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WO 2007/ 000607 PCT/ GB20061002409 Waste Treatment Process and Apparatus
Technical Field 5 The present invention relates to a process for treating
wast e, particularly municipal waste. Background Art 10 Munici pal waste has.
traditiona i sposed. of in landfill sites. However. the
environnenkgyﬂ)ﬁgﬁﬁﬂs of doing so are beconing a maj or PEBRBEG002AY
therefore an effort has been nade in recent years to devel op

wast e-treat nent processes that redude-the volune of the waste nmaterial and
15 the-amount of potentially environnmentally hazardous constituents in the
treated material. Processes that have been devel oped to treat waste include-
conbustion systens, i Wadie Trichemenst Brocess cand|Apbarituar ocessed with
stoichionetric or excess anounts of oxygen. The process Is normally carried
out in air. Exanples of conbustion systens include: mass-fired conbustion

~systens, refdsendaidvas el (RDF) conmbustion systens, in which the RDF is

typically burnt on a travelling grate stoker, and 25 fluidised bed
conbustion. Another nethod of processing waste involves using pyrolysis,

i.e. pyrolysi t VA § SRy i it . I LS neans, in
t he félael d of ?A&g%tgekeet reat ?er{r‘\’lt%n%égxt ﬁ%y%%‘%sr ma %r%%%ssfsﬁgf@gg¥\%§é¥gh§n t he - ‘
absence wasoxygeartiadEimeriy pnppeiphyswaspe ocesses are endotherm c and so
require the input of thernal energy for the pyrolysis to conti.nue. WO
2007/ 000607 PCT/ GB2006/ 002409 2 This contrasts with conbustion, which is

an exot her m cBagkaemasi std as such does not require the.additional input

10 7Municipal waste has traditionally been disposed of in
landfill sites. . However, the environmeqtal'hazards of doing
so are becoming a major concern and therefore an effort has
been made in recent years to develop waste—treétment
processes that reduce the volume of the waste material and

15 the amount of potentiélly environmentally hazardoué '

constituents in the treated material.

Processes that have been developed to treat waste

include combustion systems, in whidh the waste is thermally
20 processed with stoichiometric or excess amounts of oxygen.
- The process is normally carried out in éir. Examples of

combustion systems include: mass—fired.combustion syé;ems,

refuse derived fuel (RDF) combustion systems, in which the

RDF i8 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 précesseé are endothermic and so require

the input of thermal energy for the pyrolysis to continue.




of heat once the conbustion has been initiated. The pyrolysis process
converts many of the organic constituents 5 found i h waste to gaseous,
liquid and solid fractions using a conbination of thermal cracking and
condensat i ons. Pyrolysis generally results in three products: a
gas streanﬁabrﬁﬁ@ﬁﬁky contai ni ng hydrogen, nethane, carifdiGE 1%8e, carbon
di oxi de and other gases; a liquid fraction 10 containing a tar or oi

contai ning acetic acid, acetone, =-nethanol, and conpl ex. oxygenated

- hydrocarbons; ‘a char, consisting of alnost pure carbon, plus any originally
inert material originally present in the solid waste. Pyrolysis is a
process Thié dontiseds withecbnbustioml wWietudld ap ekotheehascoal from wood,
coke and coke gas fron1coa| and fuel as and pitch from heavy petrol eum

fracti ong¥® &nd pSs SuGBedpRS t RRE rdeoPdddrianadst®Mas not been

successfygf, hé&EfdﬂbetEﬁer@8ﬁ9ﬁ§tiéﬁ H&B‘H&éd51hﬁ%hakga syghem requires a
consi stent feedstock, which is difficult to 20 obtain from muni ci pal waste.
A third mW%mrgpgéésgpngemgtr@ammmﬁ e oganggseppebitesntd  t he waste.
Gasifd ¢ | actli r oxygen in
Cho T° ohomf & WISRAEL! BhsoBRIP Platih Hnc FRAE rhoutBS Rudligy ©F

sub- st0|ch¢mmhmnaﬂ;oanoﬁnthermhhtcn&ckxngIamdmmﬂndensﬁ@noal Gﬁ5|f|cat|on of
wast e contai.ni ng carbonaceous_co nt.s su ts n a combusti bl e fuel gas
B L I i e e A S R e Lol R Tt G
princi payhy Stramd, h@&&maTthEc:aﬁEaimM&g hagiredeypemethagasi éafbon verti cal
fixed bed gasjfier, horizontal fixed hed gasifier, fluidised WD 2007/ 000607
PCT/ GB2C( g dax Onbééloﬁég‘?f?%‘? OtRA% |95‘I5€5he&r tlﬁqt}égl TRFEIAR rotary

kilng contalnlng a tar or oil containing acetic acid, acetone,

methanol, and complex oxygenated hydrocarbons; a char,
coﬁsisting of almost pure carbon; plus any origihally inert
material origimally 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, aﬁd 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 consisgstent 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: vertical

fixed bed gasifier, horizontal fixed bed gasifier, fluidised



gasifier. The first three are in nbpst common use. Gasification, whi | e bei ng
noder at el y successful in conbusting the majority of waste, neverthel ess
produces a 5 gas that contains unconbusted particurates |l ow volatility

tarry specigpdfishosh’ bor ne conpounds. Additionally, alf ?ﬂm hof the
waste is conbusted to either a gas or ai rbor ne partlcles e ga5|f|cat|on
process still often results in a 'char', i.e. a solid material that ’
contains 10 constituents that will~nbt” readily conbust or vaporise under

the operating conditions of the gasification. The char commonly contains

- hazardous heavy nmetal and toxic organic species, which nust be di sposed of

car ef uI I @e%aéﬁhélﬂbr tmeltims hefantie JosFaer anG trotazatidm process. it
Wl | SARRLEC a;ﬁg £hal: tEIR T3e2 i deRbLE é&nrao%g%dseethe amount. of  solid

wast e th resu roma waste-treatnent process, al so reduce the
anmount = of haz@ﬁd@ﬁscaMiqnﬂeWh;la1hﬂmagtmedEEdteth$mnceséﬁnﬂ tithas al so been

an " of  gacppE LS A et B Frethr BHETReeE ol R ne

an offgas is™u

partisul @fa@s thabdeoatdind Hondiheedrphecitebatey e Yow ersdency itg cl og the
gas turbine or engine. p s therefore not_ considered 25 to be
suf fi ci elf@&FY EPEGHES. aﬂgﬁ’qrme[ FOTBPRYEE - priy D3 Hhe gasification

vere to baihotdh «hien lef e W i o eanbietéd cebieditdLaliqag ard
mai nt enance _and/or the introduction of an additional costly cleaning stage

to rerm@értbﬁ@nﬁapwtwmt@e Fpelbigethon; PoRreERs BHEHY /002409 4 _
results in a 'char', i.e. a solid materlal that contains

10 constltuents that will not- readlly combust or vaporise under
. the operating conditions of the ga51f1cat10n The char
commonly contains hazardous heavy metal and toxic organic
'species, which must be disposed of carefully, adding to the
 cost of the ovérall waste treatment process. It will be
15 appreciated that there is a desire to reduce the amdunt 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 ttermed an 'offgas'} is used
in a gas .engine or gas turbine, the airborne pafticulates

' and tarry hydrocarbon molecules have a tendency to clog the
gas turblne or engine. The gas is therefore not considered

25 to be sufficiently 'clean' and even if the offgas produced
by the gasification wére to be used, the turbine would
require frequeﬁt cleaning and maintenance and/or the
introduction of an additional costly cleaning stage to

- remove the tarry products.

30




There is therefore a desire for a process that will overcone, or at |east
mtigate, some or all of the problens associated with the nethods of the
“prior art. 5' Summary of the Invention In a first aspect, the present

i nventi on ' process for the treatnment of waste, the process
conprisingghg%hgﬁgggiffcation step conprising treating ?ﬂBGﬁﬁﬁgguWﬁ a
gasification unit to produce an offgas and a char, and a plasna treatnent
step conprising subjecting the offdgas and the char product to a plasm
treatment in a plasma treatnment unit. The offgas typically will contain 15
unconmbusted solid particles and tarry species. The first aspect may provide
a process forThdme ticatreefoat awdsbiretfier i queResGONPRILSwWHgl(i ) either 20
(a) a gasification step_.conprising treating the ste. in a gasification
uni t i PREFETESere 34 16a5Ge RLAHEREE 3T G AddueE SHeoPFRRISERA o char,
or (b) aap¥eelysdd WHIteP tE@MRkkhbBY bfeghd Gridie aaste 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
plasmg treatnent unit in the presence of oxygen-and, optionally, steam 30
The first aspect may provide a process for the treatnent of - waste, the
process conprPemary iof &g dawven§iehe waste to microbial digestion, then WO
2007/ 000607 PCT/ GB2006/ 002409 5 (ii) either :

In a first aspect, the present invention profides a
prpceés for the treatment of waste, the process comprising
10 _Aa gagification step comprising treating the waste in a
gasification unit to prodﬁce an offgas and a char, and
a plasma preétment 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 particleé and tarry‘species.

The first aspect may provide a process for the treatmeﬁt'of
waste, the process comprising
(1) either | | |
20 C (a) a gasification step comprising treating the waéte_
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 tﬁe waste in
a pyrolysis unit to produce an offgas and a char; and
25 . {ii) a plasma treatment step comprising subjécting 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

(1) subjecting the wasteée to microbial digestion, then



(a) a gasification step conprising treating the microbially treated waste

in agasification unit to produce an offgas and a char, or 5 (b) a
pyrolysis step conprising treating the mcrobially treated waste in a
pyrol ysis | roduce an offgas and a char; and (iii) a plasm

t r eat ment g@%%”@@%%?ising subj ecting the offgas and t HRECTERBI0GW249p| asma
treatnent in a plasnma 10 treatnent unit. In the presence of oxygen and
steanf indicates . that both oxygen §as and steamare present in the f
gasification wunit and/or the plasma treatnment unit. Qher gases may also 15
be present. Oxygen may be provided as oxygen gas, in a mxture of gases
(for exanpl e &ii)) eiahdfcor i n an oxygen- containing conpound. "Steant

i ncl udes water in the gaseous f§££$ ga our and ,20 water suspended in a gas

as’ droplets. PrefdfapPyJefhEice RnCBPTR 20 P “EeREHDSr 5% e of  100C or

~nore. Water, whi @glicebblabgyCcopygté@didsteStiend) gaBY rheatNbhogyed into the

gasification unit and/or. plasma treatnent unit in the form of liquid water,
a spray of water, “®hPERIHEG ARveL£93% andvFechadne©8f 100C or less, or as’

vapoy having a t(%rfparsg%ﬁygi_slw@&égmaﬂrsqweraﬁeinghehgeat in the
interior of the gasificalion unit and/or "plasma treatnment wunit ensures tha

any liquid water, Wisrehimhyybereatethavddianitoe pyrbéyadsdropt ets, is ‘

vaporised to steam., ﬁcxf’BOQEEQQQQQ%i%FE&Q§20%96002409 6 The second aspect
may provide an ap aratus for ca rying out  tHe process of the present

i nvention, theidppar pllasma treatment step comprising subjecting the
ofigas and the char to a plasma treatment in a plasma
10 treétment unit.
_ _ )
in the presence.df oxygen and steam" indicates that
: both oxygen gas and steam are present'in the gasificétion
unit and/or the plasma treatment unit. lother gases may also
_ 15 be present. Oxygen may be providéd as oxyden gas, in a
mixture of gases (for example air), and/qr in an oxygen-

containing compound.

"Sféam“ includes water in the gaseocus form, vapour and

‘20 water suépended 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 1iquid;water, a spray of water, which may have é'

-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




- carrying out

conprising: (i) a gasification unit or pyrolysis unit and 5 (ii) a plasm
treatnment unit, wherein the gasification unit has inlets for oxygen and
steam and the plasma treatnment units has an inlet for oxygen and optionally
an inlet f 10 The second aspect may provi de an_apparatus for

WOZ%?ﬁ@H%}Focess of the present invention, thepcaﬁgﬁ?oaffﬁ?g‘“’?
conprising: (i) -a mcrobial digestion unit, (ii) a gasification or pyrolysis
unit, and 15 (iii) a plasma treatnént unit. Preferred features of the
present invention are described in the dependent clainms and in the Detailed
Description below. 20 The present invention. will now be further described. .
I n t he The|ssdongl papsagematti previde s papesasiist ler tavepingmoutare defi ned

i i) h t_so defjned nay b i i th ther
hopoot  of R Ao Eh . PEar Y A e o hreo SPRE R ey T

parti cul esmpedwirfegeat ure indicated as being preferred or advantageous nmay be

conbined wt ,ar%- ot h&r, feature or features i,ndicated gs being preferred
or advant ageots. BFEHEEFABLSR T oF &Y SgSgiires 2007/ 000607

~ PCT/ @2006/ 002409 a dlakhe Eokhombng ddgures are’ provided by way of exanple

and show non-limting enbodi nents of the present invention. Figures 1(a) to
(c) showkeretmitihe gegifagatdpnaupiadite Bletender REVPIRE 29® el ectrodes in

three poggibh&nd the plasma treatment units has an inlet for oxygen

and optionally an inlet for steam. .

10 The~second aspect may provide an apparatus for carrying out
the process of the present‘inveﬁtion, 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 ipvention-will’now be further describéd. Iﬁ
lthe.following passages different aspects of then invéntion
are defined in more detail. Each aspect so defined may be
combined with any other agpect 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




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 plasna

furnace (43 200d0dk@ure 4 shows in nore detail the pl asparicsrnsoeins
3. Figure 5 shows a further preferred enbodi nrent of the
I nvention. Detailed DescrlpL;on Havi ng regard to the problens
associated with 20 gasification processes,
the present inventors was to use a plasm treatnent in place of the

however ,_ t hat Hhe amount of

pr esent

gasification

figu

_ ea t.. The..inventors found,'
ener gy requirgéettggggW¥%9 I@F@Sﬁ?cprPVéé??oﬁy WaXrﬁf terlal I n
t he pl asmduahbWZEOMIaﬁmmdﬁleg{boﬁﬂmeﬁnbyofetmlp/ﬁéyerairﬁlﬂvatxﬂmmes of solid
waste could be treated at any one tine. As such, the treatnent of

. unprocessed waste using plasm was found not to

inventors haveigayes oL, OBV @how BaheRdtcid rcsv_taﬂzeg?é, id¥0 4 Raawmste in a

be econonical |y viabl e.

gasification 30 unit, tollowed by treatnment in a plasma unit, a nunber of
advan® agddraaee hABLNT o e?r%ecﬁrrmsé§ Ehﬁe‘%ep%ﬁ%hjr%d In particul ar,
this conbipatippapaspbeen found to be WO 2007/000607 PCT/ GB2006/ 002409 8
surprisingly énergy efficient, It has also been found that the comnbination
- of the gasifi Faghon 2 rehowes RmﬂieKW@dpBabﬂdlmtmt%ﬁﬁﬁﬂher9¥993ﬁ§ Pf ' a

relatlvel)ﬁe gggeﬁyn%ﬁg%éégggzm ning very |low concentrations of airborne
partlculates Ver :

10
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Flgure 3 shows an embodiment of the apparatus of the
present invention, including a f£luid bed gasifier (1) and a
plasma furnace (4). ' g

Flgure 4 shows in more detall the plasma furnace of
figure 3.

Figure.s shows a further preferfed embodiment of the

- process of the present invention.

Detailed Description

fHaving regard to the problems associated with
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

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 plasma was found not to

" be economically viable. The inventors have now found,

however, that by first treating the waste in a gasification
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

re

15 process of the

a proposed sol ution considered by

The




5 anounts of hazardous tar and heavy netal "speciés and snaller amounts of
solid material in the cleaned gas product. The treatnent of the offgas in a
pl asma unit has been found to significantly reduce the nunber of airborne

10 partichg&aﬁﬂﬁ&jtarry‘hydrocarbon conpounds, Wwhi ch geawesosdosiaslency to
create fou |ng-probTenE If used in a turbine. The treatnent of the char in

the plasma unit has been found to_cgnvert much of the char material to a
gas, and, in particular, a gas that "has a relatively |low content of 15
ai rborne particulates and tarry gaseous hydrocarbons, which could clog a

turbi ne. The plas al so has e advantage that various enyironmentally
har nf ul a???ﬁ#%ﬁ% ViF@ﬁFﬁYeﬁ%PﬁﬂBF%%sé§9§P§ &géPaggﬂntEDV%gst%%ﬁnful .
speci es dgid Nebridi®iatRbASBE PhOCESSif Pohi @ erabkienthgndr €6ESS144MD! VeS

introducing a waste material, 1.e. a waste feedstock, that is substantially
honogenousTeERIE FeStgainon IRFRLIVIIE HeanhS¥RIRGULECEBRIRIRF ove t he

Cef 1ol encyef 1P dRRLERRL: BhOOSESa Aibdkllh et 281 TbEs YA e epglpt ook may

have been prie-treated to I1ncrease 1ts honogeneity prior to 1'ntroduction to
the gd&si fameuitoh oflhiazardbuaobanoard heaiyx ategalt Bpecihe wadtsmaher d have

e o TRESELENS oS bR ey 10 ULV BeOGRl BB LI cuhout e
in batches to the gasifier; hence the value of the property in question
coes 1oL Yar bt S haBhecsh ol Subis P hRgh R utr ASe e o2 o0
do not vafyudd to il fiexheny roghedechdenededr bfi ai¥Bbiee the size of
10 parficﬁlates 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 beén found
to convert much of the char material to a gas, énd, in
particular, a gas that has a relatively low content of
15 airborne particulates and tarry_gaseoﬁs hydrocarbdhs, which
‘ coﬁid ¢log a turbine. The plasma also has the advantage
that various environmentally harmful airborne particulates
and gases are degraded to leés harmful gpecies during the
plasma process. ' |
20_ |
Preferably, the process involves introducing a waste
material, i.e. a waste feedstock; that is substantially -
-hbmogenous tolthe gagsification 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 gésificatién _
uniﬁ. “Hdmogeﬁous" indicates that the waste should have one
oxr 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.



constituents, noisture content, ash content, and density of the waste
material. Preferably one or nore of these 5 properties varies by 20% or

| ess, preferably 15%or tess, - nore preferably 10% or |ess. Preferably, the
cal orific wyabdRogpe the noisture content of the waste pegicipodsrd2doe t he
gasifier are relatively consistent. during the process. 10 The consi stency of
the property/properties of interest g may be neasured by taking sanpl es of
the same weight from either (i) a given nunber of batches of the feedstock
fed to the gasifier over a period of tinme (if the feedstock is fed

batch-wi sg to the gasifie or (Li | ven . intervals of 15 tinme if the
feedstock&f“%h f%f?%rl‘i&?gnﬁ["éf‘l Qré:%#?‘ﬁi%% Vo VerKetGaRi F8FT Sanpl i ng

met hods keowéent dridiegekihkedaberspic vaEbude theedikze geasure the consistency
of the waste feedstock. 20 For exanple, over a period_of 1 hour of running

the procRRRStIHENtR, ofPLPEUYE| SR saRile SoBteihe ARt dopBitYHRE same

wei ght, . el Wadt® qrat&i&g). b@ﬁé\ﬁef@'&}t K& O3Sk B tﬁé%?n at regular

(e.g. 5to 10 mnutes or to ours)” iIntervals preferably varies by 20 %

or |e$s, porreptisftevapilps2by 1896 orr | ks, mysifepablpr Abkyot0lesmr | ess. On an
absol ute I of eedst ock typi a rific value
of around" %@@%{Eg‘ﬁs%r@& g?aﬁ%é)ghasﬂ;é%?/a ll%i ﬂvgplgagggﬁrfi%%.t he mean

cal orifi cvahiheicamsd thessotibanrd cditdeg of dfbher abbyel bednghfedlcd M Kg. The
nmoi sture content 30.of the.waste feedstock js.preferably as |ow as possible,
a5 di SoUSSRHEIE AE TRAPEAVODE| SURS A SPRIES, KERAPTOCaPRY {1 ¢ val ue of

t he waste feedstock (which may be WO 2007/ 000607 PCTI GB20061002409 10

calculated froma variety of sanples taken a/t re%ul ar _
- 10 The consistency of the property/propérties of interest

may be measured by taking samples of the: same weight ffom
either (i) a given number of batches of the feedstock fed tp .
the gasifier over é period of time (if the feedstock is 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 ﬁsed to measure the consisténcy 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 préferably

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

30 of the waste feedstock is preferably as low as poasible, as

_ disdussed in more detail below. The average (mean)

~calorific value of the waste feedstock (which may be



I nterval s, as described above) is‘preferably 11 M/ Kg or above, nore
preferably 13 MJI/Kg or above, nost preferably 15- 17 MI/Kg. 5 The waste

~feedstock, i.e. the waste fed to the gasifier (which nmay conprise refuse

deri ved f 9) Fb &B rably has a noisture content of 3QYrarsleaedey Wei ght,
preferably 6&! ess by wei ght, nore preferably 15 % or |ess by weight.
The 10 noisture content of the waste §eedstock preferably varies by 10%or
| ess, nore preferably by 5% or |ess. The npisture content of the waste

f eedst ock nmay be controlled usi ng processes knomn to those skilled in the

art, such, or u5| ob|a stion.processes

descri bed %]; ﬁje%%? frP)l}bl cariol gté? s%%% eesnt A‘re"r %&ﬁ&%&?‘ﬂw fuel may be
in the rabgeeofald, tay 4R%ckibedi gbbve Pris afmdfiaralbiifbe 11nMugKkyr exrcont ent  of ,
the refused derived fuel_ is_ reduced 2 the preferred anounts for the waste
f eedst ock2BRYRr i BUF BHFFPE3LIY FAMB R ey MOFEr PESABYREEY t he step of
dryi ng t hes-westes ore its treatnent 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 fromthe 25 pyrolysis, gasification

and/ or plasma 4healdm RbaRsockeal o ML dd@N el +6dhe ggsﬂ\@éﬁe for the

purposes of drying by contacting if with heated air or steam which may in
turn havévhben m&xqumgmmeﬁlEH&Uheaﬁe;nYEﬂuﬁuﬁh)n @myfetabhv bakez steps.

T, e, e B A o TS oo U SARRELR 2 7 0UGM the
~ less 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. Typioal moisture content of refuse derived fuel may
bemin the range of 20 to 40% by weight. Preferably, the
moisture content of the refused derived fuel is reduoea to
the preferred amounts for the waste feedstock described
above, ‘ '
20
The process may further coﬁprise the step of drying the
waste before its treatment in the gasificetion or pyrolysis -
‘step. The waste may be dried by using the heat produced in
~any of the other steps'of the procees, such as heat from the
'257' pyrolysis, gasification and/or plasma treatment steps. Heat -
-may be traneferred to the waste for the purposes of dkying
by contacting it with heated air or steam, which may in turn
have been heated from the heat produced»in any of the other
Etepe. ihe waste may be dried by blowing heated air or

30 steam over or through the waste.



The waste feedstock preferably contains a high proportion (preferably 85%
or nore of the nunmber of particles, nore preferably 95% or nore of the
nunber of particles) of particles having a particle size of 50 nmor 5

| ess. A pewé)’b RoesoSi Z€ is measured across the particl gcaicBodsmolsty gest

di mension. Preferably the feedstock contains 50% or nore (by nunber) of
particles having a particle siize of .30 nmor less. 10 A typical analysis of
t he waste feedstock content would bé& as follows: G oss calorific val ue:

13.2 M)/ Kg' Misture: 25% Ash: 13.05% 15 Fi xed carbon: 12.17% Vol atile

matter: 49.78% Particle sjze: 85%< 50 Vari ous processes nmay be used to
honogeni se va#%ﬁu?asﬁﬁ §$ i Pr5EEY §P§tﬂ%?gr?a?%9hor exanpl e:

M cr obi alprdfic@eSbnONpreESKkilDy &Y eddinkGe SEYLRY, neRb&ENGHY, MM xi ng and
bl endi ng. of these, mcrobial digestionis preferred and this process is
expl ai ne®a4t ifgee  dBPEe | PFRIKRP LS IR gt Aprre Rfistlee va@remI®f or use in the

gasi i catd0a 1 368D WaSp] Y& Hat it of %%ﬁic?écgiéé’rc&"%win@tg& di fferent
noi st ure “cont ent but O her w sp th.e sane corrponen:ts In the 'sama proportlons.
The wast dafdt.er PaPacbhcit Rdite i agseventdsashonn the Taprteidlep@tow. The

fourth coldym Giues dPnbe: Yl 0Me bl RTPABEOL ol QoAb sanpl e 10 the
absence of noisture. e gaS|T|c§E|on unrt 1's “preféerably adapted to gasify
t he wast & dta\dmaotrke (bpnieniber)s of wertiicld® BA0ING08GEFPITICRAMRG/ 002409

of 30 mm or less.

10 A typical analysis.of the waste feedstock content would
be as follows: : _ o X
. Gross calorific value: 13.2 MJ/Kg
Moisture: 25% '
Ash:_13 .05%
15 Fixed cérbon:12.17%
Volétile matter: 49.78%

Particle gize: 85% < 50mm

Various processes may bé'used‘to homogenise various
20 properties of the waste ﬁaterial, 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 suitablé waste material for use in the gaéification_
step was aﬁalysed in two fofms, each form having a different
molisture 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



12 the table bel ow. The el enent al analysis (ultimte analysis)' of the
waste is given in Table 2 below. Table 1 5 Conponent Wi ght % Wei ght %
Weight % (including (including 25% (excluding 12% noisture water in the

wat er fronyoh#hbhiget otal total - formthe total) - foror/dB2&k/0Paper and

Card 36.19 30.84 41.12 Plastic Film15.2 12.96 17.27 Dense 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 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

2. 00 2500 GoBIS BERY: "ofa GO TRERDo A S0b% Debb0 R B EIa0e 002400 13

of the waste is given in Table 2 below. - :

Table 1
= .

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

Com?ustibles "

Misc. Non- 2.19 1;87 ' 2.49

Combustibles ' |

Glass .+ 13.85 3.11 4.15

Ferrous Metals {1.18% 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




A waste material having been thermally dried nmay have a moi sture content in
t he range 10-16. wm % of about 12% or |ess: the above form| of the waste is
therefore representative of thermally dried waste. A waste nmaterial having

been dried.5 by a so-called ' MBT" (Mechanical Biol-ogic such as
rotary aeFWBP@%@Wﬁgétion) may have a noisture content %kagggﬁﬁﬁgéabor | ess:

-the above formlIl is therefore representative of waste that has been

subj ected to MBT. 10 Table 2 (U tinmat® analysis of waste from Table 1
containing 25 % noi sture by weight) Ash (other Mdisture CHO SNC

el ements) Content 36.9 4.9 24.12 0.15 0.5 0.5 8.03 24.9 100 The el enental
amount's of H-ahdvasten mBdiedald hewingoheen Hravreddyt idedledy mdyyhewaponents. 15

The process. ordina to t.he _present i i Qrprises.a gasification;
step, ThotgaBFfE afied, ap” vlb R oRhe IYahh b ort BB G0 et TR Vert cal
fi xed bedthshalbdéye Masi fIi ©f, theheakzenisl tHevefibrikedepasisbnentiaefdfi di sed
bed 20 gasjfier,. a ltjple hearth.gasjfier or, rotary kiln asifier. It
shoul d bethﬁfféﬁl%%ﬁyﬁdng’ﬁsﬁm 1 Af PR8te H%%F%q'f ih@r"'lnﬁageﬁflhégi’nﬁ_’- e be
referred bp dnséhealrdPr Mt adedn8hdENEBiADAIdaICAFREEMRAE( T BGERerator),
controlled air combustor, %érolgtlc conbustor, or a nodul ar conbustion unit

(MOU). A RBr bR 2eHoRiE Hegegadrnt erayhiald PdawyreseonEaBt Qkctions: a
primary copbystion shamhey, Bd 3n3660RSARYIPAL UMl chamber. Ln the

primary chanber, waste Is _ -
representative of waste that has been subjected to MBT.

10 " Table 2
{Ultimate analysis of waste from Table 1 coﬁtaining-zs

% moisture by weight)

Ash
(other | Moisture |
C H 0 S N Cl elements) | Content |-
36.9 4.9 24,12 0.15 0.8 0.5 -8.03 249 | 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 gasificaticn step. The‘gasification step may,
for example, be carried out in a vertigai fixed bed (shaft)
gasifier, a horizontal fixed bed gasifier, a fluidised bed |
20 gasifier, a multiple hearth gasifier or a rotary kiln

gagifier.

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




WD 2007/ 000607 PCT/ GB2006/ 002409 14 gasified by partial combustion under
sub-stoichionetric conditions, producing |lowcalorific gas, which then
flows into the secondary conbustion chanber, where it is conbusted wth

excess air, T ndary comnbustion produces high 5t fure (650 to -
8700 gasegmﬁgg@ﬁﬁ%?ete conbustion, which can be used%ggﬁéﬁﬁﬁﬁwg&gtean1or
hot water in an  optionally attached waste boiler. Lower velocity and:
turbulence in the primry conbust i onttHanmber nini nize the entrainnent of
particulates in the gas stream leading to 10 | ower particul ate em ssions

t han conventional excess-air conbustors. Preferably, the gasification step
i s carri egadbfied by Hankiiglbeamgustiee atnder ik -stolighdomerggsi fi cation has
15 been f ; 0] ' ' e r f£i cient an the ot her
gasi 11 cat L oRCbF STeLode BV Sl o FRE T ikt 2 hea LSt 0ae BeThbL very

ef fi ci ent inbat blee | sepcidariye cookidhhon aghianteat e Wisesd str dansoibadted to rapid

‘gasificatjop rates and clgse tenmperature control within the.unit. 20 A
typi cal fVﬁF% %%%F%ﬁﬁﬁﬁﬁ’cagﬁ'nsﬁggpdﬁ5§ sl Q%Qﬁ?QaprngFﬁgaﬁigﬁeel cyl i nder,
usual |y rebmpetatyrd i {630, tel BhoaC) sgadedest ongillre idompugktidnpl ate and air

I njection nozzles _known as tuyeres. Wien air is forced, up through the 25
tuyeres,_WﬁéC%eﬂﬁ?IQﬁ(ﬂ t8n3¥8938ﬁd§t%ﬁWt?ftRHQn¥%99§ *Re8Pi ng vol une.

Solid fuebptsosdl Bp LAcHRY WakbeeHodBEEr Vediowdielveldeiltly kR case of the
present invention, the waste feedstock, can be introduced, possibly by

means of THAPBEER®M,In fhe PrémaEYcFORbRRE R Ghahere MRdTiEgeFhef the 30
fluidi sedofedas Ihenr ¥ IJaR91c2854L88 oh e Jd&idiseth Pedading to
10 1qwef particulate emissions than conventional excess—air

combustors. -

Preferably; the gasification step is carried out in a

fluid bed gasification unit. Fluid bed gasification has

15 'begn found to process the waste feedstock more efficiently
than the other gasification prbcesses available. The fluid
bed technigue permits very efficient contacting of. the
oxidant and waste feed streams leading to rapid gasifidation-
rates and close temperature control within the unit.

20 | '

A tyPical-fluid bed gaéification unit may comprise al
vertical steel cylinder, usually refractory 1ined,uwith'a
gand béd;'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 VOiume. 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. In operation, auxiliary fuel’(natﬁral-gas oxr




prompt es turbul ence and transfers heat to the waste feedstock. In :
operation, auxiliary fuel (natural gas or WO 2007/ 000607 PCT/ GB2006/ 002409
- 15 fuel oil) is used to bring the bed up to operating tenperature 5500C

: to 950C, &, 650C to 850C. After start-up, auxipdraFphodsiflas S usually
not needeg‘&sg%rﬁe 6)(g’r'a'bl y the gasification unit, nost prﬂgrerab(fy the fluid

bed gasification unit, will be a vertgcal, cylindrical vessel, which is
preferably lined with an appropridfé‘ refractory material, preferably
conprising alumna silicate. 10 In a fluid bed gasification unit, the -
di stance between the effective surface formed by the particles of the fluid
bed when frel %) ds weed §asbringetingy bedi uthtougrernsingarticl es from

bel oW  anfehPerd Qi lssol® UB! bsbScoaioferdifly ¢bol® RBapdonel ght”. 1n the

present invention, the free 15 boar el ght, “in use, W preferably be
2.5-5.0 (hbter ghraftermhl pugibiavys5iel tismesudidyi mogr nekdddanet er of the
unit. Thi.s geonetric configuration of  the vessel is designed to permt
adequate residence tinme of the waste within the fluid bed to drive the
gasi fikati on ree=fidmidyt ah2Ogastplestbon anditgl swstopreéeeablexclessi ve carry

over of rticul ates .i.nto the plasma punit. The gasification ynit . wll

“pref erabl gflé}r‘é)ﬁ%#a?aﬁétgtlgatﬁgﬂ ﬁ’f‘lEEr‘ﬁm & iV %gécalls ugggﬁﬁgﬁl‘fﬂ ui di zed)
W thin a véséel, Galidm ief p@agerdBBy Diddd Gl RBY abpréprédatéke. The
particles may conprise 25 _silicon oxide. Preferably, the waste will be fed
cont i nuoUSEHFRBEOTh FFEFHAL caPFBRTRPLY 'a‘EO'%PJ%:‘&*’rﬂgolaﬁgﬂ‘lF‘at gilicagqe
gasification unit is a fluid bed gasification unit, 30 preferably the waste.

is fed either directly into the bed or '
10 In 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 isg being fed through the
ﬁarticies from below) and the top of the unit ié 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 gxcessive 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 coiumn 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. '




above the bed. WD 200 7/0 0060 7 PCT/ GB2006/002409 - 16 Preferably, the
waste feed will be transferred to the gasifier unit using a screw conveyor
system which enabl es- continuous addition of waste. The waste feed system

. fay incorporate an air |ock device, such that the wastei,%zla@m'énfngd into

the gasifi cCHOIBHMPT through the air |ock device "to prevent air |ngress or:
gas egress to/fromthe interior of the gasifier unit. The waste is
preferably fed through the ai ri-ock-de¥iTte with additional inert gas
purging. Air lock devices are known to the skilled person. 10 During the
gasification process, the gasification unit should be sealed fromthe

‘surroundi ng envPrefemaitly,o theewente Fagdestllbrbednessierrgdsss tBefrom the

gasificati | ] wi.t h t.he o] gﬁp.ggg{ ' ' L nt roduced
to 15 the égglfﬁéc%t‘f%lnt g ga%"n?g%%fqr éa’% a con reg{’l g%ﬁ%gn%gra@e f the
gasi fi cati epnubhtous sdditdictt bfdwgasel i cthe omsuamifieedpsgbeeabingyoxi dant s
conpri sing,oxygen and steam are, fed,bel ow t.he bed, .which_may _be through a
serles of  UBRATECTSE (G drsly PEULFSh TOTRIUBE 5P SPESFy Cofngs

gasi fi oati gadi SnEQrthe Ga@ilf iicatibe uwpiesentoidH tHeeaimandchxBgeticeAs

-.mentioned above, water, which will be converted to st am,nggé-be i pt r oduced

into the 25CgRERY$RGt3ign LRFTESEN OFhg2FoPAT B35 | Y SikP r - pPEyObf

wat er, whi ¢ReNBys AV anliRPeiRUlaset 100G-OfedBSS, f¥d @hrok@ROPhehaving a
tenperature of “100C or nore. In use, the eat in the interior of the

gasi fi cati shriark ¢eeinevitharddifionpfuiteratass PRIy AB& Lackhe form
of ai rbor naegxgcggog]l__gt]&ov}ns t\éaQ?lrei %Eglﬁ.gdsﬁ&f’égn?r eferably the steam and
10 o | | - |
- During the gasification process, the gasificatioﬁ unit
should be sealed from the'surrounaing environment to prevént
ingress or egress of gases to/from thé gasification unit,
with the amount of oxygen and/or steam being introduced to

15 the gasification unit as required in a'controllgd-manner.

If the gasification umnit is a fluid bed gasification
~unit, preférably 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 stéam and oxygen. As mentioned above, wéterf
‘which will be converted to steam, may be introduced into the
25 gasification unit in the form of liquid water, a spray of
water, which may have a températuré 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, ig vaporised to steém. Preferably the steam and
oxygen will be closely_métered to the unit and the rate of

waste feed adjusted to ensure that the gasifier operatés'



| oxygen wll be closely rretered to the unit and the rate of waste feed
adjusted to ensure that the gasifier operates' |1 WD 2007/ 000607

PCT/ GB2006/ 002409 17 within an acceptabl e regi me. The anount of oxygen and
- steam introduced to the gasification unit relative to the anount of waste
Wil | - dependWerPogr/addber of factors including the conmpostGHGRIBFIEHE waste

| feed, its noisture content and 5 calorific value. Preferably, the anmount of
oxygen introduced to the gasificatroh7unit during the gasification step is
from300 to 350 kg per 1000 kg of waste fed to the gasification unit.
Preferably, the anbunt of steam introduced to the gasification unit is from
0 to 350 k@iphinl@nlﬁﬁﬁbﬂ@phﬁe\mmgmmeinthduammhmm)dﬁubxygéﬂianﬂ:Emnamnlt

optionally fron190 30 k 100Q kg 300. kg per
7000°Kg of PR ES s dty 300on mbt ERAEIE S IS PREfact o
contains | egswhbasa ﬂﬂf/& (adran I ¥ hesbert hﬂnfé@a@rebymmmmmh%t ure. if
the waste contains 20 %or. 15 nore (qgptionally nore than 18@@ by wei ght

moi sture, FPEPERABLYN (P R WSS LeefamtFfit PFOHRICHE tPMueRt §&&ification

unit isgfremmB,tie;dSPakee P%‘re&%@&ﬂi@v ot haghSunt 1P| S8lgafdidtRauasgunt s of
oxygen and steam oxidants for the waste given above in Table 1 are given.
bel ow i n T4l &he. gagdfivat ipmsiunitadugingnthe wwisl breatdabisEepodsri se a
fossil fu d.ypd QEQ; t f bly be wused to
rai se the ?ghgéra?u?% Fﬁf d pr?o%gigfh%%%%%%%%%gﬁf oiﬁfeedlng to the
unit. 25 Plg@.fseifabhywm@rgnaa f iRyaethegablyi t thﬁl anowrproSestmant i pl e '

introduced to the gasification unit is from 0 to 350 kg per

10 1000 kg of waste introduced to the gasification unlt,' .
| optionally from.QO 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 thé waste contains less than 20% (optionally less |
than 18%) by weight moisture. If the waste contains 20 % or
15  more (optioﬁally more than 18%) by weight moisture,
preferébly the amount of steam introduced to the
gasification unit is from 0 to 1590 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 Wili preferably comprise a fossil
fuelled underbed preheat system, which will prefefabiy be
used to raise the temperature of the bed prior to
commencement of feeding to the unit.
| 25
Preferably the gasification unlt will comprise multlple
. pressure and temperature sensors to closely monitor the

ga51f1catlon operation.

30 For the waste material having the composition given in

l

|

I

|

I

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

|

!

l

|

|

l

i



pressure and tenperature sensors to closely nonitor the gasification

operation. 30 For the waste material having the conposition given in Table
1 (containing either 12 %.or 25 % water), the addition WO 2007/ 000607

PCT/ GB2006/ 002409 - 18 rate of oxygen and steamw || preferably be in the
range as i W@ 08007 n Table 2 bel ow. Table 2: Typical rRIE$BWeNaWPti on
amounts of oxygen 5 and steam oxidants RDF 12% noi sture* RDF 25% noi st ure*
Rel ati ve oxygen 300-350 300-350 additd an anmount (kg per 1000 kg -waste)

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 10
Pref erably. | e LT i vLicat| | a
tenperatur%éggégﬁg%ﬁpgghgggoﬁggﬁ%r%ﬁiﬁnékéég%&ﬁg§zPgagﬁegggrg%%é%q%ieater

t han 650C imdiamied tienpebatueebelow000C, nost preferably at a tenperature of
from800Cto 950C. If a fluid bed gasifier is enployed 15 in the present

I nvention, preferably the bed tenperature is maintained in the range of
from 650- 900C, Tayle: prefrgpabhy réDatiwe rahfieioh bmommiébO0ef566 /gad nost

preferably in the ran%g of from 800-850C, this is generally suitable for
al | wast e RP AL O%1G8h8ve a high potash content and no

RDF 12% moisture* | RDF 25% moisture*
Relative oxygen 300-350 ' 300-350
addition amount Co ‘

(kg per 1000 kg
waste) ' ‘ .
Relative steam 90-300 0-100
.l addition amount : '

oo (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, more.
' preferably at a temperature greater than 650°C up to a
-témperature;of 1000°C, most preferably at a temperature of
- from 800°C to 950°c, If a fluid bed gagifier is employed
15 in the present'inventidn, preferably the bed temperature is
maintained in the range of from 650-9200°C, moxre preferably
‘in the raﬁge 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 agglcmeration (sintering) of the fluid bed particles is

cbserved.

_ 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. In particular, some biomass materials are high in



|

R e e

20 aggl onmeration (sintering) of the fluid bed particles is observed. The
maxi mum tenperature that can be enployed in the fluidised bed of a

fl ui di sed
content of
are high i

gasification unit is dependent 25 on the conposition of the ash
the fuel being treated. In particular, sone biomass materials,
nWRARLY®O00D00607 PCT/ GB20061002409 - 19 _ potPeIIEBA&dM240d ot her

species that formlow nelting point eutectics. For these waste containing
one or nore of these materials, it_ iy especially inportant to ensure that
the tenperature of the bed is kept bel ow the sintering 5 tenperature of the
ash within the waste (which may be as low as -650C in certain cases) to

avoi d coa
fl uidi sed

%él‘?n s%E at Bfa %ﬁﬂégd@%&l@ Ly étej‘%or%hﬁe{veﬁ;@féfﬁ% af. the

e nmal ntai ne controllin anoun ox1 dant fed

to the gas@du@tml at Feoe tbeseemsrmlmcrm‘amhagsohedofumdare I-bﬂ(l:haset he fluid

bed gasifi

freeboard)

f h b he fluid bed dth
e PEES 3 LcPoodRhe AP rborkiafel k' Frlife OB chmer ar o

of  the zopemphwereheff thédod@dis skepteftrlak )thensﬁ.hEefﬁﬂge of ~ 15 from

800-10Q0C.

oper at €d oTFPRAFEFa

Fl uid bed 8% |cat|on systens are QUIIE versatile and can be

© of SR Bt 1L FARUARRGS . HRFERpERY R 13E 1SUdge,

bi omass mederigde.c Qﬁabeﬁﬂglﬁocéwé@r QU =Rl @éhg\&@é&%n dhecgasi fication
step of the process. of the present invention na gfrlse using a
her

suitabl e b@dﬂrﬁedqeal pashiabesi neBie neyereteye @i

operati on,
by recycl e

10

15

Bi&b¥sd bathd. During
mé;h%é’%a&h@ékn@&dby MBLELLA 1 TRy R GRBAHATr SRfaIMY fy repl aced

ta the gasifier relative to the amount of the solid fuel.

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

from 800-1000°C.

Fluid bed gasification systems are quite versatile and

" can be operated on a wide variety of fuels, including

20

municipal waste, sludge, biomass materials, coal and

numerous chemical wastes. The gasifidéticn step of the

process. of the present invention may comprise using a

suitable bed media such as limestone {CaCOs:;), or,

‘preferably, sand. During operation, the original bed

25

30

material may be consumed, and may be replaced by recycled

graded ash (Char) material from the gasification stage.

Preferably, the gasification unit and the plasma

treétment unit are integrated and will typically be in fluid

connection. ‘Fluid connection' indicates that a conduibt is

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



25 graded ash (Char) material fromthe gasification stage. Preferably, the
gasification unit and the plasma treatnent unit are integrated and wl |
typically be in fluid connection. "Fluid connection' indicates that a
conduit is_30 | ded for transporting the products of ation
unit to th Ogé'ﬁlééogreat ment unit. Preferably, the whol B %T’ doE-’a 85 an

I ntegrated process, in that all the steps are WO 2007/ 000607 -
PCT/ GB20061002409 20 carried out- @® ene site and neans are provided to

transport the products fromeach step to the next. Each step is preferably_"'

carried out in a separate unit. In particular, the gasification and the

pl asma tr@ﬁﬁm octiteofif eher abty and aiddred agut prﬂvﬁaédl’ﬁxbetﬁm&}_ﬁorﬁ o allow
t'’he condi tjons Ecpeach unit to be varied i ndependentl Pr ef erabl y, means

are provited Fah&PBr BRAR PHEP proddid Sesf - th@aﬁgsg'f"?ﬁa’t*? on step from
the gasifhsatd:b1ynichrrelingup! 88MR dSRdRN NN t InlPaPyiohYst s, as a '
process, and pyrolysis units are conventional and known to those skilled in
the art akie sasifdeatdpni anfythe aplagnae treatpgninaset eragerslel ¥nodi ment

Lhe PIASTE,Lical AL 1ARKepBEa CONGMEL LT dd) IRuUBLES hAaSERBIALEL Y (reat the
solid char e ga5| f-gas 'streans. The process according to the
present |¢w<e‘tntururt 20 benparseé ngepsndentlyat nEnefsreplyPrmémsaml;e t he

pl asma t ut n a d Preferably,
t he am)unég&% OXI o'sf %lés C 8 ?e’%‘e %i)m%{u%%rge er a%F 53‘19%% ‘gér‘rgoluo% of oxi dant
S controét@w:&mmhthbagasﬁhatathengaSEnu3>hhérp&asbansréanmémdlng | ow
VO|atI|ItXﬂitaI

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 cdmprises a plasma treatﬁent step. - Preferably, the plasma
treatmeﬁt 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 gaéeous 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, préferably
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.




25 products), the airborne carbon particul at es, carbon contained in the

char and part of the carbon nonoxide is converted to carbon nonoxi de and

“carbon dioxide, preferably such that the ratio of the COCO2 after the

plasma treatnment stage is equal or greater than the gas_exiting the
gasi fier 30VQHTP0 of erably, the plasna treatnment is Cg??ﬁ&%*’“ﬂﬁ?“%?n t he
char until substantially all of the carbon content in the char has been
converted to gas or airborne speci es21WO 2007/ 000607 PCT/ GB2006/ 002409 21
Preferably, the oxidant is oxygen or oxygen and steam Preferably, the
plasma treatment is carried out in the presence of oxygen and steam As
menti oned above, water, 5 which will be converted to steam may be :

i ntroduced into plasna treatment unit in the formof liquid water, a spray
of water, whi cErREGTARYE, atheperdant dSoPXYE6E oF P¥¥Een @nd &e@pour havi ng
a t enper algliuec0hpt00CAL FDLbna Wk ditfhenc! BE BE2LiLd She imtad or of the
gasification unit and/or plasma treatnent unit ensures that any |iquid
wat er, whirdesemey bé dxygdre dwmd nsiofarai r Bor mentiopedt gbove i svargyori sed to
steam .Pr rab t i f : 0 a. i + L .15 to 2:5, by
meight? Pﬁ% é?%%%%} ?%e£§$%é§é?4ﬁ%%%%%ﬁ ’oﬁgﬁhgé %%é%eggég%é¥F%%d out at a

t enper at urpd agiafl Losuidéht tunilty OLC, ther EoemabEyligqoid 1ddfet o0 4 GGy nore
preferably from 1200.to 1500C. 20. The plasma unit_ inpn Qperation w||
Gener al |y QolPREr APl Y aLarS e SERGAEAFEr 8 of T HE el 1SHals i n the
plasma unid waipburPhelehqbs Y dfpdditre oF movec §tehsrabl yrwfudg,om 1150 C

“to 1600 C. .. 25 Preferably, the amount of ox¥gen | ntroduced Up t he
Q

the heat in the interior of the gasification unit and/or

10'.plasma‘treatment unit ensures that any ligquid waﬁer, which
may be in the form of airborne drbpleth-is vaporised to

steam.

Preferably, the ratio of oxygen to steam is from 10:1
15 to.2:5, by weight. Preferably, the plaéma 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 preferébly be 1150 °C or more, preferably of ffom .
1150 °C to 1600 °C.. | |

25 . Preferably, the amount of oxygen introduced to the
plasmé 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 gagifier is from 0 to 50 kg,

preferably 0 to 30 kg.



plasna uni t for every 1000 kg of wast e |n|t|aIIy |ntroduced into the
gasification unit is from15 to 100 kg, preferably from25 to 80 kg.
Preferably, the anmount of- steam introduced to the plasmaunit for every 1000
kg of wast i,ally introduced into the gasifier 50 kg,
pref er abl y%Y)"Q'?'}é}J’@{9E %g. W0 2 00 7/0 0060 7 PCT/ GB2006/ oogﬂjff§82°°9’%‘?9°9For t he
waste material having the conposition given in Table 1 (containing either

12 % or 25 %water), the addition ~rz2e- of oxygen and steamto the plasma

converter will preferably be in the range as indicated in Table 3 below. 5

‘Table 3: Typical relative addition ampunts of oxygen and steam oxidants to

the plasma conyét e wasttef%la%tla%%amohswﬁg tl@%&@odﬂ'm&hugﬁvenRﬁhat ive
oxygen 25-80_25-80 addition anmount 1% g per 1000 kg waste) Relative steam
0

0-30 0- 30Tahdgi ti brPuhridnog ied ther RP 2hfstwater)Baddg 8AdebEPsi ti on of
wast e feedatthgrrsf A ¢l Y8l tngl Yelsdd daRlG ek lGinef erably, the

pl asma treatnent of the waste is <carried out in the presence of a plasm
stabi | i zi Pge§asablprhs dratihe remgeppashadseatind iin Fgpkdes 3i be%@Wect ed from
one og more of nitrogen, argon, hydrogen, carbon nonoxide,

Table 3: Typical relative addition amounts of oxygen and

steam oxidants to the plasma converter unit

RDF 12% moisture* RDF 25% moisture#
Relative oxygen 25-80 25-80

addition amount
(kg per 1000 kg . i

waste)

Relative steam 0-30 0-30
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.
Préferably,_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 plasma‘treatment unit in the form 6f
é 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 (toc produce hydrogen and carbon



el enents®

15 carbon dioxi de and steam Pr ef er abl y, water, which will be converted into
steam is-introduced into the plasma treatnent unit in the formof a spray
of water having a tenperature below 100 C. There 20 are two nmi n advant ages

of doing so: firstly, the water in the spray has the effect of cooling the

syngas pr odweoimestrhe pl asma unit due to pronotion of m c
reaction of water with carbon (to produce hydrogen and %@?ﬁ%ﬁga@gﬁb ‘
2007/ 000607 PCT/ GB2006/ 002409 - 23,,nDnoxide). Secondly, the overal

chem cal enthal py- of the produced Syngas is increased, allow ng a greater
export of eIectrlcaI power if the gas is used to generate electricity. (ie

| | t [ :
g:‘:‘/: Q?eﬁg'wl ”?‘ pl aéﬁﬁo?‘g e.to r%&egﬁibm F}‘g%?'%% a2“%gec{et$I':(ciﬁnesposal rout e

for resi ¢iRAupeadeghgdalyis NEnd¥QGRSS %quwangFéugre@eeﬁleeamxrw Jgfesi dues. 10
The waste )é contai n constituents which confain hazardous conpounds and

_ Figalhpaygr nbk dike gaghilehused sAvorReRRER Sl8ctEdiBental if
ai rborne.;h %m YnPem %fé@@ﬁ%rﬁpgn( Ritfe RQEkait%e%éféx)l si dues and may
he waste t

15 be present e treated in an anmount o % by wei ght.
As t hése qoememegnrraﬁfbelemnr)am nated with heavy netals such as |ead, zinc
and cadmum they will .be classified as hazardous. Preferably, the process
of the present invention further conprises inclusion of hazardous 20

I norgani ¢ mat éfhieapiasmuchreestmmfm/wuagi aﬂiilapﬂovbﬁ@ommbcumnt ai ni ng heavy

gg:gl?élépto th I%%ﬁ?ep %ggrégl ues %ro%ﬂ%ed Thléh&”ééoééég) %1292?rd9u$
Flue gas cleaning residues.
10 \ |
The waste may contain constituents which contain
' hazardoﬁs 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 Dbe present in the waste to be treated iﬁ an amount-of ~0.2%
by weight. As these residues méy be contaminated with heavy
metals such as lead, zinc and cadmium, they will be |
classified ag hazardous. Preferably, the process‘of the
presenﬁ invention further comprises inclusion of hazardous
20 .inorganic”materials, sﬁcﬁ as heavy metals and eompounds
containing heavy metals, into the slag phase of the plasma.
This will trap the hazardous materials in an inert non-
leachable glag as an inert waste, thus p:oviding a long-term
solution for the disposal problem for these materials.‘ |
25 | | |
The process may further comprise addition of one of
more £luxing agents such as lime, alumina or silica'sand to
the plasma unit before or during plasma treatment of the '
offgas and char. The advantage of adding a fluxing agent is
30 that in certain situatiohs, it would ensure that a low
melting point, low viscosity slag was produced. from the

inérganie,'non-combustible materiale. A fluxing agent such



s tapm s _ o o s

" ’

| eachabl e slag as an inert waste, thus providing a long-term solution for
t he di sposal problemfor these materials. 25 The process may further
conprise addition of one or nore fluxing agents such as |inme, alumna or
silica sand to the plasma unit before or during plasma treatnent of the
of f gas and WRaPL70W$e7 advant age of adding a fl uxi ng agentpdricEoddisde i N
‘certain situations, it would ensure that a low nelting point, |ow viscosity
sl ag was produced. fromthe inorgaggc, non-conbustible materials. A fluxing
~agent such WO 2007/000607 PCT/ GB2006/ 002409 24 as silica sand, alum na or
lime may al so be used to inmmobilize heavy netal species. These fluxing
agent s arg ofAeker By, AR AP NG 1683NaPT L 0ko i IdPGpL ON OF the “char
to the plasma unit, and 1T the process 1s a continuous process, the .
addi ti onsnmepibézenbleavy ndiml mpecdeseanThedéef Tuwing mueantandreheni stry of

t he gas an r ts .entering. the plas ni re preferably . _
mai nt ai n@g%f%%%fg%yﬁ@&aéy'%? a@be C%}?&?Pr’%ﬁg_ L$h?r2t]§?1%‘§ﬁ a b °£ﬁ‘?1§vabl e by 10
' t he cl osemmentbothefpliend aatitpr epdr Afi bheSysdeseanik [ igaitinugasi fi er
upstream of the plasma_unit. at The t , propor.tion and total addition
[ bt s 50f PRGEFEan( tho T HORSanPe TRRe e EROSEiSF GO ed and 15 wil
! take account of a nunber of factors: the throughput and chem stry of both
' t he char and gas reactants; the know edge that the addition of steam as an

oxidant is ef F8&t FhECHShRHs ANhFheaprdryeatt Hom 9ar andvdh®T 20 the pyrol ysed
sol i d Chyle2RAN8Q0knPELANS Lhd B1ldthaddRiPNasE ptd e LALLM iGRALRRL the
thermal stability of the Pplasnmda
under steady state conditions. This should be achievable by.
10 the close coﬁtrol 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

|
|
|
|
i - gas reactants;
e  the knowledge that the addition of steam as an
‘ oxidant is effective in ensuring'rapid reaction rates with
’ 20 the pyrolysed solid chariand soot products in the gas phase..
( It can help control the thermal stability of the plasma
unit, avoiding‘the possibility of thermal “runawéy"{f f_
i_ ' e 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 feasons
of economy, efficacy of gasification of the char,
| destruction efficiency of the organics, guality and.
l calorific value of the gas product and bverall |
‘ 30 controllability-of_the process;
. air'may be used either in COmbination.or as an

E - alternative to oxygen. Although air is inexpensive to use,



unit, avoiding the possibility of thernmal "runaway the addition of oxygen
generates heat as a result of the exothermc (partial), conbustion
reactions that occur; 25 it is likely that steamw |l be used in
conbi nation with oxygen or oxygen enriched air for reasons of econony,
ef fi cacy ofwﬁﬁ%q"‘iﬂ?‘l‘?égi on of the char, destruction effi FCFGBROWII00ME
organics, quality and calorific value of the gas product and overall 30
controllability of the process; ai&5may be used either in conbination or as
an alternative to oxygen. Although air is inexpensive to use, WO '
2007/ 000607 PCT/ GB2006/ 002409 25 it is thermally less efficient than
‘o?]}/gen, peodlEceBeamaLR dléw/@rffd.aﬁentf 'tnaga:s:cmegﬁpqtrcgdimg @ gﬂ&ehﬂi luti onI |
effect of ~nitrogen nd may generate NOx as a by-product, and _the overa
process eCBRBENFE ?rggj%cﬂ?QMHHOdHQt éSEQnE?tFQ% 4%;¢£i9£ otfeclr F. 1t the
chem cal ngewBgsht i 2 ansl aREONBROHE 8f bierodiRaCt aplies are generally _
constant, then the ratio of oxidant to the reactant streans (containing the
waste) will aPso 1bh@revanadd] prigeerai acaneeicar Whishsmddd P& ue. An -
i ncrease . lA.:Lhe, t .. reactants will preferably lead to a
prop&?tigﬁggéE?ﬁ%réggﬁb%%?:ﬁ%?gg%?zént addition rate, which may be
controlled by automati c oxi dant addition nmeans. The electrical power
supplied to thegp 1d | ~al so-pr ably.1 | Ust t h the
change in the ﬁge I’il(rga eé/}% 4at é:%m\lﬁassgté%g %ﬁ%%%%%n%lqluoﬁfg[h%%&d%ﬁn%%t ake
account ekatbhentkherevgetemaldly yoakthhe, syhérntisndedthie tdfeoxdldahasses from
the unit., 20 The gas exiting the plgsna,unit may be nanHoiqed at a

_ con the wa wi also

to the Eedifant 'strehms (containing gte)

- 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
méy be controlled by_automatic'oxidant addition means. The
electrical power supplied to the plasma will also preferably

15 be gdjusted to wmatch the change in the feed rate of_the
o ~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 100050
and 1500°C most preferably between 1000 °C and.1300°C;
Excessive off—gas'temperatures (ie »1300 °C) lare not

desirable as this increases the plasma power heating

25 requirement, reducing the net export of electricity from the

plant.

Preferably, the gas produced Erom the gas plasma
treatment is used in a turbine or gas engine to generateo
30 'eledtricity.; The turbine may be a conventional boiler steam
turbine or gas turbine. The syngas resulting from the

plasma Ereatment process is preferably cooled or allowed to



tenperature greater than 1000C, preferably between 1000C and 1500C nost
preferably between 1000 C and 1300C. Excessive off-gas tenperatures (ie
>1300 C) are not -desirable as this increases the plasm power heating 25
requi rement, reducing the net export of electricity fromthe plant.

Pref er abl y, woreeorgaesopr oduced fromthe gas plasnma treat Gﬁzﬁodrh%? 9i n a
turbine or gas engine to generate 30 electricity. The turbine nmay be a
conventional boiler steam turbin@zﬂ#_gas turbi ne. The syngas resulting from
the plasma treatnent process is preferably cooled or allowed to WO '
2007/ 000607 PCT/ GB2006/ 002409 - 26 cool to a tenperature to bel ow 200C

prior to_u in a,_turbine. This | o artially conbusted conponents
of the ij%@f teoga %&P&dﬁ?%ﬁoEPd@i%V@e&ﬁ $te °c§ﬁﬁl stefy and
effici enthybidsldi thonAldowsl thBepSHHISLY bRt 8 pbapARehtgadMENt S -
cool ed using a heat ekchange system which transfers the heat_to another

(heat trERRfEY fag- SREEOEr BRRGXIGRY HeutP] cordrstegasorletety t o heat a

pref er ablﬁacorrprl ses a stainless or ‘carbon steél "wel ded shell lined with
hi gh Tyr apkasres rraadment] iisegobl pdkesing of dregdl wxchhagpl a¥atemnit conpri ses

- steam 1yh®ider{ Ao L 0@@1}:1&@&9&&1&?,“%@@%‘ -syala%a’élh@relna%@ uni t

ef fecti aln n"i norgani.c phase ment s
pr ef er abpyefbetaliky fidrembeegtr otreobfoe dJanzen ursed td hpet anstéamhot face

ref ract of)gs Lo ALOTOLA 90001 BLLAC QLY AR mance. 20

eOLe WLk 1 S0P SARPSEat! Sl 6l Lol Ly be erployed Lo

.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 voiatile

25 salts 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 configufations 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



Preferably, the gasifier conprises an exhaust gas port in fluid connection
with the plasma unit. Preferably, the exhaust gas port in the gasifier wll
be closely coupled to the plasnma unit toprevent condensation of tar or
volatile 25 salts in the channel connecting the.two units. Preferably, the
pl asma uni tWeemprioses either a single or twin graphiteP@Jr/g;%‘J;O(é')}g&;[4 stemto
generate the plasma . 30 arc. Three possible configurations an e net hod
by which they are interconnected tq _the plasna power supply are shown in
Figure 1. Each of diagrans (a) to ?3)'shoms a schematic WO 2007/ 000607

PCT/ GB2006/ 002409 27 _ drawi ng of a furnace having two el ectrodes. The
"nmolten _bath' refers to the nolten slagﬁgresent at the bottom of the

f ur nace AEWiRggPigR ab¥RCe é@‘é}p&ttl"‘@dg trodat ed e RIGSTof of the
furnace (g 1aRgkERes €5 CEhE ALY h |0GR! Bledbnt Ne: Dase W rdd@ 1 whaace. Both

el ectrodes are connected to a power - “source to enabl e generation of plasma
wi t hi n tf¥enBgerace. 10 I n diagram (b), the same configuration as in di agram

(a) is shown, with an additional start electrode (shown to the left of the

furnace) to enabl e ease of start-up of the plasma generation system as
woul 8 be appleciaeedaby(ahe amsléldatdoder $anlodsted i adreamocd) oft wo

connect el.ectrodes are located in_ the.roof of the pl.as uni_t.. C
Pr ef erab%ﬁ fgl%ga ) ea%?rcél-(‘ﬁﬁ oegle é:)ro\%lel Ilsbgo?%té%ée%lt Ptfpe %st%é’tfr oof of the
pl asma whd furhheepl aBoeh Weldéctmmyda afrer abhyectodpte s€ p@der cool ed

el ectrode seals at the inlets and.outl ets of e, unit.
é%urce %o enabfe_generation d% piasmavwgt in the furnace.

10. A-In diagram (b}, tﬁe 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 éystem, as would be appreciated by the

_skiiled person. '

15
In diagram (¢), two connected electrodes are located in

the roof of the plasma unit.

_ Preferably, one or more electrode(s) 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

cutlets 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.




| —

Preferably, the graphite el ectrode(s) will be drrl{éd,”'zé and a"plasna
stabilizing gas (eg nitrogen or argon) wll be injected down the centre of

" the electrode(s). Optionally, the electrodes are coated with a refractory

material (eg alum na coating) in order to reduce the wear of 30 the

- el ectrode. WO 20@HHMO0607 PCT/ GB2006/ 002409 28 - Opti Onaﬂdﬂ?%ﬁwd?’h?ﬁgr& asrfa

wat er-cool ed plasma torches nay .be used to generate the plasna.

unit may conprise one or nore feed ports for 5 the introduction of the char
residue fromthe gasification -process. Preferably, the char residue is

I ntroduced into the plasma unit via one or nore feed ports in the roof of

the unit. The.feed rts will preferably be | ocated renote fromthe slag
removal spout “P1tP be??nﬁruﬁPFenﬂ§gﬁ%ﬁﬁﬁ?¥ﬁéiﬁ¥?%ma ﬁBFEhéﬁsm%%Iry f eed
- ports fobet iged Nts aghittdriaee @het PRashiigas into the plasma wunit; the feed
ports may be located in a sidewall or the roof of the plasma unit. The

tar-|aden gas (the offgas) 15 fromthe gasifier will preferably enter the .

plasma unit will 'be designed t0 prevent or minimse shorl circuiting of the
di rt y5 gathef brtexdugiion ofr &her abhy, reatdyiinowfthexigesidicahdoref or med gas
20 (the W A6 4l L.C 864 r e, practical to
t he poin?¥§€é%%fryé%ﬁ t %§1gg§g§ba§h%%r99$ﬁe oﬁ%gggéwfl g%be%%?%bly be forced
downwar dshenplasmea pirasnetianione( ey sothefedsy gduhs dir €tk epofievEces or el se

by IocatLﬂg &th?x$ﬁgmgeé%9%%r%g %i “Sée é%ggIJIﬁg1fgg%tggsrémotely '
from the slag removal spout. | '

10 “ |

The ﬁlasma unit may comprise one or more gas entry feed
ports for the introduction ofvthe offgas into the plasma
unit; the feed pdrts méy be located in a sidewall or the

: roof of the plasma unit. The tar-laden gas (the offgaé)

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

. preferably, the point of exit for the reformed gas

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

. the offgas will prefe:ably be forced downwards in
the plasma'unit (eg either by flow direction deviceé or élse
by 1océting the ekhaust 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.

plasma unit Shiherfaddy QR RaPObbmbPibbeord %dr&@e@aogoregef&fabl y, the




25 entry point thereby reducing t he buoyancy effect of the gases.) The

plasma unit will be designed to ensure adequate residence tine for both the
char and gas reformation 30 reactions to occur. WO 2007/ 000607

PCT/ GB2006/ 002409 29 The oxidant nay be injected into the plasma unit to
enabl e 't he Wa207/0096R7 on of the carbon conponent of the BEHGB2MHEOM or mati on
of the dirty, tar-laden gas stream (the offgas) fromthe gasifier unit. 5
The oxi dant injection point will preferably be renote fromthe el ectrodes
to prevent high graphite wear rates. "The plasma unit nmay conprise separate
and multiple 10 points of injection for the oxidant, ideally at |east one
for injection PednixfPnd *&aw%&gaﬁgéeeeatm@assh@@ﬁasw agktopopoint for the
char residue. Alternatively, the char and offgas may be introduced through
a single ﬁaain%eotfheugﬁ@cﬁmmw%oﬁnthm EHYR qRIENeNeREy cbetheoth@d®d in the

pl asma un %ﬁgk edi Qﬁgﬁ e n nmeans is

pr ef.er abl %ﬁsu%ﬁfo at ivé}%an | r%%gctagﬁﬁg r@éc% "Té\r}v}ddst Q%)ﬁe g‘ng{:h(\% Il result.
Thi s woul dffgasbvEreme:loogeadtfing etween the 20 oxi dant and reactlng "fuel™
phases (|.e. the offgas and the char). The char.may contain an inorganic

fracti i.e. solid conponents containing el enents other than carbon. The
25 i nor ganl c metdnemaﬁt t:hg e@:lﬁabnvxpd:intf ol R psnﬁﬁeerabagnbbe:cemaxe de "sl ag"
phase that grefer be contln%gusl :

the e e trodes to prevent igh’graphite wear rates.

The plasma unit may comprise separate and multlple
10 p01nts 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,e | |
' 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 oxidaﬁt
- will result, This would improve the contacting between the
20 oxidant and reacting “fuel” phases (i.e. the offgas and the

char) .

~The char way 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 contlnucusly
removed from the plasma unit. The unit may therefore
comprlse 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.



renoved fromthe plasma unit. The unit may therefore conprise a neans for
removi ng the sl ag phase; which may be in the formof a slag overflow spout -
angled upward (toward 30 the exterior of the unit), so the nolten slag
exiting the plasma unit will create an airlock to prevent either air.

i Nngress or wWAgo#giesss fromthe unit. WO 2007/ 000607 PCTPGBRBRB®6OGA09 30
During use, the plasma unit- will preferably be tightly. sealed. The unit:
will preferably be maintained under 3positive pressure. 5 Preferably, 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 plasma unit, 10 (eg as a

of pressurc. THEER ey e dlaate) pbt B Erd by bbbty e

emi ssi ons sBanglii NOThé Yisd AMwihd TRREBEEBENCHe QhaiaidiafdS @9tedr Ot her .
conductive deposits in the unit nmay encourage the generation of side- arcs

(al so ref 8PE&HIYTD® BEPHWERi tic ares) .which emanate from the el ectrode(s)
and trgnsfer 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 sheefersbhuntrergast tdghturkalped blange pridde beoupedvbat

unit will ructed 1Tn sections ecfrica §ol at ed

25 from e&tk blhmged bolts will be spring-loaded to ensure that in

side-are dewel ORIEROL O ARPULLING L BLENBEAP ot 15, T O0lcBL Ll Pl as

the unlikely event of high overpressure in the plasma unit,
10 -(eglas a result of an explosion) the roof will be raised to

allow rapid dissipation of pressure, The escaping gases |

will be safely handled via ; fugitive emissions handling

system.

15 =~ The presence of carbon soot or other conductive
deposits in the unit may enéourage the geﬂeration of side-

- arcs (also referred to as parasitic arcs) which emanaﬁe 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-ﬁa& be in place to'prevent"3
side-arc development f£rom occurring: ' _A

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

25 from each other. . 7

| .. Close attention will be paid to the design of the .
electrode seal to avoid the poésibility 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.



— et S YT

Close attention will be paid to the design of the electrode seal to avoid
the possibility of.electrical tracking to the roof. Al holding bolts,
securing the seal wll preferably be electrically isolated and, preferably,
[11 30 dust protected to avoid build-up of dust on electrically conductive
surfaces. W202000000607 PCT/ GB2006/ 002409 - 31 Gas i |

preferably be enployed around the outside of the electﬁggg?g?m%%kg?event
the build-up of deposits on surfaces that are in close proximty to the

el ectrode. 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 be

easy to clean_ and/[or repl.ace if.requLred. 0 The . off-gas co ition wll
preferably be® cpn%%&ﬁ%ﬁ'ngnﬁ’ﬁho?galf%i%ﬂé’ #&Q&W&WE&E‘ORFPBPHP‘%%% may be
enpl oyedoli0sidd] ¢S tt Heh@ 1pRwebdaNE) OKb dgrdvdreed HaatR i@ -ubeopl asma unit. The
reforned _gas (syngas), which results fromthe 15 plasma treatnent, wl|

pr ef er abfAGPEBLES AheirfeeRe SRS 2FBNIN CERTY RFIESItYA O EBfat es and heavy

metal s fpeELERE3e0as streamto produce a fuel that can be use in the _

generation of electricity and heat for steamraising. 20 optionally, the

appar@at us may*®f ur tHe vedhpdiesprafeppbly yadanFathiin aTwayptbaeswikhy furt her

conpri se_eQl i t .produc i [ reat ment unit (comonly
m&‘%&f&é %}% | *ﬂ:‘%?%%tﬁf%h, Sghsgo i rﬁx@gﬁ?ﬁ%&hc‘%@.

called a syng pica e plasma tr unit will generate a

'solid and/ or molt e¥ilimeeartisalwilis baodésidmed oy eelsyr to clean

and/or replade if required.

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

‘adjust the power and oxidant feea rate to the plasma unit.

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

genération of electricity and heat for steam raising.

20 Optionally, the appératus may further comprise a

pyrolysing unit.

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

25  syngas) .,

Typically, the plasma treatment unit will generate a
Vsolid and/or mciten matérial, és would be know to the
skilled person. The process may further comprise collecting
30 the solid and/or molten material produced in the plasma

Lreatment unit;




skilled person.

kThe pr ocess may furt hér }corr.p.-ri 's"e Tcol l ecting 30 the solid

-—and/or nolten material produced in the plasma treatnent unit. WO

2007/ 000607 PCT/ GB20061002409 - 32 The apparatus may further conprise a-
unit for the aerobic mcrobial digestion of waste which may be as

descri bed heeeinnodBo7As nenti oned above, the process pr eberYashbdsbder
conpri ses subjecting the waste to m crobial digestion, nore preferably
aerobic m crobial digestion, priqrgé)jhe gasification step. This has the
added advant ages of producing a nore honogenous feedstock with a higher 10

calorific content and l'ess noisture content than unprocessed waste, which

allows for a ch nore efficiepnt conbined_ .gasificafion d plasma process.

The gasifi cat]'Bh PEEEELES W@Yngréﬁﬁﬁa%ﬁWH§£%?n? %P%% g°¥2€%%tock of

rel ativedgroin siisdrent ataloge st Loy abfievaddek atiish, mby basadveen found 15

t hat an g%ésici, nt B’l asma treatnment should ideally have a relatively

honogen ?¥£§F4) SFffas. By treating the waste initially with a mcrobial
treatment to honobgeni se the waste , introduced to the gasifier, the resultant
offgas fromthe gasifier is also nore consistent in calorific value and 20
hencé t he prdeedeerddoneghabeves Hhir orddgss aveleppblier Bbriyher he aerobic

m cr obi ' 'ﬁ*?g'(y%ﬂ- i ' : e j jgestd unit. 25
Pr eferag+01{,{gt e évvast g%ic‘s\:ﬂ1 tg{geed@%lt% kr:ce&rng)]’?g?j%x ggr gg?%gtg‘:”g'e?{‘dl% unit at a
rate of prefemaisly eegobtironievebialidigestion, opeipevbbuthien every ten

m nut es. _.The C of . t.he .wast er obljfc 30 digestion my

be from‘*;'ﬁfsjt%L !Sjg%%%tﬁé?;ﬁﬁﬁi%r%?%r 1‘befya ri? Qrg%gages ©
~ producing a more homogenous feedstock with a higher’

10 caldrific content and less moistute content than'unprocessed
waste, which allows for a much more efficient combined
gagification and plasma process. The gasification process
is far more efficient with a feedstock of relatively
congistent calorific value. Likewise, it has been found

15 that- an efficient plasma treatment should ideally héve a
relatively homogenous feed of offgas. By treating the waste
initially with a microbial tfeatment 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.

Preferably, the aerobic microbial digestion is carried

out in.a rotary aerobic digestion unit.

25 Preferably, the waste is rotated in the rotary aerchic
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. '



50% by wei ght. WO 2007/ 000607 PCT/ GB2006/ 002409 33 Preferably, the waste
~has an average noisture level of 45 %or |ess, preferably 30% or |ess,
after the aerobic digestion treatnent. 5 The m crobial digestion step
preferably conprises the steps of: mxing a (first) supply of waste having
a first avavegm7omeisture | evel before treatnment with a_su ot her
waste, having a | ower average noisture | evel before 10 F?ggﬁh%ﬁﬁ&mﬁherein
the relative quantities by wei ght 9 the first waste and the other waste
-are controlled, feeding the m xéd ste into a mcrobial treatnent vessel,
treating the waste by mcrobial activity in the treatnment vessel, the
- m xed waste being agitated during_ treatnent, the oxygen 15 content in the

gas in cont afFehF¥ADiYie FhotPakgs@sheRngverdde reptdrfurleNglt RE treat ment
Process 430 5t B3l 1bks 085 AMLab1RllosbekoVeadt byryal Wik ddiepglxed waste having
an average  noisture Tevel aft'er treatnent not exceeding 45% by wei ght,

nmor e pr dleegbignnbreaimentli ng 35% of wei ght and nost 20 preferably not
exceedi ng 25% ' Subsequent drying of the product to an average' npisture
content of bel ow 20% by wei ght can be carried out relatively easily.

Pref 8rably, The fhiestbiabpligestivasteepoppeisesblyragmprdseastae preferably
solid organic ste. The other 25 waste may conprise solid waste. The part
of the 8FaPbd of the present invention for carrying out the nicrobial

di gestion prefigiall ¥ ¢OMRE)SeRippled SEPRhYLEOhavitd IH1f Wag! avlayyag a first

average 30 noisture |evel before treatnent and a supply for other waste
moisture level before treatiment with a supply of other .

waste, having a lower average moisture level before

10 treétment, whereiﬁ the relative quantities by weight of the
first waste and the other waste are controlled, feeding the .
mixed waste into a microbial treatment véssel, 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 5eing‘
controlled during the treatment‘process so that it does not.
fall below 5% by volume, the miked waste havinglan 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 carfied out relatively
easily. Preferably, the first supply of waste comprises
organid waste, preferably solid organic waste. The other

25 waste may comprise solid waste.

The part of the apparatus of the present invention for
carrying out the microbial digestion preferably compriées:
' 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,




having a | ower average noisture |level before treatnment, neans for m xing
the first waste and the other waste, WD 200 7/0 0 060 7 PCl/ GlL12006/ 002409

- 34 control nmeans for controlling the relative quantities by weight of
the first waste and other waste m xed together; means for feeding the first
wast e and We200T400607TWaste to a treatnent vessel, 5 neapSrGeiong@iigeti ng the
solid organic waste in the treatment vessel, drying neans follow ng the
treatment vessel and neans for conggolllng the air fl ow t hrough the

treat nent vessel, and/or the input first waste and other 10 solid waste
to the treatnment vessel,, so that the average noi sture | evel of waste after
treat nent . does n xceed 45% ferabl xceedlng 35%
by wei ght and oﬁgr?fp?%?lﬁa cflil ?ﬁ%‘t“"—’é’;cé%%. nge 5D Yﬁelqé’é“ ®so that the
oxygfen-l f:mgt ;weught gﬂsnhciél £DNE A Gla stdet enﬁhetheﬁeﬁamtmxlea ttla@;e]:fnewess(e:c does
not fall bel ow 5% vol u Variations in the ysi ca osition or
exanpl e cal offfPE g%ﬁt%%ngl%d:%lfﬁfﬁ}iew?ﬁlﬁl arg$ e qtlhreé"tna\ﬁﬁ ,
(typi-cal lpg goa@ggtﬁeﬂasﬁgssgyt al so possibly agricultural 20 maste) can be
snoot hed out', so that arno&mtfowmdfrmn treated waste fromdifferent .
areasSor diffemeanstfos s@italdag the Belidl arvaniy Washfydifeblis. The waste,

ei t her tQﬁ.%khégFaGeégélthe ot her waste, 25 treated using the m crobi al
step is preftera orgahic waste", preferably solid organic waste, for

‘exanpl e dorrestinryinwameenm Froflisviing thastee@tmagt icessalr #indvaste. "Organic

TS e Bahkol ol Ele SpRLRRE HLSD B AGEUR MRCerial capabl e
treatment vessel, and/or the input of first waste and other_
10 eolid 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 exceedlng 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‘egriculturel

20 Waste).can be 'smoothed eut' so that a product formed from
treated waste from different areas or different time perlods

can be relatlvely homogeneous

- The waste, either the'first and/or the ether waste,

25 - treated using the micreocbial 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 waste m xed with the first waste preferably also contains organic
material. WO 2007/000607 PCT/ GB2006/ 002409 - 35 By, "mixing" it is. meant
that at | east two separate sources of waste are collected and fed into the
m crobial treatnent vessel in controlled relative quantities by weight.
The wast e wo oomrpdeot wo di fferent sources nay be 5 m xe®CTAEBaNw00A400y devi ce

-~ or in a shredder or they maybe m xed during agitation in the treatnent
vessel . The microbial digestion stepswil| preferably produce heat. This
breakdown is accel erated by changes in the - 10 physical nature of the waste.
“Typically, the mcrobial activity is bacterial activity. Prefera=bly, the

mi crobial achiyi byik Sngerabiig mQ&ﬂt”tﬁé@béél' 166 QeSO B RaReRSS 1S o
preferably carfied 15 out using bacteria in the t her mop |I|cﬁghase whi ch

nor mal | y 808&E€6FsOf nwaske taxpaiilecsedange et ln%GhWr@é rably around

63C - 70 d 1[‘%@951] t he production
of heat. € e!a:emégoun%ggﬁatlry%éﬁt;r?gggfioﬁgﬁé%ﬂg erno élhv% E% phase, is nuch
qui cker tweaghthe ’Zﬁecmsrmlgmqmset@enegopmffermlammashrrtatycibles in the range

30C - 38C1 é corrldl }?{ eeI erated.deco OS&&I on_of _.the wa te t akes pl ace.
Howevar , THothd t%n‘gje ja‘?%r Vi OTaiBve F8Eeddes o ey, §“aé’ danger that the

bacteri anwxleki berdest agyedt ickthe nrcheobirahteretvedsdin t he t her nophi-lic 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

;:grmost; The @her@beAbbiAPaFigedtibh! btapMREL1 RHEBSHNIY igddatidkl I ci ent heat
heat. This breakdown i1is accelerated by changes in the
10 phy.?;ical nature of the waste. Typically, the microbial
'activity'is bacterial activity. Preferably, the microbiai

activity is aerobic.

The microbial dlgestlon process is preferably carried
15 out_using bacteria in the thermophilic phase, Wthh 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 prodﬁction of heat. It is found that the
reaction in the thermophilic phase‘is much quicker thanrthe.
20 commonly used mesophilig;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 geﬁeratioﬁ of heat which breaks down
the waste to produce a material which is sultable for

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

maintain itself without 'provision of supplementary heat.




maintain itself w thout provision of supplenentary heat. WO 2007/000607

PCT/ GB2006/ 002409 - 36 However, in practice, chenical nixing of the waste
can lead to an increase. in tenperature which assists the commencenent of
the mcrobial activity. 5 other material nay be added to the m crobi al

treat ment WQaYIEP00% or exanpl e quicklinme, to control pRCTSEMEROIHNY the
oxygen level in the gas which is in contact with the waste being treated in
the microbial 10 digestion step do8§ not fall bel ow 5% by vol une. The
treatment vessel for carrying but the mcrobial digestion is not normally
filled conpletely, so there is a gas space above the waste being treated.
The oxygéipweyerentinl Srantihes gramiswdcaikgnguprfabhy westseiremh diedgidor ef er abl y

controll ed, _The il ed.person wll  be r A [ I t echni ques for
reasur | nd bl CBREFBPE B GG o SR RgSkery 1S FamflTS, be
measur ed,ofashdesderbbdabebhovivi®dp. Pref erably, the oxygen content (and,
-optionally noisture level) of gas renoved fromthe treatnment vessel (as
wi Il be described further below) is measured. This is a particularly
converi ent ar ke RBteral THey 48 ddiddn@onteeoliabobi £Rt R meagsel Wl |
typically conprise atnmospheric, nitrogen, oxygen, carbon dioxide and water
vapour ;. TifsSedas IRy cXampPar nIwbeFidmeanéo caﬁgﬁﬁiap%r hydr ogen sul phi de, as
the mcrobial activity is carried out in the thernophilic phase: 30 In
order to maintain the oxygen | evel above 5% by  volune, air or oxygen can be
supplied to tFreferabignthe\o269H 063807 1RCTheBzea6wiobeobs in '

centact with the waste being treated in the microbial

10 digestion step doeés not fall below 5% by volume.
_ . ,
The treatment vessel for carrying buﬁ the microbial
digestioh is not normally filled completely,_so there is a
- gas space above the wasﬁe being treated. The oxygen content

15 inﬁphis gas gpace is suitably measured and preferably
coﬁtrolled. 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 ¢omprise atmospheric nitrogen, oxygen, carbon
dioxide and water vapour. This gas may contain no méthane,
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




as | ong &%

37 vessel Alr or oxygen can be supplled contlnuously throughout at [ east
part - of the process or in discrete inputs of air/oxygen. 5 In order to

repl ace the oxygen which-pronotes aerobic digestion and to control noisture
l evel in the exit gas, (the gas exiting the nicrobial treatment vessel) a
rel ativel y wo gia7/euosd7l ow rate is required. 10 The air pc,ggﬁ#ﬁmzf‘@d by sone

- formof forced draught. For exanple, a fan nay be provi de an my

blow air into the microbial treatmgnt vessel. However, it is preferred
that there is a fan to draw gas out of the mcrobial treatnent vessel
Where extraction neans are 15 provided for wi thdrawing gas fromthe

m cr obi reat t v a ' upplied through at
| east ?nests gct‘@gu 7 &gfiéen séuatpn {Bl%ggﬁﬁgﬁﬁgé %%%%?%é]tfeat ment vessel -
interm tulmwgylpubuatlleast praferefbithes ppptess osuhstdiddmdtdey conti nuously.
The m cr,obi treatn?nt vessel 20 may not be substantially seal ed, so that
u%ﬁs TR - air will naturally flowin through openings to
repl ace the gas renoved. As fresh air i's supplied to the mcrobial treatnent

25 vessel and as gas is renpved fromthis vessel, water vapour, wll be
remoYed fromPherdEkte TIRLRIRITRE CEYIBR! VRICRITOMSAHARIRECT . |eadi ng to

a producti faaying aﬁdayer@&&rdmln&%erbe!ebew mlﬁhé hexdeydL£d range. 30 Air
supplied to the m crobi al treatnent vessel may be preV|oust dried by any

sui t abl eltgparat e¥itieg nehe Mirattial grgrbgeet feeeseliD 2007/ 000607
PCT/ GB2QQ8/, QQ%%Q? hlg§ alrflow rate is required.

10 " The air can be supplied by some form of forced draught .
' Fdr example, e fan may be provided. The,fan 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 thrdugh atrleaet
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”eealed, so that as long as gas is
removed, air will naturally flon 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 wvapour
will be removed from the waste. This helps to control the
_drying effect, leading to a product having an aﬁerage

moisture level within the desired range.

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

drying effect.



e i et e ,
According to a preferred aspect of the invention, the noisture level I'n the
gas in contact with the waste in the mcrobial treatnent vessel is

mai ntai ned at a |level below 5 its dew point. This ensures that water

i s-substantially continuously renoved fromthe waste being treated into the
gas space hyoecapme@ti on. Means may be provided in the gbﬁ%%QbQ 5eatnent
vessel 10 for nonitoring the noisture level in the gas space. %@ sui tabl e
means may be enpl oyed for neasuringgthe noisture |evel. The noisture |evel
in the mcrobial treatnent vessel 15 maybe naintai ned bel ow the dew point by
supplying air which has a noisture | evel below the dew point of the waste
being treated at the tenperature of treatnent. As the tenperature of the
m crobial digestion will be typically higher than anbient tenperature,

- nor mal freshAabDrdﬁyngOusg&ﬁfﬁ&n&ﬂtespactvefythehinxbnﬂﬁoﬁ. W@eing a

noi st ur bel ow t he _.noi st ur, v f nt aif used "The
o pFt e IR R e iR ERe SR s TR ¥ T i e
range C&ﬂc&bb&ametuésfhéﬁtrﬂﬁsﬁém ﬂsthalﬁBaSﬁ@deatlaﬂmﬁvem mhnbwthe required
range 25 The f|OM/Ofdﬁ$r and gas t h the, m crobial treatnment vessel

al s0°r eribFeSeHeRPLRF o Sof- ﬁe ahpar b BePsantd aldynd that an

adequat %oﬂeahuaalsw%em&)efﬁﬁhIt@l\éeebastahgémé thelePeRRiAhan by the
m cr obi al act|V|t% within 30 the concentrated nass of waste can be balanced
H

Wi th he&@sr ERBEEI PByeYHRORAEIAM owi ng t hrough the vessel so that the
tenperature is maintained at a desirable level. WO 2007/000607
PCT/ GB2006/ 002409 - 39

Means may be provided in the mlcrob1a1 treatment vessel

10 for monltorlng the moisture level in the gas space. Any
| sultable means may be employed for measuplng the moisture

level.

The moisture level 'in the microbial treatment vessel
15 may be maintained below the dew point by supplying'ai; which
" has a moisture level below the dew point of the wasté being
treated at the temperature of treatmeént. As the temperature
~of the microbial digéstion will be typically higher than |
ambient temperature, normal fresh air may be used.
20 Alternatlvely, drled air, haV1ng a moigture 1eve1 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 thrbugh the microbial treatment
vessel also removes heat from thig part of the apparaﬁus.
It is found that an adegquate heat balance can be achieved.
That is, heat generation by the microbial activity within
50 the qoncentréted mass of waste can be'balanced with heat
removal by the gas flowing through the vessel so that the

temperature is maintained at a desirable level.



Preferably, the waste should be agitated during the mcrobial digestion.
This provides further breakdown of the waste and m xing to ensure that

m crobes are spread 5 throughout the material. It al so exposes- different -
parts of the waste to the gas to ensure access of oxygen to the waste and
drying of wWweemaberby the gas. Agitation may take. p'&ﬁ?ﬂ@ﬁmﬁﬂ&uﬁﬁitab|e
means, but it is particularly preferred that the digestion takes place in a
rotary aerobic 10 digestion unit,-i3g.-a unit containing a rotating aerobic
drum The drum may be rotated at any suitable rate, and suitably conpletes
one revolution in a time range of 1 15 mnute to 10 mnutes, preferably 2-5
m nutes, nost preferably about 3 m nutes. However,.a higher rate of
rotation may be used during | oading and unl oading of waste into/out of the
m crobi al di gBsefenaldyt  then wasger shouddshbetagitaimd cheriag 6he. Typical |y,

t he- speeg . [ : ed. to . QN t} ] urjsng | oadi ng
and unIogéggg??§%585§§$éﬁngeségﬁge§r§ﬁ¥§%%rfééﬁégg %ﬂ%% r&%ifg- sui tably
si mul t antbaskgsteased mitingvast enstirenthetdmbecbbanm|aaadepreatin m crobial |y
treated ste at jts other end. 25 Loading and unloading,typically take
placegat%ngBQE?vé F?ﬁeﬂ%ﬁﬁé@ nd i&na?ﬁ?egﬁﬂp?ﬁ7hé¥§¥£rﬁ$§ %Pﬁ%?p?éferably
conpri segha wabséatdichd Wwfanal kokurei dedess rofll atygacticonhey wasder . . The
axis of th | iinder _ 30 nmay be_inclined to the horizontal, for exanple at -
an angleaPa gﬁgl?ﬁnﬁg %&F-Wgﬁ?%ﬂBXttb?egé?abl§9¥$at¥ﬁntW?YbF6§Fﬂe

gravi tat pomak b OshyhseUAlL T @edhwn HMO 20074 0906807 AGK1GB2006/ 002409 - 40

Any suitable size of drum may be provi ded, dependi ng
' preferred that the digestion takes place in a rotary aercbic

10 ‘digéstion_unit, i.e. a unit éontaining a rotating aerobic
drum. ‘ | S
The drum may be rotated at any suitable rate, and

suitably com@letes 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 unleading.

' 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 unléading typiéally 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.



upon the rate of consunption of waste. It has been found that, for a
processi ng rate of about 250-500 tonnes per day, 5 a drum of dianeter in the
range 3.5 - 6m-preferably 4-6m nost preferably around 5.5m should be used.
The length should be in the range from6 to 10 tines the dianeter, nost
pr ef er abl ywalzeerioo®ot i mes t he di aneter, suitably up to ptﬁmml;&m]iﬂm drum may
be used of any suitable material, for exanple mld steel. A rotary drum has
t he advantage that it is mechanical4y - 15 sinple. There are relatively few
probl ens of bl ocking and very few noving parts, which reduces the risk of
breakdown. The agitation caused by the rotation |eads to attrition of the
waste, further contributingto its 20 breakdown. Preferably, the drumis
filled to a high level ~with waste, being preferably initially 75%to 90%
full by vol ubaY ﬁ?ﬁ%ﬁbkﬁuﬁ%zﬁooﬁn@F%%§@ﬂVéﬁ?rﬁ¥QW%49dhaBFBeH€aﬂg generation
and al soupgnefhd CLAN SSSReulbELOR GF FisA e HuESBRkn Sufier age
residence tinme of the waste |n t e mcrob treatnment vessel is suitably
in the r&hge, 18080 M@Sﬂmserapeetpér%m\yt @FHUrRd 2 £onpesgphsuday , nost
prefegably u i al sgeknpreferably
corrprif’seé aﬁu@egfsie %Lgeu%r%nmﬁgghp%ﬁ%é O%)e iss“'ir’rg3 ggg‘urlﬁgit%eat ment, WO
2007/000ﬁ6§tFﬁﬂéf§§HMEy(xibuma 5-.5d1shonl@Xasplseda dMhm dsndekceri bed above.
The maste sui&ab . “ qs
in the range from 6 to 10 times the diameter,
most preferably about 8§ times the diameter, suitably up to
40:m.

10

The drum may be used of any suitab%g material, for ' o i

example mild steel. : ' ’ ~ o

A rotary drum has the advantage that it is mechanically

15 simple. There are relatively few problems of bloéking 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 breakdown. 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, xapid heat

generation and also to efficient use of microbial treatment ' :

vessel.

Average residence time of the waste in the microbial
treaﬁment vessel is suitably in the range 18-60 hours, more
préferably around 24 to 48 hduré, most preferably around 36
hours. ' '

30

The microbial treatment vessel‘preferably comprises a

&essel through which the waste is moved during treatment,
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' ‘rmves froma Ioad| ng point to an unI oad| ng p0| nt within the. drum As noted
above, |oading and unl oadi ng suitably occur substantially sinultaneously,

with fresh (mcrobially 5 untreated) waste being | oaded at the | oading end
and nmixed solid treated waste being renoved at the unl oadi ng end. The

| oadi ng an®mzeowedosrdi ng operation can take 10-40 ni nut £6 /GBEJO%(E4@9b| y about
30 m nutes. 10 One unl oadi ng operation or |oading operatironis preferably
spaced fromthe foll ow ng unl-oadingior | oading operation respectlvely by a
period in the range 2-8 hours, preferably 3-5 hours, nobst preferably around
4 hours. In this way, a "sem batch" process can be carried out. 15 During

Processigdsy ekhmbe (U N dIR U BEHTEROLo | NorndTAER Ao RGO CaSE bY a8

much- as gas space over materral w accor I ncrease. 20
The wasteveat éroalaslmqu)@qilm:char gaduﬁlumdiﬂrga pcu:rrs:ammmrlvébsel at a

stage a h at.ed waste ..materi uff I ¢l I i gested and
suffici en}t,‘yf?y Q go (?a]??l‘fﬁ CZH 18&8?% ‘éﬂ%? J'n%erufl tb(#’ % % 48 hours.
By rest. rmm%bagtieslﬁ&ﬁmlﬂmd@l% hﬁthSfﬁésﬂxeeﬁlcﬁ;ﬁam.djytlonal Ioss of
carbon can be reduced. It has been found that crobi eagt IS

it onti sEtepRerEliRRTe (il ABRcs Bhme B Lo P brarkh BLag: o

Nevert hedo2s 8, theatb@rwdsal assion Yemeeelsht SERE-eIhdi ¢l . 30ThBe waste
consti-tuents may be used. For instance, in order to pronote the 'm crobi al

acti vi t yo28éRe ﬁaéé%t@@qﬁl%@pemgﬂenf ean t brlie el Gri4fe Stinyk eS8t ep are

prefera?kﬁfggggi Iéﬁﬁ& Q0607 PCTI GB2006/ 002409 42 For exanple
the waste is preterably treate |n a first : _

10 e One unloadlng operation or loading operétioﬁ is _
preferably spaced from the following unlpading or loading._
operation respectively by a period in tﬂe rénge 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 . The waste 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.

- It has been found that microbial treatment is effective
in reducing the size of some constiﬁuents of the waste. '
Nevertheless, further processes to assist gize-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.
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process before t he dlgestlon step (or the ga5|f|cat|on step, if the process

does not include a mcrobial treatnent step) to.renove particles of size in
excess of 100 nm preferably 5 60mm nore preferably 50mm This first
process may conprise ‘a first step in which very large objects are renoved,
for exanplwohgo7ienser or by sieving and a second step in %c‘fﬁ}o%}agu;erral ni ng
material is treated to reduce its particle size, for exanple reddlng
The person skilled in the art 10 vmdd be able to obtain SU|tabIe shreddlng
apparatus. . Shredders can either have one fixed rotor or two counter-
rotating rotors AIternatlver, (prlor to the m crobial or ga5|f|cat|on

step), t St e sub ect RELALLQD L O red 15 its. particle
[ §E%ng é% Ar &ad %1 erab it Fﬁged ﬁBV|ngl%%erS|zed

size, for ‘exanple
particl qsroa'm S’d@‘f@dél nge apgésuti@m st aficiy mhbaglaylben@tim adzte‘pqr t he

‘m crobial _ treatnent pr,ocess, as i xes ,t he. na i al,thorou
spreadi myf tHRE rﬁ%ﬁﬁg#%m PotF el ‘E?i‘b‘%r?otﬁlcffﬁé’l tgF?aT'm%WH SZ'??H)m tiates a
‘ther MOphid | ferdi®al aeR i¥eeY GBI kby . iShneddisner M0Y ke, Useerdarigduce the

spaci ng between the particles to pronpte the m crobi al” reaction. . The
secod pafTitve T anmreferah 1 Bes OWht r ot firstherogsssvBRE PRI ifur e cont ent
of at | SQITE e | o] e nt step. The
averageeésn%ll' st ure %’eég ww?éﬁﬁ‘lres{%ar tfé% %ﬁtg%rsr?ggl gélg%ﬁ%éabaf&fen the range
20- 75% emrwple divehably o80by os 59w ngosid pr efeeral| ptep lltldwm 3 WO

'2007/Ooqgg%xﬁgﬁéfﬁég%§/9924g treaé%% éﬂ'réHEcEtHES LS¥€£§1Q%§I£Q herein are %

by wei
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 countexr-
rotating rotors. ,

Alternatively, (prior to the microbial or gasification
- step), the waste may be subjected to an operatioﬁ to reduce

15 itsmparticle size, for example by shredding without

initially removing oversized particles. The shreddiﬁg
‘operation is particularly beneficiai 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
treeted in the microbial treatment step. The average
‘moisture 1evel'of thig part of the waste is suitably in the
range 20-75%, more preferaﬁly 30 to 60%, most preferably 30
to 50%.
30



They are average val ues, being averaged for quantities of at . | east - 100kg

of waste. 5 Moisture |levels of waste nay be neasured by neasuring the

noi sture |l evel of air or gas over the waste at a fixed tenperature and in
equilibriumwith it. If the waste after mxing is low in organic content or
10 noi st ur eWDUEINe6PT ocess wat er - maybe, preferably addeggdy &Bﬁ&%ﬁﬁ&' ed
quantities. This process water is preferably waste water from water
treatment; nost preferably dewatereg .sewage sl udge. This material has a

hi gh nitrogen content' = and acts as a catalyst for the m crobial reaction.
15 As nentioned above, a desirabl e rmi sture level of the waste treated in

“the microbi a'z?i[lr qﬁlrg%%;:esiggefgy ureéa%él%d al}«\é psl gd{gggﬂgtfi rst waste with

ot her waste ower ‘avera evel . fhat mxed 20
donestldﬂmm$t&r&)qmemabbyvhaaea,nbesmgwawénagdd|fnrequeaslbie536@6mw wei ght .
Conmrer ci Wgsffq# offices and factories is typically drier, having a
noi st ur € ?%@ Vﬁﬁ §:10% - 30% by wei ght. 25 The nnlsture | evel of
waste fed to the digester may be manipulated by altering the mxing ratios
of different tgig of, waste. Preferabhg at | east gaﬁt of the waste fed to
the S crobi AR GES dPVRIE AL nBREESIRAY KR MsAFUrRE PYNHB23BTH8%, by wei ght,
preferabﬁﬂeZﬁoiétﬁﬁﬁ%M@%emebghéltno@réEﬁ drer3@ Ry QaRte hbeafasked

t hermophilic reaction. However, part of the waste fed to the digester may
conpr i set eMPRYFHRRL [APAd i egBidbPElWn WHdt dt.The heat generated by the

~digestion of WD 2 0 0 7/00060 7 PCT/ GB2006/ 002409 44 the npoist waste is

sufficient to treat the whole of the
If the waste after mixing is low in organic content or

10 . m01sture level, process water maybe preferably added in
controlled quantlt;es This process water is preferably
waste water from water treatment, most preferably dewatered
sewage sludge. This material has a high nitrogen content-

- and acts as .a catalyst for the microbial reaction.

15
o Ag mentioned above, a desirable moisture level of the ‘.‘
waste treated in the microbial treatment step may be
6btained by blending a first waste with other waste of a

: lower average m01sture level. It is found that mixed

20 | domestlc waste typlcally ‘has a m01sture ‘level in excess of
30% by weight. Commercial waste from offices and factories
is typlcally drier, having a moisture 1evel in the range .10%
- 30% by welght

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 wasté 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 dfy'

commercial waste. The heat generated by the digestion of



i " RRORIIw R

maste fed to the t r eat ment vessel However, during the agitation process,
the comercial and donmestic waste are slowy nixed together reducing the
overal | noisture content 5 of the mixture, so that at the end of :
the-processing, the noisture |evel does not exceed 45% by wei ght and

pr ef er abl ywodneseont exceed 25% by weight. The first wastepibddhithoher

nmoi sture level may be 10 blended with other waste with | ower noisture |evel
in blending apparatus in a control/l,ed manner.. The relative quantities of
different types of waste are contrﬁ4led SO that t he desired average

noi sture | evel over the conbined masses of m xed wastes is obtained as

expl ai n above. 15 The,bl ending step also al |ows absorbent. material such
as pape(ret FYkske F”aﬁﬁgeﬂsnﬁ‘ﬂgﬁ% '°cﬁre§% gg?i‘ﬁﬁ‘l’g ?f Ptmon in .
‘comrer CivlstHeR) thothe bleadashd rttegwlel wawtabert hgurDhGteN@st e (such as

donmestic waste). The absorbent.- 20 material absorbs liquid rich in bacterla
provi di P atsiars Prarese or tha oMLt PadgReleshiantate @9 g t he

bacteri aytyRe. nﬁﬁe@a%%@’éﬁé'ﬂ hoatiyd 118y Wast %vgmg REPEESEE doontidlits pronotes

reacti on and "m xin ading to an improved digestion. Further, the wetting
of t3e paﬁoeuhehertlp@um taOb@hatzatbrtm@mrubm thﬁ processing, tike waste in the

Subst anti{GReDIBeAkEls dos Srael (B By GelbC fha BRL AL T2, have

a rel atidedy mymlexcesde28% shyiwedglon, t he partlcles have a Iargest
measur ement of 50 nm or below. WD 20 0 7/00 0 60 7 PCT/ GB20061002409 .45
The bl ending step helps to |nprove t he honpgeneity of the

. The first waste with higher moisture level may be
10 - Dblended with other waste with.lower moisture level in
blending apparatus in a controlled manner.. The reiati#e
quantities of different types of waste. are controlled so
that the desired average moisture level over the combined
masses of_mixéd wastes is obtaiﬁed as explained above.
15 . ~ »
| The blending étep élso allows absorbent material such
as paper and papef 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 fich in bacteria, providing a
substrate for the bacteria to grow on and allowing the
‘bacteria to be spread throughout the waste being procasééd}
Thié'promotes reaction and mixing, leading to an‘improved
digéstibn. '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
subgtantially homogeneous, such that its cénstituents are

30 particles have a relatively small.size distribution, the |

particles have a largest measurement of 50 mm or below.



product. However, although blending takes place, it is found 5 that the -
nmoi sture |l evel renains concentrated in |ocal areas of the waste, where it
is sufficiently high to allow the thernophilic reaction to comrence and
proceed very rapidly. The relative quantities of different types of waste

10 feed caWOR0TWMU7ol | ed usi ng automati c wei gh f eeder spcigBy@yoigexanpl e,
the noisture |l evel of the waste during the mcrobial treatnment may be as

follows: 15 Domestic waste w th a hkisgh organic content and noisture |evel _
above 50% can be mixed with comrercial waste having a noisture |evel of 20%
or belowin a suitable ratio to provides a blend having an average noisture

level | &) dndi9g 4BebOnebih o Wirtitve 28cPHbhBgent EPRLAI L KK gestion, a
part of the noistufe is” absorbed by the gas and air fl'ow ng over the

mat er i alPUSSUsF - processed. The ‘average noisture | evel may drop to around
30-40% by wei ght, preferably 25 to 30% by wei ght. 25 During enptying of the
m crobi al’ treatnment vessel, the waste which still has a high residual heat
| evel, may bélowdviesd bythotigh delemiinmgliakes déscei bed ddofeyundo that the

by W OB BPABbUEe T Be] b 0o RO hs Lk M Ly T e

m cr obi af diigesda=ar, SvRpraayt idaudf Fwntier hdgheto oalowriyhang fl oor as
descri bedq above,,.., so that the noisture |evel dro to bel ow 25% by wei ght.
5 A fur tﬂ@“ﬁ?ﬁ%&éﬁe@ﬁﬁ%ﬁnn‘h@ GRIMATGE GGk BHOFggah‘éeﬁﬂ rapl&y-

The relative quantities of different types of waste

10 feed can be controlled using automatic weigh feeders.

¢

t

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 sgitable ratio to
pro#ides 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.arouﬁd '
. 30-40% by Weight; preferably 25 to 30% by weight.
25 ' '

During emptying of the wicrobial treatment vessel, the
waste which étill has a high residual heat level, may be
dried by a forced draught as described above, so that the

- moisture levei.dfops to the range 30-40% by weight,
‘30 preferably 25 to 30% by weight. ‘
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of the waste in the mcrobial treatnment process. This pH of +the waste in
the mcrobial treatnent process is preferably of from6.0 to 8.5,
preferably 6.3 to 7.3, nost preferably around 6.8. 10 Nitrogen |evel has an
i mpact on mcrobial activity, and adjustnent of pH and nitrogen content can
be advant aggeus has been further found that the dengi e waste 15
fed to the mcr(gf)oieg‘slqntreat ment vessel is suitably not tgb(?ﬂ(?%i\/av&/@?@?erably,
the density is not |ess than 4509 p E _litre, preferably not |ess than 7509
per litre. Again, the blending steg' is particularly useful here. Donestic:
waste  can have a relatively high density. The average density can 20 be
controlled by adm xing a suitable quantity, of.comercial waste, which has a
conparat i vel y TPEWWBBRE] F’i‘?aﬁ"‘glli% r?‘l?FéQi"ﬁ%n 19t 558 "Wove, the
waste may g $ebEQEERErt Qrid® Iild GG ihYPeIost 4s CAéSBALAL el NE
gasification or mcrobial digestion st eE (! previous steps'). Preferably,
the previssu$hetepbei nelateraniewl srpsf tohbelev| 8% gy weldhli-cki ng 30
Initial treatnent to renbve objects which are not readily conbustible, such

| as stone, concrete, netal, old - tyres etc. Objects having a size in excess

of 106mm or mdr SuNEhee0FAD@0s RETCEBREY6Re0RATPuLatedrls dleopbe renpved.
T e e eI
moving <hef aesteuth aheamforvieladr tardtpassegrbbessghs sy fiEdabdyd> station in
whi ch nea) %&%%LG?B ggng?g,péfg%égiﬁg; %ﬁg to 7.3; most preferably
around 6.8. |
10 '
Nitrogen level has an impact on microbial activity, andv

"adjustmént of pH and nitrogen content can be advantageous.

It has been further found that the denéity of the waste
15 fed to the microbial Ereatment vessel is suitablylnbt_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 admixingia suitable quantit? of commercial

waste, which has a comparatively low density.

Preliminary Treatment )
'~ Az described above, the waste may be sﬁbjected to
25 wvarilous types 5f treatment befbre 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



materi al takes place. 2. Shredding Shredding is a highly preferred step. It
Is carried 10 out to reduce the average particle size. It can also be used
to increase blending of waste fromdifferent sources. It also makes the
treatment process nore effective. It is found that, during the shredding
process, mwoorabisercti vity nmay conmence and rapidly rg] he tenperature
passi ng very 15 quickly through the nesophilic phase in?g§?ﬁ%meg% philic
phase. 3. Screening The waste may. g mechani cal 'y screened to sel ect 20
particles with size in a given range. The given range may be from 10mmto
'50mm Material less than 10mmin size conprises dust, dirt and stones and
Is rejected. .The waste y be treated to_at. | east i screening processes
in succf‘é%ysia&ﬁf) BSChSPRYST ngt BT REEESS &79 BhRnfFEF ¥\$a?:‘fti" ot %f 25

parti cl escatitin@fiiyabut €808 pdsich L4 £ PIRRANBYENHOEES SARSeria iRg:1ly00 | arge may -
be shredded tq reduce its average size. _Miterial which is classified by the
screen & BEdi§igRali¥cephaniasiss ke 1RREPE APpPi RaBPELNEhr edded nateri a

can thefhedeeduba LBeal EERTERIL MRE PRlssedOrRUBSEHUENS1JERR ment WO .
- 2007/ 000607 PCT/ GB2006/ 002409 ~ 48 The waste may be subjected to a nunber of

st ep§ afgt@ticrhdnnivbiehi aechirgberl o mesapdenickieg afdtlefore the
gasificqﬁiég}f%hegakggeﬁfaéégps may i nclude any of the followng: 5

2. = Shredding
_ Shredding is a highly preferred step. It is carried
10 - out to reduce the average particle size. It can also be used
‘to increase blending of waste from diffegrent 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 quickly through the-mescphilic‘phése into the thermophilic
| phase.

3. Screening ‘
The waste may be mechanically screened to select
20 particlés with size in a given range. The given range may
| be from 10mm to S0mm. Materiallless 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 prégressively smaller fractions of -
25 - particles. Material removed in the écreening process ag |
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

Subséquent Treatment



1 C?adlng The naterlal may be screened to renove particles in. excess of a
given size. For exanple, particles in excess of 50nmmay be rejected. They
may be subsequently shredded to 10 reduce thejir size, returned to the '
aerobic digester or sinply rejected. 2. Metal Separation Relatively smal
metal partWwel®e7/@o@h as iron or 15 al um nium may have passeghdbdiegh t he
system They can be renoved, for exanple by a magnetic or electronagnetlc.
renover in a subsequent step. Metalgparticles renoved from the system may
then pass to a suitable recycling process. 20 3. Drying Suitably, after
treatnment in the mcrobial treatnent: vessel, the waste is subjected to an
additional d N u e 45@6

wei ght , nDre&%prg %%%HT?YJ%GS ho ER%%@eég g éﬁ%@é@’éﬁQ§f %%%ﬁﬁéf'preferably
25 does thet m)carebdia]ZS&fnga/smrgmreaahteat ebepnam;ddimia:bre totmat ment, the

subsequent can_be ca ri ed relatlv For exanple in a
first dSAS &3 §P§38n ﬁteEbr 5& BpYatPe ﬁﬂ% &4 during or after
the unlfeadioagnghase fromthe treat nent vessel EUrlng th|s_30_stage, t he
waste treated by the mcrobial digestion stage will still be at high

tempeérature (for exanple in the range 50-60C) ‘and further npisture can be
rennved si mphy, bycWey 2097/ 000607 PCT/ GB2006/ 002409 - 49 forcing air over

A further drying step may conprise laying the material out on a drying
floor 1n thiT@esmaperighgtay ibe |sgngeged &6 memeve kprREsiGehd® nore than 20cm

over  agglald Wl K LMes HAR T Uor eSilinbB) CoREEL Ok fid Idifress of

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 pafticles 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 subsequent stép.-ﬁMetal particles remeved from .

the system may then pass to a suitable”recycling_process,

20 3. Drying
Suitably, efter treatment in the microbial treatment
vessel, the weste 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. Dﬁring 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 femoved-simply by




5 during whi ch the risture |evel dfépéf’Thé maéte‘hay be agitated, for

“exanpl e by turning using nmechanical or manual apparatus such as a power

shovel . The waste may be turned at intervals of for exanple of 2-4 hours
preferably around 3 ‘hours. Preferably, during this stage, the noisture

| evel 10 dwapmotaoedsel ow 25% by wei ght after which no f _ 1 Ql ogi ca
deconposition occurs. Suitably,., the waste is |left oﬁ&%H§$§Pﬁgﬁﬂﬁoor for a
period in the range 18-48  hours, Ereferably 24- 36 hours, nore preferably
around 24 hours. It is also found*¥hat further drying may take place 15
during subsequent processing, due to the nechanical input of energy. Waste
heat from other process equipnent, for -exanple fromthe gasifi-cation and/or
the pl aSpECirgadrErvestidp, Aafubbhasec@rYbngrgtemhdayacorPaiseA r war ned by

the heat,genefal e, e gasificapi n pl agmatite nt 20 steps may
be bl ovxgg?fnit%% \Eﬁéee‘%a%‘%%{)%lal%gbegt ?gg?nrgn?i%rs'sel arll1 SO\%EEE& t hrough t he
wast e t wagher askaideoul \Wng thtiekneds ofieset proceddes, 2Acmepmati vely, the

drying ap | y. conpri.se 25 r | ash, dri Qr_ot her drying
device.g4gg£%%¥§??2]+%F9nEE?ﬁ%%OFoac%§%€?¥i%rﬁ?%%% fgétﬁggfe to fuel, the
wast® mayrbagcvhassh ftiesl mictrgienjetral sdzep&ndris haamee fialyy be30 densified to
provi de Bellet of suitable size for use [ n the gasification step. During
this pePBeFREEEI oFPEISRNPLY DYt RUFTYRG i RELET W?ﬁﬁ%ﬁ%ﬁﬁ% P&y M8ELEr, due to

heat W0a2007400060TcIPTd GPRRRRLOGRA08] . 50 Menajaiiomasausedubyedriction and

due to further, exposure to air. Preferably, in order for pelletising to
pr oceedakelintervakbs nof sien exaapde of 2he hewrs rekarstly arsupd Bhe range

hours. Preferably, during this stage, the moisture level
'iO droés to below 25% by weight after which no further
biclogical decompogition océurs. Suitabiy,,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 héat from 6ther process equipment; for
example from the gasifiéation and/or the plasma treatment
step,:may bé used to dry the material. Ailr warmed bf the
- heat generated in-the‘gasificatiOn and/or plasma treatment
20 steps may be blown into the micrpbial waste treatment vessel
~and over or through the waste to increase the drying rate of

these processes.

' Alternatively, the drying apparatus may comprise a

25 rotary flash drier or other drying device.

4. Pélletising ,
In ordér 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
gasificatioﬁ step. During this pelletisatioﬁ stage,

further drying of the waste may occur, due to heat




: e e e _
10-25% by weight. 5 It has been found that the microbial treatnent step can ~
be adapted to provide a fuel for use in the gasification step, referred to
as Geen Coal, which has a calorific value in the order of 14.5 M/ kg which
is about half that of 10 industrial coal. By blending different sources of
wast e mat eM&2007/6006d7 produced by the mcrobial treat A fferent
~times or with waste fromdifferent |ocations can be re é??%gpﬁabfg '
honmobgeneous in terns of: 1. Calotigbc_value - suitably in the range 13 to
16.5 MI/ kg, preferably 12-15 M/ kg” "The calorific value may be higher if

t he contents have been significantly dried. 2. Density - suitably in the
range 270- 350, kg/ n8_nor 20, pr ef,er abl round 300 kg/nB8. 3, Mjsture |evel

- bel ow BERFRY* iﬁ?l‘ﬁs%\cﬁobypﬁéf%% 9n§r€ﬁ‘ﬁdt% % ?%iedﬁﬂo.s“fﬁekﬁroces‘s of
the presgit. i NeeBELBaLTRY LONRFISE forlPeDYEOLYBHS 53 QRrdided w1l he
gasification step, and after the mcrobial djigestion step, if used. The
wast e t e medgkize ieved tple the tasrirdomakeridh L% it Adif Bé@"g8ed to supply
a feed {Q35PBoLYS4R, Process, as described bel ow. 30 The apparatus of the
present invention may I nclude neans for feeding mcrobially treated waste
fromPt he WD. 2007/ 000607 PCT/ GB2006/ 002409 51 treatnent vessel to a neans
for pyrolysing pQQ.Eééﬁlf@hM@%hEF %pﬁemi§r8%£ VSt Satilidy) stkb EQ@ PrOCEsS

i nvol ves a pyrolysis step prior to e gasitication step, “preterably the
pyrol ysdet waispeedstbeprdwvide a fuel for use in the gasification : .

step, referred to as Green Coal, which has a calorific value

in the order of 14.5 MJ/kg which is about half that of

10 indﬁstrial coal.
S
. By blending different sources of waste material, fuél.
?roduced 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 - Quitably in the range 13 to
16.5 MJ/kg; pfeferably 12-15 MJ/kg. The calorific value may
be highér.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'BO%_by weight énd'
preferably around 20% by weight.

The process of the present invention may comprise a
+ 25 pyrblysis 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 procegs, as described below.

- 30 | The apparatus of the present invention may include

means for feeding microbially treated waste from the



| al
. typlcalISr?ﬁ¥W§%9'Wﬁﬁsﬁbtt?naam%%ﬁﬁ ieg X@lpgsﬁ Sntre

t he gasrflcatlon uni t, where the gasrfrpatron”takes‘ptace. This w ||
normal ly require the pyrolysed material to be at a high tenperature and the

gasification process preferably occurs directly after the pyrolysis
process. 10 The apparatus may conprises a mcrobial digestion unit in fluid

connect i on W te7/vdoen7gasi fi cati on unit, and the gasifi C?&T/&Bzdb@/b6246§ay be in -
fluid connection with the plasm treatnent unit, to allow waste treated
fromthe mcrobial 15 treatnent to Qe transported to the gasification unit,

and to allow offgas and char resul}ing fromthe gasification step to be
‘transported to the plasna treatnment unit. The apparatus nay be adapted to

treat the waste in a 20 conti.nuous proces Cro %itlon step n'ay be

pyrol ysi g and kb ¢aikoanPrpcesses typlcally require a contlnuous f eed of
material, an interimstorage nmeans, for exanple in the formof a feed

hopper may be 25 provided. It is preferred that there is a first delivery

means for rqut%mgﬁggaggggdnﬁpﬁigégrénggggﬁgggﬁaggééegg%%gfe o Process and'

feeding it nt o Interi or age apparatus for
f eeditng ¢dwl Sitcartddn stept eplrwaer@bly arhet Ipyriodyerdnwasbe abe fedit to the 30
pyrol ysi.,s_appa us,or the,gasjfication apk. rat nd feed neans is
preferapﬁmaégé%%%§8t§ﬁﬁs?%ﬁ?fay??re EﬂﬁAQﬁﬁouéF? l?ﬁep?k?%téégéksecond f-eed
appar at ummwl\m aeﬁrﬁé!DWGﬁé’nt’ﬁré G2 Q02408 matéﬂlarowrbﬁatarw sui tabl e

neans, .for .exa conve belts or_, screw feeders. referred enbodlnent
of the hp%@%gga rFﬁBrﬁr g@nphe ga51f1catlon process pre eragf

_ occurs dlrectly after the pyrolysis process.
10 . | |
‘The apparatus may comprises a microbial digestion unit -

in fluid connection with-the gasification uﬁit, and the
gasification unit may be in fluid connection with the plasma
freatment unit, to allow waste treated from the microbial

15 . treatment to be transported to the gasification unit, and to
allow offgas and ehar resulting from the gasification step

to be transported to the plasma treatment unit.

The apparatus may be adapted eo treat theIWaste in a
20 continuoﬁs process. Microbial digestion step may be
typically bé carried out in a semi batch-wise fashion,
whereas the pyrplysis and gasification processes typicaiiy.
require a continuous feed of material, an interim atorage
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_apparatﬁs for feeding the stored
treated waste from the interim stofage means to the |
30  pyrolysis apparatus or the gasification apparatus. The
second feed means is preferably eperated substantially

_continuously. The first and second feed apparatus may



5 invention is illustrated in Figure 2, which shows: a first step in which
the raw waste is subjected to aerobic mcrobial digestionin a rotary
aerobic digestion wunit (RAD), a second step conprising gasifying the
products of the 10 rotary digestion step in a gasifying unit (gasifier),
whi ch pr odwoeaso7amosef f gas and a char, a third step co_rrprljﬁg.i,(ﬁ;;zO‘gﬁr/da;h{olJ ng the
char and the offgas to a plasma treatnent process in a plasnma unit. (plasm
furnace), producing a vitrified sgl%% slag (which is 15 discarded) and a syn
gas, ‘a fourth step conprising cleanthg the syngas, a fifth step conprising -
ei t her exhausting the syngas or conbusting the syngas in a gas engi ne or
gas turbine (terned a pqwer island, in the igurg) to produce electrica

© 20 ener gy°o™R as?h%‘?'yeéﬁfa{%;]ien&'%'cgﬁﬁu%w rﬁk.eyﬂ’r"e%ﬁgﬁﬁ ©Broduced in
conmbust i grbliersyaads, or in the plasma step nay 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

whi ch the raw I | : oaer oL .. J1 ial 4] ' in a rotary
aer obi c di ges{a},\%ﬁéﬁﬁltseé%ﬁ%{%pgg 9?% %#(g%égt)ﬁ? V\tgisetggﬁ%ggggt ock _
‘resul §i ngnfieoni@d 13t epllAistsrateshtied Figuae gasiwhigalh ahows:oduce an of f gas and

a char, both of -whi.ch .are then.,treated in a plasm unpit at 00C, WO
5009/ 000607 Pct EDH GRS i Vhigh Bhe sl Falt e dlffeclba £800C 1O g

I n- St eps ddrobtid/ wictolial ahicjeaitiion dngasrocoaty ngryisiccmigestion
©unit (RAD), | '
i a second step comprising gasifying the products of the
10 rotéry digestioﬁ step in a gasifying unit (gasifier), which
| produces an offgas and a char, o '
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, o
a fourth step comprising cleaning the syngas,
a fifth step qomprising eilther exhausting the syngas'or
‘coﬁbusting the syngas in a gas engine or gas turbine (termed
a 'powér 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 p&ocess of the .

25 ﬁresent.invention is illustrated in Figure 5, which shows:
| Step A, in which the raw waste is subjeéted to .aerobic
micrcbial digestion in a rotary aerobic digestion unit |
(RAD) , | | B
Step B, in which the waste feedstbck resulting from
'30 Step Aris treated in a gasifier, to produce an offgas and a.
char, both of which are then treated in a plasma unit at
1500°C, . '



Step D, which conprises optionally treating the gas to a cleaning 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, which is
directly coupled to a generator (E& - not shown) to generate electricity,
10 Step G W 2qioendot he gas i s passed through a heat recoxyscsdRMN

cgenerator, Step H, which involves, exhausting the gas to a stack and

monitoring the flue gas, Step I, 4 B3 ch high pressure steamfromstep C
and/or 15 Gis passed through a steamturbine to generate electricity wth
electricity generator 1 (EGL). The | ow pressure steam fromthe turbine is

passed via agtkpse; COHPWRICEOPHENESY Jabesapropacaticisogtepg sower in Step J

~and to a feed-water systemin step K The electricity generated in Step | 20

and/ or PHHPHE 8Fet FPBUEEILNNE XD Vi WeBYESS Ry part of the appar at us

(represent ed gpgpSbhePwcA cbhpPSE &S 'dist 1 pslighNek-b¥ t{ 85CPnA) gad\Std Ndi cat ed
above oxygen and/or steam may be 25 i'ntroduceéd to the“gasification unit or
pyrol ysi& &ffaniagdseer, pl asma treatnent unit. The present invention will now

Ce et SXTRL! LGk nc e UL oG ATy LokbedEtagmLes VO 20071 00c0T
3) 5 Thet#B@y fthei dabed gasifier), conprises a vertical, :
| Step F, in which the gas from step E is passed through
a gas turbine, which is directly coupled to a generator (EG2
_ - not shown) to generate électricity, _
10 . "Step G, in which the gas is_passed through a heat
recovery.steém generator, » - s
Step H, which involves exhausting the gas to a stéck
andlmonitoring 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%éleCtricity generator 1 (EGl). The Ilow pressure steam
from the turbine is passed via a close-coupled condenser to
a seﬁarate-cooling tower in Step J and to a feed-water
syétem in step K,' The electricity generated in Step I
20 and/or F may be distributed in Step L either to any pértnéf
the apparatﬁs (represented by stép M} or transferred

externally (step NJ}.

As indicated above oxygen and/or steam may be
25 dintroduced to the gasificatién_unit or pyrolysis unit and/or

-plasma treatment unit.

The present invention will now be further exemplified

in the following non-limited Examples
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cylindrical, mld steel vessel lined with a conposite refractory lining.
The external dinensions of the gasifier shell are 1.83 mdianeter x 5.18 m
high and the internal 10 diameter is 0.254 m the height of the expanded bed
is approximately 1.0 m The FBG uses a heated bed of alumna silicate
ceram ¢ pafg B@bs as the bed media. RDF (refused der]'%qv;}szg f gﬁe@ 15 _
feedstock is fed continuously, at a controlled rate, to 2l ?ﬂrough a
solid fuel feeder system The as-received feed is transferred by a belt
conveyor 2 to a surge hopper 3 - wheBé& a vari abl-e-speed screw conveyor
controls the x- volunetric feed rate of the solids.. These discharge into an
20 airlock. A constant speed screw conveyor is enployed to transfer the

feed fromthe airlock to the fluidised bed 1 where it is charged above the
“upper surfaceE%f tgesbed. Additional inert gas purging is used at the

hopper and at rlock 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 point woqd pellets are fed
through a sepSPEEELPECHRY - Iﬂ?er§6lBPr“5%£ F1P%5R ¥ the tenperature of
‘the bgd to 600 C when the secondary propane supply is discontinued,.  then at

700 C the primary proEang suefly is turned off,. The wood pellet WO
2007/ 000607 PENRGEBE06E Doy gasg fipgdd FemMBBRI¢hRI AT dai n the

chen il LodiamRetehy: opls LRI, LRER ASELINITY, Oo I
control | e fivectogly dinkss. f IThe 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. | | o
A
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 con;rblled rate; to the
 FBG 1 through a soiid 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 aifloék. A constant speéd scfew conveyor is employed to
transfer the feed from the airlock to the fluidised bed 1
~ where it is charged above thé upper»surface of the béd.',
Additional inert gas purging is'used at the hopper and at
the airlock to prevent air ingress 6r gas egfess into the

25 feed stream.

A propéne fuelled under-bed preheating system is used
to raise the temperature of the bed to“420 bC. At this point
- wood pellets are fed through a separate feeder into the’
30. airlock to raise’the'temperature of the bed to 600 °C when
the secondary propane supply is discontinued, then at 700 5C

the primary propane supply is turned off. The wood pellet

e e T S e e ety



controller (MFC) rated up to 500 Nlpm The oxidants: oxygen and steam are
m xed prior to injection through an upward facing nozzle |ocated bel ow the
10 bed. The individual steam and oxygen feed rates are closely nmetered to
match the feed rate of the RDF to ensure that the gasifier operates wthin
- the design wpaeoaiesg7 | i mts. Miltiple pressure and te ors are

used to gS crggelymﬁnnitor and'contPoI Phe FBG operatigﬁ&ﬁ@%%@ﬁvﬁgﬂﬁterlocks
are built in to ensure safe shut-down or alarm ng of the systemin the

~event of the unit falling outside"t$h® ~specified operational limts. 20 The
offgas exiting the FBGis transferred to the plasma converter unit 4 in a
refractory lined steel duct 5. .. Plasnma Converter set-up 25 A schematic

drawi ng &tedhbs prentimwsher tétaisxthadbprrating desperedarendfnmani pul at or

arrange deb S given i.n LEigure 4 rises the follow ng sections: i)

A refrac Qéy-??néﬁ‘*%a gLt &8 9%%%“?9‘?%% dn 30 additional doubl eski nned

wat er cooling jacket in the upper shell section and a series of water

cool ed copper_fingers 7 i,C rovi de additjonal ,protection for the

refractori es &Y ?O?)ﬁ‘ﬁ?\%gé@% %W(%ZO@’GV%JZJ@g't%‘%?‘ Pﬁelgrib line. The

- refragt opylisdér€£astTiad WA reRkeNek c60fEal Ted & Igh 208as8%EMe® and 2% CaO
wth a maximum_service limt_ of 1800 C._A 150 mm di anmeter cylindri cal

st eel bafFoRbrPhErhafF @ naredcyrvEPt 8P0 M des the return 5 (anode)

el ectrode for single electrode operation. A taphole 8 in the furnace hearth

‘allows for intermttent renoval of the nolten slag. The converter has
apertures in The eppiants: oxygen 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 clogely
metered to match the feed rate of the RDF to ensure that the

gasifier operates within the design operating limits.

- Multiple préssure and temperature sensors are used to
15 closely monitor and control the FBG operation. Safety
interlocks are built in to ensure safe shut-down orlalarming
of the sysfem in the event of the unit falling outside the

specified operational limits.

20 - The offgas exiting the FB@ 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: .

| 1) 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



shell region for pressure nonitoring and for canera view ng. .The refractory"
tenperatures-are nonitored at eight |ocations 10 using B-type thernocouples,
(up to 1800 C) and in the return electrode at two |ocations using K-type-

t hermocouples (up to 1300 -C). ii) A conical mld steel, refractory-Ilined,
wat er 15 | aekededooserof 9 with five large apertures: a cgafmlzm%gzt‘mg for
single electrode work 10, a side port for gas feed from the FBG feed 11 a
of f-gas port 12 and a port for SO"%% feeding of the oversized bed materi al
(not shown) and a spare general ss port 13. There is also a smaller 20
canera port housing a small renote video canera in a protective case which
al l ows for V|emﬁéglof the inside of the plasnma converter. There are two

t her mocoipf eSHRY eSiiter ?hﬁrﬁ%ﬁﬁ@??oFEn%%r%uQﬁ§§rﬂ%ﬂmﬁﬁﬁ f§iBslabove. The roof
al so pr%h@&f*niﬁ&aéjjﬂ?'hﬂ@' L Nt fo %h@cb%oégonﬂ‘tﬂui %é&fﬁnﬁﬂd for. 25 the

‘off gas ducfing. 1i1) A'steel support stand 14, nount on heavy-duty
wheel s agdrvaee wedmit axlk sLWr “@asyA ridfo e ddmmetast aylandoicabf t he pl asma

converter de. 15 cat hode
el ectr odeteg%)l%gn%lﬁ e'ﬁl ?"o"‘}'ﬁe tggl\/%gegrlf&?&p ngl ed%\rﬂno%gﬁwg%gﬁé '

PCT/ CBZOQEhG@éﬂO@lecﬂi‘rode(Iﬁbmmilngﬂléaébect(mﬁé |cﬁ;adran1]oy:) Aonaphbleg of a
heavy-duty._ |jneag slide tuated v ervo, and ox. The
electrodé tha éf gﬁ%ﬁ%ﬁkaﬁﬁ98ﬁ #?Ft+ﬁa%ﬁﬁ% 5FEP¥ aﬁ t he whol e
assenbl yths m@m:edsmg el exdg Ic@:@krlaytemh&@tam@m am ehandpbpebregl ass-

rings and. spacers,to prevent side-. arcing of the plasma device, The base -of
t he naniﬁb?gfoFeg%Pn or pressure monitoring and for camera v1ew1ng

The refractory temperatures are monitored at eight locations
10 using B-type thermocouples (up to 1800 °C) and in the return
electrode at two IOCafions using K-type.thermocouples {up to
1300 °C) . | | |

| ii) A conical mild stéel,»refractoryﬁlined, water
15 jacketed roof 9 with five large apertures: a centrdl 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 solids
feeding of the oversized bed material (not shown) and a
spare general access port 13. There is also a smaller'-
2b cameré port housing a small réhote video camera in a
protective case which allows for viewing of the inside of
- the plasma converter.  There are two thermoccuple holes for
_refractory temperature monitoring as above.. The roof also
‘prOVidés locétion points for electrode manipulators and fof

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
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through into the-plasma converter Electrode diameters of
up to 100 mm can be accommodated through this central.port

and the maximum stroke is 1000 mm. The .graphite electrode

S is centrally drilled and inert plasma gas is injected

”through thls condult

i5

20

.. 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).

- In operation, the dirty offgas from the gasifer flows

via a refractory lined duct to the plasma converter

25 -

30

Additional oxygen and steam is ax1a11y injected into the gas

stream at the point of entry into the converter.

The high temperature and addition of oxidants at the
donverter stage promotes the cracking'and reforming of
organic species and gasificatioﬁ of sooty and char éroducts.
The power to the plasma arc is controlled to maintain a
temperature of gases exiting the unit to ~ 1000-1300°C.

Ash particulates that are carried over from the gasifier

will drop out and be assimilated in the melt. After

enployed
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tenperature at around 800 C -and at the -blasma converter to give an

(estimated) exhaust tenperature of 1250C is given in table 4. These figures
are in close correlation to the theoretically derived operating '

requi renents. 1s Table 4 Exanple operating conditions for the treatnent of

bi omass ( WHEHROPEINET) Plasna |tem Gasifier Converter ROFGBmogodemut (kg/ h)

42 Power input (kW 79 Argon (Ilpm 50 130 Oxygen (N pm) 189 61 Steam -

- (kg/h) 14 0 20 WO 2007/ 000607 PCT/§§2006/002409 59 -Exanple 2:. Treatnent

of RDF material The nethodol ogy for “the treatnent of the RDF material is as
gi ven above. The RDF was obtained froma comercial 5 thernmal treatnent

pl ant. The general ,conposition of thi, terial is given jn table 1 above.
The rr_atep"iraﬁ%g f"@dggf3 ca‘f’l"%’?/"e?%d’éuﬁzatt CofYHE38 ﬁgﬂﬁs t6& e gasifier. A -
summary ofecdnide gagepaktngnCoREi hd norempleoyiadei,n the FBG to maintain the

bed tenperature at around 800 C and at the plasma converter 10 to give an
(estimated) exhaust tenperature of 1250C is ‘ :

5 Example 1: Treatment of Biomass wood pellet

The general methodolégy for treating the wood pellet is
as given ébdve. The rate of feed of wood pellets to the
, gasifer7averaged‘42 kg/h. A suﬁmary of the operating
10 conditions employed in the FBG to maintain the bed
- temperature at around 800'°Crand'at'the-@lasma cbnverter to
give an (estimated) exhaust temperatﬁre of 1250°C ig given -
in table 4. These.figures are in close coirelation to the
thecretically derived operating requirements.
| Table 4IExample operating conditions for the treatment

of biomass (wood pellet)

Plasma
Item | Gasifier |Converter
RDF Feed
1 Input (kg/h) 42
- Power
input (kW) | ' 79
Argon
{(1pm) 50 ’ 130
Oxygen ‘
{(Nlpm) 189 1 61
Steam , _
(kg/h) 14 0

20
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given in table 5. It was observed that there was again good correlation
between the theoretical and experinentally derived values. 15 Table 5
Exanpl e operating conditions for the treatnent of refuse derived fuel
Plasma Item Gasifier Converter RDF Feed Input(kg/h) 40.5 Power input (kW
70 Argon WP30/06807130 Oxygen (Nl pm) 189 61 St eam ( k@CHIGBRA06(DOA

2007/ 000607 PCT/ GB2006/ 002409 60 Caims: 1. A process for the treatnent
of waste, the process conprising. $9(i) either.(a) a gasification step
conprising treating the waste in a gasification unit in the presence of -
oxygen and steamto produce an offgas and a char, or (b) a pyrolysis step’

conpri sing trggdhhos the frnicht 48 ADPYHDESIH unit to produce an of fgas
and a char; and (ii) a plasma treatnent step conprising subjecting the

offgas and the char to a plasnma treatnment in a plasma treatnent unit in the

presence of oxygeR AN PRl ¥R L¥e treatment of the RDF material

is as given above. The RDF was obtained ffom a commerdial
5 theimal treatment plant. The general combosition of this
materiél is given in table 1 above. The materials was fed at
an average rate of 40.5 kg/h to the gasifier. A summary of
the operating conditions employed in the FBG éo maintain the
' bed_temperatufe at around 800 °C and at the plasma convérter
'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  values.

15 . Table 5 Example operating conditions for the treatment

of refuse derived fuel

Plasma

Item - . Gasifier | Converter
RDF Feed ' _ |

Input (kg/h) 40.5 _ -
Power o

input (kW) - 70

- Argon

(1pm) 50 - | 130
-Oxfgen |

(Nlpm) 189 | 61
‘Steam | _

(kg/h) 14 0
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st eam 15 2. A process for the treatnent of waste, the process "conprising:
(i) subjecting the waste to mcrobial digestion, then (ii) either 20 (a) a
gasification step conprising treating the nicrobially treated waste in a
gasification unit to produce an offgas and a char, %H% Eéroly3|s
step conp™MQEWF¥ating the mcrobially treated mastECT’ 0069P7P% si s uni t
to 25 produce an offgas and a char; and (iii) a plasna treatnent step
conpri sing subjecting the offgas-aﬁd the char to a plasma treatnent in a
plasma. treatment unit. 30 3. A process as clained in claiml or claim 2,
wherein the waste is gasified during the gasification step at a
‘tenperature gckatms:than 650C. WD 2007/ 000607 PCT/ GB2006/ 002409 61 4. A
process as claimed 1n claim3, wherein the waste is gasified during the
gasification step at a tenperature of from800C to 950C. 5 5. A process as
claimed in ang ﬁﬁ@ceéstb@rpm&%éwmeﬁtabﬁswamr%ma tﬁ%c@mnt of oxygen

I ntroduced to 't gasification unit during the gasification step is from
300 to FNPKGSHBE:1000 kg of waste fed into the gasification 10 unit. 6. A
procegs as claj vhdr-any one of the preceding clainms, wherein the waste

contains | ess than 20% by wej ght,
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
10 - . a pyrolysis unit to produce an offgas and a char; and.
"_(ii) a p;asma treatment step ;ompriging subjecting the
offgas and the char to a plasma treatmeﬁt in a plasma |

treatment unit in the presence of oxygen and, optionally,

_steam.
15
2. A process for the treatment of waste, the process
comprising:
(i) subjecting the waste to microbial digestion, then
(11) either |
20 | (2) a ga51f1cat10n step comprising treating the
_mlcroblally treated waste in a ga51flcatlon unit-
to produce an offgas and a char, or
(b} a pyrolysis step comprising treating ﬁhe
microbially treated waste in a pyrolysis unit to
25 produce an offgas and a char; and
o (iii) a plasma treatment sﬁep compriging subjecting the
offgas and the char to a plasma.treatment in a plasma
treatment unit. ' '
30 3. . A'process as claimed in claim 1 or claim 2, wherein the

waste is gasified during the gasificatioﬁ step at a

temperature greater than 650°C.



of noisture and the amount of steamintroduced to the 15 gasification unit
during the gasification step is from300 to 350 kg per 1000 kg of waste fed
to the gasification unit. 7. A process as clainmed in any one of clains 1 to

4, wherein the anount of steamintroduced to the gasifi I uni t
during t hWRRe14P%%t i on step is up to 300 kg per 1000 ;%8%#08&%@?03 fed into

the gasification unit. 8. A process as clained in any one of the clains 1 to
4 and 7, wherein the waste contarn8€l20% or nore by weight of 25 npisture
and the amount of steamintroduced to the gasification unit during the
gasification step is fromO to 150 kg per 1000 kg of waste fed to the
gasification unit. 9. A process as clained in any one of the preceding 30

cl ai ns,. erefn_the gasification step,is carried out i.n a_fluid bed
gasifica??on %n???c Zﬁ%fﬁbﬁ@ggb15C$}%%50€6/Y%ﬁ5ﬁﬁf 6 “B§teAlpr ocess as

cl ai ned gasapye@néueing hehdrpaadiingtichastep abed aiamgdiareast efis fed to the
. gasification unit through an air-lock device. 5 11. A process as clainmed in
claim 1, THABrBPR°EheP p?3RESs  further conprises subjecting the waste to a
m cropial digestion step prior to the gasification step. 12. A process as
claimed in claiml or claim1l, wherein the 10 m crobial digestion-is

aer obi ¢ Bi-cr obi BFoee@Rsas oplaimed Anpaprease &F cihke mxpdadi®iGai m 12, wherein
the m craqhi i j i ri.ed -0 i I Gy m.crehial di gestion
unit in \%E:aghsf'ﬁ%g%%ﬁgzgn%ﬂé%n er‘i]’[rfto?ft ﬁ;é‘ygg’s‘%@ﬁ‘g‘mu% {{1%059@15 not | ess than
5 % by vghetEicatiol4unit phuciess the ghaifbdation|siep e drool 30M 11, wherein
the aerobic horghial HaFstd Ut st ELE% g il HdA!AL Lo |

10 unit..

6. A process.as claimed in any one of the preceding
claims, wherein the waste contains less than 20% by weight
of moisture and the amount of steam introduced to the

.15 gasification unit during the gasification step-is-from 300

to 350 kg‘per 1000 kg of waste fed to the gasification unit,

S 7. A process as claimed in any one of claims 1 to 4,
wherein the amount of steam introduced to the gasification -
20 unit during the gasification step is up to 300 kg per 1000

kg of waste fed into the gasification unit.

8. A process'as claimed in any-one of the'claims 1to 4

and 7, wherein the waste contains 20% or more by weight of
25 moisture and the amount of steam introduced to the

gasification unit during the gasification step is from 0 to

150'kg per 1ooo'kg of waste fed to the gasification unit,

9. A process as c¢laimed in any one of the preceding
30 c¢laims, wherein the gasification step is carried out in a

fluid bed gasification unit.



aerobic digestion unit. 20 15. A process as clained in any one of clains 14,
wherein the waste is rotated in the rotary aerobic digestion unit at a
rate of fromone revolution every mnute to one revolution every ten.
mnutes. 25 16. A process as clained in. any one of cl g S, .
wherein t RO #H"0e content of the waste prior to m C?%ﬂlag%[ﬂmlbl 6%9stion S
from20 to 75 % by weight. 30 17. A process as clainmed in any one of clains
11 to 16, wherein the waste has an®average noisture level of 30 %or |ess
by wei ght after the mcrobial digestion treatnent. WO 2007/ 000607

PCT/ GB2006/ 002409 - 63 18. A process as clained in any one of the

pr ecedi ng0.cl & procaber eenclaimerdsint iagat kog ofii thangretsdiziasnma  tr eat nent
unit are jn.fluid connectjion. 5 19. roce a i med. | one of the
pr ecedi ngéln"‘c mgﬁ’ng'}ie\ﬁﬁéfle% et“%s'f‘eaﬂso%o &%3@% éggégiég%zi%pt%eq*pl asna

t r eat nenttisdoeyghl &anf aam-16ck #evied, by weight. 10 20. A process as cl ai ned
i n any one of the preceding clains, wherein the plasma treatnment of. the

waste is carried out at a tenperature of from 1100 to 1600C.. 21. A process

as cl & nerh j n Mpy-ceBBsOhst BRaphesadi Ra aim al, avRBreheERd oidtRsy asm
treatnment_of the waste-is carried out in the Eresenge,of,a pl asma
stabi | i zi Y GEE. CoPPTASERoEERieeing ditedasieckai fh BacTolhitei n the plasma
stabil i Z'cﬁ%&%%ohss%@b?%&:@grf&gn%l%‘?gégif%%%igh gtkpogen, 20 argon,
hydrogen, .Carbon nonoxide, carbon di'oxide and steam _

12. A process as claimed in claim 1 or claim 11, wherein the

1¢ microbial digestion is aerobic microbial digestion.

H
o

13. A process asg claimed in claim 12, wherein the miqrobial

digeStion is éarried‘out in an aerobic microbial digestion

unit. in which the oxygen cohtent of the gas in the unit is
15 not less than 5 % by volume. |

14. A process as claimed in claim 10 or claim 11, wherein
the aerobic microbial digestion is carried out in a rotary

aerobic digestion unit.

20 |
15. A process as claimed in anf one of claims 14, wherein
the waste is rotated in the rotary aerobic'digestioﬁiunit'at
a rate of from one revolution every minute to one revolution
every ten ﬁinutes.

25

16. A process as claimed in any one of claims 11 to 15,
wherein the moisture content of the waste prior to microbial

digestion is from 20 to 75 % by weight.

30 17. A process as claimed in any one of claims 11 to 16,
wherein the waste has an average moisture level of 30 % or

less by weight after the microbial digestion treatment.
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23. A process as clained in any one of the preceding, clains, further
conprising collecting the gas produced in the plasma treatnent unit. 25 24.
A process as clained in any one of the preceding clains, further conprising
collecting the solid and/or nolten material produced j

t reat nent %{91?“@7’0036’725. A process as clained in any onebglhtﬁﬁoé)@g@g@di ng
clains, wherein the gas produced fromthe gas plasnma WO 2007/ 000607

PCT/ GB2006/ 002409 64 treatnent isSséd in a gas engi ne or gas turbine to
generate electricity. 26, A process as clainmed in any one of the preceding

-5 clainms, wherein the waste is pyrolysed during the pyrolysis step at a

tenperature of 400C or nore. 27. A process as-clained in any one of the

precedi ng g Cl 2Bkl sgeelgmagiﬂ%g faﬁesto%pt}aa grybogiide vwaste 10

before its treatnent in the gasitication or pyrolysis step.” 28. A process
as cl ai meeldimsol aiber2in wher ganl fbsatulars unditi eddoghasphgsmae. heat produced

in any of Q; er. steps. of e, pr o 29. A process as clainmed in
cl aim 27 %ﬁ %5%h§F§%ngFﬁelnm£§¥%§né?ﬁﬁ%%&&% Yy blow ng heated air or steam
over & through the waste. 20 30. A process as clained in any one of the

pr ecedi ngl[ clainms 27 or V\,her&i n the. noi st rﬁ content .of the waste
€ 0

28, .
3 bét HEEPEaffeht2itnet P PN ARSato Sy PYEGPEtYSis step is 20%

noi sture, . . : . ,
_ treatment step is from 10:1 to 2:5, by weight.

10 20. A process as claimed in any one of the preceding_
claims, wherein the plasma treatment of .the waste is carried

out at a temperature of from 1100 to 1600°C.

21. A process as claimed in any one of the preceding
15 claims, wherein the plasma treatment of the waste ié.carried 

ouﬁfin.the presence of a plasma stabilizing gas.

22. A process as claimed in claim 21, wherein the plasma
 stabilizing gas is gelected from one or more of nitrogen,

20 _argon,_hydrdgen, carbon monoxide, carbon dioxide and steam.

23. A process'as claimed in any one of the precediné.
-claims, further comprising gollecting the Qas produced in
the plasma treatment ﬁnit.

25.
24. A process és claimed in any one of the preceding
claims, further comprising collecting the solid and/or

molten material produced in the plasma treatment unit.

30 25. A process as claimed in any one of the preceding

claimg, wherein the gas produced from the gas plasma
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content of the waste immediately before treatnent in the gasification or
pyrolysis step is 15% or |ess by weight 32. An apparatus for carrying out
the process as defined in 30 clains 1, the apparatus conprising: (i) a -
gasification. unit or pyrolysis unit and (ii) a plasm it, WO
200 7/ 0 00¥8 X8 GB2006/ 002409 65 wherein the gasi Fh&gﬁ’g@%%l has an
inlet for oxygen and optionally an inlet for steam and the plasna treatnent
units has an inlet for oxygen and &#ionally an inlet for steam 5 33, An
apparatus for carrying out the process as defined in claim2, the apparatus
conprising; (i) a mcrobial digestion unit, (ii) a gasification or pyrolysis
uni t, andtrgatinidnta igl ased tineat gentengiine or0g34. tAmbapeatatgsnasatd ai ned in
cl aim 32 or qhgin133, wherein the gasification unit is adapted to gasify

&t z%qﬁgﬁberature of nore than 650C. 15 35. An apparatus as
clainmed in any one of clainms 32 to 34, wherein the gasification unit is
adapted to gasify the waste_ at a .fenperature of at |east,6 800C. 36. An _
appar at us*&s cnré%??é’&sisn a&nﬁlﬁﬁﬂe%flrb{%ynbon& %o t85, ProgE@HT ei n t he
gasi ficcaté Qiimd)l whHeeRlidl RhedRadts | 0flpHRIVERA WREOUGhLHET ShrdNips MRSt € can be
introduced into the gasification unit. 37. An apparatus as clainmed in claim
32, the PR &us teybrypthree ebrnpleF Y &9t for the microbial digestion
of waste. 38. An apparatus as claimed in any one of clains 33 to 37,

27. A process as claimed in any one of the preceding
claims; further comprising the step of drying the waste

10 before its treatment iﬁ the gasification or pyrolysis step.

..;": .

28. A process as claimed in claim 27, whereiﬁ'waste is -
dried by using the heat produced in any of the other steps
of the process. | '

15 B

29.UA process as claimed in claim 27 or 28, wherein the

waste is dried'by-blowing heated air or steam over or

through thg waste,

20 30. A process as claimed in any one of the preceding claims
27 or 28, wherein the moisture content of the waste
immediately before treatment in the gasification or h

 pyrolysis step is 20% or less by weight.

25 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. BAn apparatus for carrying out the process as defined in
30 claims 1, the apparatus comprising:
(i) a gasification unit or pyrolysis'unit'ahd

(1i) a plasma treatment unit,




wherein the unit for the mcrobial digestion of waste is a 30 rotary
aerobic digestion unit. WO 2007/ 000607 PCT/ GB2006/ 002409 - 66 39. An
apparatus as clained in any one clains 32 to 38, wherein the apparatus

conprises a mcrobial digestion unit, and the m.crobi al St i uni t is_
in fluid cOREIWPEA"With the gasification unit, and tH53&§§ ”@%@?on uni t

is in fluid 5 connection with the plasm treatnent unit;, to allow waste

treated fromthe mcrobial treatnenatéso-be transported to the gasification
unit, and to allow offgas and char resulting fromthe gasification step to
be transported to the plasma treatnent unit. 10 40. An apparatus as clained

in clai m3Rdreihefiod NyddueFi RRABRALHSE | Bagdapt Belldp ddreakxygee wadte in a
continuous process. 15 41. An ap garatus as clainmed in any one of clainms 32

to 40, fBPFh%‘FaJcHﬁp?IF SHTHE A 9% SeRgPnedr CRa P1aFR ﬁ@e@&menﬁeﬁefﬁ%. ng

el ectricihys dACIALEDI 19 RGIRAGL Bnfl ap@lloﬁaiwcaﬂ Ofhitt EkherBhasM® unit, so
that the plasma-treated gas fromthe plasma unit can be fed to the turblne

20 42. An apparatus as claimed in any one of clainms 32 to 42, - wherein the
43658' y$i s3yni ta syaeantael 11,028 kY hiecupstfe %ro@eése%%erd%tf%gdoinat | east
claim 2, the apparatus comprising:
(1) a microbial digestion unit,
(ii) a gasification of.pyrolysis unit, and
X (1ii) a plasma treatment unit.
10 | |
34. An apﬁaratuslas claimed in claim 32'or claim 33,
wheréin the gasification unit'is adapted to gésify the waste -

" at a temperature of more than 650°C.

15 35. An apparatus as claimed in any one of claims 32 to 34,
 wherein the gasification unit is adapted to gasify the waste

at a temperature of at least 800°C.

36. An apparatus ag claimed in ény one of claims 32 to 35,
20 wherein the gasification unit contains an airlock device
through which the waste can be introduced into the

gasification unit.

37. An apparatus as claimed in claim 32, the apparatus

25 further comprising a unit for the microbial.digestion of

- waste.

38. An apparatus as claimed in any one of claims 33 to 37,
wherein the unit for the microbial digestion of waste isg a

30 . rotary aerobic digestion unit.
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39. An apparatus as claimed in any one claims 32 to 38,
wherein the apparatus comprifes a microbial digestion unit,

and the microbial digestion unit is in fluid connection with

the gasification unit, and the gasification unit is in fluid

connection with the plasma treatment unit, to allow waste
treated from the microbial treatment to be transpofted to
the gasification unit, and to allow offgas and char |
résulting from the gésificaﬁion Step to be transported to

the plasma treatment unit.

40. An apparatus as claimed in claim 39, wherein the

apparatus is adapted to treat the waste in a continuous

process.

41.. An apparatus as Elaimed in any one of claims 32 to 40,

further comprising a gas engine or gas turbine for

_generating electricity, the turbine being in £luid

connection with the plasma uhit, go that the plasma-treated

gas from the plasma unit can be fed to the tprbine.

42}_ An apparatus as -claimed in any one of claims 32 to 42, .
wherein the pyrolysis unit is,adapted to gasify the waste at

a temperature of at least 400°C.



