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METHOD FOR STEAM REFORM NG CARBONACEQUS MATERI AL

Field of the Invention This invention rel ates

generally to steamreform ng technol ogy. 5

Background of the Invention Steam reform ng processes

ar MIEAdAD EOR SFEA X BEFORMING/EARBONASGIEOUS MATRRIAL

of carbonaceous materials into useful commodities.

The term carbonaceous material ("CBM') as used herein
Fidldof thddsventiyn car bonaceous material, including:

muni ci pal solid waste 10 ("MSW); industrial,

comBisanxentigndelpiss genanllyorateamarsfasming t@:lijogyrredu c

waste; coal ; coal vaste; wood vaste: sawdust; forﬁ Mlillllllllllllllllllllllllllll

pr oduct vvaste; agricultural waste; sewage; 166166°
Bavlggbend dfahaidensomast e; waste oil and oil by ppedu@Ls\

el egtroni¢c waste and other simlar carbonaceous

subSIBERLELTTURSPIOCFEFL AR KW 25 gE s fancoprering yprgous kinds of
car'BHﬁ:ﬁe@@s theHRAS AL WOl Oditi &L A hin? BarBS ke et féﬂerﬁ'ﬁX“CBM”
be used 1n order to achieve conversion upgrag
as wyed dveraim inciugles amy excbatacenys inmténwdriacludingphanicipal dotidtwheste

NSy, R LAt s B SRSR NSt il waste: coal

codl GRtel $88d & adteUsivatust fdrBst phRRfuct WadiQta #é‘lﬁhﬁal WO Gak A0k, 11qu1d
the CBMincludes a substantial |eve noi st ure.

wagteihazaglops wastegwaste @Jémtuh@lébméodmts, danronicuaste alluieouhgr s1m11ar
carggﬂcg(?%s ﬂgg}'ﬁnéé l%o:)lrr]lglr%se&/o arlr%ugg I ed&y?r?(%gr%l%'l %Lgcb@g 116%nerat10n
andferastdmﬁglsmm b]s}n wlhit&n ay e udedtin @déﬁforh%hlet/@ céMerdiet ajgdrad:
drumin the current _patent application. Steam
OPRATIGHIRS Ay S ghingingRstip_ PN process. However, unlike
i nc
e Ao SRS ml T R o
refmaang &ﬂmlrwlhleh ubmﬂlygomgntﬂta&ﬂumaﬁlkslnml@atm roeagle. afypidadlly, the

B@\g g aﬁpl%\ﬁza-ﬁafé %lf q.as tBﬁ’eﬂg? a&\;—n g-ﬁrgt%te%l ton agl‘?até2 t5he wet CBM,

whﬁéb?@ HeRB@XHER i %oallﬁsﬁﬁﬂleg bl 8B Qs | %e%igg@%ers or

two thermal processSes is in thé respective
ele@félﬁélrladwob)he%th@s‘élﬂpn dleeds b but deeI‘n#iéO da’setaohg drum in the current
cj tion/conbustion, the products are primrily
pm&ﬂ 8? ﬁogonpounds (nany of which are considered

NOX Bkt refoMBIER Sn Sh@RRRT €HREESs HoWERE Uifike R 89AhtYon, which is
benef i CI al syngas fuels with some mnor acid and net al

exafbgsBhie, shep is W%rdqusyowrheéarm EBM.sombingd wiknwater, is heated while

bei %?gﬁﬁﬁgegﬁ ﬂglﬁeactgm&[p%@&aew W& ll'sgfl%eﬂerﬁ ﬁggyngas

corxsfstsqnfﬁﬁanly of hydrogen (H) and carbon- monox1de (CO).

A key difference between these two thermal processes is in the respective products
generated by these processes. In the case of incineration/combustion, the products are
primarily oxidized compounds, (many of which are considered noxious), 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 CBM input to the steam reforming process
comprises mostly hydrogen and carbon and oxygen, and a small percentage of other

elements such as chlorine, fluorine, sulfur, nitrogen, glass and various metals. For example,
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conprises nostly hydrogen and carbon and oxygen, and a
smal | percentage of other elenents such as chlorine,
fluorine, sulfur, nitrogen, glass and various netals.
For exanple, 1 muni ci pal solid waste (MW

munygpd gblig wasts (Msé’ﬁ} itypmhlhyhawgmbm»ﬂwgiewgm&naygemfatlabﬁabout

oL eer e iout L0y gy B Sl B produets
1/\,\2/6&1\&\? | I PG@ Saou! RS “deﬁv Pafia oo

st e ki@l HribBar® k0SA Teforh M@ pPodRER shd SmpPAsas gﬁﬁi@cédﬂmaa 2 -stage
2-stage process. First, thé drumconfarning the

progass. EBM, the dmatcedtantuygﬁhc a‘raltegr and CBN mheratﬁtdesypmally 5or 90 mmutes at

o RRSEG 3020 O30 o SNSD 0dBt ncor

aref extractiel érogi tlmdn&h Ahlh$s D tNEboud BTV LTt HOOBOA hﬁsﬁ%eﬁ:@Molyzed to
has been pyrolyzed to produce pyronS|s gas, as a

Prosuge RYIobysis g9sf dSareatraon e fintlstasmhigiommangpansaueducsion of arue light
I . y
bl s GG SV 4B, TR LS eRiRSRE Bl s
to ctmwﬁrrcmamn‘g iy hiyidhabots/tdrsyogasiand the myrelytig a]mramhparated from

t he rolytic.char .is ted from10 the mai_nd
thegemaliider of g g&ﬁga@écsaqﬁ@%ﬁmﬁﬁe@ the PORIE BRSPS M3 OB solids
is ¢iBgdsed| Us other solids is disposed. Summary of the

I nvention According to the invention, there are two

di fferent steamreform ng processes, a 15 single

uﬁ%ﬁ; M aQN6rStage process and a dual stream
Fi—s%age—proc ess. The one-stage process is

pr efAeicomthg rthsinye@ion) tieradie two tifteréBMebmseormaigprocesses, a

spal |l anmpbunt of netal in it. This is because the
singleestiepnie NG HtagRIECss b¢ # Bud ssémewnmﬁwmgpegoceéﬁp| oyi ng

te

wh gﬁgx@t hg EQEDBHQESSW@H%%@R% %élgtléfsr(ﬁh&[ﬁ H‘ﬁ:(%]?}l\/f ks %%?}5 small
amonnmfsme:{allenhil dhis i becaoseeths bagetags Poess db&bn}bé@bélbwedvolves

ause 20 the anmpunt of any metal vapours can

empgmg (PGl ARGt @%‘ﬂgﬁfs?wefsp%wés S sases Wshefee@ﬁxamount of
me19iQed {Vlthf‘thé‘@BM ﬁqﬁ‘éUn‘s:&iuleb{tuﬁ &fie bRt ﬁa%@pl{égﬁ?Yseqrﬁtgrred because

substantially all netals" mxed into
theramhauint of agempuabmgrsdme be irtl etivelye siopl yeeparateffeora theysyingas stream.
use For th.t ne: sta roce and th .
wig s icteticPiy BB iCiavenBYe FSERRAR Rl mheh rwied ipto the CBM,
thennslktiestigedoW¥ess t&schibéBbel oW nagdreterabhPbe 28, pur poses of
this description and for ease of 5 reference, the
i nplier befhthongr sagn nregess mdide prud-stage praskss, 6BM.steh apmunicipal

s B0 95 {8 A S5 edBH PR Y o OBk B g o e of
refe@iicd) ¢he iBPGAL Uhd Qe Adenpiing pfodtsstshels Be ﬁﬁf&lﬁé’d‘tataﬁd \vasdidered as
and/ or non-waste carponaceous materi a Commer ci a

M3 WVaBoyeves, 1t shquid bgwndersieodthat/any C&Mu%%}fhfoliﬁs@@néﬁh%wayss can be

acdo?dﬂhl%r%ia}!)t@d YirtRese alternate waste and/or non-waste carbonaceous materials).

Commercial lime (i.e. calcium oxide and/or a bicarbonate of soda) is mixed in with
the shredded MSW. When the steam reforming is taking place, the calcium in the lime
reacts with halogens that are released from the MSW, forming calcium salts that are
generally benign. This feature is important because removing halogens in this early 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
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t he shredded MSW Wen the steamreformng is taking

pl ace, the calciumin the linme 30 reacts with

hal ogens that are rel eased fromthe MSW forn ng

calciumsalts that are generally benign. This feature
con%xtuefmmmtm@nm wlth%WM‘ghﬂmﬁt@éﬁé’ﬁ@ |t¢mpmt§reéaiunyg the steam

e i S | .cost than r ermm
refp i Ridint (B i p ARG Tt ety e R ik DBiggns wit
m&0 leaithathadystkes)i B@atseithShaldgens réch@er@‘t@iddy viithethe llme they are
opportunity for _ these halogens to form acid vapqurs

nopaypilghlerte éowvéd MaRgHrSAndEE idioxinsapd furags dNPl?rthﬁéVlth fteam

t
e e
indoatiog Wastg spean Qﬁdeséﬁlﬁw betwyatherznwibifbedittia bpggoramdty for conversions

furans j s .one t he robl.e Wi nost .
to i R i B iann g tekdbal GETH R OO BE AL cPudertionerny
indif@FidysyMentt. the lime, they are not available to form
aci d vapours and/or dioxins and furans. Note that with
st edmbsthrtbe onerstagg andenki-stags pro¢essdsethatshisdgeddViSV & sﬁ fed into a

and he ed fromthe |
hoBpire R e SobeE BB aasr Cflarsdity (R R Rl the Msw
inPRROLtbARIréMrhd kiANX eihSieaftSncetiBothekilQ X}hdlsyﬁﬁeﬁ?(prﬁﬁlda@ﬁi
furans as there nost certainly woul d be faor conbustion

cogtigmous feadrd high tsmpgiasire fgamto pwﬁ ﬁlrtfrﬂén dieMSWatred fnpreclude
en%gl tn% ?ggncp{ ﬁ Es %ﬁﬁgalg;&srg &@Y}{tb %hef 1891 Ims% %e noted

f9”an aug
thaahﬁwdd:ﬂml&m) is)beheficiilae dle”ﬂj;eamhfef(MB\Mg prokcesst hacesthtsa;tnam pre-heats

ref kiln. At the ent ce into the kil the . ..
toe A o e S O R oot VR HeatMisE sl i s also
de§1trz?cﬁmot &cﬁkﬂ%gﬁr@geﬁ ahfl 8%y 80 %{@%ﬁt@cﬁg fdrRaRb£6f ﬂéﬂﬁ‘: nitrous oxide and
entry of atmospheric airt (specifically oxygen and

othgrtundeseraplei mtr@getrmldqsland/or othﬁsomchzmspmdu@@l that this
adde enef.i sftgeam reformn

orocss 8o e Mg PR ed ol T B A0 g saee process.

THBARB Yo CRAR! Y RS irSOBEird stag b vl eAfibst P €RASBMiB Sfeemhefdimed
Meanwhile, it is also desirable to exclude nitrogen

(typichllyxgnpeoximetely 6Q-2A% afite armeuniof sartioe GRM).caronhasis formed,
X r [
ang t ngas t%)@ﬁ nglté Sée ut%ﬂg?éd tﬂ%ﬁtfﬁs ngr&%ggggt\(l)g% gﬁev?i;tg:{fg[rg the
refmﬁi'rﬁﬂg @BM Sztrﬂ&l’@téaﬁhf tfoinieg. Howeess ititas bed&mﬂxscsiva@d that the char, if
rocess. The reason for thlSlsthat in the f

heg{eg@gfﬁ C\Wllyecar?t@?o Re steamprefiesmeds and resfnPE OOy e‘%glthls is beneficial
beQ: 1¥s@' l(féaét!a%réf\ifﬂﬁlglg loF e glﬁ]lqugm%Qe/ %&ﬁpl%ﬁearﬁir%‘éﬂﬁse%ere is less solid

ar 1s forned
wﬁsteamdmpmal |y been beI i eved that thi s char needs to be

Fof o fseforeB el Ten, RS BBENCH CgPUPERTEr Qe Rien designed as
foﬁgf&g "THe &9r0&@§5ﬁglo§f§‘5fs!e‘a‘ﬂn%@fo'nﬁng@@ﬁrﬁkﬁr@t}ﬁﬁhéﬁsetﬁECBM to an

or ne need not be renoved his is benefici al
elwmems&rmm @wamture,fappmxmgat@ky GINRC BTG (ardiigher as may be

NECeseh c}epend?l ng ortlJ feed mzﬁenarf)e rWelthI vsar)lllrelg %esul%ncl:edtlmes to generate
substantially the complete conversion of CBM into a finished syngas product comprised of
primarily H; and CO. It is contemplated that any conventional steam reforming rotary kiln
may be suitable; however, it is preferable (note that it is a specific claim of this invention
that the system comprises a single rotating kiln with external heating, since there is a current

patent invention that uses a single rotating kiln but uses “internal” combustion heating) that
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25 waste to dispose. Therefore, a single stream
one-stage steamreform ng process has been desi gned as
foll ows. The process enploys a steamreformng rotary
Kiln that heats the CBMto an elevated reform ng_
sugtergtasy &ilnbe extgpmilyteatad rthesthorintemalty heated); gprerthiggeduces the
I ' .
okt P 5o P BERR Rt RREE Wi e sk ERRIEE Rk plldht various
nokid@s sidePtRIuet edpounds. oTheadbjédBVE imtiinga fme”:sts@@pfosgss gat® provide
roduct conprised of primarily H2 and CO i S
suffisine Fﬁé‘l‘w@ar% nlal@ularﬁymémg\?@ﬁtr?%@we §mggih ar%a%? FRaRigon zone, to
achigl ﬁﬁ‘gﬁé b erdBY1 ﬁssﬂhg gl &agg‘ﬁw f{f@nﬁh bfcess may include a
pre erabl e (note that

Is a specific |mofth|s
pohsmeg unio dowhsteeant fiem shskibmte Hmher ségmaths ivalghibizedondirefogmed gas

iln_wth extern heat.i n Si ng here is a current
Strﬁ%ﬁleﬁﬁtno ‘fﬂ‘i‘é‘ﬁ B’ % gﬂ%‘éegdﬁlgﬁnﬁe ‘F‘fng‘fS{"gl“ ng kiln but
usesrhel ifée5d1Rd sla%%‘éﬁ'i@ﬁé tdficiveh 88t thekilh RtherdrestéBd bAbAIYolishing
kil n be external heated (rather than internally
of thia fiedd ptage igam r@f@HQed Bmgewas mpebe popdad e hinsalid slag residue is cooled
stl n/i.nciner at t I
arf PR PERE B SRRSO ot RICRHAERSRlford B wpicaly

refS1e5e0 i RERimeeeuIhF up Y@ 98 % of sha@iginadMSWiale process
Is to provide _sufficlent terrperature t ur bul L )
mi xi Hig spiemyRrefembhcendergnss aidHStIemp YR IPEOGesS & vBit Aysiparticulate is

I'CltﬂgVéd ARG FY Fef&ﬁr{e@esg/néﬁné’fgﬁ\ﬁehﬁgm{l ﬁg&laﬁd pdtticR s@P@rat%frs"?‘ﬂﬁers are

amreformn cess nmay Inc pol 1 shing unit
enctﬂmyalt aldtamgh mmfeﬁahby tiid imyolves 4 Wﬂtlhdrdustes‘eparmqr hrd a fine particulate

TSR R E T W
ro{a?fﬂln Sﬂltérﬁiatﬁjegg tHeecﬁis%’&uélﬁitEs RUE [‘)e Fen@d0etl i@ siklilal corftainers

then renoved prior to polishing “~of this first stage
dostrstream difoor ﬁede’@ymg)gsrotasy kiby Mieanwbdeldgat eritfagtigrompdules will be

logaé%giicgv%isltr%gﬁ QC%Sa %g{r ép$ gﬁer rfgﬁ%gtl‘%égsﬁ‘ e?fc' extractors are used to

ex@PAtt tASi 4D BnéMzl Ifrohymb Gat dyngaefor arart cithet @k difect rhe@tumt fop the
of up to 98% of the original MSWm x, The system

prpdetion ab elpcusiti o prechepiog kil pomRIstanGiang orprehgatingfeed CBM.
dust
Cgﬁ Tlpargeg('rt] atl% dus(iléa%mcg &g%gfériebﬁ}ggaprg&%te [SiR PTF&I ot¥ddRdtent

ve or s/ ters ‘are
te&ﬁ%'ldgyésCfor ﬁﬂﬂdWLg}ﬂgﬂfvefaaﬁainHynetil hiapourmvobthespaisons/pollutants to
vorti cal sep arat a fine particulate 1 )
proVie G o SIEDT Eatmiieey og SRS AFOSFRY i‘hwa?beﬂia'gﬁd cleaning

@]%t&ewﬁi @?@g‘lg bt tﬂﬁ:al%g %@ant?efaﬁ{ ot 9 dust %@f)é'rtlk,ulhﬁ removal and will

erna ust particu at es my be renoved
typicaily be locatet! @itharupstrehowmsdavestredm ofithetsat @m@pmrn@odules

kiln. Meanwhil ules will
Bt A S AT PR e

dd| @ﬁ(ﬂ%@ieb Y& effectiitereiRAbI (ﬁ)ﬁl%lﬁ‘}& BhEpEibchous géjse@o extract
tp hermal energy fromthe hot syngas for the use either

as dAs explaineditbove the dnaltstreara ompltiosiagst Broeess s preferably used when
thgrlu?ggta ellr%il:rt Ohe | gm]elggg: rg%%%lelﬂqg thkeI 1\'4@\7&‘1{"0 Hlslgé z%ﬂ)rcac' dted that in most
cases, metal is separated out from MSW because of mandatory recycling, and also could be
separated by means of metal separation units located on the conveyor feeding shredded
MSW into the steam reforming kiln hopper. However, even so, there is often a substantial

amount of metal in the MSW which can vaporize during the very high temperature steam
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The next stage of cleaning will preferably conprise
sorbent bed or equivalent technologies for renoving
fugitive acid and netal vapours or other
oi sons/pollutants to provide for specified syngas
reforramg|proress Pﬂ@-‘r, tlmmglélqslmprpwss ssksignedrioi gptisozdenrtgyped

ani n ically.be.lo ed downstream
cofiRiohhy B Sk rbemink PRy adoaro SR |10
typiTeRiprefelded mARALEEE Qédnh BdforiRiff PRRBISAS ad WO B Rfprovided a
the heat extraction nodul es (depending on tenperature

firsf StRgE StepmiresMiTg roteay kid Bwahbedsedie (ERM ¢ areformislg temperature of
7 e .
bR SERAPESISL L. AILORLYE APl o

maﬂalhb rrsata‘rm&ﬂarg@ly ihtacs(i @00t papereRd) ikl \pitlef@rd&bl darbtsieshar. The first
when there is a | arger anount of netallic material in

stage, BrOggls e segrqgated dntg biwe sEaimsed SedoRe stage ngipty” gaseous stream; and

a thig® @cﬁ%e 3 NE |stréa§n SeRGE A tﬁgn ?1"6 Yidell 9%&@%@ i rgformmg
mandatory recycling, and so coul d be separate

statenars kaf thetheadats thegdnsty’ gaseonsiinfow ma:r&xlis mranteﬂm/ated reformmg

conve or f eedi n 0, t he st
e R g PRI OB P C RohE CElERedS materecssgary) to complete
theokdrRformaiob st ARt stade gABRUHat@aldBy Bloil{thtidghBe e @Rversion of

can vaporize during the very high tenperature eam 4
CarbERFeATZASHT iBE®E SYNZAF 6NDPAsh pﬁmlatlly aft @nchchss syngas will

t. ner cons| npt i.on
typq%?lg%q{jch i hgﬁ’llo gﬂ %%cg I S?g}rélf E)he OcaB é)'n a5 st e\éﬁ? g?e tﬁrg a[gge steam
refnnhmg-systtagelesdr&adbéleﬁw Note@ispeonistages satoda@) ! KiWbmay be
re.is provided a first stage steamreformn

COI? ?C_i/a% Totary kil thienpd neqessanpio apbimize edqnyersiomgerformance of this
sedoRARBLAL Ur € of 5 approximately 550C to 650C to

generate the first phase of syngas production with

met Ji’lréfel@bkyatl‘@rpredess pmwgiek j‘brlth& @atoval ofelushaid paﬂnmlatésdié)ween the

nd th resid on.c The first st
firf}AEih esoBd Siages dBisag sy b dgneith ans or BorB OF pical dust

sepabAGE and Wink YartRARROMITerS LA IRZMtivRRd or A ddbitiod 5 Hﬁ'ggust removal
solids stream There is then provided a second stage

progessatherpseesssivilfalse atclusieaheyinkdrhal scmaatlohneaftdgsttalnd padiekdsy(éntrained

i B855350 4 S e 5 Mha B B o

ancﬁﬂnﬂﬂl&Yag@%tdaﬁﬁ%ﬁcﬁ'ﬁﬁNQ kilr3. TRISPhtEMnEl seph@tor Kal %ﬁ@ﬁﬂfﬁﬂér@zﬂly created
of first stage gaseous materials by facilitating the

StrongnyIrtieal mQsioneReraied by statiandiyyaeeson g cgaesssinggybndyical channel.

T e S
turn'mg vanes willsgeneaneitie tvOrtichlecehhifﬁgh{ Soragetoslleantor sephakith Bgparticles

o S e s o S BBEE Sl gy o

Sl 40, BSSSRAL 1  , SROB1 B0 i o
mqman(ms smpartedi bgethe ﬁ/mtlcalhaotl(&mmfﬁxhemfto skpatatathdse particles from the
g%g tstireg:alflrll ea)Eitelrslg Hleets\{\éeam re%ormmg kiln. This internal separation device will
typically be a cylindrical container, separate from the steam reforming rotating drum.
The carbon char is separated from the inert solid slag residue in the first stage kiln
and fed to a third stage steam reforming rotary kiln that heats the residual carbon to an
elevated reforming temperature of approximately 850°C to 950°C (or higher as may be

necessary) to complete the transformation of the carbon char into a syngas composed of
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first and second stages. This would typically be done

Wi th one or both of vortical dust separators and fine

particulate filters. Alternatively, or in addition to

this dust renoval 20 process, the process will also
virtuadlyedealtviodumest o 1G{ knds Hp accatding toothe digai refodnperreactioagwith x

ent ali neqig n the syngas flow) fromthe syngas before
moé?ﬁ? KGSihdr the first stage and/or the second and

third stage steamreformng kilns. This internal

sepaf atpb Wklilo UsenH, bhef,eal |y creghed strong

vortical notion generatzed by stationary vanes in a

convergi ng cylindrical channel. The syngas being

ﬂr avid tetrmtivalyh) tlfefdaﬂaoﬁ)chhr moyvegdjrectyy d'isll’ilﬁfahﬁ@fuel &beltﬁer the

aving integra 25 turning vanes w enerate the
steggrhailenpr asdicating ﬁ@gforpa? etthetyo prippsiagesof §@earrsﬁomﬁtum or used

dngéﬂ'}lfo?lpﬁﬁiucﬁs%%er than the syngas being drawn through
hi's exit cylinder. Slots strategically |ocated along

t he If ewg@clh the outAewdrim tlwmrdu diege vdnl be @restedde themecoriestage

ey o 3o B SR g i R MBI, TR me

sy tflodligs odtloTihd therd st dagpihll LaibsRixiidliydednethah @R first stage
reformng kiln. This internal separation device wll

SyRRas @ ey noj regaire pelshing Whees caghamchipilas beew plipdiivelvisepsrated
fro%h?en%r‘?&mo??gsﬁﬁ@ ng rotating drum The carbon char is

separated Tromthe inert solid slag residue in the
fir Sthishalyestigd procaandlsd eeferably ihdlided hehtagerasticvamcapture useful
refor ng rotary ﬁ hat heats the resi dual carbon
engrgy gt eeﬁyegetaé\é spli¢ %9%5 ngve kespertsactipr modulsp giag:besinged yeparately
an@%ﬁ@al%r{sﬁ%mﬁ b8B&%h oéﬁhen&% rgﬁ ndr{ﬁﬁ S8¢Yar ntlePy tt)eost%ged

conpl ete "the transformation e car on char
dowwstyzrsn cfmpunlsdecbﬂo@ of Byrtgas oy thepeeseparatestagss. dﬂlemmantbcovery

un%f;aé)gtg: glFSdg)f((g %rggte ﬁg@rlca an?r r o{pg]f%gﬁrgeegg iy .Onw'g._‘gi tﬁrrl]);(r)}(q?bor can
smﬁdﬂl)/ captitel tBE FrbthYednkrgytREd e }?}ﬁ%ebﬁng‘l&ﬁgcombustlon air

rectly as heating fuel for eit st eam boi |l er
an@fer@hﬁfémglfﬁ@iﬁﬁM for one of the tvvo prior st ages of
ste ref used directl

S Qe B off Rl st PPl Ppid L gaaniggunit o

petferntl ﬁhelcdl@@hlﬁgbﬂthesﬁga@ﬁwngioag@t beesEéduiredend RRYRo018Gies for
that the outflow fromthe third stage can be poli shed.
remppviag Sgitivereid aml moiahrapoRTsaiotyr 691501@)93/Pq1h’éa“ﬁ1tprpéo‘§f‘%1§§

spéc?ﬁé g?g J:lé!an%'ﬂp tfgpﬁb@édu%nlgdrgé‘e@%s f‘ Oltt)gl?t del e?eteclnmg system

ngas an not urre po
w1kl ay;bczrllyd:hdbcdned;ddamstreaﬁfoé diei dost mds;mmnﬂﬂtenhmdvrabmd will typically

emai nder of resid Thi s Jé sta roce 0
be JaRed ABS SHHERD @6 oA e BB hoad oD zse upt depencipg
terfyperhttde s"éﬁs1¥10ﬁe§ Mf‘@l@%m@@ﬁ’t 528 A& AOM¢ terh aﬁﬁé‘ﬁependencies for
extraction nodul es may be staged separate

effective removals of fugitive and poisonous gases).

It will be appreciated that the steam reforming process produces a syngas
comprising H, and CO. It is desirable to produce a syngas with as high an H,/CO ratio as
possible. The reason is that H, is more valuable as a commodity, and easier to convert to

clean energy than is CO. Given global warming considerations, carbon is preferably

‘sequestered rather than released into the atmosphere. This makes the CO more cumbersome

to deal with.
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15 and individually downstream of each of the second

and third stages or may be staged downstream of a

conmbi ned fl ow of syngas fromthese separate stages.

These heat recovery units can be used to create

el edihetecat twmarethpdé fiimaximizianthg h4PQ@ raton The first is the feeding of

exir orapeifeive s g srERRsiTamgiRr miocBrpagt FUAiming
préteks whicH/ fg@ﬁer@t%@ hehtiong H afdl COBM edfdl Thddadde Thehdfifonal clean
0

steam reform ng process may optionally include a

CQy caabiersgpasted am%seqp@sfwr@d i Hej sn@qndc,m@th rsgh@feedme of pretfrane

(pa#’é%l%lgrli%crud%% it gmegﬁﬁlﬁ\ég l B < l{y\%g(?%ﬁlrxgc Jpa Stgqaﬁ% rmcludmg waste
011@,QisSiﬁﬁﬁp$lp (ilhtb lﬂﬁe&ﬂhéeﬁn teforpiiny peeedsor  speci fied syngas

cl ean] i ness for subsequent processes, This sorbent bed

cl earidirg expetsahatergnd hydiagen sich hydrecarbens te dhaixoaa refemmng

pr%sstb&e}%ieg g : e@&&‘ép&%h 'o‘f‘le&Bg erl r%ﬂa‘?i‘(x@'to t%@:ﬁ %ﬁlo'rﬂlo Jf{)éﬁiét%n' ahd

) ther upstréam or downs am o
oxhigaat intc o yeforming k{ldePes di tagn produdes aphéghet Hﬁ/@O ratio. The
i es of the .sorbent erjals and

L t
P“?@??%‘QPL%V ?f B ST h T froo%nsursglraréf?%qrw nSIEPaLssupply of steam

to Eotfipletev Bt (P PHPRROHR seafPRIomlifg é@ﬂdsmgf‘e ARPSRENALRAming
that the steamreform ng process pro uces a syngas

CO@‘(ﬂmﬁlil of engesewatarbayond B@lqhspml@sqt walbresul in q@:e@dnm;smn of CO to
th hj bl
CORBI R v EReraPhBR, ST Blo Bubiee G B RBAI 0

Typledllg é@ss aletHod df @rﬁpﬁMngttﬁe Bl &N ratinevifl betaRaided §in€&3t incurs energy
G ven gl obal warm ng consi derations, carbon is

pepaliesandyil requirr asditimaksnesie hipceshesfor sasestering the 6 QunThe

AR 8552 G A 5, i

and &X0,ovoulthén thisr@be feprestre af segnificagt pfoporiones $hen§yngztsuarnd hence allow
P (%gg e.stoichLonet iC anDunt%B é:an input into the
OIANLLHRCHYS SFPATAHGN apy Bfiﬂé‘%%e Hhe&fer at es addi ti onal
and & {he uSGtRlk @&Hﬁ&ﬁé&% §
A > St F%gﬁQ e secoﬁ%gﬁgﬁﬁgggg“@numl

can be separated and sequeste
alsp ipecterablli cogtapiplates thamee 6f lapéiill methaae.IThis ls&bmvahnmglt as the steam

andfill met e, or ther h nr| teri
retJPH‘Elln§ d)lléﬁlé c%@?}gul t &eiir a Jg%enéﬁ) %/ rfﬁrl??t Y A a?a(nﬁgﬁssttg, vﬁ]iuch can serve
nof @ﬂg 68Tk BerBE OEEBM, bACAY NbueXkCTImARtREhaRd hydr ogen
ri ch hydrocarbons ‘to the steamreform ng process

dr i dsragse & hembepfoadyansageotis hyed fergbe produets o§ thetsteatwsforming
prc%reg%g Idnégﬁglgf(dj %bo%r %Qseaaqustgd(ng& IF‘ar E{]a?n;ﬂé,g ﬁgl]re om 1 aathe syngas

oduces a

(Hg 2t @) canlbe fddinps i fid pell. Fuel @llghospaﬁeﬁﬁaﬁaﬁ edactién. $i thel ¢dse of H,
to ensure that there is an adequate sup of steam

+ (@ sypgas) bisemast pesfersed that 4 figbsdksuch as %%lﬁ%ca@paatmfmj cgldora
solﬁ’(PéﬁH@ lﬁfel cé}mfe ﬁste@?ﬁ@c'é&%%ﬁ& B%el cell can act on both H, and on CO. In

respect of Hy, the gas is oxidized to produce H,O plus energy. In the case of CO, the fuel
cell outputs CO; plus energy.

The syngas (or a portion thereof) can also be fed into a gas-to-liquid (“GTL”)
synthesis plant to produce selected synthesized 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
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conversion of excess water beyond stoichionmetric wll

result in the conversion of COto COX2 plus H2. This

creates an inproved H2/CO rati o but al so creates

addi tional C02- Typically this nmethod of inproving the
seqyestering af £asbep i a anney benpsigial fonike enyirenaeant.s Merawdile the

| i p vy .

AT v ARl br SFE et Cuteh bRy IR T A products within
thd friesnhoRbdisénbinceDA Iseqhie€Og maydeicaptutait antl iseds fom g érer

mxture is relatively clean and CO2 ldip this
coppRsECI s QERHORIEH PRy COBKArSIBR BRSFLS fghthsprg tigy Afusstul

e ce allow for an effective separation and
bygﬂgﬂ£%¥ering of the CO2. G ven the useful ness of

net Hziedydeogan $itoenthne spdgas praigcipmag sisply bpertractedand sold or used for

i.nventjon 20 also preferably contenplates the use of
depiggdeApplifatioBs-hane. This is convenient, as the steam

r ef

! 9 R A5 A o £y RRAERALCE e i cllowin
reasion takes plec.of CBM but as a source of landfill

er re er advant ageous uses for
the%ﬂ&d& xg’fzgt'ﬁ’eﬁcfgﬁw ’é‘? ¥ming processes
Ald8SRE Gl?idsyﬁﬁ’@yl@ tplaﬁh@fﬁf-‘ty%fcﬁllﬂl hdeosd alﬁeigg@)/l\lt ek@@6s €03 LSed when the

some or al he syngas can be fed
syngﬂscwa@ fedi e1to d@l flantFligs ad,tbtwrzal E&s@aneahmda@ fgdinto g water gas shift
actlon th a S,
335k Bie K e FRER R N T Bl rr s

shiftfdactoetbdn 8 fed to & Blel delDXd Attt aboed, leble this €0, idxeqaesseed as
such a fuel cell can act on both H2 and on CO. _In

depethsd @bovst (byfeedingit e ausxn%&rsurailédoqaéedpérr%ueésqlrz o) pI us
ene r&p{emétﬂlei}h ?be‘:(?rﬁ%ng)‘or Hn ﬁ]&nfaHg bne SFtth: t e ks fa?n et

pl us eneryg € syngas (or a portron
prodessesiaan be tﬂed tntacst@ngbm}et/stehmqumbme(dh@bln bombssywhhaagms for the

pl ant t produce sel d synt srze hydro ar
prifusiae of clegthichl eperay, Errowgrggﬂﬁ ﬁo‘r%t Eppgate andior

coRBlrYdMt E)éélfg eWaﬁﬂH& Mfélu% @TD%B%&O@&%% aRB%Fuel for

steamfromt and steamfrom t he f uel
fueladells anctfamfubbfoc h@ametrlede amd/ or geany pleetgicaltgeoeratiye witat ed

gr eenhou hi lts the 7 sequesterin f

o bt 158 oL el Sbdiveved moVE s RETL RO O R of fuet o

th%ﬁ%ll' €ln ot W(ﬂﬂﬁ%ﬁo@fprf)b’lélmE ari %6 e l§ of Giicl & iderupted
agricultural, horticultural or forest pr oducts Wi t h| n

ortipfermitteBtn ks dhanscoaptanin c &ecaysp S produstionpf fgap@ay be
1nf H%P{ér ergar%qp%zijssgrdsmt% %ﬁé&%d laﬁgfg@gésg' ?Ao‘?éjfegz:oﬂgtantly into the

2 CONVEr sl on

fupr@lucti on of useful 5 by- products The hydr ogen from
t he syngas product may be extracted and sol tij
usedSqme of thisdatuyl gas ST ]a@gﬂ) 1 gascan be diverted to the steam reforming kiln.

Preferably, almost all of the natural gas would be fed into the steam reforming kiln to
enhance the hydrogen content of the syngas as described above. However, if the normal
syngas production from MSW conversion is interrupted, there will be an automated bypass
whereby the natural gas will be routed directly to the fuel cell to maintain the 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
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The CO of the syngas can be fed into a water gas shift

reactor, where the following reaction takes place: 10

H20 +CO+xH2O - >H2+C02+xH2O. Al so, the GIL synthesis

plant will t Fipally have as an out put excess CO not :
or d'gevzﬂmmlanﬁé I sitg: gadfilanethang camelso ppased|ta fgat thejteam reforming

kil dditional CO can also be fed into a water gas shift

reactor or can be fed to the fuel cell or sold as a

com@oitiyn of e gridddct syngab selBdanrbegraed tosheaf onerarandreof the steam

can be fed to a fuel cell as described above, while
refopgingdplng g sequestered as 15 descri bed above (by

feeding it into a synergistically | ocated greenhouse).

Al'ternatively, the CO and/or the H2 fromany one of

BridfeabriptipnsifeberDrasfiogsi ng  processes can be fed to a
For Toel Ssscebrom A Sena A e err BBt G present

inWyds. there can be a variety of separate and/or
concurrent uses_ for the CO and H2 including GIL
conviigs? gewsdoieherantiqdiagmmsof thesngle sirearp ongesfage argcgss.

T W A SO DL s

prakye requires a constant supply of fuel for that

fuel _cell. In other words, various opl ens ise.if .

t he Baghiipvisth FhERai R olqpPRE SBpOITERohtEs Bl sream, multi-
ﬁﬁgﬁﬁﬁ&mghan constant. Because the production of syngas

e interrupted, natural gas, or suitably cleaned ]

| andFiigl 5 slyers, a schembtic diegranoofanather gmbedimentof thedual gegam, multi-

cell. Some of this natural gas or landfill gas can be
SREQREPTEY to the steamrefornming kiln. Preferably,

al nrost all of the natural gas would be fed into the

steamreformng kiln to enhance the hydrogen content

of the syngas as descri bed above. However, if the

normal syngas production from MSW conversion is

interrupted, there wll be an automated bypass 30

whereby the natural gas will be routed directly to the
fuel cell to maintain the constant fuel supply.
Landfill nethane can be used instead of natural gas to

assure a constant supply of fuel for the fuel cell
Wth the steamreform ng process being |ocated
synergistically near 8 or directly on a | andfil

site. Landfill nethane can al so be used to heat the
steamreformng kiln. A portion of the product syngas
itself can be used to heat one or nore of the steam
reform ng kil ns.
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5 Brief Description of the Drawings Fig. 1 shows a
schemati c di agram of a preferred enbodi nent of the
present invention. Fig. 2 shows a schematic diagram
of the single stream one-stage process. 10 Fig. 3
Detaileddescptiommiithe Inyeniipnam of one enbodi ment of the

dualg. str. L Lig . Fig. 4
endibil A AR nBrIERRR et i Syflg prcam. one

stagt paRRs. MHetCBMShA@d B comaidusiiife ink SNasr ¢ ERERivieor 2,
di agr,am of anot her enbodi nent of the dual stream '
w is shyerlded iye shyedsles 4s The (heY angyeaptivaalby beppredreatetl bymassing
| o . . . Caar ;
B e
kilii9e TEBMervigsud dd ohs ocmptd sfitheifillpwigg rémd e exdessugsistufy from the

rew conveyor ré where it | sgredded in a shredder .
CEM, §HT N Hay g #8114 15 SBredde OBV apprapimaieli 736 in
reddM Q¥ 8} tlRe RELn P&”@ﬁﬁhg Odacti. aWhefl ﬂé@ks‘g&xf‘?ﬁlaﬁe-i ?Ew%fgé? and/or steam

being fed into the steamreformng rotary k
5 iThddedde thashredded 6 Bivie Asprevoousi yomentinmed ot {sadivargageoesitovrovide

for o e bl B ReBre ity g it CET 350565 fhe steam
refoRAhikEIRY &fQir, (iRDaicarm) df%&9§éﬂ' 4 i®&eh).Ohe MB&{eBter 6 is provided

necessary, make-up water and/or steam I s added to
witheneqr maere e eavyentss7 padgneorsnere sieami ventsc for relgasing excess steam.

t. rQyi de for, . f.] fee f
ThECEREARA IE f AR ek ol i S IO B el e e
Cosiraenial limkedOris addeditd theStea siformifig kilpso thatcitvall reaof with any

oxygen and nitrqgen). The pre-heater 6_is _provided .
halfefhcomRowsKs st vigasudubiazens Fom WRCEN. Fbp £BM is heated
= I? . o i S B . i
L B B e ) g 5 febbsay
depondergai thy niekatupchf tiRo@Bd, ahd linddrgees hOvittsal acuiplitd aonvemion via a

steamreformng kiln so that jt wll _ react with any .15
SR Bl ITAUINIE T RE e PERL 1 T TStoRoh amdge Ry opifRally be
furkie poBed,Tfoe e 1e %5@8@1 t thébdgh ddri€al ThfRBPpdrALP1AMMAWor a fine
kKiln 9 to around 650C 1100C, or™ higher as necessary
padisplateofiltey 18ntottemona lest dp apd finp dustBN) reapritivele Tho insrtesolid slag
Lt ualk ersi ' t.eamrefarmng. . o
o SRS AR Ao B PR Ty 2
by V@luneps l the stattihgtCBMf ipithie rTHealussieshd Fosepsstddtoen tése polishing

passing it thr ouglh a_vortical dust separator 14 and/or
unys, cpppined with the kiln residue 12 make up the total residual inert waste 18.

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 CBM input 1 is pre-treated in a pre-heater 6
before being fed into steam reforming rotary kiln 9. The CBM 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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20 particulate filter 15, to renove dust 16 and fine

dust 17, respectively. The inert solid slag residue

or kiln residue 12 left over after the steamreformng

represents approxi mately 2% by volune of the starting
wheBmMt ﬂlnqiﬁrgoels a sTéven thfisrming reantionl 70seephe steg réfooming ipescess is

units, ¢ ned. wi th the Kkiln. .residu
cofifieel, et PyBias 07 aimpe Phiacdiiond oy g Geaning where
reqifdeld s rma kii R&afuc®Yis RenRE TRk tHesRidfrefor@a kiln 9.
extraction nodule 19 which 25 may be used to create

el ediigiddap stnplifind schematiy @@@&ﬁfhoj ene ﬁ@bp@mem eftthe dual stream,
mlIlH 3pélgg Sge)éu’ni 2f ﬂ% %esg gTﬁmea ?P g f és;fg & Into r&\%&a%g S%eam

reibﬁﬁﬁi@keln zshel&at:h tudts thetGBN tﬂﬁﬂptbﬁlﬁialﬁy 850L68°ATEYhedEBM undergoes
used to cggt ure thermal energy for use in the

a fHFtegl’iaeg&tséfia r"\f‘B'fn"Eﬁ agHon to rf%"%%ﬁ??%? S@ge afusty’ GRSTHE stream 26 and
thidd aage IO AY2T. OhPis tekdrthite %fa%QX thé H}%E ¢ Aterjals within
ant efficiency. The product sy gas e used i
th@CBMmrlargelydnt[af:te(h@m not :?ap(wac;zé) asl rpmem wmﬂsthy residual carbon char of
rlbed emati c di agra

RS A5 2, Pus froainE oLy Bl PERE! e agpi it B adond stage

ste@fn rfefc@midg stAforaROMITh 28, RhefdRNky AR MHeatkd it 8 5U-€160°€qbERIgh& as
a pre-heater 6 bef ore bei ng fed into steamreformn

negessay ) torgomplde therrenygion o Hissg gasepys nroducty tegimeas 11. The carbon

chgr‘%tl?l#@qﬂgs Eﬂrézﬂn b9 152#8% %fé:d 'H%ttr? 11?3%5)}1\1\2 9&5 %5‘ I(Hr'l (r:eas%du% 29. The

er end I'S ‘range)
sepanated gmbsn ahe& t30anay tef md"dngctryetaﬁ piodact selese the st eam
refQrm ng process is eted, the reform synga

is pagddy aéHnElbﬁedaS&HW@t ngﬁ@l qf $h ieHermativs apb qsipragmm ghe dual
strlé‘é}ﬁ rBulti 84BY di&th re (lfl'ﬁ‘t(ﬁé kﬁ)cés‘ggh&k}ﬁ ml?l i g fnemva%?llézgﬁw the

the steamteform . a si
semrdtedradrban dhaa@ﬂ asrferdfmmrthe sacbhodi stagmsteamﬁ rdﬂmmdg abtary kiln 28a, along

Sstream, b5 -stage steamyreformn r acess.
will e Bidne o sasto e e e e et Bt YAty
reféhhﬁéBénN}hﬁlPe haat Sedoh@ s dfOrnARL ki QU@hﬂhYs appllcfRBGvould

M undergoes a first stage Steam reformng
haV%@dzq aolietary kf1m1moad®sé@m¢de8§tth©®llddaa§10y fegglseous stream
%5 1& Q s{rf"ii Hcﬁe%gs%hgrgat ddslagé a(1%|afl% K%einét}odérpgnt\&f lﬂhe (}]ual stream,

erature,

mdlﬁ%ta@BMeaﬁl&efoﬁlﬁﬂfﬁ Potest §l€dwr( MRIg. 0k tiiaRPplicaaeh, théiskparated
remain with the residual carbon char of 10 the sol |<§)

capop shan 327s fechigtqy Birdetage steapefogningrotpsy kibn 33 and beatgd to
t f ] -
en eSS Ro0idoe SR B ARRss ) TEMEIGR R Rilmying pf rbon char
mt() @yngus ghEl(TkathlrﬂQ%B sa‘m;n)mg <k11ﬂ 381 éieapphieaticonveuld have to be a
Pese aseous g&nc g ngas 11. The carbon

rOtEWalfl T, 1 PIeET 'é’d?rP g OIFge Lparated from the

inert solids slag or k| I n residue 29. The separated

carbon char 30 may be used directly for product sales.

15 Fig. 4 is a sinplified schematic di agram of an
alternative enbodi nent of the dual

11



stream nulti-stage steamreform ng process shown in
Fig. 3. Inthis application, the separated carbon
char 31 is fed into the second stage steam reform ng
rotary kiln 28a, along wth the products of the

WIjé@ekSL@LéIMEEnI!St o undergo steamreform ng at an

RSP iy B R Ty B S e

compnbﬁga rotary kiln, in order to process the solid
carbon feed.) Fig. 5 is asinplified schematic di agram
feeé‘fnga%blpﬂ\étrOféﬁtb@aﬁW@m mgferighiatogustean refemmng retarytkilns whgesin the

in Fig. 3. In this
ste ap%ﬁgglﬁ,%?gléggse&ge?ﬁ%@g%%gr bon char 32 is fed into
agiating thd cabageestsanaterd fusingithegst e aarfyrrﬂnng POty kalngl
heat rOX|nateI 850-950C (o her as
el 5%“3?“%08 WSORpFatl Igviftie theerpwﬁrg togm QeatsshebRminD 5
tedq%@r&’cu?e)’&%n 3out QSgb?(f HU iR El'ﬁ:qgesreﬁéeo&mﬁgr Kstddnp3 i n
I's application wo have rotary k| n, in
reforndiog thocqbavessisiatersd kuch thalrthocarbeedyous TatvitATinlGgoes
od for steamrefornmn .
oS e hlet sePefFian St Soar) rFHBLIRG rgisbon dfoum swpthges eas and
a n6ia R4l asiongt of iBed ksl Ak i8iaué. of carbonaceous materi al
into a steamreformng rotary kiln, wherein the steam
reformng rotary kiln is externally heated; agitating

2. ﬁ"ﬁ«?m%ﬂlrog%?%ﬁﬁ%ﬁéfg{[ﬁérec% r1s1% t@ sté hg o%rteﬁe%gb%?f gll'ylr\ll% ‘%ﬁ in

caﬂbbﬁadeoﬁsannyteklall by passiap tied cﬁblﬁinecbonﬁﬁmtdﬁah@lrod@rmélﬁaw& ®efore it is
of from abou%omn50 to 1%80C in the presence of water or
fedsintothe steamrTgfoRMing ToFEY KBR-bonaceous material such t hat
t he carbonaceous material undergoes substantially
conpl ete conversion via a steamrefornmng reaction to
3. The meﬂyodtotﬁ ekirs lg\alsereindhe crbomaceral neateriahis ahtinmeasty fed into the
sol i reskg 2. The nmethod of claim| further
SteHiorgt %8“){% B gjjngpn pY&hEatIRY BIVAPYi ng the
carbonaceous nmaterial by passing the carbonaceous
material through a preheater before it is fed into
4. Thfemstl@émf ekafrorlwhegein @Dmny:rmll lime and/attreebiparbomatie of soda is added to
cl vvher n,th nacequs rrat
tneccsRrdadalE et oG i SORE T PR POy e 49 ot igh amd
remksvertge pres@ug I halog&Beithis Giv@nacebus taeeriakt hod of
claim1l wherein conmercial |inme and/or a bicarbonate
of soda is added to the carbonaceous materials within
r r -
5. ﬂ??m%%rhgram'@\géﬁgrﬂ ér%l%geélé(gﬁ t¥1}p¥>h PJ(I)‘% %ﬁ%ﬁ \}\% %ﬁlﬁ@%&y‘f&%to the steam
refomiing natanokith inalrédrit@ purge air from the carbonaceous material being fed into the

steam reforming rotary kiln.

6. The method of claim 1 wherein the water or steam is present in excess (above
stoichiometric amounts) sufficient to convert the entire carbonaceous material into synthesis
gas and to maximize the ratio of H»/CO in the synthesis gas formed during the steam

reforming reaction.

7. The method of claim 1 wherein the carbonaceous material is methane.

12



5. The nmethod of claimI| wherein high tenperature
steamis continuously fed into the steam reformng
rotary kiln in order to purge air fromthe
carbonaceous material being fed into the steam

8. Th¢ metHodpficiimrlywhgrein thecartonaceqss matersl iclapdfil] methane obtained
wher ej_r . t i nt in excess (above
frOs g' g%’él?%l%r%t% i }Q@&eﬁéﬂs}tﬁ%l&l@c@u fllg%cﬁgﬁ%{%t o convert the
entire carbonaceous material into synthesis gas and
to maxim ze the ratio of H2/CO in the synthesis gas
9. AgREBEd éRNsioIg! TefmiRBeDOTAE I Matgal Rt T od OMIFRYNE:
fedl Bl G Ao BIERlCRak i £RLPRRRC RS (TRhEg Rtaly i
agitatizthe cabosaceatsemnatatiali usingdhel fist btagestbam ecfotmiag metdry kiln;

heaf e shroRAEpVOH e SLLA I PO LA KD e BeTgrine
teriPérafutébelo® Ih4 alfhRAI G AP hiafdrA: will RHEHAY o Frolmyddhit $30 to

carbonaceous material into a first stage steam
65p%E dn hepresecapl/ whler or; steangireforming the earbenasepisdpaigrsal at the

teri.al _usjng t fifs t ' r .
ol Sk 8l B8 P SRR pltmverson
vid h 6@hmStReNingatatpnkd Foimt Dsotids efrednicogsistingryfeabon ichar and inert

bel ow that at which netallic materials wll vaporize

sobfl shag senidisoand Saasepes mafstias sireany;Heeqsediegazeout Maggrigls into a
Bl LTSS RERAS IR bl e
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refatianito dortrheynfwsis @as, andseparating the earhon ehar flemethe yagriewplid slag
ref opm.ng tenperature of Qut 850-1100C in the
reﬁﬁ‘é%é)ﬁ gérg‘gfsag?géf‘ﬁqg?s‘%mgec?}%a}rﬁé’fq orming the gaseous
materials streamat the el evated reform ng tenperature
such that the gaseous nmterials stream undergoes a .
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10. A nethod for st e,a{n r ef orlm' ng carbonaceous .
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kiln; heating the carbonaceous material wthin t .
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of from about™ 550 to
solid slag residue, and a gaseous materials stream; separating the carbon char from the inert

solid slag residue; feeding the carbon char and the gaseous materials into a second stage
steam reforming rotary kiln; heating the gaseous materials 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.
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materials streamto an el eva reformngtel’rperature

reagtion boformgyothesi9es. i n t he presence of steam or water;
reformng the gaseous materials streamat the
el evated reform ng tenperature such that the gaseous
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solid slag residue, and a gaseous materials stream; feeding the gaseous materials into a

1ngm?' carrbon char and inert

second stage steam reforming kiln, heating the gaseous materials stream to an elevated
reforming temperature of about 850-1100°C in the presence of steam or water; reforming
the gaseous materials stream at the elevated reforming temperature such that the gaseous

materials stream undergoes a substantially complete conversion via a steam reforming
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feeding an i nput of carbonaceous material into a first
stage steamreformng rotary kiln; agitating the
carbonaceous material using the first stage steam
reformng rotary kiln; heating the carbonaceous

reagtipR Fq frmwiynthiesis gase sénarating dheaepebaroehar from the intert sglid slag residue

ref.orm n tepper at ire.bel gw t hat at i.ch netalli
onf, G B M i TRE b 1D o7 Reieredfon BT alprtbgpfwo-sage
stehfh refiempiggisgnRce of water or steam reformng the
car bonaceous material at the reformng tenperature
such that the carbonaceous material undergoes a
' r Si [ t - 7] I [ -
(3PP o BFNEY 81 B 1'% 18, LGS, BRI e WO LB f Peading the
symthesig gasdndoi adfus] @i, warhadae hostrad oaidgtse caastioradfahé ayrshesis gas to
st génl Ieﬁging t he gaseous materials into a second
'm@ﬁg% 2895 fef orming kil n, heating the gaseous
materials streamto an elevated reform ng tenperature
of about 850-1100C in the presence of steam or water;
14y Ehomgihaed of chen 3 ydwesin natben mal He sequestaredtbyttheding any excess CO;
.televated.rg[qrniqg t enper at ure such that the gaseous
nig.a sypgreistcd gy ﬁﬁ@&ﬁ&@% a substantially conplete
conversion via a steamreformng 14 reaction to form
synthesi s gas; separating the carbon char fromthe
inert solid slag residue and using the carbon char as
a fuel for heating one or both of the one stage and
two-stage steamreformng kilns. 13. The nethod of
any of claiml1, 9, 10, 11 or 12, conprising the
further step of feeding the synthesis gas into a fue
cell, which can host an oxidation reaction of the
synthesis gas to form H20 and/or CO2. 14. The net hod
of claim 13 wherein carbon may be sequestered by
feedi ng any excess CO2 into a synergistically |ocated
greenhouse. 15
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