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(54) Title: GASIFICATION REACTOR APPARATUS
(57) Abstract

A gasification reactor apparatus (10) comprising a gasification
vessel (12), a gas-fired combustion chamber (70) and a combination
fan and cyclone unit (20) in an upper part (12°) of the vessel (12) with
two functions: first, the fan (62, 64) impels incoming feedstock (14,
14°) centrifugally into contact with the hot inside surface of the vessel
to produce rapid onset of gasification. Second, the unit (20) exests
a cyclonic motion on the product gas causing outward separation of
particulate matter from the gas, which passes to the outlet via a path
through the middle of the vessel (12).
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alternative to-land-fill. Gasification is a potentially attractive

alternati ve W®99/46808 ner ati on. In gasification, organic nmatREH/GBPYH0191S -
deconposed directly, i.e. converted pyrolytically in the absence of air,
into conbusti bl e gas and ash.. Unfortunatel wi th present gaS|f|ers
the gas produced is . @XSTBIGRBEEN REACTOR APPARATUS

PCT/ (3B99/ 01915 -2- heavily contam nated with

carbon and ash partlcles The gas needs consi derabl e and costly cl eaning
before it can be efficiently utilized as a_source of heat or, f.or

conversion into B?ecPF?ﬁ?P§ F?EﬁGEﬁPFy rehatsss tPodfcedasy fdGadtiany

gasi fication glant S contaE1nated with highly toxic di oxi ns. The
present invE %?Bﬁonhagpara USits object the devel opment of a highly

Val e gas wth- | HPRPrePastheSlagd¥ho, th ceEbISer, SEPREALHR addol HTe
convert er magagéé%tggggfggggnigltﬁg F}Q&s‘”pb§“eﬁgﬁ%kﬁﬁlgatcohﬂkﬁﬁlﬁf le

muni ci pal Ion
sites such ag,Ln,bat ¢l edACt 9ht8S high calorific value gas. It is

especially applicable to the disposal of wastes.

There is an ever-pressing need to dispose of wastes
such as commercial and municipal (domestic) wastes. Land-
£fill has been a traditional means of disposal but has
numerous drawbacks which are well known. Incineration is
a possibly better method of disposal, but has its
-limiﬁations. In particular, energy conversion rates are
comparatively low, and the utilization of waste heat, such
as for district heating, is beset with efficiency problems
and high capital costs of heat distribution. Incinerators
produce large volumes of flue gases of low calorific value.
They must be cleaned, expensively, before discharge to the
atmosphere. Incinérators also yield large gquantities of
ash, which require disposal. |

Incineration therefore 1is by' no means an ideal
alternative to land-fill.

Gasification is a potentially attractive alternative
to incineration. In gasification, organic matter is
'éecomposed diréctly, i.e. convertéd_pyrolytically in the
absence of air, into combustible gas and ash.

Unfortunately, with present gasifiers the gas produced is



and shopping precincts. In the latter inplenmentation, the gasifier
desirably wowdlogeoos de al | the energy needs of the site, afEWERIPIMRLe
it substantially self-sufficient. A nuni'ci pal waste di sposal plant
enbodyi ng the present gasification reaction apparatus can be organi sed as
describéd in the foll ow ng overvi ew. -2- Incomng solid waste is passed
to a sorting station. - Here, ferrous and non-ferrous netal objects are
renoved. Al geeaneiiny econtaeinatednivd tharaanhan cand aghj peesiclemhe The
remai ning solid waste is primarily of organic matter, i ncl udin

cellul osic, plgstineedmcongideranieand costily clrasiad beﬁewepégs’éant]eea
shreddi ng station, to be broken WO 99/ 66008 '
PCT/ GB99/ 01915 fficiently utilized as a source._af heat ofFOY¢ER¥gHRFLON
particles of relatively uniformsize. A

t t hi t , 1 t AN
normal |y cont ainto #lgpetaistiis. Freayenidiwt fhe Igggspggggcﬁgggﬁg{:gsging

drier. Energy for the | drier. is taken fromthe._ exhaust of e .
boi | er/ engi ne garificatiged BIARE hel$ ur¢PREAPHAIELL| ol g%%gi’gyus‘éﬁ:éc
energy, e .electricity or heat. Misture driven off as water vapour

may be condens%%9¥¥ﬁsdischarge to a sewer.

The present invention has for its object the
development of a highly efficient converter or gasifier
capable of yielding clean, high calorific value gas with
mihimal ash. Anbther object is to devise an adaptable
converter or gasifier design suitable for implementation in
large-scale municipal waste disposal sites, as well as for
implementation in small sités such as in hotels, factories
and shopping precincts. In the latﬁer implementation, the
gasifier desirably would provide all the energy needs of
the site, and could make it substantially self-sufficient.

A municipal waste disposal plant embodying the present
gasification reaction apparatus can be organised as
described in the following overview.

Incoming solid waste is passed to a sorting statidn.
Here, ferrous and non-ferrous metal objects are removed.
Also removed are ceramic and vitreous objects. The
remaining solid waste is primarily of organic matter,.
including cellulosic, plastics and rubber materials. The

waste is now passed to a shredding station, to be broken



The .dried wasy@oo/kéoos N the formof a cake is cormi nut ed, BOY/GBI9bVRE

delivered to the gasifier f-or deconposition into flammabl e gas and
ash. The gas which is . - produced can be used for various purposes, but
the, primry use is for driving a gas turbine generator for producing
el ectricity, sone or all of which may be supplied for gain to the

ti I id . { | f . ' .
Gasi {1 cat fon appaPabls LAEg, amaL Y B {C148 e Phrativelfllladndl gizs. e
drier indirectly. Fﬁéﬁa‘é%tagfer O?ﬁé‘%aste xgﬁfltﬂéﬂnﬁl eBﬁh@a‘lﬁm Sy érﬁc?hﬁt?s
a heat exchanger for produci ng superheated stea Or  pOower | a steam

t ur bi ne JenchR! fior <R Ofad hex o1 SaPRELAR! 0P diSafiLor Nesidydg Her the

drier. Electricity pro e steantturbi ne generator

utilised for the ghagt iiRSt@lieti PPoR BRRISMaUEY of thbeboNRlYAhdBie and
gain to the grid system It wll be seen fromthe foregoing

outline that a ugedagbti €Béi PArthést coaveesnen 68! das t@gRlyaldesi éabtgy, ie
Acquisition of the fuel, (waste), nmay cost the plant WO 99/ 66008

PCT/ GB99/ 01915  electricity or heat. Mdist@peraiftvenoblfitnas lwiteesl, vipsur
operator may well be able to charge waste producers for disposing of the
waste. Once up may be condensed for discharge to a sewer.

The dried waste, if in the form of ‘a cake is
comminuted, and is then delivered to the gasifier for
decomposition into flammable gas aﬁd ash. The gas which is
produced can be used for various purposes, but the primary
use is for dfiving a gas turbine generator for producing
electricity, some or all of which.may be supplied for gain
to the national gfid system. Some of the gas is used for
heatihg the gasification apparatus. Exhaust from the later
can be used to heat the drier indirectly. Exhaust from the

- gas turbine generator can be fed to a heat exchanger for
producing.superheated-steam, for powering a steam turbine
generator. Some of the steam might be used for heating the
drier. Electricity produced by the steam turbine generator
may be utilised for the plant installation’s needs or.may
be supplied for gain to the grid system.

It will be seen from the fofegoing outline that a
gasification plant is economically highly desirable.

Acquisition of the fuel, (waste), may cost the plant



and runni ng,

t he pl ant need have no significant operatidhal costs ot her
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t gas within the vessel for cracking it and for ridding it

al ong a central axial path through the vessel. The

present invenrepaiptovilles eriexgy i ippotedorgagperatdiogorthe eatanbncan be
According to the invention, therefore, there is provided
a gasi ficati oderivedt effappavelys fromphesiwagte dtsidsfti ofurpdmise ensrgyei n

appar at us.

is mounted a

gasification vessel which has an inlet for
erived from the waste can be sold for profit, e.g. as

electrical or thermal energy.

By this invention,. a method of gasifying solid or
liquid organic matter for producing high calorific value
product gas, involves the steps'of heating a gasification
vessel to elevated temperature while excluding air
therefrom, admitting feedstock airlessly to the top of the
vessel and centrifugally dispersing the feedstock by a fan
into immediate contact with the heated inside of the
vessel, for decomposition into gas and ash, and exerting a
cyclone motion on the product gas within the vessel for
cracking it and for ridding it substantially of particulate
matter such as ash, the gas béing conducted to an outlet
along a central axial path through the vessel.

The present invention provides at an improved

gasification reaction apparatus. | According to the

invention, therefore, there is provided a gasification

reactor apparatus, comprising a combustion chamber wherein

is mounted a gasification vessel which has an inlet for



WO 99/ 66008 @ 99y 600; _ - . PCT/ GB99/ 01915 PCT/GB98OR9CK
to be gasified and an outlet for discharging product gas, the inlet )
including air-isolating and sealing neans for preventing ingress of air to
the vessel with feedstock, and i.n an upger part of the vessel there is a.
conbination rotary fan and cyclone unit which, in use, respectively (a)

di sperses i nCopLagsf 6K SHQY KpeNALHAEAL anW 1dh achigaked ¢ais| @@.s‘éﬁﬁrﬂ]negt he

vessel and (b) estagﬁlshes a cyclone in the product gas for ridding

gas of particy-888cHBEAS! _@HéoiﬁlétSihén.ﬁai_hﬁoﬁﬁ.khesamhlt@.hg and sealligg
i nvention will” now be described in nore detail, by way of exanple only,

with referencemg@nshgEaccprpasiitily idicdd®Sofi miwhi €8 the vesbeYumeithl
is a part-sectional view of a first gasification reaction apparatus
according to theefiseseR| andndentdronipper parti gifr &h ivessghr theeet iignal
vi ew of a second gasification reaction plant according to the present
i nventi on; combfhgtien3 rctaryr fias- samd | eyelloneevannit t whikhi,orin use,
assenbly of the gasification redction plant of Figure 2; :
respectively (a) disperses incoming feedstock into contact
with a heated inside wall of the vessel and (b) establishes
a cyclone in the product gas for ridding the gas of
particulate matter before discharge from the outlet.

The invention will now be described in more detail, by
way of example only, with reference to the ~accompanying
drawings, in which:

Figure ‘1 is a part-éectional view of a first

- gasification reaction apparatus according to the present
invention;

Figure 2 1is a part-sectional view of a second
gasification reaction plant according to the present
invention; |

Figure 3 is a cross-sectional view of the rotor
assembly of the gésification reaction plant of Figure 2;

Figures 4 and 5 are cross-sectional views of the upper
and the lower shaft assembly, respectively, which support

the rotor assembly of the gasification reaction plant of

Figure 2;



Figures 4 and 5 are cross- sectional views of the upper  and the | ower
shaft assenbimoovesegsect i vel y, whi ch support the rotor assenEFJ GRYOEYS

gasification reaction plant of - Figure 2; WO 99/ 66008

PCT/GBQQ/01915 - 6- Figure 6 is a detailed
view of " ringed portion VI of Fi gure 2%-and Figure 7 is a detailed
view-of ringed portin-VII of Fi gure 2. The gasification reaction
apparatus 10 of Fi Jigure 6 ciodpai §§aalgésvﬁﬁﬂﬂQ§wF¥%S%@IPYQtlémqunﬁﬁaof
stainl ess steel. In this vessel, feedstock 14, 14' is pyrolytically

converLed intEiBMgﬁ al 8nd i ¢ val ue gas, and ash in a non- oxidizing

at nosphere inside the vessel 12. The yessel a right | C
upper part 12" andFigurgstlo-kHntcdet alﬂ&ﬂeﬁﬁﬁﬂi°€! 1nﬂﬁ?cﬁ°?§é Qﬂ#%ﬁ%#ds
and term nates .in an ash collector 16. The latter is provided with two

spﬁced- apaFidgy&ee 2val ves 18 which forman air |ock, by neans of whi ch
ash can periodically be dls harged wi_t ho t lettin alr Li-nto-t

gasi fication vessel gasi fica H%ngé?Pﬁiﬁﬂﬁ(ﬁPQ%E%% . QKé?aag Sne' fan
unit.20 comprises a gasification vessel 12, e.g. made of stainless

steel. In this vessel, feedstock 14, 14’ is pyrolytically
converted into high calorific value gas, and ash, in a non-
oxidizing atmosphere inside the vessel 12. The vessel 12
has a right-cylindrical upper part 12’ and a frusto-conical
lower part 12’‘’ which taperé towards and terminates in an
ash collector 16. The latter is provided with two spaced-
apart gate valves 18 which form an air lock, by means of
which ash can periodically be discharged without letting
air into the gasification vessel 12. |

The gasification vessel 12 has a cyclone fan unit 20
in its upper part 12‘, the cyclone fan 20 being mounted on
a hollow shaft 22 which extends'upwards from the vessel.
The shaft is contained inside an upstanding duct 24 welded
to a top cover 26 of the vessel. In turn, the shaft 22 is
coupled to 'a drive shaft 28. The drive shaft 28 is
suspended in a sealed, air and gas tight bearing assembly
30 which closes the top of the duct 24, and preferably is
fluid cooled. Electric motor drive device 32 is provided

for rotating the two shafts 22, 28 and hence the cyclone



inits upperaﬁart 12", the cyclone fan 20 being nounted on 55 aft
22 which ext rds fromthe vessel. The shaft is cont al ne |ns e- .
an upstandi ng duct 24 welded- to a top cover 26 of the vessel. In turn,
the shaf.t 22 is coupled to a drive shaft 28. The drive shaft 28 is
suspended in a sealed, air and gas tighi‘bearing assenbly 30 which cl oses
the top of the dugﬁ 24', and preferably is fluid cooled. Electric notor
drive device ?)rovi ded for rotating the two shafts 22, 28 and hence

t he cycl one 99/,6600
PCT/ GB99/ 01915 RS/ 8 Yhatts 22, 28 are in esgenge supportegd émtl\%by

Shai 1 22 ext oridiS R RS MR IE Rlldkeln sifrRolEiablh SRy i

end is a gfaphég Ug%n?’ﬁ%h"‘h'lvféhdé&fr&ﬁ' Lxsr% eYRS dhe OLK °h! BB,

nount ed on a ere 1s a clearance of 1mmor so bet

i nsi de of busrbééhaw td&?«.&?ﬂiﬂéﬂgamy reéeﬂeésea céﬁeenﬂgsglﬁnﬂloﬁhr&e@o

not function as a bearing fo t1he shaft 28; only the bearing assenbly 3
supports the ogh@afdpidér 3@1 altigdre isThecPéfranebythimddorPEbMBetiéen

the inside of bush 34 and the centering pin. Together, the
bush and _pin do not function as a bearing for

the shaft 28; only the bearing assembly 30 supports the
shaft £for rotation. The pin and bush 34 primarily
constitute a safety measure, to constrain or restrict
radial movement of the shaft 22 and cyclone fan 20 to
within safe limits.

Air cannot enter the apparatus 10 and particularly the
vessel 12 as described so far, nor can gas escape from the
vessel except by way of a gas duct 38. Duct 38 is branched
from the upstanding duct 24, and includes a connection 40
to a safetﬁr pressure seal, not shown.

Feedstock 14, 14’ for conversion into gas is
introduced airlessly into vessel 12 through an inlet 41
featuring an air-tight, te_le.scopic expansion conduit 42
which is welded to the top cover 26. In the main, the
feedstock 14 will be municipal solid waste in small
particulate, dried form which is largely fibrous in nature.

However, the feedstock is by no means limited to municipal



constitute a safety nmeasure, to constrain or restrict radi al nt _of
t he shaft 22w099/66408| one fan 20 to wthin safe limts. - .Pcr{%‘/ﬁg@é%ﬁot
enter the apparatus 10 and particularly the vessel 12 .as described so -
far, nor can gas escape fromthe vessel except by way of a gas duct 38.
Duct 38 i s branched from the upstandi-® duct 24, and includes a
connection 40 to a safety pressure seal, not shaown. Feedst ock

14,
1ﬁ' for conesddidowaster.o Igdeed,sothen crgaes fieqdstacgks fHap ReXFed?
through an inlet 41 featuring an air-tight, telescopic_ _expansion conduit
42II \th ch i sapsl 888yt BeeRAenPEpPeFRL196. gF‘Pﬁ IFREHRER, W'Y OFbRASTH UI14
w || -be municipal solid waste i.,n snaj arti.cul at dried.for Lch is
largely fibrof€d Phaddne 44 I—Id'\ﬁé:\?er‘,:i'?hé’pﬁses@dst{')gkeqosr bgaﬁﬁfﬁggﬁ\é{@h %% ed
L) Do gesasel@C YT %kucn oi1s can pe conymrre e SRR Mk

leod of | s cantigh FamoRycLPncvahifn i fe vats TS FEP e Aol Be

used oils can he vEsse for gasificatidn as

feedstock 14" .5 34Chiid $ S ANDDARY Hdedt ddUi% SIRFAURdYa feedstocks at

the same time to the vessel 12 as using a mixture of
feedstock allows the chemical composition and calorific
value of the product gas to be controlled.

Solid feedstock is airlessly supplied to the vessel

- inlet 41 by a sealed feeder apparatus 50.

Briefly, the feeder apparatus 50 which supplies the
solid feedstock airlessly to the conduit 42, comprises a
chamber 52 with a feedstock inlet 54 and a feedstock outlet
which opens to the conduit. Sealing means 56 at a location
between the inlet and outlet spans the chamber 52. The
sealing means includes a pair of contra-rotary rollers 58
contacting each other and forming a yieldable nip. The nip
is of a substantial vertical extent and allows feedstock to
pass between the rollers 58 in its passage toward the
outlet, and forms a seal substantially preventing gas or
air from passing between the rollers.

The sealed feeder apparatus 50 | is placed beneath a
supply cbnveyor (not shown) ,. to receive particulate

feedstock 14 from the conveyor. - The sealing means 56



high calorific val ue gas. In sone cases, it may be desi r gbdbe

i ntroduce boW® 96698 and |iquid feedstocks at t%e sane tine to t S{eam\l/?algs-el
12 as using a mxture of feedstock .all ows the chem cal conposition.and
calorific val ue of the product gas to be controll ed. Solid
feedstock is airlessly supplied to the Vessel inlet 41 by a seal ed feeder

i il iter o il G,
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g nmeans WO 99/ 66008

PCT/ GB99/ 01915] ower part of the chamber 52. From there, the feedstock is
advanced to the outlet, conduit 42 and inlet 41 by an
oscillating bar conveyor 61, of known kind. The lower part
of the chamber can be provided with at least one gas
fitting (not shown). By this means, at start up of
apparatus 10 the lower part of the chamber can be evacuated
or flushed with inert gas. It will be filled with gas
produced in the vessel 12 during acfual gasification
operation.

As stated, the sealing' means comprises a pair of
contacting, contra-rotating rollers 58 forming a yieldable
sealing nip, the rollers having yieldable, resilient
compressible peripheries formed by polymeric tyres.
Particles of feedstock which enter the yieldable sealing
nip are conveyed downwardly, in the nip, the resilient,
compressiblé peripheries yielding, or giving to embrace and
entrap the feedstock particles while simultaneously
preventing any significant quantity of air from passing

into the lower part of the chamber 52.



-9- effectively partitions the chanber 52 into two pafts one f Mgl
the inlet 54wipgrggoaspen to the atnosphere and the .other, beP&HE Wgol
seal i ng neans, being i solated thereby from _the atnobsphere. Thanks to the
yi el dable rollers 58, which are driven by a notor 60, feedstock 14
falling under gravity fromthe conveydO- s passed, without air, into the
| oner- part of the chanber 52. Fromthere, the feedstock is advanced to
the outlet, conduitTHE aydlonEeﬁan12@yQ§mPrkﬁﬁ§IﬂQﬂﬁPEP%ﬁ@S€0ﬁ9E?érdG§c of
known kind. The | ower part of the chanber can be grOV|ded wi th Ieast
one gas fittéagrigidlyshafifijxedpytq htbenémilslow afhafhrt23p O ¢ 6}&%

10 the |l ower part of the chanber can be evacuat or flushed w t :
gas. It willsustace| of he &bSC 68r odiie Pl ?%eséeéﬁg @3??&&# g@?ﬁm
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entrap the feegigack Qgttlcles whi | e si mul taneously
Also rigidly affixed to the shaft 22, and to the
bottom surface of the disc, are a plurality §f metal
paddles 66, e.g. four in number. Each paddle 66 can
project radially from the shaft, and can have its outermost
part bent, curved or angled forwardly, i.e. in the
direction of rotation of the cyclone fan. The paddles 66
are disposed at even spacings about the shaft 22. Instead
of projecting radially of the shaft 22, the paddles can be
- and preferably ére - disposed tangentially to it, so as
to project forwardly in the direction of rotation of the
-cyclone fan. Again, in this arrangement each paddle 66 has
its outermost part bent, curved or angled forwardly. In
use, wheﬁ the cyclone fan is rotating, the paddles 66 set
up a swirling motion of the gas in the vessel 12, as will
be described later.
The paddles 66 each have a square or rectangular upper
part 66’ and a tapered, triangular lower part 66'’.

'The metal disc 62, fan blades 64 and paddles 66 can be



preventing any significant quantity of air from passin I nt
part of the E‘ﬁ&%@f“’%z. | WO 95/ 66008 P ° m(bﬂsd/(nm_
PCT/-GB99/ 01915 ' - -10- The. cycl one fan .20

conprises an uppernost netal disc 62 rjgidly affixed to the holl ow shaft
22.-On the top surface of the disc 62,"Tan bl ades 64 are nounted. The

di sc 62 and bl ades 64 are .di cl-0S th.t t v f

vessel 12, so F’ﬁé‘? f’%e sB:Ia g‘é‘zé%%zt a eeélcﬂ ggée)f&&geﬁce)ataﬁet %Eeloitrl?]%g':[ %‘rﬂl}lé 6‘:Tcﬂet-F%e

can be three, %ﬁgktoagnnre f an bl ades 64. ' Also rigidly affixed to
fo

the shaft 22, He bottom surface of the disc, are a plurality of

metal ~ paddl es 66’Th§'9eé I 10 {WIhSinted F2A81 880! @dRfbuEtion RFRAMSér
radially fromthe shatrt, and can have 1ts outernost part bent, curved or

angl ed forwardby, i .fhei BokhBEstibh’ @HaneOThaS!t At itefp 0f2 | hBotyemora fand
The paddl es 66 are di sposed at even spaci ngs about the shaft 22. Instead

of projecting 3diedahy Ofet BEbshahted? fidif paddleswi BRick #sulating
preferably are - disposed tangentially to it, so as to project forwardly
'”'the di recti Qin@hgiqt al.iganoff fiikebricks, fireclay or ceramic fibre. A
plurality of gas burners 78 are mounted at spaced intervals
~about the sidewall 76 of the chamber 70. They burn a
mixture of combustible gas and air, and in operation heat
the vessel to a temperature of about 900°c or more. In uée,
the combustible gas can be a proportion of the gas produced
by gésification of the feedstock.  When starting the
gasification process, however, any convenient combustible
gas can be substituted, e.g. propane.
The gas burners 78 are preferably as described in our
British patent application GB 9812975.2 but any suitable
burner may be used. |
Combustion products within the chamber 70 are
exhausted to atmosphere by exhaust duct 80. Preferably,
the gaseous combustion products are first cooled by heat
exchange in a steam or hot water generator (not shown).
The recovered heat is desirably used in the plant, e.g. the
drier used for removing moisture from the feedstock. After

heat exéhange, the combustion products are then_exhausted

to atmosphere.



cyclone fan. Again, in this arrangerrent each paddl e 66 has ]ts out er nost
part bent, cwoeskeoss angl ed forwardly. In use, -when the cy®GHBIPMINSs
rotating, the _ paddles 66 set up a swirling notion of the gas in the

vessel 12, as w || be described later. The paddl es 66 each have a
square or rectangul ar upper part 66'-X¥@rd a tapered, triangular |ower
part 66'"'. The metal disc 62, fan blades 64 and paddl es 66 can be
WO 99/ 66008 Operation of the gasificatiopCpegEdy/qyyoasparatus 10
-11- made of stainless steel, welded to one another and to the shaft
22. Thewid3dsobwibei degsyabed-i nsi de a conbustion chanber 70. The
conbusti on chanber has a top 72, bottom 74 and . sidewal | 76 fabr, cated

fromsteel with thi @Poiﬂn§§ﬁ§?-| HB from ¢ehgs, 2R, ’rj‘e'i}'f a5 WGBS
Mntervals.  abgurintreidadaiites S | HESERIIA 78%€roug R bipkel
e of COMELS 3 e b hEPBAE ' 90, MoBhe pobiRd Bigled ©
can be a pr oport Ip%rnlra E% a&rs%dﬁ%%hed with inert gas.

While the inert gas atmosphere is maintained in the
vessel 12, the burners 78 are ignited and the vessel is
brought up to temperature. The temperature of vessel 12
can be assessed by known means such as a pyrometer (not
shown) . Meanwhile, the cyclqne fan 20 is rotated at a
speed of 500-1000 rpm by the electric motor drivé- device
32.

Once vessel 12 is at the desired temperature, supply
of feedstock is commenced. Feedstock 14, 14’ passing
through the inlet 41 encounters the rapidly-revolving fan
blades 64 and is flung outwards against the hot inside
surface of the vessel 12. Gasification into high calorific
value gas commences rapidly, it is belie\}ed within one
hundredth of a second. Such rapid onset of gasification is-
thought to be an impq:_:tant factor in the avoidance of
dioxins production. As feedstock supply and gasification
continue, it is £found that the .gas produced exerts a
propelling effect on the cyclone fan 20, maintaining its

rotation. As a résult, electric power to the drive motor



by gasification of the feedstock. When starting the asif
process, howW@PI66dP8; conveni ent conbusti bl e. gas can bg sub%@?&?ﬂcfm
e.g. propane. The gas burners 78 are preferably as .described in our-
British patent application GB 9812975.2 hut any suitable burner may be
used. Conmbusti on products w thi n*the chanber 70 are exhausted to
at nosphere by exhaust "duct 80 Pr ef erab y t aseous rg) ﬁgn be

products aEe Ilq‘eé‘flci;ﬁ%dc?z Rgaswit g % i%n[ng Pé’gﬁl ort

generator (not sh c¥vn e _recov gal J all%I)i ug t&e s
lant, e.g. these B IEDSFAGE Pl e st Eg pl2 A
Ater  heat excﬁ/%n%a Lhe CPS@é’é&é?”sﬂﬁﬁfycéf Elggrﬁagéleééﬂllﬁ&egizikb@f

at nosphere.

PCT/ GB99/ 01915 r n
gasi fication reacq |tc¥1ne gﬁ' b §a¢ aforific Al cr%gvbgecggggﬁogg Shienche kggﬁel

Lt O om o i oseer et B e agttee oIt w1
The seal ed feeder &ggﬁgatggsggﬂdaggdﬂgflgﬁgedﬂgddhdégwtgggs.“ﬁy be
contaminated by particulates. However, as noted above, the
paddles 66 set up a swirliné motion - or cyclone effect -
in the gas. As a result, the particulate matter is
projected outwardly against the inside of vessel 12. If
this matter has not been fully gaéified, its decomposition
and gasification will continue in the vicinity of thé
inside of vessel 12, and ultimately it is converted to ash.
The cyclone effect successfully rids the gas of particulate
 contaminants.

The gas produced in due course enters the hollow shaft
22 by way of lower openings 22’ therein. It passes up the
éhaft 22 and issues into_the_upper region of the duct 24
via shaft openings 22'’.

Most of the gas leaves duct 24 wvia duct 38, but a
proportion of the gas passes down the duct 24 back into the
vessel 12, into which it is drawn by the centrifugal action-
of the fan blades 64, the gas drawn in assisting the flow

of incoming feedstock to the hot inside surface of the

vessel 12.



Wiile the inert gas atnosphere is maintained in the vessel 12, the
burners 78 ameopyéa00d and the vessel is . brought up to tenpdaGBYO,e
tenperature of vessel 12 can be assessed by known neans such as a
pyroneter (not shown). Meanwhile, the cyclone fan 20 is rotated at .a
speed of 500-1000 rpmby the electric nmdtdor drive device  32. Once
vessel 12 is at the desired tenperature, supply of feedstock is
comenced. FeedstGeR entering thgssuss 38 tifF RAFsedectPnpeblastegondeter s
t he rapidly-revol ving_fan bl ades 64 and is flung_outwards_against the
hot inside otr Bgeubber, hovharg elt 118 miEaPF-gﬂaYi P LRY HOX a PEEERSE
val ue gas comences rapidly, it is believed within one hundr edt h OL %t
a

second. Such rBBFEUgRsEOIANGaNFER%G: PEN G SPYAHRIght COSLFRGPY nBBF
factor in the avoldance of di oxi ns prqquction., As_feedstock_s | y and
gasi f1 cati on COBME| fite SCFIbPET, JOATAN TS IRAH A o7 oBECACEABrLY Siean
propel 170 of [ GEheg b Ul ol W PLBILA IR, i cd OLBheent 2
PCT/_GBQQ/O1915into contaminants such as diokifis is successfully avoided.
The 'ensuing' gas burns 'very' cleanly and its combustion
products can pose minimal environmental problems when
discharged to atwmosphere.

The gas produced can be used in small part to feed the
burners 78. The main gas production is converted into heat
or electrical energy. |

By way of non-limitative example, the apparatus 10 can
have a cyclone fan 20 of 3.6m diameter, and the vessel 12
can consume about 1.5 tonne of dry municipal solid waste
per hour. Such apparatus can commence gas production about
1 hour after starting up from cold. In emergency, gas
production can be halted in about 25 seconds by terminating
the supply of feedstock.

The efficiency of conversion of feedstock 14, 14’ into
Qas is of the order of 90-95%.

The gas produced per hour can yield about 2.5 to 14MW,
depending on the nature of the feedstock 14, 14'. If this
gas 1s consumed in a turbine generator to produce

electricity, the peak conversion efficiency is 42% or so.



device 32 can be switched off. Mreover, it can then be

generat or of WPaYERi ty usable in the plant. As gasi fi catlgﬂn%%g%glg 3.
supply of inert gas can be shut off and the high calorific gas can be
caused to exit the vessel 12 via duct _38 for further treatnent,
coltection and use. Durlng ga5|ﬁ§cat|on the produced gas

P e e R e
el e D S Ut PR BB LT i
TSP L B L LS DTS L U o
The gas  pr oduced i 1 Hue Eouct onfta BRR. Sl Ctney SHPAUGH To, is psea
o0 BT 10% APPSR 89, e o) Sl L ThB

the gas |eaves Lty 2r MR r&&orpusu%ms a{aqusets@@ eieéﬂfleai 9§§§§ﬁe

(

down the duct 24 back I nt'o 7t he vesseél 12, into which i1t s drawn
centrifugal actir 50% Hedtheerdargp! a%&p@éteahéngﬁé%/dlééﬁ iB 89%i.sting the
fl ow of incom ng feedstock to the hot inside surface of the

The following tabulation is an analysis of the gas
generated by thé gasifier of Figure 1 and demonstrates the

lack of chlorinated contaminants.



vessel 12. WO 99/ 66008

PCT/ GB99/ 019W0D 99/66008 - - 14- ~ Gas ent @HW@‘”?(?&”&uct._
38 is. passed to a blast cooler or scrubber, where it is very rapidly
cool ed by passage t hrough cooling water or oil sprays. Cool i ng by such
a cooler or scrubber |eaves the gas i1t&r particularly clean state, and
can ensure that conversion of its conponents i nto contam nants such as
di oxins is successfully avoi ded. The ensuing gas burns very cleanly and
its conbustion pr oduct s _can -ose nlnl Bl_e onnental probl ens when
di scharged to |p roduced can be used in |1 dart
to feed the aEPﬁéRs%;gor?ﬁgtﬁ& % duction is converted i fit o heat
or electrical fEneragy. .. y of non-limtative exanple, the
appar atus 10 Rex%ﬁggéng EV@Féﬁgafan 20 of 3.6mdiameter, and the vesse
12 can cons &BQQE Lo tonne of dry municipal solid waste ber hour
Such appar at us 3 ESRE ce gas production about 1 hour after sgtartingj up
from col d. I eRmethA3dS - production can be halted in aboltc325
seconds by ter ! g ﬁé supply of feedstock.
1,1,1- Trlchloroethane ' <1
Trichloroethylene <1l
Tetrachloroethylene ' : <1
1,1-Dichloroethane <1
cis-1,2-Dichlorocethylene <1l
Vinyl Chloride ' <
1,1-Dichloroethylene 1 <1
trans-1,2-Dichloroethylene | : <1 “
Chloroform ' : <1
1,2-Dichloroethane : <1
1,1,2-Trichloroethane _ <1l
Chlorobenzene - <1
Chloroethane <1l
Total Fluorinated Compounds | ND
Total Organo-Sulphur Compounds ND




The eff|C|ency of conversion of feedstock 14, 14
order of 90- 9Y&»89/66008

The gas produced per

into

14MN  depending.on the nature of the feedstock 14, 14'.
consuned in a turbine generator to produce
conversi on eff|C|ency I's 42% or so.
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gas is

generated by the

ck of chlorinated

compounds __~ | sample 1 | sample 2 | sample 3

Total Chlorinated

| Compounds

(excluding Freons)
Comprising

Dichloromethane

1,1,1l-Trichloroethane

Trichloroethylene
Tetrachloroethylene
1,1-Dichloroethane
cis-1,2-
Dichloroethylene
Vinyl Chloride
1,1-Dichloroethylene
trans-1,2-
Dichloroethylene
Chloroform
1,2-Dichloroethane
1,1,2-Trichloroethane
Chlorobenzene
Dichlorobenzenes
Chloroethane

Total Fluorinated

Compounds

Total Organo-Sulphur
Compounds

Total Chlorinated
Compounds as Cl

Total Fluorinated
Compounds as F

1030

2715

146
31
370
22
668
310
11
22
65

18

64

46

2130

19

2772

144
31
380
1060
23
671
320
12
21
70

20

62

46

2180

19

2571

120
26
355
1030
19

603
290
10
19
62

19

54

41

2030

17



WO 99/ 66008 . PCT/ GB99/ 01915

-16- _ wWolesl66d0B! or i nat ed Conpounds PC{§B99/01915 _
(excl udi ng Freons) Conpri si ng Di chl or onet hane .

<1 1,1, 1-Trichl or oet hane <1

Tri chl or oet hyl ene -18- <1
Tetrachl oroet hyl ene - <1

1, 1-Di chl oroet haneIn the foregoing four analyseS<1_the concentration
cis-1,2-Dichloroethyl ene Vinyl Chloride

1,1-D chl or oetthjkene mg/m’, and "ND" means not deteg;ed

trans 1, 2-Di chl oroet hyl ene <1l Chl or of orm

<1 1, 2- Di chl or 6ash®x@duced by the present apparatus 10, has, as its
1,1, 2-Trichl oroet hane

<1 Chl or oBRHQKecOnstituents, various hydrocarboﬁ%, hyégﬂorobenzgf

Fl uori nat ed Conpound
Conpounds mg?lo%].dsé and ca:qgsn dioxide. lBhe fofigw1%g%\&£m

shows the principal constituents and calorific values for

two gas samples obtained by use of the present apparatus.

!lComposition

Methane (%)

Carbon Dioxide (%)
Nitrogen (%)

Oxygen (%)

Hydrogen (%)
Ethylene (%)

Ethane (%)

Propane (%)
Acetylene (%)
Carbon Monoxide (%)

Calorific value (MJ/m®
at 15°C & 101.325 kPa)

Gross 23.1 34.8

Net 21.3 . 31.6

Sample 1 was gas produced by gasifying a municipal
solid waste. Sample 2 was gas produced by gasifying a
mixture of oils, 50% of.which were used engine lubricants.
Bearing in mind that the'feédstocks are composed of "free"
waste material which increasingly poses disposal problems,
the clean gas'product of high calorific wvalue is highly

beneficial. The calorific values are calculated from the



WO 99/ 66008 ' ' - PCT/ GB99/ 019

-17- Wﬁ”@f?ﬁ?"tsast, | andfill gas is much nore contani nat (JaP%,WGB”gg”tshe
foll owi ng tabul ati on denonstrates. The analysis are for three different
gas sanples fromlandfill in Di stlngtg Cunber| and, Engl and.

Conpounds Sanple 1 Sanple¢”2 Sanple 3 Tot al Chlorlnated

Comarising | 5% SO o T By c{REELUET TR Ene potoritic
1,1,1- TrIChlOrQﬁéf@g%@%énat&gﬁ%t?achlwgic?h%?eneoa% 38¥8¥8Fchloroethylene

370 380 or oe 1060
1030 ° 1. 1-Di chl orgg} bapeng 22 23 2 oot et
Di chl or oet hyl ene R now togigures r @ %F Pd ePS,

310 320 %F 'thémxbﬁﬁseﬂt]-fﬁ@éﬁ@i@ﬁthYEGHQ ga51fiéatlon re%%tlon

10 trans-1, or oet hyl ene 21 19

Chl orof orm apparatus 100 Eomprising’a gasificdtion ﬁeééélcﬂiﬁroébh%Ee

69 70 62 1, 1: 2-Tri Chl oroet hane

4 Chl or obengeditnless steel. AW in the fiZ@t embodlmé&t, feedstock 14,

Di chl or obenzenes 2 3 3 Chl or oet hane

6 6 14’ is ﬁyrolytﬂbﬁhlyF&umvenaéddln highnpaliogific value gas

64 62 Tot al Organo- Sul phur Conpounds

46 46 and ash4hn a nﬁmkakldﬂzmngmatmbsphere inside the vessel
112.

The vessel 112 has a cylindrical side wall 112‘, an
upwardly domed top wall 112’‘’ and an upwardly domed bottom
wall 112/'’, the'lower_ends of the side wall 112 and bottom
wall 112’’’ merging into an annular trough 116. The trough
116 collects the ash produced by gasification of the
feedstock 14, 14’ which is removed from the vessel 112 via
conduit 117 by operation of a rotary valve 118.

The "carbon ash" may be dealt with in one of two ways
after removal from a position below the rotary wvalve 118
via an auger (not shown), which is fully pressure sealed.

In one case the ash is removed into an activating
chamber and after is has been activated it is then removed
via another auger and two air locking valves, allowing no
gas release or air infiltrationm. |

In the other case the ash is lifted to a much higher

temperature and reacted with high temperature steam which



Compounds as Cl 2130 2180 2030 " Total FI u'ori nat ed

Conpounds aswe 99/66608 19 - 19 17 - WO POTEERAIGINS
PCT/ GB99/ 01915 S -18- In the foregoing
four anal yses, the concentration unit is ng/nferr], and "ND' means not
det ect ed. Gas produced by the pr-&fent apparatus 10 has, as its

maj or constituents, various hydrocarbons, hydrogen, carbon nonoxi de and
carbon di oxi defullf¥heedcts oni ey ttheh wambasn prssiginca puntdiemistream of

constituents and calorific values for two gas sanpl es obtajned by use of
the present apb@dzegen andc@m;@gr{ idipxide. “The remgdmimg jinert aSBar%ﬁl e

2 Methane (9% 54.2 Carbon D oxide (%
12.9 then @s@q:gg,%@nn‘(.% manner similar fogthe activated,cgrbon
Oxygen (% <0.1 0.3 Hydrogen (%

16. 7 ashy 7 Ethylene (% 11.7

Et hane (%

1.8 6UPpe’Ac%?éI€?ﬂ§ef 0}3ollow ducts 11%%5%3 r1921( é)re welgefoto _
(o nferr] dﬁP%f@r A7 Pobouvegemt walfs 332 O 1lds Vixianty,

34.8 Net  yith each other and?ing gasificatioo’r}' Qessel 112. The
feedstock 14 and 14’’ are fed into the vessel 112 via a
duct 142 set in the top wall 112'’ of the vessel 112,
offset from but, _élose to, the vertical axis of the vessel
112. |

The gasification.vessel 112 has a cyclone fan unit 120
" mounted on a hollow shaft 122 supported for rotation about
its axis within the ducts 119 and 121. Referring
particularly to Figures 3, 4 and 7, the upper end of the
shaft 122 has welded to it an outer, annular collar 200 to
which is bolted an upper mounting shaft 202 with flange 203
by bolts 204. A disc 206 of ceramic insulator is
sandwiched between the collar 200 and flange 203 of the
shaft 202 to form a _thermal break.
Referring now to Figures 3, 5 and 6, the lower end of
the shaft 122 has welded to it an outer, annular collar 208
to which is bolted a lower mounting shaft 210 with a flange
211 by bolts 212 with a disc 214 of ceramic insulator is

sandwiched between the collar 208 and flange 211 of the



Sanple 1 was gas r oduced’ by gasifying a nunici pal solid wa e
2 was gas pr & 0%y gasifying a m xture of -0ils; 50% of mﬂ%@%Gagﬁggﬁied
engi ne | ubricants. Bearing in mnd that the feedstocks are conposed of '
"free" waste material which increasingly poses disposal problens, t he
cl ean gas product of hlgh calorific varéd-is hi ghly beneficial. The

I f I | cul
bCT/ GB99y 01019 hatt 216, Agdis o' E8Hh"S chergdl BREROCC i onc ang
t hey conpare wel |l th the calor|f| V. o] a I
3?|v?£] nferr]. t %kﬁef‘é?s’?:ﬁgaﬁgwlt g‘?}%éel'gs 2{%5 %ﬂ&glgggcs)amg‘h éﬁ%gﬁ??are%
0 e presen i nvention_i t
gg‘tsl o?inéessfqas ﬁ'kj,&a éor%ésep?é:éﬂﬂ;% cRRAMI U§n§99.at1ng

conprising a eg o ess steel.

first enmbodime ,&% L&ed%& Ck 3o phbuden pghehyteocakéfmcwn@fr&a@p b&*eB.k&h

calorific val /& a non-oxi di zi ng at nosphere inside the
vessel 112 untedT Sl\fg;%seﬁ%d pgeX Bad adwdd ndukes! avedera®lér 1béariag

upwardl y - donedm?op wal an upwardly doned bottom wall 112'"'",
the lower endsgQl) tRgsehHei®val 22bla PPl Othe former is located om a
| thrust bearing support 223 to support the cyélone fan unit
120. They also support mount shafts 202 and 210, for
rotation whilst assembly 220 allows for longitudinal
expansion and contraction during thermal cycling of the
gasification apparatus 100 as indicated by the dotted lines
223 in Figure 7.

The roller bearing seal assemblies support the cyclone
fan 120 in a sealed air and gas tight manner. They are
preferably fluid cooled.

The lower mounting shaft 210 is coupled to an electric
motor drive 212, in this eﬁbodiment rated at 5.5kW, for
rotating the cyclone fan 120. | |

The wall of the hollow shaft 120 is pierced by a row
of five, vertically aligned_through-holes 124 the row of
holes 124 being positioned so as to be towards the lower
portion of the shaft 122 within the vessel 112. The shaft
120 is also pierced by a row of five, vertically aligned
through-holes 126, the row of holes 126 being positioned

within the upper portion of the duct 119.



\;\/all 112'''_ nmerging into an annul ar trough 116. The trdugh ‘116 I S
the ash prodwoadsbopsgasi fi.cati on of the feedstock 14, 14 V\BFW%I(BQ“I%% .
renoved fromthe vessel 112 via conduit 117 by operation of a rotary

val ve 118.

The carbon ash" may be dealt with in one of two ways

after renoval froma position bel ow the22etary val ve 118 via an auger

" (not -shown), which is-fully pressure seal ed.
renoved i nto an actd \atdthgl28 caehbén &he &
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Si

ash

% : | |
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112", 112''"' ¢ a>§:ial
substan

gf’ally sealed from the vessel 112 by an annular gas
restrictor 129. |

The feedstock 14, 14’ is fed airlessly into the vessel
by 112 by a feeder aﬁparatus (not shown) as described with
reference to the embodiment of Figure 1.

Referring now to Figures 2 and 3, the cyclone fan 120
comprises a closed conical collar 162 secured on the shaft
122 towards the top of the vessel 112 and on whose sloping
upper surface are mounted four (in this case) equidistantly
spaced upstanding plates 163 (two shown) extending radially
from near the shaft 122 to the base of the conical collar
162. |

Depending vertically downwardly from the rim of the
conical collar | 162 are, in this embodiment, twenty-four
planar fan blades 164 which are set angled slightly away
from radial alignment so as to be directed towards the

direction of motion of the cyclone fan 120 viewed radially

outwardly.

The fan blades 164 could also be slightly curved in

the radial direction across their horizontal width.



with each other and the gasification vessel 112. The feed d
14'" are fedWDP9K6@0Be vessel 112 via a . duct 142 set in the ?%§R§EP@“??2-
of the vessel 112, of fset frombut, close to, the vertical axis of the
vessel = 112, The gasification vessel 112 has a cyclone fan unit 120
nounted on a holl ow shaft 122 supportéa3for rotation about Its axis

e S bl S0 bl 1 3 e~
fl'ange 203  axfeRiaomosron ' fadq adi Sty REVIY " by ] | pale 1ok
%?? ﬂ?{ EE?:EE%%ZC% Y Ropdied ngeioh ey Rrguroach e ABHizcfitalty T
'S bol ted o SIS T n 24 i, GREE ppokhY fagipladegtlee- 0 Wih,
flange 211 of the ™ TrufplgirBinichl WEASHENR RESICER LaaLdl] ¥o 2BReand
PCT/ GB99/ 01915, her of the vessel 112 at théljundtidid ¥ Ozhédabie8Orbpr m a

thernal br eak
112’ and side wall 112’ of the vessel 112 adjacent the
outermost extent of the plates 163.

The vessel 112 is mounted inside a combustion chamber
170 with gas burnérs (not shown) constructed of the same
materials as the combustiqn chamber 170 of the embodiment
of Figure 1 but configured to surround the vessel 112.

Combustion products within the chamber 70 are
exhausted to atmosphere by exhaust duct (not shown).
Preferably, the Qaseous combustion products are first
cooled by heat exchange in a steam or hot water generator
(not shown). The recovered heat is desirably used in the
plant, e.g. the drier used for removing moisture from the
feedstock. After heat exchange, the combustion products
are then exhausted to atmosphere.

Operation of the gasification reaction ‘apparatus 100
is as described above with reference to the apparatus of
Figﬁre 1.

Upon start up from cold, an inert gas such as nitrogen

is introduced into the vessel 112 through an inlet (not



The upper and | ower ducts 119 and 121 are capped. by daps Zi B W th
a respecti vewoon/mseiog i nsul ati ng annul us 219, 219" between tﬁgﬁ&?’(‘)’%&ﬁﬁﬂ

t hermal breaks. Mounted to the upper and | ower ducts are roller bearing
seal assenblies 220 and 222. The fornmer_is located on a thrust bearing
support’ 223 to support the cyclone farmrdftit 120. They al so support nount
shafts 202 and 210, for rotati-on whil st assenbly 220 allows for

| ongi t udi nal Sh@Wﬁ&ﬂsion and contraction during thermal cycling of the

gasificati tus 10 . I ndi d he dott.ed |i . N '
e T o1 | Bnd Beaiths 1t caREnBFREPBaRRore (HELIGRIBRA L0y SHTo0"

In a seal ed ai tight . h I | .
The ' over mmgkésﬁéfsﬁi%g $he eERReDi Lk 55 Pl R B8, bentarifg o

in this enbodi nent . rated.at 5.5kW, . | : f
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al i gned t hr ough- e . : I 124 ' I ti

be. fonar ds. ¢ nEY, sy 186Ext o mREB prive R b st 20 PoC! conel 112 The

heugh-hoy oe 150 CPEE FERESR 180128, 8 Ehiceeiriir et crly
portion of th%fd“féeééébck is commenced. Feedstock 14, 14’ passing
through the inlet duct 142 encounters the rapidly-revolving
plates 163 and is flung outwards against the hot inside
surface of the vessel 112, the wear plate 165 shielding ﬁhe
vessel 112 at the inital impact point with the vessel 112.
Gasification into high calorific value gas commences
rapidly, és before. As feedstock supply and gasification
continue, the gas produced exerts a propelling effect on
the cyclone  fan 120, maintaihing its rotation and, again,
electric power to the drive motor device 212 can be
switched off and it Can_then be used as a generator of
electricity usable in the plant. As gasification proceeds,
supply of inert gas can be shut off and the high calorific
gas can be caused to exit the vessel 112 via duct 128 for
- further treatment, coilection and use.
The paddles 164 set up and maintain a swirling motion
- or cyclone effect - in the gas in the volume of the
vessel 112 with the particulate matter being projected

outwardly against the inside of vessel 112. If this matter
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-22- WU 8 set in the side- of the upper duct 119 FPECTIGH%%OC}%SQ-
ext.ract gases fromthe vessel 112 which pass into - the interior of the -
shaft 122 via holes 124 and exit to ¥% hin the duct 119 fromthe interior
of the shaft 122  through holes 128 “upper portion of the duct 119 is

Too o R e o, BHTY s 96: Bl pRacryY nastRpardsn Ct%@dm

Dy 8 ceder apRaiaiua Loyl wi'i?l"‘gEPéinﬂ%S%' PRE PLEDns L oLRTANC S 401 40%

enbodi nent of et erring now ure

cycl one fan 1%@sse ri ?ﬁa %ﬁ%zﬁ%ﬁ@é’gﬁﬁal{fc éﬂ\geﬂ'%dsec%urgghon t'ﬂ?e |

shaft 122 towar ose sl opi ng

upper surface Soss%gr%@fieé@ueuebasbm Qasﬂdgq'eh@' Y oF par¥itffate

upst andi ng pl ate two shown exten 'ng radi a fron1near

1200, PrsenSas A grlone e prcdlin i, gy SotaRd s o

embodi ment, twellvw @haft 22 at the centre of the vessel, away from teh
particulates which are flung to the vessel side wall 112/
by way of lower openings 124 therein. It passes up the
shaft 22 and issues into the upper region of the duct 119
via shaft openings 126.

Most of the gas leaves duct 119 wvia duct 128, but a
proportion of the gas passes down the duct 119 back into
the vessel 112, into which it is drawn by the centrifugal
action of the plates 163, the gas drawn in assisting the
flow of incoming feedstock to the hot inside surface of the
vessel 112.

Gas entering the duct 128 is, as before, passed to a
blast cooler or scrubber, where it is very rapidly cooled
by passage through cooling water or oil sprays. Cooling by
such a cooler or scrubber leaves the gas in a particularly
clean state, and can ensure that conversion of its
components into contaminants such as dioxins is
successfully avoided. The enéuing gas burns wvery cleanly
and its combustion products can pose minimal environmental

problems when discharged to atmosphere.



pl anar fan bl ades 164 which are set angled slightly avvay from radj al
al i-gnnment soweovesobs: di rected towards the direction of nothOHEBIAIRE

cyclone fan 120 viewed radially outwardly. . The fan bl ades 164
could also be slightly curved in the radial direction across their

hori zontal wi dth. WO 99/ 66008 -25'

PCT/ GB99/ 01915 : The fan bl ades 164 are

supported in their Titetga@aprmcéﬁ S0 Pe P@ﬁldt Ae e@AléaP2EL| Farfesd Bea
pair of vertically spaced spiders 136 each fixed ho(i}gtgont alﬂ’% bet ween.t he
shaft 122 and uE@e%s (ARt ShPBade TR MALN gas PEQRTHIPR ohF SPVREFe A ube

165 s welded to the corner, of the vessel 112 at the junction of the doned

top 112" an(f-fsq‘llé‘%ﬁﬂpﬁl%le?ﬁr%?%lv%%%EWllZ adj acent the outernpst
tent of th | at 163. h |
g)c(mgzstioon cﬁaﬁbgr efﬁ?ﬁsme§§§5b sz?nﬁt ¥R nﬁug‘%ﬁﬁérltﬁ%]ggdg?p?ﬁal
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shown) .
the order of 30 MW electrical energy and 50-60 MW heat

energy.

The gas produced from municipal solid waste is
desirably low in noxious halogenated compounds. A tjrpical
chromatographic analysis shows that the amount of such

compounds is insignificant. -



'._"Pr eferably, the.gaseous conbustion products are first cooled ﬁ@i‘/@ﬁﬁtlo

exchange in Ws9¢4M8or hot water generator (not shown). The recovereagﬁe'at

is desirably used in the plant, e.g. the drier used for removing noisture

fromthe feedstock. After heat exchange, the conbustion products are then

exhausted to at nosphere. QOeratib%'7bf the gasification reaction

appar atus 100 I's as descri bed above with reference to the apparatus of

Figure 1. Up&RAIMS:t up fromecold, an inert gas such as nitrogen S

i ntroduced into the vessel 112 through an inlet (not WO 99/ 66008

PCT/ GB99/ 01915 - - 24- shown) . VWil e the
in_th

brought up 10t erpdrat uCRetEAF S ESRTETE FRRCSOCER! AL0] arCOIRELEEg T
172 is at ¢ he EonPRRCaR, EPaihPE, (ol E-ET 8 fidhtea o qaphERedgIsE
e OC L ebbe1P A1) Unich"hAMIln! DR1LE! fhafluebe 1ASeR8EQER" €18, 108"

- to be gasified and an outlet (24, 38) for discharging
product gas, the inlet (41) including air-isolating and
gsealing means (50) for preventing ingress of air to the
vessel (12) with feedstock, and in an upper part (12’) of
the vessel (12) there is a combination rotary £fan and
cyclone unit (20) which, in use, respectively (a) disperses
incoming feedstock (14, 14’) into contact with a heated
inside wall of the vessel (12) and (b) establishes a
cyclone in the product gas for ridding the gas of

particulate matter before discharge from the outlet (24,

38).

2. Apparatus according to claim 1, wherein the

combustion chamber (70) is a gas-fired furnace.

3. Apparatus according to claim 1 or claim 2,
wherein said inlet (41) is provided in a top cover (26) of
the vessel (12) and the fan and cyclone unit (20) is

disposed beneath and proximate the top cover (26).

T



pl ates 163 and is flung outwards agai nst the hot inside surface of the
vessel 112, WW@99/46888 pl ate 165 shielding the vessel 112 at tR{E/GBIYHPIS
i mpact point with the vessel 112. Gasification into high calorific. value
gas comrences rapidly, as before. As feedstock supply and gasification
continue, the gas produced exerts a prop8tling effect on the cycl one fan
120, ‘maintaining its rotation and, again, el ectric power to the drive
not or device 212 c#én be AppagatideReAIrdirg | tocahaiBed  boheraimshe fan
gener at or of electricity usable in the plant. As gasification proceeds,
supply of i nePndysycdomnepamndfut(29)r comprifesiyliel alement R Spaged
caused to exit the vessel 112 via duct 128 for, further treatnent,
col | ecti on and¥@fe the top cqWer,4adq) cants AXENg L3R PhatRsai(f4d B 3 ng
noti on - or cyclone effect ' s j.n the voluge of .the vessel 112
t

- n the a
w th the partPRCH cSWEERES SHSHF ofOT: SH SPERAARE dLDoaBAPHs (ESFLS oK de

et/ Cooy 0101414+ 143 Waliflst tne Heated Yiide yad1 a5 thpioe o Gpe

Wainity of tNERGag tBR. Bl oPaot (BRIRG, Hidi Y ARETueR 08

ash.  The  central, axial shaft (22).

5. Apparatus'according to claim 4, wherein the fan
and cyclone unit (20) further includes a plurality of
cyclone paddles (66) rigidly affixed to an underside of the

disk element (62) and to said shaft.

6. A gaéification reactor apparatus as claimed in
any one of claims 1 to 3, wherein the fan and cyclone unit
(120) comprises a conical collar fixed to a rotatable shaft
(122) there being a jplurality; of upstanding generally |
radially extending plates (163) upstanding from the uppef
surface of the conical collar (162) and a p&uraliﬁy of
paddles (164) depending from the conical collar (162) so as

to be adjacent the side wall (112') of the vessel (112).

7. A gasification reactor apparatus as claimed in
¢laim 6 including one or more spiders (136) connecting the

paddles'(164) to the shaft (122).

Tl



cycl one effect successfully rids the gas of particulate cont .
the gas prod¥@&8%%ue course - enters the hollow shaft 22 at e cen re-
of the vessel, away fromteh partlculates which are flung to the vesse
-side wall 112 by way of | ower openln%§ 124 therein. It passes up the
shaft 22 and issues into the upper regidd of the duct 119 via shaft

126. Mist_of th 119 via duct 128, .b
ropor tion o the dis peRRPHEIRAT IR ARBRCT I, ABPILE He SLaiBray I

gas drawn in AL B 711 chehiatEs Al B aé‘i%t%“éé%%i
surface of the :}?éé&h E% cne vegg’@i FUSAPIChR® Sl 1e8elhr%oPe g ke
y coo

passed to a cool er scru I's very rap

passage throug@lgﬁ y@ter or. oil sprays. Cbollng by such a cool er or
scrubber | eav e gas In a particularly clean state,- and can ensure
that conversion Its conponents into contam nant s such as

di oxi ns i's successfully avoi ded. The ensuing gas burns very cleanly and

i ts combustion prodsiCts £aga89secht DbARrebtic Eiiatat Ul Obs 8Ba kiR in
di scharged to at nosphere.
any one of claims 1 to 8, in which the vessel (112) has an
inwardly domed bottom wall (112’‘‘) which merges with the
side wall (112') of the vessel (112) to form an annular

trough (116).

10. BApparatus according to claim 5 or 6, wherein each
paddle (66) has a radially outermost part which is bent,
curved or angled forwardly in the direction of rotation of

the unit (20).

11. Apparatus according to claim 5, 6 or 10, wherein
each paddle (66) is disposed tangentially to the shaft to
project forwardly in the direction of rotation of the unit

(20).

12. Apparatus according to any preceding claim,
wherein the vessel has a central upstanding duct (24)
closed at a top end by-é gas-tight bearing (30), and the

fan and cyclone unit (20) is mounted on a shaft (22, 122)

L
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- 26~ . wWO®9g6088 pr oduced can be used in small part to feegcpﬁggmlgls
burners (not shown). The main gas production is converted i nto heat.or
el ectrical energy. It is expected that in a typical nunicipa

di sposal site, there may be as nany'?%PWM ne apparatuses 10 or 110

running in parallel. - Power outﬁ;; predlcted 30 be of the order of 30
MV el ect ri cal eshengds upuasélzoa gekhe The gas produced

from munici pal solid waste is deS|rany Iomrln noxi ous hal ogenat ed

conRounds A tépical chr omat ogr aphi ¢ analysis shows that the anmount of
suc conpounds is_in .
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a loose fit around a centering pin mounted axially in the

vessel (12).

14. Apparatus according to any of claims 12 to 13,
wherein the shaft (32) is hollow and has aéertures (227,
22’') adjacent its lower and upper ends,lthe hollow shaft
(32) being a conduit for conveying particulaté—freed

product gas to the outlet (24, 38).

15. Apparatus according to any preceding claim,
wherein the outlet (24, 38) is constructed and arranged to
recirculate some of the product gas to the vessel (12) in

the course of its progress to discharge.

16. Apparatus according to any preceding claim,
wherein the vessel (12) has an air-lock duct (16) at a
bottom thereof to permit discharge of ash without admitting

air to the vessel.

17. Apparatus adCording to any preceding claim,

wherein the air-isolating and sealing means is a sealed

-
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vessel {(12) which has an inlet (41) for feedstock (14, 14')
gasified and V¥R9¥6MP®t. (24, 38) for discharging product gas, ﬁ; PNPRES .
(41) including.ajr-isolating and seal i ng neans (50) for preventing
ingress.of air to the vessel (12) with feedstock, and in an upper part
(12') of the vessel (12) there is a C 51 nat i on rotary fan and cycl one

unit (20) whic n u . res tively (a). dis S l.ncam fee%% K
(et §27) 1t FeettndSiidd B A sty ind Rattrodna a1 1) 2,
(b) establishes gt Q/ﬁrone in the product gas for ridding the gas of
particul ate maJtrP F-b & discharge fromthe outlet (24, 38)- 2.

Apparatus according to claim1, wherein the conbustion chanber (70) is a
gas-fired furnace. 3. Apparatus according to claim1l or cI ai m

2,  wherein said iflé ;ﬁ#’-’*‘é Qrgefeéf&i{@o?o_t&pa ey %grbelqi t

vessel (12) and the cyc one unit |spose eneat

proxi mate the fé’é’d@fvﬁrev(l%@ compr1¥@s9%( 6§ﬂgﬁber (52) having an 1n1et
PCT/ GB99/ 01915
(54), sealn.ng means (56) comprising rollers (58) with
yieldable peripheries defining a yieldable sealing nip
which in use passes solid feedstock particles but not air,

and a conveyor (60) for advancing the feedstock (14) to the

inlet (41).

19. Apparatus according to claim 16 or claim 17,
wherein the feeder device (50) further includes a line (44)

for feeding liquid feedstock (14’) to the inlet (41).

20. Apparatus according to any preceding claim,
wherein the outlet (38) is coupled to an oil or water

curtain scrubber/cooler.

21. A method of gasifying solid and/or liquid organic
matter for producing high calorific wvalue product gas,
comprising the steps of heating a gasification vessel (12)
to elevated temperature while excluding air therefrom,
admitting feedstock (14, 14’) airlessly to the top of the

vessel (12) and dispersing the feedstock into immediate

Ay



4. Apparatus according to claim3, wherein the fan and cyclone unit (20)
conpri ses awdn6enent (62) spaced fromthe top cover (2FCTAGBIYMANPSHg
fan bl ades (64) on an upper surface thereof for dispersing incomng

f eedst ock (14, 14') against the heated inside wall at the top of the
vessel, and the disk elenent being rigB@~y affixed to a central, axial
shaft (22). ‘5. Apparatus according to claim4, wherein the fan
and cycl one wpntaon)witht I’Eghe ihratebsinspder of (fhefvesagl| ate paeidtes
(66) rigidly affixed to an underside of the disk elenent (62) and to said
shaft . thexpof ) §8%i BecamRAPItERR 0t RERp FAEt \ANAsERai B¥LTHLNT Ry
one-of clains 1 to 3, wherein the fan and cycl one uynit (120) conprises a
coni cal col | FYFISRK}Y PALIOR PRt EBLePERICE Tafy Witiya etf!ﬁm@sﬁebmila Pty

of upstandi ng neral.ly . radially extendin | at e 16 upst anding from
The ppor R aERRRRC TR SBERATERA LY (HeB5Ghinte pEkRa, Rt ah
paddl es (164) endi fromthe conical collar (162) so_as to he

adj acent the &% et?/val(Eg(lﬁé?) 8?0Pﬁe %/eggﬁgr?ilf}‘.lazl path -}:_hr%gk}x the
gasification J&gclpr apparatus as claimed in claim®6 including one or nore
spi ders (136) conriecting the '

22. A method according to claim 22, wherein onset of
gasification of feedstock (14, 14’) is effected within

about 1/100 séc of its admission to the vessel (12).

23. A method according to claim 22 or claim 23,
wherein the vessel (12) is heated to a temperature of 900°C

or higher.

24. Product gas produced by the method of any of
claims 22 to 24, which has a gross calorific value of at

least 23.1 MJm?, for example 23.1 to 34.8 MJ/m*.
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paddl es (164) to the shaft (122).
PCT/ GB99/ 0191 WO 99/66008 .

reacti on apparatus as clai med in

WO 99/ 66008
-29- 8.
-claim6 or 7,

A ga§ G/ cc‘gswo&%ls

i ncl udi ng an annul ar wear

pl ate (165) attached to the vessel fagi the outer extents of the
pl ates (163). 9. A gasificat iffgeact I on apparatus as clained i n
any one of clains 1 to 8, in whi ch the sel (112) has an I nwardly doned
bottomwall (112'"'"') which es w the ; side wall (112') of the vessel
(112) to form an annul ar tro % 6) 10. Apparatus accordi ng
to claim5 or 6, wherein each dI (66) ﬁuadeglly out er nost part
whi ch is bent, curved or58ang| d f rvvar &/ |n e rectlon of rotation of
t he unit (20). 52 “cordln to claim5, 6 or 10,
wher ei n each paddle (64) \ d anger}j e shaff _#o
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project forwardly in the direction of rotation of the unit (égé/.
12. Appar at uswe®ge6s ng to any preceding claim  wherein the GBPIPIILS. o
central upstanding duct (24). closed at a top end by a gas-tight bearing
(30), and the fan and cyclone unit (20) jS nmounted on a shaft (22, 122)
WO 99/ 66008 _ : : 2!5 PCT/ GB99/ 01915

-30-° extends upwardly al ong the duct . 13. Apparatus
according to claim 12, wherein the shaft (22) has a bush (34) at a | ower
end thereof, which is a loose fi't around a centering pin nmounted axially
in the vessel (12). 14. Apparatus according to any of clains 12
to 13, wherein the shaft (32) is hollow and has apertures (22', 22'")
adj acent its |lower and upper ends, the holl ow shaft (32) being a conduit
for conveying particul ate-freed product gas t?Gt he outlet (24, 38).
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15. Apparatus according to any preceding claim wherein the g ,
38) is const wexe9sdoasnd arranged to recircul ate sone of the Sgr’ﬁi@"’ 9;}g‘to

the vessel (12) in the course of its progress to discharge. .
Apparatus according to any precedinggzziainl wherein the vessel (12)
has an air-lock duct (16) at a bott o reof to permt discharge of ash

W t hout adm tting air to the vessel . 17. Apparatus according to
any preceding claim wherein the air-isolating and sealing neans is a

seal ed WD 99/ 66008 PCT/ GB99/ 01915
- 31- feeder device (50) for supplyin ock airlessly to the I nl et

(41). 18. Apparatus accordin
feeder device conprises a chamber (52}

I 'grl?, wherein the said
§ n inlet (54), sealing

means (56) conprising rollers (58)2 8 yr20@abl e peripheries defining a
yi el dabl e sealing nip ol
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which in use passes solid feedstock particles but not air, and a conveyor
(60) -for advapgibégsobdre feedstock (14) to the inlet (41). - PCT/GB99183915
Appar atus according to claim 16 or claim 17, wherein the feeder. device
(50) further includes a line (44) for f ng liquid feedstock (14') to
the inlet (41). 20. Apparat us a49§$hing to any preceding claim
wherein the outlet (38) is coupled to an | or water curtain

scrubber/ cool er. 21. A nethod of gasifying solid and/or |iquid
organic matter for producing high calorific value product gas,

conprising the steps of heating a gasification vessel (12) to el evated
tenperature while excluding air theref -adm tting feedstock (14, 14')
airlessly to the top of the vessel di spersing the feedstock into
I medi at e WD 99/ 66008
PCT/ GB99/ 01915 o ,contact with the heated
I nsi de of the vessel at the top t herjeof, fo{ deconposition into gas and
ash, exerting a ,

124

136
r

112"
7 s
/s
/’ ’ 4 e
’ ’ s, ’ 170
s, 2 ’ V]
’ » ’ s 4 ’
s’ 7 Vi
. ’, s v
’ ’ s 4 s ,
’ , 4 i Z s ’
, s 2 4 e ’
7’ e s 7 e /
4 Vs s s 7’ s
s ’ ’
s
s 7 s ’ /
4 yd 4 s ’
, ’ S
4 ’
,
’ z
Z, ”
F 1
Ig' 6
\r————

SUBSTITUTE SHEET (RULE 26)



" cyclone motion on the product gas within the vessel (12),
substanti al I y WP¥66808 at e-freed gas to an

axi al- path through the
22, wherein onset of

- vessel

~an
outlet (24, 38) al

CRGERBIILTE,

22.© A nethod according to claim

ock (14, 14')

S effected

W thin

about 1/100 sec of

its adm ssion

he vessel

(12).

gasi fication of feed;}

A net'hod according to claim22 or claim 23

heated to a tenperature of 900[err]C _
claims 22 to 24, which has a gross
for exanple 23.1 to 34.8

produced by the nethod
calorific value of at
M/ nferr].

wherein the vessel

(12)

23.
S
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of any of -
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24. Product gas
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