WO 2005/047435 PCT/GB2004/004651 GASIFICATION The present
invention relates to a gasifier, a method of operating the gasifier to

produce a combustible effluent, a novel gasification system and method
YhE3PRHPALHT the gasifier, and a novel filter and method for (sTiBABRFPO4651
using 5 the filter, in particular to produce a tar and moisture free producer
gas, and a novel polymer for use in the filter. Gasifiers are used for the
gasification of biomass, fossil fuels and wastes either singly or mixed
together, to produce a variety of combustible gases which may be used to
generate energy, for example, using®nt H&e8 i 8 stion gas 10 engines,
gas turbines, dual-fuel diesel engines and fuel cells. The interest in the
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15 Conventional gasifiers typically operate in batch mode wherein slag and
clinker formation, as well as bridge formation, create intermittent gas and fuel
flow, which in turn is associated with a high tar content in the product gas.
Furthermore, clinker formed during the gasification process due to relatively
high local temperatures in the oxidation zone cannot be effectively discharged.

20 Gasification of high ash fuels can Jead to the discharge from the gasifier of
residues with a high carbon content, which can then be difficult to dispose of.
As a result of these difficulties, conventional gasifiers are operated until
complete gasification of the fuel has taken place and then shut down in order
to manpually remove the slag and clinker formed in the high temperature

25  regions of the gasifier, together with the high carbon ash.

A further problem arises from the batch operation of gasifiers in that
undesirable operating conditions occur during the start-up phase, and if the

gasifier operates at low temperatures (<850°C) during normal use, the tar



. gasifier operates at low temperatures' (850C) during normal use, the tar 2
content of the product gas can rise. Tar in the product gas will deposit in
the inner parts of the combustion device used to combust the product
gas, blocking the device and requiring cleaning. The current power and
heat production devices that are usually attached to gasifiers are not
suitable for utilisation of a tar and moisture laden product gas. The
present inventors have discovered that a gasifier having two oxidation
zones, wherein in a first zone the gas flow is in a downward direction (in
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the ganethod for the gasification of solid fuel to produce a combustible effluent
using a gasifier as described above, comprising the steps of: 1) partially
In a fiostigiptnt thepidaperesified|4pabifidir§rdhidgtitfratore abbirodsrcend este to produce

combustible effluent, comprising:
a) a fuel vaive for loading solid fuel into a first oxidation zone
b} & first throat defining the lower edge of the first oxidation zone
¢) asecond throat defining the lower edge of a second oxidation zone
d) areduction zone Iinkiﬁg the first oxidation zone to the second oxidation zone and

¢) .two oppositely located (at the reduction zone) vortex discharge pipes for the
combustible effiuent

wherein in the first oxidation zone the gas flow is in the same direction as fuel flow and in the

second oxidation zone the gas flow is in the opposite direction to the fuel flow and wherein a

perforated jacket is located between the reduction zone and the discharge pipes.

In a second aspect, there is provided a method for the gasification of solid fuel to produce z

combustible effluent using a gasifier as described above, comprising the steps of:

1}. partially oxidising a biomass fuel in the first oxidation zone to produce char;

2) reducing the char in the reduction zone to form ash;
3) further oxidising any char residue in the ash in the second oxidation zone;
4) extracting the combustible effluent produced in the above steps, by the discharge pipe

wherein in the first oxidation zone the gas flow is in the same direction as fue! flow and in the

second oxidation zone the gas flow is in the opposite direction to the fuel flow.



2) reducing the char in the reduction zone to form ash; 3) further oxidising
any char residue in the ash in the second oxidation zone; 4) extracting the
combustible effluent produced in l?e above steps, by the discharge pipe
wherein in the first oxidation zonethe gas flow is in the same direction as
fuel flow and in the second oxidation zone the gas flow is in the opposite
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extended periods without the need to shut down to remove slag

" This is due to the high extent of gasification that takes place due in part to the

‘I.miformi‘fy of gasification, also the ability to remove ash and slag at the base

- of the gasifier dufing operaiion. A. further advantage is the minimised hours of

operation in start up mode, which tends to increase tar content in product gas.



temperature of at least 1000C, whilst the reductim zone operates at a
temperature of betweexi 600 and 900C, more preferably at about 850C
and the second oxidation zone operstes at a temperature of between 700
and 800C, more preferably at about 750C. This ensures uniformity of
gasification. It is preferred that the gasifier of the present disclosure further
comprises a pyrolysis zone above the frst oxidation zone, and a fuel
storage zone above the, pyrolysis zone. In the use of such a gasifier in a
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heat to maintain these temperatures is derived from the first oxidation zone,

Preferably the fuel siorage zone comprises a hopper having & loading vaive
and leading to & grate above the first oxidation zone.

The gasifier of - one embodiment of the disclosure may have a perforated part in a
jacket-wall filled with mim‘oporous' catrlysis -defining the reduction zobe
located at about the szme Jevel in the gasifier body as the discherge pipe. This
perforated jacket allows the effluent gas produced in the gasification process
1o be cleaned and removed efficiently, reducing its path through the second
oxidation zone.

The gasifier of one embodiment of the disclosure preferably further comprises

means strached to the discharge pipe for mainteining the gasifier below
atmospheric pressure, so {hat air is sucked into the gasifier through appropriate
air inlets. Operating the gasifier at below atmospheric pressure provides &
fail-safe mechanism, such that in the event of the means for maintaining the



reduced pressure fail, the combustion processes in the gasifier will come
to a halt due to a lack of oxygen, preventing a dangerous build up of
product gases. Air inlets into the gasifier are maintained with the negative
suction via main air inlet pipes. The continuously sucked air is withdrawn
into the ring ducts which are located at the outer circle of the oxidation
zones. The ring ducts provide air to be preheated before its injection into
the reaction zones through air inlet jets mbunted in the inner surface of

the inclined throats. Therefare, pre-heated air also has a coolin ct to
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combustible effluent. "Solid fuel' can contain entrained liquid (such as,
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the char in the reduction zone to form ash, further oxidising any char
residue 8% ash in the second oxidation zone and extracting the
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wherein in the first oxidation zone the gas flow is in the same direction as
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direction o fhe dieh- ik Srefgrably the combustible effluent at a
temperature of around 8511C produced from the both zones passes

through Superiogatbcans Meoeddich igasify solid fuel incorporating biomass, fossil
fuel, waste or combinations thereof ic produce a combustible effluent. *Solid
fuel’ can contain entrained liquid (such as moisture, oil, oil sludge) within the
intra- or inter-particle pores of the solid fue] particles.
Accordingly, another embodiment provides a method for
the gasification of solid fuel to Iﬁrroduce a combustible effluent using a gasifier
of the first aspect of the invention, comprising the steps of partially oxidising a
solid fusl in the first oxidation zone to produce char, reducing the char n the
reduction zone to form ash, further oxidising any char residue in the ash in the
second oxidation zone and extracting the combustible effiuent produced in the
above steps by the discharge pipa wherein in the first oxidation zone the gas
fiow is in the same direction as fuel flow and in the second oxidation zone the
gas flow is in the oppasitg direction to the fuel flow.

Prefersbly the combustible effluent at & tomperature of around 850°C
produced from the both zones passes through a perforated cone ring which is



filled with microporous catalysis to crack the residue tars just before
leaving the gasifier. Preferably solid fuel for the gasifier and method
according to the disclosure incorporates biomass, such as liquid waste,
waste oil or petroleum sludge, or 5 fossil fuels or waste or combinations

- thereof as hereinbefore defined which is absorbed within the intra-particle
and inner-particle pores of a suitable comgbustible carrier. Preferably the
combustible carrier has high internal porosity and is more preferably in

fibrouﬁwﬁm SIRNsheers Rastic!epqeasife Brefrsabbfthe leaving

liquid waste 1S mixed with the carrier and 10 briquetted in order to densify
the cothpgetifistiel. Biomass which may be gasified by the gasifier and

methog| fpr agstigatian &l thedisslosyianaydasbianany be diglosure

conventional éxtremely varied sources, and include, for example, wood

and ligpregliHase vicavsd sthopal, Hgtishwistesavwsgeod|od gemelsume sludge, or
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paper wasle, 09d Wasle. SUARLEARP BR0ASSEHARE OlerhBBlaUHigh intommel
sIudge;c%%1 ines, bone waste, agricultural residues and blend of N
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may be'se g%te%%?’c%#’ saw dug_t@grusheg\%one waste from slaughter
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narrowestyaget siftiye, Jeatifier wastas tTprendnplastie MR dyRicipal refuse or
15  household residual materials, olive pips, rape-seed meal, clinical waste,
chicken and cattle litter and ﬁlanurc, siaughterhouse waste, sour chocolate
| wéstc, tallow, paper waste, food waste, sugar came bagesse, wasie oil,
petroleum sludge, coal fines, bone waste, agricultural residues and blend of
biomass with fossii waste such as petroleum sludge mixed with bone waste,

20 sewage sludge, sawdust or rape-seed meal.

A suitable carrier may be selected from saw dust, crushed bone waste from
siaughter house, bread/food waste, municipal waste, dried sewage shudge,
chopped siraw, rape seed mea] and sugar cane bagasse.

It is preferred that uniform size briquettes or pellets of fuel (such as biomass or
25  waste carbopaceous materials) are used so as o achieve a uniform air
distribution during gasification. It is also preferred that the maximum diameter
of the briguettes of fuel is pot larger than one eighth of the narrowest part of the

gasifier, so as to prevent bridge formation.



6 In the method for gasification the amount of secondary oxidation

required will depend on the remaining char content in ash of the fuels.

High ash fuels, such as sewage sludge, leather waste, petroleum residue
sludge, house-hold waste (RDF}, bone meal, chicken and cattle manure,
usually result in low carbon 5 conversion in conventional gasifiers due to

the isolation of some carbon by ash in the main oxidation zone. In a

further embodiment, there is provided a gasification system comprising in
series; e oasiies aLiNe IRy walkhe dHishaapaluanofientini vil
a fan, gl Her po po yme ter unit and means to exit product gas for_10
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In a further embodiment, there is provided a method for operating a
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fuel as heg r{?@?fgx{x (%&md&@glp&&hﬁ@&%ﬁ%@@ﬁﬁ@&mugh a
scrubberato clean partlculates and water soluble toxins as well gs aC|ds a
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that only one o% each double filter unit is operated in filter mode at any one

r cican

15 time, the other operated in regeneration mode.

In 2 further embodiment, there is provided a method for operating &
 gasification systém as herembefore defined comprising gasifying a solid fuel as
‘bereinbefore defined, passing the product gases through a scrubber to clean
particulates and water soluble toxins as well as acids, 2 filter 1 absorb tar and
' 20 moisture, a fan to accelerate gases, a second filter to absorb additional tar and
- moisture, to produce & gas for clean ignition. pH of the water scrubber is low in
order to remove the acids from the gas.

Preferably gas from the water scrubber bypasses the first filier during start up.
Preferably gas is fittered in one half of 2 double filter vmit at any one time, the
25  other half being regenerated, more preferably with hot exhaust gases. In 8
particular advantage gas £xiting the fan is at high pressure which is conducive to
further condensation of tar and moisture in the second double polymer filter unit.



WO 2005/047435 PCT/GB2004/004651 7 In a further advantage of the
invention the system of the invention and method for operation thereof

‘Eroduces ?as which is suitable for power and heat production devices,
8%‘8’1"86\7 fPtar and moisture, preferably substantially tar arfd HoRlQo4est
free. 5 We have now found that moisture and tar extraction can be further

improved with the use of a microcellular open cell polymer filter.
Accordingly in a further aspect of the invention there is provided a polymer

filter quﬁﬁzésﬁ&‘&%r%m?%% %Eﬁ&%%%&%%‘;@!%ﬁ%@’{ﬁg{n%%ﬂ%? FLSAHQ method
pores intherange 0.1 10 micron (primary pores) and optionally
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a method for the preparation thereof Both the acid and neutralised salt

form of tﬁ@ds@}lfﬁﬁf@%f@@-Micro-cellular polymers (they are also known as

PolyEIIPE. Polymers) can be used as water, 15 absorbent mategials. .
Tese o BeE S o G e AT Br AT b, D oroed
applicationith icvecellularigobpihdes apeaeitlmvipmenddier.and novel

polymers, EP 1 183 328; US 09/856 182). It is possible to use polymers
with prinffoustebpiaaiythenmbre indsrenienbres fomiaided a polymer

absorptigfief RERHRANR LRABEsRIL dpearhed-as iataws: PHERIAHRRIGS pores
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communibatéafis are known as
Both the acid and neutralised salt form of the sulphonated Micro-cellular
polymers (they are also known as PolyHIPE Polymers) can be used as water
15  absorbent materials.
These polymers are prepared using the teaching of our previous patent
application, (Microcellular polymers as cell growth media and novel polymers,
EP 1 183 328; US 09/856 182). It is possible to use polymers with primary
and optionaily additionally coalescence pores for water absorption. These pore
20 types are described as follows:
Primary pores in the range 0.1-300 pm; for example small pore size: 0.1-0.5

wm and large pore size: 0.5 to 300 um.

Coalescence pores in the range 300 — 10,000 pm. Preferably coalescence pores

have pore size in the range 300 to 1000 pm.
25  Polyhipe of particular pore diameter may be obtained by methods described

hereinbelow. In open cell polymers, intercell communications are known as
interconnects. PolyHIPE may have any desired ratio of imterconnect (d) to

pore (D) diameter, for example in the range 0 < d&/D < 0.5, preferably in the



interconnects. PolyHIPE may have any desired ratio of interconnect (d) to
pore (D) diameter, for example in the range 0 < d/D < 0.5, preferably in

the WO 2005/047435 PCT/GB2004/004651 8 range 0.1 < d/D < 0.5 when
W8 Per@tieter is approximately less than 200 micron. Inf&rE&GHRe4804651
may have diameter in a range of up to 100 micron, preferably 0.001 to

100 micron, more preferably 1-50 micron. 5 Polyhipes are commercially
available or may be prepared using methods as disclosed in US 5071747

and in addiional patery pyplications (sfetreihercin. o asherelbelon ., 5
described. e generic polyhipe po yn?er Which s com ermgfﬁ/ aaiiable
comprisesictOnpolpensdmpeiyihipeanteis mMadeep of oitpigsel mpriorh@isnicron,

styrene, g RN (RART IRt HRRA.50 2Riien

monooleate), and may be in rigid or flexible form depending on the
relative proportions of monomers, additionally in flexible form including

monamepgrainexy/kasivaiG.Bndviidie JUEAHOPASHRA AR Heods as

potassium persulphate as aqueous phase 15 initiator. However, due to )
the preseit@BrPSiMHESHHE hangrradiiignal ipriad BROMR/pmEiHSE Heerein
environmgiiaily-eiesbriiaicikiesefore, we prefer to use other forms of
micro-cellular polymers. When the use of sulphur groups in the polymer is

not desirable, it is preferable 20 to use oil phase initiators such as lauryl

peroxide Theo gtz aibpliase )pdiyiitst rahieh pislydditepaimeradiatpsisethprises
in a{i ter of th(;:n iqve&tigp ther. Egri%&{ corporate C}ill tglasc()eﬂionrg‘i%osr -
prefeéabl?%ﬁ-a%o IS cy%o exane carb nfﬁ?efgréfgurxffl peromdet?ﬁefg/b g]fvmyl
the oil .phmm@%mﬁmmfﬁ?ﬂD@@lWEOme@; and may be in
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emulsiondsdiBgerdivringesérsbigrpraadnding aponomer 2-ethylhexy! acrylate, and in
the aqueous phase an amount of potassium persulphate as aqueous phase
15 initiator. '
However, due to the presence of sulphur in the polymer, its use n gas cleaning
may not be environmentally desirable. Therefore, we prefer to use other forms
of micro-cellular polymers.
When the use of sulphur groups in the polymer is not desirable, it is preferable
20  to use oil phase initiators such as lauryl peroxide (1% of the oil phase).
A first novel polyHIPE polymer comprised in a filter of the invention
therefore incorporates oil phase inifiator, preferably 1,1-azobis(cyclohexane
carbonitrile) or lauryl peroxide in 1% of the oil phase of the emulsion.
A second novel polyHIPE polymer comprised in a filter of the invention
25 incorporates monomer (such as 2-vinyl pyridine) to render the polymer
adsorbent without causing emulsion breakdown, preferably present in an
amount of 5 - 10%. Novel polymers may additionally incorporate monomer
(such as 2-ethyl hexyl acrylate) to incorporate élasticity and improve

mechanical shock absorbance and good atirition characteristics. Elasticity is



amount of 5 - 10%. Novel polymers may additionally incorporate monomer
(such as 2-ethyl hexyl acrylate) to incorporate elasticity and improve
mechanical shock absorbance and good attrition characteristics. Elasticity
WORRSBE37047435 PCT/GB2004/004651 9 also useful to BRRAFRAMHE6SE
water uptake capacity of the hydrophilic polymer. The preferred value of '
the 2-ethylhexyl acrylate concentration is UB to Y=30% but more

preferably Y = 15%. A third novel polyHiPE"polymer comprised in a filter of

the inventjon 5 incorporates vinyl pyridine monomer (with or withqut. 2
ety AR AT S AR R o B g pobymc.
structure Thayhidbrtb wdre of thib&-palylnerysasuppdionatedofratitha signidsY=30%

non-suipho ate? b t{} watgy adsorbent. This is done by injecting
small am%b{:ﬁi%r l}%ﬁ&%g’iidio the core of the polymer and

subsequenttiisdipbosiaoyHIRE phyinesusingared nd G nfgtrods. théisnvention
ensuges that the sulphur,containing part is encapsulated t that part

o1 the pol iR e Y B TR o L S M e
not be driednexcesivily BunngithekinhgirgrsthidpeEruetsivandmiisy the core of
results in, %&ﬁﬁ&%‘%tﬁp‘ﬂ&ﬁ%{eé%‘?ﬁﬂﬁ%&% CRRACINHRL S RRIY YA LR water

well asinre d rate of water uptake. Typically, the water absorption_
capacity afsprsatpohftiseiss 48DEObY 2gissein praath SR SigiitlphyEC acid to the

polymer @fDe fMyeRERMRALPSBHIRLAY %ﬁlﬁﬁ@ﬁh@i@ﬂﬁ'ﬁcﬁﬁm%ﬁ%@ known

20 optionally (bio)degradable crosslinked polymer, preferably selected

from! OprofefRodid B H B BRIRR IR CRBIGRRYA RTiGiFRResiRd but vet

form, polydashie aCiRd JeBhHe!vaalicagisivpelycaprolactone, poly
(lactide/glycolide) and polyacrylimide. 25 The process for the preparation
of microcellular polyhipe polymers comprises in a first stage the formation

of a high igtemalRbasermulsippitHEREehId not be dried excessively during the
‘drying stage’. Excessive drying results in the reduction in water absorption

15 capacity of the polymer as well as in reduced rate of water uptake. Typically,

the water absorption capacity of these polymers is 10-12 times of their own

weight.

The polymer of the invention may be natural or synthetic, soluble or insoluble,

20  optionally (bio)degradable crosslinked polymer, preferably selected from
proteins and cellulose, polyacrylamide, polyvinyl in rigid or flexible form,
poly(lactic acid), poly(glycolic acid), polycaprolactone, poly (lactide/glycolide)
and polyacrylimide.

25 The process for the preparation of microcellular polyhipe polymers comprises
in a first stage the formation of a high internal phase emulsion (HIPE) of
dispersed phase in continuous phase, wherein the dispersed phase may be void
or may contain dissolved or dispersed materials, and monomers, oligomers

and/or pre-polymers are present in the continuous phase, homogenisation and



dispersed phase in continuous phase, wherein the dispersed phase may
be void or may contain dissolved or dispersed materials, and monomers,
oligomers and/or pre-polymers are present in the continuous phase,
WOA8EHEStion and WO 2005/047435 PCT/G B2004/0046511(:%'532004/094651
polymerisation thereof, by means of in the first stage introducing the
dispersed phase by controlled dosing into the continuous phase with
controlled mixing at controlled temperaturé% achieve an emulsion, and

subseque homogenising for controlled peri der controlled o
deformaﬁ)gfr?xneélsnél& &erea% 'RV GRAHO0F m‘%%i %gdsk: gtan% 11 oéucx%the dispersed

I
an polymerising, under controlle erature a
pressurepiagpdy ténvralic(BlusiopredficTostisubes basic piiecstructiedenirgng at

size of which is determy the.e fficatign st he PHP
formatiovr\{:gﬁ%geegfqrg%%ﬁé sig)e Egrglﬁﬁrﬁy eter%%r%%géi/ tr%%:-l?;l Subs?quenﬂy
deformathomgtisniping historpufeledemprsion. Phéemtegpitylbiithdeforpuies and

are kept during-Relymetsation-ancithenierconagsisaw,formed at this
stage. Depending on the chemistry of the oil and aqueous phases, phase

volume and the polymerisation conditions such as temperature and

pressuregtfife inteICPHRSCBANE parehe TRRIRIIR Patile foR0arladD 9% Jize of
15 Type - 2 Pores (Coalescence or%sg: T&;st pe of porefarchitecture is .
obtained &gl tHETTHREHH BSIeLRRIELCBHHe SR%5e A pofed Hiridgrmation.

polymerigaiestord) et spexs etk phasasdropdtadided i gondefdheaRtR (flow)
are coalesced by.the addition of water soluble polymers into the aqueous, .

onald, OFSEy Hicis SR Sy S o et SR SRchgH, during
the oil phpdgmeribstiotewalinbeteccomuentsatoniaimmd o tharstigehdepending on

emUISionth-gh%ﬂ%E% ?%%?Ctthglzgﬂnﬂﬁs 8%5@0&”}%5%%}5@%&9%&%@? and the

Type-1 pores which form a matrix incorporating lesced pores.
Howeverpelyanesisaioracondiiane sshlesdeappuiscaedvaipsiargehe interconnect

compared;iyuith fhe B ROIES tiBR0Y fRUgHSy STy small.

15
Type -~ 2 Pores (Coalescence pores): This type of pore architecture is
obtained through the controlled coalescence of the Type-1 pores during
polymerisation. The dispersed phase droplets in the emulsion of the PHP are
coalesced by the addition of water soluble polymers into the aqueous phase, or

20 by adding slightly hydrophilic oils (such as styrene oxide) to the oil phase or
by elevating the concentration of monomers in the emulsion. The interconnect
size in this case is the same as that of the Type-1 pores which form & matrix
incorporating the coalesced pores. However, due to the fact that the coalesced
pores are very large compared with the basic pores, the d/D ratio is very small.

25
Very small pore size emulsions (0.1 to 0.5 um) are obtained using very high
deformation rate flows in which the flow is predominantly extensional and the
emulsification temperature is as low as possible. Large pore size emulsions

(0.5 to 300um, for example approaching 200 um) are obtained at high



25 Very small pore size emulsions (0.1 to 0.5 pun) are obtained using very
high deformation rate flows in which the flow is predominantly extensional
and the emulsification temperature is as low as possible. Large pore size
wemulesans4360.5 to 300m, for example approaching 200 p.imparecstaa@des:
at high WO 2005/047435 PCT/GB2004/004651 11 temperatures and just
above the critical deformation rate below which the emulsion will fully or
partially invert, for example to an oil-in watét type system. The critical
deformation rate may be determined by varying, for example the rate of
addition ermpeufdesodjasioabdutirerisinepfoleiogivetins syistdploThaduch the
emulsiong, shonld AR, RSP ERRIAL RGO IME MSIRAPLFIOMNARIY: type

shear flows. Very large pore emulsions (300 to 10,000 m, preferably to
1,000 mysverebtiitetrireudafrmaiah s rEnhe kiopBiBso Hle Je8YEe. for

during 10 nabimersatiosy dasienee e sreiedalAcievna.canyaled piven

coalescence: 1) by adding_into the aqueous (dispersed) phase a known .
amogint évmverl‘gsﬁram@%wﬁ%eﬁ@% By adBigrIRrE S oltitds SRS thigne using
continuop@@@mbm shedatbwaethods, the concentration and the type of
these additives are important. If the concentrations are low, these

additives result in polyhipe 15 polymers with pores in the range of 1-200 m

with some«ledingd propertiaisidhstiig0focebpatiomis plafretdycartaiftl pm) are

value, the oaleRogncS POree SIAIOM o AR 52506, NE ANESZE ' quring
dictated By ?ﬁe Size O e pores before the start of coalescence,
temperatpryokpsaliinre ibatiorramnoontwdy afi echimabgcuiarolledgtadasdence: 1)

type of aﬁég:{%\]éaée e RO YD AP PEALTOM AGACERnr of water

immiscib orming a continuous and a dispersed phase,
preferablsofibla Befiiastistatoboildiggediliss’ solutes into the continuous oil phase.

In both methods, the concentration and the type of these additives are
important, If the concentrations are low, these additives result in polyhipe
15 polymers with pores in the range of 1-200 um with some desired properties. If
the concentration is above a certain value, the coalescence pores start to form.
In this case, the pore size is dictated by the size of the pores before the start of

coalescence, temperature of polymerisation and concentration, molecular

weight and type of additive.

20
The emulsion may be obtained from any desired immiscible phases forming a
continuous and a dispersed phase, preferably from aqueous and non-aqueous
phases, more preferably aqueous and oil phases. The emulsion obtained may
be an agueous in oil emulsion or oil in aqueous emulsion.

25

By means of controlled dosing the dispersed phase into the continuous phase,
it is possible to achieve the desired emulsion. In a batch mixer, dosing of the
dispersed phase is preferentially conducted from the bottom of the mixer,

using' either single or multiple entry points. Muliiple entry feed resulted in



phases, more preferably aqueous and oil phases. The emulsion obtained
may be an aqueous in oil emulsion or oil in agueous emulsion. 25 By
means of controlled dosing the dispersed phase into the continuous
VWEE50¢ 18 possible to achieve the desired emulsion. In a b&EH GR3I94/004651
dosing of the dispersed phase is preferentially conducted from the bottom
of the mixer, using either single or multiple entry points. Multiple entry

feed resulted in WO 2005/047435 PCTIGBY¥004/004651 12 larger pore
emulsions. If the dosir;%_rate was very fast, mixing created by the

emergind}EEn PR EBHS AR s B e Ssis ot a ahuciichsto FRITRE ShiaisTopy the
pore sizglaginaseseTharelaranihisearaynation ahdubipieriaad aginson pore
with a relatively prolonged dasing created large pore emulsion. After.the .
completiGH BTG, tHaeB R RsiH O B oo BB LS BE PG vith 2
homogenidatiosly peoilodgvaddeing, cpaie dizesdeoreasedsiconidite dunidmgletion
as hereinhefore defined may be critical or extended. Critic ixingis . .

S iclonT A B SRR P o RO Ear e A e EgSacpjoaion
phase witledoti phasieripypesiciveCiticabedixing is obtained by use of a
homogeneous mixing field whereby pore size is substantially uniform
preventing emulsion breakdown and phase inversion. Mixing may be by

any meaf®suftbertomringd asa ispiodersudefibadgiierd besaitisslantiattended.
throtho@}ﬁff&]t%ﬂﬁﬁr@ wneekibe Weinbasesardis RESierably oP¥queous phase

multiple blade, multiplé jet and the like mixing. We have previously found
that!BontHpyths fibREAEHTOF BRRECOR ST tHerHEH SUBHR At Bptgined by use
stable enyglsiopmikelage Roterdiamriarisebiaingd bye20 BuimNsANG theiform
intensity of mixing. Accordi g%/?#g me%rlgt of dosing, homogeneous mixing

and the IR REREIEBATING GHRTLS B BORIAEE "HEF&HSing with the need

for intense mixing. Homogenisation can be carried
Mixing may be by any means suited to provide a homogenous mixing field
15  substantially throughout the total volume of the two phases and is preferably
by multiple blade, multiple jet and the like mixing.

We have previously found that, contrary to the teaching of US 5,071,747, the
achievement of a stable emulsion with large pore diameter is obtained by
20 minimising the intensity of mixing. Accordingly by means of dosing,
homogeneous mixing and the like a stable emulsion may be obtained
dispensing with the need for intense mixing. Homogenisation can be carried
out in an external loop using a pump, such as a gear pump or screw pump
which can aiso be attached to a static or dynamic mixer . Types of static or
25  dynamic mixers suitable for this type of homogenisation are described in:
Akay, G.; Irving, GN.; Kowalski, A.l; Machin, D. Dynamic mixing
apparatus for the production of liquid compositions. US Patent 6,345, 907,
February 12, 2002, and Akay, G. Method and apparatus for processing



out in an external loop using a pump, such as a gear pump or screw pump
which can also be attached to a static or dynamic mixer . Types of static
or 25 dynamic mixers suitable for this type of homogenisation are
VHRRE0EHIR: Akay, G.; Irving, G.N.; Kowalski, A.J.; Machinb@/E3aq8 8651
mixing apparatus for the production of liquid compositions. US Patent
6,345, 907, February 12, 2002, and Akay, G. Method and apparatus for
processing WO 2005/047435 PCT/GB2004/004651 13 flowable materials
and microporous polymers. Internatjonal Patent Application. PCT,
Publicatisi e 20043887 a Ty A% 8D 0 LBy, SHETLRTATG andatent
homogenissitiafishay S raliduttedriaD DN 4004B 5, Sienapetaldedd.
depending on the pore size in the final Polyhipe polymer. If the desired
pore size is large, the preferred temperature is high, but nevertheless,

below tHadsbingrpaisitonghetbivesoperisniiphasey An eepsbistes phase syitable
the Jowgsh a%mméﬁdﬁgi&%@w@dsﬂz@%«cﬁmapﬁsaﬁ%nggg%mf the

process of the invention employing emulsification temperature of 60C or
10 greatéisHsURY TS FE I RES HBmBretande lersml Bore gk axtwsheless,
of 60 mMiglaR: {ACRASE: YoaUSHiCRINELDIINBEAIHESA 0N €608 ke PHHS: IRs the

dramatic increase in pore size by an amount@qreater than that achieved

for a simf¥eshoibEe phtetnpeikufte BB 4607 45 theandermufornd that the
emubififg?é@é&é%?Rﬁéaﬁw&a@yéﬁ%pw%@rem@iﬁ&m%p@@m of 60°C or
u

temperature of the lowest boiling gh_ase, for example the lowest boiling
phae EIGHGE ERAEN P RATEBREC B RERt b e ol s iRSeh GifiFRgS Of 60
point. Preferablyhe.c0ueausinhaseon RRLIBeUobiecvBigN ISy dramatic

stable at 100C and is potentially inert. By this means the process is o
preferabljEeitfed RATSEHS Sevaempressrateihen the wihisepdulre s similar

above thg helling:neiniebihe valepaper. The preferred temperature range
for high pore size emulsions is 70- 110 C.

15 The maximum emulsification temperature may be greater than the normal
boiling temperature of the lowest boiling phase, for example the lowest boiling
phase may include any suitable component adapted to raise the boiling point.
Preferably the agueous phase includes an electrolyte which is stable at 100°C
and is potentially inert. By this means the process is preferably carried out at

20  elevated pressures when the temperature is above the boiling point of the
monomer. The preferred temperature range for high pore size emulsions is

70- 110 °C.

Emulsification and subsequent polymerisation can be carried out at
25 temperatures above the normal boiling point of the aqueous or continuous
phase materials, by increasing the pressure above atmospheric using closed

continuous processing equipment.



Emulsification and subsequent polymerisation can be carried out at 25
temperatures above the normal boiling point of the aqueous or continuous
phase materials, by increasing the pressure above atmospheric using
BOWEGhthuous processing equipment. WO 2005/047435F CT/GB20064/064651
PCT/GB2004/004651 14 The process may be carried out with use of
additional aqueous or oil phase initiators, cross linking agents, fillers and
the like and it is preferred that these are stéble at the maximum operating
temperature as hereinbefore defiﬁr%ed. Selection of initiators, cross linkin

agents and e IRESISTARGE FRTHTLRIEREE S eagégg’ﬁ’ﬂtﬂﬁ%%gﬁf%fphase

the phasesitireiulsyingandbampgiaisingd thelidy heldctepigbie:tothat these
reduce the a nt of cross linking agent.required by use of a propertio

o1 pro-polTaIEbth o B Y e RS it RGP URR efined.
use of a stitedilerodfphwsefillerdss ihckazsegsiip hadehy dilinierantt retdbiceference
effective yisposity. L0.frefsrably thewraress of e invention, ising. Tt
charagcter\lgse% by ue e o% an irﬁﬁgﬁtor in tﬁe gs?% gézéslgl,ﬁ?gl et ?nv%it Yor ﬁﬁamsmg' :

place of anaaduemgsnitiietoirtitdate tas dmow oifctines dnnking agovisrphset by use
initiators gay, bﬁ@ﬁBRlBM?fo%&BSI%%% ALl AWEL IS MPELATHIRS ANde Opolymers,

include sodium or potassium persulphate. For operation at 15 elevate

temperat@RignEte 8oL & prasy initaisiarilppbastablendadinsrease oil phase
example, Jolnd2Qbis (eelobeeanecatbesiirile) or lauryl peroxide. Cross

linking agent may be for example divinylbenzene (DVB). If the polyhipe is
required to be biodegradable, hydrolyzable crosslinks can be 20
obtained. Alagsehtyabslinkiag agartsa@inyedednenstaiey Nsblodialliditiator in
tartardia 'de,.ll\l-glagl,%é %L[tﬂgg‘rm %hﬁh%(; hi% -acrylamide, and N-N'-N" o
triallyl citri iSiE: owever, Th trits CaseGrbiBasGrEaaLR HroLEfAiR (&) KROWD
the polynieritsett. shquidisephicd agitiviallenafhbsempplymerfoargpation at lower
(lactic aCIngnperatmes and include sodium or potassium persulphate. For operation at
15 elevated temperature above 80°C oil phase mitiators are preferably used for

example, 1,1-azobis (cyclohexanecarbonitrile) or laury! peroxide.

Cross linking agent may be for example divinylbenzene (DVB). If the
polyhipe is required to be biodegradable, hydrolyzable crosslinks can be
26 obtained. These crosslinking agents are ethylene diacrylate, N-N'-diallyl
tartardiamide, N-N (1,2, dibydroxyethane) - bis -acrylamide, and N-N'-N" -
triallyl citrictriamide. However, in this case of biodegradable crosslinkers, the
polymer itself shouid be biodegradable. These polymers are poly (lactic acid),
poly (glycolic acid), poly e-caprolactam and polyacrylimide.
25
‘When water soluble polymers are needed to form the microcellular structure,
they need to be crosslinked . In this case of such polymers, monomer (such as

acrylamide) is dissolved in water and a HIPE emulsion is formed dosing this



poly (glycolic acid), poly e-caprolactam and polyacrylimide. 25 When

water soluble polymers are needed to form the nlicrocellular structure,

they need to be crosslinked . In this case of such polymers, monomer
wochas4aepylamide) is dissolved in water and a HIPE emulSiG (8B 1ow#ieehs1
dosing this WO 20051047435 PCT/GB2004/004651 15 monomer solution
into a hydrocarbon liquid such as hexane or toluene in the presence of
suitable surfactant, initiator and crosslinker!froteins and cellulose can

also form microcellular structures. In this case, 5 these materials together,
with a suitasieresn srilignaiEi e rsSpiresrihor b michqsdsrameivluene in the

(water for pQIRIBS ARGHID WRiILRK5S, 'AERbE GUANERMAOH)2 for

cellulose) and dosed into a hydrocarbon liquid to form a water continuous
HIPE. Crosslinking is achieved by immersing the HIPE into a solution of

glutaraldehygiendonpreiginslorasigisolstionfealicata)r 2aUdefrodasthis case,
may include introductjon of any suitable modifier as hereinbgfore defined .
oo t or BT BREAI RO e o PP S G ERE HFy  tble
introducedgqiiethe pispe sedcadueptschisass dotvitseddmtaghe, cOniNBOUs OH),
phase as hereinhefore defined, Alternativel ost polymerisation 15 .
odifcaiih SISO EhLes, B e B LR R s comtinuons
removing E@Rac@u@;sg@dn@@@dﬁd‘_/@é feiaémmmr,f%ﬁtii@@_ furghiation of
polymeriseiialaRkiSACIAR ARRFHIPHNG RRMR (RS Modifying

agents and modification techniqués are known in the art. 20
Polyiferisation is carried out under known conditions of time and

temperatufge {0 R IBap et IRNAMAL PUFAMEs ARYIL LSRR B BEGinbefore
be polymerised, as known in the art. Preferably polymer is polymerised._in

individual $eEneE B59RLR ATHRSRAFSRA oty merisation. For example modifiers may

be infroduced in the dispersed aqueous phase and dosed into the continuous
phase as hereinbefore defined. Alternatively a post polymerisation
15  modification stage is employed, which may simply take the form of removing
surfactant, electrolyte and unreacted monomer, coating, further polymerisation
or reaction on the existing polymer surface. Modifying agents and

modification techniques are known in the art.

20  Polymerisation is carried out under known conditions of time and temperature
for the respective monomer, oligomer and or prepolymer to be polymerised, as

known in the art.

Preferably polymer is polymerised in individual molds so that a skin is formed.
25 This has the benefit of preventing atirition of the polymer during use in a
packed bed. The alternative method of cutting the polymer into packing

material can result in the fragmentation into small particles.



25 This has the benefit of preventing attrition of the polymer during use in

a packed bed. The alternative method of cutting the polymer into packing
material can result in the fragmentation into small particles. WO
YEORGA? 235 PCT/GB2004/004651 16 In a further aspect of fREGEIRMH{TG#S
there is provided a novel polyHIPE polymer comprising polyvinyl polyhipe
and is made up of oil phase monomers styrene, divinyl benzene (DVB)

and surfactant (Span 80 sorbitan monooledt®), additionally incorporating
monomer (such as 2-vinyl pyridine) to make the 5 polymer water

adsorbarBvtABIREaaSREHRE ERIRISRUS S Ehtrats, Bietdlehy BRedeneirfIPE
an amoupgbRhfer ckfprancigromongmeanyiiienas B-ekud heyybiaphdatia)d@omers
incorporate elasticity and impro chanical shock absgrbance and

3000 At B En A Ty BB TP T PO AeT B praglest).
pores in thiditimge0 ihder3fatimicromeged. stel) & eyl geifidid@0to make the
micrqn as 10 primary pores.and optionally additionally.if. the concentratio

ot the co R R S R ety
micron, egrasprioinl 0emaeerbé de -foltfédand/arfurtimeresfeutlofathé-ethyl hexyl

inVentiO”a%}?fﬁe%)* Rroideshibe Upgel Qﬁﬁi%%r&?éﬁ%&ﬁ%&%‘%ﬁi&a@QQsorbance

gasification 'system and method, gas filter and nhovel 15 polymer in the

gasificatigniotessliatiidpashrsnetatissecharmsterissrere taplyie pli@riteomprises

combustible.dasesfafds® N 8NRIGHASHETakioN foexamepls Hléiﬂgz_oo micron as
internal combustion gas engines, gas turbines, dual-fuel diesel engines or

fuel |8ellS B anSE R Ak thedioBAlisnt b Gvammestiatier of the co-
preferablgfpatuses a0l Roxidee: drsesibethwvithsetarenae, tmthaicron, eg up to

following drawing: Figure 1 is 8 schematic diagram showing a gasifier
according]‘tq;%ﬁfé1 FeS 8t fﬂﬁ%ﬁlion. Figure 2 is a schematic diagram

showing %eagﬂﬁm%@t;ﬁgﬂeéy %tfamewiixrlk}eﬂltion there is provided the use of a gasifier,
method for gasification, gasification system and method, gas filter and novel

15 polymer in the gasification of solid fuel as hereinbefore defined, preferably to
generate combustible gases for use in energy generation, for example using

internal combustion gas engines, gas turbines, dual-fuel diesel engines or fuel

cells.

A detailed embodiment of the invention, as well as further preferable features

20  will now be described with reference to the following drawing:

Figure 1 is a schematic diagram showing a gasifier according to the present

invention.

Figure 2 is a schematic diagram showing the gasification system with a

gasifier located in Fig ! according to the present invention.

25  The gasifier 1 shown in Fig 1 can be subdivided into five overall zones. At
the upper end of the gasifier, where fuel is introduced by means of a top fuel
air-lock rotary valve 22, is the fuel storage and drying zone 6. Below this zone

is a pyrolysis zone 7.



gasifier located in Fig 1 according to the present invention. 25 The gasifier
1 shown in Fig 1 can be subdivided into five overall zones. At the upper
end of the gasifier, where fuel is introduced by means of a top fueI
ajbl%lg,(;g.;g)&ry valve 22, is the fuel storage and drying zone 6,Bg

zone is a pyrolysis zone 7. WO 2005/047435 PCT/GBZOO4/OO4651 1
The first oxidation zone 8 is located below the pyrolysis zone 7 and has air
supplied to it through air intake nozzles 12 i the first air distribution throat
2, which defines the lower edge of the zone, and in the upper part of the

reductionzgngrg- FhigibOalle BeinedRlakRAOR BREA%LCAR 7 and has air
preferably 5 about 20, so as tg aid the flow of fuel down the gasifier, and

may be cHRREELE dhrmeR AL MRS OReFestel AR Mhadiates d o droat 2,
fuel flow. \?Fliilelihﬂ@ﬁaﬁlei tﬁd’lgdﬂdryﬂ/\lﬁ:lge(bigtﬂ‘éegﬂﬂ@r &mfaﬁ?ﬂ&f ﬁﬁ}ﬁ)&aﬁﬁt@rof the
1. A central air.nozzle | Ir distribution | I'SI OXI

o s e S A SR SR A A G P rcterabiy
abous 0.=:bbdtétreoSuceh adidrziois pféfeﬂaﬂxbyvfodai@mﬁeﬁraﬂy abgvie: curved
the first ajr, djstry d%u % B%L ﬁm De%@l SygH PRI L0 ts 'ﬁgjﬁlgxr‘jgu“ff;he%mm

12 from a ring duct orme etween the first Alr

throat 2 aht tigidlyunsidsiden Bﬁmqﬁfﬁﬁemif ﬂhemmﬁmdmto this ring

duct23 b mean of an primary. air intake, v ve 9. If a central air ngzzle

ot 24 1s i EBRTRATE AT G ATERAISR b S Sratthps zone
connecteghwith ;bbatcmz&hﬁ useiimiaayiairtintakenvabreod (e dersificcssiet®out 0.5
ther |s no gentr, r nozzle seI 24 it is preferred that ab o thirds

the gll’ intak (:Eenoglzizls ?LGgm cat o oM s%r GJ 8?%(#] ﬁv%ﬂt }%agjm air
2, and thaishiwibe rithoed are"llbeatedsrsupplmdtﬂctlmamneﬁamﬁaﬁs 12 from a
20cm 201%? ¥ Eﬁ%&%&%ﬁ%& %elfg%%% b&'%)fs B GRRLAIL BOZEE and the
set 24 is pr sent en an equal number of nozzles are located Iin eac

location. outer shell of the gasifier. Air 15 admitted into this ring duct 23 by means of an

04651

primary air intake valve 9. If a central air nozzle set 24 is present this is
15 supplied air from a valve 25 whose operation is connected with that of the

primacy air intake valve 9.

In a gasifier where there is no central air nozzle set 24, it is preferred that about
two thirds of the air intake nozzles 12 are located on the surface of the inclined
throat 2, and that the other third are located in the reduction zone 5 at least 20cm
20 above the perforated part 3 (see below). If a central air nozzle set 24 is present,

then an equal number of nozzles are located in each location.

The throat 2 leads to a reduction zone 5 which descends as a conical tube into
the second oxidation zone 14. The cylinder which circumscribes the reduction
zone 5 has a perforated catalysis shell part 3 so as to clean and to allow the

25  escape of the product gas 13 directly into the second oxidation zone at the level
for the gas discharge pipe 18. The angle that the perforated catalysis shell 3
makes with the vertical direction is 10 to 40°, preferably about 20°.



The throat 2 leads to a reduction zone 5 which descends as a conical tube
into the second oxidation zone 14. The cylinder which circumscribes the
reduction zone 5 has a perforated catalysis shell part 3 so as to clean and

R glaw s> escape of the product gas 13 directly into the gecond /004651
oxidation zone at the level for the gas discharge pipe 18. The angle that

the perforated catalysis shell 3 makes with the vertical direction is 10 to

40, preferably about 20. WO 2005/047435 RgT/GB20041004651 18 The
second oxidation zone 14 has air 15 supplied to it through air nozzles 17

which areTheatednd tedsgcondmiridisisbutiorsthipptidi whictharfinesthezzies 17

lower edge of the zone. Thig throat is alsa inclined at an angle. 16 of 10 t
A0, prefOlbl 5 S50 1 A P HOA B S et fhe fower
consideratidges @Stbetadhe diigletbfdaclination infthedirgt air shslablgien 10 to 40°,
throat 2 appl f8fF w808 A¥0R! o IR0 S NS BRI TASR Al arions

the gasifiér 1, and is preferably aligned, or more pre?éra% y symme rlcaF, as
with the firatther anigleiloditioelinatien of Miaditermir syshihativoahastudegply here. The

herein mec?&b%maifs%&&W&E&@%M%P?Mﬁé@%ﬁ%@?ﬁ%p A Y Sreferably

located about a common vertical axis. 10 The air is supplied to the air
intake no2HSRd79% GHATS PRIECERDEY SBOMGEHCA, fooivhdler disaiaisrslistaibution throat 2.

second airghisieputigntheaalat anddbe uter shalofithendasifian & 18 and 4 have

admitted into this ring duct 26 by means of a secondary air_intake valve

15. At the' BRSE S P GALIRLF 10R St RN SrRABYBICRIGEIEb#E Yocated to
remaqye t . - . R r ini e f the gasificati . i
proc%és. r‘:‘%lgl gﬁ%ﬁﬁfﬁaﬁﬁeﬁﬂ%ﬁg (1;?%5 é%%asir?l‘gg? %t%l?ﬁn\gai%/ug {2 which is

with a slideigigatectupee e srcenp. aBadiprbuticadlirotted gadifibe isuter shell of the
removed pysmeans\gf & daniie Y R RIS IRcP '@@%yl‘?h@é%'é: s, secondary air

preferably maintained at a reduced pressure; i.e. less than 2
atmospheftfidatisdShy the use of a gas suction fan (Fig 2).

At the base of the gasifier 1, a screw-conveyor auger 19 is located to remove the
15  ash-slag mixture remaining at the end of the gasification process. The ash is
discharged by means of an air-lock rotary valve 20 with a sliding gate valve 21

on top.

Gas produced in the gasifier is removed by means of a double vortex discharge
pipes 18 which is preferably maintained at a reduced pressure, i.e. less than

20  atmospheric pressure, by the use of a gas suction fan (Fig 2).

The upper part 6, 7, 8, 5 of the gasifier 1 operates in a similar manner to a
conventional downdraft gasifier, whilst the lower part 14 of the gasifier reactor

I operates in a similar manner to an updraft charcoal gasifier.

The cross-sectional area of the first and second oxidation zones 8, 14 is less than

25 that of the fuel storage zone 6 and the pyrolysis zone 7. In order to maintain
uniform temperature distribution across these zones, the cross-sectional area of
the reduction zone § is smaller than that of the first and second oxidation zones
8, 14.



The upper part 6, 7, 8, 5 of the gasifier 1 operates in a similar manner to a
conventional downdraft gasifier, whilst the lower part 14 of the gasifier
reactor | operates in a similar manner to an updraft charcoal gasifier. The

S555 ig al area of the first and second oxidation zones i
oS R

at of the fuel storage zone 6 and the pyrolysis zone
to maintain uniform temperature distribution across these zones, the
cross-sectional area of the reduction zoneig is smaller than that of the
first and second oxidation zones 8,14. WO 2005/047435

PCTIGB2QpMOGa1tdsh hRIS, aasificatinereasssrlkis eigieddbat, pellets

uniform size brir%uettes or pellets of fuel 11 (such as biomass or waste

carbonaEdie! hhfehelissHhENesy ¥ 48t fo- ABANSGE R LG Bl are used so as to
distributigehiievibe thieatsestnaahoNe theke deioBeeabe abottihdl8@uction zone

preferred_that the maximu iameter of the briquettes of fuel is not 5 .
etor A e St B L Bt BT RS s g Ao foe is mot
prevént hriglyeienrnoatieipinitd ﬂrstrmﬂdqﬁ&npa@h&f&iﬁbgas%ielﬂ_w_@ah 20 prevent
ThermocoBIES ol NoN AR Beppded INaughoLie gpsifier <o

as to provide monitoring of the gasification process. réaking

poker anglfEndbsaifEstRsisiowR) may %Er@@i@é@%gg'iﬂ)ﬁf‘%%é@%er 50 as to

destruction of any 10 bridge that forms in the first oxidation zone 8 above

the throa‘?rﬁ‘ﬂfi?dim%mgﬁ%t%mﬁﬂ% BROSETS: PhbrjssraeHamg poker and/or
vibrator camferafinchadwat)thestoplsouter meetidnl abthesasifier desttigion of any

gasifier 1 shown in Fig 1 is gperated continuously after initial jgnition and
star{f)up,lw}a%ﬁ ébgﬁg"tsaﬁé gé&ft %xfgailg'}rﬁﬂﬂ?e Fh%?eﬁ’&iﬁlg‘% fugf @gprevent
consumgptieracatulatiy:den sehoil be psifiadabiboragbrand/canmastetached at the top

(carbonacequs fuel loa into the gasifier 1 from the top fuel valve
22. After%ﬁegrs%i?ﬁégf I%lg ?ﬁ%ﬁ% ?:'omplete, fuel valve 22 and ash

discharggnabpiBid-argHempRIarly1 Siopp@sted continuously afier initial ignition and
start-up, which usually takes about 5 to 15 minutes, depending on fuel

15 consumption.

Naturally dense or densified biomass and/or waste (carbonaceous fuel) are
loaded into the gasifier 1 from the top fuel valve 22. After the solid fuel loading
is complete, fuel valve 22 and ash discharge valve 21 are temporarily stopped
and sealed, and the gas suction pump (Fig 2) attached to the discharge pipe 18
20  switched on, so that reactor reaches a pressure of about 5 to 10 mbar below
atmospheric pressure, at which point primary intake air is introduced to the
oxidation zone 8 via a ring duct 23, by opening the control valves 9 and 25. A
gas burner (not shown) located in fhe ring duct 23 issued as an ignition device
0 as to ignite and heat up the fuel in the oxidation zone 8, until combustion

25  initiates.

The distribution of the air intake nozzles 12 and 24 allows homogenous
penetration of air into the oxidation zone 8 to support combustion of the fuel to

achieve high uniform temperatures (>1000°C).



and sealed, and the gas suction pump (Fig 2) attached to the discharge

pipe 18 20 switched on, so that reactor reaches a pressure of about 5 to

10 mbar below atmospheric pressure, at which point primary intake air is
IRtPadsRebisthe oxidation zone 8 via a ring duct 23, by opegﬁgégg% 1004651
control valves 9 and 25. A gas burner (not shown) located in the ring uct

23 issued as an ignition device so as to ignite and heat up the fuel in the
oxidation zone 8, until combustion 25 initiatgs. The distribution of the air

intake nozzles 12 and 24 allows homogenous penetration of air into the
oxidation zgRe & (- ekiRRAk HBHQR MoheTivmle gyt ished in the first
uniform temperatures (>1000C). WO 2005/047435 PCT/GB2004/004651

20 Once gﬁf@ﬁé?at.aﬁ%#mé?%ﬁm@ orBBETe FoBerfids Biriastapsheepriorated

in the flfSTca(MUEtﬁﬁl QrRIZOBcH: G¥lerAligNiomkinSioRae nRIEURB RSN to allow
perforate aIyS|s cket 3 can be a%% u’% USln sui able metal
p

base cata %t RS e 8RBt 15y Jatitt AL fﬁigrﬁﬂ%‘l‘?}lasl catalysis
microporcus:cgtalysisith éﬂagmgé‘memt*\mitmgﬂsmerp]:oddbemabeeEOproduct gas 13
produce tgeffcgf"eee asclgattjxp Qﬁg %afésgb Oef r agplg% 1%5 dn#ve%astm hﬁrsn oxidation

operating temperature of ¢ X|da S h R S A e e
put of thezgasifiedibengosibg dém@ghmﬂr@lfe@fb)gamﬁcea&ﬂgnmcmentbfamgolled by

air intake .. the gasifigl-lgan.efficiently eqpe %]Qst&fér@lt 859 léén%%? Ol perated

its maximum throughput capacity by controlling the air 10 |nta es 9

and 25. THeidITteih BEVALQF S PRSIRHIT e iy GapaRify Zohedirolling the air
resulis in grdREBPEIAtHAG 95 about 400 to 600C in the pyrolysis zone 7, and

about 100C in the drying zone 6 by radiation of the heat upwards. During

the pyrolyEis, Wwigkehierepgrtaie alahidv20 rmntke ditfiectddisunitarnsizesults in a

15 fuel 11, rgle: &@ﬁf"%@h’&%‘%‘a 4reee-end ftﬁ”t”g%r% arcoa' Lo iﬁ ta'%l?ut 100°C in

supply of oxygen ollowing reactions are thosetha
place in tie drying zone 6 by radiation of the heat upwards

During the pyrolysis, which may take about 20 minutes, the dense uniform size
15 fuel 11 releases combustible gases and forms charcoal without the supply of
oxygen. The following reactions are typical of those that take place in the

pyrolysis zone:
Char Formation

0.17CgH;oCs — C+ 0.85H, AHjgex = -80 kI/g mole

20
Water Gas Shift
CO+H,0 - CO;+H, AHiger = -33 kJ/g mole
Methane Formation

25 CO+3H,— CH;+H; AHagor = -205 kJ/g mole
CO, +4H, — CH, + 2H,0 AHsgox = -192 kJ/g mole

2C0O +2H, +— CH; + CO, &Hggg[{ = -247.3 kI/ mol



pyrolysis zone: Char Formation 0.17C6H10C5 - C + 0.85112 DI3300K =

-80 kJ/g mole 20 Water Gas Shift CO + H20 -+ CO2 + H2 z~H300K = -33
kJ/g mole Methane Formation 25 CO + 31-12 -* CH4 + H2 AH300K =

&g% @/&%%e CO2 + 4H2 CH4 + 21120 AH300K = -192 kJ/g mole 2CO
Y2127 R4 + CO2 OH298K = -247.3 kJ/ mol WO 2005/047 552004/004651
PCT/GB2004/004651 21 The charcoal is then dragged under its own by
gravity to the first oxidation zone 8 followed by reduction zone 5 wherein
exothermic and endothermic reactions respectively take place at high
temperatures. 5 The following reactions are typical of those that take

place in the oxidation zone 8. Partial Oxidation C +/2 02 - CO AH298K =
-268 kJ/gmpothaiCo#l {2 h2 draghed Mide S8 owndBbebakitigringb AR itakon zone

02 -~H 298K =-241.8 kJ/g mql An advantage of operating the . X
oxidation chlﬁga\ge té?ﬁi%(g%%%u %n ngaf” s fﬁﬁ%%{gl %@ﬁ%ﬂfﬁ%ﬁﬁlﬁq@a‘im
pyrolysisrggses priydake gliwdhelpghalysigzomes/ can be cracked to some
extent to produce lower chain length hydrocarbons. 15 In the reduction

zone (alds SriaviBreitediaRs Gas Heimb AT bRy btk hiase e Mg exidation zone
converted into product gas by the reaction with hot gases from the above

zones 6, 7 and S. The following reactions are typical of those that take

place in therredddtidarivene

C+%0Oy— CO AHyegr = -268 kI/g mol
CO + ¥ Oy ~ COy AHaggr = -285.0 kJ/g mol
i0 H2 +¥ 02 =+ HzO AHQggK =.241.8 kﬂg mol

An advantage of operating the oxidation zone 8 at a temperature of at least
1000°C is that any tars in the pyrolysis gases produced in the pyrolysis zone 7

can be cracked to some extent to produce lower chain length hydrocarbons.

15 In the reduction zone 5 {also often referred as gasification zone), the biomass:
char is converted into product gas by the reaction with hot gases from the above

zones 6, 7 and 8.
The following reactions are typical of those that take place in the reduction zone
5

20 Methane Formation

C+2H, - CH, DAHaogx = ~74.9 kI/ mol
Boudouard Reaction
C+C0O,— 2C0O A Hoogx = -172.5 kI/ mol

25

Water Gas Reaction



5: 20 Methane Formation C + 2H2 -+ CH4 LH298K = -74.9 kJ/ mol
Boudouard Reaction C + CO2 ~ 2CO AH298K = -172.5 kJ/ mol 25 Water
Gas Reaction WO 2005/047435 PCT/GB2004/004651 22 CO2 + H2 CO

H6l26dshhlg98K = -41.2 kJ/ mol C+H20 CO+H2 OH298K=-1§(]EE§(§§%/J&9404651
e

The product gases from these zones are then sucked throug

perforation 5 jacket 3 which may be filled with highly active microporous
catalysis in the wall surrounding the reductjgn zone 5 and exit the gasifier
through the discharge pipe 18. The use of the perforated part 3 in the wall

surrounding thesedustion zpne 5 allowsthe predugtgagesdpe crack
residue tars. It also reduces the amount of ash and particulates picked up

by the préttudigases, Partiddjarly in the Sddprd=103Dddakamzone 14, and
carried out of the gasifier 1. The remaining char particles which are not
completely gasified in the reduction zone 5 fall into the second oxidation

zone 14 for secondary compustign and gasification of any remaining char. .
T sh (by o e A T e 10 o SR QU BT e oration
produict gaskigrinedhinhthreazcop idiad, wombigtipredvehaimtvgoiotisscatalysis in the

directed Mm%g'ﬁ%ﬁ%%t%% du%-18 408 &89&@’%?1'2?& ﬁtﬁ @Jei:eﬂscharge

to the discharge 18. Thé amount of secondary oxidation require

depend drittd §erhhming ehteaunterssn pam dfithbsuend] sigerading s reduction
such as seMagR RINAYE. 1REINEr WaSIS, PRIRIRUMIERIALE: SING9Siuces the amount

house-hold waste (RDF), bone meal, chicken and cattle manure, usuall

result in IBW%?BQI?‘?@‘B%?’F%g%ﬁ‘%ﬁ%@ﬁ\?@ﬁ%ﬁ’fﬁlﬁ&éﬁ%fé’%@%ﬁﬁé“ the second
isolation ek &RmMS GAHRON hASAried out of the gasifier 1.

The remaining char particles which are not completely gasified in the reduction
zone 5 fall into the second oxidation zone 14 for secondary combustion and
gasification of any remaining char in ash (by similar reactions that occur in the
first oxidation zone 8). The product gas formed in the secondary combustion
15 chamber 14 is directed upward to the discharge 18 due to the negative pressure
applied to the discharge 18. The amount of secondary oxidation required will
depend on the remaining char content in ash of the fuels. High ash fuels, such as
sewage sludge, leather waste, petroleum residue sludge, house-hold waste
(RDI), bone meal, chicken and cattle manure, usually result in low carbon
20  conversion in conventional gasifiers due to the isolation of some carbon by ash
in the main oxidation zone. In the gasifier of the present invention, the amount
of secondary oxidation in the second oxidation zone 14 is controiled by the

amount of air admitted by the secondary air intake valve 15,

The secondary oxidation zones typically operate at between 650 and 850°C.
25  Mixtures of hot combustible gases (at about 450°C) leave the gasifier 1 from the
discharge pipes 18 after passing through perforated catalysis zone 3. In Fig 2,
the product gas, which may contain a small amount of tar (less than 20-50

mg/m’) and particulate matters, is discharged to a cyclone for particulate and fly



in the main oxidation zone. In the gasifier of the present invention, the
amount of secondary oxidation in the second oxidation zone 14 is
controlled by the amount of air admitted by the secondary air intake valve

%ﬁ, I@?ﬂﬁﬁ? dary oxidation zones typically operate at betw n
850C. 25 M%?tures of hot combustible gases (at about 450C %%2%?1%3}90%51

gasifier 1 from the discharge pipes 18 after passing through perforated
catalysis zone 3. In Fig 2, the product gas,which may contain a small
amount of tar (less than 20-50 mg/m3) and particulate matters, is

dischargedHoch6v£1an8 fPREHCHEIS anddIN W O 2RRRI4 48%as-water scrubbers
PCT/GB2004/Q04651 23 ash removal and then into one or more heat

exchangetd bl 22 HIER SFUBBEIE RIRFFHHBE SRS ETRGRiign of any tars or
processingoiuab aSiy eaidiiatigss.of any tars or moisture in the product
gas. During normal operation of the gasifier 1, the ash auger 19 and the
rotary valarBouoarselopmeratsm b getishy dudheatortion Htenthtistootary valve

extragt slag E@%ﬂ&%té&@&ﬁ%ﬁ@&él?ts&@ﬁiﬁ%@&ﬁbﬂr&?@%ﬁaﬁﬁ%ﬂié‘&‘@z]f‘gd from the

The mode of operation of ash auger 19 depends on the ash content o ]
gasified riiassaforaridsadion iBrprefeifeBahaitieedadime medspel sesration of
such that#1£.6aEp 90 ERIeRLR theaAtd Mof PAPLeRAESIHRIHICr waste.

gasifier is less than 3%. 10 Figure 2 illustrates a gasification system
comprisiig in pefesdibydbifigaafiehs naatidnsueiwdkeribercisben, @ntent of the

double palymen ity URLWATKING ine BARARM3Q0a,uther double

polymer filter unit ahd means to exit product gas for energy generation.
15 THe g&éfron? thiesvater sgasiietioarsasobypapsding finstedivpublie gasifier of

polymer f{f r. %ﬁt picQ i&& gfgggﬁ;g iln tbed&ﬁ{bm of o Qol er box filters .
if needed t%ién can 1Eé\ppen &urlng Start up w en the ?jallrrl go%%ﬁt 15 igvﬁc.)lfﬂng a
During thiagidsmal feperdtivhendmebinegzmes hmguhtengmeaastioxefifteproduct
the polyné%g iﬁ,{gﬁ&g?%@,@gtig&he second box filter by blowing hot
exhaust gas coming from the
15  The gas from the water scrubber can also bypass the first double polymer filter
unit which is preferably in the form of two polymer box filters if needed (this
can happen during start up when the tar content is high. During the normal
operation, while the gas is going through one box filter, the polymer is re-
generated in the second box filter by blowing hot exhaust gas coming from the
20  internal combustion engine. The regeneration can be conducted at 80 C while
the gas cleanup is conducted at temperature below 40 C. During regeneration

using polymer in the second box filter, exhaust gases are also cleaned through

absorption by the polymer and particulate matter is also retained.

25  This filtration in tandem is repeated at the fan exit where the pressure is high
which causes more tar and moisture condensation in the second double
polymer filter unit which camries out water/tar absorption. There are
restrictions on the gas lemperature before it can be fed into the internal

combustion engine. Preferred temperature is about 40 C. Therefore the gas



20 internal combustion engine. The regeneration can be conducted at 80

C while the gas cleanup is conducted at temperature below 40 C. During
regeneration using polymer in the second box filter, exhaust gases are
desleangskthrough absorption by the polymer and partlculpéqﬁ%%é% 1651
also retained. 25 This filtration in tandem is repeated at the fan exit where
the pressure is high which causes more tar and moisture condensation in
the second double polymer filter unit which,garries out water/tar

absorption. There are restrictions on the gas temperature before it can be

fed into thiRtgnancankuste m@srtgteq;eDd&S%ﬂeq”mg@méeré&ab&%f the tar

40 C. Therefore.the as WO 2005/047435 PCT/GB2004

004651 24 from

the fan oRHECRIRREUE 15 B BRI IR HERSS RS BHES aR A fh ko=t

and moisture by the micro-porous polymer in the filter box at the fan eX|t
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for the engineis

biomass fu);ai¢ igaded into the hopper toa predetermined level. Then,
the air fan and the water scrubber circulation pump are switched on. The
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2. Gasifier operation

The data measured are the fuel flow rate, gas flow rate, gas composition,
temperature and pressure. Temperatures were recorded with an analogue to
digital converter every 15 s for inlet air, drying zone, pyrolysis zone, throat
and scrubber outlet. The pressure drops were also measured at the gasifier and
water scrubber outlet. The product gas flow rate was measured by a gas flow
meter located after the suction fan. The amounts of tar and condensate in the
product gas were determined from gas samples taken at the gasifier and water
serubber outlets .

Clean and dry wood chips and charcoal for use as filters are placed in the
respective trays in the box filter. The gas flow meter is regulated to the
required flow rate. The air fan is switched on followed by the circulation pump
(water scrubber pump) at the side of the water tank is turned on. Then the pilot
lighter to ignite the product gas is lighted. The product gas flow rate was
measured by gas flow meter located after suction fan. A circulation fan (gas
booster fan) is used to provide the suction effect, which would be exerted by
an engine coupled to the gasifier so as to pull the product gas out of the
gasifier, through the scrubber and up the stack where it is flared after ignition
by a pilot burner. Temperature was measured continuously at six different
locations by thermocouples and data was recorded on a computer.

3. Gas clea:ﬁng



water scrubber outlet. The product gas flow rate was measured by a gas

flow meter located after the suction fan. The amounts of tar and

condensate in the product gas were determined from gas samples taken

wal thes/gemiffer and water 25 scrubber outlets . Clean and drycvoeekalipsies1
and charcoal for use as filters are placed in the respective trays in the box
filter. The gas flow meter is regulated to the required flow rate. The air fan

is switched on followed by the circulation pdmp 30 (water scrubber pump)

at the side of the water tank is turned on. Then the pilot lighter to ignite

the produdtgubesifiphteds Tae prottcicgHscliow ratd wadematasanéddylean the
gas flonvgmetamientiod giensalysion Tan. A cibeuiptioratian tgsisalipostesists of a
fan) is usethkspravidesthwbog tipwlsfféenmhitdmetu|ditiedxertedstianpipe. It
engine coapied tyehyrsiiér Bbastcpighthe proging tasudnoithee3The first
gasfier, ifhPoQFgﬁaﬁﬁe Huerabbriicah dlags theadsaokiv beradtlps fegadtaftér provide a
ignition 1B5za I e to feanse piefecoranmeddlerthy sensmdupushpeiai silica
differen€4bbaHuRE By thterscoOUBlEs arrpbatawesrecavaad SHlaype BS 2406,
computékZ3, k@héﬁéﬁe&%ﬁﬁgozrbwehzc@e/mﬂab Be propling 4rbe4 65 1otameter
25 A U-{E BLAVES BdARset RetspRcosderishee, aaths vacuum
cleth themaas 9 2 Ap% rensh b s pysy ARIed ageatipnt gas
consstsﬂcﬁ?ﬁ‘ém&a‘i‘i’\llé%@ @ﬁe@@ﬁf’ﬁﬁ?ﬁfbf HroBE g ih&dfameter linked to a

plastic pipe, It contains two Pyrex "U" tubes in series for trapping tar and
moisturé” ‘?h@tffﬁgf‘%ltrap contains the spherlcal glass beads with a smaller

dla ete rowde a large sur a e a o the Wet pro r gas, while

bk C e gasifier.
' :/r:(}:uum@ 8 f’g?% er%gﬂ : A4S %C%)ISE ?f H%}P ajfé‘ﬁi”ﬁt fan
through#le sam %?‘1 I rﬂot}ﬁm% :ﬁ%ﬁf ) bumer “f{; /e glbu %%Si burner
placed be e ”the fipaSHRadHE DR Stible gas is

20
5. Data processing

For a full mass balance, cleanup procedure includes all procedures required to
collect tar, char, ash and condensate. After the reactor cooled down, the
25 amounts of ash and char were determhined by collecting those from ash
chamber. Finally, the top plate of the gasifier was opened so that all unused
sugar cane bagasse were carefully removed and monitored. The average feed
rate of fuel was caleulated by dividing the total sugar cane bagasse consumed
by the total operating time of the gasifier.
30
6. Fuel preparation

Biomass fuel consistency is important in gasification in order to achieve
contimwous flow through the reactor and to provide reliable product gas
35 composition and calorific value for the downstream energy conversion
processes. Furthermore, densification of the biomass fuel reduces the reactor
size, while shape and size of the densified fuel reduces fluctuations in gas and
fuel flow rates as well as the subsequent product quality. For already dense
biomass fuels such as wood chips, further densification is not crucial but
40 desirable. However, for fuels with large variations in its content and low bulk
density, such as municipal solid waste, it is absolutely inevitable. Therefore,
municipal solid waste, after the removal of metals and glass, is either heat



10 pump. Time for the flow of gas through the tube was noted at constant
gas flow rate to find the tar content of the producer gas. 4. Shut down 15
Shutdown procedure includes all the actions to safely seal the gasifier.

wQGompmtesrsavater scrubber, gasifier air nozzles, circulation fa&EGHPRINAHSE!

10

15

20

25

fan of boiler are shut down. in an orderly sequence with the off gas burner
remaining on using a secondary natural gas burner until no combustible
gas is produced. 20 5. Data processéng For a full mass balance, cleanup
procedure includes all procedures required to collect tar, char, ash and
cordisdstiteotndiar chButestctoetc polwded owni the siasddebants sbastianidy
chhagwasied dedamificthdiuebllecting those from ash chamber. Finally, the
top plate of the gasifier was opened so that all unused sugar cane
bafees i ereieabiolBe rerridvd dsaherifopidrd Thecay erhgadernd rand of
fl@m@aéecamﬁétbabﬁw prdthgalseiabea $sgareanicphydtse sibarae
ﬁ#@rﬁ@%ﬂl tifBSURLHTE 1sS0 War hengrasal uliih BRYRHESS
%ﬁ@f&w <f Bﬁan?liﬁf@ RifioRSfbiasrRe Xe AR BREh Htus
IR Brirfugrk EAle R o provide reliable product gas 35
com osmon and calorific value for the downstream energy conversion
pr% Laga ﬁﬁhermore densmcatlon of the biomass fuel reduces the
ctor ize, Whl|e d sg e densi |ed fu I red ces
ﬁ?ét ’f‘i%‘ﬁ‘r? E‘é?% %"%éif% ‘5;5%3 atict
%refheé s ue s° Iras | 8 .
%r ﬂgoﬁ?)’ﬁol cruma esw o%vgve t%r ue s% Ctm

Val’l %ns |n I S U le
}? s 1 € H’lﬂ gas 1 pdé)sedscg_rough

WER % %u Sc%p%grg dt%glgmourel (€8PSt and condensate in the produced
wet gas. Humidity of air 1n the near the test apparatus was measured form time

to time throughout the experiment to make accurate calculations for the mass
and energy balance.

Example 2- GASIFICATION RESULTS WITH VARIOUS SOLID
FEEDSTOCK

Table 2A FUEL INPUT

COMPONENTS Sewage Sludge! Hazelnut Wood-waste Leather

Shells Chips Waste
Size (mm) | 35.0x10.0x5.0 | 17.8x16.5%8.5 | 50.0x30.0x8.5 | 70.0x50.0x50
Abs. Density (kg/m3) 315.04 944.84 836.63 045.13
Bulk Density (kg/m3) 230.72 319.14 250.28 537.30
C (%) 39.48 46.76 43.43 43.59
H 6.19 5.76 6.08 6.95
(%) .
O 25.46 45.83 46.29 32.28
(%)
N {%) 3.93 0.22 0.67 10.84
S {%) 1.45 0.67 0.43 1.45
Ash ' (%) 23.51 0.77 3.11 4.89
Moisture Content 1175 12.45 14.87 11.23
(%)
Volatile matter 53.48 62.70 64.79 65.75
{%o)
Fixed Carbon 11.27 24.08 17.24 18.23




municipal solid waste, after the removal of metals and glass, is either heat

WO 2005/047435 PCT/GB2004/004651 26 treated to obtain cellulose rich

powder or it is shredded and subsequently briquetted to densify the fuel.
w/hendieahaterial to be gasified is liquid, such as refinery olcslayeq4toedss:

can 5 either be dried to obtain solid material or it can be mixed with a

solid carrier, preferentially biomass. One such biomass used was

bone-meal which contains large?fuantities of calcium. Therefore it is

useful to remove. si

Iphur from the. il by forming

calcium sulphate 107

(“®as analysis A gas

(‘hromamnranr

) (thmadﬂl G

2-8A) was use

fo

(MHkshatography (G

HERGK6SRhe gas samples! Ti8fhg he

lium 48 88carrie

b gad7@ls

nsorp 101 and

20.54
molecular

(Mddssion time and q

HEX (dadal a thermdl condliéfivity

etectb-365 Pa

C) has dual mjumnq (chrom
uantity of the gases for each

ametérdinfluehcing9-93

column are gi\

en in

Table 4 1 At the sametlm the gas was passed through the U tube
Tabls2B4 RHARUBY RIS Ats of tar and condensate in the produced wet

gas. Humldlty of air in the near the test apparatus was measured form

Piifudoduye thgpughouihe expermeniitp make aceyidiq SRICUANPNSEery
the mass 20 and energy balance. Example 2- GASIFICATION RESULTS

WITH VARI

oy

By ERRFT OGi2b Tabke)2Adrl) Bl iy

COMPONENTS Sewage Sludge Hazelnut Wood-waste Leather

(dry)
Shells

FOWpSIWRELe 8igp (MaohPS. QR0 Ox$h] 781 px 8% p0-0%630. 0% SMI/Nm
~70.0x50.0x50 Abs. Density (k /m3) 315.04 944.84 836.63 945.13 Bulk®)

Dgpai{ke/m3) 280572

319814

350428 5833130

13.39

9.63] 1.13

0.43] 4.82

Hazelnut 13.13

0.93

53.33

2.18 |20.66

9.521 0.15

0.11; 540

Wood 16.58

0.07

53.38

204 | 1432

13.2
2

0.27

0.13 5.11

Leather 10,12

6.28

56.39

111 | 21.43

10.1
6

0.23

0.28| 4.92

Tabile 2C Flue Gas Emission Values

(mg/m)

NOy

SO,

NGO,

NO

H,S HCN

HE HCi

Sewage sludge | 14-45

102-112

trace

22-49

NA

NA

NA

NA | NA

Hazelnut shells  [10-15

20-70

frace

12-25

NA

NA

NA

NA | NA

Wood waste 8§12

13-24

frace

11-27

NA

NA

NA

NA T NA

Leather waste 8-14

1-7

1-2

4-12

NA

NA

NA

NA | NA

Tabie 2D Temperature Distribution

Throat

e

T,C)

Temperatuyr

Pyrolysis

Temperatur
e

T(°0)

Drving

Temperatar

e

T:CC)

Prodact
Gas
Temperatu
re

40

Engine injet

temperature

T5(°C)

Sewage 1100

500

150

300

35

Hazelnut 1250

560

170

320

40

Wood 1150

500

130

280

30

Leather 1280

390

180

350

45




C %) 39.48 46.76 43.43 43.59 H 6.19 5.76 6.08 6.95 (%) 0 25.46 45.83
46.29 32.28 N % 3.93 0.22 0.67 10.84 S (% 1.450.67 0.43 1.45 Ash (%)
23.51 0.77 3.11 4.89 Moisture Content 11.75 12.45 14.87 11.23 Volatile
wWhaatens348 62.70 64.79 65.75 %) Fixed Carbon 11.27 24R8/GB2W4/004651
18.23 WO 20051047435 PCT/GB2004/004651 27 HHV (IGT) 17.86
18.08 17.20 20.54 MJ/k) HHV (datg) 17.14 17.36 16.43 19.93 (MJ/Ir)
Table 2B GASIFIER OUTPUT Product Gas H2 02 N2 CH4 CO CO2 C2H2
CREARGIY 36 (RTINS wIE VR FUEL TYPE
(%rEasPo o) (70) (%) (%) (%) (MI/Nm | Sewage 9.25 1.28 63.04 1.83
1339063 1.13 0.43 1 4. $anidazepuri3idere3 53.33 2.18 20.66 9.52

OEbMEORANTY00d [L6.58 14 ©3.36 2. Wi 32 13.2 ORp). 13 SrdeatZrreated
Lieather 10.12 0.28 56|39 1siksed .43 10.1 Qr30.28 1920w+ Clinical -

waste

Size (mm) | 1.5x0.5x1.5 70x50x70 1x3x1 10x20x10

Abs. Density (kg/m3)| =~ NA 897.43 NA NA

Bulk Density {kg/m3) NA 502.16 NA NA

C (%) NA 48.00 46.70 NA

H NA 5.95 6.20 NA

(%)

O NA 32.46 29.90 NA

(%0)

N (%6} NA 1.54 0.74 NA

S {%) 1,98 0.48 0.30 NA

Ash (%) 3.62 11.87 16.90 4.5

Moeisture Content 1.26 10.11 5.42 6.5

(%)

Volatile matter 65.78 58.71 61.11 58.00

(%)

Fixed Carbon 29.40 19.31 16.57 31.00

(%)

HHY (JGT) 35.01 18.03 20.25 23.25

(MI/kg)

HHYV (data) 35.14 17.50 20.22 NA

(MJ/kg)

5 Table 3B GASIFIER QUTPUT

Product Gas H, On N, CH COo CO, OH, CGGH GOV

(dry) (dry) (dry) (dry) (dry) (dry (dry) (dﬁry (dry)
FUELTYPE, (%) (%) (%) (%) (%) (0;0) (%) (O}}) (MJ%Nm
Tyre Waste | 10.60 | 1.01 | 40.06 | 2.80 |25.13|19.5| 0.98 [0.71] 6.77
Olive Pips | 10.01 | 1.80 | 61.10 | 2.50 | 12.90 1(2.1 130 [0.07] 5.04




Table 2C Flue Gas Emission Values m /m3 NOX SO NO2 NO NH2 H2S
HCN HF HCl Sewage sludge 14-451102-1121 trace 22-49 NA NA NA NA
NA Hazelnut shells 110-151 20-70 trace 12-25 NA NA NA NTA NA
womodiavaste 8-12 13-24 trace 1.1-27 NA NA NA NA NA LeBfHerRaastao4ss]
8-14 1 1-7 1-2 4-12 NA NA NA NA NA Table 2D Temperature Distribution
Throat Pyrolysis Drying Product Engine inlet Gas Temperatur
Temperatur Temperatur Temperatu tefnperatureeeree TJCT2(C T3 C
T4 C Ts(C) Sewa e 1100500 150 300 35 Hazelnut 1250 560 170 320 40

WoRIF-AME500 130 280 302¢ept?ed(1280.390 180. B60122 5 MM | 0.43 | 6.05
2005/047435 PCT/GB2004/004651 28 Example 3 - GASIFICATION
REGLiHide Wikl VARIOUS FEEDSTQCK Table 3A FUEL INPUT|
COMPONENTS Tyre Olive RDF Heat Treated Waste Pips MSW* Clinical
waStebei Ze({Fihng GAxBiaidshoraies 0 Ix3xI 10x20x10
(mg/m®)
NOy 8O, NO, NO NH, H,S HCN HF HC(I
Tyre Waste NA | NA NA NA | NA |[NA{ NA | NA| NA
Olive Pips 5 7 trace | trace | NA |NA| NA | NA| NA
RDF-MSW NA | NA NA | NA  NA |[NA| NA |NA| NA
Heat Treated NA | NA NA | NA | NA [NA| NA |[NA| NA
Clinical waste
Table 3 D Temperature Distribution
Throat Pyrolysis Drying Produet | Engine inlet
Gas
Temperatur | Temperatur | Temperatur Temperatu | Temperature
e e o re
10 (0) TG0 1,0 T5(°C)
Tyre Wasie 1300 700 300 450 42
Olive Pips 1150 450 140 250 37
RDE-MSW 1210 600 230 300 40
Clinical 1200 610 240 300 40 -
waste

10

* RDF / MSW: Municipal Solid Waste

Conclusion

As shown in Tables 2A and 2B the operations gave good temperature control

with ali fuels giving a throat temperature in the first oxidation zone circa 1000

C. Product gas properties were excellent giving in all cases a good fuel

composition for subsequent combustion. Particularly all fuels were

characterised by 6 megaloules / m®, in excess of the minimum of 4

niegaJoules / m® needed for combustion in a combustion engine.s




Abs. Density (kg/m3) NA 897.43 NA NA Bulk Densi (kg/m3) NA 502.16
NA NA C (0/,) NA 48.00 46.70 NA H NA 5.95 6.20 NA 0 NA 32.46 29.90
NA N (%) NA 1.54 0.74 NA S % 1.98 0.48 0.30 NA Ash % 3.62 11.87
wWOB8B/MB3Moisture Content 1.20 10.11 5.42 6.5 Volatile ma@t&gBIpg/ 104651
58.71 61.11 58.00 (%) Fixed Carbon 29.40 19.31 16.57 31.00 IV (IGT)
35.01 18.03 20.25 23.25 (Md/k HHV (data) 35.14 17.50 20.22 NA MJfk)
5 Table 3B GASIFIER OUTPUT Product Gas H2 02 N2 CH4 CO CO2
C2H2 C2H GCV 6 (dry) (dry) (dry) (dry) (dry) (dry (dry) (dry (dry) FUEL
TYPE (M9ANnW8)iTyeblpiakicand H9 Thixineroebiedor icanigniBay geavedow
6.77 3 Qive RiPs 104480 61.10 2.50 12.90 10.1 1.30 0.17 5.04 0 WO
2005/047435 PCT/GB2004/004651 29

10

20

25

NO, 5 mg/m3 and SO, 7 mg / m’ and trace levels of NO, and NO.

Example 4 - preparation of polvhipe polvmer for use in a filter according

to the invention.

The composition of the oil and aqueous phases are given below:

OIL PHASE:

Styrene Monomer: (78-X-Y-Z)%
2-Vinylpyridine monomer: X %
2-Ethylhexyl acrylaie monomer: Y %

Qil phase soluble mitiator: Z %

Divinyl benzene (cross linking agent): 8%

Surbitan mono-monooleate (Span 80 non-ionic surfactant): 14%

AQUEOUS PHASE: Water containing Z% potassium persulphate.
The preferred phase volume of the aqueous phase is 80-93%, more preferably,
90-95%.

The inclusion of the monomer 2-vinyl pyridine in high concentrations resuits
in the breakdown of the emulsion. Therefore, the preferred value of X lies

between 5-10 %.

The use of 2-ethylhexyl acrylate is to make the micro-porous polymer elastic.
Elasticity of the polymer results in better mechanical shock absorbance and

good aitrition characteristics. Elasticity is also useful to enhance the water



RDF-MSW | 12.15 1.20 52.00 2.73 18.17 12.2 1.09 0.43 6.05 3 Clinical
waste Table 3 C Flue Gas Emission Values (m /m3 NOx SO2 NO2 NO

NH2 H2S HCN HF HCI Tyre Waste NA NA NA NA NA NA NA NA NA
wOlwesPipe3s 7 trace trace NA NA NA NA NA RDF-MSW NASIRAS20MA04651
NA NA NA NA NA Heat Treated NA NA NA NA NA NA NA NA NA

Clinical waste Table 3 D Temperature Distribution Throat Pyrolysis Drying
Product Engine inlet Gas Temperatur Tekiperatur Temperatur

Temperatu Temperatureeere e T1 C) T2 C) T3 C) T4(C T5(C) Tyre

Waste 130670130050 12 Wiieridia 1elyase. 11025087 cRDHW S¥ihe 2-

1210 60&“15%% 3 (S’a%%lﬁecéﬁﬂsé}{&a%ﬂ%%%g%} %Q%ﬁé%_m%%%%@&&ably Y=

MSW: M olid Waste Conclusion 5 As shown in Tables 2A and
2B the dpérations gave good temperature control with all fuels giving a

throat teaperaiure ihthe: tishaxidatamnzongiasasifQnt in amount Z=0 - 1 %.

5  Oil phase initiator is present when sulphur containing water phase initiator
(potassium persulphate) is not used.

The preparation of the emulsion was carried out in a batch mixer from an oil

phase and an aqueous phase, dosed at a predetermined rate while the emulsion

was stirred at constant rotational speed. Dosing rate, deformation rate, mixing

10 rate were predetermined as a function of volume of respective phases,

diameter of the batch mixer and of the impellers, rotational speed of the

impellers and homogenisation time.

In order to eliminate the differences in performance of different mixing

15  conditions we characterise the mixing through:

Dosing rate " Rp =V,
tp
Deformation rate during dosing Reg = Va/(ip Vo)
20
Mixing rate Ru=D:Q /Dg

Where:

V= Volume of aqueous phase added over a period of time {p
25 V.= Volume of the oil phase placed in the batch mixer

D, = Diameter of the impellers

D, = Diameter of the batch mixer

£ = Rotational speed

We also define ty; as the homogenisation time and tr as the total mixing time.



C. Product gas properties were excellent giving in all cases a good fuel
composition for subsequent combustion. Particularly all fuels were 10
characterised by 6 megaJoules / m3, in excess of the minimum of 4
whhegaddinas / m3 needed for combustion in a combustion eRGKIEB0M/@4651
2005/047435 PCT/GB2004/004651 30 As shown in Tables 3A and 3B

This is suitable for clean ignition to give low emissions for example: NOa

5 mg/m3 and SO2 7 mg / m3 and trace lewgls of NO2 and NO. 5 Example
4 - preparation of polyhipe polymer for use in a filter according to the
inventiorr. ¥he cbiposition of the oil and aqueous phases are given

below: 10 OIL PHASE: Styrene Monomer: (78-X-Y-Z)% 2-Vinylpyridine
monomer: X % 2-Ethylhexyl acrylate monomer: Y % 15 Oil phase soluble
initiator: 296 hmagilsd %cﬁ%?glliﬁldﬁgiﬁ‘g@ at)d 8% S ibitgifith) were used in

mono-mopealeaten(SRaNBON@RHAE, SHEAGIBPL I AMLARNEQYS 25 mi of ol
PHASE: Water contalnln%é:)/o otassium persulphate. 20 The preferred

pha$e \BN#Se OPItE S GhEBLRIREL Of o tatoqnd dre préfefdgleous phase was
90-95%4Jdaa {nshysicaeafibiamnonameraAovind B ISR PiBBe was ranged from

concentrations results in the breakdown of the emulsion. Therefore, the
preferre"c} YR EGEX lies 25 between 5-10 %. The use of 2-ethylhexyl

acrylate is to make the micro-porous polymer elastic.
In the polymer preparation with vinyl pyridine polymerisation is carried out at
10 40 C for 8 hours followed by 50 C for 8 hours and finally another 8 hours at
60 C. This ensures that the emulsion is not destabilised during polymerisation.
We discovered that the polymers should not be dried excessively during the
‘drying stage’. Excessive drying results in the reduction in water absorption
capacity of the polymer as well as in reduced rate of water uptake. Typically,
15 the water absorption capacity of these polymers is 10-12 times of their own

weight.



Elasticity of the polymer results in better mechanical shock absorbance
and good attrition characteristics. Elasticity is also useful to enhance the
water WO 2005/047435 PCT/G112004/004651 31 uptake capacity of the
hydrophilic polymer. The preferred value of the 2- ethylhexyl acrylate
concentration is up to Y=30% but more preferably Y = 15%. Water phase
and/or oil phase soluble initiator is preseft in amount Z=0 - 1 %. 5 Oil
phase initiator is present when sulphur containing water phase initiator
(potassium persulphate) is not used {Thea pxggaration of the emulsion was
carried out in a batch mixer from an oil phase and an aqueous phase,
dosed at a predetermined rate while the emulsion was stirred at constant

rotatlopal speed Dag$ ateod % 1 é’?te m‘}xbn %}gsrsage vaere e th produce
predetérmined as Gnction of VOIUME 0 respec Ive'phases, lameter o

the batchovineustiblottiledmpeteipriotagional speed of the impellers and
homogenisation time. In order to eliminate the differences in performance

of different mixing & cahditifurs vee charatidriselthaumixifigthrodghion zone
Dosing rate RD = VA tD Deformation rate during dosing RE = VA / to V6)

20 Mixing rate) RiVfrsDigoiD odMihare: tHA ke Wetwigeod Briuelitis phakaion zone
added over a period of time tD 25 Vo = Volume of the oil phase placed in

the batch mixer B secDigntietertafdfia ingpiiteiewno el Piarfietecafthebatation zone
mixer

d) a reduction zone linking the first oxidation zone to the second

oxidation zone and

e) two oppositely located (at the reduction zone) vortex discharge

pipes for the combustible effluent

wherein in the first oxidation zone the gas flow is in the same direction as fuel
flow and in the second oxidation zone the gas flow is in the opposite direction to
the fuel flow and wherein a perforated jacket is located between the reduction

zone and the discharge pipes.

2. A gasifier according to claim 1, further comprising a pyrolysis zone
above the first oxidation zone, and a fuel storage and drying zone above the

pyrolysis zone.

3. A gasifier according to either claim 1 or claim 2, further comprising air
distribution nozzles for providing air to the first and second oxidation zones,
wherein said nozzles are provided in the first throat, the upper half of the

reduction zone and the second throat.
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0 = Rotational speed We also define tt., as the homogenisation time and

tT as the total mixing time. WO 2005/047435 PCT/GB2004/004651 32 tT

=to + tH Two flat paddle impellers (8 cm in diameter and 1.4 cm in width)

were used in a mixing tank of 8.5 cm diameter. Impeller separation was 1

cm. 25 ml of oil 5 phase is placed at th%gottom of the tank and 225 ml of
agueous phase was dosed using 4 feed points. Temperature of the

aqueous h(gasef\g/rasar%glq{ed Ifroman-l{bC%t(82180C. Ir% the po mecr %re araétigrg: entral #
with viny py*rl(S:llir%e pofymehns%f%n i carrle%su% at 10 167 BRoOLrS T an
followed 3y 20 dohsiheursidmadbhinalty: afotherByvioyas at 60 Esldmglation zone .
ensures that the emulsion is not destabilised during polymerisation. We
discovered that the polymers should not be dried excessively during the

“drying stage'. Excessive drying results in the reduction in water )
absorptioft FEhATIGFEPHHEHENIREPES Nl aBTFTENSCIA Pate Brefratey microporous
uptakay st yRisally 1 dbdhensRie rRbsQIRgsCARRCIB AT eseLAl¥MRISASon zone 1o
10-12 times of their own weight. 33 CLAIMS 1. A gasifier for the

gafi G EFBBitass and waste to produce combustible effluent,

comprising: a) a fuel valve for loading solid fuel into a first oxidation zone

b) a first throat defining the lower edge of the first oxidation zone c) a

segond thﬁoéés?ﬁa@?‘&’égo%@%e&%g%,%ﬁ‘e?&iodﬂ% o 'c%‘al?so&é‘l?alg%tazone is in the

reduction zone linking the fﬁst_oxidatlon zone to the second oxidation
zoferaim e perioTHbpbeitelysiscatse(at the reduction zone) vortex

discharge

7. A gasifier according to any one of the preceding claims, further comprising a

grateless discharge mechanism beneath the second oxidation zone.

8. A gasifier according to claim 7, wherein the grateless discharge mechanism

COMPIISES 2 SCrew CONVEevor auger .

9. A gasifier according to any one of the preceding claims, wherein the first
and/or second throat is inciined at an angle of between 10 and 40° to the horizontal

axis.

10. A gasifier according to any one of the preceding claims, wherein the first

throat and the second throat are symmetrically located with respect to each other.



pipes for the combustible effluent wherein in the first oxidation zone the
gas flow is in the same direction as fuel flow and in the second oxidation
zone the gas flow is in the opposite direction to the fuel flow and wherein
a perforated jacket is located between the reduction zone and the
discharge pipes. 2. A gasifier according to claim 1, further comprising a
pyrolysis zone above the first oxidation f’éne, and a fuel storage and
drying zone above the pyrolysis zone. 3. A gasifier according to either
claih | or CIEAN ISuARTEBBSRSIAYG aRe RS HsuRSH 9228998 phaviemgomprising
air g-the firatinickSeeo B hHERlINEZONESs WSRO PEZIRRAIE vasifier below
provided in the first throat, the upper half of the reduction zone and the
seCTHASRTAT P3ESSHTA gasifier according to any of claims 1 to 3, further
comprising a central air nozzle set above the first oxidation zone for
supplying air to the first oxidation zone . 5. A gasifier according to any

5 one of the,pieeadind LB WRELED BITIGIORAIRYS B EAIAELZONGE i e cross

4 13t oxidatio e {0 the

located below the reduction Zone and links the Tirst oxi n Zorie 1

disegralephnpes 06 the dasifisrdassondingridatlaimrnasherematier than that of the fuel
mi%g%r@%&ﬁ@!}{§g%%%é§ in the form of a perforated catalysis jacket.

10 7. A'gasifier ‘according to any one of the preceding claims, further
comprising a grateless discharge mechanism beneath the second
oxidation zone. 8. A gasifier according to claim 7, wherein the grateless

dis¢BargeAneatifinisnuctbrdom priseia BnSCRWERRMEY Heab@eE. Sofional area of the
gasifier accaording. to any one of the cg{jing claims, wherein_ the first
10 an&?c‘ﬁu%%%%%%rlga i§ iﬁ%ﬁﬁ%é@aﬁﬁﬁe ] %@B&%&%?ﬁﬁéﬁﬂ%?ﬁe

horizontal axis.

14. A method for the gasification of solid fuel to produce a combustibie effluent

using a gasifier as described in any one of claims 1 to 13, comprising the steps of}

1) parually oxidising a biomass fuel in the first oxidation zone to produce

13 char;

2) reducing the char in the reduction zone to form ash;

s}

3) further oxidising any char residue in the ash in the second oxidation

Zone;
4) extracting the combustible effluent produced in the above steps, by the
20 discharge pipe

wherein in the first oxidation zone the gas flow is in the same direction as fuel flow

and in the second oxidation zone the gas flow is in the opposite direction to the fuel

flow.



5

10

20 10. A gasifier according to any one of the preceding claims, wherein

the first throat and the second throat are symmetrically located with

respect to each other. 25 35 11. A gasifier according to any one of the

preceding claims, further comprising means attached to the discharge

pipes so as to maintain the pressure in ghgagifier below atmospheric

pressure. 5 12. A gasifier according to any one of the preceding claims,

wh gein the cr%ﬁ]s sectio aloarea of the first and second oxidation zones

is sitialler thas o5t BT YOS (RTe Hhd BRrol X SaikD 18 £oRgsisftrough a
accordingtoucladml {2, wherein the cross sectional area of the 10

reduction zone is smaller than that of the first and second oxidation zones

. 14. A method for the gasification of solid fuel to produce a combustible

effluent using a gasifier as described in any one of claims 1 to 13,

cortiprising TREHEFS AN SptrK Wxidnémy 14 BohiasdstrsnithenBrairoridation zone
oxigigdianRzanedmpiegduse Laehalark sedgcing the char in the reduction

zone to form ash; 3) further oxidising any char residue in the ash in the

second oxidation zone; 4) extracting the combustible effluent produced in

the above steps, by the 20 discharge pipe wherein in the first oxidation

zonlé€ tife Hasfidwdeomithe sanenirkGtionasifuchéldmstanddatitie seeobderates at a
oxigdati flownis-in the opposite direction to the fuel flow. 25

36 %@Eﬁ%ﬁ%@%ﬁé% l?ojl'claim 14 wherein extraction is conducted

through a

18 A method according 1o any of claims 14 to 17 comprising passing

combustion gases from first oxidation zone through catalyst to produce tar-free gas.

19, A method according to any of claims 14 to 18 wherein the temperature of the

first combustion zone is controlled by modulating air intake .

20. A method according to any of claims 14 to 19 wherein the reduction zone

operates at a temperature of between 600 and 900°C.

21% A method according to any of claims 14 to 20 wherein the second oxidation

zone operates at a temperature of between 700 and 800°C.

22, A method according to any of claims 14 to 21 comprising pyrolvsing fuel in a
pyrolysis zone to form charcoal which is dried and proceeds by gravity 1o the first

oxidation zone then to the reduction zone.

23. A method according to claim 22 wherein the temperature in the pyrolysis zone

15 400-600°C and temperature in the drying zone is in the range of 100°C.
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Lh

microporous catalyst. 16. A method according to any of claims 14 to 15
wherein the first oxidation zone 5 %[;}erates at a temperature greater than
850C. 17. A method according to cfaim 16, wherein the first oxidation
zone operates at a temperature of at least 1000C. 10 18. A method

24. accarqiaehte aRYRE BRI ni0rd LEOMRHIRIRGIPRASS NP SOMRMSIORN RSES sis
from first oxidation zone through catalyst to produce tar-free gas. 19. A

gas¢h &R sHraked Iy frsiiR8an®8E4 to 18 wherein the temperature of
the first combustion zone is controlled by modulating air intake . 15 20. A
method according to any of claims 14 to 19 wherein the reduction zone

- Oper, t at 0C.21."
25, PR IRSAAE SRS S QAR TAea R Pt B ¥llfhss, such
as lgpedarestatior terapplatwiasiof oy penolo0aAd@BOEIRE. 1A abwittied within the

intr%%%%éil@%ﬁ AR obEAELLLINEE SAMIRAIG BYolising fuelin a

rolysis zone to form charcoal which is dried and proceeds by gravity to
the first oxidation zone then to the reduction zone. 25 23. A method
according to claim 22 wherein the temperature in the pyrolysis zone is
26. 4006 G0&had daemdeatuse diziine iy ingeme tisel rcthebiarige: ofadH8ChS high
. 24. A method according to claim 22 or 23 wherein any tars remaining in
mteﬁ}fl?‘bﬁﬂsr%&gases are cracked in the first oxidation zone. 25. A method
according to any of claims 14 to 24 for gasification of biomass, such 5 as
liquid waste for example waste oil or petroleum sludge which is absorbed

27, WithiBAbe ARiFRdnartigle1and JBNGMBATICIRRES Qi A RUBRUSIBIS GHFIRE form
26. A method according to claim 25, wherein the combustible carrier has

to H’i@ﬁd"frﬂ*é%i‘ﬁo%ft@mme pOoTOSity.

28. A method according to any one of claims 25 to 27, wherein the liquid waste is

mixed with the carrier and briguetted in order to densify the composite fuel.

29, A method according to any of claims 23 to 28, wherein a suitable carrier is
selected from saw dust, crushed bone waste from slaughter house, bread/food waste,
municipal waste, dried sewage sludge, chopped straw, rape seed meal, sugar cane

bagasse.

30. A gasification system comprising in series: the gasifier of claim 1, a water
scrubber, a double polymer filter unit working in tandem, a fan, a further double

polymer filter unit and means to exit product gas for energy generation.



10 27. A method according to claim 26, wherein the combustible carrier is
in fibrous form to provide extensive inter-particle porosity. 28. A method
according to any one of claims 25 to 27, wherein the liquid waste is 15
mixed with the carrier and briquetted in order to densify the composite
fuel. 29. A method according to any of claims 25 to 28, wherein a suitable
carrier is selected from saw dust, crushegl bone waste from slaughter
house, bread/food waste, municipal waste, dried sewage sludge,

choppad s{EaMoRHE $689MeRl:SHAALCANR1#AD30aS$ReRn the means to exit
gasification system comprising in series: the gasifier of claim 1, a water

sarubbert gagoliblepugmeeifatiantiverkint neringesk teashing farthégcation for
doC é)alue} ip%lry(mer filter unit and means to exit product gas for energy
generatian. 5538 31. A gasification system according to claim 30,
wherein the means to exit product gas for energy generation is an effluent
stack leading to a location for clean ignition. 5 32. A gasification system

s acearana e ARIRTA O ALMNATEIARK HICs FARHISE A TGRSR Aox ilers
polyhipe potfymer comprising pores in a range 0.1 to 300 micron (primary)
andhpri3eGitonl @600 ininrgo (cbalespehoey fareabsoshing pwatenardrtarge 0.1 to
1Q 33. A gasification system accordin laim 32, wherein the pores ar )
AP O35 o 0L L foh i GO e i osorbing
tafy34, Argegification system according to any one of claims 30 to 33
wherein clean ignition is with an internal combustion engine for electricity
generation. 39 35. The use of a gasifier, method for gasification,
gasification system and method, in the gasification of solid fuel as

10 heyeingetorg @efingd.system according to claim 32, wherein the pores are in a

range of 300 to 1000 micron (coalescence) for absorbing water and tar.

34. A gasification system according io any one of claims 30 to 33 wherein

clean ignition is with an internal combustion engine for electricity generation.
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36. The use according to claim 35, to generate combustible gases for use
in 5 energy generation. 37. The use according to claim 35 or 36 in
internal combustion gas engines, gas turbines, dual fuel diesel engines or
fuel cells. 10 38. The method according to claim 15, wherein said
microporous catalyst is in the form of a perforated catalysis jacket.

35

35.  The use of a gasifier, method for gasification, gasification system and

method. in the gasification of solid fuel as hereinbefore defined.

36. The use according to claim 35, to generate combustible gases for use in

energy generation.

37. The use according to claim 35 or 36 in internal combustion gas engines, gas

turbines, dual fuel diesel engines or fuel cells.

38. The method according to claim 15, wherein said microporous catalyst 1s in

the form of a perforated catalysis jacket.



