel drops to bel ow 25% by

weight. 5 A further paranpete i i i gH of the
Waste TAYtRES BT GEFHVE ﬁ%%tpEQcQQQ E%WBQ yraled oactoe

eat process. This pHof the waste in the
nlcrobégg 15 rPLOSESSUER aéeaepﬂbkyngofléonn1GADtennetSVGBYeferably
6.3t % preferably ar ound 8..10 Nltro en Ieve gas an i nmpact on
nlcroboaladditvomqllﬁndthﬁdWé§FﬁeﬁﬁYo?ep¥P%ﬂﬁdn?? B8gBn"RéntEnt can be

advantagﬁguﬁFC?%%thg Qeg§n§g?ggegna0ﬁggséaathgbagﬂeaspiykmﬁgthe wast e 15

fed to® trea vessel "is suitably not too Iow Preferably,
t hes depshtYohsinowhiensmehhnndsey per mahpelepigkaper g6l §1fot | ess than 750g

per litre. Again, the _blending step is particularly useful here. Donestic
wast e mééﬁrha@eték?ﬁlﬁgﬁsgly hi gh density. The average density can 20 be

controlled by adm xing a suitable quantity of commercial waste, which has

a conparatively low density. Prelimnary Treatnment As described above, the
wast e may bé.subpbredding

Shredding is a highly preferred step. It is carried
10 oﬁt‘to reduce the average particle size. It can also be used
to increase blending of waste from different sources. It
also makes the treatment process more effective. It is
found that, during the shredding process, microbial activity
may commence and rapidly raise the temperature passing very
15 gquickly through the mesophilic phase into the thermophilic

phase.

3. Screening

The waste may be mechanically screened to select

20 particles with size in a given range. The given range may
be from 10mm to 50mm. Material less than 10mm in size
comprises dust, dirt and stones and is rejected. The waste
may be treated to at least two screening processes in
succession, each removing progressively smaller fractions of

25 particles. Material removed in the screening process as
being too large may be shredded to reduce its average size.
Material which is classified by the screen as being of
acceptable size and, where applicable, shredded material can
then be fed to the treatment vessel.

30

Subsequent Treatment



25 various types of treatnent before the gasification or mcrobial
digestion step ('previous steps'). Preferably, the previous steps include
any or alwoabondoasofol | owi ng: 1. Picking 30 Initial treaCrR2066002800Ve

obj ects which are not readily conbustible, such as stone, concrete, netal,

old tyres etc. Objects having a-sigge-in excess of 100mm or nore WO
211117/ 0006117 PCT/ GB211116/11112409 - 47 nmay al so be renoved. The

process can be carried out on a stationary surface, such as a picking

floor Alteppatively o addLipoualin, cbhe veRbe-"BY Bckardedeonto 2

novi ng surfr onveyor ~and pass rough a picking 5 station
in whi eheMrebabibcal aigeBBtiah prektmgnaf sthe andt beifalret &kes pl ace. 2.
Shredding Shredding is a hi%hly preferred steR. It is ¢ r%hed 10 out to

r educedeRa fagariga FAEPIcl ENEPSe StRPS.HRYar5 IHESUEBY Ofo H™icr ease bl endi ng

of was r ifferent sources. It . also nakes the treatnent process nore
effect?géﬁoﬁghgg found that, during the shreddi ng process, mcrobial
actgvity may conmence and rapidly raise the tenperature passing very 15
qui ckl'y thrqugh %Qg nmesophilic phase into the thernophilic phase. 3.

Scr eeni ng THe wa @dﬂ’é’? be nechanically screened to select 20 particles
With size i v glavrikangey Dee sgineemedange rampvebeafntdmlednmi o 50mm
Material less than 10mmin size_  conprises dust, .dirt and stones and is

rej ect @XCEHfe At I1iviedy HESr e FOFd TR Ao BT UiV S rée T Bt Scesses i n
50mm may be rejected. They may be subsequently shredded to

10 reduce their size, returned to the aerobic digester or

simply rejected.

2. Metal Separation
Relatively small metal particles such as iron or
15 aluminium may have passed through the system. They can be
removed/ for example by a magnetic or electromagnetic
remover in a subséquent step. Metal particles removed from

the system may then pass to a suitable recycling process.

20 3. Drying
Suitably, after treatment in the microbial treatment

vessel, the waste is subjected to an additional drying step.
If the moisture level does not exceed 45% by weight, more
preferably does not exceed 35% by weight and most preferably

25 does not exceed 25% by weight, after the microbial
treatment, the subsequent drying can be carried out
relatively simply. For example, in a first drying stage, a
forced draught of air may be provided during or after the
unloading phase from the treatment vessel. During this

30 stage, the waste treated by the microbial digestion stage
will still be at high temperature (for example in the range

50-60°C) and further moisture can be removed simply by



successi on, each renoving progressively smaller fractions of 25 particles.
Material renoved in the screening process as being too |arge may be
shredded wo wedwo®7i t s average size. Material which ispciraaRdaoeesoby t he
screen as being of acceptable size and, where applicable, shredded
material can then be fed to the tyeatnent vessel. 30 Subsequent Treat nent
WD 211117/0006117 PCT/ GB211116/ 11112409 - 48 The waste nmay be subjected

to a nunber of steps after the mcrobial digestion treatnent step and

before the gasification step. These steps may, include an ' t he
f ol | owforeing 12i g aupHgithe £a¥%¥€% rd%§ybﬁgs%F%Bn@%Yt%O?éﬁ%%% particles in

excess, of . ' L 284 0L EX3NPA edrpanidi €186ri N BXCEBSsO6tepPDMm may be
reject%a.lﬁ%ggﬂﬁgwg%égéagseauentI sﬁfedded to 10 reduce _their size,

retur negste ithelatdobiic dbgesteickressnpfynekjBeredthan RBERI ©%8parati on
Rel atively spal |l _netal particl syc Lfan ; Eugi pkum may have

passedatﬁg%ﬁbﬁv?ﬁg iﬁgﬁgn?r?ﬁe§8€a% %§§?2%§V g?l%graexanple by a nagnetic
or £l egtr OABIUNRLEE thenmuestipealsubieduept . sThp. whbtel mpar PRcl es renoved

from the systemnmay then_pass to a,suitable recycli.ng,proc 20 3.
EXyingagmtﬁéﬁdy,f@ftéﬂampé§tHﬁnFuFﬁlPﬂeuﬁ?BﬁoﬂpﬁﬁaPFgggHS%t%gégg%el, t he

wast e Lﬁpé%gkﬁgt%ﬂckpa%”aagghékoeﬁbveaying §hePwaste may be turned

at intervals of for example of 2-4 hours preferably around 3
hours. Preferably, during this stage, the moisture level

10 droés to below 25% by weight after which no further
biological decomposition occurs. Suitably, the waste is
left on a drying floor for a period in the range 18-48
hours, preferably 24-36 hours, more preferably around 24
hours. It is also found that further drying may take place

15 during subsequent processing, due to the mechanical input of
energy. Waste heat from other process equipment, for
example from the gasification and/or the plasma treatment
step, may be used to dry the material. Air warmed by the
heat generated in the gasification and/or plasma treatment

20 steps may be blown into the microbial waste treatment vessel
and over or through the waste to increase the drying ratg‘of

these processes.

Alternatively, the drying apparatus may comprise a

25 rotary flash drier or other drying device.

4, Pelletising
In order to convert the treated waste to fuel, the
waste may be classified according to size and subsequently
30 densified to provide pellets of suitable size for use in the
gasification step. During this pelletisation stage,

further drying of the waste may occur, due to heat



If the noisture | evel does not exceed 45% by wei ght, nore preferably does
not exceed 35% by wei ght and nost preferably 25 does not exceed 25% by

wei ght, aWoenotdoesomi crobial treatment, the subsequent ®#CYIGERR@a02408
carried out relatively sinply. For exanple, in a first drying stage, a
forced draught of air may be provigled during or after the unloadi ng phase
fromthe treatnent vessel. During this 30 stage, the waste treated by the
m crobial digestion stage wll still be at high tenperature (for exanple

n the range 50-60C) and further no C i WO
511117990@%2‘1370@@?@9@1916 E6ShHY" ‘!"rsl‘gué&‘?o?‘gu ggrgﬁg?gggPééH.%thy t her

dryi ng sgiep n?¥ef@9§51§e 1haMkB€rt56rnpéBIeaismng oo ardegedgwélber. In
this s?e waste is laid out at a thickness of_not pore. than 20cmover a
reIatluhbymbasgeraréaVééroé shet hpeatpdrmaBestati 48, 18 GBPi hg™@hi ch the
noi st ur h drogs The waste nmay be agitated, for exanpl e by turning
usi ng c ﬁﬁnual apparatus such as a power shovel. The waste nmay

be ¢ ur ned at intervals of for exanple of 2-4 hours preferably around 3
hours. Preferably, during this sta t he u 1Q,dropgpt 0 bel ow
25% by wei gBt Eﬁ?epeﬁﬁléguﬁg %EF% gﬁé B%SFOQI%2|E%e€§#%%§I%IO oceurs.

Sui t abh.y, abgﬁt@@5$% b§ovh@%tap@ugldfbrngsélQﬂrthergaspéncadlpm t he range

18-48 “hours, preferably 24-36 hours, nore preferabl rqund 24. hours. It
i s al setlepundefkatretfutohes @rpiengCray t Yk & ﬁéﬁq é 16uNEdYFent

processin due to t :Qf JHEREr Ba1 VatHe heat fron1other
proces&ne%ﬁ PERET £y 1@2%2%%1 P@%?t é ggéification and/ or the plasna

tregt mindustraRl Balhe used to dry the material. Air warmed by the
g
By blending different sources of waste material, fuel
produced by the microbial treatment step at different times
or with waste from different locations can be relatively
15 homogeneous in terms of:
1. calorific value - suitably in the range 13 to
16.5 MJ/kg, preferably 12-15 MJ/kg. The calorific value may
be higher if the contents have been significantly dried.
2. Density - suitably in the range 270-350 kg/m® more
20 preferably around 300 kg/m’.
| 3. Moisture level - below 30% by weight and
preferably around 20% by weight.

The process of the present invention may comprise a
25 pyrolysis step prior to the gasification step, and after the
microbial digestion step, if used. The waste that results
from the microbial digestioﬁ step may be used to supply a

feed to a pyrolysis process, as described below.

30 The apparatus of the present invention may include

means for feeding microbially treated waste from the



heat generated in the gasification and/or plasma treatnment 20 steps may be
blown into the mcrobial waste treatnent vessel and over or through the
wast e t o woeneawesothe drying rate, of these processes. PArtGE20@bG0y®by, the
drying apparatus may conprise a 25 rotary flash drier or other drying
device. 4. Pelletising In order tocgconvert the treated waste to fuel, the
waste may be classified according %o si ze and subsequently 30 densified to
provi de pellets of suitable size for use in the gasification step. During

this pelletisation stage, further drying of the waste_may qccur, _due to
heat V@%@@WSODOB@%SP@TFGBEIT??@FO@?EOQY%99§61n8e£§?a$?8ﬁl¥8§u§'§8tsy
frictign and_d Jrther exposure to air. Preferably, in order for
peIIetR%F%g FOBEF%E %géwgﬁFF? the noisture level of the treated material is

in the range 10-25% by weight. 5 it has been found that the m crobial
treatnment step.can be adapted.to provi f.uel..for I R
gasificati oft SOEPTPEREFr dFVPS VS @r@&%%&ggﬁ% ﬁﬁf%hpﬁggrg%ga?gfific val ue
i n %he S8 ok i b4 BrMY, kpreffeatanly abeupyhallly stdatasitelGs fedstoi al coal .
By blending different sources of waste nmateri.al, .fuel rodgp%% by the

m cr obitdle Gesdfiieat 1oPeHnat divegte 2 98 162 T % HPom di £ f erent

S B R Y e S o Ry 1215 N0/ Ko, The
cal ori fHigyhv alewpereyure and the gasification process preferably
occurs directly after the pyrolysis process.
10 h
The apparatus may comprises a microbial digestion unit
in fluid connection with the gasification unit, and the
gasification unit may be in fluid connection with the plasma
treatment unit, to allow waste treated from the microbial
15 treatment to be transported to the gasification unit, and to

allow offgas and char resulting from the gasification step

to be transported to the plasma treatment unit.

The apparatus may be adapted to treat the waste in a

20 continuous process. Microbial digestion step may be
typically be carried out in a semi batch-wise fashion, _
whereas the pyrolysis and gasificétion processes typically
require a continuous feed of material, an interim storage
means, for example in the form of a feed hopper may be

25 provided. It is preferred that there is a first delivery
means for receiving treated waste from the microbial
treatment process and feeding it into the interim storage
means and a second feed apparatus for feeding the stored
treated waste from the interim storage means to the

30 pyrolysis apparatus or the gasification apparatus. The
second feed means is preferably operated substantially

continuously. The first and second feed apparatus may



be higher if the contents have been significantly dried. 2. Density -
suitably in the range 270-350 kg/ nB nore 20 preferably around 300 kg/ nB.
3. Mbi st uwe 2bevebeos bel ow 30% by wei ght and pref er abl y par@mB200620%0by

wei ght. The process of the present invention may conprise a 25 pyrolysis
step prior to the gasification st_eg2 and after the mcrobial digestion
step, if used. The waste that results fromthe m crobial digestion step
may be used to supply a feed to a pyrolysis process, as described bel ow

30 The apparatus of the present invention nmay include f f eedi ng
ni cr obicaMPy isreah¥dSHaEre1fr BRPIRe %\BrzTTTT#SO68‘1‘1’?3’8&”?’%@35‘1%6/ 11112409
- 51 tsyc%%hngggdgﬁgs_el to a neans for pyrolysing the treated waste (i.e. a

pyrol ysi's unit). the process involves a pyrolysis step prior to the 5
gasification step, preferably the pyrolysed waste is fed to the

gasification unit, where the. I fi kQn pl ; el | normal |y
require theApFrr(?&§§§8%n§f“%Pra§1 aet%g t?e%atg?l%aptxﬁ:égﬁst gﬁcpgrhaet -l?ryee%and t he

gasif i Gakiedit 106G ess 1pfferaalddy irmetgusredior, eofliphafshemwst:he pyrol ysi s
process. 10 The apparatus nmay _conprises a n_crobi.al qll est 'e%p dpit in
fluid connect dALL: FtEme IgaWFihien TR V354 d HhE " Hasi Ticati on unit may
be in fluyid A 1M Rl asim ddreatenrirdbiid digesalilow wast e
treat e(?eflyro%ﬁ%?ﬁ{el%%ggg% gl@l%élﬁdeﬂat ment to be transport edg%t o the

gasi fi aatiton(RAm)t,, and to allow offgas and char resulting fromthe

gasi i cation step 4 Qb8 IAMAPAILEY dA AR M AHE SroRldmNtotiNte
10 rotéry digestion step in a gasifying unit (gasifier), which
produces an offgas and a char, J
a third step comprising treating the char and the
offgas to a plasma treatment process in a plasma unit
(plasma furnace), producing a vitrified solid slag (which is
15 discarded) and a syn gas,
a fourth step comprising cleaning the syngas,
a fifth step comprising either exhausting the syngas or
combusting the syngas in a gas engine or gas turbine (termed
a 'power island' in the Figure) to produce electrical
20 energy, and then exhausting the combusted syngas. The heat
produced in combusting the syngas or in the plasma step may

be used to dry waste material (not shown) .

A further preferred embodiment of the process of the
25 present invention is illustrated in Figure 5, which shows:
Step A, in which the raw waste is subjected to aerobic
microbial digestion in a rotary aerobic digestion unit
(RAD) ,
Step B, in which the waste feedstock resulting from
30 Step A is treated in a gasifier, to produce an offgas and a
char, both of which are then treated in a plasma unit at

1500°C,



The apparatus nmay be adapted to treat the waste in a 20 continuous
process. Mcrobial digestion step nay be typically be carried out in a
sem bat cvowerob@shi on, whereas the pyrolysis and gasiPCirca22@mopsocesses
typically require a continuous feed of material, an interimstorage neans,
for exanple in the formof a feed pper may be 25 provided. It is
preferred that there is a first delivery nmneans for receiving treated waste
fromthe mcrobial treatnment process and feeding it into the interim

storage MEALS and @, speend £68dnePPgE K ySpfSiudegdingsthpsssored treated
waste fromt interimstorage neans to the 30 pyrolysis apparatus or the

gasi f i wrad [ on Bppee atesledhen segandecdebingrediSt¢®, pref erabl y operated

subst anti al nti.nuously. Th i . C a us,may WO
211117/ 000641‘{@;p %/@2‘%1ﬁ%‘?‘iﬂ%%oé&%&g%lfgo%g?égﬁgngﬂgu?tg%b @ means,
for exanpl&aconyeyosppelts or screw feeders. A preferred enbodi nent of the
process of the present 5 invention is,illustrated in Fi gure 2, which

shéws; a fiFEeP HephichnreRPEhEcs AP hberel ¥ SoBPERPEd™HoaRder obi ¢

m crobé@érﬂi“?e@gé' o%%n a rotary aerobic digestion unit (RAD), a second
step conprising gasiftying the products of the 10 rotary di gestion step in
a gasi fyi ngStep tF( gasi whech, thhi gas produseerah o6fpgassaddthrerdh, a third

o oSG SR £ 0B 200 08, 90008 RosayBLana, gl e
slag (whheh sBou®) discgededitandlacsycyasg,
10 | "Step G, in which the gas is passed through a heat
recovery steam generator, )
Step H, which involves exhausting the gas to a stack
and monitoring the flue gas,
Step I, in which high pressure steam from step C and/or
15 G is passed through a steam turbine to generate electricity
with electricity generator 1 (EGl). The low pressure steam
from the turbine is passed via a close-coupled condenser to
a separate cooling tower in Step J and to a feed-water
system in step K. The electricity generated in Step I
20 and/or F may be distributed in Step L either to any part of

the apparatus (represented by step M) or transferred

externally (step N).

As indicated above oxygen and/or steam may be
25 introduced to the gasificatidn unit or pyrolysis unit and/or

plasma treatment unit.

The present invention will now be further exemplified

in the following non-limited Examples



a fourth step conprising cleaning the syngas, a fifth step conprising

ei ther exhausting the syngas or conbusting the syngas in a gas engi ne or
gas turbiwe2dzmwo@md a 'power island' in the Figure) toprpraRoe/@baetrical
20 energy, and then exhausting the conmbusted syngas. The heat produced in
conbusting the syngas or in the plg?ng step may be used to dry waste
material (not shown). A further preferred enbodi nent of the process of the
25 present invention is illustrated in Figure 5 which shows: Step A in
which the raw waste is subjected to aerobic mcrobial digestion in a rotary
aerobic digestion unit (RAD), Step B, in which the waste feedstock

resul ting fﬁ%”‘ QgStep A is treated in a gasifier, to produce an-offgas
and a char; which are-then treated in a plasma unit at 1500C, WO
211117/ 0006117 PCT/ GB211116/ 11112409 - 53 Step C, in which the hot gases
produced in Steps B and/or

| .are coal, i ohing system Step D
whi ch conpr F86d Ld6Ei §REM ?PgaPPﬁéggﬁgggége?ogagu%%eg%ing step, 5 Step E,

which conprises optionally conpressing and storing the gas, Step F, in
which the gas fromstep E is passed through a .gas turbine, ch is

directly colfpleedBC0 (& LyérebatodaEiai o) GO BH, Fovﬁgﬁ@fﬁpglelectricity,
e AR T L B8 SRR g g sanaery stean
refractory lining. The external dimensions of the gasifier
shell are 1.83 m diameter x 5.18 m high and the internal
10 diaﬁeter is 0.254 m; the height of the expanded bed is
approximétely 1.0 m.
N .
The FBG uses a heated bed of alumina silicate ceramic
particulates as the bed‘media. RDF (refused derived fuel)
15 feedstock is fed continuously, at a controlled rate, to the
FBG 1 through a solid fuel feeder system. The as-received
feed is transferred by a belt conveyor 2 to a surge hopper 3
where a variable-speed screw conveyor controls the
volumetric feed rate of the solids. These discharge into an
20 airlock. A constant speed screw cConveyor is employed to
transfer the feed from the airlock to the fluidised bedql
where it is charged above the upper surface of the bed.
Additional inert gas purging is used at the hopper and at

the airlock to prevent air ingress or gas egress into the

25 feed stream.

A propane fuelled under-bed preheating system is used
to raise the temperature of the bed to 420 °C. At this point
wood pellets are fed through a separate feeder into the’

30 airlock to raise the temperature bf the bed to 600 °C when
the secondary propane supply is discontinued, then at 700 °C

the primary propane supply is turned off. The wood pellet



and nonitoring the flue gas, Step I, in which high pressure steamfrom
step Cand/or 15 Gis passed through a steamturbine to generate

el ectri ciwg 200wdobsoel ectricity generator 1 (EGL). The | owCpraarsew@28beam
fromthe turbine is passed via a cl ose-coupled condenser to a separate
cooling tower in Step J and to a gﬁgd:mater systemin step K The
electricity generated in Step | 2 nd/or F may be distributed in Step L
either to any part of the apparatus (represented by step M or transferred
externally (step N. As indicated above oxygen and/ or stean1n¥y be 25

i ntrodoeed ts tbatgaseti tat aohauni Fher OB§¥BF§8Is tGRPEX&REF6r ©tpl asma

treatnent unit, The present inv i ighgpnow be further exenplified in
the foPP8wPRAY n%n‘&‘?ﬁi f%dlﬁxﬁ%%f%éé%%mﬁll?/ 0006117 PCT/ GB211116/ 002409
54 Exanples Gasifier set-up and operation (see Figure 3) 5 The FBG
(fluid bed gasifier), conprises a vertjical, , cylindrical Lld .5t eel vessel
lined with @XyeRPodiEt SUDPAAESCEEPT Bi ni ﬁg?hThHXlé%ﬁePr?%% SEmddsitans of the
gasifier. . ar - 83 i diaeeter cvnbrdd 1@dhithircarth theaaisst éloal 10
dié%etgylﬁggg%%54 ﬁ?éiﬁg'height 3f t he expanded bed is approximately 1.0
m The cEBGruddsra (MFal)edrated o &ouriOfaNdPM-cate ceramic particul ates as
the bed nedia. RDF (refused derived fuel) 15 feedstock is fed

continuously, at a controlled rate, to the FBG 1 through a solid fuel
feeder systafe Bi@ @SHLCRIMREN and steam, are mixed prior to

injection through an upward facing nozzle located below the
10 bed: The individual steam and oxygen feed rates are closely
metered to match the feed rate of the RDF to ensure that the

gasifier operates within the design operating limits.

Multiple pressure and temperature sensors are used to
15 ' closely monitor and control the FBG operation. Safety
interlocks are built in to ensure safe shut-down or alarming
of the system in the event of the unit falling outside the

specified operational limits.

20 The offgas exiting the FBG is transferred to the plasma

converter unit 4 in a refractory lined steel duct 5.
Plasma Converter set-up

25 | A schematic drawing of the plasma converter (excluding
the electrode and manipulator arrangement ) is given in

Figure 4 and comprises the following sections:

i) A refractory-lined mild steel shell 6 with an
30 additional double skinned water cooling jacket in the upper
shell section and a series of water cooled copper fingers 7

which provide additional protection for the refractories at



feed is transferred by a belt conveyor 2 to a surge hopper 3 where a

vari abl e- speed screw conveyor controls the volunetric feed rate of the

sol i ds. TWe=eonios@harge into an 20 airl ock. A constant epesBsaveM0eONVeyor
is enployed to transfer the feed fromthe airlock to the fluidised bed 1
where it is charged above the uppeé surface of the bed. Additional inert
gas purging is used at the hopper Rd”at the airlock to prevent air
ingress or gas egress into the 25 feed stream A propane fuelled under-bed
preheating systemis used to raise the tenperature of the bed to 420 C. At
this pahet slagodime .| etBherne fradtofoddgh da CSSFa B e & 451t 0 the' 30

airlock to raise thet eratyre of bes, ¢ oy £ Whetmuh he secondary
propané&® Ins}nigs 9gi°s it Fhﬁzﬁ,ﬁgcﬁe%ﬁ(g? 700 C the primr yu_propane suppl y
i s turnegvalide 1Tha ovesd 1edd €. WOR215017Mm0006neTePCTYERREXIEEA11112409 -

55 feed is continued tqQ attai he operat.ing tenperatune -850 C
when i tstesly darader Wie Agse @é)gtgﬁ icsdprjsvt?&&qxgtflﬁqg]réeaé H:Fﬁ g]'Inetdrarﬁuq?ti -pack of
10-11 ﬁ%rfad(é')“ (St e FEOW SAA d e 1eurodd eshdiumlgh. a Arassptd lay
confroller (MFC) rated up to 500 Nlpm _The oxi dants; oxygen and steam are
m xed [&iior the fujrete dreatirlofhl e dRard eI HoE sz AL 6tat®d bel ow t he
10 bed._,The i.ndivi dual st r detered to
mat ch tHE f %t%%ﬁ'thﬁ%ﬁ&%ﬁpﬁfh tét %ée%a%ﬁlﬁqé%per ates within
the desiig OpRIGtIMIEdi NbpEsssudilnémpl omites and fond canper atigei’@nsors are

used to 15 closely nonitor and control the FBG operation.
i nt er | Bk ¥REraRt LY | FETRCERSHFES 2% WHIAEAoWh dr At S '%gégéyons

10 using B-type thermocouples (up to 1800 °C) and in the return
electrode at two locations using K-type.thermocouples (up to

1300 °C).

ii) A conical mild steel, refractory-lined, water

15 Jjacketed roof 9 with five large apertures: a central port
for single electrode work 10, a side port for gas feed from
the FBG feed 11 a off-gas port 12 and a port for golids
feeding of the oversized bed material (not shown) and a
spare general access port 13. There is also a smaller

20 camera port housing a small remote video camera in a
protective case which allows for viewing of the inside of
the plasma converter. There are two thermocouple hdies4for
refractory temperature monitoring as above. The roof also
provides location points for electrode manipulators and for

25 the off gas ducting.

iii) A steel support stand 14, mounted on heavy-duty
wheels and railway tracks for easy removal and installation
of the plasma converter.

30
iv) Electrode 15 and Manipulator System 16 where the

cathode electrode motion is controlled by a central, single



of the systemin the event of the unit falling outside the specified
operational limts. 20 The offgas exiting the FBGis transferred to the

pl asma cwowvestmocoanit 4 in a refractory lined steel dueCTEB2RGEDRI
Converter set-up 25 A schematic drawi ng of the plasnma converter (excluding
the el ectrode and mani pul ator arra ment ) is givenin Figure 4 and
conprises the followi ng sections; iJ " Arefractory-lined mld steel shell 6
with an 30 additional double skinned water cooling jacket in the upper
shell section and a series of water cool ed copper fingers 7 which provide
addi t i oawi-s prepéR¥lahorolverbicet raBt Bt i egoﬁﬁl‘?\blESO?fg-OBOBB?‘VY“ duty

PCT! SO 4161002408 ey, 3B5ubPEqshan bl BEryIbgorely arbobiatnon. cashenl uri na

spi nel “containin O and 2% CaO wi a~maxi mum service
limt oéld8PPofe AlabPinm demfreeel7cysi Atkedato theetabaiapa phatdase of

th t des th t 5 d d .single.electrod
oper at 1 810 ARELBRBIE. 2PRELKe FUPRRRE Hoat AL GPFGACPOY FAPAPACITRRT

fenqyalce£amaéeaﬁalE@Br%b@gssTbgnggnaﬁat@pahaﬁsaa@rpuéeantns&ae upper
shell region for pressure nonitoring and for canera view ng. The

ref r act orgingnpér hher pdasme ABHicer edTRE BREAt Ofokhei BARIPBLAEPRGLB t ype
thernncgﬁ9%8§n£%ﬁe 180Q.9) 5 ?ggmbﬂytggasggégﬂgil goteedesgliehwo |ocations

usi ng K- coup es (up to A conical mld stee
refractpaykhngeglawateypé5spa¢kébedtheot09chibm Eﬂeetradgetapeasares a

central port _for single electrode work 10, si_de or.t. as feed from
the FBG" Béeag?llatSngﬁagiaéwﬁ f?nXﬁHEﬁrporF§F8Fr8 i amgteds

10 up to 100 mm can be accommodated through this central port
and the maximum stroke is 1000 mm. The .graphite electrode
is centrally drilled and inert plasma gas is injected

through this conduit.

15 The use of the single manipulator allows for single
electrode (cathode) operating mode and the return path for
the current is via a steel return electrode in the base of

the converter (anode).

20 In operation, the dirty offgas from the gasifer flows
via a refractory lined duct to the plasma converter.
Additional oxygen and steam is axially injected into the ‘gas

stream at the point of entry into the converter.

25 The high temperature and addition of oxidants at the
converter stage promotes the cracking and reforming‘of
organic species and gasification of sooty and char products.
The power to the plasma arc is controlled to maintain a
temperature of gases exiting the unit to ~ 1000-1300°C.

30 Ash particulates that are carried over from the gasifier

will drop out and be assimilated in the melt. After



feeding of the oversized bed material (not shown) and a spare general
access port 13. There is also a smaller 20 canera port housing a snal
renote viweaoecawesa in a protective case which all ows fPor/cB2ewdmogioof the
inside of the plasma converter. There are two thernocouple holes for
refractory tenperature nonitoring as_above. The roof also provides

| ocati on points for el ectrode nanTp%?afors and for 25 the off gas ducting.
iii) A steel support stand 14, nounted on heavy-duty wheels and rail way
tracks for easy renoval and installation of the plasma converter. 30 iv)

El ect r otdeeabment Manichel sooveysrennis #her eynges exihed¥iel éctrode notion
is controlled by a centr.al,t si%gg £441174Q006117 PCT/ GB211116/ 002409 -
57 axi §°ff&R pg%StBPrfvéPtiggl on y%? conS|s%iﬁg of a heavy-duty |inear
slideway actuated via a servo-notor and gearbox. The el ectrode clanping
device 17 is fixed to the carriage plate and the whole assenbly is nounted
on electrically insulating 5 ceram c and fibreglass rings and spacers to
prevgnt S'deExa&@'l%ngf 192 RhRSHE Fe Bl 6fia sEN kS @elflcbhe mani pul ator is
surnounted by a Seal assenbly containing a water cooled packing gland type
seal for the torch or electrode to pass through into the plasma converter.

El ectrode di ters of .10 t.0-,100 C % .aCC dated SERRQYaR L hi s
central port%g%ngepﬁga&afp d?&?@?é I'S %88 %%%% %ﬁ%ogrép Pre %Iectrode is
central Ly dikehedbane.i naHe plaasnefgdeeds dfnjwecidegelliltauglo thies conduit .
15 The use of the single mani pul ator all ows f?g ijn%Je .
- gasifer averaged 42 kg/h. A summary of the Operating
10 conditions employed in the FBG to maintain the bed
temperature at around 800 °C and at the plasma converter to
give an (estimated) exhaust temperature of 1250°C is given
in table 4. These figures are in close correlation to the
theoretically derived operating requirements.
15
| Table 4 Example operating conditions for the treatment

of biomass (wood pellet)

Plasma

Item Gagifier |Converter
RDF Feed

Input (kg/h) 42
Power |

input (kW) 79
Argon

(1pm) 50 130
Oxygen

(Nlpm) 189 61
Steam

(kg/h) 14 0

20



el ectrode (cathode) operating node and the return path for the current is
via a steel return electrode in the base of the converter (anode). 20 In
oper at i onwotzhe/osoty of fgas fromthe gasifer flows viaraTr@hoeeswy | i ned
duct to the plasma converter. Additional oxygen and steamis axially
injected into the gas stream at th point of entry into the converter. 25
The high tenperature and addition of oxidants at the converter stage
pronotes the cracking and reform ng of organic speci es and gasification of
sooty and char iducts The power tg glas arc is controlled to
maintain a ﬁ%@ St are g?eéﬁgégteQFt RE PR eﬁﬁ to -, 1000-1300C. 30 Ash
particul at es- that are carried over fromthe gasifier wll drop out and be
assimlated in the nelt. After WD 211117/0006117 PCT/ GB211116/ 002409 - 58
t r eat ment inThhemebh@épﬂegyuﬁbm th@ syaghrenki o€ whe RDFsmebayigads port in
t he base of the n it, 5 Exa Trea S et The
gener al ﬁe?ﬁogologyanr t'rea wag ngg P%h §&8%a3 Cg%&%ﬁeg gve The
rate50ftheedamftweadmeakl@ﬂ&nto tmhe g&ﬂetaﬂ &wmpag&dléﬁ kbd/ Bhi& summary of
t he operating 10 conditions e Io ed |n theﬁgBG to mai taln t he be

t enper af'@F8ratlatSuddveso & & &t 1t REO¥Fas cB‘ﬁF@Ftl@ st yasgited &

(esti ”ataﬁdl\vé?éQ@ESEatt%”p%rfa%W% /%ZQQCthé Ghke R i el t@blsamﬁaﬁh@&e
figures are in Close correlation fo the theoretically derived operating
reqU|reﬁhﬁtspexatiaglgodeXampﬁee@pépxﬁdngncﬁhélEE§n§Of@ﬁlPﬁélpré§ﬁnent of

blonassbggqg Bera Ure at around 800 °C and at the plasma converter
10 to give an (estimated) exhaust temperature of 1250°C is
given in table 5. It was observed that’ there was again
good correlation between the theoretical and experimentally

derived wvalues.

15 Table 5 Example operating conditions for the treatment

of refuse derived fuel

Plasma

Item Gagsifier |Converter
RDF Feed

Input(kg/h) 40.5 -
Power

input (kW) - 70
Argon

(1pm) 50 130
Oxygen

(N1lpm) 189 61
Steam

(kg/h) 14 0




Plasma Item Gasifier Converter RDF Feed Input(kg/h) 42 Power input
(kW 79 Argon (lpm) 50 130 Oxygen (N pnm) 189 61 Steam (kg/h) 14 0O
20 WD 211117/0006117 PCT/ GB211116/002409 - 59 Exanple 2: Treat nment
of RDF material The nethodology for thgytreatment of the RDF materi al
is as given above. The RDF was obtained froma conmercial 5 thernal
treatment plant. The general conposition of this material is given in
table 1 al@uins The materials was fed at an average rate of 40.5 kg/h
to the gasifier. A sunmary of the operating conditions enployed in
the FBGto maintain the bed tenperature at around 800 C and at the

pl asma conyeptRbcesslfr iR t@hieen@br WaRd, tiEIr65ks Sorijaitle: t enperature of
1250C is given in table 5. It was observed that-'there was again

good correl at i &b aigatifieasiontstep comptising ireatingabriwestpiard grsificationunidd) Invbel
val ues. 15 Tablpfeagchéﬁggﬁn%g ( @k M9p a0 &l s L o AdICaildoSRL TR chaP'

refuse derived
material; and

(i) a plasma treatment step comprising subjecting the offgas and the non-
airborne, solid char material to a plasma treatment in a plasma treatment unit (4)
in the presence of oxygen and, optionally, steam, wherein the plasma treatment

unit (4) is separate from the gasification unit (1).

2. A process as claimed in claim 1, wherein the process further comprises subjecting the

waste to a microbial digestion step prior to the gasification step.

3. A process as claimed in claim 1 or claim 2, wherein the process further comprises a
pyrolysis step prior to the gasification step and, where a microbial digestion step is

present, said pyrolysis step occurs after said microbial digestion step.

4. A process as claimed in any preceding claim, wherein the waste is gasified during the

gasification step at a temperature greater than 650°C.

5. A process as claimed in claim 4, wherein the waste is gasified during the gasification

step at a temperature of from 800°C to 950°C.

6. A process as claimed in anyone of the preceding claims, wherein the amount of
oxygen introduced to the gasification unit (1} during the gasification step is from 300 to

350 kg per 1000 kg of waste fed into the gasification unit (1).

7. A process as claimed in anyone of the preceding claims wherein the amount of steam
introduced to the gasification unit during the gasification step is up to 300 kg per 1000 kg

of waste fed into the gasification unit (1).



Item Gasifier Converter RDF Feed Input(kg/h) 40.5 - Power input (kW
- 70 Argon (Ilpm 50 130 Oxygen (Nlpm 189 61 Steam (kg/h) 14 O
-60- Clains 1. A A process for the treatment of waste, the process
conprising: (i) a gasification step cogprising treating the waste in
a gasification unit (1) in the presence of oxygen and steamto
produce an offgas and a non-airborne, solid char material; and (F) a
plasma treatment step conprising subjecting the offgas and the non-
airborne, solid char materjal to a I?l asrra treatnent in a plasna

treat ment SunPrqeass asicimpdinangers Ridhopregsdingsiaimsdvhessn f‘hﬁn‘ﬁ?ﬂt%/m“é@t“@am
wherei n t &g Bl A90%, IS% @@%H@dﬁmmme anfl e dnﬁ)uﬁ?@%‘cé‘iﬁﬁﬂftﬁ%& {the

gaS|f|cat|on unit process as clal ne inclaim1l1 erein
t he proc eggaﬁm’cmh@mté Brduriing 8 aasificationi sty is frem 30840 350 kg perntioop bl

di gesti on“;atsﬁ%%da{o L ggsﬂ?capgngﬁ§ml cation step. 3. A process as

clainmed in erein the process further conprises
a pyrolysis step prior to the gasification step and, where a

m crobi al digestion ste res sai d pyr.olysis step occurs
after said mg@F%fSaaS Ciﬁ lgéim a@?{ %fghe preceging ’é’é»sw%“émEIﬂéﬁW‘?%t%‘ﬁy
precedi ng 29%961'%0&9/6? R&%ﬁ%&t bPRoWRSS fnd the %ﬁl'lﬁt'o?geﬂ# itRGuEdio the

gaS|f| cation step a nperature greater than 650C. 5. A process as

clainmed i ga%ﬁ@ﬁtlﬁmmtm&uemg thergasifigafton step ig &emfQ tod 58 e ipay 1 A0Pekg of waste
gasi fi cat igQy, 8¢ Ee@;f?ctau@n ﬁnﬁf@ﬁ’.r ature of from 800C to 950C.

10. A process as claimed in anyone of the preceding claims, wherein the gasification

step is carried out in a fluid bed gasification unit (1).

11. A process as claimed in anyone of the preceding claims, wherein the waste is fed to

the gasification unit (1) through an air-lock device.

12. A process as claimed in claim 2, wherein the microbial digestion is aerobic

microbial digestion.

13. A process as claimed in claim 12, wherein the microbial digestion is carried out in
an aerobic microbial digestion unit in which the oxygen content of the gas in the unit is

not less than 5 % by volume.

14. A process as claimed in claim 12 or claim 13, wherein the aerobic microbial

digestion is carried out in a rotary aerobic digestion unit,

15. A process as claimed in anyone of claims 12 to 14, wherein the waste is rotated in
the rotary aerobic digestion unit at a rate of from one revolution every minute to one

revolution every ten minutes.



6. A process as clained in anyone of the preceding clains, wherein

t he ambunt of oxygen introduced to the gasification unit (1) during
the gasification step is from300 to 350 kg per 1000 kg of waste fed
into the gasification unit (1). 7. A pgocess as clainmed in anyone of
t he preceding clains wherein the anount of steam introduced to the
gasification unit during the gasification step is up to 300 kg per
1000 kg db. wagtrecebeab dlaimed ihenygas of dlaiatsildmo lﬁ]iwhe(ell) the-rGdistus. coftent of
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steamintroduced to the gasification unit (1) durlng t he
gaS|f|cat|on step is fram 300 to 350 kg per 1000 of waste fed to
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in anyone “of e prece ng clarns €rn ica

carried ouiti(h mdftlietpiﬁknbﬂ@hagﬁmtfumatei in lﬁluuhlohne(ch)m (Al. A process as
clainmed in anyone of the preceding clains, wherein the waste is fed
to the gasification unit (1) through an air-lock device. 12. A

process agocl ai ]f‘&fésé £ SdideMiPan i}ﬁﬁ@éﬁh@pﬁe@@dlﬁg aalﬁﬁl a,heléin%é;dn%fl S
aerobic mcrobial digestion. ) rocess as clainmed in claim12,
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m crobial digestion unit in which the oxygen content of the gas in
the unit is not less than 5 % by volune. 14. A process as clained in
claim12 @f. cAgiroeet8as oMimee imartyloge afthe pieceding¢lairisaivherdingbsplagma i s

carried o t in tary aerobic estion un 1 pracess as
o med 1 ireaianf B Vot Areries f AR o o8 il ot aved 1 n
the rotary aerobic digestion unit at a rate of fromone revolution
every mnute to one revolutions every ten mnutes. -62-

21. A process as claimed in anyone of the preceding claims, wherein the plasma

treatment of the waste is carried out in the presence of a plasma stabilizing gas.

22. A process as claimed in claim 21, wherein the plasma stabilizing gas is selected
from one or more of nitrogen, argon, hydrogen, carbon monoxide, carbon dioxide and

steam.

23. A process as claimed in anyone of the preceding claims, further comprising

collecting the gas produced in the plasma treatment unit (4).

24. A process as claimed in anyone of the preceding claims, further comprising

collecting the solid and/or molten material produced in the plasma treatment unit (4).

25. A process as claimed in anyone of the preceding claims, wherein the gas produced
from the gas plasma treatment is used in a gas engine or gas turbine to generate

electricity.



16. A process as clainmed in anyone of clains 12 to 15, wherein the
noi sture content of the waste prior to mcrobial digestionis from
20 to 75 % by weight. 17. A process as clained in anyone of clains 12
to 16, wherein the waste has an average noisture |evel of 30 % or
| ess by weight after the mcrobial digestion treatnment. 18. A
process as clainmed in anyone of the preceding clains, wherein the
gasification unit (1) and the plasna treatnent unit are in quid
connect| . ss as clainmed,in_anyone of the prec
ol o WA ehiprdees ARSI TGRYGREIE 30 Am TIFE A eg S ErR PE BF et
step is f H@ﬁhg']-@ie %pﬁ&haﬂpﬁoly@ﬁé s¥¥PI 28 Rtompéfhturf oPAGPESE nite.Cl ai med in
anyone of the preceding clains, wherein the plasma treatnent of the
waste is carried out at a tenperature of from 1100 to 1600C. 21. A
process as-cl @i j i
bl oo 1 Lo Ry B RIHORE, Stoh G RE AEEARIIGRE, fRnc DR R RefFr
pl asma st abityingi thgwgsies bed@e itA tipatneesis thesgas]fahtiedor pyraﬂym steRl, V\/ner ein
the plasnma stabilizing gas is selected fromone or nore of nitrogen,
argon, hydrogen, carbon nonoxi de, carbon dioxide and steam 23. A
process ag8cl Aiph®sd 4% chdiyed & dlhint 16 wheRGeRANYisehidd B usihgl tHelHREt produced
conprising collecting the gas produced in the plasnma treatnent unit
(4). 24. A ?)‘}Ydtfé]%f‘s"tﬁ’“sf S&qpapﬁg@ Prefeyone of the preceding clains,
further conprising collecting the solid and/or nolten material
produced in the plasma treatment unit (4). 25. A process as clainmed
in anyone2®f Atpeogsseasadimgd ol daims27 Wy whereintbe yage fsrdsigd bedlowingm t he
gas pl as atnment_i s _use ngi ne or gas turbine to
gener at em%ezft 't ?rcsltef'&lm Y3t ﬂﬁ%’%hih%rgg%egss as clainmed in anyone of
claims 3 to 25, mhereln the waste is pyrolysed during the optional
pyronS|s tep at a te ture of 400C or process, as
ol ai med | AbanbatReestas é’c@&f’%"%ﬁ%?rﬁ%ed*%‘?li“ﬂﬁﬁc%ﬁﬁar‘i‘"%‘?‘"ﬁa Hhe
step of (%HOYAUEIQ cﬁﬁ@ntvlﬁ%ee\%as@@fn%&ilété@ bEfo?@ﬁé@rﬂEnt'xﬂtﬂe%s;ﬁ@zﬁlofn'(ﬁ'at Ion
or pyrolysis step. 28. A process as Clained in claim27, wherein
waste is @yiobisienis 20l ortiess hpakeighi.oduced in any of the other steps
of the process. 29. A process as clainmed in claim?27 or 28, wherein
the waste is dried by bl ow ng

31. A process as claimed in claim 30, wherein the moisture content of the waste

immediately before treatment in the gasification or pyrolysis step is 15% or less by

weight

32. An apparatus for carrying out the process as defined in claim 1, the apparatus
comprising:

(i) a gasification unit (1), and

(ii) a plasma treatment unit (4) which is separate from the gasification unit (1),

wherein the gasification unit (1) has an inlet for oxygen and optionally an inlet for steam
and the plasma treatment unit (4) has an inlet for oxygen and optionally an inlet for
steam, and means are provided for transporting the offgas and the solid, non-airborne

char material from the gasification unit (1) to the plasma treatment unit (4).



heated air or steamover or through the waste. 30. A process as
clainmed in anyone of the preceding clains 27 or 28, wherein the

noi sture content of the waste i medi ately before treatnent in the
gasification or pyrolysis step is 20%40r |ess by weight. 31. A
process as clainmed in claim 30, wherein the noisture content of the
waste inmmediately before treatnent in the gasification or pyrolysis
step i s 13% oAnlapgmatbyas claimghtin 82im A2 tapgparatus Sutler caaprisingigmaabbisihe
process a%.dqfined inclaiml, the apparatus conprising: (i) a

gasi ficat CHETUMIYY 1) and (ii) a plasma treatment unit (4) which is
separate fromthe gasification unit (1), wherein the gasification
unit (1) has an inlet for .,oxygen and optLonaII¥ an inlet for steam
and the pPasnAnepeaeHbAt claifet it alpiny 3 orglaimn de pheigin s gasificatigy unit (1) is
opt i onal | ¥fied lg8linf M6 wasls SRMenfRMuTEANRoR fafispueded T or _
transporting the off\gas and the solid, non-airborne char materi al
fromthe gasification unit (1) to the plasma treatnent unit (4). -64-
33. An apparatus._as_clainmed iin claim . 1 appar.atus.further. .
corpr1s: neoa apBEed & qRfe s GrRuTb(Gains 3 G BERNIE e ek Mg i
in clai m 3R ipadapteai tingddfy tidrense ot 4 leepgatird bialdaarB0OPCL (1) is
adapted to gasify the waste at a tenperature of nore than 650C. 35.
An apparatus as clainmed in anyone of clains 32 to 34, wherein the
gasi ficat 3gn WRiapparkthd ad Qaidamt Bfoh®oHASHsB2%HS5 WaRk&n #le Asification unit
tenperature of at |east 800C. 36.” An apparatus as claimed in anyone
of cl ai ns (Bxonigmn ajjtesk dpyice theoughavhichcthe woeste aart ke infrojucedittathes an
airlock deyi.-ge.i whi ch the waste can be introduced into the
gasificat%%%ﬁﬁﬁkp%?¥?3'37. An apparatus as clainmed in anyone of
clainms 33 to 36, wherein the unit for the mcrobial digestion of

waste is otary aerobi ¢ .di gestion upi.t.. . arat us. | ai ned
' anyone 1 apretasst SR aingl G anne AR st 56 Ak Hedbutr e
mi crobi al ngli@eRt HigBstdRiof waaBh 4 ferihababudestng@st i on unit is in

fluid connectic nwith the gasification unit (1), and the
gasification unit is in fluid connection

38. An apparatus as claimed in anyone claims 32 to 37, wherein the apparatus
comprises a microbial digestion unit, and the microbial digestion unit is in fluid
connectic n with the gasification unit (1), and the gasification unit is in fluid connection
with the plasma treatment unit (4), to allow waste treated from the microbial treatment to
be transported to the gasification unit (1), and to allow offgas and char resulting from the

gasification step to be transported to the plasma treatment unit (4).

39. An apparatus as claimed in claim 38, wherein the apparatus is adapted to treat the

waste in a continuous process.

40. An apparatus as claimed in anyone of claims 32 to 39, further comprising a gas
engine or gas turbine for generating electricity, the turbine being in fluid connection with
the plasma unit (4), so that the plasma-treated gas from the plasma unit (4) can be fed fo

the turbine.



with the plasma treatnment unit (4), to allow waste treated fromthe
m crobial treatment to be transported to the gasification unit (1),
and to allow offgas and char resulting fromthe gasification step to
be transported to the plasma treatnentgqunit (4). 39. An apparatus as
clainmed in claim38, wherein the apparatus is adapted to treat the
waste in a continuous process. 40. An apparatus as clained in anyone
of cl ai s 432 Ha aBfarathiziad disimed durpryioae nficlaing a2 to édghaepparatgaarthesr bi ne
for generati ng el ectrilcituy, the turbine being in fluid connection
with the “PPREHES BRYPEY)N 5o that the plasma-treated gas fromthe
plasma unit (4) can be fed to the turbine. -65- 41. An apparatus as
clainmed in_anyone of clains 32 to 40, the apparatus further

conpri si nd2a PPepPaaingagglaimed drpclaimy 4 bydwrean the pyeolysingnied adapted tai m 41,
wherein t ] bl rolyze the waste at a

t enper atuEgrog?{eg%y?%%%%%fggt@a%g?ﬁﬁ%ra%)tggggzas clainmed in anyone of
clains Ito 31, wherein the waste conprises refuse derived fuel.

43. A process as claimed in anyone of claims 1 to 31, wherein the waste comprises

refuse derived fuel.
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