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The present invention pertains to the field of

car bonaceous feedstock gasification and 5to its
conversion into syngas and subsequent use to generate
energy. BACKGROUND OF THE | NVENTION Gasification is a
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as plastics and fertilizers; the extraction of both
hydr ogen and car BACKGROUNILOE THE BMENEONdust r i al

fuel gases; and other industrial applications.
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p other liquid fuels; as a fucther feedstock for the production of chemicals such as

plastics and fertilizers; the extraction of both hydrogen and carbon monoxide as

discrete industrial fuel gases; and other industrial applications,

Generally, the gasification process consists of feeding carbonaceous feedstock into a
heated chamber {the gasificr) along with a controlled and/or limited amount of oxygen
20  and optionally steam. In contrast to incineration or combustion, which operate with
excess oxygen to produce CO,, H20, SO, and NOzx, gasification processes produce a
raw gas composition comprising CO, Hy, HaS, and NHs. After clean-up, the primary

gasification products of interest are Hy and CO.

Useful feedsteck can include any municipal waste, waste produccd by indusirial
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heavy refinery residuals, refinery wasies, hydrocarbon contaminated soils, biomass,



heavy refinery residuals, refinery wastes, hydrocarbon
contam nated soils, biomss, and agricultural wastes,
tires, and other hazardous waste. Depending on the
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5 sensi bl e heat produced by the process and throughout
the gasification system can generally produce
sufficient electricity to drive the process, thereby
all eviating the expense of |ocal electricity
consunption. The anount of electrical power that is
required to gasify a ton of a carbonaceous f eedst ock
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to a primary gasification chanber to nake all the
reacti ons happen sinultaneously (high tenperature
gasification), can be positioned within the systemto
make t hem happen sequentially (Il ow tenperature
gasification with high tenperature refinenent), or
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for use in various applications, including U.S. patent Nos, 4,141,694; 4,181,504,

4,208,191, 4,410,336; 4,472,172; 4,606,799, 5,331,906; 5,486,269, and 6,200,430.

Prior systems and processes have not adequately addressed the problems that must be

30 deall with on a continuously changing basis. Some of these types of gasification



An object of the present invention is to provide a | ow
tenperature gasification facility wwth a horizontally
oriented gasifier. In accordance with an aspect of the
present invention, there is provided a | ow 15
tenperature systemfor the conversion of carbonaceous
feedstock into syngas of a defined conposition, said
system cqonpri sing a horlzontalléforlented gaS|f|er for
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|nvent| on w1l now be described, by way of exanple
only, with ref erence to the attached Figures. Figure
1is a flow diagram showi ng the different regi ons of
©he gasifier in gAUMMARGCORTHEINGENTION s a
representation of the gasification processes occurring
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systent.

25 BRIEF DESCRIPTION OF THE FIGURES

Embodiments of the present invention will now be described, by way of example

only, with reference to the attached Figures.



Figure 7 is a side view of the gasifier illustrated in
Figure 6 detailing the air boxes, |Sresidue can and
dust collector. Figure 8 is a central |ongitudina
cross-sectional view through the gasifier illustrated
in Figures 6 and 7, detailing the feedstock input, gas
outlet, residue outlet, lateral transfer neans,
thernncouples and access port Figure 9 = .
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illustrated in Figures 6 to 10. Figure 12
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Figure 14 detalls t he dust seal of the nulti-finger

carder-ram of Str ted in Figures 6
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one enbodi nent of the gasifier illustrated in Figures
6 t &igp® Schoved (he hayput pichaiicragebuiddieg for thempnigipgl solid waste,
attachnment, shutter, operator handl e and chain

meclf«‘agmemsh&bguéae\iafwletvamd}sanmh@sfs&wl er-ram encl osure
of the gaS|f|er illustrated in Figures 6, 7, 8 9 & 10
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15  residue can and dust collector,

Figure 8 is a ceniral longitudinal cross-sectional view through the gasifier illustrated
in Figmes 6 and 7, detailing the feedstock input, gas outlet, residue outlet, lateral

transfer means, thermocouples and access ports,

Figure 0 illustrates a blown up cross sectional view detailing the air boxes, catrier-ram

20 fingers, residue extractor screw and sexrated edge of step C.
Figure 10 is a sectional view of the gasifier of Figures 6 and 7 detailing the refractory.

Figure 11 details the air box assembly of Step A and B of the gasifier illustrated in
Figures 6 to 10,

Figure 12 illustrates a cross sectional view of the Step C air box of the gasifier

25  illustrated in Figures 6 to 10.



Figure 20 is a schematic of the gas reformul ating
chanber. Figure 21 is a view of the inner wall of the
reformul ati ng chanber. Figure 22 is a top-down view of
the reformul ati ng chanber showi ng the position of the
torches, and the air and steam nozzles. 20 Figure 23
shows the -arrangenent of the swirl inlets around the
reformul ati ng chamber ure 24 shows the attachnent
of Hieprds Hﬁm%wwrféﬁsq%@a?‘é% phie asifisgoidiamsdrto 1fiysiling
25Aq4 §ryxCross-sectional view of the reformul ating
chanmber of Figure 20, Figure 25B is a diagram
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and Its ef on air-flow wt ure s a

f undbuptedi m @ga@k 6dp 4@ defpiling the H@t P@@Pfd t e@rmtpw@m» Hggtter,

SY S bfMtorAmidiUnE cKafn SPAWRsR Vi ew of the actual
i npl enentation of the residue conditioning system and

o EaRIESEBIRe Shi BnIERitt BB e ene Pl 6 8

condi& 1ohiatigg dleaniierambsirgamire. 29 shows anot her vi ew of
t he resi due conditioning chanber. Figure 30 shows

i) V'lﬁgﬁ{ " ani!ﬂ{i‘mﬁﬁéh %Qﬁé M}T‘LM&h or t%%%nﬁ:&ﬁl ent of

quen nveyor use e trans
of Whetiveptiond sl ag to the sl ag stockpile. Figure 31
shows the entire residue conditioning systemfrom

anotriafe 1@@@&»@ 186 6bul oF eSIAANS:, £20 CIGHRROAE chainbdt Ghdihe residue

used for the r%§|due condi ti oni ng chanber.
conditioning cham

Figure 19 is a cross-sectional view of the setup of the gasifier, gas reformulating

15  chamber and the residue conditioning chamber.
Figure 20 is a schematic of the gas reformulating chamber.
Figure 21 is a view of the inner wall of the reformulating chamber.

Bigure 22 is a top-down view of the reformulating chamber showing the position of

the torches, and the air and steam nozzles.

20 Tigure 23 shows the .arrangement of the swirl inlets around the reformulating

chamber.
Figure 24 shows the attachment of & plasma torch on the reformulating chamber.
Tigure 25A is a cross-sectional view of the reformulating chamber of Figure 20,

Figure 25B is a diagram illustrating the air-flow within a gasifier comprising the gas

25  reformulating system of the invention including the reformulating chamber of Figure



Figure 32 shows the arrangenent of the residue gas
conditioning systemw th the residue conditioning
chanber. 15 Figure 32B shows anot her view of the

resi due gas conditioning systemw th the residue

condi tioning chanber. Figure 33 depicts a process flow
di agram of the entire systetn, and in particular the
gas. condi tioni ng system (GCS). Fi gure 34 depicts
them%etup of the gas conditioning systemintegrated
with a syngas 20 regul ati on system according to one
enbBigueeaC ibfstritbscthp ingsdot ofi aiveoh ittenair ikpuguine 1BS rdaf@malating
mor &, %L A ke db A 1%l o} h-?hpE‘&%‘i gxchanger and shows
the process™al’r ower used tTor ‘the control of the air
input to the heat exchanger. Figure 36 depicts a

dr y Figwip @6 tsiadnncgnsl dpskdingrahyf tapoesidpg cenditionnp siited ot her
adsorbents is held in a storage hopper and is fed'into
s Ne g0 PASshew$ ea;m“fayfdm@taamﬁnglp&ﬁle%mW Tdn &hezﬁﬁwtg@ﬁ(éitipning
stream pi pe is angl ed so that carbgn n entrained in
¢ heswpaanf facan it &k grnel g Gpgpuediet gure 37
presents an exenplary schematic diagram of the dry

i nj Eigoiedh slwps R erpsi-rectounatiawadfiitemresniue porditionibagiobee.
Figure 38 presents an exenplary schematic di agram of

t he pigare 20 kiR @hotR Jic R3S 10 tdsAh&bndiabRA @Rhiser. Fi gure 39
shows a systemfor collecting and storing waste water

fromth as condi tioning system Fiqgure depi,cts a
or o B 3PS G R LR SR st e 4680l G
a THieopagpased f@itierteadtof vitifiedakg ortkeslpetonktila. one
emhodi tnent of the invention, 10 Figure 41 is an

il 'fl‘%tnre%tli sﬂ&soti'lc @ntgéﬁasihmﬁm)rﬁ% §y§i@msf%§lt ﬁmhelj dhgle and also

accordance w th one enbodi nent the 1 nvention, where
gas shiosrs §s|sprpsrteuctywedios fhe gisidug enpdideningrhamkdrng| e
honogeni zati on chanber and then delivered to nultiple
engiFar, 32eaots @RYirAegemaN dTghd TeSid0apas gBadilidntlig Slstem with. the
separ%tor %nd.heiteﬁ. Figure 42 is an

i |1 GEEPRTOmENOBPE D PLed- vol ume honogeni zati on chanber ,
in accordance 15 with an enbodi ment of the invention,
Bi glirearcd®2R shows linether| aare of §ehresituei gas dpridijioning ofstem with the
gasidiigaldndonvSdgb@nd control system therefore,

Figure 33 depicts a process flow diagram of the entire system, and in patticular the

gas conditioning system (GCS).

Figure 34 depicts the setup of the gas conditioning system integrated with a syngas

20 regulation system according to one embodiment of the present invention.

Figore 35 is a more detailed drawing of the heat exchanger and shows the process air

blower used for the control of the air input to the heat exchanger.

Figure 36 depicts a dry injection system whereby activated carbon or other adsorbents
is held in a storage hopper and is fed into the syngas stream by rotating screw. The

25  syngas stream pipe is angled so that carbon not entrained in the gas stream rolls inlo



Figure 44 is an alternative diagrammatic -
representation of the gasification and control systens
of Figure 43; 20 Figure 45 is a flow diagramof a
control schene for controlling the gasification system
of Figures 43 and 44; Figure 46 is a flow di agram of

an alternative control schenme for controlling the
gasification systemof Figures 43 and 44, wherein this
syslﬁﬁ?§§“$urther adapted for using process additive
steamin a gasification process thereof. 25 Figure 47

i s HigoedSgpreets aoaimplarewheinatoulidgraonet berihydnjegivh spdtem in
t he g the feedstock input, gas
outfgﬁihmbﬁQMIgﬁbﬁb&+gteral transfer system additive
ports and access ports. Figure 48 is a centra

| on§iaeed?th areseniso 3% cx@erlarg riafenplie wizgrmo ol Fhet Hel scrubber and
enbagdbdmet copbordehi®. gasifier illustrated in Figure 47,
detailing the thernocoupl es and process addltlve

port.s ure 49 ect Ve Vi ew

b SEETEn HouF o pustel B ROUFTY ik ipshec o, vh pmg i o
and cdsiitiobingsysemb0 i |l ustrates a view of the outside of

t he enbodi nent of the gasifier illustrated in Figures
a7 mué%ﬁ%%laé L ln'agesg ﬂ&v @iéérﬁlﬁ %P}!ln ﬁg%mlﬂ)r?}gsstugﬁ a Thlopaq
| ateral transfer system ure 51 illustrates

por PR bigreagior] latﬂ@aowanqemaﬁ@n%@n imentgff thefyvenisi i er
illustrated in 10Fi gures 47 to 49. Figure 52
ol | Usdurecd16i$ ailhQtakionrond gwmfnogdﬁﬁatioatspm@h it hRBiShRE wikAiohe

al ¢ SREnGE oL o PR gte 18 el grom S iy g snaie

il Lnsmo@hedmh rahdﬁnbgmirﬂ thch. deliveredfto guitigleoefiging, éucls elpgivaiaviag
of one e %Hlmgqa %a]mr%fornulatlng system of the

15i AV QRP PEAMEESRrEE" ¢ l}mo gasifiers. Figure 55 A and
Billustrates an arrangenent of baffles in one
enbdiopeeRts e illesratiqred 2 fiasbyamedonagenadartsbmbst. in fpgordance

Snvgﬂﬁl'ai?@mbdﬁhﬂéﬁ[&'lﬁéam{reﬁnéh diagramillustrating
alr- [ow within the gas refornulatlng chanber

i sin af f] es. ure. 611 is a
gg{lgélﬁ?‘ 4 rsussbllgg-fqv\é@sc ?I?at*|%a\m ?ijh? Igastfﬁétl%lazgfstem and control
ref@gﬁmﬁmmﬁm@,chanber conpri sing

Figure 44 is an alternative diagrammatic representation of the gasification and control

systems of Figure 43;

20 Figure 45 is a flow diagram of a conirol scheme for controlling the gasification

system of Figures 43 and 44;

Figure 46 is a flow diagram of an alternative control scheme for controlling the
gaSification system of Figures 43 and 44, wherein this system is further adapted

for using process additive steam in a gasification process thereof,

25  Figure 47 is a cross-sectional view through one embodiment of the gasifier, detailing

the feedstock input, gas outlet, ash outlet, lateral ransfer system, additive ports and



20t ur bul ator or choke ring baffles. Figure 56 is a
schematic of a transport reactor conprising one
enbodi ment of the gas refomi ati ng system Figure 57
is a schematic of two entrained flow gasifiers
conpri sing one enbodi ment of the gas refornul ating
system 25 Figure 58 is a schematic of two fixed bed
gas&%&gr fonprrsrng one enbodi nent of the gas
r ef or mu fng system Figure 59 is a schematic of a
cyclonic gasifier conprising one enbodi nent of the gas
r ef Biewg 4815 argnizs) lopgitydinal gpsgregeiongvipys thepuplh tie Rmbedgygnt of the
di agé'sﬁm' Afustki@ MOBONETY, Qhailifahe kleRMchifesSHA %ﬁﬁess additive
product of the gasification process using a
exch@ger and a heat recovery steanrgenerator, 5
accordi ng to one enbodi nent of the present invention,
Bi gbizerc@d id @eﬁp&ﬁi@ﬁke\f bfose ehtagingnm o thegasiyes ilmairdtedrin Figures
coolg E raw syngas products, including a heat.
exch W& for recovery of heat fromthe raw syngas
product of the gasification process, and a quench step
f or FiguretSAdltussyresgarievee e quggide o€ die pabasdgnanbofdheegasifier illustrated
e nb%1§'fﬁ&t4’?% 44 &%llﬂlﬁ%@&td&f@f&%{s%pthe ilaQIEE h%fe? sy@t%ﬁ i's
a schematic diagramsh omnng runct |ona
requjre s for a conv s-to-air
exc ﬁeﬂﬁgﬁ, ilustast AiPRGR 8 B ef@ﬂ-ﬁﬂﬂ%‘ﬁ\‘h of &re raﬁrécf fipgied n
jonv Ephicon7 todbgure 62B is a schematic dragranrdeprctrng
a gas'to air heat exchanger, according to one

S ch g?%a{ﬁ%a il dﬁfratés@%of? it §£@/ of ltha?éHl l'[lg]%f(ll‘ Enﬁt Jﬁh&%@ 1nq1“13’ u#-ess 12

I'lagiam show ng a piprng systemt ran
t he exchan? -air to the converter accordrn one
enb SRR ilTushates e alsprasiamenbodisat of s, 1ateﬁld@r§°rezrlt fllgstpted in

schef@id 5. di agram depicting the relationship between a
gas-to-air heat exchanger and a heat recovery st eam
gengf at o, .accor di (%o one .enpbodi ent
PV EHEroRe S8 e P ihuBERR IR et SERE e
B h|ugdantloe‘¢exiple¢lrt@tnuro<gbsiﬁer$yngas flow pressure is control

subsystem according to one enbodi nent of the present

' nv quf%reoﬁ A Eﬁcﬁ?hﬁstgﬁm bi$ a@anS GBI B aftleinRdE @t%(ﬂﬁﬂin%ﬂ thSpas

| evel concep of vari ous tenper ature controls
vvr t rrrfﬁmtur!r@n&g#wém of fhedpyeaiiony HBrodrd iserdizgmmndlyetragipe gindow

Pr esAin thdy:E MrbiRatigd cHanBo BmPristhpl 1idfe/ wifl PR s PFRGK 6B is a
fl ow di agrans depicting overviews of various

enbdiéﬁgﬁghtrlglsléqung HadL- [Eﬂ»égélﬁtn fhey gast refpgmulating  chamber comprising
20 arbulator or choke ring baffles.

Figure 56 is a schematic of a transport reactor comprising one embodiment of the gas

reformulating system,

Figure 57 is a schematic of two entrained flow gasifiers comprising one embodiment

of the gas reformulating systern.

25  Figure 58 is a schematic of two fixed bed gasifier comprising one embediment of the

gas reformulating system.
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Figures 68 to 75 depict various conbi nations of
processes conprising different enbodi nents of the CGCS.
Figure 76 is a block flow di agram showi ng the inputs,
optional inputs and outputs of a residue conditioning
system of the present invention; 5Pigott 77 is a
schematic representation of a typical residue

congdi ti Qni ng chanber in accordance with th rese
vt S0 BN SisevPo RS SOt e ke cLpPBER Ll gas
r esiethm@uleiadivdtén@ani ng chanber in indirect comunication
W th two residue sources, in accordance with one
erbadi : ' , i Ei .
o SRR Apoc R EREPb EKERE A hert ol ol lfulcPor
c hatkb @nsificatignridpgesscising @riveeivkehangen andy heht reepuery sispig generator,
§OURE S B A CABSARGE ofthé RoQRGnARACI et of the
present Tnvention;, Figure 79 illustrates a
cross-sectiopal. yiew of one enbodi nent of a residue
conHBPP Shilhy Ploratite fiegtam £§ # Spep gar £pplige Porfy gEness products
confhclutiag b Mat CRehaRLF for 2&ebvegl6ENneBOfrdns the rp@kn®l product of the
cross:sectional view of an % srT@out_ tryoe sk&g out | et
Cin BBTGHIPREE S I ASHE DB APTHREATET SYTEETROP% A8 HINE 1O one
I Nvenbddinent o tigprese Inviestioa, parti al cross-sectional view
of atiltable slag crucible in a residue conditioning
l%haﬁgﬁl% 62A @scg%%ﬁﬁg a4 Iall'h %‘%«'@rf&gdﬂu}?@%ﬂm Q‘I‘. uﬁr@nﬁents for a
present 1 nvention; EI gure é Is a partla(i
Cr oSwwertes tgpdieair haakoxchingern accsrdngdiongaatenypdigeny| o ghe present
out Lgtniohn 20accordance with the present invention;
Figure 83 is a partial cross-sectional view of one
enb&q_di msn%_of 6 sl.ag. outlet. . in accor%ance W th di
t heFi5PELaR 5 4 $0HHF Bigsrandpivtins 8 4251021 higas prqhapeer, according to
Cr Osfie chetlin@ialf t¢ipeyenofnvention.enbodi nent of a sl ag
outlet, in accordance with the present invention;

SFi . g Ropee L v ¢
1§ nb'g%ﬁ%:mﬁ%ﬁ? % %&gﬁgt&%&ggaﬁj{ fhgg"?]%% r}ﬁ[ﬁgé éy&@lﬁ Lo M‘hlﬁf’é’t 91e eQé?lgnge

air to the converter, according to one embodiment of the present invention,

Figore 64 is a schematic diagram depicting the relationship between a gas-to-air heat
cxchanger and a heat recovery steam generator, according to one embodiment of the

present invention.

20  Figure 65 is a schematic diagram showing a high level view of a syngas flow/pressure

is control subsystem, according to one embodiment of the present invention.

Figure 66 is a schematic diagram depicting a high level concept of various
temperature controls within the system, according 10 one embodiment of the present

invention.

25 Figure 67A to 67 K are block flow diagrams depicting overviews of various

embodiments of the present invention,
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accordance with the present invention; Figure 86 is
an illustration of a gas honobgeni zati on system in
accordance wi th one enbodi ment of the invention, where
gas is delivered froma single source to a single
honogeni zati on chanber and then delivered to a single
engine by way of a gas conditioning skid. 5Figure 87
nill téon of as._honogeni zati on system
acc BYEh tQVI?S “Bite “'E*TPBB P'i'iB‘Hii“"Bi‘ of REOCGSHG R %fé*i’i“g iv\ii{ifé'i"%t
gaseinoddhniswemedOsr om a single source to a single
honogeni zati on chanber and then delivered to a single
eng er, .
¢ ogriie ¥ imechof Al Shepih bk Hin i Bl BRSHE furgs or
honu@@wwzmmh@mmswsvenﬁm¢mﬂadamwdamce wi th one 10
enbodi nent of the invention, where gas is delivered

f5r OmgareSt7RGA @:h&ﬁé:tfc(i@pr&s@nt@ao‘ﬁ'oﬁg|tﬁldﬂpﬁﬁ%%ﬁcﬁ&‘dnﬂ{g chamber in
chanber, and then deljvered to nmultiple engi nes by way

of &cchdaice with g PEseit (iveptiplly of filters and pressure
regul ator valves. Figure 89 is an illustration of a

gas iroroiganis 2atheontis vgti@ion of A ratino koalitibaingichdmbenia indirect

enboqnmﬁlr{watl?n WIIlh l%m 1esu? etsoque’s S0 in aﬁ:cmdilg:e wnt!hsénéj eelrnbod{menf:i of the

e sources honogéni za
chanbsmtmwdumhen delivered to nultiple engi nes, each
engi ne having its own gas conditioning skid. Figure 90

oS Rfdutel 1g8Sik raas‘bhe%ﬁn@fde[ﬁcugﬁ‘%f Qq&me r&bmiohmg B inkifect
accordance with one enbodi nent of the inventi on, wher e

gas CPRMHEGAHQL Vsl oReoreifHet P teifgPidRnse pith g sAebogieat ofdhe
strgﬁﬁﬁtmeﬁqalstreaniconpr|S|ng a single source of gas
delivered to a S|ngle 20 hoanenization chanber
oSS Puteh it SEIRl By DO AHRL AP e
enbodiditiveing clufllbbmmegrméwtth orsidue conclmomng chamber,

15 Pigure 80 is a partial cross-sectional view of an S-spout type slag outlet, in

accordance with one embodiment of the present invention;

Figure 81 is a partial cross-sectional view of a tiltable slag crucible in a residue

conditioning chamber in accordance with one embodiment of the present invention;

Figurc 82 is a partial cross-sectional view of one embodiment of a slag outlet, in

20  accordance with the present invention;

Figure 83 is a partial cross-sectional view of one embodiment of a slag outlet, in

accordance with the present invention;

Figure 84 is a partial cross-scctional view of onc embodiment of a slag outlet, in

accordance with the present invention;

25  Figure 85 is a partial cross-sectional view of one embodiment of a slag outlet, in

accordance with the present invention;

12



Figure 92 is an illustration of a honogeni zation
chanber configured as pressure vessel and conpressor
conmbi nation, in accordance with one enbodi ment of the
25invention. Figure 93 is an illustration of a
honogeni zati on chanber configured as a doubl e nenbrane
gas hol der, in accordance with one enbodi nent of the

i nventian.: gure 94 is an illustration of a

horrg’élé?‘?lgé é.‘{ ?I]O]Hll%lﬁ%%(gra 5 ﬁ?l}l%‘llé{ﬂl()&gys%l in accordance with ohe

abs ahwdi.ﬁuﬁt MRCInG@ T o) MR gas is raela@@@ EIRANCsgW solrc®REs single
di ment of the invention, e 95 is. an

i | | @F‘i‘%‘l“?a&ﬂ“ GPa‘%{""‘p PRf} thep 1"(}""6‘?""1 g% AsYingle enpie fireway of a gas
homeg®iiogiag k) chanbers arranged in parallel, in
accordance wth one enbodi ment of the invention. 5

%I g?{g lieg&g 1§ n ﬁlu{nlaﬁéﬁ{ SP a%%%[{‘hggg%éi%h'@ te'hp 0 a%%(?rdfgl ith one
control sys 0 contr i'catron process or
-convebadimept of thainbariat eders ghesdslivesh fiomt aosiggiessouicpto a single
acc d fo

| nvgﬁg@gﬁ%@] tcﬂ‘ang)@ga}ﬁr{g&adeggﬁéed ntgt | Jgﬁg:l églgﬁé %thay of a heater,
conﬁﬁﬂmn@aEP&W?@%kaﬁﬂﬂw%xenplny conponent s t her eof,

of a control systemto control a gasification process
for Fﬂgarecaa ny ef filufGtiéh 624 £O MoMGRHSatof SAEIR G adctiifhcd wilR Sne

i n accordance W th one enbodi nt of the present _
o ERPIURON B 50 ECTYEN VTR 288 5 SRANTE ML TIE PG o @ single
cenhmad;g'cmedmﬁ @mnibel arsiytBdnedelivdrddl tﬁ@lﬁ.ﬂlfpdﬁd’il@ﬁe%)t Wayosfea heater
%ﬁllt }%3 resgptli%%% n. Figure 99 is
a s@ﬁ PRIy GF AT BPSSHTS o é§%¥ partially
di stributed control system in 15accordance with one
enbdiiureeitis aif ilupeatipn efsegas homorenizition sysking ur eccaig@nce svith one
SCheRBd di el bARK ARER Wik 3k i€ SGHBL AL &gﬁﬁnﬁne@gm@éa% a single
response signals respectively received froma
15 amempacpiaiop shabguaidithanglclivreddg s isipiclppeinescesgh prgine having
SYSti@Bwh Sas CORMiloRlng 98 Or nore processes inplenented
therein, in accorgance wi th one enbodi nent of the
present nvent | S a schemati
C o HOR R i RGied a4 by Pewagikg Bt R apoHase wit one
acc e,msocpmnntos ttefindehgoni whag rgad » diclswﬁ:tl esnmiipler @inssy S mwvo
e e T ]
zf &omp@mmﬂu&dhmﬂmp05|tlon, along MAth vari ous
possi bl e downstream applications, in accordance with
var 'I@%&?e OXEIRh AiNsuGHROdE TeBhSalvoluhle IBfn%éé?nﬁtatmn chamber, in
invention, 25Figure 102 is a schematic |agram
deplaé‘tOFQﬁ‘gcea”l@d’ﬁ??lwodﬂwt@rﬁeﬂﬁ‘i@m&ﬂnt rolling inputs to a
converter of a systemfor the conversion of
car pgacedusarl BREELoC ki i tomogenatson dhBmBe CofifiARGEas Vrésbure

one enbodi nment of the present inyenti
vessel and compressm comblﬁatlon, 1r1]1 accm}fance wntﬂ one embodiment of the

25 invention.

Figure 93 is an illustration of a homogenization chamber configured as a double

nembrane gas holder, in accordance with one embodiment of the invention.
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Figure 103 is a flow diagramof a control schene for
controlling the gasification system Figure 104 is a
fl ow di agram of an alternative control schene for
controlling the gasification system wherein this
systemis further adapted for using process additive
S5steamin a gasi fication process t hereof. Figure 105

r am of ternative, control .sche f.or
corbietr P irn DRG0P bt fon Bt Bt ey B aBomiH
a fuypd gaeholeetam&cﬁfdymmmhdnmmodmfenﬁdﬁ ehepavesiant
i nventi on. Figure 106 is a flow diagram of an

al t ﬁ%ﬁl@t éS.V?S gﬁ) QH\ESR!HI()%C&G Ergglﬁlgllit C&néd’n&!ﬁdt \"ngl'ﬂ 140% %emzauon

gasi fi cat’i on process, cortance With a furt

ex eftpinhery areaniesidh parpiel, @f acpdydanpe wislepne cinhodiment pihe myegtieres
107 to 110 depict various conbinations of how the

Br op@a@% @fa Hbe dfla%ﬁdlﬂ Hép)buﬁg'irlhebﬁ‘se(lﬂrhs&dnﬂ@lt 86hem Wb &Jofikdd a
"l E@' cts zone 1 ﬂaSIfl eH% % d %?EI cts zpne %dgl

r s BAHSAHOB REICES SpfetP Ve& 1§ 2ogroopfipqus facdsgogy dntey gas,in ggeordance
r ef ainbitehibB@mStSF BB bresehbiblzhAdd. ED DESCRI PTI ON OF THE

| NVENTI O\l Defi nitions As used herein, the term "about"

r ef 9 r ope f,r [, wa
" BleL 913 LSRN Fhh B RIRADE, DAELAE ket
| nc Fenjwdents tegrept, gfrfv@ reontedl LrEstemn o i eeidol he rsedificationh eroaesp for

ﬁcar@kemﬁg i 5@@@&5&' fedbdodk ll;.g,f egag & adeBraamed wlii Snd sﬁﬁsﬁnnem

onaceous feedstock' eedst ock, " as used
i nt eftbhpmagaidnyeptitier ei n, am defined to refer to
car bonaceous material that can be used in the

gas ikfgh e B 0N sdAERAR SifagralXaT HRk RN cBhtid] sRted, neeelfidaackwith
i ncl ude, Qlut ar not Ijmted to, waste nateri al s,

|ncP{£Fof'l“?'P§ fﬁfrﬁtl"é DS RIESILLYEEON a5t es produced by

i ndustrial activi ty bi onedi cal wastes; carbonaceous
mat &gzl 9%iinappengtic idigemfad pn atdeagiciaitialy diismibmtmongolmmtr—m. in

%5f %&x&m@“ﬁmBL@&&@S&EWS&%%%@& HU9Ron.coal ; heavy

ils; petroleumco eav nery Fesi dual S;
refl nery wastes; hydrocar bon contam nated sol i ds
bi ofas; 108 4vq ‘Z?U‘F"B%IF djagraiglepiging eremplery sesing aid f&“’\ﬂ%ts'énals

haz adsplRuseiyVabieda 16| M Ughdniifdd waastgﬁmcamnghtefﬁ f a control
bi omass useful for W%asn ficati o\%el nc{w| but are no

[ B POt RGO P BBHE PR Recpiaaee i one
f r Uielbodiegr baht pe@mdn@h@inn processi ng, paper ml |

resi dues; straw, grass, and manure, 5The term''waste

%52 Zarglaoulz)l alé %sc‘ﬂa lﬁtfaedqjaglaﬂl (fcgfcﬁﬁg éx%mﬁl@xrybsgﬁmn%ea% rcésponse access
points of the integrated system control system to various devices, modules and
subsystems of & system for the conversion of carbonaceous feedstocks to a gas of a
specified composition, along with various possible downstream applications, in

accordance with various exemplary embodiments of the present invention,

25  Figure 102 is a schematic diagram depicting a control system for controlling inputs to
a converter of a system for the conversion of carbonaceous feedstock into a gas, in

accordance with one embodiment of the present invention,
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hazar dous wastes. These can incl ude nunici pal wastes,
wast es produced by industrial activity and bi onedi ca
wastes. Waste materials al so include carbonaceous
materi al inappropriate for recycling, including
non-recyclable pl astics, and sewage sl udge. The tam
"“control |l abl e solids novenent neans" is defined to

refer to mor e 10_devi ces for _renovi ol i .
ok logdor fwr S OF S TOHGY PABE et TR RS ot saton
of sumeh. devices include, but are not limted to,
rotating arnms, rotating wheels, rotating paddles,
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process deévice, a process input or 15 process output
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andgafficAL frodebs, N aCdRlafife WIK @ fGRRlexeriBG) @BBbAIAT/0Dlihe
gl obal processes of the system Sensing el enents

conQWﬁ@F@H“VPWhln the context of a gasification system
may include, but are not limted to, sensors,
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erature, pressure, ow, conposition

andpm&momh@mOEUCh characteristics, as well as materia
position and/or disposition at any given point within

t he Ryt @07 @ndo zate;wctqaﬁmtcbﬁtamaﬁasr @qutlus pﬂosesgefs OB facility
process devi ce used mh&, n.the sxstent
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each relevant within the context of a gasification
system 25 may not be specifically relevant within the
cont ext of theTpresent di scl osure, and as such,

8 enent s i deMEHATEEDHESGRIPTION OF TR INYENEIAN shoul d
not be limted and/or inappropriately construed in
light of these exanples. The term "response el enent”

i s d¥fivified to describe any el ement of the system
configured to respond to a sensed characteristic in

Or dexs vb&l HRRAT, Bk Gerf "REcAEC &8s €V 1/069%:3R1iAREA Fdhil td&hofninal value.
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paraneters are defined to provide a desired process
L es S ts. caon r.ed
gog ;Jllét},&terlo CQY%HE&%CO?IL ngPog% ésilﬁs%lécgh%ﬁ}g as:lﬂs&ﬂlngrcﬁ]ﬂgeably herein,
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coupled, may include, but are not limted to, materi al
and/ or feedstock input neans, to heat sources such as
pl asma heat sources, addltlve |nput nmeans, various gas
bl ower s and/ or other such ga§ circul ati on devi ces,
various gas flow and/or pressure regulators, and other
process devices operable to affect any | ocal, regiona
and/ or gl obal process within a gasification system ft
will be appreciated by the person of ordinary skill in
the art that the above exanpl es of response el enents,
t hough each relevant within the



15 context of a gasification system .may not be
specifically relevant wthin the context of the
present disclosure, and as such, elenments identified
herein as response el enents should not be linmted
and/ or inappropriately construed in |light of these
exanples. The term"real-tinme" is defined to define

any action .that | sub aII ref) ctlve of
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The term "response clement” is defined to describe any element of the system
configured to respond to a sensed characteristic in order to operate a process device

30  operatively associated therewith in accordance with one or more pre-determined,
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15 contam nants. Depending on the design of the
gasification facility it can be used to refer to for
exanpl e, raw of fgas, raw syngas, refornul ated of f gas
or reformul ated syngas. As used herein, the term "gas
reformul ati ng" nmeans further processing raw syngas or
raw of f - gas to generate gas of a different chem cal
conpositio ed al 20 stea

C}Iq . E]n etc, can be
us e PRy dn?ﬂ“ °6ri‘ {HPE ﬁP%[E? RORREETSE FIQRA 1% ofg,gr more
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As used herei,n,, the term"refornul ate s" means.
0F 1 SEderp R i e e, S b O s s iRURE IR S e
st ep whiey ﬁbyetaddfbﬁ &lmemics]udmnalse heaats, pawr saurrda!soamdsme athier

gave be Io tran orn1the n1ong F cp
elcme COI’I %urab e to 111%1)& Ctl()n Ill ¢ Mecnanical, . elel ncal
conp03| as OS50t 2 em cal conposi

( opmagnene qbndfmemtw hgdrngicwe 3 corﬁlmaneixmmpd:feto atd&wse brasi dnase or

bas %%ewn%il%?ﬁ@et?ﬁ PRELS! S0k “%19 gé\é?t\%[f‘u{ %S)comcﬁ? of a
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have to transformthe gas romonec
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(deshdsdmaeati Eﬂ HALIAHR de iR, vEXRERAGIowl ARlR: %’%ﬁm’é‘ fegulators,
passed through”a Gas Reformul ating System (

Un| @&botbre Proqesel destidse prerable, to gifect pnydpost. (E%‘O“alrﬂﬂ'd@’bgl@tfﬂ prpgees

t er RELNSEAsiNatiel sRAY R dill8c 3RIRiaNR AP Rpefdn spmm, ¥kill in
under st ood by one of ordinary skill in the art

whi @7 RS SRS IS wéreawwge elepjgns, (hongh ﬁ%‘#’é“rle"ﬁlﬂd’v‘ihﬂlége

B 0a6itd<k 60 dagifcdiaf bysiehy mbPiiot b\etRANR FRIvAN within the context of
car bonaceous
the present disclosure, and as such, elements identified herein as response elements

should not be limited and/or inappropriately construed in light of these examples,

The term "real-time” is defined to define any action that is substantially reflective of
the present or current status of the system or process, or a characteristic thereof, to
20  which the action relates, A real-time action may include, but is not limited to, a
process, an iteration, a measurement, a computation, a response, a reaction, an
acquisition of data, an operation of a device in response to acquired data, and other
such actions implemented within the system or a given process implemented therein,
It will be appreciated that a real-time action related to a relatively slow varying
25  process or characteristic may be implemented within a time frame or period (e.g.
second, Iﬁinute, hour, etc.) that is much longer than another equally real-time action

related to a relatively fast varying process or characteristic (e.g. lms, 10ms, 100ms,
s).

The term "continuous” is defined to define any action implemented on a regular basis
30 orat a given rate or frequency. A continuous action may include, but is not limited to,

a process, an iteration, a measurement, a computation, a response, a reaction, an
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feedstock into gas with further optional downstream
applications such as the generation of energy. The
facility conprises a nunber of systens that work
together 10 to function as an integrated systemfor

t he conversion feedstock into electricity. One skilled
in the art can appreciate, however, that each
subsystemon its own can be considered as a system
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SChefBia&Rhd Kedstbol thidh G brdduct BriGS hARRGRd WnkiflioRRE The
enbodi nent of the present invention, the gasification
Wy s CRTFPEISABIONSE Saraefeirip @Ff sheailere Bift ghanbes ydth apyliindy zones, or
coNtyfufiphd dh8mbdAE 18RI chibe@inkeANhP CRRETS cois@ELNEIBE: and a gas
therein, which may include various independent and

i nt EFYEVYEN Y8R | regional and gl obal processes. 25A
hi gh-1 evel process control schematic that depicts

var ifsusedsimngn,nbe end "pedypogse nehengentrallys 6ri ges geedctted\byahe
assQci.at L0 C t i fi '

2o R, M, ddpTRIREIATL Ryls b 1GodR bR B remove
the picontguinants. Adepending4d. theTireige oh the ghsifiopdeneiciligyt daa be used to
conf ] e ' I NPy

var S e bAERIARE S RN S SrRT S, b Brorpuaed
end sym8ul t. For instance, a front-to-back control
schenme could include facilitating the constant

t hr QugRhqered, HeR@Q@HASERAGK ordd4tinEXAeMRb Ruthé pRocEHMmb S4W syngas or
conf ugur ed for the gasifi

cation of MSW while neetjng,
 oquiRpHTES tertanelr 8% ¢l gy SRR o SpE LR irgshel i
bor gl’htealhpetb,aﬁk b xﬁwm{@infbaﬁﬁmnﬁmﬁ pmkﬁﬁh hat apttafgeShel 1dvels of
achi eve a qi r.esu or iich the systemis
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ShUttﬁlg &fonhﬁl%i Iy %%ﬁéreg a%cﬁtém L\lcg % ﬁan, ! ABr steam have
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1 the gas fiom one chemical composilion to gas of another
25 chemical composition (optimized heating value). For example, this gas has passced
through a Gas Reformulating System (GRS). '

As used herein, the term "reformulated off-gas” means off-gas that has been passed
through a reformulating step whereby additives such as heat, air and/or steam have

been used to transform the gas from one chemical composition to gas of another
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A back-to-front control schene could include the
optim sation of a product gas 10 quality or
characteristic for a sel ected downstream applicati on,
nanely the generation of electricity via downstream
gas engine(s) in this exanple. Wiile the contro
system coul d be configured to optimse such back-end
resul t, nDnltorlng%and regulatlon of front-end
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desP@H@@aﬁ%gm§¥BV¥ﬁﬁm shreddi ng, stockpiling and

feeding plastics, the feed-rate of which is used as an

Hddiﬁ 'hi‘gh}leival frb@ssgemirbli eadnman tipt ciegiss vakiub spring @ad iresgonse
MW an

t o ggnntents compr sgd lgsy og rz]l%og § %A&fa %ogg&gnté Fqsdrl(g ? sf?x?él%glf%aﬁy

sch emlodewmgmhppm oétbh mwtsmwse dem@cdm Higmie28. excessi ve

deconposition of the MSW A nechani zed, bucket-based

| 0ad@E chrtrol§SEm tnfhy tof 2613 Tetied RdnBATc@land PRIy RBtimise the various
15stockpile'to the shregdlng systen1

19



The MBW shreddi ng system consi sts of an i nput

conveyor, a shredder and a pick conveyor. The i nput
conveyor transports the MSWfrominside the building
i-nto a shredder. The conveyor is controlled renotely
by the process controller to match process demands,
The shredder ensures that the as-received MSWis
suitabl e ocessin The shredder is equi pped
to @E?Q%TL%ﬁQ %@irﬁﬁgéﬁg goaghepdesilE appropri at e
action, The shredded waste is dropped onto a belt
conl@yisstancs, paieptrtaeld contrdeschemareqyiveinéledephaiiaing by sensiant

th ' j 10t
aPﬂ ¥%“dp§f fe&@\%@ Vf{; fe%a@]l@ ?ﬂg@%}fg]lf a‘ﬁﬁ?ﬁ&ﬁ#o%’ E‘F‘ %gﬁfﬂ&hél of

st eMISW, vbila/Byvting ragplbisnedandardpfonthisdyrewt exsitviefiush fight-lefrack

eegds bnend{B\Wolug e 0%%3(91%' F ik a ngJEf% rds@BFbr LALE tl%fsygtaﬁ is

screw conveyor 25 i contro éﬁt € process
consiegifieally desigppdetndfe d@@@gleefe@ra% sigifle a9VIBYY fOb il subsct or

CONYRY¥RedRBSioR B AgEit cemh syS@h! $r InQarRe ﬁﬁ‘cﬂtstaﬁ %Fiﬁ'ﬁ‘ﬂgdown
plastic. Plastics Handling System The stem

han &l hewyogssss tq wikigpe w&oase@uwmréglérgﬁfw si Bons ast ic,

shred it, place it into a stockpile and feed it under

i nd apl&taﬂmﬁom @oiitrad | scﬂenvtc ccotifdeinglndeC s LPtimisaive cﬁ)as predncB @as
shredd [ Wt

op B B BBt SR R pohsferioiiin, rtelh i Btbrain
| ocaf @dticity aia GOEMDEIm pasiehgliety it thls(mml}v]@IWidbkﬂTGl controAsystem

feed uﬁcPE‘eV&if.ﬂgurEﬂ)t‘é uM‘s@ sééﬂrb%ﬁg&ﬁ r&hﬁ‘sﬂh ﬂ;{% ttg%lauo% of

gaSI | er conveyor troug I S sedle
of fikhe- emwamm@yc@ pomlgmprt)héﬂd in heiepbaestur@prpwr and Conlmuous

I nt 'i”ﬁ%%q e géi’eutn ﬁPacQ&EAnEé Wit %@bﬁathg%ﬁmsc IhERaY stslhgaxds

reduce openings Into e gasitrer e conveyor 1S
Kcr épplBconveyor with the hopper sealed to it to
provi de gas sealing when it contains material. A

Hor z@ntul abyaléafr 'Efemta peksdaastiskilian W hihiiaheitdke dHampkt ek not
st.em. |

"Units stem co es
hor .%w%qulwsffa a@ﬁ#@ﬁo hes gxp 9% lt-e'ﬁamﬁa?ckﬁaﬂéﬁeﬂ&m gaebe
or Ii’fﬁlfs?etfe@ aelsih adkiout Appttmg fl@ﬂﬁh@ﬁen&ﬁfﬁo@&ﬁd aatirP of e presknt
lid re ue out e ea
oot Pafhind?. i of RLR s B0 ebeRiE L e S0
tohr @yn@lm say thetoogifgirddi ©rprofidel crgupbinoates sesuls waivd Iaay be best
cont rfo ned agsat ceoliplb{noa{loncgfn }rgn?-letll Qrgi ga%}\é rH‘eresullc.)'sf 01S a‘?glam a%nae result
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nicipgl Soli Handlin N

The initial MSW handling system is designed to take into account: (a) storage
25  capability for supply of four days; (b) avoidance of long holding periods and excess
decomposition of MSW; (¢} prevention of debris being blown around; {d) control of
odour; (e) access and turning space for garbage trucks to untoad; (f) minimization of
driving distance and amount of furning required by the loader transporting MSW

from the MSW stockpile to the MSW shredding system (g) avoidance of operational
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or nore lateral transfer units. This system enabl es

extraction of volatiles throughout the various stages

of gasification of carbonaceous feedstock to be

opti m zed. Feedstock is introduced at one end of the

gasifier and is noved through the gasifier during

processing by one or 15 nore lateral transfer units.
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20 - processing. The shredder is equipped to detect any possible jams and take appropriate
action, The shredded waste is dropped onto a belt conveyor, transported under a
magnetic pick-up system that avoids inadvertent feeding of excessive amounts of
fexrrous metals through the gasifier. After this step, the MSW is dropped onto a screw
conveyor which feeds the MSW into the gasifier. The feed rate of the screw conveyor

25 is controlled by the process controller to meet process demands. The MSW feed

conveyor has an additional entry to accept shredded plastic,

Plastics Handling System

The system for handling plastics provides storage for the plastic, shred it, place it into
a stockpile and feed it under independent control into the processor. The system

30 comprises a storage facility, a shredder with input hopper, a take-away conveyor and
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5 raising the tenperature of the material to pronote
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20 each step optionally being serviced by an

i ndependently controlled lateral transfer unit. D ning
processing, air as a source of oxygen is introduced
into the chanber, Optionally, the nmethod of injecting
process air can be selected to facilitate an even fl ow
of air into the gasification chanber, prevent hot spot
formati on and/ or jnprove 25 tenperature control, The
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In one enbodi ment, the refractory is a nmultilayer
design with a high density layer on the inside to
resi st the high tenperature, abrasion, erosion and
corrosion. Qutside the high density material is a

| ower density material with [ ower resistance
properties but 30higher insulation factor. Optionally,

ide t | ayer . is a ry.l ow density foam . board
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chamber, or ¢an be introduced through the floor of the chamber, or through both.

Also to be considered in the design of the gasifier is the position, orientation and
nuinber of the process additive inputs. The process additives can optionally be

30 injected into the gasifier at locations where they will ensure most efficient reaction to
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The carrier rain can include a single ram or
multiple-finger ram In one enbodi nent, the gasifier
design will allow for the use of a single ramor

mul tiple-finger rain. The 30 use of a multiple-finger
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gas flows is desirable during operation of the rans.
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high density material is a lower density material with lower resistance propertics but

30  higher insulation factor. Optionally, outside this layer is a very low density foam
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i ndi vi dual steps. The grooves being sized to
accommodat e hot air and/or steam pi pes. The pipes
optionally being perforated on their lower third to
half to facilitate the uniformdistribution of hot air
or steamover the length of the step. Alternatively,

t he sparger pipes can be perforated towards the top of
the pipes. .In r er.to facilitate initial start of
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The carrier ram can include a single ram or multiple-finger ram, In one embodiment,
the gasifier design will allow for the use of a single ram or multiple-finger ram. The

30 use of a multiple-finger ram may be preferably when minimum interference with gas
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25  to facilitate replacement, servicing or modification while minimizing interference

with the lateral transfer of reactant material, The number, diameter and placement of
the air holes in the air spargers can be varied according to system requirements or

lateral transfer system design,

In one embodiment, the gasification chamber can further comprise one or more ports,
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accommodat e the residence time required for the
refornmul ating reaction to take place! The gas
residence tinme is the amount of the tinme that the gas
is required to remain in 15 the gas reformnul ati ng
chanber to allow the reformulating of input gas to
refornmul ated gas to OCCur. Accordingly, in designing
theTgas refornulatln%:chanber t he required
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As the material is processed and is moved from region to region in the gasifier the
20  hcat generated within the pile can cause melting which will result in agglomeration of
the ash, Agglomerated ash has been shown to cause jamming in drop port type exits.
The gasifier therefore can optionally comprise a means for breaking up ash
agglomerates. In one embodiment, in order to ensure that any agglomerations do not
create jamming at the exit from the chamber, a screw conveyor concept is used (o
25  exfract the ash from the gasifier. The ram inotion will push the ash into the extractor
and the extractor will pull the ash out of the gasifier and feed it into an ash conveyor
system. Rotation of the extractor screw breaks up agglomerations before the ash is
fed into the conveyor system. ‘This breaking up action can be enhanced by having

serrations on the edge of the extractor screw flights.

30 A Gas Reformulating System
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5 mai ntai ned, The gas refornul ati ng chanber can be
oriented substantially vertically, substantially

hori zontally or angularly and have a w de range of
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gas reformul ati ng chanber can be incorporated in a
manner to pronote concurrent, to countercurrent,

radi al, tangential, or other feed flow directions. In
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ref ormul ati ng chanber conprises one or nore ports for
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25  twbulence of the gas.

The gas reformulating chamber may optionally include a collector for solid particulate
matter formed during the reformulating process that can be collected and optionally
fed into the gasifier for further processing or the solid residue compartments of a
gasification system, such as a solid residue conditioning chamber, for further

30  processing.
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heating of the gas refornul ating chanber. Optionally,
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30 injected into the gas reformulating chamber. Optionally, ports or inlets are provided
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15After heat is recovered in the product gas-to-air
heat exchanger, the product gas, although cool ed,
typically still contains too nmuch heat to undergo
filtering and conditioning steps as are known in the
art. The present invention therefore also optionally
provides for the further cooling of the product gas
prior to such subsequent filtering and conditioning
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30  have been used with plasma torches including but not limited to air, Oa, N>, Ar, CHa,
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The functional requirenents for the product gas-to-air
heat exchanger are where the hot product gas and the
anbient air are each passed through the gas-to-air
heat 20 exchanger, whereby sensible heat is
transferred fromthe hot product gas to the anbient
air to provide the heated exchange-air and the cool ed
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molecules to mainly CO and H, by optimizing the amount of air andfor oxygen

injected into the gas reformulating chamber.

A Heat Recycling System

The invention forther comprises a system for optimizing the efficiency of gasifying
20 carbonaceous feedstock by recovering sensible heat from the gasification process and
recycling it for use within the system and optionally for external applications,
Various embodiments of the heat recycling system of the invention are shown in

Figures 60 to 67,

In one embodiment, the system recycles heat recovered from hot product gas,
25  transferring it back to a gasifier. In particular the system comprises means to transfer
the hot product gas to a gas-to-air heat exchanger, where the heat from the hot product
gas is transferred to ambient air to produce heated exchange-air and cooled product
gas, and means to transfer the heated exchange-air to the exchange-air inlet means in

the gasifier. The heated exchange-air is passed into the gasifier to provide the heat
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Due to the significant difference in the anbient air

i nput tenperature and hot product gas, each tube in
the gas-to-air heat exchanger preferably has an

i ndi vi dual expansi on bell ows to avoid tube rupture.
Tube rupture may occur where a single tube becones to
plugged and is therefore no Ionger
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t ube ripiure presents a hi gh hazard due to probl ens
resu?ﬁlng fromair entering gas mxture. In one
enbodi nent of the present invention, the systemis run.
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i nvention, the heated eé5 e air ma praovi ded as
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The sensible heat transferred from the product gas to the heated exchange-air can also

30  be used for external heating applications, as well as heating applications elsewhere in
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10 regi on fromwhi ch hot exchange-air can pass through
perforations in the floor of the converter to that f
region. In one enbodi ment, the exchange-air inlets are

i ndependently control |l ed spargers for each region. The
present invention, in addition to the gas-to-air heat
exchanger optlonally |ncludes a system for further
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15 particulate matter will be present in the product
gas. Again, product gas velocities here are also
mai nt ai ned at a | evel high enough for self-cleaning of
the tubes, while minimzing erosion. In one enbodi nent
where the systemfor further cooling the product gas
prior to conditioning does not include the recovery of
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a single pass vertical flow heat exchanger, wherein the product gas flows in the tubes

30  rather than on the shell side, In the single pass vertical flow embodiment, the product
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15The conduit systemw |l also optionally conprise
service ports to provide access to the systemfor the
pur pose of carrying out routine maintenance, as well
as repair and/or cleaning of the conduits. A Gas
Condi ti oni na System The gas conditioning system ( GCS)
condi tions cool ed product gas in a two- stage 20
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having exchange-air leak into the product gas conduit. Detection of such a
25  temperature rise will result in the automatic shut down of the process air blower so as
to eliminate the source of oxygen. In addition, the heat exchangers are provided, as
required, with ports for instrumentation, inspection and maintenance, as well as repair

and/or cleaning of the conduits.

In accordance with the present invention, the heated exchange-air may be provided as
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15 treated and/ or disposed of, The presence and
sequence of the processing steps can be selected, for
exanpl e, based on the conposition of the input gas and
t he conmposition of the conditioned gas required for
the sel ected downstream application. In one enbodi nent
of the present i nventi on, the anount of hazardoUs
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30 cquipment, may be used for other commercial purposes, such as the production of
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20 end use of the conposition gas, as well as cost
consi derations and equi pnment availability. Stage One
of the GCS can optionally conprise one or nore gas
coolers if required. As noted above, Stage One of the
G&CS provides for renoval of the majority of the
particulate matter and at |east a portion of the heavy
nmetal contam nants present in the 25
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Injection is generally through a sorbent input, such
as a port, nozzle or tube, and can he achi eved by
gravity, | ocked hopper, or screw conveyor. The present
i nvention also contenplates that the sorbent can be
provided wi thin pipes that make up the GCS, for
exanple in a pipe leading to a particle renoval means,
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i nclAugas Conditioaing Sesitm| i m ted to, cyclone separators or
filters, high tenperature ceramc filters, noving bed

gr al’llﬂl; %ﬁs gtgltﬂubﬁlﬁi %stehﬁm%mﬁﬁdng €b5oted @G@{]ct gas in a two-stage
el ectrostatic precipitators (ESP).
20  conditioning process and provides a final conditioned gas that has an appropriate

composition for the desired downstrearn application, Stage Onc comprises one or
niore initial dryfsolid phase separation steps followed by Stage Two, comprising one
or more further processing steps, In general, in the dry/solid phase separation steps, a
substantial propoition of the particulate matter and a large proportion of heavy metal
25 contaminants are removed, In Stage Two, additional amounts of pacticulate mattex
and heavy metal contaminants as well as optionally other contaminants present in the
gas are removed, Thus, the GCS comprises various components that carry out
processing steps, separate particulate matter, acid gases, and/or heavy metals from the

input gas and that, optionally, adjust the huimidity and temperature of the gas as it
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As is known in the art, the choice of particle renoval
unit will depend on, for exanple, the tenperature of
the input gas, the size of the particulate nmatter to
be renoved, and, when applicable, the type of sorbent
injected into the gas stream Suitable particle

renmoval units can be readily sel ected by one of skil

in the art, In one 25 enbodi ment of the present
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exanple, as is known in the art, cooling of the input
gas may be of particul ar inportance when a baghouse
type filter is used for 30 particul ate renoval, since
baghouse type filters often cannot w thstand extrenely
hi gh tenperatures.



In accordance with one enbodi nent of the present
invention, the GCS is configured to process input gas
for which the tenperature has been reduced by passing
the input gas through a gas cooler prior to entry into
the GCS. In another enbodi nent of the present

i nvention, the GCS conprises one or nore gas coolers
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particulate matter present in the input gas is removed in Stage One. In one
embodiment, at least about 90% of the particulate matter present in the input gas is
removed in Stage One. In one embodiment, at least about 95% of the particulate

30  matter present in the input gas is removed in Stage One. In one embodiment, at least
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scrubbers and i npinjet scrubbers), chloride guard
beds, wet ESP and the |ike. Stage Two can al so incl ude
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One r scri bed. 5bel ow ses to ed
O el RS pen BB kb e SRR s el e
El Cih @wadmbdk@i@ent, T dagtabas §H%al kp mﬁrtlolfllate hese p&semi nglas 3$ur.

'l & Cgavs“l Fehosed in sg%%eg g{)%l%be?n dunc Q gs{ ?fng ¢ d)aglcg?l%ﬁz nﬁger

depemﬁmngﬂmmmmhgmeambmmauﬂﬁusGheedstock used in the

gasification process. In one 10 enbodi nent, the GCS is

‘3 onf G bRebdRenPERS a?oohtnﬂ%% ofgliéfhe% MRl §dnﬂﬂm§1|ﬂ@ l;&léesé?u ih R
% of HCI and about 666 In

enbS@PtrEBH e rgrpeyedsinsStpas anP §Rfr P@amgla@w ftH%?@t %bﬁ'é "50% of the

Congléak %@ﬂcoﬂ@&nﬁ?ﬁk bic%t inhﬁ*e ap gssqm @m@&ab@w%e@nea hebte

20 ppm and about %PO and between about E
and SEpRsipenn @t ]ﬁﬁﬁ@r‘ﬁ 0% OfAEff lﬂfa‘@’a@etiﬂé’ﬁwa@a"é‘rpms‘%ﬁé? ¢ iR

can gharéehbfdasl shye Ohd/ 5 Gne Blaboanedl, atedst aﬁﬁttﬂmba dsfghd Ravy
@roces es. |I.n one enbodi rrentE@Sa%Ege Two

EQamiggets REHvtIES by be“}%%wes% 8“?3 afbgne
In aﬁlﬁhdilhtﬁln abdut 0% ofithe hsl neal edainh@ne hReAsHek: gt gas are
descrlbﬁp ﬁbov a nunber of processing steps are
kno®VH E’g‘é ®for rempving HO vapor from gases.
Non- limting exanples of such processing steps
i ncPugijecmgurcptstsome fown fethH@ andrgepgalyoilixparcelduietad tagint
or %l' &IMtE‘nﬁe sohféﬁﬁtwﬁ@ﬂs m;etc!%d ﬂ’J tk@éa& Sl%lll%l&%l’lé%ﬁ r@ﬂ[ﬁc@ tlme S0

carbonates or oxid use of |orid uar d S,
the thgs Encolfeayy patak ewwéersatm fuancs efthadaerl o8 Wehsugface Aif |the ﬁmbent

and l@h%@ﬁdtﬁ@ad@@ﬁ&%n@&ﬁa@ Hafhd)% ca &i Byl & RurlcNeGfd Bt such as those
2CaCC3) and trona F120), eutectic

nel tdgscalred Lhemwldremmavyaﬁstalﬁwémﬁ% mgtierpiarhe dey(relid
as @hiﬁé‘ hdd eﬁ'ﬂ!&fﬂnﬂﬁowﬁﬂhﬁ:ﬁﬁl RO0OS bioB With (& RPR gdivo  of

the G Cs corrprlses an 110 scnabber for rem)val of

[%%m]?p&‘és n% %u&n@ Pﬁ%’f'ﬁ mc gg bugka I lél%d 0, acugated casnon

pr oq:emmesl akuhavwerd ¢arboh hmpmgnawd’] clith duodnge V\Bilphaln cbr dother species;
scer ‘ftl&’ arg e 00%%%e§cda§orb%H J Isgh?u%% &Qg&’ %om%%&‘ I tabhe Cpide bysed
W t

met hod$ T ncl ude for  exanp sor
or tspibents; Are, otlwr yhyalds@mptthemwawdtdibeﬁe Sur:fvat in &atart that are capable

bi ol 4 gﬂfe%melﬁreﬁ&ﬂﬁ%ﬁe%vysﬁiﬁgls h b e, o cml”?;hlgxﬁfiﬂ Ghi /e like,

Scru ers or se cti've oxidati on, nc udl ng I qul
r eddbhe cerbentsOndy) be Piesh gz V%mg/weep ragoexdwn sigaaf aiogioa 60

E)Se Lffé@lg sibehnd GRAMLAL @m‘f&%})lzﬁt Q '3%5 R&nkipput gas,

mting exanples of suc phyS| cal sol vent that
can be used i nc| ude pol yet hyl engwg %col deri vati ves

suc HMEions seneplly irough 4 gpbeaprpL APRCLO7 2k P eoff can
pr oy lhétiiee By AONG] BikeiBbi}an 6l scRS ddfrgor Thegrd3e bive@lon also

contemplates that the sorbent can be provided within pipes that make up the GCS, for
example in a pipe leading to a particle removal means, to be mixed with the input gas

30  as it passcs through the pipe. Other methods known in the art are also included. The
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5 process. In one enbodi nent. Stage two of the GCS
conprises a Thiopaqg(r) scrubber for renoval of the
112S fromthe input gas. Processes and particle
removal units suitable for use in Stage One processes
can al so be used in Stage Two processes and have been
described above. Activated car bon fiItration enpl oyi ng
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o' BBt Sl e st s Shef ek o
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Suitable particle removal units can be readily selected by one of skill in the art, In one
25  embodiment of the present invention, Stage One of the GCS comprises one or more
particle removal units selected from a cyclone filter, a high temperature ceramic filter
and a baghouse filter. In one embodiment, each of Stage One of the Converter GC and

the Solid residue GC comprise a baghouse.

Cloth collectors such as baghouse filters can collect particles of a size down to about
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Stage Two processing steps for the GCS in one

enbodi nent of the present invention. Cooling units
and/or humdity controllers can optionally be included
in the GCS as part of Stage One (as described above)
or Stage Two. Suitable conponents are known in the art
and i ncl ude, but are not limted to, evaporative
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input gas may be of particular importance when a baghouse type filter is used for
30 particulate removal, since baghouse type filters often cannot withstand extremely high

temperatures.
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10 enbodi nent, the GCS conprises a process gas bl ower
as a gas noving unit. In one enbodi nent, the GCS
conprises a gas noving unit that additionally
pressuri zes the gas passing through the bl ower. The
opti mal placenent of the gas noving unit within the
GCS can be determ ned by one of skill in the art. In
one_enbodi nent, the gas noving unit is |ocated so
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con
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relative humidity of the cooled gas is still below 100% at the cooled temperature.

Suitable residue conditioning chambers for incorporation into the GCS are described
in detail below, The residue conditioning chamber can be shared with the converter of

the facility, or the GCS may include a dedicated residue conditioning chamber.

20  Figure 78A depicts the configuration in one embodiment of the present invention for a

solid residue conditioner, a converter and a Stage One baghouse of the GCS.

Stage Two of the GCS comprises cne or more components for implementing further
processing steps that remove additional amounts of particulate matter and heavy metal
contaminants, and other contaminants present in the input gas, Stage Two processes
25 can include dry phase separation steps as described for Stage One andfor other
separation steps, including wet processing steps, Non-limiting examples of other
processing steps that may be implemented in Stage Two include processes that
remove acid gases, heavy metals and particulate matter, and other contaminants such
as dioxin, furan, CO,, and ammonia, As is known in the art, various components can

30 be used to carry out these processes, including various wet scxubbers (such as venturi
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consi derations. Various enbodi nents of the residue
condi tioning system of the invention are shown in
Figures 76 to 85. The chanber may al so optionally
conprise one or nore inlets for introducing air (or 5
ot her oxygen containing additives) into the residue
condi ti oning chanber to control the conditioning
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condibiOp Blovehalfks The chanber is also designed to
ensure that the résidue conditioning process is

carried, out af e ner. Accord t he system
is &‘éé‘ﬁ"b‘ﬁ’é‘dt"t‘gy P&t STYPRE PERCPHERe? fli’ﬁ‘g}b%/ﬁ‘ BVl Bugnider of
eNV ipfRENRE btepy ﬁmkﬁthﬁl BXthehi abrdneghwlﬁgng{re Répor Tibm gags) dNua-
condi tioni cha i s pr.ovide t

S o ea R O oo PPEINg oy s RameBoR RESRCgn
tohe amemeai lﬂ:&rbblo ot evelifm, [’Cﬁq;l.dinl‘\ﬁldl blRalic onwlesline seayh carbonates or

r erral g’nﬁ ugﬁ gII chlonge %uardgﬁ%‘lr enl,rthg |%¥ ﬁétg d:?lﬁgrlsjlt?nep soﬁyetlﬂc tmﬁ:h as

havi’ ing Vv eni ze
r esmtlcuha dnd plkdine deuth poitoemlss sbatitat (Mz@@m%h@owr end trona

2;";3#1& b%nNaH%“i@{ 51&26 &ltlécu meh{F ofclpa(&?egn t FE% a(? %H&p %f

sure |C|en trans
bet werbents heh @b a&n@e@ alaresnaa nhll ctmeembe@mdm Stageo Ty 1of mez@CS

£5he % alpi-]_ﬁﬁ @S&I# Qll ﬁ)rq alt &aﬁCll OIL Qﬁt}t ngdt ad nﬁn alkahne

pro gas ore, the type of plas ea
usedomeglmell as the position and orientation, of the
pl asma heating neans are

;S may be removed from the input gas using various processes known in the art
including wet and dry scrubbing processes as outlined above. Suitable methods
include for example, wet absorption with NaOH or triazine, dry adsorption with

30 Sufatreat, biological processes such as the use of Thiopaq® scrubbers, or selective
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5addi tional factors to be considered in the design of
the residue conditioning chanber. The residue

condi tioning chanber is also designed to ensure that
the residue residence tine is sufficient to bring the
residue up to an adequate tenperature for nelting and
honogeni zation, and to fuIIy'convert the carbon to the
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comprises a spray dryer absorber that decreases the residence time at the relevant

temperature range to minimise the possibility of dioxin/furan formation.
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5nolten netal s are tapped off fromthe bottom of the
reservoir, In one enbodinent, the reservoir itself nmay
al so be provided with a slag outl et adapted for

conti nuous exhaust of the nolten slag. In one

enbodi nent, the reservoir may al so provide for
intermttent slag renoval, wherein the reservoir is
des&gned to allow the accumul ation of nolten materials
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10 The refractory material can therefore be one, or a
conbi nation of, conventional refractory nmaterials
known in the art which are suitable for use in a
chanber for extrenely high tenperature (e.g., a
tenperature of about 1100C to 1800C) non-pressurized
reacti on. Exanples of such refractory material s
include, but are not limted to, ?h teq$erature
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The 51°¢4 Hﬁg1%5% I't “hrng chanber may al so include one
or nore ports to acconnndate addi tional structura

el edbnening} plageentphthetegs mping wriwithin the G415 [cgn bredetennined by
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port holes of various sizes. In one enbodi nent, the

por tneiphgplisher 1ch RnpEFwY PAEherdp R ICHRHE ML $S le oceurs
cl oset Eididndy andef bRYdufel A daf BB aNdvAh RedeR@s2E Alerchityl dotisher
VISIbI|Itg of aspects of the residue processing,

i ncl'ERE LSt t oring of the slag outlet for formation

of bl ockages. I n one enbodi nent, the residue
wondi Résilne GgnditianibeSysteay be tubul ar in shape. This 5

enbodi ment conprises a torch nounting port, a residue

i Nl Gk irRedi®f RS ConPRMIISN IR R ShHGidAYr fesiBdl Mmattér from
slag outlet, and a netal tap port.
the converter into an inert slag product and a gas having a heating value. In

particular, the system comprises a refiactory-lined residue conditioning chamber
comprising a residue inlet, a gas outlet, a slag outlet, a plasma heat source, and a
25  control subsystem for monitoring operating parameters and adjusting operating
conditions within the system to optimize the conversion reaction. The plasma heat
causes the residue to melt, and converts unreacted carbon present in the residue to a
residue gas, which exits the chamber through the gas outlet, and optionally into a gas

conditioning subsystem for cooling and conditioning as required for downstream
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The system conprises a residue input neans in

association with the residue inlet of the conditioning

chanber. "the residue inlet is adapted to receive the

residue into the residue conditioning chanber. The

resi due i nput neans conveys the residue froma 10

source of the residue material to the inlet of the

condltlonlng chanber. Residue material entering the

chafBEMeHHYYS come front one or multiple sources,

Sources of the residue may include, but are not
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resi dues are provided. 20 Accordingly, the chanmber nmay
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source Into the residue conditioning cha nb
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chanber, wherein the residue i nputs are conveyed front

Bhe Thopisrides sopditioningehpaber dyrtberentionally #isivde; @R ARBIeRe alriaad/gr
syskwean Metsconveyor neans. Wiere the residue

condi tioning chanber is indirectly connected to the
Sou l:l’ﬁoae wgitluet Crt])leldl 10611?11 .4 lfllglhbetr Ii]sedeglenscld é’l eensbrrc] u
conpri ses one or or conveyil n
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Si ng rew conv yor or a series or Sscrew nve ors.
20  efficient heat transfer, adequate heat temperatures, residence time, molten slag flow,

ans pe
g FRRSe soagignis

input residue volume and composition, and size and insulation of the chamber are
taken into account when designing the residue conditioning chamber, The chamber is
also designed to cnsure that the residue conditioning process is cairied out in a safe
manner. Accordingly, the system is designed to isolate the residue conditioning

25  environment from the external environinent,

‘The residue conditioning chamber is provided with a plasma heat source that meets
the required temperature for heating the residue to levels required to convert any
remaining volatiles and carbon to a gaseous product having a heating value and to

melt and homogenize the residue to provide a molten slag at a temperatuve sufficient
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En enbodi ments wherein the residue conditioning
chanber is directly connected to the 5 source of the
resi due, the residue source and residue conditioning
chanber enpl oyed may be the sanme as those of the
indirectly connected enbodi nent, with the exception
that the source of residue comuni cates directly W th
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25  conditioned, a corresponding amount of molten material overflows the weir and out of

the chamber through a slag outlet,

Where the residue being conditioned contains a significant amount of metal, and the
residue conditioning chamber comprises a reservoir bounded by a weir, the metals,
due to their higher melting temperatare and density, typically accumulate in the

30 reservoir until such time as they are removed. Accordingly, in one embodiment of the
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5 The plasma heat sources may conprise a variety of
comercially avail able plasma torches devel op suitably
high flame tenperatures for sustained periods at the
poi nt of application. In general, such plasma torches
are available in sizes fromabout 100 kWto over 6 MN
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20 Since the carbon reacts with oxygen in an
exotherm c reaction, air inputs may al so be used and
adjusted to maintain opti mum processi ng tenperatures
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ﬁ]oﬂv%%lon 0?f e % g%‘arglrntgo Ipagé%gg%co%cp ﬁﬁeﬂ% c)éan}ple ﬁn insulating
pr ofiebiick léyér) isfprovided; ie mp;e #ledt berrecaasatyhtio neledn e mperidithal cbcms nof
chanb [,S:. 100 h| [or th

conﬁl I“(()lr%il Hydro&gocess qatmg lhoal%hgfounr bg% OQler ?ul%ﬁi{: 8{ t s?a}g

C ontegmtoir 184yedsm tegmovidled |tm;eémieelmb tewpegant Dbthe sthel casmg When

e r hat
ot SaR A ALY LiGuslddis 1R, § ke
i ncingdeal gneh a3 ceramis blgnket gap be uspdargainsttiay steg) shell. nTh@@tSiﬂ@tﬁlg
andmatgﬁfll.& 9@%&1&&(@% %rcﬂz[dc Q{Dsl'h@ﬂ ﬁ: @rgﬂufcr}‘ﬁ’éﬁt eneﬁﬁrhté a@(ﬂﬁ acid gas
steam i nj ecti on. e air and ean1|nﬁut ports are
st r endegisdinn | i syeh ot isge i reéﬁvamalaléuwa 59 highras 4p @prapromise the
congidsliQRk B obtBAEr to ensure full coverage of the
air and steam inputs into the chanber. The systen1of

t he ent I nvention co rises a slag .out,

1905 S EOPORHTIH P AUt (B Wor Evlupibn Ofrhcsnvgffl%‘ﬁ‘al
out mﬂﬂacwnyothQB: laow i ltﬁtamﬁhltﬂ'la‘erseﬁabtéubl ﬁmndlatcthambangor

ten sl.ag i.-s, exh d
out PRmely Yigh R o o o fRnAd of SRt TR B¢ pafRG mon-
t he pehariizdrredctor, dtiamplkea ol stdherefracanry tnn)atahlalsvmmdet h@ are not
nol ag. po u
o s 1o i @p@ilbeo dred O RRGE v IOGBROG R bl
tshe nitisisl #lwgineh stiikae. r’miw elrtn@ﬂ algom@ qxtde.szamlmmli Dlmmhatba) glass
The :
e SRl Gt o Bl b R AR R and i,
exhausting at the end of a roceSS|ng eriod. The
nol D8f t"sﬂ‘%@""&@ﬁpﬁqﬁ‘%‘@ ‘l?éd‘B‘EﬂSphfs gnf{cipated thst e HERFEY Ofrepitstory
t hr Quig heuitie b aﬁ)dfcwhémt&wﬁaa i QBcoﬂfngjf G ©8S eMBodiniddg 1D kdsidle

sla fron1e|t nmet hod, can cool ed, and col | ected, i
oG s Proded i PG iR Aih Do B (B
@kl lchathed Bwéipertdh (wheteahd RieRod idRaSHE) ishamovhidathate@hamber

solid 15 sla The . s o) ut . neans further be
A B e R LA R
c ontsabitthap thetlbv@er Poidnl cin tgasopped divagXtoar theppei porﬁ)gn to facilitate
S, RPN bR P R T BSBL e e
c ondlisturtome dnybyonnéntions| besween htba thantbbe uppes portiom gndropstream or
a voir. As discussed
Q{egm &ﬁgﬂy&%ﬁ%ﬁmh%fﬁh f%{ent of the invention, the
nDIten slag is 20 extracted in a continuous nmanner,
i . e.The agsifiyte conditionies othampirt B¥Y sAl®g inchyde Hae r &fs BPFoiPpIts to
I NCrag@afodat ad BAHRESuOVAT elRmWRd br ARELINRXIstiBat thh§ optionally be
condi tjoning chanber through an outlet. In one

b EIHEBI {1 PAPIE e s T iss ISH? 1oL B, orpfgess nto

mol i chehBg férsﬁcﬁxm@a&aﬂmgt;halﬁtebﬁlhceammselsairaKsuaﬂlﬁdr@tare KnBwn
t hi s enbodi ional |y

sl a t
bt S A AR HEROGEA B B BB Mo T SR he
near the outlet in order to 25 maintain the
tenperature of the nolten slag at the outlet high
enough to ensure that the ou%bet remai ns open through
the conplete slag extraction period. This enbodi nent
al so ensures that the |evel of the slag pool does not
go bel ow a predeterm ned | evel, thereby keeping the
melt environnment sealed to avoid gaseous contact with
the external environnment. 30 Continuous pour
enbodi nents are particularly suitable for systens that
are desi gned




to operate on a continuous basis, for exanple, where
the residue conditioning systemis provided in
association with a continuous feedstock gasification
facility. In one enbodinment, the nolten sl ag

accunul ates in a reservoir until the reservoir is
periodically enptied. In such an enbodi ment, the

reservoir. _my be ti.ed. b 5t ani sm
s b SRR oot SRSl S B
t 0 @ﬁr&tdt a1l eikibMt;eofhaamsﬁs of e residut @rocessiag). indlwlingneonitoring of
rovided to controll ably
exh ﬁgﬁﬁth%wﬁﬁP@ﬁ %q%m? a reservoir by a tipping
mechanism In this enbodi ment, the residue _
conki ong einbasgmerh lreesidus gendéfioning camber wiiUks tudar in shape. This

§OMPftoainfAf dofipRbe¥ 9't6reh AotRRtport, @ resRud AN b SEWEHS Blun@dthn
a lever armprovided as a mechanismfor tilting the

cr uetielside by # weigiafslag cwiet, aphbBEfRlINNIOE: there are
di fferent design options that may be provided for

conﬂieaiyktad clemﬁaddﬁa redfdud Gut MdatisLin asdoagudnhmmugmreanue inlet of
app riately adapted outl et servoir_ar .
oo lieBhRoRaY pBRREn e St B0y RSLNLS g ne e
enstesidud dmaﬁmbﬂ‘meg dhﬁm&dr Ghe td‘;ﬂuemnbltteﬂeam @gveys tha edsidue from a
I w.t h I so that

s’ SRS of B ERRR AP el s Ming Banfhe 2P e
inter or nelt reglon In one enbodlnent a reservoir

or Besidvbevateriak caipring the ehaniber may ceme \iggpy Onigesy mylHale sources.

bot §QMeQ bt thP fesld8S ﬁlﬁ})’ QL4 PRIERETo1 sihh& Ut io@ttelhp%lahure or high

surrounded by an induction heater enclosed

r ef APEBRLE gatiier caHORPEN Y Fhich Hie tsifdpeinsiord of upsHerm gas

r ef E@RfiBhiNg yBtehnb GorleRByE) a BRgHORM Mgy t he outl et .
I ncreasing the tenperature suff|C|entIy to na|nta|n

e O G PR 2L R WP RLAG bfom.
poohnmesaonhehart he sbe&e,r thel difforak strtalm ma},deﬂyhllmrpahsedmﬂo the
is tur f n e IRATIRN

t hec%nd@lom{lg {lanlbglh gn e dfe@igat Sre he ﬁﬁﬁ& 9’1&? %a& galc ucélélgl ed
W t prier tg mﬁpducecﬁmamtthjnyslcp)agméltionm;g gb@yg:gln In the iaiter embodiment,

there is provided one residue inlet through which all residues are provided.
20 Accordingly, the chamber may comprise a common inlet or multiple inlets to cater to

any physical characteristics of the input residue material.

The souwrce of the residue may be provided in direct communication with the
conditioning chamber, i.e., each residue input is fed directly from the source into the
residue conditioning chamber. Alternatively, the source may be provided in indivect
25  cominunication with the residue conditioning chamber, wherein the residue inputs are
conveyed from the source into the residue conditioning chamber via a system of

conveyor means.

Where the residue conditioning chamber is indirectly connected to the source of the

residue, the residue input means comprises one or more means for conveying the
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| ance is provided in a position suitable to "burn" a
hole into the soft refractory paste 25 allowi ng nolten
slag to pour out. The flow is stopped by placing
refractory or other suitable material back into the
outlet. In one enbodinent the outlet is covered by a
novable wat er cool ed plug. The plug is novable froma
| ose sition to.an open, posit.ion, eb
© hetee Bon D Rrieh itE HE RRn R SR al SRRl O
t heresiddel @put thénds malytiecludead einilalscsowhebymobr acbrés e)ftsorew
the snmpoth surface of the plug because of the water
cooFWHJ Bffect. In one embodi ment the outlet is
pl ugged by a wedge-type device, The "wedge" is pushed
i n Brenbeditierss whaein te resigug eqnditipriet ghambes fdinegtlyicpgnected to the
XN iRk oPlhe tdiRudTe!BRIuE séfce 4 rRfAGe mggﬂlmtnnbér Reiployed
sl ag out put nmeans al so conprises a slag coolin
sub8ys bty sieds ey itisgndieimsnteeird embagingest, WF‘B&I%&C"B“O“
S 0| el B ﬂrc@ LPRkAke co&rﬁmﬂﬁﬁe@m&q‘ mﬂ@ondﬁl&ﬁng@lﬂﬁﬁﬁ Bithd ek
oured into a quench water bath. The water th

p r ot dierd forrpn dftermediga oy REMeang rn %Waﬁﬁnicﬁtéh"s‘leﬂﬂ‘eé’ﬁﬂes
C auahé&gy I ffond QheS l@@lfréee bf |r§h’idﬁe gﬂh@nﬂhb eRljopiing Qﬁﬂemfe)@fal) residue
comercl al use for the n&Lactur

GBS R r I 610 bR RO JREIdgpH be
may celv&d PEDMIyde msSenl (ko b@/f@avﬁﬁ)\/frdilﬁ nieRbiduensobfte iito rimw
ter seal 10 duct that extends fromthe base of
the g chanber down into the water bath, thereby
providing a barrier preventing outside gases from
ent &r dimgtly leennederd (ueconiéamoish icompdigentshwhdsethe fepidegnis actively
ewbeaivaﬁg'im@thctr&ﬁué k@ﬁnﬁﬂiﬁ% bﬁaglbéummraﬁmnp&t%am typRany
ropped Itnto a thi ['Ted steel catch
Bontaehtek rvithigr the gepidup gourpe &q@ é%%ﬂ%emans Y ifeipdeetsrew

S| aQodveyokdrot MRS IUR JolalingARaifl) Whie BT RAL AN YostGahfd bed
of silica sand or into nmoulds to provide solid slag

suitable for small scal essi or far te

cor (7 FopuT MRS Dy O ROE & rorBbBr T 58 e e

Th e rsemaﬂ the wBddcdsn Eadonbsles andnsid ogiarl @eltihgand hpmedeeiaited of
gl oge qbodltnent of the slag cooling

sub i%?% F &% ol ten slag is converted to a

comerci al product such as glass wool. 20 Were the

es ileone codadinentehihegneydanesn lﬂang?sw%té@s e agdsA ¢ the sagidue

the t§ Eé%o%&ﬁoﬂc@ mlﬂérqg a(ﬂlflstt fk thhﬁos@i§§ bif thé QEQ ﬁﬂdu@f Fhese solid

materi a contains a significant anmount of
et aHosess @%hveaglawﬁ@éqeﬁafp thg gpsicye wa@tt@ intjoguqtign jrtqc tip gesidue

t hatcomtmnﬁ.g%&h&p &f indyhRayBL Ahde diskccyro n&,s %:@ﬂué BéraliShing
asification systemand intg the resid

conc?gﬂql'ilﬁh fseyele ﬁéﬁ{!}@‘r}lﬂd apqitive ity dn gnwlp‘trodwg,pt the solid process

PEC AT ik Ydd¥B ldfreclly 16 e cORMiRIng Shabel bk fal dedlicadd Qiditive feed
terrperature t herefore,
inlet, In one embodiment, the additive is introduced to the residue prior to

introduction to the conditioning chamber.

Where the residue conditioning system is associated with a carbonaceous feedstock

gasification process, it is also possible to add the solid process additive to the
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25 the slag reservoir could becone cl ogged wth netal
over tine as it is of higher density than the nolten
slag. In order to renove accumul ated netal s, the
chanber tenperature nmay be periodically raised to nelt
any netals and the nolten netals nmay be tapped off
fromthe bottomof the reservoir through a netal tap
por required Where the residue being

8?@ ghgﬂ’kﬁﬁﬁgﬁwgna proportion of unreacted carbon,

a 30 product of the residue conditioning process wll
be thegrasidyeaspndigomngopysient dnalleyy one of glore plasatai heglingasogrges to
andTOH@E‘Xt @9 r(%f?lgg {ehﬂg)?ndtl&ﬁ Hgstﬁéuﬂsﬂeaqpmsﬁﬁ athe plasma heat
app I cati ons. s i1s réferred to herein as

'r ey mov@@é%ewatcmabléﬂum teweled in the residue
condi ti oni ng chanber during conversion of the residue

frat "lﬁid ﬁésniamehﬂb@ﬁlbesah@gcoﬁmhic 4 Piey i tb@meially avafate plasma
out

. ue e furt
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s} Th t i
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gas th@ Esnpe?ﬁfﬁmg ﬁ&%@g coldhudiiy'o gé’rgﬁ/n {85 ﬂdﬁﬁ)dh& a temporature in

downstream appl | cati ons, A Ga it of t el zat i on Syst em
TheefcpssefiatioprP 0%} o lagut &&m& gsgequirgd @a@nmg@wsz@teumﬁm ial
sys&ﬁﬁg&ggﬂgﬁﬂ&gan|2|ng the chemi cal conposition of an
I nput gas an Justlng ot her characteristics such as
flo ate, ress and .t enper at t
ey rebeeh oD of lRgyeaogy chrst i eterrfTirass oy

I eqpickeanBoks, Fhivxanay,stietadenabl b wansfomddi anumtt nemaansferred

steady str f defined characteristjcs to be
cel modondre T8l a0l Pel ety prraaee ppei e i s By
gasbt emlklo;mé It(isn’gsiorm&demtoodtﬂmehldmjwﬂﬁab:luglea[ﬂpdma(latﬁe@ (€P) thay
P b, SRRSO P T R R e
mesh@mawskdsabommhudmmema gas reS|dence tinme

sufficient 20 to attain a honbgeneous gas of a

CONghSERMY fldfeREd arf RIRLSInbbQADL nél Bk feRbENERIBesThayliMBrove
gas honpgeni zati on system am desi gned and confi gured

suc Hhetgifigenchef thegisidiecandjieningarecess e 1P heitdhighen dictiaal to

I eq el RMRNiFensy, a8 vRWISEY BRRRraRR! hdmatti EMeienth DeS¥ET &N hot
may al so conprise a feedback control systemt

opt |PH‘f‘2fé E%Sﬁsean@rﬂéer gl Seigm el esohe @Wé’aﬁ%@l?gtbt thipigh
&he qearneswhbe rﬂla@s‘feaﬁeh Qrc@ka&hesVﬂi’d @dﬂd Vit 1s ne&iasra@r totef&ure that the

honogeni zat i m t he termn

t he caradgtmnééﬁ @%@%‘ A & e e 515&“53& 8?‘%@%" Wil be
abovennttiel gake ﬂegawe Rgtht PewdSSTHplyray oheembodinient, &he pifsinm keht
range of. a @ g n&osttlon however, over tine the
gas “RES i f BEt"g ans HeT S % ar act eri stics due to
variability in the gasification process such as

f eedstone kendodipwsii of e pngbnf dweantioat the whiddel eapdisiqeing system
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tenperature fluctuations. Despite various controls to
control the conposition of the final conditioned gas
as descri bed above, fluctuations in both the pressure
and tenperature of the gas will typically occur over
tinme. In the case of pressure, fluctuations may occur
on a per second basis; and with tenperature, on a per
m nute..5 basis. In one enbodi nent. of, th% . NV ntio%. ¢
t he“PIPEEE GPEOAYT BRUE: herhioprepsPoulipnsd {5 ?“62"6‘2" feEgEion ©
t hathe sekidust m@erbii®d it slage Thasbsitids ofint ddma bew equrce3kis selected
regul at.ed S ,exiti th as. honmogeni.zation syste
nasttelE KPPF 4Ry L ihypotios SRRURRPREEARE  hR g il ke e
t hesisgbeasinahedt sons: ioémgowtdvinsilasea hes ppukde sy ibe mounted in the
ypi hi ne. manuf rers, W ll V]

F el BB iR R bR Sy b P B ohidin . e
macbitiomrof thesharhbeg tsenpae suffidicnt keaf aposarega melt tigiresedug magesl
tur mdrl‘grcg:glldl ﬂ b&? HM.O\M] l{cocnﬁmeﬂﬁ%ﬁ,ol'ﬂe ﬁﬁéd‘ld ﬁeqt éoﬂrcE ﬂea n@ﬁstma
In one enbodi frent of 't he I nvention, a gas engl ne may

r eqivrghererically gippiedin Uaeep eldhpbahber.on LHV to have a

maxi mum of about 1% change in about 30 seconds. In one

enbadipMemh hedk sbliess aRVeRtbIRG (GAFHoweN HdNQSoRA (AREE Rbvable
ﬁasbmnth HHV as .| ow.as about SQBTLV
t

, cf, so long.15 a

Bhicgrerse USRI o CBhHuRedseh iweﬂaagaehe.at lia% ‘%Y?Ee‘f to
enbagdbimmbdatcOfarsidperedidiéanput AR, TH@IHAQHEahtasagalso be varied to
requi res the Wbbe.|ndex. (defined as I&gegrees
R)/ Eﬁ?‘PP“"E“%"p‘@E’i"’fgi “é*"]é‘n“' 8\7T“E‘§ f“'j“l’?%‘“i?é’f"wpil-“ 4% of the
design value for use with turbine engines. In
addilThe plesmadiest gousien anag by ppreateddeop agontinupusy nerecontinyons hrpipat
L Wtrfefdisag@dﬁt of %%Q)pataéé{‘ &)ea%ccﬁlﬂqugte %r?fn dR& ﬁgﬁ%tg aIQIf melting
about 475 psig. I'n one enbodi nent “of the invention,
Bhe eppeghsinipedes-| require a regul ated gas tenperature
greater than or equal to the dew point tenperature
pl ughakokthe Biiy vdhaitionddekidt typiealll wontahh tayprboSortadn & uiBRKE1ELIBY

of about .80%. A S ho eni zati on system fi red
A T e L R S R

t he rgpidod woiiditipRing f chambee gu | kel co@plete afpYerssasS of ehe carbon, as
i o EBIAE P BT L B anione
woniSinod th Barkwanl resetsawiéy oz ggen écingd pthamiyasacgomdir inpols nmg also be
skid, ,conpsisSi a_gas/li qui I . Ler;
R e LT e S
r egubshvidasgaerragquiserbis dpueondilioningepretiesse dtsesucht e omopmt af air
sul tn@&'hﬁn ?so[ﬁgimahe %, el i unf Gt Rn %(} c%ﬂlgn %Z carbon
depi ct vari ous enbodi ments o the gas honngenlzatlon

sy s tenerdderfithg e iaiinfunk plasies hegtspdoieenieshio efirysput g ptogased

gas. In Figure 86, for exanple, the gas

S0honmg edhipeAtu:d FitBX $hLOnditi6RRIPEHa 26§ is DooChipH hifor R gadeous
gas/liquid separator 12; a hoppgenjzation chanber 14,
o BB, of e GpRrifontis ryisess s B PSRRI GeiRt vogtent. Stéam
val \¢an BSinreed GOoRARE etiemperg@s atdiCbofhive@Nhd1li8 kirbon2@ carbon
conprisL&g@ghgﬁslliquid separator 22 and a heater 24,

a fi"YPSHITBY AR Y pressure regul ating val ve 28. The
regul ated gas may subsequently be directed through a
sui tThb klsnbon taieforg, @arainc]e(h‘.gjnﬂ er 18Qre air input ports for air injection, and
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5A substantially clean gas enters the honobgeni zation
systemfromthe GCS at the chiller, where the
tenperature of the gas is appropriately adjusted. The
gas is then delivered to the separator, by suitable
condui t neans, where the humdity of the gas is

regul ated. Following this, the gas enters the

roaRonE 20 Princ S hayirS B o B o0 GHD g
m xpcdtsoare ?uﬁhtdglcellbd edated a6 aildt aroundi thle &:sgas cénditiongg @hamber to

stabili t on rate: and pressure
of ?W%re%r'ﬁﬁcé’&er 20 h%ﬂ‘(ﬁ%‘bdg %’r "ft earmeleguI at ed upon
exit of the m xed or blended gas fromthe

hondbetystemtdl g pesentieentia fopgatiies 2 slag aubyt irgsipriation gfh the
gar E(}ﬁd&lﬁﬁnﬂﬁéﬁﬂer Frhd &l?ﬁ‘&iﬁ}%t gRaRadsQn bitR: G2 KRR &h&ﬁéﬂ%

skid, where requl ation of the temperature and humdity

of el tugpehgy 1%4 180ligl lagyis sxhaystesh e palee s YPIARY Ipaedat or

or heur me%ﬁg(ﬁﬁj 09@@ cha%@ﬂ ©%addtatS Hﬂetg?abh}e [16% BE ke ‘inoﬂ&ﬁﬁa?g pool
is then filtered and regul at ed pressure.

resOP ¥irige Figibeat dbe §'a8 Ou'ﬁbtv\i*'i‘Pelé'F]i”?f@ % fles 8%%‘!‘% éﬂ’sys“’m to

I eqgcNi@ReRd Sofif of MmeGRINGS b8 MsaRPbieat i on, may be
directed through suitable conduit nmeans to the eng| ne.

he. homogenj zat i on em.can be confi t
I;Eega‘F 1['110 | s a C nobeoon é)ﬁgﬁm d (l)hvcm C%l 115%65 I!P] f:émll rllﬂéla? fg oﬁr OFﬁ ? Batch
mul poysloe pumwmamgap fleieadvf a)mscasnngam'laﬂ | &he. mplicg slag san

88, aﬁg b@&lgntugql a‘%gﬁlnﬁgus(frgarﬁﬁdr n‘@%béﬂ? the flﬁf du%zl?it%?] of processing. The

hormgenl V4 Ion I n varl ous e I ments o e 1 nvention
i N wieltehslagHeonhe theigiaethodadai b copledtaahraledted/ia asyariesy) of wave that

gas \Jllpbfl )}Rhtléﬁtq}) atp\éls&r sk(ijlféml? h{e%ﬂnﬂo%ﬂl bﬁé}ké QBr- leachable solid

Typi cal gas wi || be conveyed froma GCS to
KomslgenTheala evipw m&ﬁaﬁevaya@l thieg bej agappes] (g paEIniZE b@tmgll@qwemems

ensyLe toaa\}ém EtalR 6fﬂtﬂytprcﬂﬁc§ gaé W{Vhreﬁ‘ﬂeﬁlal &r &Y Q{Eépmg the residue
i nducti on devi ce I;éga SO Simlarly, to

ens §PEitioRiag chabebics ué\ﬁcoa%msg nP% vefa'siﬂW@ﬂﬂ ap [t5ypesidue is

rat %mcﬁtﬁ;ﬂ&ﬁfﬁh&ﬁl@snﬁ%a@ﬂ]@$@Ulil ﬂBlténf&ﬁgla&ﬂHﬁﬂa&aiil StebeRih
are conpliant wth t eS|re {/1 eof tar

charctiwreet Pre‘éwusimén P%mlboaa%enhﬁ 1B dDYBHAM Péaolisp slgg is

AP NickiicleNh § YSkiRDus HannBUld ad@e I«m@m oft moltelﬁ%lag hak {hb eddervoir
t echni ci an %rl or to ho ven

| 4
ot ABHE SR e R Ve SUGT hoQud PbEGHETRy LE RS e
be directed to the honbgenization chanber.
In one embodiment of the residue conditioning chamber, the molien slag is exhausted

through an S-irap outlet. In this embodiment, the slag cutput means may optionally
comprise a burner or other heating means located at or near the outlet in order to
25  mainlain the temperature of the molten slag at the outlet high enough to ensure that
the outlet remains open through the complete slag exiraction period. This
embodiment also ensures that the level of the slag pool does not go below a
predetermined level, thereby keeping the melt environment sealed to avoid gaseous

contact with the external environment.

30 Continuous pour embodiments are patticularly suitable for systems that are designed
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The gas honogeni zati on chanber receives conditioned
gas froma GCS and encourages m xi ng or bl endi ng of
the gas to attenuate fluctuations in the chem ca
conposition of the gas within the honbgeni zation
chanber. Fluctuations in other gas 5characteristics,
such as pressure, tenperature and flow rate, can also
be reduced during m xing of the % I n_ one enbodi nent
of 1OHECIRI PR ACPRIATOS fRasiy Fane R yere thersidip sopdiipniag &ystom

desis@RRMeAMGHNEEHNE ifh ADBRirMEFRuARRGRiARMARdRY] StiCs
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andfPinefelnbdiMartc Mn AR légmfay@to%mnw c}@ltausgﬁn% 11W]tErhsl?g
substantially consistent chem cal conposition.
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Qfﬂd Af‘go‘g?%( gﬂgléﬂ%ﬂnﬁﬁ% @6uri e, AHE BEW Cstdphed@YQicing refractory or other
Sultable material back into the outlet, In one embodiment the outlet is covered by a
movable water cooled plug. The plug is movable from a closed position to an open
position, thereby exposing the outlet to allow the molten slag to exhaust through the

outlet. The molten material should not adhere to the smooth surface of the plug
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Resi dence tine of the gas in the honopgenization
chanber is determned by the 5 anobunt of variance in
the gas characteristics, That is, the snaller the
variance in gas characteristics, the shorter the
residence tinme required in the honogeni zati on chanber
to correct for this variance. Depending on the
di fferent e i.nven th
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abouﬁ éB m nutes. In one 20 enbodi nent, the residence
ti mE TS bout 10 minutes. In one enbodlnent, t he
residence tine is about 8 ninutes. In one enbodi nent,
t he I engjegibpdiventjoftheising gbeling sepsydlany thegnoltep slagés dropped into a
enbagixBita st CarlrE&ShERACE: 5d0m?; TS o RModithe A MM hBRen slag is
one enbodi nent, the residence tine I1s about 3 mnute
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about | mnute. In 250ne enbodi nent, the residence

t i mhpreversuch tepting inpytrmed. s sndl m?ﬂés A Rirrented sadled ip 2

of phRedR@RNGE Th 33 dnﬂﬂdrﬁﬁﬁk"ﬂ? @k slag cétﬁihg’ﬁ&%'skﬁl B holten slag is
resi dence tine re ﬂlred eci wnst r eam

appFPEEHGISN2 Chvyners é?%%?sﬁﬁ§sgﬁgﬁm3re expect ed because

of heterogeneity of the feedstock. In one enbodi nent
wf  trerd thyesidueaonditideeng\spstanals ipevgad tocohdivien thamngés émornng

abo%flerQﬁezgaglﬁEJei%n 0} Qng{éﬁalqﬁm 911%( ggr%ins E}Q&i(‘{c%ﬁtl aﬂghﬁ of metals,
such as municipal solid waste, it is likely that a proportion of the metal will be passed
through the gasification system and into the residue conditioning chamber. These

metals will not necessarily melt at the normal slag vitrification temperature, therefore,

25  the slag reservoir could become clogged with meial over time as it is of higher density

than the molten slag. In order to remove accumulated metals, the chamber
temperalure may be periodically raised to melt any metals and the molten metals may

be tapped off from the bottom of the reservoir through a metal tap pori as required.

Where the residue being conditioned contains a proportion of unreacted carbon, a

30 product of the residuc conditioning process will be a gas having a potentially useful
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30 gas volune ranges from about 0-1760 nB. In one
enbodi nent, the variable gas volune ranges from about
0- 2050 nB. In one enbodi nent, the variable gas vol une
ranges from about 0-30,000 rn3. In one enbodi ment of
the invention, the honogeni zati on chanber has a

maxi mum capacity of about 290 nB. In one enbodi nent,

t he ho ni zati on chanber _has a naxi
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ho"ﬁﬁ%ﬂﬁﬁﬁfiﬁﬁ %Hﬁp er,has a mechani cal design
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bei ng contai ned and the specifications o
dowriey alsg pamprise a feedback conirol system to optimize the energetics and output of

the process.

25  The composition of the gas, which will enter the homogenization system from (he
GCS, is determined by the gasification process and the GCS as described above. The
gas leaving the GCS, may be within a defined range of a target composition, however,
over time the gas may fluctuate in its characteristics due to variability in the

gasification process such as feedstock composition and feed rate, airflow and
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application. Typically, these tenperatures will range
from about -40C to about 30 300C, In one enbodi nent of
the i nvention, the nechanical design tenperature of
the chanber ranges from about -37C to about 93C. A
person skilled in the art will appreciate that the
honmogeni zati on chanber can be forned in a variety of

shapes provj ded, fu onal, remire
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(specific gravity)) to be +/- 4% of the design value for use with turbine engines. In

addition, a turbine engine may also require a minimum LHV of aboul 300 Btu/scf and
a minimum pressure of about 475 psig. In one embodiment of the invention, the
20 enginc will require a regulated gas temperature greater than or equal to the dew point

temperature plus about 20°F where relative humidity is at a maximum of about 80%.

A gas homogenization system configured in accordance with one embodiment of the
invention for the production of a regulated gas comprises: a chiller; a gas/liquid
separator; a homogenization chamber, to which é. relief valve and a pressure control
25  valve are connected; a gas conditioning skid, comprising a gas/liquid separatoer and a
heater; a filter; and a pressure regulating valve. The regulated gas may subsequently

be directed through a suitable conduit 1o an engine,

Figures 86 and 87 depict various embodiments of the gas homogenization system
configured for the production of a regulated gas, In Figure 86, for example, the gas

30  homogenization system 1 comprises: a chiller 10; a gas/liquid separator 12; a

69



20 tank is a feature of the conical bottom drai nage
system Figures 92 to 94 depict various enbodi nents of
t he honogeni zati on chanber. In the enbodi nent depicted
in Figure 92, the gas inlet is connected to a
conpressor, which functions to conpress the gas prior
to storage in the pressure vessel. In the enbodi nent
chanmber is

depj cted .in e 93 gas _hol di
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t o hibeqlaklgbegireciod ibmizh a suitigedndibion an egdjine$Vs t he
pressure of the inflated region. In the enbodi nent
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absorption type gas conpris a const ant
voI clifert wiliere the tenineratires elcthe gasds anﬁw@w afliyeted. aHhe Bagisi then

act ﬁelf:v&'e@&astﬁkr sgﬁzgﬂ& guﬁ@ﬂi@ EoRduit ﬂlém@ b %@Mﬁldlty of the gas is
Typi c onbgeni zat i on chanber wil | | ocat ed

abo%ulgtﬁ% umlowmsm»ékre gaf entqrsthe BeipcgrpirasPR ehatlﬁ%rt byf gy of gas
aes i ebfdult SRAKANS OnlY il Me thBASRnizhtioh SHAREr,0RS 2¥dis GhixélO or
nOt blaeLfliegV\tl'esultmg in a gas having a stabilized composition. The gas flow rate and
pressure of the mixed or blended gas are further regulated upon exit of the mixed or
blended gas from ihce homogenization chamber. Suitable conduit means then carry
the mixed or blended gas to the gas conditioning skid, where regulation of the
temperature and humidity of the mixed or blended gas is undertaken, The mixed or
15  blended gas, camied by suitable conduit means, is then filtered and regulated for
pressure.  The resulting regulated -gas, now meeting the desired requirements for a
downstream application, may be directed through suitable conduit means to the

engine,

The homogenization system can be configured to direct regulated gas to one
20  downstream application or to multiple downstream applications in parallel, Figures
88, 89 and 90 depict configurations of the homogenization in various embodiments of
the invention in which the homogenization system delivers regulated gas to a plurality

of downstream applications.

Typically, gas will be conveyed from a GCS to the homogenization chamber as it is
25  generated, To ensure a uniform input gas flow rate, a draft induction device may also
be employed. Similarly, to ensure that factors such as gas composition, flow rate,
temperature and pressure of the input gas stream are compliant with the desired range
of target characteristics, the input gas may be monitored by a monitoring system, as
would be known to the skilled technician, prior to homogenization. Given the

30 outcome of the analysis of these factors, gas may then be directed to the
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above ground contai nnent of fuel, a honogenization
chanber may be | ocated 5 underground. Thus, in one
enbodi ment, the honogeni zati on chanber is underground.
In one enbodi nent, the honogeni zati on chanber is above
ground. In one enbodi ment of the invention, the
honngenization chanber is positioned such that a
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in which 10 the gas produced is analyzed inreal-tinme
and the operation of the gasification systemis
adj usted accordingly in order to make the necessary
adj ustnents. In one enbodi nent, the honogeni zation
chanber conprises one or nore sensing elenents for
anal yzi ng gas characteristics such as gas conposition,
tenperature, flow rate and pressure, the configuration
of each sensing el enent woul d be readily understood by
a 15 worker skilled in the art. For exanple,
tenperature can.he neasured using a thernocouple, or
other tenperature sensor fornat ~pressure can be



20 conposition sensor based on acoustic properties, or
ot her gas conposition sensor as would be readily
understood. |In one enbodi nent, a particul ar sensing
el ement can be configured to neasure nmultiple
characteristics of the gas, wherein these types of
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residence time is about 18 minutes. In one embodiment, the residence time is about
15 minutes. In one embodiment, the residence time is about 13 minutes. In one
20 embodiment, the residence time is about 10 minutes, In one embodiment, the
residence time is about 8 minutes. In one embodiment, the residence time is about 6
minutes. In one embodiment, the residence time is abouwt 4 minutes. In one
embodiment, the residence time is about 3 minutes. In one embodiment, the residence

time is about 2 minutes. In one embodiment, the residence time is about 1 minute. In

25  one enbodiment, the residence time is less than about 1 minute,

The volume capacity of the homogenization chamber is related to the residence time
required for a specific downstream application and fluctuations that are expected
because of heterogeneity of the feedstock. In one embodiment of the invention, the
variable gas volume ranges from about 0-290 m’. In one embodiment, the variable

30 gas volume ranges from about 0-1760 m’, In one embodiment, the variable gas

72



The gas is transferred fromthe GCS to the
honogeni zati on chanber of the invention by way of
conduits that are designed to carry the gas at
predet erm ned tenperatures and pressures. One skilled
inthe art will appreciate that these conduits can
take the 15form of tubes, pipes, hoses, or the |ike.
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One skilled in the art will appreciate that a
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operation of a gas engine will differ fromthose of a
gas turbine. As discussed above, a gas turbine wll
requir e relatively high gas pressure. 5 It is
con?éﬁ%?gvgd therefore, that in those embodi nents

requiring a high gas pressure, a neans for gas o
pr eBwirelly tie hemogsaimtive chambeieidlbeilosateth ebomp Eroendniose st is

Syséoﬂ@np@@é ik ﬁﬁ%&‘s‘iﬂeﬁ@feh&ﬂs AEW B&S jRHsBictRl WhisRA¥Aod dlow
the art "an include a gas conpressor of a variet

of ehe¥s greand @@lﬁala@ené)@;f dhelf pml@gwa@@sg?amber may be loca)(ed

Eechx’fa&gﬁﬁhd ng T%Qﬁpfne%ﬁ@remﬁo@ﬁ@ﬁﬁ/ ﬁ@r@hﬁdé%ﬁaﬁﬁ&ﬂiﬁmber is
centriftugal conpressors. Qther inplementations include

t heundgiaroRph A Pregrnbedivept. F‘P&W‘l%ﬁ‘fﬁ‘f“ég ghpmber if, AbQYE grpup

C MR eRABOimeRof @b BRENSA IneHofBSdAlzh ZhlchAMbei YosmRMed @h that
woul d be known to a worker skilled in the aft. The

pr e BTN (hespRt i PILereem ay additional |y conprise one
or nore energency exit ports with control valves. Wen
gasifis dmtheacmempbedrtead uckehdgastatiendughsr danrbeicnsfigaredens a

guehct)r{%o %ﬁ}zaltlpag‘}ls{u% %H&E ﬂxtah gnﬂhaﬂﬁtlr oki@l% bco&nﬁ redaas onc or

eam as eng
contow! singdel homopenjzatien thlemxﬁﬂmdiy rné«trecag@tﬂg a%s pztrﬂleg u gﬁzum%

eWﬁ%ﬁ&&go&ﬁéAﬂra@gh lot ndBAE eﬁ%{oqeaﬁmhe@w Snd TBYb G @P SP akk

rapi t no si gnl I cant change (about <10/<) in
gas Hmil’él% irehicheie dhembars aropgerepppacicd i neyillelhe art wil |
appreci ate that the energency exit port and

cor %eﬁm&ddkﬂﬁd Vi ktéeari TRyl fé@dﬂy%ﬁlﬁaﬁﬁic allat @&yt qmilmﬁxeidrvoluhﬁ

20 honogeni zation sy t he

oo BT op e 0 Oy prosobriety ittt 8 e sbove
ho nﬂ@ﬁﬁan@EmMMIﬁéhmlT’&& rexalgplle O0fl @rc@&ttOﬁélsstEE rit goublagnembrane gas
emer s located i.n nl e ans. JIn e

e B e b rmuE B oI e Moie DR e i Pinie
out lagd a W@s ofientor Bk efirs{ystom2 3 Widiker ghiksidm the it wewlt! boable
carE %geitg%lt eosmtibchty gfysﬁéhecf&igr%rforta%veﬁ 8&‘%&%& on of

20 It is known that gas from a gasification system can be highly toxic and flammable,
and in most cases will be contained outdoors exposed to various environmental
conditions such as extreme temperature changes, rain, sun, snow, wind and the like.
Accordingly, a homogenization chamber Iwill be manufactured from a suitably safe
material. Non-limiting examples of materials include plastics (PVC), steel, composite

25  materials such as fiberglass reinforced plastic or steel, and steel alloys. Gas
homogenization chambers comprising a combination of these materials are also herein
contemplated, as are metals comprising suitable internal coatings. Coated metals, for
example, can be useful for those chambers located underground due to the added
environmental protection provided by such a coating. Coated metals may also be

30  required to satisfy governmental regulations,
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feedstock into a gas. In particular, the contro
systemis designed to be configurable for use in
controlling one or nore processes inplenmented in,
and/or by, a gasification system or one or nom
conmponents thereof, for the conversion of such
feedstock into a gas whi ch may be used for one or
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In one embodiment of the invention, multiple sensing elements are positioned within
the homogenization chamber in order 10 provide the capability of gas characteristic

30  sampling at different locations within the chamber, thereby providing a means for
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25 also utilize plasma heat to provide the high
tenperature heat required to gasify the feedstock,
reformul ate the off-gas produced thereby, and/or to
melt the by-product ash and convert it to a glass-Ilike
product with commercial val ue. The gasification
process controlled by the present invention may
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car bonaceous feedstock into a gas having one or nore
characteristics appropriate for 5 downstream
application(s), wherein the product gas is intended
for use in the generation of electricity through
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In one enbodi nent, the control system may be
configured to adjust a gasification process such that
limtations or performance guidelines with regards to
react ant and/or product residence tines in various
conmponents, or with respect to various processes 20 of

t he overall gasification process are met and/or
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system architecture suitable for the application at
hand. For exanple, the control 20 system may conprise
a substantially centralized control system (e.g. see
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system desi gn characteristics, product gas
characteristics, emssion |evels, recoverabl e energy,
recoverabl e byproducts and opti num | ow cost desi gns.
Various exenplary representations are provided in US
patent 6,817,388 which are readily applicable in the
present context, as would be apparent to a person
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the out put gas exceeds a predetermned H2:COratio, a
feedback control neans can detennine an appropriate
adjustnment to one of the input variables, such as
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Alternatively, or in addition thereto, the control system may be configured to monitor

30 operation of the various components of a gasification system for assuring proper
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30 characteristic being sensed to be within a given
range from an opti mal value for which previous
responses have been nonitored and adjusted to provide
a desired result. Such adaptive and/or predictive
control schenmes are well known in the art, and as
such, are not considered to depart fron1the gener a

scope and nature f t he d|sclo 5 d
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30  allowing for a substantially constant residence time of the delivered feedstock in a

storage or pre-processing stage (e.g. a number of hours, days, weeks, cic.).
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conponents to be built in a factory setting and then
sent out to the facility site. These conponents (or
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such that most of the necessary hardware and/or software for implementing control of

the process is located in a same location,

30 A distributed control systermn will generally comprise two or more distributed

86



train (even if one train has a conbi ned feedstock).
Once a stream has been conbi ned one may still choose
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distributed architecture, control hardware and/or software is also distributed between
controllers, wherein a same but modularly configured conirol scheme may be
implemented on each controller, or various cooperative modular control schemes may

be implemented on respective controllers.

15 Alternatively, the control system may be subdivided into separate vyet
communicatively linked local, regional and/or global control subsystems. Such an
architectore could altow a given process, or series of interrelated processes to take
place and be controlled locally with minimal interaction with other local control
subsystems, A global master control system could then communicate with each

20  respective local control subsystems to direct necessary adjustments to local processes

for a global result,

The control system of the present invention may use any of the above architectures, or
any other architecture commonly known in the art, which are considered to be within

the general scope and nature of the present disclosure.

25 The control system comprises response elements for controlling the reaction
conditions and to manage the chemistry andfor energetics of the conversion of the
carbonaceous feedstock to the oulput gas, In addition, the control system can
determine and maintain operating conditions to maintain ideal, optitnal or not,
gasification reaction conditions. The determination of ideal operating conditions

30  depends on the overall energetics of the process, including factors such as the
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Function 2 & 3 Conbined, Figure 110 In -this enbodi nent
gases from function vessels 1 go to a conbined 2 and '
material fromfunction vessels 1 go to a conbi ned
function vessel 3; which are 25sized appropriately.
Gases front conbined function vessels 2 & 3 then
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enbocgulmq?le of such a system model, which may be used in conjunction with the control
20 system to define various operational parameters, and predicted results based thereon,
for use as starting points in implementing the various processes of system 10. In one
embodiment, these and other such models are vsed occasionally or regulatly to
reevaluate and/or update various system operating ranges and/or parameters of the
system 10 on an ongoing basis. In one embodiment, the NRC HYSYS simulation
25 platform is used and can consider as inputs, waste type, any combination of input
chemical composition, thermo-chemical characteristics, moisture content, feed rate,
process additive(s), etc. The model may alsc provide various optional interactive
process oplimizations to consider, for example, sitc and feedstock Lype specifics,
maximization of energy recovery, minimization of emissions, minimization of capital
30 and costs, etc, Ultimately, based on the selected model options, the model may then

provide, for example, various operational characteristics, achievable throughputs,
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i nvention, including various options, are provided.
This exanple presents details for each subsystem of
the invention and denonstrates how t hey work together
to function 25 as an integrated systemfor the
conversion of municipal solid waste (MSW into
electricity. One skilled in the art can appreci ate,
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25 well known to a person skilled in the art. P, I, D combination control can be

implemented in feed forward and feedback control schemes,

In corrective, or feedback, control the value of a control parameter or control variable,
monitored via an appropriate sensing elements, is compared to a specified value or
range. A control signal is determined based on the deviation between the two values

30  and provided to a control element in order to reduce the deviation, For example, when
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The MSW handl i ng system 9200 conpri ses a MSW st or age
bui | ding 9210, a | oader 9218, a MSW shreddi ng system
9220, a magnetic separator 9230 and a feed conveyor
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st orage buil us, the doors 9212 at one end

of @Fﬁéloﬂfv@wrg%lplﬁaeresﬂi%.lﬁgprg‘zqeo e &CHE  KEPRNST 1D s gensed

al | chdrdPRsistith inhee tiALAE Heknt@D ld)vbrg”lc@@eﬁ ObthpenvRN abiidaC Kr
a | oader

are 25 unl oad or . whe descri bed

for 5SS P@“F?%ﬂ'%f%@&qr‘aﬁ deta g vider) é‘gfsat %‘8%?@8‘“&8“@%““
shr eglgi g usetS t@peraeRES td @djesxl 4 résPorBOUE Pls@Edn Gnd/BY process
gﬁﬁ\é B%?ctéeplgtéq {ngssénﬁgﬁ ggggh‘ﬂun a IgiQfgl 19at%g%9romoa%%ﬁjt%(1jla] %a € E)r wﬁlch

90



9204 and allowi ng for truck maneuvering at both ends
of the MSW storage building 9210, as shown in Figure
2, both space requirenents and truck novenents wthin
the 30facility is reduced. The space | ayout design
allows a truck to drive into the facility, reverse
into the MSW storage building 9210, dunp its | oad and
?ngr%\’lgllisrl%%'gllr[ sanaveK}ee ntl‘l%nl hfgdcﬂrel‘ls 23. uste(? %Onglé%ldg g ({BSIIIEE rcsul?
per Sahragdptivel hmfllqrvrmedrcoaed ccemblr shaes camnw@bknoaMSm thepveat, disl as
the_nge r | |

to BAEer kB bR Tonl RETEN Woldhdd G bt
5st disdeperebui | di ng 9210. A nechani zed, bucket - based

| oader 9218 is used to transfer material fromthe

st OpdRi thifakiOcdnB8 FHREH PG SVsleRm toAnﬁiléh@lz SARGK nlonReiRE,

design is used due to_its conpact

si z
man &l yiiaplet gnd goel &P‘ablﬁ‘é'isaff P ﬁaséff"étm“Asyé'FE‘nEF&r gpe feed

CONYGRk &t Bdntnl foVBhdnit & coktoll phifdd siASs el @flblaik 6f power which
cap aC|t¥?to feed t he MSW cFean up the stockpile to

f 1 obrSUBHEG o PRST (1P R0R O MAPEPIRTNR S5 SR SO fe p]ﬁaﬂl?lp@""er

t h e owp&bethp hrasafi tﬁ‘épl&}iﬁll‘r@dﬁrﬁifdeﬁddﬂbé c@indllqring eﬁ&tyf(ﬁ @ififerent
|np t conyve or 922

ort
e A T L A e DA R
it mm;haotdmmﬁwm eﬂdimghrsﬁrsﬂm:mb@@ﬁ& thd lelectfodes! lintpyg ethie
?ﬁg%‘%f%\%u ng roga Jec Y e corrg)%éé%éﬂeg%?% (%%8% tg{%‘l]l::()f g'neélalsrrqg’ | de
bei ng bl own around outdoors. The conveyor 9222 has a
deeﬁ%‘t Yags g sunni fipdditivasithan ean i preyided &0 e serypiey iof gaseres or

f eegiqhe RiRaficARR br MOL aiveibed itsrneH wil@ &l Rlspfadd @fherwise
hour "of operation. The portion of the trough out si de

¥he InSiA stagioaddes. B Praarplrga@m@npgﬂee Kith ceitpin N rlepgnts in a

esC 3Re fdfard kY. irFreand c&d@a[ of ah REIIHRR Y@IpRFaturat psdufe, however,
controlled renotely € pracess controller to match

pr oé‘@%?qﬂléerfﬁ?fﬂ@““ﬂ\ﬂ“ﬂ F%f“’g logpdecdprclhriiPlded to al | ow t he

| oader operator to see the level of MSWin the hopper
922 Fufzy dogie kdnvel asswelbzs Dbtragies v camol cabedually cheed in feed

troygh.g! ‘%‘.ﬁ%%@%k%&%@?&h&&a@? {n%'sé S\%’E{)EPEOI{EL%I 9% ?:Jrhsthrﬁiany
absent, The shreddi ng system consi sts an
¢mplglt:vn¢to dper cBe9@ R khib echdbina@m? gondioll im thd oteye dity glpena
22 ? er%\gner{uﬁulgol\é@&op Mynqm@ AR&hdatled !irffilginldﬁat&pt@ Y)?c}ﬂa{ howTIB %hange
input variables or input parameters to affect a specified outcome. Fuzzy logic control
usually only requires a vague or empirical description of the reaction dynamics (in
general the systemn dynamics) or the operating conditions of the system, Aspects and
25  implementation considerations of fuzzy logic and other types of control are well

known to a person skilled in the art,

Modularity Of The System

One embodiment of this design is a modular plant design. Modulated plants are

facilities where each function block is pre-built components, This allows for the
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25 9224 ensures that the as-received MSWis suitable
for processing, by breaking any bags and cutting the

| arger pieces of waste into a size able to be
processed. As the received MSWmay include materials
too |l arge and hard for the shredder 9224 to handl e,

t hus causing the shredder to jam the shredder 9224 is

equyj u ti | o] n ' '
S Sab BTG, VB MIE £k AL BT NRE o
r estomppnentsf(osangdates)i inclgieiall [thecrquipwend dnd ¢vatralh fodgdwicti@@Pand
Wil (N Lapal..
vorks SRR 35000, A8 BB, g
congeagially tnooberate raavesipor ¢f anpssific eqctiensreugh e Gasjlier Rlogly Gas
ys %
TLSHB AT SR e AR08 L Oy e REl o
wastasd foahiesopssted ssothgr erodglonad thegrogiyd isystanhied e deadie fr plant's

F eeginiflssRhningX GRS SdeXign AMB kst BbndrelohQibeidiBLAE Snd REQBAR
the gasifier 2200, a magnetic pick-up system 9230 is

| ocEiags BB s edCREOTIE COBBYRIEYERstS. whi ch attracts

ferrous netals that may be present in the shredded

was Tkere de tiffarenmggee bf Wodddk platitsles uEC Lasa nich@adilanadidomporate

f the.pick.conveyor, bet t he magne nd .t h st.e
o ¢ RErSrE vBIE SR e T S cnlPp S BB Gkt BV G
nov sokhlleafoerpeht Wicelway cdnr dsm tichsaced &t srist pregangllelTinemn kPeration
ferg . | 1Syl I f h . .
i oo Bl oo BUES o REE S hRCTHE RGP B A fronice
conpliogisgngoth thee ph@led siopper 9239 and screw conveyor 9240
to transport shredded waste fromthe MSW shredder

SYSORMEZRR 4plidaien 9RSolliSAdkign it MRSk 2s irSMHRE dREL
waste i s dropped fromthe MSWshredder system 922

. . : o
Bnt ePtionwinthapsifiention pt mylbple wagissc Khinieeholgascan ey fos muyiple
mat ggsifls (b 8@ dded ida Eiﬁ?@l hightapadiy Eacliry PIRCESSDA low HitEoption of

hopper has high and | ow | evel i ndicator ich are
us e8NS BThERHIeT $9RIRFCFT SIS AECUH Y &81?‘%‘53&3@% CHiRtign can

t he bhapiaticd ddRadicOnmBy94ste9240 i s under the control of
the process controller to nmatch waste feed rate to

o it L REERE TP RRN 0 3R s RN o240
Bealtdchnglogp fo eplecepir odbrgdiles ke Phetdd ingtspisds cARAY, fater then
con %ﬁgﬁ@%e%?onh%nwgggg df5duP gﬁxétme%mt&lqy Bfher difs

contr I's and o The screw conveyor 9240 has
an adiere thep pan beanickly integraipd dep e neshlogdliged pl asti c.
Pl asti cs Handl i ne System The gasification system

120 rRi@wh @abiikioh he additi on of plastics as a process
additive. The plastics are handl ed separately fromthe
NSWII gell;ogsrilﬁc l?(? Icglgbi];le? qmet ﬁ)mgtilal?s gtal?i'ﬂfelteglr ga%éic&%gqmns (series of

25  equipment) so that common functions can be carried out in vessels that take in gasses
or solid material from more than one siream. The following diagrams demonstrate this

concept as applied to MSW/Coal/Biomass Gasification,

“In these embodiments there are two trains shown althongh this set-up of combined

functions belween trains can occur for any number of trains and for any feedstock per
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The plastics handling system 9250 is designed to

provi de storage for as-received bales of plastic,
shred it, place it into a stockpile 9254 and feed it
under independent control into the processor. The

pl asti cs handling system 9250 conprises a plastics
storage buil ding 9255 storage facility, a shredder

925 -

995 alMVF&E}I ilfﬂ aa‘i(lglﬁg g%glé@(ﬁ?dlfa (ﬁtﬂFl@ﬁ%{cg camclﬁpgt%x %5mbmed
bui brineay sg wat@amﬁﬂthﬂmlim ednipreent dﬁzwﬁné@dmctbmeéa}@rst@ﬂmlo
MOVES n%% §J‘Jf%‘1§: %%%Eﬂ 1@115&% lﬂchs%m@%&&essor The

pl astics storage I'ng 9255 "has the capacity to
store two truck Ioads of plastic bales. It is closed
on EHbdEndipyEoup Repreisats de SRloyrRE S8 t hus provi di ng
gont almrmmalmasiﬁhﬁloﬂmlambeal wi th access for stacking
and r Siﬁn(?“ﬁ Ies The. buil ding al so provides

prot ect i ¥Y°%he shredder 9252 and debris control
and pnotregihingChinter t he shredded material. The shredder
facilitates the plastic material nmeeting the process
req eived plastic is loaded into the
fee ggg@{r”ﬁ'gz@?mfl&fhe shredder 9252 with a 10

| oader. The shredded material drops onto a take-away
conveyorlt ghis gmppdiment thexe gt5r (e ﬁeP““ﬂ‘b SYStfens dhas san jhpve; \l?? &as
@ St ockpkrbAn9Rbdd (dihowhamdaghidl; Ak e INSmPieskatn UKD Yr
a | oader and dropped into the input hopper of the feed
conveyor®™iB& t he conveyor is outdoors, the hopper

i ncorporates an integral roof and upvvardly ext ended
wal IGESt@rminad,Mgnee escape of plastic during filling of
the 15 hopper. The conveyor trough is sealed to the

trough of; p@mm‘a‘ﬁpﬂﬂé’ @éé@sr froth! mcﬂom%ss&lpﬁ &P3 B8 lefichl tin are
i ntroduced into e gasifier via the MSW conveyor

to reducled @g@mrw@g a sifigle Q%évfg%af pesp sigertrppromyipiely for the gas
gonveyorqdys @ screw conveyor with the hopper sealed to
it to provide gas sealing when it contains material.

Det re .l ocated t he hopper to indicate high
and%f“bc 0?%@8’1“‘%'“6!‘1 g‘érerlr%“ﬂor i s provided for the skid
steer 20 operator to nonitor fill level. Mdtion of

t hi s conlrdljie embesdinend e traing diffsw oply|in BmCttqfié’e??fﬂob &4ty all other

control | ﬁﬁcuoﬁ%%%}ﬁg%rﬁﬁedw%ec‘s%ﬂé/{?dl%ineéag{? oﬁéﬁﬂiﬁﬁkﬁes a
gasi fier 2200 and a Gas  Refonnul ati ng System ( GRS)

3200, The_NBW and |cs are fed into the gasifier
220698880 8 f m]"é‘%hf& 9259as is sent to the GRS 3200

where it is refornmulated. Any resulting residue from
tthe In this embodiment gases from function vessels 1 go to a combined function

vessel 3; which is sized appropriately.
Fonction 2 & 3 Combined, Figure 110

In this embodiment gases from function vessels 1 go to a combined 2 and
material from function vessels 1 go to a combined function vessel 3; which are

25 sized appropriately. Gases from combined function vessels 2 & 3 then travel
to a combined GQCS.
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gasifier 2200 is sent to the residue conditioning
system 4200. The gasifier 2200 is designed to take
into account the requirenents to: (a) provide a

seal ed, insulated space for primary processing of the
waste; (b) introduce hot air and steamin a controlled
and di stributed manner throughout the gasifier 2200;

(c) {\ \\Q)?k%}‘ ﬁ:tl eﬁqp he%lrttvﬁ’lfl rvf:tHJi1 R l?ﬁél&%é@ag%hyp)‘ﬁqﬁ%e%gv cctfon Sve
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renove resi for turther processing
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?Refneﬂa{‘bgr faghlg'og %lﬁﬁes??ctp&dﬁ?g otnhﬁ gaatﬁ% bel%ma?ing Of the trains is
conprises a horizontally orcented re ractory-1ined
gasfifac€dt i on chanber 2202 having a feedstock input
2204, inputs for hot air used for heating the
gastChmpimbd ognteflanber, i nput for steam which serves as
a process additive, a centrally-located gas outl et
220 ' .
ot Vb 3D e eSS P B o 00BN L B AGE0Uine
por b, gaTllﬁeatm@ tvgasruﬁlooafmdd:raclc brafrbletopa&BA it soriyafed to mgin@in

I%t es{ NeLATPR dogrgéi%% Egﬁéﬁgﬁ e@w%s?&r thd¥ehild vh &h | Sl

or stes sstemcorrp Sin
car pongrpl flathmzanecnﬁ@s@um@z@zgas sﬂu@lﬂ#)d Qndy ffotbg firsg fgeg-back

t he oh@bfdaalai DB ETe ecOhe LAGas rﬁlﬁﬁlﬁf ivfidn Mﬂ’ﬁ%h tof}€ conditions
gasifier 2200. Provision'is also mde |nstaIIat|on
of itAseviiphechtodhs epimugyedmdigen t%fcﬁ‘b@é)‘ﬂ%‘ﬁ é%““oh%ﬂde%“P'ﬁ‘Ff (rain

hei gt offietaB & QiBhedRs RESHHR cHRBINO 1SpréVddnd/da€
15Tﬁg ﬁgfractory I|n|ng of the ga??flcaﬁ%oﬂﬁc anber

prote it fro h,te erat or.rosi v .
asde afie® el T RirEL e TR LaEPt PO B “Riogine
f r omxaniples preogee Sath, IReMHrIlScl mglcﬂsmod:tlgu tlﬁscl@,amplhseare inten_ded to
(r:ﬁ]; ge?ﬁgltil?elrﬁiust tlvf 4961@0511119?% 01lr lh% Erllsir on arutl lg Cnop in %ﬁ%%@ ‘i}ntltythc
denst;cpg/ofathumﬂmaod iayey w8404 and an out er very | ow
density insul board material 2406. The refractory |lines
the metal 20 shell 2408 ofxihergasification chanber.
The gasification chanber 2402 is firoher lined with a

Hoo BNl 1A S OBEBI 0t Bhly yibion e SEETR AL sonap

of gW&$TE cati on chanber 2402 has a perforated fl oor
2270 through which heated air is introduced, The air
hol dn giszeaangle,swilheefeedcesia diguteb dtto fit, devidatiage ambodiment of the

' eStu{vlel‘l‘t 0'11 ﬂclfril(ﬂgg Léméﬁs @ptlgﬁseﬁt% lﬁfo%ldgtﬁ %saegglgﬁg‘ pl%?eﬁg dgtgillsefor

each subsystem of the invention and demonstrates how they work together to function

25  as an inteprated system for the conversion of municipal solid waste (MSW) into
electricity, One skilled in the ait can appreciate, however, that each subsystem on its
own can be considered a system, The subsystems comprising this embodiment are: a
Municipal Solid Waste Handling System; a Plastics Iandling System; a Iorizontally

Oriented Gasifier with Lateral Transfer Units System; a (Gas Reformulating System; a
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25sufficient to prevent waste materials fromentering
the holes. The holes are tapered outwards towards the
upper face to preclude particles becom ng stuck in a
hole. Referring to Figures 1 & 2, the conditions at
the three individual steps are designed for different
degrees of drying, volatilization and car bon
;ggﬁ?{tcgo?‘é)ﬁg@’ﬁ glﬁg:r Sy gltlomnl %zs ecl)ldflfl emcl fb%to%ldlll()mﬁ'l Sgstcm;
t hea Geddmiagekza80n fystetn amﬂ@ﬂ:ontildhéystear get ed tenperature
range for this stage (as neasured at the bottom of the

mat ghinad 1 B4 @hwltheEfoPGINEE %&Q&@H&&OE)}%@@@@UM précess
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sepXPY dot Wég"éaé’i‘"ihl that pegpFiasede H%Fnﬁ%rmfﬁﬁwl‘?dnt%m?“ﬁ?“é% and
St agéifogeiizddlsPHRSiRigRlnBRYS 2601 Rk he QdratiRidarRROGENL | Y

cont roI | able air feed mechanism The independence is
achi . ) S E ‘ érooxes 2272, 2274, and
2276 W It 1€ pert or at ed oor 2270 at each

sta e..jl'.he S stem of carrier rains 2228, 2230 & 2232
usedh§ Bitiahi4y dlingfsysiain 820045 designedhio takedintp jagcepRtofy) storage
phaghskili %&%u?ﬁl?%ﬁﬁhﬁda@@QWOiﬁﬁlﬁ%bﬁh@%l&ﬁ@@é:oaﬁ #ud2xcess

2212 & 2 hus for these stages, the airboxes
527 Secqmipiipn oF MSYALE EanioR oR fte DUng oW Risuedh () gontol of

Sth a%u@'(ﬁ)ﬁ@é@s@&ﬁﬁ%m%g lamsem Garbdk e{lékie@a ﬁr{l&m @)leﬁ}?mnzé%gn of
sSNno ur es e e al e
3“%%@1?%% aud agoyal 0§%‘2“7‘£ re(ﬁ*ﬁ% Popgsr §flaé1§vsawﬂ%ﬁéw
r ef Gl tROMEW dﬁbogpileﬁﬂﬂﬂlﬂa e MBW dhedding eg}s&hi MQ‘} Mgt d¥bidance of
sheet, with s ffe ng rib struc

o Bl oSt B Bk iR, 0318 Sy B sl BB Gvity or
m n|adﬂ1ti@al$aﬂﬁ&ﬁomnmmhetofallm fol plafitreapeinsioum @) hxi)tlmmmnsﬂneeﬁ By

h f t r
ot ogidar she Bk Gty PR RS AR DT oPgfn v
box enmmhmweapmeht(k)amﬂnemom rfbrythafoadmevpedge ofathe falr levels ipahe

to %éﬂr@yﬁﬁj ilﬁ)ﬂlt fuﬂ)%crgbljﬁ( (15 mrgﬁin%qgee §s‘-rcccivcd_ waste to a particle size

20 suilable for processing; and (m) remote conirollability of MSW flow rate into the

processor and independent control of the plastics feed rate rate (described below).

The MSW handling system 9200 comprises a MSW storage building 9210, a loader
9218, a MSW shredding system 9220, a magnetic separator 9230 and a feed conveyor
9240. A separate system 9250 is also designed for storing, shredding, stockpiling and
25  feeding a high carbon material (non-recyclable plastics in this example), the feed-rate
of which is used as an additive in the gasification process. Figure 4 shows an overall
layout of the entirc system site. All storage and handling of MSW unti! it is fed into
the gasification system 120 is confined in MSW storage building 9210 to contain

debris and odor,
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As shown in Figure 11, the fixed edge of the Step 1 &
2 airboxes 2272 and 2274 is al so the connection point
of the input air piping 2278. Thus, the connection
flange 20 2280 will be at high tenperature and nust be
sealed to the cool wall of the gasifier 2200. A shroud
is used, as shown in Figure 11, to achieve this
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to ensure that the MSWis noved laterally along the
gasifier 2200 for appropriate processing in each of
the three steps 2212, 2214 & 2216, and that the spent
residue is 25 noved to the residue outlet 2208. Each
of the three stage floors is serviced by its own
carrier ram The carrier ranms control both t he hei ght
of the st.a 0

; esre&eer%eggéotqh n@s%&?rﬁ%e buglgmg %2%}11.8%;) shfoa and Jné% dﬁectly back
car ont@ therraatwh 9284. oapmbﬁmesaro theyvgetreeat am;w@rth@ h@ceﬁsu kduipprent or
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di f flecddmtandypdtdssfeekbpendi ng on | ocati on. The gap
between the fingers in the nmultiple finger carrier ram
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i nches wi de, ' air box airhole pattern is arran
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| Nt Qe8! @mbinkd)with Bre dhfaciBATIhd ed HipIOB21t Kbﬁis@hﬂﬁb@ﬁt@ﬁa{enal
For exampl e, the $attern of the alirhaoles can be suc

t hatf‘“vm’é MoHegh Qe iRy Ther ROTHR Hel®f ftoHEh PRtidfefte YPW fthfége
gapsphildpd2idisabeerddo @bH@VesPle o€ Bdbr 1Waﬁd’bdaﬂ Taé E@@éyok 9222 is

each ot t ative e alrh atter
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ar eas oar in
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ai r maleeistis ftagk.or s t o consi der include avoi di ng hi gh

vel ocity which would fluidize the bed, avoiding hol es

t 00 16t KA LiReddl Q?s%én( 92% MRlstsr a0 p ﬁ%ﬁae? 922t3h9§hnedder 9224

channel i ng of alr refractory I's avoi d
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APProgxd SRLE! Mat e aesdvaahvide edsunand Foe |p§‘oc§sbnﬁ§ b(y%n)akin@ any
ensure accegtabl e kinetics. Anmulti-finger carrier ram
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Li|1 cltle, thus causing the s reg)

der to JEm the shredder 9224 is equipped to
automatically stop when a jam is sensed, automatically reverse to clear the jam and
30 then restart.  a jam is still detected the shredder 9224 will shut-down and send a
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25 This conpliance has been provided by attaching the
fingers to the carrier rain main carriage using
shoul der bolts, which do not tighten on the finger.
This concept also pernmits easy replacenent of a
finger. the end of the carrier ramfinger is bent
domn to ensure that the tip contacts the top of the

I n the ﬁ t % the relative | ocations of the
carWWEWgP§ Q @“5??@ % changes 30(for exanple, due to
expansions). This features also | essens any
det ihenémdéed efftedy digppedtdngo prigh convegretot s Eanspatied agder a
bei [
cont (RCRBLEG o IFLEALO 1E o ATy 6 12 okl 4239 o sorow
r am@n@w P40 ahich sil] forgf r\‘f‘aFtﬁ éntq @e Basifigr &2093T0 avpid ippdiperient
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general Ty paral |l el ongated tracks 224 nmount ed on a
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L- shaPRdy 66 QfSer & tHeORredddaCwhRY AN HorBh HNBIRL beMONEY hBFES (R
carrjier ram body 2326 and one or nore el ongated

subdifestion aff the pick coRYU Beveedrthe Bagneh d Jas 5o g ferrous
si Z pdalsQti@bied & thm@gi@hget ﬁfob@ﬁl@l@ﬁﬂy ﬁ\ﬂaysfﬁﬁll ﬂub Iv@st@ pesainNThe
he gasificatio ?3 J ﬁ fam .
'f’u nifEPe e 'Sa:latﬁfsfte‘i“%’ 8‘“6'?" ‘H%P%‘rﬂf‘% Oy P%{BF‘ 8‘ 18I TpeE
at high lo tenperature. Such materials are well-known
to hokEWsiced ksgni qntisieofar feechhepperfti3? ansl ey coneciyer 148 to
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Ci I @l 3toRr the R fing ScH ARG IR hdppéh Hak icBBRYS 940 under the
outsi de the gasification chanber 2202. The carrier ram
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gasithé GRtof @RceR A6iB8Yor 9240 wiiDin@yRl féecum@@atslzgé hlefipraiides gas
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hazanFous toxic and f %%n?ble gas fromthe
gasi®f %ﬁ?%%ﬁ?&ﬁ%ﬁ%%%mé BUhd 20 excessive escape of
debri s. Gas escape to atnmosphere is prevented by

disties i pyatemy er rant mechani sns in a seal ed
box. This box has a nitrogen purge facility to prevent

f or gt gﬁﬁlc&fona%tﬁ%ﬂ{}%ﬁ@s fidthe midididahro@ pMckIhdh ﬁf&esskaaamve
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t %18?8#{9

eacHThf PHicH 265t a{“H%‘ Seaarr?@é rfrornath? R, GO it foc

2308200 essi ng agai nst each surface of each finger of
the carrier ranms, as shown in 25 Figure 14.
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The buyiddihgs92$6 storage facility, a shredder 9252 w1th input hopper 9251, a take- -away
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the sides of the fingers were the greatest chall enge
as they nust be conpliant to the 39vertical and

| ateral notions of the carrier rain while remaining in
cl ose contact with the carrier ramand the seal s of

t he upper and | ower surfaces of the carrier rant
Leakage of debris can be nonitored by means of w ndows

inthe s d u repoval fac
or oV 725 PHEE BBt st B it bt 245 0 conto
Thi gebriefofeal cooayoii24noanieisihbdid pldib insd thb peedssong t he
seal integrity of the carder ran15box as shown in

7 v,
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2322.ah8n the operator handl e 2324 is 10used,
Referring to Figure 16, power for nnving the carrier
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dr i v_estldairomitomto Cetogile 3254shaf t 2258 selectably in the
forward or reverse direction allow ng for extension

and ThedRgtd ok pldh& B lal1Giier'aAd rofted BuS@B A0S of the
rate. Position sensor transmt the carri er_ ram
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Two driv sprocket gears 2260 are n on the
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axl e 2264, operatiyvel wi th chai n nenbers
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for e@pfeﬂmytooﬁomv&mel I*anln afalus r:(mve}{oam tmacr thecontrol of the

con ependently. Roller chain is used for
EJFOQ'LSS (geilr%#e?gqat ion as 25 it provides high strength

and t oI erates a severe duty environnment. The use of

t wo COR¥E per carrier ram provides a neans of keeping

the carrier rams angularly aligned without the need

f OI‘ The QGﬁ\%ﬁt&m?gﬂlicdﬁﬁmseér leaeifiers2280 taad deﬁﬁyRéfﬁlinulah@ System

I the carri r r a

wenCRReaR AeResy it PuoSGh b, B T oo Bl o5 i ffreme
w t fgadiy sae gube) CRAG20(hehaait s reﬁonmﬂmd )M]ﬁ reemlt:medlmwemm the
carrj n firStiaad he m ddl e
car i afer 2200 5450l hERAG Rt iz U TS
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t he Thoieefificr 0t designedhigtialiednte pecpurtt fiegrequpaeninip: (2} pravide a
| ovegiedS RG4S 355&' O Pty prdcesdhbriRt \Gé&t &8l inabfiRe HARE and

carrier rani is then extended filling the void at
t he sisamin ronfrpled and) diswibuted mpgaer thignghootihe gasifisr 2300 ckenable
carrier ram 2230 is then retracted; new materi al
dropping fromthe feed port fg'blls any void on the



5 top carrier ram 2228 and the top carrier ram 2228
is retracted. Al these notions are controlled
automatically and i ndependently by the systemcontro
means in response to systeminstrunentation data.
Referring to Figures 16 & 17, a staggered carrier ram
sequence control strategy was inplenented to
facilitate novenent of the carrier ranms, as sumuari zed
bel eitrol1d dler hejghy andanavemon 3P thepvaste pilk Bepugh S atier 2400 k)
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puspﬁﬁi/li T dor ?t tﬁ'ii 6&2 4 (Qﬂmg}ls@}neéo}ﬁ Lélhé catn% rBﬁ’scmh

tart o t e 214. 'Feedback conttol is to
st r %39, 3%3% Iarus?ﬁle@efé‘éhﬁﬂ‘? ttub loggred apovpiaenb [of digi naerial thpgugly the

Or  EhHMIE PR is WSt AR S0l [ns@dBRYY ilRLARMEMon, Auch as
maxi mum sct poi nt di stance if bl ocking does not occur.

At Ssrmacpgpleseipgiorial righhdetectons, piesuge sFASAS BVEEWPEIE j | | | ng

t he pocket at the start of Step B 2214, it is also

GBI edhé efraiopO tikiag (ﬁt thb f@mﬁl‘:ﬁﬂbﬁ dhﬁmlﬁt 0N pRRecR. itThos high
g)a/glt("(!:laplgliayuée%{)%)%%%Y $asefs %laFO Illll%llé]}%es Il.hrﬁn Ex‘i‘r%gcssarybioss (rl'(}q'lgat from
a_galtlm prdldci;s Refeningto Figuns 10, eheaeS®tdrpis homdtilpes rlttSIgnnmth a high
22 0 enSI (l)’lnsliamﬂl %ﬁ?ce R 1'11? deD L (l)l <!l(ﬁe[ﬂgﬁ genh 8( allgﬁ]lfié k&'rﬂﬂﬂl

t hi snd m tmleosmsd loumengtymssbeardimaieml éﬂﬂﬁa&eaﬂfyactomleus the metal
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stage ai
with a membrane to further protect it from the corrosive gases.

Rach step 2212, 2214, 2216 of the stepped floor of gasification chamber 2402 has a
perforated floor 2270 through which heated air is introduced. The air hole size is
selected such that it creates a restriction and thus a pressure drop across each hole
25  sufficient to prevent waste materials from entering the holes. The holes are tapered

outwards towards the upper face to preclude particles becoming stuck in a hole,

Referring to Figures 1 & 2, the conditions at the three individual steps are designed
for different degrees of drying, volatilization and carbon conversion. The feedstock is
introduced into the gasification chamber 2202, onto the first stage via the feedstock

30 input 2204, The targeted lemperature range for this stage (as measured at the bottom
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The residue (e.g. char or ash) remaining after
gasification nust be renoved fromthe gasifier 2200
and passed to the residue conditioning system (RCS)
4220. As the 5 material is processed and noved in the
gasifier 2260, the heat generated within the pile can
cause nelting, which will result in aggloneration of
the residue. Aggl onerated resi due has been shown to
c ausfethy anterialgpilen liek wpraen 300 hpROEX SEge Knis olesigned tohave a
ens t n t
R S e e e
scremmg@nmeympbﬂﬂﬁﬁGﬂ&mw§@d)Co extract the residue
from 10 the gasification chanber 2202. The carrier ram
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m xi ng of the gases; (e) process the gases at high

tenperature using plasma torches 3208; (t) provide

instrunmentation for nonitoring the gas conposition for

process control and for enhah®@ed performance of the

pl asma torch 3208; and (g) output the processed gas to

a downstream heat exchanger 5200. 10 The gas

reformul ati ng system (GRS) 3200 provi des a seal ed

envi ronnent wi th nounting and connection features for

process air, steam plasma torches 3208 and torch

handl i ng nechani sns, instrunentation and exhaust of

the output syngas. As shown in Figure 20, the ORS 3200

conprlses a substantlally Vertlcally nDunted
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Referring to Figure 21, and as nentioned earlier, the
GRS 3260 i ncorporates supports 25 for refractory
l'ining. The major support feature for the refractory
is a series of shelves 3222 around the interior of the
GRS 3200, During operation, these shelves 3222 will be
at consi derably higher tenperature than the shell of
the reformul ating chanber 3202. Therefore, it is
necls$siandgd peyord, e dirbaxyto yaaserer Belf RExsfragyy.c Bhit providesupRoLt
t her@RSiBEP QurinpabdsRijoR Ry hisk 16 Alal S&W&eﬁtQﬁateﬂal from falling
differential expansion. Also, the shelves 3222 30 nust
be beloyale @it & alsp allaws e minaeiaeh o ey 4oy expagion p thogirbox,
t head s@bwairah.- 13These requi rements were net by making
the shel ves 3222 segnented with expan3|on gaps

e X
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av obd@c bém aittoastded witfos ket thee senbing2B06 bétwtdnahe carrier ram
refr I egnent is supported by a
nun% 33@%?@? aggﬁgm%elded to the wall, as shown in
Flgure 21 Expansion of the shelf 3222 alon% its
| endbeh aiffow| igl cennseled (s theehos aiinyrmly pipdng piing 3 Apyiagpia! flpnse.
t he TRY&SR! chiy3RLAanké hds iEdE MREcMB] 1§ REhkOad MBogUSSEL S
3224. However, by restlng the shelf 3222 on the
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3224 only where the expansion is small and even then
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30 effects to achieve better m xing. Angular bl ow ng
of the air into the ORS 3200, achieved using

defl ector at the tip of the input nozzle, also results
in better mxing while allowi ng the inlet pipes and
flanges to be square with the refornul ati ng chanber
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i nproves the refornul ation of the syngas. This is
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A pneumatic actuator 3210 isl¥sed to autommtically

W thdraw the torch in the event of cooling system
failure. Conpressed air for operating the pneumatic
actuator 3210 is supplied froma dedicated air
reservoir so that power is always avail able even in
the event of electrical power



to failure. The sanme air reservoir provides the air
for the gate valve 3209. An electrically interl ocked
cover is used a further safety feature by preventing
access to the high voltage torch connections, Residue
Condi tioning System The residue remaining after the
gasification nust be rendered inert and usabl e before
15 disposal, Referring to Figure 26, this is done by
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RAC C 4fpdsAk fcapdlofalehiRS BhYV&Ldpe ‘ﬂozﬁgloéﬁi&@% keptBd byScontaining the
deterni ned by the hei ght of
carricr ram meéchanisms in a sealed box ThlS box has a nitrogen purge facility lo
prevent formation of an explosive gas mixture within the box, Debris sealing and
limited gas sealing is provided for each finger of the carrier ram, using a flexible strip
2308 pressing against each surface of each finger of the carrier rams, as shown in
25  Figure 14, Alternatively, the seal can be a packing gland seal providing gas and debris

sealing for each finger.

The design of this sealing provides a good gas and debris seal for each carrier ram
finger while tolerating vertical and lateral movements of the carrier ram, The seals at
the sides of the fingers were the greatest challenge as they must be compliant to the

30  vertical and lateral motions of the carrier ram while remaining in close contact with
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4224, and undergoes heating by a plasma torch 4230. As
the level of the nolten slag 10 rises within the
reservoir 4222 it runs over the weir 4224, dropping
into a quench tank 4240. The water tank 4240 ensures
that the RCC 4220 is sealed to the atnosphere. Any
nmet al s whi ch have not been renoved during the NMSW
handling systemstage is transferred to the RCC 4220
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coolrgé nRies &6 adnireN@dbyi (s Serall system control means which can command

start and stop position, speed of movement and frequency of movement. Each carrier

ram can be controlled independently. Roller chain is used for this implementation as

25 it provides high strength and tolerates a severe duty environment. The use of two
-chains per carrier ram provides a means of keeping the carrier rams angularly aligned
without the need for precision guides. There is a tendency for the material on top of

the carrier ram to be pulled back when the carrier ram is withdrawn. This can be dealt

with by sequencing the carrier rams where the lowest carrier ram 2232 is extended

30 first; the middle carrier ram 2230 is then extended which pushes material down onto
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s granular form A slag conveyor 4260 then renoves the
granul ar slag 4203 fromthe quench 4240 and pl aces it
into a stockpile 4204 for disposal or further use, as
shown in Figure 30. The slag drop port is sealed to
the environnent by neans of a water trap consisting of
a shroud sealed to the RCC 4220 at the top and with
its | ower edge subnerged in the quench medi um The
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blocked again.

All carrier rams reverse to home position simultaneously,

30  Access is provided to the gasifier 2200 using a manhole at one end. During operation,
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Baghouse 6230Particle or dust collection Il CL Scrubber
6240HO renoval and syngas cool i ng/conditioning Carbon
Filter Bed 6260Further mercury renoval 1125 Renoval
System 6270H2S renoval and el enental sulfur recovery
ROCS 4250RCC of f-gas cl eani ng and cool i ng Syngas

St orage 7230Syngas storage and honogeni zation Chiller
7210; Gas/Liquid Separator 7220Hum dity control Gas
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For implementing process control, various parameters have to be monitored within the
gasification chamber 2202, Tior example, the temperature needs to be monitored at
different points along each stage and at various heights at cach stage, This is achieved
using thermocouples, which tend to need replacement during operation. In order to

20  accomplish this without shutting down the process, each thermocouple is inserted into
the gasification chamber 2202 via a scaled end tube which is then sealed to the vessel
shell. This design allows the use of flexible wire thermocouples which are procuved to
be longer than the sealing tube so that the junction (the temperature sensing point) of
the thexrmocouple is pressed against the end of the sealed tube to assure accurate and

25  quick response to temperature change. ‘The sealed tube is sealed to the gasification
chamber 2202 and mechanically held in place by means of a compression gland,
which can also accommodate protrusion adjustment into the gasification chamber
2202. For temperature measurements within the MSW pile, the sealed tube can resuit
in the pile being held back when ils movement is needed. To avoid this problem the

30 end of the sealed tube is fitted with a deflector which prevents the MSW pile from
getting blocked by the thermocouple tube.
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The FI X 5200 is designed specifically for high |evel

of particulates in the syngas. The flow directions of
the syngas and the air am designed to mnimze the
areas where build up or erosion fromparticul ate
matter could occur. Also, the gas velocities are
10desi gned to be high enough for self cleaning while
still mnimzing erosion, Due to the significant
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20  and scveral spare ports, The high temperatures created in the GRS 3200 by the plasma
torches 3208 cnsure that the molecules within the off-gas disassociate into their
constituent elements, and then combines together to form syngas. The hot crude

syngas exits the GRS 3200 via the syngas ocutlet 3206.

Referring to Figure 21, and as mentioned earlier, the GRS 3200 incorporates supports
25 for refractory lining. The major support feature for the refractory is a series of shelves
3222 around the interior of the GRS 3200. During operation, these shelves 3222 will
be at considerably higher temperature than the shell of the reformulating chamber
3202. Therefore, it is necessary to avoid any wastc of heat by conduction to the GRS
3200, while providing allowance for differential expansion. Also, the shelves 3222
30 must be capable of supporting the considerable weight of the refractory. These

requirements were met by making the shelves 3222 segmentcd with expansion gaps
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6240; (e).a syngas (process gas) blower 6250; (f) a
carbon filter bed (nercury polisher) 6260; (g) a 1128
(sul phur) renoval system 6270; and (h) humdity
control using a chiller 7210 and gas/liquid separator
7220. The heat exchanger 5200 before the GCS 6200 is
soneti mes considered as part of 5 Stage 1 of the GCS
6200, The syngas (process gas) blower 6250 typically
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30  ecffects to achieve better mixing. Angular blowing of the air into the GRS 3200,
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Referting to Figure 37, particulate matter and
activated carbon with heavy netal on its 5 surface is
then renmoved fromthe syngas streamin the baghouse
6230, with extrenely high efficiency. The operating
paraneters are adjusted to avoid any water vapour
condensation. Al particulate matter renoved fromthe

. syngas streamforns a filter cake which further
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out si de surface of the ags are collected in the
bot tom hopper and are sent to the residue conditioner
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ric Ofilters. which do not requir .
s up oA SRS e P o 3ol & Rt o foopre,
baghouse 6230 (assuming the input is fly-ash with
heaje pesred ©ychpss3Z8 rqquin¢ paindic merditepanceasd filipwost desigble that
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fi | PRIEPAYRieY Spes hive trrehes 35/%«*1?19% GR& &0 hghenestictly glynmg 3s
(abQedde® s Qf%iraﬁ;iﬁﬁf%ﬁab)al and replacement of the plasma torches 3208 have to be

done in the presence of high temperature toxic and flammable gas in the GRS 3200,
In addition, the torch 3208 will also need to be removed in the event of failure of the

20  torch cooling system to protect it from the heat in the GRS 3200.

These challenges are met by mounting the torch 3208 on a sliding mechanism that can
move the torch 3208 into and out of the reformulating chamber 3202, The torch 3208
is sealed to the reformulating chamber 3202 by means of a sealing gland. This gland
is sealed against a gate valve 3209, which is, in turn, mounted on and sealed to the
25 vessel, To remove a torch 3208, it is pulled out of the reformulating chamber 3202 by
the slide mechanism, Initial movement of the slide disables the high voltage torch
power supply for safety purposes. The gate valve 3209 shuts automatically when the
torch 3208 has retracted past the gate ‘valve 3209 and the coolant circulation is
stopped, The hoses and cable are disconnected from the torch 3208, the gland is
30 released from the gate valve 3209 and the torch 3208 is lifted away by a hoist.
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30Cadm unll5pg/ N8 (about 99. 65% renoval) Leadl59

pg/ NnB.(about 99, 9% renoval ) Mercuryl190 pg/ N8 (about
90% renoval ) The quantity of residue contam nated with
heavy netal s exiting the baghouse 6230 is | arge.
Therefore, as shown in Figures 27 & 33, this residue
is sent to the plasma- s based RCC 4220 for conversion
into vitreous slag 4203. Referring to Figure 32 & 33,

t hean@mmndanfya gach 38 &adone naag i révarsé hEthR@DvE PROedu; the
t :;C%gt | %{%@Bsm !ce%nhbe aﬁje B? Oﬁ%fpgrﬁltﬁv%h% optﬁglnge?fgoggdtseétg gf"tlﬁe torch
cooBﬂﬁg in an indirect air-to-gas heat exchanger 4252
and renoval of particulate matter and heavy netals in

a spRhleatx RAGHPHSE oAd Q%ly,-gh fhe SFRE bﬁ‘tﬁfrad@ﬁ@i@éﬂﬁﬁn the ciséingd ot

dedi cated to to treatin he secondary gas stream
gente geedvalve 3208 acesr eﬁt auallyo Ahe igife Palye 320% 4, operated

addjpbdnamediy $b @RS of@dtioh @ mfibthatiBY A thaunREE 1t B 20001 wdéleto
coollng the gas further using a gas_ cooler 4256, and
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Car 8P oD 6sbrAidR Ghe FRlSkid a@uam Bi1gus supplied iém i 0cRs&e dir
secondar. %Fgas streami s @ n diverted back, t
GCSEEBY 100 MPeRYYeh A R¥PH Hathe BPR My SYAD Eﬁ‘ﬁ@f@?"“"“
18t I @@0RePTHe @Amd £ Mm:oﬁ@hagla@ms gir far ihte@ﬁte 8303209 hen electrically

quant i t f residu house 4259  of
U etk sets” PLOEE a7 RTRE Sy JPL 7w aEi oy e 1
baghdiagetofs® 3éhnbmiohhe GCS 6200 The smal | baghouse 4254
acts as a purge for the heavy netals. The anount of
heavy netals purged out of the ROCS 4250 will vary
depiia“h-'uit-,~- ggeM conposition. A 20 periodic purge
is required to nove this material to hazardous waste

di sposal, when the heavy netals build-up to a

s pedhd regidud rewriining Biedr thw gasification/miag b¢ reddes¢dgnert and usable before
peﬁisﬁds&laﬁéf%né R)LF[%LG’@ ﬁé rfﬁils IlSe(IOII(EI {@3%3 nQaEﬁ (i)é'lﬁ:’&n ﬂ%%ﬂmﬁ& D360

gal n assum ng e | nput eav
met it 2 mﬂsﬂagﬁase@a@mﬂueownﬂap@%@hm KﬁC@SWQt melting 1t and

| oa%nﬂ&ﬁgg{ Wan%&ﬂdéﬂ&ﬂ&éﬁghoﬂt c%glmg and shattering the molten slag

4202 into granules using a quench tank 4240 before transfer to a slag stockpile 4204

ready for removal from the site. The final by-product is suitable for use as road fill or

20  concrete manufacture,

As mentioned earlier, the movement of residue from the gasifier 2200 is complicated
by the potential for agglomeration caused due to the heat generated within the pile.
This problem is solved by using a screw type conveyor 2209 at the outlet end of the
gasifier 2200. The conveyor has serrated edges on the screw flights to break up any

25  agglomerated material,

Referring to Figure 27, the residue is then taken to the RCC 4220 by means of a main
conveyor 4210 system comprising a series of screw conveyors. This conveyor systemn

4210 also takes the residue from the GCS baghouse filter 6230 downsiream and
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Lead16.6 ing/ N n3 Menoryl75i ng/ N n3 Cuaranteed
filtration systemoutlet: 30Particul ate

matterl Oni g/ Nni 3 (about 99.99% renoval) Cadm uml3p

gi N n3 (about 99.997% renoval ) Leadl66 pg/ NnB (about
99.999% renoval ) Mercuryl75 pg/ Nin3 (about 99. 9%
renoval ) The GCS 6200 may conprise direct and indirect
f eedback or nonitoring systens. In 5 our
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par ylat g fromthe
bag#&lﬁese tug %@E%nﬁgg’g%ﬁlug%ﬁog’ﬂ r~1bﬁaﬁ::]ked tower using a
re-circulating al kaline solution to renove a

| S ) , .any ID ,
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sol %tzpo"r‘? 4 PREFROBYAIRS B éﬁf“ﬂ Ry %&ﬁ e‘fs tE%ﬁY%H‘F ﬁ“é en S(ijag
18 UCHse@ &ithiR (1R lr&servbICE22a0 Aiiy tvex (Rl eir 4224 dH(ﬁbmg ‘ﬁﬁbab@.fcntﬁﬁél{k

ned tao keep the o t nce
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was ey wakB whish bhaget baxn kentRddlddring thai Ws&mﬁdlmgsysshmmge is
in l: g‘l% & Ig)rth ggé 45?(} anlcc)llcxglil %Iatc naelcesca% eystlaedl%léz{l L0z 'slaé g]l?ormal
vllnflcatmn temperature. Thus. the reservoir 4222 could become clogged with metal
15 as it is of higher density than the moiten slag. To avoid this, the reservoir temperature
is periodically raiscd to meit any metals and the molten metals are tapped off from the

bottom of the crucible,

Due to the very high temperatures needed to mell the residue and particularly the
constituent metals in it, the refractory is subjected to very severe operational demands.
20 These include corrosion and erosion, particularly at the slag waterline, in addition to
the high temperature, Also the refractory must provide good insulation to conserve
heat and the RCC 4220 must be as small as possible. The refractory is selected to
provide an inner lining of very high resistance to heat, corrosion and erosion. The

layers of refractory outside the lining are then selected to greater insulation.

25 It is anticipated that the crucible refractory in particular will require periodic
maintenance. To allow for this, the bottom of the RCC 4229 with the crucible can be
removed without disturbing any connections to the top of the RCC 4221, This is
accomplished by suspending the RCC from its support structure 4270 rather than
setting it onto a structure, as shown in Figures 29 & 31. Thus the bottom of the RCC

30 4229 with the reservoir can be dropped away from the top of the RCC 4221 without
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gas bl ower 6250. An exenplary schematic di agram of an
HCl scrubber 6240 incl udi ng associ ated conponents such
as heat exchangers 6242 is shown in Figure 38. 20

Fi gure 39 shows an exenplary systemfor collecting and
storing waste water fromthe GCS 6200. A carbon bed is
added to the wat.er bl owdown to renove tars and heavy
netals fromthe wastewater. Typical specification for
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pressure._ This also reduces. the sjze of the nercury
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gas 't:énim@ta{gi csm Shyouli eémeJdZtG thd\RECQ AR MY att che tqp asd it Nts Qtﬁwdr reege
proc ss Elomer 50. . The blome

usi i "‘81 FUEATH UEER |Th?d%a§1egjlﬂe“ﬁ H‘Pée”g“r g?béag ey
mlsammemngmeﬂcmaanOV|de the required pressure for
downst ream equi pnent pressure 5 | osses to have a fina

- pr e%‘ﬁé’ @es%rodu&d]n &ﬁRéLQZﬂlSelrfgtr&tcH Qﬂnﬁllﬂllzl}l’e% ife: A0S El%élucieﬂ’]in the

t he as 1S pressur en passing
t hr etmgprter H&00 IRefmTﬂ%Qg“(sureF £8 Qzeﬁﬁrﬁéﬁa@m@ldﬂ@ gesexitpthe RCC

aboyszg/iDthe s Btk 42387988 dGQRMEH 26esidac] s BSARih® (RGCS)
reduce the tenperature back to 35 DC, as maxinmum

ope &l Hgnicsrse f Rrautagling staprin prjuliteet iy arisassiral aphageey §252
i15S  RQUb bdild Phssed through a baghouse filter 4254 that removes particulates and

heavy netal contaminants. The residue gas is then cooled using a second heat
exchanger 4256 before it is passed through an activated carbon bed 4258 for the
further removal of heavy metals and particulate matter, Referring 1o Fiigure 3, the
cleaned and conditioned residue gas is diverted back to the downstream GCS 6200 to

20  feed back with the syngas stream from the converter 1200,

Referring -to Figures 33 & 35, the raw syngas exits the converter 1200 and passes
through a Heat Recycling System. In this embodiment, the heat recycling system is
implemented using a syngas-to-air Heat Exchanger (HX) 5200 where the heat is
transferred from the syngas stream to a stream of air. Thus, the syngas is cooled while
25  the resulting hot stream of air is fed back to the converter 1200 as process air. The
cooled syngas then flows into a Gas Conditioning System (GCS) 6200, where the
syngas is further cooled and cleaned of particulates, metals and acid gases
sequentially. The cleaned and conditioned syngas (with desired humidity) is sent to
the SRS 7200 before being fed to gas engines 9260 where electricity is generated, The

30 functions of the major components (equipment) in the system after the converter 1200
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10 A carbon bed filter 6260 is used as a final

pol i shing device for any heavy netal remaining in

the. syngas stream Its efficiency is inproved when the
systemis under pressure instead of vacuum is at

| ower tenperature, gas is saturated, and when the HCl

is renoved so that is does not deteriorate the carbon.

This process is al so capabl e of absorbi ng ot her
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pressur e WPHSERFSIUPPRRL 1ol i sher 6260, alfginkpnction

anal yzi ng t.he.carbon d efficie ia 20samml i ng. .

Topi bal o pleT FRARBRESAP0. ©: he caruBhiyBais Pl g pmsivte hea
is as follows: Design Gas flow rate9500 Nua3/ hr

Nor mal / Naﬁvw@wo'?ce%ﬂnglgo pigirkergopling dgvm gl sipgagprior to baghous
Carbon bed |ife3-5 years 25 Guaranteed nmercury carbon

bed out | airy kiJechS NIBm(@) The H25 r enoyaly mytsltaasvy®idr O

was based on SO2 em ssion limtation outlined in A7

gui de |ines ni stry of Environgg [ Q.
Canada, whi C%Igg%%? gééot hat syngas bei nggglg%%%ﬁrg'} E(‘e%'ﬂdlle(r%mm

the gas engines will produce SO2 em ssion bel ow 15ppm =
The 1125 r 31%«@@9@26% 6270 wasHEbemgive and sgpgag pooling/conditioning
out put H25 concentration of about 2Qppin, Figure 40

shows t he (defoaFlier Béd 426 112S renoval $ySHeeMeBaFGemolhle

Shel | Paques Bi ol ogi cal technol ogy was sel ected for

132S re My helgg\ZlE)Sysgém 6270 H,S removal and elemental sulfur recovery
RGCS 4250 RCC off-gas cleaning and cooling
Syngas Storage 7230 Syngas storage and homogeniza'tmn
Chiller 7210; Gas/Liquid Scparator 7220 Humidity control
Gas Engines 9260 Primary driver for electricity generation
Flare Stack 9299 Burning syngas during start-up

Syngas-to-air Heat Exchanger

5 The output syngas leaving the GRS 3200 is at a temperature of about 900°C to
1100°C. In order to recover the heat energy in the syngas, the raw syngas exiting
from GRS 3200 is sent to a shell-tube type syngas-to-air heat exchanger (HX) 5200,
Air enters the HX 5200 at ambient temperature, i.€., from about -30 to about 40 °C,
The air is circulated using air blowers 5218, and enters the 11X 5200 at a ratc between

10 1000 Nm*/hr to 5150 Nm’/hr, typically at a rate of about 4300 Nm’/hr.
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techni que consists of two steps: First, syngas from
the carbon bed filter 6260 passes through a scrubber
6272 where H2S i s renoved from syngas by
re-circulating an 5 al kaline solution. Next, the

sul phur containing solution is sent to a bioreactor
6274 for regeneration of alkalinity, oxidation of
sulfide into elenmental sul phur, filtration of sul phur,
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5@ S Iie RGRyikl 9Bhe gas tubes in the HX 5210 has to be carefully selected to ensure
that corrosion is not an issue, due to concerns about sulphur content in the syngas and

its reaction at high temperatures, In our implementation, Alloy 625 was selected.

Gas Conditioning System (GCS)

In general, a gas conditioning system (GCS) 6200 refers to a series of steps which
25  conhverts the crude syngas obtained after the heat exchanger 5200 into a form suitable
for downstream end applications. In our ilhplelllcnlati()ll, the GCS 6200 can be broken
down into two main stages. Stage 1 comprises of: {(a) an cvaporative cooler {dry
quench) 6210; (b) a dry injection system 6220; and {c) a baghouse filter (used for

particular matter/heavy metal removal) 6230, Stage 2 comprises of (d) a HCl scrubber
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Dry Injection 6220 90 % nercury renoval efficiency
Baghouse Filter 6230

-99. 9%Parti cul at erenoval ef fi ci encyk

99. 65%Cadm unr enoval ef fi ci ency 99. 9% Lead renoval
efficiency HCL Scrubber 6240 99.8 % HCl renoval
efficiency Gas Bl ower 6250 Zero | eak seal rotary

bl ower Gas Cooler 62.52 0.5 MBtu/ hr cooling | oad

Car 67dh; Brd Fngas cpro6d6 @29 Plogeme2slir(§) ¢ errbuafilterftfeld dinerwry
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polisher) 6260; (g) a IS (sulphur) removal system 6270; and (h) humidity control
using a chiller 7210 and gas/liquid separator 7220,

The heat exchanger 5200 before the GCS 6200 is sometimes considered as part of
Stage 1 of the GCS 6200. The syngas (process gas) blower 6250 typically includes a
gas cooler 6252 which is sometimes mentioned separvately in Stage 2 of the GCS
6200, Also, humidity control mentioned here as part of Stage 2 of the GCS 6200 is
often considered part of the SRS 7200 further downstream to the GCS 6200.

Figure 33 shows a block diagram of the GCS 6200 implemented in our systemn. This is
also an example of a converging process in which the GCS 6200 is integrated with the
RGCS 4250. Figure 34 shows a view of the layout of the GCS.

After initial cooling in the heat exchanger 5200, the input syngas is further cooled by
dry quenching 6210, which lowers the syngas temperature and also prevents
condensation, This is achieved using an evaporative cooling tower {(a.k.a ‘dry quench’)
6210 by direct injection of water into the gas stream in a controlled manncr {adiabatic
saturation), The water is atomized before it is sprayed co-currently into the syngas
stream, As no liquid is present in the cooling, the process is also called dry quench.
When the water is evaporated, it absorbs the sensible heat from syngas thus reducing
its temperature from 7400C to between 1500C and 3000C (typically about 2500C).
Controls are added to ensure that water is not present in the exiting gas. The relative

humidity at the exiting gas temperature is therefore still below 100%.

Referring to Tigure 36 & 37, once the gas stream exits the evaporative cooling tower
6210, activated carbon, stoved in a hopper, is pneumatically injected into the gas
stream. Activated carbon has a very high porosity, a characteristic that is conducive to
the surface adsorption of large molecular species such as mercury and dioxin.
Therefore, most of thc heavy metals (cadmivm, lead, mercury etc.) and other
contaminants in the gas siream are adsorbed on the activated carbon surface. The
spent carbon granules are collected by the baghousc 6230 and recycled back to the
RCS 4200 for further energy recovery as described in the next step. For obtaining

efficient adsorption, it is necessary to ensure that the syngas has sufficient restdence
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H2S Scrubber 6270 1125 at scrubber outlet - 20 ppm

Bi oreactor 6274 Maxi num regeneration efficiency with

m ni mum bl ow-down Filter Press 6276 2 days sul phur
renoval capacity Honopgeni zati onChanber2. 7230 m n gas
storage capacity As noted above, the GCS 6200
converts an input gas to an output gas of desired
characteristics. Figure 31 depicts an overvi ew process
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idnt 9et 1%9{1 WstEiPi cﬁ" an‘?’ aédltﬁttﬁ Oa@itl\i‘f’e]t%( car[;%n 1 (l)hls dlé llgecu{)n st%_n

ream a secon
gen&%t@@pﬁuw l’tb‘m lm #A00s inshefspigkas suean M@lﬁbl&kﬁlgﬁtZOO.
The Resi due Gas Conditioner (RGCS) As nentioned

ear kbBhing [ 1k 51, fhfieufd OiThleh £ G oBACHONE G20 b s

may contain activated carbon and netals is g
Per PErecia ey reppved frqnpthe pyngsicupashindiedghoyserGd0, with extremely

high efficiency. The operating parameters are adjusted to avoid any water vapour
condensation, All particulatc matter removed from the syngas stream forms a filter
cake which further enhances the efficiency of the baghousc 6230. So while new non-
coated bags have a removal efficiency of 99,5%, (he baghouse 6230 is typically

10 designed for 999 % particulate matter removal cfficiency. The baghouse 6230
employs lined fiber glass bags, unlined fii)re glass bags or P84 basalt bags and is
operated at a temperature between 20001C and 2600C.

When the pressure drop across the baghouse 6230 increases to a certain set limit,
nitrogen pulse-jets are used to clean the bags. Nitrogen is preferred to air for safety
15 reasons, The residuc falling from the outside surface of the bags are collected in the
bottom hopper and are sent to the residue conditioner 4200 for further conversion or
disposal, Special reagents can be used to absorb the high molecular weight
hydrocarbon compounds (tars) in order to protect the baghouse 6230. Figure 37
shows the schematic of the baghouse respectively. The baghouse uses cylindrical

20 filters which do not require suppont.

A typical operational specification of the baghouse 6230 (assuming the input is fly-

ash with heavy metals} is as follows:

Design Gas flow rate 9500 Nm3/hr

Dust loading 7.4 g/lNm3
25 Cadmium 2.9 mg/ Nm3

Lead 106.0 mg/Nm3

Mercury 1.3mg/ Nm3

Guaranteed filtration system outlet;

Particulate matter 11mg/Nm3 (about 59.9% removal)
30 Cadmium 15pg/Nm3 (about 99.65% removal)
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RCC 4220, where it is vitrified The gas coi ning out of
the RCC 4220 is directed 10 through a residue gas
condi tioner (ROCS) 4250 baghouse 4254 to renove
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Lead 16.6 mg/Nm3
Mercury 175mg/ Nm3

" Guaranteed filiration system outlet:

30 Particulale matler 10mg/Nm3 (about 99.?9% removal)
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25 fluctuation, >1.5 mmswi ne is needed, The 2 mn
storage allows for sonme margin. The HC 7230 is
operated at a range of 2.2 to 3.0 psig to neet the
fuel specifications of die downstream gas engi nes
9260. The exiting gas pressure is kept constant using
a pressure control valve, The HC 7230 is designed for
a maxi mum pressure of 5psig and a relief valve is
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The HC 7230 is designed to neet the foll owi ng design
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wer 6250, ic

gas n cxcmplary Schem diagram '& an HC! scrubber 6240
including associated components such as heat exchangers 6242 is shown in Figure 38,
20  Figure 39 shows an exemplary system for collecting and storing waste water from the
GCS 6200. A carbon bed is added to the water blowdown to remove tars and heavy

metals from the wastewater. Typical specification for the HCI scrubber 6240 is as

follows:
Design Gas flow rate 9500 Nm3/hr
25 Normal Inlet / Max HC1 loading to scrubber 0.16%/0.29%
HCI ontlet concentration 5 ppm

After HC] removal, a gas blower 6250 is employed which provides the driving force
for the gas through the cntire system 120 from the converter 1200 to the gas engines
9260 downstream, The blower 6250 is located upstream of the mercury polisher 6260

30  as the latter has a better mercury removal efficiency under pressure, This also reduces
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1.2 psig/ 3.0 psig Normal / Maxi mum Gas Inlet Flow
Rate 7000 NnB/hr / 8400 Nnanr Normal | Maxi mnum GDS
Qutlet Plow Rate 7000 Nt 113/ hr 1 8400 N ns/hr

Rel ative Hum dity 60% - 100% St orage Vol une 290 na
Mechani cal Design Tenperature -40C to 50C Mechani cal
Design Pressure 5.0 psig
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the size of the mercury polisher 6260. Figure 3 show schematic of the entire

gasification system 120 including the position of the process gas blower 6230.

The blower 6250 is designed using all upstream vessel design pressure drops. It is
also designed to provide the required pressure for downstream equipment pressure
losses to have a final pressure of ~2.1 to 3.0 psig (typically 2.5psig) in the HC 7230,
As the gas is pressurized when passing through the blower 6250, its temperature rises
to about 770C. A buijlt-in gas cooler 6252 is used to reduce the temperature back to

350C, as maximum operating temperature of the 11,S removal system 6270 is about
400C.

A carbon bed filter 6260 is used as a final polishing device for any heavy metal
remaining in the.syngas stream. Its cfficiency is improved when the system is under
pressure instead of vacuum, is at lower temperature, gas is saturated, and when the
HCl is removed so that is does not deteriorate the carbon. This process is also capable
of absorbing other organic contaminants, such as dioxins from the syngas stream if
present. The carbon bed filter 6260 is designed for over 99% mercury removal

efficiency.

The performance of this system is measured by periodically analyzing the gas for
mercury. Corrections are made by madifying the carbon feed rate and monitoring the
pressure drop across the polisher 6260, and by analyzing the carbon bed efficiency via

sampling.

Typical specification for the carbon bed filter 6261 is as follows:

Design Gas flow rate ' 9500 Nm3/hr
Normal/Max Mercury loading 190 pg/Nm3 / 1.3mg/Nm3
Carbon bed life 3-5 years

Guaranteed mercury carbon bed outlet 19 pg/Nm3 (99%)

The H,S removal system 6270 was based on SO, emission limitation outlined i A7
guide lines of the Ministry of Environment, Ontario, Canada, which states that syngas
being combusted in the gas engines will produce SO, emission below 15ppm, The

1S removal system 6270 was designed for an output HyS concentration of about
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The material used for the HC 7230 has to take into
account both the n e, chanical design requirenents
above and the typical gas conposition given bel ow.
Corrosion is paiticularly a concern due to the
presence of water, TIC, and H2S. 47.09% 7.44% 112.8
20 ppm H20 3.43% 0 18.88% 21.13% 0.03%
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20ppm. Figure 40 shows the details of the H,S removal system 6270.

The Shell Paques Biological technology was selected for HyS removal 627¢. This
technique consists of two steps: First, syngas {rom the carbon bed filter 6260 passes
through a scrubber 6272 whére H,S is removed from syngas by re-circulating an
alkaline solution, Next, the sulphur containing solution is sent to a bioreactor 6274 for
regeneration of alkalinity, oxidation of sulfide into elemental sulphur, filwation of
sulphur, sterilization of sulphur and bleed stream to meel regulatory requirements.

The H3S removal system 6270 is designed for 20 ppm HzS outlet concentration,

Thiobacillus bacteria are used in the bioreactor 6274 to converis sulfides into
elemental sulphur by oxidation with air. A control system controls the air flow rate
into the bio-reactor to maintain sulphur inventory in the system, A slip stream of the
bio reactor 6274 is filtered using a filter press 6276, Filtrate from filter-press 6276 is
sent back to the process, a small stream from this filtrate is sent as a liquid blced
stream, There are two sources of discharge; one solid discharge — sulphur with some
biomass and one liquid discharge — water with sulphate, carbonate and some bionass.

Both streams are sterilized before final disposal.

Typical specification for the HS removal system 6270 is as follows:

Pesign Gas flow rate 8500 Nm3/hr
Normal / Max H,S loading 353 ppur/666 ppm
Guaranteed H,S outlet for system 20ppm

After the HoS removal, a chiller 7210 is used to condense the water out of the syngas
and reheat it to a temperature suitable for use in the gas engines 9260, The chiller
7210 sub-cools the gas from 350C to 260C. The water condensed out from the input
gas stream is removed by a gas/liquid separator 7220. This ensures that the gas has a
relative humidity of 80% once rehicated to 400C (engine requirement) after the gas

storage prior to being sent to the gas engines 9260.

The following table gives the major specifications of the entire GCS 6200:

Quench Tower 6210 quench gas fiom 7400C to 2000C in 2 sec residence time
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HC1 Scrubber 6240

99.8 % HCl removal efficiency

(3as Blower 6250

7ero leak seal rotary blower

(Gas Cooler 6252

0.5 MBtu/hr cooling load

Carbon Bed Filter 6260

99 % mercury removal efficiency

H,S Scrubber 6270

[1,S at scrubber gutlet — 20 ppm

Bioreactor 6274

Maximum regeneration efficiency with minimum blow-

down

Filter Press 6276

2 days sulphur removal capacity

Homogenization
7230

Chamben

2 min gas storage capacity

As noted above, the GCS

6200 converts an input gas to an output gas of desired

characteristics. Figure 33 depicts an overview process flow diagram of this GCS

system 6200 which is integrated with a gasification system 120 and downstream

application, Iere, the secondary gas stream generated in the RCS 4200 is fed into the

GCS 6200.

The Residue Gas Conditioner

GCS

As mentioned earlier, the residue from the GCS baghouse 6230 which may contain

activated carbon and metals is purged periodically by nitrogen and conveyed to the
RCC 4220, where it is vitrified, The gas coming out of the RCC 4220 is directed

through 4 residue gas conditioner (RGCS) 4250 baghouse 4254 to remove particulates

and is cooled by a heat exchanger 4256 before entering an activated carbon bed 4258,

‘The baghouse 4254 is also periodically purged based on pressure drop across the

15

system. The residue collected in the RGCS baghouse 4254 is disposed by appropriate

means, The combustible gas exiting from the RGCS 4250 as a secondary gas stream

is sent back to the main GCS system 6200 to fully utilize the recovered energy.
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Required lifting hooks and anchor bolts, A concrete
fing wall. Interior and exterior coatings of the
I1C 7230, if required. Insulation and heat tracing of
the bottom of the HC 7230. 10A concrete slab for
support. The gas engi ne 9260 design requires that the
inlet gas be of a specific conposition range at a
specified relative hunmidity, Therefore, the cl eaned
gas that exits the 112S scrubber 6270 is sub-cool ed

f r ofyuGiaf Repulatiopdygtemsi ng a chiller 7210. Any water
that is fornmed due to the condensation of the gas
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Vax b 534mng Q%oﬂll)é@yl\fzﬁtﬁh ®hamber (HC) 7230. The gas is heated on the exit of the

gas storage prior to the gas engines 9260 to meet engine temperature requirements.

Two types of homogenization chambers (HC) are available: a fixed volume HC and a
variable volume HC. The latter is typically more useful to reduce flow and pressure
15 fluctuation while the forimer is more useful to reduce LIV fluctuations. LHY
fluctuations are more prominent in our application due to the nature of the MSW
feedstock. A fixed volume HC is also typically more reliable than variable volume in

terms of its construction and maintenance.,

Figure 42 show the schematic of the homogenization chamber (IIC) 7230 used in this
20  implementation. It is designed to hold about 2 minutes of syngas flow, This hold up
time meets the gas engine guaranteed norms on LHV fiuctuation specifications of
about 1% LHV fluctuation/30 sec. The residence time up to the gas analyzer 8130 is
typically about 30 sec (including analysis and feedback). The maximum LHV
fluctuation is typically about 10%. Thus, to average this out and get 3% LIV

25  fluctuation, >1.5 min storage is needed, The 2 min storage allows for some margin.

The HC 7230 is operated at a range of 2.2 to 3.0 psig to meet the [uel specifications of
the downstrcam gas cngines 9260. The exiting gas pressure is kept constant using a
pressure control valve. The HC 7230 is designed for a maximum pressure of Spsig

and a relief valve is installed to handle unwsual overpressure scenarios,
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9300 Nt n3/ hr Maxi mum gas suction tenperature OC
Nor mal di scharge pressure 3.0 psig Nornmal discharge
tenperature (after gas cooler) 35 C Mechanical design
pressure 5.0 psig Relative Ilumdity of gas at bl ower
inlet 100% Gas Mol ecul ar Weight 3.3
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The 2 min hold up time of the IIC 7230 also provides enough storage to reduce
pressure fluctuations. For our design, the allowable pressure fluctuation for the gas
engine 9260 is 0.145 PSIfsec. In the case of a downstream failure of the gas engine
9260, a buffer may be required (depending on control system response time and 30-
35 sec gas resident times) Lo provide time to slow down the process or to flare the

CXCCSS gas.

Typical syngas flow rate into the HC 7230 is at ~ 8400 Nm3/hr. Therefore, for a hold

up time of 2 min, the HC's volume has to be about 280 3.

The HC 7230 is free-standing and is located outside where it will be exposed (o snow,
rain and wind, Therefore, the dimensions of the HC 7230 are designed to meet

mechanical engineering requirements. Its support structure interfaces with a concrete

foundation.

As some water will condense out of the syngas, a bottom drain nozzle is included in
the design of the HC 7230, T'o assist in the drainage of the HC 7230, its bottom is
intentionally designed to not be flat, but as a conical bottom with a skirt,
Traced/insulated drain piping is used to form the drain flange. As the water within the

HC 7230 has to gravity drain to the floor drain, the HC 7230 is kept slightly elevated.

The HC 7230 is designed to meet the following design requirements.

Normal / Maximum Inlet Temperature 359 1 40°C

[MNormal / Maximum Operating Pressure 1.2 psig / 3.0 psig

Normal / Maximum Gas Intet Flow Rate 2000 Nm/hr /8400 Nm/hr

Normal / Maximum Gas Qutlet Flow Rate 7000 Nm>/hir / 8400 Nm?/hr
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Cool i ng water supply tenperature (product gas cool er)
09.5 C Maxi mum accept abl e gas di scharge tenperature
(after product ga, cooler) O C Turn down ratio 10%
The typical gas conposition (wet basis) drawn is as
follows: CH4 0.03% CO 18.4% CO2 7.38% 112

Relative Humidity 0% - 100%
Storage Volume 90
VMcchanical Design Temperature |40°C to 50°C

Mechanical Design Pressurc 5.0 psig

The material used for the HC 7230 has to take into account both the mechanical
design requirements above and the typical gas composition given below, Corrosion is

particularly a concern duc to the presence of water, [1Cl, and H,S.

Na 47.09%

CO, 7.44%

11,8 20 ppm

H,O 3.43%
CO 18.88%
H, 21.13%
CHy 10.03%

HC] S ppm

The following openings ave provided in the I1C 7230:

5 One 36" manhole near the bottom for accessibility;
One 6" flange at the top for relief;
One 16" flange on the shell for gas inlet;
One 16" flange on the shell for gas outlet;

Six 1" flanges on the shell (2 for pressure, 1 for temperature and 3 as spares);
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20.59% Normal / Max 112S 354/ 666 ppm H20 5. 74% Nor nal
[ Max H Il 5 ppm /100 ppm N2 47.85% As the syngas is
fl ammabl e and creates an explosive mxture with air,
the bl ower 6250 is configured such that there is
mnimal to no air intake fromthe atnosphere, and
mnimal to no gas |leak to the atnosphere. Al service
fluids, Le., seal purges are 5 done with nitrogen and
a | eak- One? fighgef 4t the dattoni of HiS@hin)midanced | eak

detecti gge f..yﬁ}@ﬁ& ﬁﬁé@g‘gbm&qe%&mﬁgg or leaks in

either directi tion to the design criteria

above, the bl ower 6250 al so provides; ,
In addition to satisfying the design requirements, the HC 7230 also provides:

Openings, manhole covers, and blind flanges for all spare nozzles,
5 A ladder allowing safe access, (e.g. with railing) to the roof and relief valve.
Required lifting hooks and anchor bolts,
A concrete ring wall.
Interior and exterior coatings of the HC 7230, if required.
Insulation and heat tracing of the bottom of the HC 7230.
10 A concrete slab for support.,

The gas engine 9260 design requices that the inlet gas be of a specific composition
range at a specified relative humidity, Therefore, the cleaned gas that exits the HaS
scrubber 6270 is sub-cooled from 350C to 260C using a chiller 7210.  Any water
that is formed due to the condensation of the gas stream is removed by the gasfliquid
15  separator 7220, This ensures that the syngas has a relative humidity of 80% once

reheated to 4001C, a typical requirement for gas engines 9260.

A gas blower 6250 is used to withdraw syngas from the systcm by providing adequate
suction through all the equipment and piping as per specifications below. The blower
design took heed to good engineering practice and all applicable provincial and

20 national codes, standards and OSHA guidelines. Operation of the blower 6250 was at
about 600 Voits, 3 phase, and 60 z.

The gas blower 6250 was designed to meet following functional requirements.

Normal gas inlet temp.eralure 35C

Normal gas suction pressure -1.0) psig
Normal gas flow rate 7200 Nm3/hr
‘Maximum gas flow rate 9300 Nm3/hr
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An expl osion proof Mdtor with | eak-free bl ower shaft
seal. A gas cooler 625 E ,\.0 A silencer with

i coustic box to neet noise regulation of 80 DA at Im
A conmmon base jate for the bl ower and notor. 5An
auxiliary oil punp with notor, and all required

i nstment ati ons for blower auxiliary system All
instrunents and controls (Le. | ow and high oil

pressure swteh, hi di scharge pressure and _
te éP%"l"bgaéb'%cg I?Ft‘f"ﬁ‘,pé:%u'F’ferenti al tenperature e%oé:

pr gssure sw-tcth)—AH—swtches—areCSA—approvgd .
di $boheal dechpreeperuee gauge,: t odi schar ge t enper at[li¥ gsig
galige, oil pressure and tenperature gauge.. All

| NNk T8RN R idhn .af\ﬁé.j\/ r gs &OIEHON expl osi on priegfc
jupction box and the VPDis controlled by a prlessure

tr ansgn ftey installed upstream ot the bl ower. ﬁ Zero
| e iCheficalRERYRIeSHECK val ve. Equi pregi? Psig
Sa‘| oty oot oam Ay Ayt hl - ower f r nn 2 CSS: \vl\‘

oty Ty It TTT C O PIrrovoTTt T OVUVCT T

pr ¢emtireatvividicuafrgas 4 bbhatinlef f di scharge (e. g. gi@t%ns
|i ke PRY and recycle line). As the gas_blower 16250 is

| o¢ i t he buil ding, exposed to rain, ow
% Loy 39

an s blower 6250 is configured to

W 1 ] a conditl gns.
El &xeatingorntea sepl trapietye rodu¢sprsmolen 29.5 C

Maximum acceptable gas discharge temperatore (after product gasd0C

cooler)

[Turn down ratio 10%

The typical gas composition (wet basis) drawn is as follows:

CHy 0.03%

CO 18.4%

CO, 7.38%

H, 20.59%

Normal / Max H,S B 354 / 666 ppm
H>O 5.74%

Noxmal / Max HC] 5 ppm / 100 ppm
Ny 47.85%

As the syngas is flammable and creates an explosive mixiure with air, the blower
6250 is configurcd such that there is minimal to no air intake from the atmosphere,
and minimal to no gas leak to the atmosphere, All service fluids, i.e,, seal purges are
s done with nitrogen and a leak-free shaft seal is used. Advanced leak detection systems

are eniployed to monitor leaks in either direction.

In addition to the design criteria above, the blower 6250 also provides:
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20Latitude4524' N Longitude75 40" W Average

at mospheric pressurel4.5 psia Maximum sutnnmer dry bul b
tenperature 38C Design sumer dry bulb t enper at ur e35C
25Desi gn summer wet bul b tenperature29.4C M ni num

wi nter dry bulb tenperature36.11C Mean w nd

vel ocityl2,8 ft/sec Maxi mum wi nd vel ocityl1l23 ft/sec
Desi gn wi nd vel ocityl00 nph/ 160 kph 30Prevailing w nd
di r ect i oAWBkpidsjonfp nsuvith kadireddweSaiaft meat
Infornatlongggﬁrgb ince the bl ower 6250 works in an
envi r onmert Xpl osi ve gases may be present, al

i nstrune msﬂcmmdméﬂ atsfi¢ lmalto viea! haigsefulmivabi @dBarat Qyn gas

pi pes or Vxlo}nmo b%@ chfgl Lﬁ%&%er%tﬁ%&&ce are des' gned

for the classi |ca

, Zone 2. Fo

eﬁsuringAmemvdﬁwlmtywnpﬁuwemoendmésmf@ﬂmmﬁsm@umﬂﬁﬁwahﬁﬂ
Mai Nt eNagRGel ik 4ste:

10

15

20

25

30

All instruments and controls (i.e. low and high oil pressurc switch, high
discharge pressure and temperature switch, differential temperature and
pressure switch). All switches are CSA approved discharge pressure gauge,
discharge temperature gauge, oil pressure and temperature gauge. All
instruments are wired at a common explosion preof junction box and the VFD
is controlled by a pressure transmitter installed upstream of the blower.

A zero leaks discharge check valve.

Equipment safety system to prevent blower from excessive pressure fvacuum/

shut off discharge (e.g. systems like PRY and recycle line),

As the gas blower 6250 is located ontside the building, exposed to rain, snow and

wind. The gas blower 6250 is configured to withstand the following environmental

conditions,
Elevation above mean sea level 80 m
Latitude 45°24' N
Longitude 75040 W
Average atmospheric pressure 14.5 psia

Maximum summer dry bulb temperature  38°C
Design summer dry bulb temperature 35°C
Design summer wet bulb tempexature 29.4°C

Minimum winter dry bulb temperature 36.11°C

Mean wind velocity 12.8 fi/sec

Maximum wind velocity 123 ft/sec

Design wind velocity 100 ﬁlph! 160 kph
Prevailing wind direction Mainly from south and west
Seismic Information Zone 3
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5 is access to isolate and correct faults quickly.
Wil e the bl ower 6250 can be operated continuously
(2417), frequent start/stop operation is nore conmon
during process stabilization are contenplated. The
material of construction was chosen based on design
condi ti ons and gas conposition. For exanple,

electrical circuit boards, connectors and external 10
conpie ribes blpeeie 63 avets br aroeivipmhae et te:eloéwb goyes may be

m niggf APkSRheAls Ao LRLEIE cfe(qQéP 19§t£lfed og‘r%g e@E‘;dwnhm

chem cal’s. Contr ol panel's and sw tches obust

c ongbpuy @ mictrn distgecsiatpriietiened foy eheslaesifipiaen Oéﬂla@%lr §‘émr$el

with work gl oves. Cenerally, variable speed drive

( VSBor wistnlihgaelﬁdbgw bpeceks ho ks 10]1@@%11{&51&&511@& RYpestidedras

not Qr cont r ol r-volt ver ectjon

T o 0 G0 et L oo reo el YO i B ERR peperted
and colangalyof24Sp efdudt earenp topd:fibn df Ghotd tdniitdnl ®aling process

h$ %t t hr ougq t aggistributed control system (DCS)

Cnce i aP@ﬁﬁl ' EgP exits the HC 7230, it is heated
to the engine requirenment and directed to the gas

engi Resmgasy . of GepstEadinness clxgerribesed raacilgsien candifieps GRd gas
SenhaGB&icd 2 Fof NGBS, FRAHcAH &#eml “@aﬁgpegxan@a{o@%ﬁ Blicina)

used to produce electr|C|ty capaci t
&t ecompeeply wyerrenrted Prdﬁher\sm%prwvtcdogtnrlwﬁwwamalh ymblfﬂn% fﬁ@m

gas @ghdifse WPhemRs ntbirfifds flifswilaRse MioP bR céluction,
overal | requirenents, The gas engi ne 9260 is capabl e

of cliiBireds PP‘GWSW%&?%H’NWQ%%WM ue syngas with

hi gh efficiency and | ow em ssi ons, However, due to the
rel al?énvmlly vaimbleGpeed dsve (¥ 8D) W@h a/ﬂdmlﬂmgtaﬁ’ lO%mpH]O@ds taployed

f uel f%l %1 l%r cg 3r0 \lfjeq“ %(l)lta e a)ld oveelazggbtﬁﬁﬂ%gt a?«? hg%ged bl'%% motor

been derPated o operare ar oun Ir
af f i stavsnon/ofp epeadtion gntp dliange. of Gpter arcadbnitoretl hed dovwaBddrieaotely

appl {,&a &gggﬁﬁﬁgnﬁgfg%ﬁgﬁgﬁqu@ i ncl ude anot her gas

engi nes e a six. Flare Stack An
enclosed flare stack 9299 will be used to burn syngas
dur i Pye shedpgulaigs sas pif tediin 7230dit fSrisaed © the ABine resuirgnant and

pPhas@geted AR dablenphlc9R6S has been stabilized the flare
stack

Gas Engines

.20  Pive reciprocating GE Jenbacher gas engines 9260 with 1MW capacity each are used
to produce electricity. So, the full capacity of electricity generation is 5 MW,
Optionally, any of the gas engines 9260 can be turned off depending on the overall
requirements, The gas engine 9260 is capable of combusting low or medium heating
value syngas with high efficiency and low emissions, However, due to the relatively

25  low gas heating value (as compared to {uels such as natural gas) the gas engines 926
have been de-rated to operate around 700kW at their most efficient operating point,
Optionally, the downstream application can be expanded to include another gas

engines 9260 to make a total of six.
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9299 will be used for energency purposes only. The
flare stack 9299 is designed to 5achieve a destruction
ef ficiency of about 99.99% Control SystemlIn this

i npl enentation, the gasification system 120 of the
present exanple conprises an integrated control system
for controlling the gasification process inplenented
therein, which may include various independent and

i nt @laebtacle | ocal, regional and to gl obal processes.
The control system may be configured to enhance, and
possi bly optim ze the various processes for a desjred

f r orftn <BHgsed fayectack 4eR wWH §e pesd i pum Ayneasiing garue ghut-down
CONtah® hrosz) Q1031 A ASH Fhaich Qhridd refppebss inhLticlei Gatiled aRTRbanck
thr%ﬁ Eﬁt of feedstock, for ex

e.in as em .
conf Iperispd fonemeyaeY P@B?S%?@gﬁ] PREAF SRelS yi3b ﬁ%naeeflﬁ??é' to
regukigéenylegtuanciartentyasr abdk 99.99pe of system Such
front-to-back control 15 schenme could be optimzed to

achieye BAsgiyen result for which the systemis
spec#%ﬁbgﬁgy—designed and/ or inplenented, or designed
as part of a subset or sinplified version of a greater
cont!p 81is igplomepiptiqng he igpstftcaliie g A2t he pgfpnt grample comprises

shutmdgisraed cbii®! RIRSESE GhirdibhgNhé ip@ictiohaPro@ksS implemented
unusual or energencg situations,

_ A back-to-frogt )
conthHnRHehRaE giglude vops Bere RSO IRFREVP Jprab fesipnal and
o4 F%hﬁ@&s@@ THéadohik s|95_fte1ﬁ3 hl@ﬁ &6 tceiiﬁg%fc'ki Qo Eﬁﬂantﬂa, and possibly
sel ect.ed downstream applicati na t he generation
of  SHPUEIE B NP PROGORARS A ABR Bons SBHE RE BTG i | o
the control systemcould be configured to optim ze
suchh frauko-dmtk qoatsal Isthemmoenld dncludgfagitithingeda cersiapthighghput of
fror YecdS 1'351(, (f&a%{%ﬁfﬂg rirtljﬁtsirs?én 9@1%%%3(? for %ep%éﬁi‘#ig:ﬁioh 3f QrfSGJNe,rwhile

to ensqre proper- an cont i IjUO unct i the system
i n apestng sgeletony stAndarsy fprathisy (ps PR Ak Suchifer-tahrdl control

§3 andadngs cARPLY 'opgéiz&h R GAHMVEQ! oY LEM MBY whkS D §stem is
configured to provide c%ggllnen agg results which may
R

be bwedifigly jdedgnedsand/or dplemantedorpr ofesighednis. BHY Ohrfg subset or

backggRtiel $sibtbd 8 a %Eate@gﬁi:nﬂl_ Rterd, (0i6HHAde ﬁﬂoﬁ%fﬂ-gf bF M down
any point within the gasification system 120. In this

i pl EREIEETSOR © IHIHEAC BHPTOMSHIOr BRPBYCHESRYIED to
operate as a front-to-back
A back-to-front control scheme could include the optimization of a product gas

20  quality or characteristic for a selected downstream application, namely the generation
of electricity via downstream gas engines 9260. While the control system could be
configured to optimize such back-end result, monitoring and regulation of froni-end
characteristics could be provided in order to ensure proper and continuous function of

the system in accordance with regulatory standards, when such standards apply,

25  The control system may also be configured to provide complimentary vesults which
may be best defined as a combination of front-end and back-end results, or again as a

result flowing from any point within the gasification system 120.

In this implementation, the control system is designed to operate as a front-to-back
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control system upon start-up of the gasification
process, and then progress to a back-to-front contro
system when initial start-up perturbations have been
sufficiently attenuated. In this particul ar exanpl e,
the control systemis used to control the gasification
system 120 in order to convert feedstock into a gas
suitable for a selected 5 downstream applicati on,
nane&]moa@sm@a& Sait- m;a;hﬂ the faeificQion probgas, iaﬁ)d]thbrypragrgﬁﬂ?so a back-
engi erate el ectri

gont e PRt dute oieed Sl negSiver Gt s bk afienpy
nor etichensi. iy tkb eownils éxampleeisicgrol asyitonids vsed to control the
ﬁg?rég cgtlidnssﬁfslt&ﬁ’ I?H lPt gdr?zlh%%s%\{chc%asltooc? intg S%a%rpu&a%% for ark%lcagd
Br odmtmnappd;batlpmrramebem S WY smluab,la\f@ Ctomsumaﬁlm by angaﬂ gngine
chag - [ h n
chaP 2 B b fo Bl bR, 31 Fahitl HE Snb"GeS Rithaly
val gemprise engbiremdre sensing cltowns foresansingpysiipeathpigeicrisigscof the
ONe oRiicRly G A5 & hERERADutBpIABEITL! ApRIRCASS: more
devicces of the gasification systen1 20 1n accor ance

Wi t ﬂ?chms@?nﬁa’r anapeers, congpci dprpMmaintagig @r chagacgristic  value

RENSIAGeRIQERN S CAMdCeHRBCE B ittt € PrddBe MR Aget dtesuch
15 gasification system 120 for sensing characteristics
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DT GorCRBRMg Jicte st @it o he GAMIMBARbnCsHbtbN 82(/inlabddkRbetvath these
these sensing el enents could be configured to access
chaP&@Mefsti ¢ val ues representative of the sensed
characteristics, conpare the characteristic val ues
Wi t IFop le:enieileerom e ahorea sgeisg efemsuts lkowd ba elistitbefed riadughout the
g!e‘f‘ %@E@L &;ntc ﬁzﬁ’ rfo‘}dsgr%fnlg%ﬁ@c?e%s&c‘é'o? Rl ﬁ_&ﬁ)gt wli i)gmts in
or oy progsg cférsesmt:mmer@lnpptamammfoems cmnrndu@nwéy ﬂloked to these
gEr@ln e[egle pg(?lﬁ%d &%E%ﬁ'&%ﬁ{) Q&Eﬁg cf(ﬂckéf‘-&m"\ﬂah@ 1@prte£§t§§ve of
M ned ranges ura response
eI emﬁlsedofak@raalewm YCOIMPRAIR ett!e pbﬂl@*ﬂest@r valups ewigly predaigmined
devigess BNARvaRPdtis 8f caliSicRASin Ipmﬁaogas SV $UiGHRL: for the
opera eto affect t he process and thereby adjust the
¢he selecterp lavnshienin éprbieation sl epmpuigethp ﬂé@id’ét"‘“ﬁ%@f"c‘@aﬁ%‘éﬂ

25 Cp@fﬂﬂéi&fsc abdau&leY 1 | KRGS hie ARECESisiID{ucs ORRA | ke
pl atforns for accessing the one or nore conputed

pr od¥keyprdranseh Apartwpkly §F mﬁ’r‘?ﬂse@lﬁﬂ??‘@ @P@&““F’d ligksdytypre or

t he ;AR pBkesBYvRePIMAGEMSING ofl B igESTealidh sPQ6N bR affect the
therewith, The control system nmay also bﬁmconfﬁgured

to presyisqad fwbaﬁdleﬁ H’&ﬁ&%ﬁf 'f'?f‘aﬁlfafﬂéf%‘s‘}ceg ¢ Profiygr gas, can be
ex anglnéwnitaivelg Minesahaime esk @ rinomabamg pmtmsm Ttakd@BbirRi 16k one

conver si on rata of 30 thg EUt feg st.oc or .agajn_as
P (O TS 90, P B R G OP EHPE ppe th oo
pr ocaste pecesdiig dugRedin acomhncg thieeditho i npl ement t he
process of the gasification system 120 so to achieve a
re I t ront. '
b e
conviesdi on e@fnpteh@r fie ethgnced R ¢opstiit @@meepta)n [Bhd eriersigmeate of
s t@bligul WeaBoke lo{e %,zﬁﬁi A YRS KRR db%' Bior \MtictgBney
maxi m zing throug f'eedst ock throu :
C ONVIEPRCBHT, OR|AERIR, rvamfrsv@d &9 imnlenpenkthe M?Sér‘?? Eﬁrsa%féh%h%wm
could 5 include, but are not |limted to, optimsing
t he system energy consunption, for instance to
m ni mse an energetic inpact 18f the system and thereby
maxi m se energy production via the sel ected downstream
application, or for favouring the production of
addi tional or alternative downstream products such as
consunmabl e product gas(es), chem cal conpounds,
residues and the like. 10 A high-level process contro
schematic is provided for this exanple in Figure 43,
wherein the process to be controlled is provided by
the gaS|f|cat|on systen1120 desalbed above Fi gure 44
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15 120 conprises a converter 1200, conprising a
gasifier 2200 and ORS 3200 in accordance with the

. present exanple, for converting the one or rore
feedstocks (e.g. MSWand plastics) into a synps and a
resi due product. The system 120 further conprises a
resi due conditioning system (RCS) 4200 and a heat
exchanger 5200 conducive to recuperating heat formthe
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44, various sensing and response el enents are depicted
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gas conposition and flow. Oher controlled 15
Operlﬁ‘tf’l 1435 Hlﬁlhflﬁsva[‘lglﬁcsteﬁ‘pﬁg El{da% dhfe §l@1%h%n 91%301 clteﬁ”a'ﬂd
t he con erter 1200, arrflow distribution adj u

pl agaefigiedto proyide efalpmwelﬁ &F raioblvs thergesifieaten S}@@@hm As
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c harsatene cpatolse for amplgain prése @ &Rt BUUPLPT Big Weg§esy andfor
nmeans to reduce their inpact on downstream

application. 20 In Figures 43 and 44, various sensing
el ements are depicted and usett in the present exanple
to control various local, regional and gl oba
characteristics of the gasification process. For

i nstance, the gasification system 120 conpri ses

vari ous tenperature sensing elenents for sensing a
process tenperature at various |ocations throughout

the process. In Figure 43, one or nore tenperature
sensing el ements are provided for 25 respectively
detectlng tenperature varlatlons mnthln t he converter
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30 Stages 1, 2 and 3 of the gasifier 2200 (e.g. see
Figure 44). An additional tenperature sensing el enent
8104 may be used to sense tenperature T4 (e.g. see
Figure 44) associated with the reformnul ati ng process
of the GV 3200 and particularly associated with the
out put power of the plasma heat source 3208. In this
exanpl e, a tenperature sensing elenent 8106 is al so
pr osmbgjeteimf teresicngd nigrefoke mpgriavaldiglenot ho reffedieorROE 4220
5 re.
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within the system when the syngas bl ower speed 6250
falls below the blower's mnimum operating frequency
Anot her pressure sensing el em@nt 8114 is further
provided with the SRS 7200 and operatively linked to
control valve 7500 for controlled and/ or energency

rel ease of 5 syngas via flare stack 9299 due to excess
pressure, for exanple during start-up and/ or energency
operations. This pressure sensing elenent 8114 is
further operatively linked to control valve 8122 via
flow transmtter and control indicator 8124 to
|ncrease a process. additive |nput romrto t he
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15 and additive air flow to the ORS 3200, as depicted
by flow F4, wherein relative flows are set in
accordance with a pre-set ratio defined to
substantially maintain pre-set tenperature ranges at
each of the process stages, For exanple, a ratio

F1: F2: F3 : F4 of about 36:18:6:40 can be used to
maintain relative tenperatures Ti, T2 and T3 within
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within the gasifier 2200 at various Iocatlons nanmel y
at steps 1, 2 md 3 2212, 221% & 2216. These sensing
20 el enments may be used to control the notion of the
| ateral transfer means, such as carrier rains 2228,
2230 & 2232 to enhance effective processing within the
gasifier 2200. In such an exanple, a carrier ram
sequence controller would both affect conputation of
an actual feedstock input rate, as would variation in
the desired feedstock input rate need to be
conmuni cated to the carrier ram sequence“controller.



25 Nanely, the carrier ram sequence controller can be
used to adjust a feedstock input rate, and the contro
system in comrunication with the carrier ram sequence
controller, may be used to conpensate for variations
i nduced by changes in the carrier ram sequence (e.d.
to address issues raised due to various detected
reactant distributions) in downstream processes. 30
FI gWsEnﬂEh@f v s dle@ntspel @260l rifsa e depidat infigimum
varlo sensed characteristic values, controllers
§8ﬁ§% Yel ements) and operating paraneters used
by the control system of the present exanple, and
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di stribution P2, F3 and F4 of Figure 2)

and prasHep %é&mgsﬂa@ﬁ (0@11@ as\fie%?ﬂhﬂ@@elwoz) In this
configuration, in order to determ ne the anount of air
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25 8124 is associated with the air additive input to the converter 1200 and operatively

linked to the control valve 8122 for adjusting this flow, for example in response to a
detected pressure drop within the SRS 7200 via sensing element 8114. A flow sensing
element 8126 is also provided to detect a syngas flow to the SRS 7200, values derived
from which being used to regulate both an air additive input rate as a fast response o
30 adecrease in flow, and adjust a feedstock input rate, for example in accordance with

the curiently defined fuel to air ratio {e.g. the (MSW-plastics).{Total additive air
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25 for the downstream application, or again within a
range conducive to increasing the energetic efficiency
and/ or consunption of product gas, the control system
may be configured to conpute a control paraneter based
on an acquired characteristic value for the LHV (e.qg.
fromanalysis of (1121 and [0l1] of syngas), For

i nstance, by setting the tenperature and pressure
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Figure 46 provides an alternative control fIOM/dlagram
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controla eed rate 8356:

Not depicted in Figures 43 and 44, but described above with reference to an
exemplary embodiment of the gasifier 2200, is the inclusion of various sensing
elements configured for detecting a height of reactant within the gasifier 2200 at
various locations, namely at steps 1, 2 and 3 2212, 2214 & 2216, These sensing
20 elements may be used to control the motion of the lateral transfer means, such as
carcier rams 2228, 2230 & 2232 to enhance effective processing within the gasifier
2200. In such an example, a carrier ram sequence controller would both affect
computation of an actwal feedstock input rate, as would variation in the desired
feedstock input rate need to be communicated to the carrier ram sequence controller.
25  Namely, the carrier ram sequence controller can be used to adjust a feedstock input
rate, and the control system, in communication with the cawier ram sequence
controller, may be used to compensate for variations induced by changes in the carrier
ram sequence {e.g. lo address issues raised duc to varicus detected reactant

distributions) in downstream processes.

30  Figure 45 provides a control flow diagram depicting the various sensed characteristic
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| Sa syngas (product gas) carbon content detection
nodul e 8358 (e.g derived fromgas anal yser 8130) i s
operatively coupled to a MSBWHCF ratio control |l er 8360
configured to cooperatively control an NMSW HCF
splitter 8362 for controlling respective MSWand 11CP
feed rates 8364 and 8366 respectively; a syngas
(product gas) [112] content detection nodul e 8367

(e. glucaboairdiley fegorespdnse SEwsmMy agd apaltips aaragitRE)uspd by the
OPELGr it G IR ?&erf[ Qi Ghd Mleachits e QYR chicive 1o
8370 cooper at’i ve nt |ng the total

f eept omattna p8RBGINfl efﬁcu;@tammnwéqhy fegdpiock.dn lihi'Srngtch e
transfer unit controller, the MSWHCF splitter 8362,
the steam flow cal cul ation and the total airflow, a
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8369 (e.,g. .obtained fromthe 25syngas an
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congI3ahEdoofRatively @bntROOREN RISIUEICK feqanite 8196] ng t he
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det agi| QR FRGitk 8139 &%pérﬁl RbiMdd\®A Wuet BHPIRokR1IS 8270
tenperature contro for controlllng an airflow

i stfqrrcmwtswlssc@s}'zolkl@ tbew@l MSp HOESeeq sade §266 direcipd tohg yr o
44) I\@WH@'F@?M@L‘ §02 in GRS darkRr &hit cvhib1 B 8R82;1002) . In this

configuration, in order to determ ne the anount of air
addi Ial’sjrr}g% fROdeSee R @IIRI BT /i€ opematiivel p bldiup]eﬂ toms thiakairflow
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MSW-+HCEF feed rate 8256; and

20 aprocess temperature detection module 8278 is operatively coupled (o a temperatuie
controller(s) 8280 for controlling an airflow distribution 8282 (e.g. F1, F2, I3 and F4
of Pigure 2) and plasma heat 8284 (e.g. via PHS 1002).

In this configuration, in order to determine the amount of air additive to input into the
gasification system 120 to obtain a syngas composition within an appropriate range
25 for the downstream application, or again within a range conducive to increasing the
energetic cfficiency and/or consumption of product gas, the control system may be
configured Lo compute a control parameter based on an acquired characteristic value
for the LHV (e.g. from analysis of [I1;] and [CO]J of syngas). For instance, by setting
the temperature and pressure constant, or at a desired set point, a global system

30  parameter may be defined empirically such that the air input parameter may be
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within an appropriate range for the downstream
application, or again within a range conducive to

i ncreasing the energetic efficiency and/ or consunption
of product gas, to the control system nay be
configured to conpute control paraneters based on
acquired characteristic values for tH2] and [CO . For

i nstance, by setting the tenperature and pressure
constimmed withl sufficicat sbe@hdyading e linqaotontpptagdnadh dle f@lpedngformat;
pant neters may be defineﬂéfgpihhaally such that the
air and steam input para Vare y be estimated with
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or a he controllers to operate sequentially.
respective MSW and HCF feed rates 8364 and 8366 respectively,

a syngas (product gas) [I1;] content detection module 8367 (e.g. obtained from the
20 syngas analyser 8130) is operatively coupled to a Fuel:Air ratio coniroller 8370 for

cooperatively controlling the total MSW+HCK feed rate 8356 for cooperatively

controlling the transfer unit controller, the MSW/HCEF splitter 8362, the steam flow

calculation and the total airflow;

a syngas (product gas) [COJ content detection module 8369 (e.g. obtained from the

25  syngas analyser 8130) is operatively coupled to a Fuel:Steam ratio controller 8371 for
cooperatively controlling the steam flow calculation for controlling the steam addition
rate (note: stcam additive input mechanism may be operatively coupled to the
converter 1200 (not shown in Figures 1 and 2) and provided to compliment air

additive and participate in refining the chemical composition of the syngas);

30  asyngas flow detection module 8372 is operatively coupled to a total airflow
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As di scussed above, a front-to-back (or supply-driven)
control "strategy is used in the present exanple during
start-up operation of the system 120 where the
converter *1200 is run at a fixed feed rate of MSW
Using this control schenme, the gasification system 120
allows for process variations to be absorbed by the
downst ream equi pnent such 5 as gas engi nes 9260 and
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MSW or plastics feed relative to the air addition
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20 fornmed in the gasification chanber 2202 are fully
deconposed, Addition of process air into the

reformul ati ng chanber 3202 may al so bear a part of the
heat | oad by rel easing heat energy with conbustion of
the syngasi Accordingly, the control system may be
configured to adjust the flow rate of process air to
keep torch power in a good operating range,
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25  from the general scope and nature of the present disclosure.

In order to optimize conversion efficiency, in accordance with one embodiment of the
present invention, the material is maintained at as high a temperature as possible, for
as long as possible, Upper temperature Jimits are set to avoid the material beginning
to melt and agglomerate {e.g. form clinkers), which reduces the available surface area
30 and hence the conversion efficiency, causes the airflow in the pile to divert around the

chunks of agglomeration, aggravating the tempexature issues and accelerating the
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IS gas treatnment skid may be directed to join the main
stream of syngas fromthe converter 1200 at the inlet
to the mai n baghouse 6230, or directed alternatively
for further processing. In this exanple, the residue
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shatters into small pieces of glass-like slag, and is conveyed to a storage container.

In controlling the residue processing, the power of the plasma torch 423¢ may be
25  adjusted as needed to maintain temperatures adequate for the melting operation. The
RCC 4220 temperature instruntentation {e.g. temperature sensing element 8106) may
include, for example, two optical thermometers (OT's) which measure the surface
temperatore of the surface upon which they are aimed, 3 vapour space thermocouples
mounted in ceramic thermo wells above the melt pool, and 5 external skin mounted

30 thermocouples mounted on the outcr metal shell. The RCC 4220 may also include a
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20 reduces reduce flaring or otherw se disposition of
excess product gas fromthe gasification system 120,
and reduces the |ikelihood of insufficient gas
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25 flow, Tenporarily reduci ng generator power output
may al so be consi dered dependi ng on system dynam cs to
bri dge the dead tine between increasing the
MSW pl astics feed rate and seeing increased syngas
fl ow, however, this may not be necessary or expected
unl ess faced with unusual feedstock conditions. Wile
adjustnments to airflow (the fastest acting control
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1. Afacility for conversion of carbonaceous feedstock
into gas conprising a plasma refornul ated gas, the
facility conprising: a gasifier for conversion of

car bonaceous feedstock into raw off-gas and/ or syngas
and a residue, the gasifier conprising two or nore
substantially laterally distributed processing zones
and one or nore lateral transfer units for |ateral
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10 0NARIASHRCSH gFlsly suemeome nadistwe Icyntxaas $sb o1y embva@dmceo sleanp fin
”Drebﬁﬂ &?ﬁu plasna heat for processing the residue
fromthe gasi |er a heat recycling systen1for

recl ai m ng heat from the gas conprisin
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20 Therefore, total airflow is generally ratioed to material feed rate (MSW-plastics) as
presented in Figure 45, whereby an increase in additive input will engender an
increase in feedstock input rate. Accordingly, the control system is tuned such that
the effect of increased air is seen immediately, whereas the effect of the additional
feed is eventually observed to provide a longer terin solution to stabilizing syngas

25 flow. Temporarily reducing generator power output may also be considered
depending on system dynamics to bridge the dead time between increasing the
MSW/plastics feed rate and seeing increased syngas flow, however, this may not be
necessary or expected unless faced with unusual feedstock conditions. While
adjustments to airflow (the fastest acting control loop) and adjustments to the fuel to

30 air ratio and the total fuel rate (both longer term responses) are preferred in this

cxample to maintain suitable gas characteristics for the downstream applicalion, the
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5. The facility of claim1l conprising one or nore

resi due conditioning systens, each residue

condi tioning system operatively associated with one or
nore sources of plasma heat for converting the residue
fromthe gasifier into nolten slag. 6. The facility of
claim1,2 or 5 conprising one or nore heat recycling
systens for reclaimng heat fromthe gas conprisin
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nore of proportional (P), integral (1) or differential
(I1D). controllers, and utilizes adaptive, predictive,
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eSﬁEFS QVigB SBR% hrocess within a specified range
of the specified paraneter. 14. A nethod for the
conversion of carbonaceous feedstock into gas
conprising plasma refornul ated gas of a defined
conposition, the nethod conprising the steps of:
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a) feeding the feedstock to a first zone of a
gasifier, the gasifier conprising two or nore
substantially laterally distributed processing zones
and one or nore lateral transfer units; b) laterally
transferring the feedstock through each zone of the
gasifier as a reactant material using said one or nore

kSRR ipbichi, FRVeNIORENY) WPt AR ugive

PROPERTMOR PREVIIRGE AS/CIAIMED ARI DEFINFIDAS FORLOWSyas

1.

conprising plasma refornul ated gas by the application

of pl.a heat , t.he gas, conprisin l.asma ref or.nul at ed
gas FERNY SlEOMSYIBH O BFTRATAR RS feedklad Bt emptisihg £ plitma
carbpnasieed gad, aedatiBkeotdpiikingr conpri ses a feedstock
additive to adjust the anmount of carbon in the

reactant material. 16. The nmethod of claim 14 or 15,
COMPLASHEdIfol Bngdr§iBn Af IRHHaOLE Ged 308K Fhto! fawq?t)f%as dfor
the reactant material belng processed in step (b)” an
adjsysgasragd tahresidag, ¢heogasifeer epmpritinghad er mofe subgtantiadly tiatenally
mat er.i.al, {n_response thereto, 17. [The t hod of gl ai.m
T, SRHEME RrosER oAy SHhEn G BPiR Iaorad \Grelpt ity fog Hckaly

I eagdnafdtrinFBicacth@ materivl thrb@ddalosto BLingie sabi@tily laterally
oper.atjvely associated with the gasifier. 18. A

f acdistiibyled processing@pRssSon of car bonaceous feedstock into
gas conprising a plasma refornulated gas, the facility
conprising: a) a feedstock handling system confi gured

t o & ggdreftredaiingosysieroins fluid communication with the gasifier, the gas

reformulating system comprising a gas reformulating chamber comprising one or
more sources of plasma heat and configured for the conversion of the raw off-gas

and/or syngas into a gas comprising a plasma reformulated gas; and
a control system to regulate operation of the facility.

The facility of claim 1, wherein the plasma reformulated gas contains higher

levels of CO and/or H, than the raw off-gas and/or syngas.
The facility of claim 1 or 2 further comprising one or more of:

a residue conditioning system operatively associated with one or more sources of

plasma heat for processing the residue from the gasifier;

a heat recycling system for reclaiming heat from the gas comprising a plasma

reformulated gas;

a gas conditioning system for removal of at least a portion of particulate matter

‘and at least a portion of heavy metal contaminants from the gas comprising a
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10.

feedstock into a gasifier system b) a gasifier system
configured for progressive conversion of a reactant
material at least in part derived fromthe

car bonaceous feedstock into a raw gas; the

gasi fication system conprising a substantially
horizontally oriented, refractory-lined gasification

oprath, BRI G bRV RNRUBREPAF oo Piting plasmo
t woelormuiatee geybsd antially laterally distributed

processi ng zones, wherein each processing zone is
configured to maintain a different tenperature and

eaqh o QeafkEbNigatibaN ystdin CONfle@ivifg the @k 0psHRistheS hagRsma
of the progressive conversion; the progressjve .
condvermylaisd esppnd regdiag iy sipstagially hamopsnizerh sagpmprising a

carhan GoRYahiSle@Ras i 11)a floor having steps, wherein
ea processing Zones corresponds substantially to a

step; one or nore gas outputs in gaseous conmunication

3R o TR 95BN B e B oyt
Congt leastragbriich dTANEret ABnddERGl (@ Hie giBifRf.i al bet ween

processi ng zones; vi) one or nore process additive -
i nputs configured to inject process additives; and

Vi i LS - Oyt scant.| & S
L e e s
chamtidue, condidioping systemgersidftivelytassoviatddawiiie ong or more sources of

oper.ati vel y. associated wi.th heat.ing neans confi gured
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pronote the progressive conversion therein; c)a gas

ref ormul ating system operatjvely associ ated with one

or Thisrfacility of claim 1, 2 or 5 comprising che or more heat recycling systems for
reclaiming heat from the gas comprising a plasma reformulated gas and recycling

at least a portion of the heat to the gasifier.

The facility of claim 1, 2, 5 or 6 comprising one or more gas conditioning systems
for removal of at least a portion of particulate matter and at least a portion of

heavy metal contaminants from the gas comprising a plasma reformulated gas.
The facility of claim 1, 2, 5, 6 or 7 comprising one or more gas homogenization
systems for receiving the gas comprising a plasma reformulated gas and providing

a substantially homogenized gas comprising a plasma reformulated gas.

The facility of any one of claims 1 to 8, wherein the gasifier comprises one or

mote inlets for input of one or motre process additives therein.

The facility of any one of claims 1 to 9, wherein the control system comprises:

a) one or more sensing elements for monitoring one or more processes
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11.

12.

13.

14,

pl asma heat sources and operatively coupled to the
gasifier system said one or nore plasm heat sources
configured to pronote di ssociation of gaseous

nol ecul es in the gas refornul ati ng system i nput gas
having a first chem cal conposition, which then
recombine into a plasma refornulated gas having a
yst om SAMAEVERTERLILET, 20 T R as o

r eftdr nuload bngoeh@sieke blakmeny canfigupst toedfecend antbra changes
downstream end, sai&lgas reforpul ati ng chanber
ponprisF%@T”EF@H%OB ?ﬁﬁF@“§%§n4efornulating syst em

| NRYT  93fie bRk c@lﬁﬁﬁﬂdg%ﬂﬁ@orﬁ% BmniRRatitdE MRS 08 one or
end” for receiving the gas refornul ating system i nput

gas at [news senisingpdantentsr and to e apagirmare respense wlementp, thpene

o noar T HEGEPE P B i oGO ol MR R o

r ef or mulig@keonegsmsing retenidnt hnd fe pivideosodtrpl gedsto at least one
additive inlets for injection of ope or nore process .
addi ti Vé@SPOW eélilf.‘ﬁlt F%gh\eamap%n 8% ac{}“sé adggcess characteristic with
ref or muligt f5gtysyst em i nput gas with the plasma heat
sources Is pronoted by swirling patterns created at

| east in part by one or nore air jets and relative

spag AL [ t ) i rul at i S

ol B, ARAFATI0, o BrebidFis el SRTH PRSI e
| etfervaaind addier fpédbactacdmaat schemesces; d) a residue

condi tioning system operatively coupled to the

gasi fier system and operatively associated with one or

NDIEheSAGANASH Maitl 35, BhEIEIAhS Skt Systé RomPisddWhe or more of
condi tioni'n systen1conf|%yred 0 process at | east

t
parnromﬂiwn@b?ﬁ)emtw@ Oraritferentiph $PY Famrollers, aryisutidized artaptive,
a %Lc{i@tﬂesénﬁ%r%%g%%g§6nq}6?.. gas, the residue
cordi system

I oni ng onprising a refractory-Iined
resi due conditioning chanber conprising; i) one or

nmor.e resi.due.inle dapted to .receive the residu

) ol S 8o B BSEF i\?gd\vlewa thpeis! Sy '%ﬁ%’%@l“ed fo
O RtdiRideChe Urafor Yaktetors i the 18BLyO Lol € tHeShe B Snore
gas outlets configured to direct the residue gas to_an

operrmees Widhs dowiceified naesatrie agrh gdivein éiput ohiprpessy additives
co dﬁdﬂfﬂ E‘&‘égb& Rﬁ&ﬁlg%gg@r Blad) EBHE PRAIet b¥the process within a

conditioned residu
specified range of the specified parameter.

A method for the conversion of carbonaceous feedstock into gas comprising

plasma reformulated gas of a defined composition, the method comprising the

steps of’ |

a) feeding the feedstock to a first zone of a gasifier, the gasifier comprising
two or more substantially 'laterally distributed processing zones and one or
more lateral transfer units;

b) laterally transferring the feedstock through each zone of the gasifier as a

reactant material using said one or more lateral transfer units and
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[5.

16.

17.

18.

e) a two-stage gas conditioning systemoperatively
coupled to the residue conditioning system "and
configured to renbve at | east a portion of particulate
matter and contam nants froma gas conditioning system
I nput gas conprising the plasma refornul ated gas and
the at least partially conditioned residue gas,

wher ei n [ A WaTa) : ) o |
plodEss B3I RRG hileind el }toaﬁlﬁé\tl@ma%fp géiaengﬁg é%lg@ﬁ @nd

or nore stage-one units con red as a dr SE
separ at idornsyaingrthe o offigneahdiar syegaeiivted gak eorgmissing plasma

Fenove PP e hidererf pgine fleriosge B e B orgprising
syst em phapuh refadiulste@gRl nore stage two units

configured to receive input gas fromthe stage one
units and/or the gas conditioning systeminput gas and

Cor’ﬁﬁb?ﬂtb‘ilﬁﬂ R 1'4?&%&1&1{‘{}19 SiboraCORY FeABLA TR Yotprises a
therefrom wherein the two-stage gas conditioning

sy Jeadstopk adilittvertg adjustdhelamow eficagias; in the readtmd material.
recycling systemconfigured tq capture heat at | east

in part fromone or nore of the gasifier system the

gasThe eh@kodudfodlaingl 4yiS1 % Roapdsihd) the lsepi ddutoniton g 1ata@4li ingisfer
system the heat_ recycling s_sten1configured to

pr &% thgaeqctnt qukeriat beitgriopessed o slep (BHed sfivstHig tharaf ofilgteral
ANGeesEONAOLa UL RILER TP SAOedf? 1) @ plurality

of sensing el enents configured to sense one or nore
characteristics of one or nore of the gasifier system

T G T
gn g?agdr&r@dl istva GedstesIange sels@uBpdrativedNdsbguidiabwito thagasi fibr.

A facility for conversion of cariaonaceous feedstock into gas comprising a plasma

reformulated gas, the facility comprising:

a) a feedstock handling system configured to feed the carbonaceous
feedstock into a gasifier system;

b) a gasifier system configured for progressive conversion of a reactant
material at least in part derived from the carbonaceous feedstock into a
raw gas; the gasification system comprising a substantially horizontally
oriented, refractory-lined gasification chamber comprising:

i) one or more feedstock inputs operatively linked to the feedstock
handling system;

ii) two or more substantially laterally distributed processing zones,
wherein each processing zone is configured to maintain a different
temperature and each processing zone is configured to promote a
stage of the progressive conversion; the progressive conversion
comprising drying, volatilization and carbon conversion;

iii}y  a floor having steps, wherein each processing zones corresponds
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mai ntai n one or nore operational characteristics of

one or nore of the gasifier system the gas

reformul ati ng system the residue conditioning system
and the two-stage gas conditioning system and iii)

one or nore conputing platforns comrunicatively |inked
to the sensing elenents and to the response el enents,

t he one or ”be‘étaﬁf?ﬁﬁ)%' pI atforns configured to
recei ve i nput signal's fiat |east one sensi ng

el ement ivgnd boee ge n@r@aga an;:lutprim‘gamteua: omnmomiczaiognailﬂs one or
at | east one resgon%$ 1 ment Jo .contr ol f eration

t hereof, thePBBYEEIAPIDY f“i"}ggsy? SRR 843 H“{fof the
facility) 19¢nelbembacClatetdl YrafffeiChisrfokBgurvh & Mbve thBeeactant
gas conditioning systemis further con%lgured to
transfer t he“’fa&%{/%fﬂwifé‘r PIOSSHSIREEOMEL t er and

contam gant s [ t

wir o 9B ohOoh s B ARAY AN LA, B TR roces
confi gur ed te¢$hwsemﬂ partlculate matter and/ or

contarn'natsfro WO asc ition
Syet om Vb, e ey Songie B SuSTpg bl Fot Femoval of a
conpri sing ar@aﬁlemme@aszman@ﬂcwsdeem operatively
coupl ed to the two stage gas condltlonlnggs ystem and
e

cort¥heggin de gesification \‘Fha'@%?é 1h GRYgYRly assopiated pkithe Heating peans
a n I a d ned

PSR b Ol flr 1A% P it RReSAR, A O pibee the
degirogressive spulersien therebi;t o regul ate one or nore gas

characteristi of .t he s honp nlzatlon em.i n
Gt ereBs TP RafDL SRTREP a0k Hilh “She' 6P Hore
honogeniptaina dRas #ik@a60 WPEratved coiptedoro th esifikasystem, said

honogeni zat i on chanbers operatively coupled in serjag
and/ or P8P &F "B PRYRER hsak S FeRtiguEd ShpPrmeipdissociation of
conpri Sighg A0GoREuEPEthE 85 refdh@likt fRFinBht JADh&VIRAR first
outletsggsgld gneuor g gas oufﬁggg coh?.&%?e 1&@ "
provi de chtrelchlotmmgmantme,dwglah thep reerantine into @ p&i@mscﬁoeamiated
applicatio f.ar [ at] ni ze
Gne by PO oo BT RO e S BFO T il kel R e
]ger |d ved cgtnphﬁﬁgt al Eeftjatbt‘y-fﬁsdﬁgés Qa’fh)hﬁmat@@ouﬁ?‘mber having an
eedst ock, the net conprising the steps_ o
f eedi ng WHEEE £ FEE do ALVhsEME 1 Gk Sitlﬂt%isge@ﬂwlﬁv%& chamber
system & r,gﬁgl fer systemconprising a substantially
hori zont al iented, refractory-lined gasification
chanber 1havu e PMOI0VF gmu'fé‘omub@mmstaﬂnl lyputaaenﬂttts posmoned
di stributed R Qcessi eri
Lo each of sl & SracOlaPREah sRl 1€ ereihkif, 3 R pEhine
t enper at ure isgstau b@;ﬁmgﬁs aaldayt inpar frainrtlelgasifice awshem;
processing zone thereb pronneﬁﬁggfrogre33|ve
conver siiBn, $BF Q" BrosgPlages (R gsantlgle pppitioned at or near
reactant mat gkd @wrishtin énd ﬁWre@éaEmﬁ@!?e ;ﬁék‘i“aqrefo?ﬁﬁﬁﬂ@ﬁ gas; and
the progressive conversion conpriSing drying,
vol ati | ildnt i one andnarambveesscatditeresintsts; fog )injeetmmngifemei agnore
the reactant nmt erld% during processing, through each
1aCess itives;
processi ng zdhe s ng Orffle or nore |lateral transfer

uni whereid)inferaaisi ef Itheﬂ gassmfcdmuaﬂhg) fsystenadngn ghorvithythg gtasma
ating system

fromthe gasifier s as refornu
conff?f SQUusesds PE‘%‘W‘&E‘%IBY Yy %aatg%s ¢1e4ted Al leagtiip part by one or

Chaﬁ‘f@ﬁr air jets and relative spatial arrangement of the gas reformulating system
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e) configuring one or nore plasnma heat sources
operatively associated with said gas reformnul ating
systemto pronote conversion of said raw of f-gas
and/ or syngas into a plasma refornul ated gas;
transferring a residue fromthe gasifier systemto a
resi due conditioning systen1conprising a

refractor |ned re |t|o ha er,;
CombiRiafeisufEctss SRbFH ubR Ml 3L PBRBABES hertpouess
opgy at i ¥ e¢siduesagitiohitg syéiém @aﬂadveﬂfa‘%btﬁil&l mofmdlgamﬁeu $igtem
systemto process the residue and particul ar gﬁl@
into a A¥l vesratiyely assgiated adihgore gagnorm Seseuio a Jpoat

more pr %‘é e st duy %&cgf?r ei%e a{sjféﬁi &f F&@H‘fﬂ ﬁrb&@é feast part

system Tecting sai e gas To a residue gas
condi t i ofﬁhngesscylstfmm the gpsifichtioe smnenaintd: eawitepslag aral d igsidue
condi tioned res sf errln sai at |l east .
art1 al B9 dsenpre e Tpbinkasian bmpiind A yi@ony B rsidue
condi t i esidibnisdhambbodonip@RRgi Ng parti cul at e mat t er

and contam nants fromthe at |east partja

condi ti Bned PRSITGDAS frridueileis ByanRdda tRPHE thgresicuc;
condi tigned gas., Kk LHalkelSliiRdigdisd conditioned gas

to a gas honogenlzatlon system conptising one or nore
gas homigeni zmwmnomlmaﬂﬂ@asbgom%ﬁfts,gud ed in serial

and/ or rall el hol di n thecndlt
ey Do B! e drantientes s 5 ol ERNER 9gect B sbidue gos
charact er’i st i€ snt h@drﬂh&él)p ra@sﬂ;umeﬂgreandbengagemrziaﬁmg@s system

and |)directi ngf_ sal d honpgeni zed gas_ from as. _
homogem zat | BTBPEAImPAsIuER# B leasiiagialiy kA 1?‘%’%11631‘1116 gas;

apRhi cabi %Sstag%z%a-g%nﬁiﬁbﬁlﬂg sQfterh! GHerBiZdly oUPLANIS the residue

conprising the step of addi ng@gne or nofe process
addi ti veenditiordeg sygémsandl coniigeebitngemovest 128t aTppstion of

met hod of .clajm f rt er. c r|S|n

i g Ryl spEELREhGET oD EL U (AT PR sfom s
r ef or nulgas icompesiaghne pla@éa ﬁmnmatebog‘hsoefndcihaiamaa‘st partially
further conprising the step,of pronoting. m Xi nI% W thin
the gas cpréqngq;l}gmlgquiq?gga&,ﬁglﬁ%eép the gas condltlonmg systerh comprises:

i) one ot more stage one units configured as a dry phase separation
system configured to received the gas conditioning system input
gas and at least in part remove particulate matter from the gas
conditioning system input gas;

ii) one or more stage two units configured to receive input gas from
the stage one units and/or the gas conditioning system input gas
and configured to at least in part remove contaminants therefrom;

wherein the two-stage gas conditioning system producing a conditioned gas;

) a heat recycling system configured to capture heat at least in part from one
or more of the gasifier system, the gas reformulating system and the
residue conditioning system, the heat recycling system configured to
provide the heat to desired locations of the facility; and

2) a control system comprising:
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19.

20.

25. The nethod of claim 21, further conprising the
step of transferring particulate matter and/or
contam nants fromthe two stage gas conditioning
systemto the residue conditioning system 26. The
met hod of .cl aim 24, wherein the step of pronoting
mxing is via using one or nore air jets and by

rel ati Vg spajp r?ﬂ}lal?& ro?%@ﬁ&?@l&leﬁ%nt?%%nﬁéur f€sdnd Sttlef otoinore

t he gas refor M process-additive 1n
air jets andchdmt@lsamf haatorsmuorecef the gasifier system, the gas

reformulating system, the residue conditioning system, and the
two-stage gas conditioning system;

ii} a plorality of response elements configured to adjust and/or
maintain one or more operational characteristics of one or more of
the gasifier system, the gas reformulating system, the residue
conditioning system, and the two-stage gas conditioning system;
and

iii)  one or more computing platforms communicatively linked to the
sensing elements and to the response elements, the one or more
computing platforms configured to receive input signals from at
least one sensing element and to generate and provide control
signals to at least one response element to control operation

thereof, thereby controlling functionality of the facility.

The facility of claim 18, wherein the gas conditioning system is further
configured to transfer the removed particulate matter and contaminants to the
residue conditioning system and wherein the residue condition system is further
configured to process particulate matter and/or contaminants from the two stage

gas conditioning system.

The facility of claim 18, further comprising a gas homogenization system
operatively coupled to the two stage gas conditioning system and configured to
receive gas homogenization system input gas comprising at least in part the
conditioned gas, the gas homogenization system configured to provide a desired
residence time to regulate one or more gas characteristics of the gas
homogenization system input gas thereby forming a homogenized gas, the gas
homogenization system comprising one or more gas homogenization chambers
operatively coupled in serial and/or parallel, each gas homogenization chamber

comprising one or more gas inlets and one or more gas outlets, said one or more
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21,

gas outlets configured to provide the homogenized gas to one or more

downstream applications.

A method for generating a homogenized gas by progressive conversion of a

reactant material derived at least in part from a carbonaceous feedstock, the

method comprising the steps of:

a)

b)

c)

d)

g

h)

feeding the carbonaceous feedstock into a gasifier system, the gasifer
system comprising a substantially horizontally oriented, refractory-lined
gasification chamber having two or more substantially laterally distributed
processing zones;

delivering heated air to each of said processing zones such that a different
temperature is substantially maintained in each processing zone thereby
promoting progressive conversion, said progressive conversion of the
reactant material into a raw off-gas and/or syngas, the progressive
conversion comprising drying, volatilization and carbon conversion;
transferring the reactant material, during proéessing, through each
processing zone using one or more lateral transfer units;

transferring said raw off-gas and/or syngas from the gasifier system to a
gas reformulating system comprising a refractory-lined gas reformulating
chamber;

configuring one or more plasma heat sources operatively associated with
said gas reformulating system to promote conversion of said raw off-gas
and/or syngas into a plasma reformulated gas;

transferring a residue from the gasifier system to a residue conditioning
system comprising a refractory-lined residue conditioning chamber;
configuring one or more secondary plasma heat sources operatively
associated with said residue conditioning system to process the residue
and particular matter into a molten slag and a residue gas;

adding one or more process additives to the residue conditioning system;
directing said residue gas to a residue gas conditioning system to produce

an at least partially conditioned residue gas;
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22,

23.

24,

25.

26.

i) transferring said at least partially conditioned residue gas to a two-stage
gas conditioning system for removing particulate matter and contaminants
from the at least partially conditioned residue gas thereby producing a
conditioned gas;

k) transferring said conditioned gas to a gas homogenization system
compris.ing one or more gas homogenization chambers configured in serial
and/or parallel, holding the conditioned gas for a desired residence time
for regulating one or more gas characteristics theréby producing a
homogenized gas; and

1) directing said homogenized gas from the gas homogenization system to

one or more downstream applications.

The method of claim 21, further comprising the step of adding one or mote

process additives to each of said processing zones.

The method of claim 21, further comprising the step of adding one or more

process additives into the gas reformulating chamber.

The method of claim 21, further comprising the step of promoting mixing within

the gas reformulating chamber.

The method of claim 21, further comprising the step of transferring particulate
matter and/or contaminants from the two stage gas conditioning system to the

residue conditioning system.
The method of claim 24, wherein the step of promoting mixing is via using one or

more air jets and by relative spatial arrangement of one or more inlets of the gas

reformulating system, process additive inlets, air jets and the plasma heat sources.
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