10

15

20

25

30

Field of the Invention This invention rel ates
generally to steamreform ng technol ogy. Background of
woOheoslonssent i on St eam ref orm ng processes are KROWMTA2618M00060
are used for converting various kinds of carbonaceous
materials into useful commodities. The term
carbonaceous material ("CM) as used herein includes
any carbonaceous material, including: nunicipal solid

s behé ilVBWoh; 1 ndustrial, connercial and
institutional waste ("ICIMI di cal maste coal ;

coal Thiadtventiqugglgteh et yéﬁ%ﬁﬁ%’%f ormiedeshnploghuct wast e:

agricultural waste; sewage; I|qU|d wast e; hazardous

waste; waste oil and oil by-products; electronic waste
the; 1 car bonaceous substances; al so

i ncl yded ehamiap B&E@s‘é&' A&/ kBN nCEd @ Sussd &4 cBfverting varxous kmds of
i nci neration and/ or conbustion ash, which may

be
chiporacers materialstinte weelelnepatoditish W%@TWBW%WWP@S(“CM”)
ak ﬂ§eg)ﬁ'e1%§ﬂ H9udddGhy gefr%dagé&umnaﬁhﬁ 1nl:1ﬂditnE‘em§ﬁ1&ﬁ£T‘sohd waste

orm ng process car bonaceous materi al | aced
(‘éM§Wé’a rinduetriol; nornlgeltcnall and ingtiteienglsiastel ( ICéWnb rnﬁesié@l \éaS&Pr 9%1

cgcrll v!ﬁqo te {‘\gé{h‘?\&?&ﬁs se[v@ ?o%s‘? rod)d W?c%,haérlc&l{ﬁ?al %ﬂe nS%lVHQEE fiquid

eve S ure. drumis rotae
vvasteakyazmba wisee; weste AiVandil byeproductsy elaeteanéntvastgesad ofhsr similar

SUPEP Gy PUPELL it BT HE Bl HEBAS ARt
akitl onconthwtti@vdsk rwit¢h may lbdléed ot ader mngaaiirewcmo@mmnupgrade

s..an.endotherm ¢ process. However, unlike
qpﬁ%r?ur?gi'eﬁg] SHsting HicETalign 8@3 Phernic, there is no
conb iisthe GRam Refbinging pﬁob@s GMboﬂanmlnisnm:ﬂerwl tsiplawad mra, stdam

rﬁfl%g‘%]gg gﬁ@l llﬁg}ﬁ\{eshg& Q télgets(%%gg}ﬁgulg ntgaﬁ?ﬁéo?azéﬁ g’g/plcangl, the CM

iBEHEk 8 sGbspihtiaTagvel ¥f mdisttnedTigs im ($Hd)atalrtd agitate the wet CM while

car bon- nonoxi . A d|f nce betme

hefs R o il sipitied B nfivel £ Gt GBEB AT Y Clectrial
BARAGPAREN P Withid BRI B! PERSBAEI toltie fotating aag. of

i nci neration/ conbustion, the products agﬁ$gr|nar|

oxi diSHaE TRERPHELS FFRPONFTILC PRFRs-dlavertre é‘fcbq‘efﬁt‘ﬁé which is

RHALHEE Sthéré‘l‘sgl%lc}émbﬁs@l%ﬁ | T, (R ONRSorhBiBdSwith Whte§ @ Rated while
m nor aci d and net al Fh@g}@rurs typlcall much easier to

t@hf@e@ﬁlt@t% FAUSHISCH T9RHOR pfucent SY@HWB‘@ 825 (Giyneapylp Thegyngas
$| ?’E@B%ll? SF RrRR ¢3Sk BebGMnbARMe (CO) ! he steam

rocess conprises nostly hydrogen and
c ar b@hkey ergnog baiweem tegedive dpamalfprenepres isdn theaeppectiyp prpducts

g%ﬁerated by these processes. In the case of incineration/combustion, the products are

primarily oxidized noxious compounds, whereas steam reforming produces largely
beneficial syngas fuels with some minor acid and metal vapours typically much easier to
clean than oxidized products of combustion.

Typically, the waste being used as the CM input to the steam reforming process
comprises mostly hydrogen and carbon, and a small percentage of other elements such as
chlorine, fluorine, sulfur, nitrogen, glass and various metals. For example, municipal solid
waste (MSW) typically has a carbon/hydrogen/oxygen ratio of about 1/1.7/0.5. MSW also
typically includes about 10% by weight of solid inert products.
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chl orine, fluorine, sulfur, nitrogen, glass and
various netals. For exanple, nunicipal solid waste
wORBo768ppi cal | y has a car bon/ hydr ogen/ oxygen parica2aifs/000060
about 1/1.7/0.5. MSWalso typically includes about 10%
by waiaghipicalprigiart deanmisfarmpeaueresss the ayngas ipprashibedinia @rstage
Rbbss HiRAMd #hR O N : |
P e ol O WA Franh G SHRARE heleall AR Hnlel o
tojgpewturesdl theveigs of 634 i Thewy phecsalid yafednls SGclndingimetslsand char,
t [ : he sol.id
oS PRRA HUrhe dflrh 28 SRR, Bloub g o B0 hieBR il
refforoned tchprodica isyngas. Thh ypigebpmtess wilbihen 'G0aH) $heafyngdseo Edvdvert

. ormed, to produce syngas. ., The typical
e O o R R RO s RSP0 08 the BmiRcer of
ines igenir grnivy ahd/ buroeia pibthe sortyglets yirig adchanslug StRerpykidsl iy disgosed.

char is separated fromthe renai nder of inert

i norgani cs and burned, or the conplete m x of char
Swhmsryatf leringatiols i s di sposed. Sunmmary of the

I nvention According to the i nvention, there are two

di ff ?°8ff{’]ng§f’3‘éﬁﬂ‘1“’8$8‘i» gl?eﬁ%arﬁ F%%g’g%@g‘f Sty TeFEM B Y QOEEAY: 2
single stsdafg enqﬁswgeqs@cemcia ddaatredit, mRd#sta ﬂ)l’bb%s§.]tc age

process. The one-stage process i s preferre or

si t udlCi R SPRHRPESSE ﬁé’gf‘cfﬁ?r%afgr situgtigns whgs|the GiMdam e vesy small
a®in@bf héval ih it. THs § UeSaubethd UREsthtSHroRes ®RE@MARJ BEIOG ERDlves

descri bed bel ow i nvol ves enpl oyi ng tegger atures that
STRIYiBe (PR es thtenld veporgarsial iR psss phere irammunigrt metal
mBRH &lithThex€l iMnkbhsbfRnEdY] the ol ERBPRILE N brdferred H@%?L%g Fhe

stage_process is preferred because the anount o ny
ampung pf apy pesital yargurs Wil beiinconseqeantialnWhate it innetrtechinically feagible to

i f i . . i | .
refr@Gé fﬁb@t@htlia)ﬂ(}jf af AN lﬁn&@ 1&@@%&?\4&3*{%&5@%&52 Ipt)c%égsg éiésgzrlbed below

netals mxed into the CM -sta

- werdd/arey peafernlly bonsedul df may preferably be used. For both

t he = ILE - S
e RS ST D 08 s
sodif eagkd €VIS WEbis first shrpdded dfessthe purpéries ofibsclesopiptiomandrfor ease of
. f . in t st ea .
Rl RS B0y e S TR i
M&ayV; B vehatwhweld beiundatioad thathey Civiimeg bowodd tdnd thegmyceSMan be

. { he process can be accordingly

acg%ag’?@c#d?@?d fsog%:]'ﬁdcfs Commercial lime (i.e. calciumoxide

and/Gmmaerbinclamb@eatateiol osidela)d/dra bidark@date 0f seidé)is flved in with

re Wien the steamreformng is takin )

8 e M et G roe i A R g dime
readtaithalogeal thasee rdldass fdne thyBIS W REHing Gale@hCialtmhe@drd S

t ha re generally. henign, This feature is inpartant )
A TRl s TRRHE berotsR removipg hplagengja thigearly stage is
simpler and less costly than removing them later downstream, which would typically
involve using sorbent bed cleaning units. This also avoids the opportunity for these
halogens to form acid vapours and/or the more highly toxic dioxins and furans, if these
constituents come into contact with oxygen while at elevated temperatures during the steam
reforming process. (The formation of dioxins and furans is one of the major problems with
most incineration systems). Because the halogens react very readily with the lime, they are

not available to form acid vapours and/or dioxins and furans. Note that with steam
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sinpler and less costly than renoving themlater
downstream which would typically involve using
weanl@iésobed cl eaning units. This al so avoi ds PO®/CA2006/000060
ortupity for these hal ogens to form acid vapours

regxﬁxg}n@r Wheie mesfof thei aipespherisircand hende riygends puigelrfsom the
m&chl@iﬁ%é Wa S §tkdabn8NEScIRREBeILRS, Qhe‘fé)mlﬂ‘f‘eth g‘ﬂ)]o&éx? gref'ar WL S ons

at e evat ed tenperatures dirin
to hedeis dioxnyprd fugangas thers nesist Qhrt@mimowld]tje fou cambustien zmde
problems with nost incineration systens).
lngg%‘g%tgleﬁﬁlgg hal ogens react very readily with the |ineg,
t heyn hotb theomestage hrabhetitstagé promsaezsl the viapdded MY R4 into a

th st
ho\%ﬁé@?@ﬁﬁn%lg{ﬂgp et Eﬁi@aﬁm{l%g s.}%ter a\é\é:cFew 2 &s%gpgjélp %%@%lﬁe MSW
inty thegehnt rebmmingkilnnsiche etgrammhte thsd it the (s?(ﬁelﬁi efeidebed
Littl t
B 85, P, A BB e o,

atmesphereit, aludwlhy)anl\muﬂhx;i obitrbgen aa0 oDsh.I Wil explained further, the

TSR L SISk AT by DO A e Ciet an e

MpWppd Itherehytchpttlﬂee sdnopflie Sl pedchds Rehs@ e UdBAnwiHile St is 3lso
the MSWinto the steam

s B ERIME R dechRid SIEEHE Parvell thankoumaliog ok s g oxide and
oty shdesirabieonlirckesa oaldemidyda daEsofid@ed pbakisgh tenperature

t MeWentering the kiln of
‘ S o} ﬂ@?‘ﬁ %%OVG t 1F3] PR a1 Lepmteloring reqessge p tenelage

pr@)ﬁssgﬂlib ref\on orlthis Q;Qhaﬁ mha ifif® Shafell h€ hostldt@edddiid &QRa!
nefici al t he steamreform ng process,

refglinﬂ%?tyh’ f‘ff“ﬁ’? §P@8ﬁfnﬂeéV qpeg% of the amswt ahgarting €é’Bycarb0n char is
forﬁa%ﬂtdﬂlﬂ @ha$ &H@u&fall? B@enmeﬁéued H{aPﬁl?ssbﬁam\%?seta ?E.In%oved before the

anwhile, it is also desirable to exc
re“%ﬁ‘\’&}n% Q%@W bFéteBmé?/fémedt o wepernauprisingbf alldomc?qaectedlly,oulas been

disBieftd 1R gheQhRE[F h‘e‘ﬁg@sﬂfﬁﬁ@'gfg (%td[sg %Q quf?ne% n&ﬁl/d need not be

ot her_oxi di zed Fro uct alne
remqigl. s is ppngficig becweamsmmacﬁmmgg pfibe QM 15|n$0rac¢m\1ﬂete and

or this is that in the
be&P?%?erEEﬁé%%éh V-Vr%% tﬁ%ﬁs@@of fft he CMis steam reforned

(t yphezefbreya singlp stosaimprance$tyze6@amaefoohing bﬂ)cesmhumlbeeﬁﬂemgned as
CIF L e M oA B0 LRI 0 BB oo
eley@m’émmb‘eﬁ@m@l‘dthm ap@mxumtcig 65D\7CGHIOO‘KIE(CE hizaen s @fa9eed.
SN S RLLIEL Yy (AR Sl b 535D
of @I}s/lslotobteﬁms{hedisnnlgm‘ mndmdqonqmdedﬁ%nfaﬁly Beand TRVES contdthySlated
Y T R
(nOtedh&iIIBlpaS}ECfffC ClaTIhQ)lf éfivihesntian Siatigé gy &ﬂxgins@s’}aﬁsn%‘él@ﬂ)?atmg
kilnsé:vﬁl?&ter:r%al egﬁn%?m cre(% eerg Tc's ahc%?relg:%gtgnt 13\% ur)]lge that uses a single rotating
kiln but uses “internal” combustion heating) that such rotary kiln be externally heated
(rather than internally heated), since this reduces the chance that combustion/incineration
will take place within the kiln and produce various noxious side product compounds. The

objective in using a one-stage process is to provide sufficient temperature, turbulent mixing

and residence time, in a single reaction zone, to achieve target conversion levels. This one-
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follows. The process enploys a steamreformng rotary
kiln that heats the CMto an el evated reform ng
woenp@retour e, approxi mately 6500C-1 1000C (or RCOARO@ED00060

may be necessary), with varyi residence tines to
St@%?ﬁéeﬁa?tré Oﬁwgpmqﬁssamqyynqlw ad@h%u@ wnitlomnetrainoionn the @i, to

ﬁJlrtHEIQeﬁnfl i ﬁ[%h?é%@ YRGde cé}fn]g?tg%trefﬁmr k@geag il a 8 ?I‘geﬁ éélfnng

IS conte at a onven
st ea"fﬁer"é%%ohﬁi plag leﬁtqyplyln khel kilnfisgheipeenmued pritdr éo pdmhdag ef this

fitst stdg® sRERATEHHY G AN LEN Qé defied. $n sg'lpae S Ell fil g r(Pcan be
yagie ermariiy e s Soqlef

this invention t em conpri'se
soldsgonsiggclian ﬁilematqaneb( This umalrt shibdsteixtrggtios iwiie &ypicaRy @picSenfla

on. th es a single rotating
V&#ﬁ{lﬁgﬁ%ﬁggég@ 5% gcﬁtl% q “riging %AW %% heating) that such

r ot dig skqtdnm pﬂgérmbt mdntgjobsya dlsalteﬁﬂva(l thedcBs[ lﬁt‘ﬂﬂﬂ] dust part;]culate is
ce reduces .t he chance
b b8 o O8G0 B o
enmlq)md,aﬂtﬁmpghq:mfemblyﬂhisdmm@x Iv@ﬂﬂiSal%lhﬁ%qﬁEa@&%H a fine peérggulate
C
T TN

roandcxmeAltdmmelﬁ thewlpst Ipﬁrtl@ul&ﬂeﬁﬂlby? bé ﬁﬁﬁ)%cpﬂ SERIE corftfners
level s. This onestage steam

A N E IR DR IDER
loﬁmdnbbvhﬁmfdf €O skpteathd 4n@ ,ﬁlt%loregﬁéEt‘i\’?:ﬁr Tﬁ@flé%'f glt!a%rs are used to
d but not conpletely reformed syngas into a
xR e S)FHEALOM Fheha: Adhegs oihe doamtigr ssaiecigpvaly of for e
prddubtion ¢F eledgRity 6NBY ﬁ@ HRAtirkilh Qmﬂ@t!ts'tléxg hi? gncf?(% g&éﬂe%ﬁﬁfg‘ ftem.

sta st eam r ef or ne ngas as nay e nee
sol i18° %?Xé@tagesof@&améaw&ﬁwe@mlmnwwsoa@enmmmmam

Itecfhhélbgés foRtcBioh il fungesacicﬁ‘?lﬁtme%aq’ i %fh@]?ﬁdl&%/@@lb\é@ts ip
|caIIy re resent a vol une reduction o
prq\%{fg i8¢ spgFifi Smﬁwollﬁasz ineyhigr supsequentprastsses Bhis sunbelnm‘ogd) elsaning

systerfl Wil gbféﬂi@})’l?é lo@ﬁéﬁ%ﬁ%ﬁtéégﬂl WS spa%g alQ% l‘éfec ul c?vt&g g{l(? will

renmoved fromthe refor syngas ven Fonar
tyrigsdly palocated @t@éwtraar@ plsdcfwﬂstrmofath@heen@iuraytmﬁ madutdsough

(de%lﬁi‘u?g (ﬁhlaﬁ’lpergtmesseﬁ%w ) sgr%rt | C \9% lﬁ 85(f @g{ggrtature

fine particulate f
de@éﬁ%ﬁ@ﬁ fastiesive rampabif fnayvet zmld@o;sbrame gases)t he steam

Al t t
! BB A SR Dbyt e
thegroigm dargas amoﬁlrtmtaﬁlcnaaftmamm’lge MSNarIwal beppiébiarddiiak ﬁl%most
e e e
sepgl;atqdawtmnass ﬁmetalse;dirattmn axity 1aededt dﬁgﬁé@nt\/@yﬁ)@ ffﬁm& %ﬁ}g%dreh e
rec ea or
M ST R e By o5 e S o ool

amcumbﬂmbﬂabm tied WIS Whathiok cm@b@%ldagng ﬁ@ JerMigh kb pdisnste steal(lj‘u
referably conprise sorbent

|
RN e
corﬂﬂdptiﬁﬁtb@dthé&i@ﬂﬂfeﬁorﬁ[ng%di&ﬁs BOleSQIbRA BAbkut ants to

The preferred multi-stage steam reforming process is as follows. There is provided a
first stage steam reforming rotary kiln that heats the CM to a reforming temperature of
approximately 550°C to 650°C to generate the first phase of syngas production with

metallic materials largely intact (i.e. not vaporized) and with residual carbon char. The first
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provi de for specified syngas cl eanliness for

subsequent processes. This sorbent bed cl eani ng system
waoizbde/orggoi cal |y be | ocat ed downstream of the deer/Canae/000060

particul ate renoval, and will typically be |ocated
stagetpnatucis pet segragatal inbown streagsna secondheaged distye>ghseand steam; and

di tiviti f th
o BNET AR RRA, AR FIPBUALLS Seifl sk skbthaiortu f or
st fohaytkilu ¢hat hewrthd "dobty! g@emsvmcandaqaﬁals aLetevgiRas BSIrmifls

o S aey et TR E IS B R Bet R sy G RT3 Somptee

themhlalfdrrrﬂtldsmdf&‘rrsta’cage Bastt\ nididfalstly Ddilitatifpeth@ paphek adi@rsion of

n nost, cases, netal s.se ar d f from MsW
copfitbssots Gposintdat tioy Conayed MimeIa REC G aad e o ss will
typlemn&treﬂ nbyydi@g%nsmfe niRh 3 ths eRBbRlsisREhmbdité the QLRI steam

edded MBW i nto. t he st eam

? he conve ng. s
re R Y KPP NS SEA0RS g saomexidyla ey be
codfibiabd & Siehsf Ritd if BundABYessaryab opfithb chivelsthd pMBMMALSSF this
can vaporize during the very hi gh tenperature steam
sepidStageng process. Al so, the multi-stage process is

des ipgeye@bllyOth® Blok &8s HRVRIRE f YaeGOR SYHIBE dh@f‘aﬂ&%aﬁi@ﬁla&g S@zﬁéen the
reform ng process, as described below The preferre

fingh Al |se¢§pg gfagest Brsnivedd pisay bpdeeasth ans opboth @f Yastigal dust
seﬁﬁ%ﬁ dnd £iRE particlede Btd:t. rA?ﬁerrﬁﬁléaf &Hﬁ%tfoﬁftg{hqg di 1%1915?:11 y

I'n that heats the a reformng tenperature o
prgw dhei nregees \yﬂl@@@mlm tig500mat speyetien elidusttand pértielss (entrained

| ~ ﬁ%agfﬂo ?%ﬁ%?@g}fﬂg&ﬁ%%foggeﬂl%hﬁgﬁ tﬁé i‘ %fg stK?e aﬁﬁ/]oﬂhg lﬁzﬁond

yIn resi
and dhritsbatagetsteam rathemifig kiduss Thig intqyna) depata&oramé useqgy iegatalyl created

i . . : "du
s SR 5455 BB SR04 4 m UL RS oy
Tlprswgad being dmmtblmdugltthg exis temgirgfoytindrivgl tabealhavmgantygral gas

tu 1ngavre]1¥16eﬁavtvﬂl§t%r?%a eé %caﬁceﬁtgﬁ%gf%?%? gol ]{olwgfxé{bsrr%%\{gﬁ% e‘t5p§rtlcles

de8&0 @G@En e sYAHOBENE dfawlnltlgbegh tai eriyylhelen Shesssateyicaltyolocated

| ete, the transf f. first st :
o\ iRs Rt B IR O o Paes LavErSr Bh g eadil
moAacimn aﬁpmtea bg dmasrtical MottonSYUfPRat LABFEME thef paitiilds|fonDihe

syn SWI|| i cal | berﬁgl,n L
YRGS B ex e g e rtypits iin, L Gred sSption vt ithe
tylblbalrﬂms&to@g@dr&bﬁ@marr@f QEpRARGi ik ﬂiea;feaﬂﬁeﬁmb@dotbﬁ{gmmm

th| second stage_ "stationary'
c onf h@ GRraen cher 1§ Sﬁmaé?cyfrw e ipgrt s04d ﬁlag Hé%‘% §§%§t9get Igiln and fed to

a 10RY bAEZReaBPRIGH FigbtaR Al h WA RERENO fesldihiTaHRE WU Hivaga-
Preferably, the process provides for the renoval of

repfaing sgippeiiyre o€ tpsxaaatply SRR G (oF btgh%rr?a mgy bg Aepessary) to
cof AYESe trzlliyf&rm\amﬂ &k bRl chir iB® ad9RBs WbihpbsODEr R tehual

vorti cal
Volumes of CO and H2 accordlng to the steam reforming reaction (with x moles of excess

H>0):

C +H;0 + xH,0 — CO + H, + XH,0 (1)
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separators and fine particulate filters.
Alternatively, or in addition to this dust renoval
wonre@se’01t he process will al so include the i nPeT/aR006/000060
separation of dust and particles (entrained in the
syngaliernatigoly, the earbanrhasmesgkesispddisactly exhaniingyfuel foheithet the

stédn{ Bdilep Braeg%eé}ﬂng/ ] ﬁ&rhﬁc Sfho ﬁ'qu s{agés ' st%grgg?eforma%on or used
ref orm ng I's | nternal® sepafat or an
diregthefonarddyctseleat ed strong vortical notion gener ated by
st at I dndri c channel
U8 AR o T LS B D
de@yﬁhed dbaveab thatithe ohidlowvriepni the dglrdataggaan belpolihied. New@sr, the

R e i TR e
sybgdsragd dmawmt rbd[mxelpghslilrtg wherk ichirbory tHan Bedbeerfctively separated

| ocated al ong the length of the exit
fr(%Fe%a ergtlrf%ld‘berow de for the egress of particles with

t he Trhésctaiti- stﬁgﬂ'pmbm]sﬂpﬁfdrz&ﬂiy hylutidshexidxtrh@dh td@ptuduseful
suffl ient to r at a,t ﬁ% artlclesfromthesnas
engiey a5 e siiieer g S QobIMCMErswiHRsHgn motHles mAY be Faged Soparately
and éxptividdallg dowtasticed ofedch of yRis€hd ¥nd@ird stﬁg/ésb'ﬂ fial B?Lt?ged
rotatin

t te fromthe steamreformn
T ol g oo e L et
un$t® bncheSisébtoicheateltectrich Bdne il {8ih ddtdath %ggraﬁ@rfjwfﬂ?tuﬂnﬁég} oflcan

e steamreformng rotary Kiln t heat s

S“P%@%M%IF thedhesamal gngrayised fé\‘ﬂéﬁaéeg prfpopraihagfingditp spabustion air

an@for pRRRA&GNE PRY ey 850C to 9500C (or higher as may be
necessar % to conplete the transformation of the

car B8pmy a%tagweénﬁe@yn@aﬁr%m@@h@fallv iincluda alcleasigg ahit to

oHBUTRS G P00 S0 8L U S 91190
rel(l?‘)m&fggmvplzcld andHpetal vilpayrs ey @th@rlr’@@bl}S/pOﬂlhents & provide frar
spé@ﬁ'ed@?néﬁ @Qaﬂin’é&%# bge?u%?ﬁlg esf J1"1% sc];rgentg c{ (ﬂga%%nt\%%tem

steam bol l er or as for one o
wip typigally baéy@sted) flownstraam Dﬁﬂh@ dmamdpa,rtlcmtata,nsmdvai Iandawill typlcally

f the outflaw fro
be lﬁ:rate fth a Stl%glln% do‘g&s}rneﬁ gﬁﬁi? heatt FegoveLy. 81}1%5(( ?pga ng &n
tergjeesawiie berwtezbtw ef the s¢rhett becdhmatetidlf hralvehpaamichiepéddetioks for

' However , the syngas fl ow ng out

ef%ét@?ﬁ%lﬁ@als gﬁgg? 1‘}e anggmtsonous qs?s\} substantial ly cleaner

t haft wihée bpp‘rsctlatsd ‘mgtehsgtmyaﬁefc&mﬂlgfm@’ceﬁwrom&qyé iyﬁgas

e carbon char has been, ef
cofliSLb e O B aRfaRG g Pfc- B3P uis Shaie biehin FE/h mgees
pomb:hﬁ a%s reabaais pracfels aldry valiubletd @ o@lbity %hd a6tdr Qﬁco‘h@ert to
t he syngas_ and solids cool

;
o Hh teﬁuéyg@ufigt 4 n%ﬁ%ﬁ@%?f&%ﬂé’rwﬂ @atiqns.fagboa dpaeiarablyy

sequestered rather than released into the atmosphere. This makes the CO more cumbersome
to deal with.

- There are two methods for maximizing the H,/CO ratio. The first is the feeding of
excess moisture (above stoichiometric amounts) as an input into the steam reforming
process which generates additional H, and CO, in equal abundance. The additional clean

CO; can be separated and sequestered. The second method is the feeding of methane
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and individually downstream of each of the second and

third stages or may be staged downstream of a conbi ned
wohaw/0aésosyngas fromthese separate stages. Thee®/daes/000060

recovery units can be used to create electrical energy

(rattspukgly sncdusinggenéillamétiame)niot ¢therdydiogensiich oateidals irsiludigywaste
I d for heating or for
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PRERH fele  ofins Secel Rl Wit bRl cubif T wpdi oggeam
ton'M@lé@dshﬁcﬁ;b thHIﬂ)‘VCd)fﬁﬁmsttéKm &}?dﬁnﬁi@ ziéllpbdsﬁilf}( Ping aehiy rﬁBrmlng

ocat ed .downstre ust an rticulate:.re
RO SR A Y B sl PR b e dieritn TG to
ChPIS I, CEHR @batésha ifigaled BYQDRALL BIbIS clestiePaiadionsl Cuy,.
tegghgl:rg tur ghoaen& tivities of the sorbent bed nmaterials

PEIRREHRG bR EE O 1rp Wil beavoidsd singhibingris epgrey

pérla@ict hBwANEquRRIa3@INONES s;BoREstbeesdel foM sbcﬁuebtsmagqﬁé €0l atned
hat the steam reform ng process produces

%V@ﬁ*ﬁgq %ithig mathed T €er chweﬁt%ma dssthatdhg syngas tpmm ée%%twely clean
afYOO AR oM i khR%add! rgp'}es'éﬁt mémahﬁprbpbrﬁ'&q HRSHA Ee% and Bénce allow
reason is that is.nmore val uable as a comrmodity, and
fos a8 Pﬁ?ct%sqyépv@r andrsgqueptering it @92t han is CO G ven

gl ob@yeVe HLIBIER B?fn%ﬁﬁ’et ds%@&amgé‘fbgﬂiﬂ Pﬁt)cpsrs%{ f @ﬁ;l i¥vention

sequestered rather than rel eased | nto Spher e.
alypy preferebbeepntaplaty theotse of landll wethene: Ghid dsedonvenient, aTthe stsam
e?&rﬁ’uﬁé’ﬂarﬂ%%ﬁ@éjﬁnl@ lar %_;él:é'ﬂt ?d &Qhrteptﬁf o'ﬁ'z«e{ 188 llgsﬁtk Q)vhlérmcean serve
irsttist excess nol'sture
ngftoplycssiasowrce DﬁCMn’mﬂ as & jousss oditendfibh methang.o t he st eam
r ef O‘Ih{rj]&" é; g'a g?’lﬁfggﬁ ?})gmaﬁﬂg%)ﬁg Ssre?gp?%egoqg#uc{s o@"fhe s@%ﬁﬁ'e%mmg
pWSS@phscanbaUaland E@quasﬂmﬂeédeloﬁh Eorszxemoplé, mterm dll bftht bngas
eed] f t han at r incl.ydi ng | andfi ]|
aherRQN Yo FIANGERIN HEHIA hoy ol Feao R It e of o
+HEstyago it $s mass p@feried }ﬂm a fu&t celttsheh atadamd@fhmnm: gl cell or a

SR GE T GHLO BeE RSl el A S PI Ry gy

rdsiihet P IDD Oietghoid oRidizZBY b rodize Hed dlus\éeriy I e chdeif @, iRrfuel
q{]]ﬁarbg nd ox gen in the steamreformng kiln. This
estfputights ok

H‘ﬁ?}’g a higher H2/ CO ratio. The princi pal

r ol eTifsyRoes €5 pbﬂtoﬂrthdréofﬁctdﬁ@tls)é bk GedaRD W Rs-tdIBduid (&R} S

dequat e su
syn C(S:liS pﬂnt to produgep seYected synthe51zed hydrocarbon products, such as

methanol, ethanol, polyethylene, polypropylene and equivalents thereof.

Excess CO; and steam from the GTL, or the CO, and steam from the fuel cell,
can be channeled into a synergistically located greenhouse. This results in the
sequestering of carbon in a manner beneficial to the environment. Meanwhile, the
growth of fruit, vegetables, or other agricultural, horticultural or forest products within
the greenhouse is enhanced. Also, the CO, may be captured and used for other
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to conplete as close to 100% of the steamreform ng as

possi bl e. Any steam reform ng conversi on of excess
woabwro7émyond stoichiometric will result in thecT/CA2006/000060

conversion of COto CO2 plus H2. This creates an

coRRfefiA sdsdt PRotded tda torakiSidn PFadseer thelpiothiicion bf ¢SSl

Typlcally this nmethod of inproving the H2/ COratio
bYirpdugls- avoi ded since it incurs energy penalties and

W T TheBptirs @n dde the 55'?1%53 Fb@et Aby RIPEAESREadt& and sold or used for

sequestering the CO. The advantage of this nethod
depicdappligaéaisering is that the syngas mixture is

rel .at['hé( byof(fllleesgﬂ%a@régi §&£d Y}?&L q'afep atslghﬁt re&eSr, WhEE fhe (flfowmg

a significant portion o ngas and hence al
rﬂmﬁmamk@ﬂﬂaatlve separation and sequesterlng of the

seful S thane as a steam

refo?ﬁ?ng pr §§§F¥4n?§ +%g(?ﬁvent|on al so preferably

Adem tlmﬁirlasymﬂ]eslh plauis\elllaypxd:aamhﬁvd ds ametitpanexces§ KiGsngt gsed when the

BB LD e R 0 PLSPEED ST 3 0 b

redetot lor carbedeat woehenfot] coh onscﬂ&:asaa eomieity of ThEM, fiout thaszaar gas

TP NV O T
Jeﬁfrtbédﬂllfb@e ydeainnas intessmeigitcaly dxated Breeskouag)e | i st ed

can’ BBl o5 GO pulir e 5o gay it GG Sod relorivi

Rodeskat tbefebGtal s@Am Hoﬂeﬁsﬁ&nﬁtﬁﬂﬁle&fndﬁdgcohﬂﬁalﬁydﬂgﬂﬁ ,forlthe
i s nDstzyreferred that a fuel .cell guch as a.l
&

RSB G Beley B0t WS Hhecsaeabe b eion i pgie andlor

déﬁ&ﬂnenﬁ%@ﬁfé? e TUTthdaLf 1H&hdlﬁ‘§G*TL Gafvertidn, BmMedity shlds, dind for
I n respect of as Is OX|d|zed to

fp@lcsakﬁcaadm fychioga g@ﬁé’fbw aanﬁr %t??én glgctdca) generting Haits yel

cel | TQuLRIFS fﬁ@%elpasl&s&fl‘)@él ove Téﬁ;ﬁlr@éﬂgﬁﬁaﬂt@ﬁp @Hﬁéllf@rn
thereof? can al so be fed into a gas-to-

L
tb%irﬂ“ﬂ eell. s Ipnthgitvords, pariodsipreblsms é@%eéathéymnlﬁé%ﬁ fagds G nterrupted
rﬁy at ﬁé QQh&rt %Bsctant S uﬁ&aﬁ’s% tRESB@ARALN oRyReR Play be

‘ene, ypropyl ene and ‘equi val enfs thereof
@wegsd @azraé B, gltselaavhly plogned fradiEtgas, e berfed costarity igtodhim

_ ﬁél the fuel cell, can be channeled into a

synerglstlcally Iocated greenhouse. This results in
t he §eq1@e>§tl1a€rnangalcgfas erdpisitl gag can beediveeted prethe stean gaformdng kiln.

Ve%reat%gb%ﬂm%nttﬁlrgf‘t HE égghi \90 Bce feg ﬁﬁtﬂ% S‘B:fa frEft!)Hx g klln to

. or o 75 eut ura T eul turar
dnbares thegdrydabget eontwint bﬁ the ¢yingasgus desstibessabois Homiewercié the normal

Al so, capt ur.ed and

S peheurrar s SRl BBty VAN reanastomated bypass
Whenehgshe hanuralt dae will beckoated dinecolfy tmjﬂlefﬁudl ctlitopmaiidteia tles. constant fuel
supply.

Landfill methane can be used instead of natural gas to assure a constant supply

of fuel for the fuel cell, with the steam reforming process being located synergistically near
or directly on a landfill site. Landfill methane can also be used to heat the steam reforming
kiln.

A portion of the product syngas itself can be used to heat one or more of the steam

reforming kilns.



The hydrogen fromthe syngas product may sinply be

extracted and sold or used for desired applications.
wOheos@pswi t he syngas can be fed into a water gas/Ccahodst000060

reactor, where the follow ng reaction takes place: H20

+ CO+ xH20 (r) H2 + C2 + xH2O. Al so, the GIL

synthesis pI%P: mAJI typically have as an out put
B en the syngas was fed into the
pl anFlﬁ 1Tdho®s @ delietna @ d@ihgréi of aprefdra eldoditent oftie mesemt er
i f

gas. s reactor or can be fed to the fuel cell or
inygitigngs a commodity. The H2 fromthe water gas shift

re aclt‘lg r2 §3Ws BecHer@tid agah WetheGRgle sBSarfl Qﬁl@fstaéeﬁl'oaémv e,

whi he CO2 is sequestered as descrlpgg Q@ %Uﬁ@
f eedlflﬁg3 showp A sehematq diagrgnof PrsgmRpdinasas 8‘:‘ 3 fi-stage
&kégrnatlvely the CO and/or the H2 from any one of

PiRe above stean1reforn1ng processes can be fed
st ealiglrbshows A sehematie dipgrpme! aprine embedimgaiat e dé*ﬁ‘gﬁtfﬁ@n’ multi-
production of electrical energy. In other

S%%?%éag%ere can be a variety of separate and/or )
concEigr estows seshefatic dingramof anatherembpdimgafi ¢ ghecdpal stream, multi-
cony on, comvodity sales, fuel for fuel cells
Smﬁ%wg&%#uel for a gas turbine and/ or steamelectrica
generating unit. The use of a fuel cell as described
above requires a constant supply of fuel for that fue
cell. I'n other words, various problens arise if the
supply of fuel is interrupted or intermttent, rather
.than constant. Because the production of syngas. may be
interrupted, natural gas, or suitably cleaned | andfil
gas, can be fed constantly into the fuel cell. Sone of
this natural gas or landfill gas can be diverted to

the steamreformng kiln. Preferably, alnost all of

the natural gas would be fed into the steam reformng
kiln to enhance the hydrogen content of the syngas as
descri bed above. However, if the normal syngas
production from MSWconversion is interrupted, there
will be an autonmated bypass whereby the natural gas

will be routed directly to the fuel cell to maintain

the constant fuel supply. Landfill methane can be used

i nstead of natural gas to assure a constant supply of
fuel for the fuel cell, with the steamreform ng

process being | ocated synerglstlcally near
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or directly on a landfill site. Landfill nethane can
al so be used to heat the steamreformng kiln. A
weandeiogesonf t he product syngas itself can be ued/a006/000060
heat one or nore of the steamreform ng kil ns.Bri ef
Resied Detdriptionndf thimvéxtiani ngs Fig. 1 shows a schematic

di agram of a eLr ed
nveh b s Ergrs Wiebin S kR S dEe i SR sgeam one-
sGig8 glotess! TRAOM ione 198 agenyucly é&tsmtoFangtugeE 08 buoevs cmveyor 2,

schenmat i.a odi t
TR & S o L O Tt ppnadiy it s el s
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| _stage I 0OCess. | t
i 9a TSGR TSR AT BHPO OF 18 éolgwg S %n?%%%w%ﬂst'ug%g%@’é the
V105888t BRbAl 4RdydRS P thddhiAdePEM (ttﬁaﬂpfbkﬁﬂ&tél? QS(F"CIJ 1n rkadiness

is a schematic di agram of a preferred enbodi of
forrfhe stparmy reéorgtmgeraaﬁtloan%Wg@ceﬁ?%b@%e-um@tww PipsRamS is gdded

tG B LshRHQITEM. fA@ qsrevrbbgy MenBMIAT it Brad%fa%%tﬁ @%@y@e fota
where it is shredded in a shredder

C@p@m@h%fei?‘i/oﬁiéglptﬁ@pfrﬁ@’éﬁ R PPLES éher@/lteme%@we éte}'i/m reforming
L9 d? %ﬁt & pficulR! & ng% WA %% EEn). 6T1}i€eﬁr9-|h@at@ﬁ4 i8grdvREd with one

Into t eamre ng rotary kil . This serves to
cmmoamﬂucngas wenrie? exfd Qm@r morq aﬁmm‘gentsﬁefﬁbv@a@&g:@@gss steam. The CM

f
R0 S SASL A, B AR R e 10
it hddled teethersteanh oxfornming kibnesotthas if. Wlm@péwmwélgmgyn cargpoEndsp
tié"%@r rem a”%’né’ Euc%thgl%n%ng frloﬁ} t%g @;ﬁfl I\I;ﬁs ﬁéa{eﬁ %ﬁlﬂl t@@teéﬁ

dvancg ageous to provide
rf:fmrmmg d:dmv itnarows] §568GH1 w0°ﬁ; cgrhlghenwreeﬁssaryz derteading tnothe make-

ur.ge e nterin e st

qf ?he((f,lﬂ, ?ig'r\{{nﬁ%rg?egra V%'g*apcom 1%% c%nr\{ s%lglt%agagsté%w I%tﬂ% g reaction
tp Ifﬁ“oﬂii&ﬂtssamgaﬁ 11. STlmxefdrxdaﬂsngashnayrwtlmallme @Jereuleolgbﬁd for
vent and q m vent

e@&g@gégyggg%1p t%f?é‘gltﬂﬂv‘?rﬁc ﬁﬁig s?pélglt(?rﬁ% 6m<§/ﬁr a f'n%e epa?t’?cupage filter 15,
t6 eErRsvEId0g 1|6|ahd1 fifle dushi; Reshectioety e Thaiinkry sdiiiatagtr kiln residue 12 left

Commer ci al 10 is added to.t m r ef

T S Gheieatn P OIRE FPFEEY SR ey 2HE ke otThb Saige oM
hPR1EHYe B bitDl Biepdiati@ roganse bolahing haitdbmBinel ik ihs kiln

heated W thin the stewﬂreformgg kiln 9 to around

residerd2maksop the teiel 5igpad inedvasédéssary dependi ng on the

ke The hot, polished syngas may be passed through a heat extraction module 19 which.

may be used to create electrical energy (using steam generation with turbines), or simply to
capture the thermal energy and reuse it for heating within the system. By way of example,
heat extraction modules 19 and 21 may be used to capture thermal energy for use in the
preheater 6 for pre-heating combustion air for the steam reforming rotary kiln 9, thereby
improving plant efficiency. The product syngas 20 may be used in a number of different
ways as previously described.

Fig. 2 is a simplified schematic diagram of the single stream, one-stage steam
reforming process of Fig. 1. As shown, the CM input 1 is pre-treated in a pre-heater 6
before being fed into steam reforming rotary kiln 9. The CM is heated in the steam
reforming kiln to approximately 650-1100°C (typically at the higher end of this range),

10
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up of the CM and undergoes a virtual conplete

conversion via a steamreformng reaction to reforned
woepmpaseshi. The refornmed syngas may optional | yPO®/CA2006/000060

further polished, for exanple by passing it through a
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. schemati c

agram of one enbodi nent o e dua
st r edig: Sritd flmbﬁ%b@hwaéﬁrﬁl%@wﬁﬁnﬁ@%%@g%w #1%6 gifa! stream,
ﬂlﬂlﬂuﬁagé sﬂeﬁn“lﬁ’gnﬂlﬁ% ﬂoé‘es§ sHo%hn i FROS. RitBR ﬁgﬁlﬁ:ﬁ@dﬂﬂmgeﬁalrdtéd
heat s CMto approxi mately 550- 6500C. The

@Moawh@r@o%&dante P ﬁ@td sia2g §leara redamperosiiy33 adepighta o
Jpﬁ c]ﬁ’as §19%9@65(§5t39ﬂ11 1 el ﬂeceﬁﬁiﬂ%%ﬁ@fe[e&ﬁﬁe@&nﬁ@%f carbon char

tage soli ream t this reformn?
m@wegeatsar Elhetthied stagea¢fpimeingrilnedd inlthis aprlisptipnywrildhave fbe 2
d) and remain with
llogabgr eéfdd%g%qég{og%ﬁ%gﬁgfrldo %@c@ol ids stream 27. The
products of the dusty gaseous stream are passed to a
second stage steamreformng stationary kiln 28, where
they are heated to 850-1 1000C (or higher as
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necessary) to conplete the conversion of these gaseous
products to syngas 11. The carbon char in the solids

woeriwsame@dY i s separated fromthe inert solids BCEFA2006/000060
kil n residue 29. The separated carbon char 30 nmay be

used directly for product sales. Fig. 4 is a
WHATHSIGIAMER Bemat i ¢ di agram of an alternative

1. Aerﬁa%ii 3R Rban® fefdritinglatonsdeb@afateral idtd symitiRgie g& Sadinethod
reform ng process shown in Fig. 3. In this

comppging:cat i on, the separated carbon char 31 is fed into
feecﬁxfkeansiﬁ%e Bgca%cﬁ’ig@eo% fAaEN4l @ﬁt@ 5 g’ﬂeﬁlﬁ ré0indhy rddr} Rl 82,
product s of gaseous stream'to

aglt@tnuéheg@r@mwmmt@mhuﬁgg the s@ﬁméﬁémﬂé ptaEkdini ng
heaﬁ%@ o pcfl‘ﬁngegﬁ 1;15%1%{/1\%1 Sf\%%ﬁtgg gﬁ'&? kfhz foga[n;'g(l)&gtreg 'réf?l‘m?tt?gatehlﬁerature
of fmnnwouu@OM HHOSE it the prosinicelobwrttron skeerad. ) Fig. 5 is a
refo %ﬂgl&ﬂ a?o%{lg‘c%&?s%érfal .%cﬂ%a@me%grb@ﬁﬂgag ma?éIEP&M Es of

ual ream nulti-stage steamreform ng pr cess
subs;zkm»any cmnnktg cor¥ersion viad seaaprefarmangireastion tedfore gpathgsie gas and a

. 1 m%o nwﬁsoh? ;ed into a third stage steam -

lnmpg?gpﬁl ary ki n 33 and heated to approxinmately

850- 9500C (or higher as necessary) to conplete the

2. 1he e BPofi FEPEPR Ao R BERRRD il BN FbtheRs, o

to be arotary kiln, in order to process the solid

5 TR S e ol SR o B HEe b

the %B&aé@hhﬁdteﬁél@rpaﬁﬂrfg@he tgiemhhdrguamatetifltiirondh a preheater before

,cargona eous terial Eﬁha steamreformng rotary
being; fedh intoyie sisgm rgosHeS ’E’m ceous material using the
stean1reforn1ng rotary kiln; heating the carbonaceous
material within the rotar kiln to ﬁn el evat

4. The msihefl AGClplabBREEEH RS SFOPRSAILIBYE oo G iy the
steah R fRMBSEOGE 19 iRk Bh a®fer St RAR confdyeF.M Ng t he
car bonaceous materiral such that the carbonaceous
mat eri al undergoes substantially conplete conversion
5. T‘ﬁl:- efhoﬁto?@imﬂ EHAERINNGmhRAGH a1 aﬁi@/of QBl%rBUﬂbEéW&%béa i9added to
a mnimal anmount of inert solid slag. 2. The
the r.mbmqeoys mgtesiplgwithinghestepn rﬁéorsmrgarﬁﬁaﬂelﬂblr%aﬁ & et Hyith and
remlf){/é {lk s&?&g gf l?h%% ﬁ s WERH Al carbonaBSusTRkRd of any one of
er conprising the step of preheating
or drylng t he carbonaceous material by passing the
f
6. 18 a&%@ P A PorTRE gl{e}]in?e £ 5; %ﬂﬁ%ﬁr i méﬁpfraﬁﬁn%rstéaﬁl b GRRORY fed
into the base of the rotary kiln feed hopper in order to purge air from the CM being fed via a

screw auger into the steam reforming kiln.
7. The method of any one of claim 1 or 2 wherein the water or steam is present in excess
(above stoichiometric amounts) sufficient to convert the entire CM into syngas and to

maximize the ratio of Ho/CO in the synthesis gas formed during the steam reaction.

8. The method of any one of claim 1 or 2 wherein the carbonaceous material is methane.
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4. The nmethod of claim 1l wherein the carbonaceous

material is continuously fed into the steamreform ng
woab@rogedoil | N usi ng an auger or screw conveyor . PET/CRa@6/000060

nmet hod of claim lwherein commercial |line and/or a

bi carbonate of soda is added to the carbonaceou
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q e ogens
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: one of claiml1l or 2 wherein high tenperature steamis
10. %%ttﬂo'al‘f&l@éa}ﬁ dlf ﬁ)gmin%tcgrb&li‘a%e&@%fa téal, ts&l@ nfe%arcb{mﬁﬂlglﬁh feed
I'n or to-purge air fromthe CMbeing fed via
feedmgsannmm aligeronageous miterial lnéamﬁrSéS’E@gfhﬁt%gi uefqrmmgwtarvﬁ%ln
r or
e T e Ly
heatmgnhmctasbonscwbﬁs 1oatenid] withinctbe fisst stagetretagritiinte a GNpinyingtemperature
maxi m. f
belog%tﬁ%&igﬁgg érégall C mate %%vdrlﬂ%asr é& f? m Lrl_n&/ruggcdttp gt.ri]@% in tl}%e
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met hod conpri s
heating the gasemrl'rs:p materlalsg stream and clean carbon char to an elevated reforming

temperature of about 850-1100°C in the presence of steam or water; and reforming the
gaseous materials stream and carbon char at the elevated reforming temperature such that the
gaseous materials stream and the carbon char undergo a substantially complete conversion

via a steam reforming reaction to form synthesis gas.

12. A method for steam reforming carbonaceous material, said method comprising:
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feeding an i nput of carbonaceous material into a first
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con‘?&ﬁ@@'@ﬁ%%%ﬁl r@ﬁhﬁfn@@éacﬁéﬂtﬁ'f&ﬂ $8thkdis §ds stage rotary
kiln to a reformng tenperature below that at which
nmetallic materials will vaporize; of fromabout 550 to
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t he carbonaceous nmteri al he reform ng tenperature
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ds stream consisting of carbon char and
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substantially complete conversion via a steam reforming reaction to form synthesis gas;
separating the carbon char from the inert solid slag and using the carbon char as a fuel for

heating one or both of the one stage and two-stage steam reforming kilns.
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about 850-1 1000C in the presence of steam or water;
and reform ng the carbon char at the el evated
woebwrotesog t enper at ure such that the carbon chaCT/CA2006/000060
under goes a substantially conplete conversion via a
steamreformng reaction to formsynthesis gas. 13, A,
14. Haq WBUOF BF B BRI bi%rfh g et BoRREoNE teefidher aiep oL &edine
the SRIHROE 5ORRd HEINGI, viBGHIaABodAn bRiBkonGEactak HORAGRBIESs gas to
material into a first stage steamreformng rotary
formiHQ:and(gf €82i ng t he carbonaceous naterial using the
first stage steamreformng rotary kiln; heating the
carbonaceous material within the first stage rotary

15. Th¢ methed af ¢gleimokdriviricin earpery mubeeseaessisipdiy decding ank pxdgss COa

. We Al | vapori ze, of from about 550 to

mu%%%g%#kﬁﬁm?%§£%? sgw%gg%f aater or steam reformng
t he carbonaceous nmaterial at the reform ng tenperature
such that the carbonaceous material undergoes a
partial conversion via a steamreformng reaction to
forma solids stream consisting of carbon char and
inert solid slag, and a gaseous materials stream
feeding the gaseous materials into a second stage
steamreformng kiln, heating the gaseous materials
streamto an el evated reform ng tenperature of about
850-1 1000C in the presence of steam or water;
reform ng the gaseous materials streamat the el evated
reformi ng tenperature such that the gaseous materials
stream undergoes a substantially conplete conversion
via a steamrefornmng reaction to form synthesis gas;
separating the carbon char fromthe inert solid slag
and using the carbon char as a fuel for heating one or
both of the one stage and two-stage steamreform ng
kil ns.14. The nethod of any of claim1, 2, 10, 11, 12
or 13, conprising the further step of feeding the
synthesis gas into a fuel cell, which can host an
oxi dation reaction of the synthesis gas to formH O
and/ or CO2. 15. The nethod of claim14 wherein carbon
may be sequestered by feeding any excess CO2 into a
synergistically | ocated greenhouse.
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